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FOREWORD
 

These proceedings are a product of the training course on 
Watershed Resources Management .nd Enviro.1r-tal Monitorwing in Humid 
Tropical Ecosystms held in Chiang Hai, Tho.iland, from May 25 to June 
8, 1981. 

Twenty six participants and some 30 observers attended the 
course. Tw;o r thc participants were from the People's Republic of 
China, and on.) each was from Nepal, Sri Lanka, Malaysia, Indonesia, and 
Africa;. the r0;'1,r cf the participants were from various Thai agencies 
and institutions. Participants recieved a certificate for course 
corpi)ction frorm the University o" Arizona. 1;ll persons involved in the 
course are listed inAnnex VIII - 6. 

The training course was formulated by an Ad Hoc Planning
 
Committee of which Dr. Pakit Kiravanich, Deputy Secretary-Genral of 
the National Environment Board served as chairman.
 

The course combined lectures and presentations with several 
field trips all of which are described in the Froceedings. This combination 
proved to enh.:nce the awareness and interest of course attendees and 
solidified thK. rapport and information jxchange among the attendees. 

All that attended the course concurred that the course objectives 
defined in the announcement brochure and ft*e Welcoming Statement (Section I) 
were met. All attendees agreed that the course ,as of considerable benefit 
to them in applying what was learned to their various jobs in the '!atershed 
Management area. 

Office of the National Environment Board and Department of
 
Technical and Economic Cooperation acknowledge the assistance and cooperation
 
provided by thu many Thai agencies and international organizations named 
in the Section I Opening Address. Office of the National Environment 
Board is hopeful that the proceedings will serve as a reference and guide 
for watershed management activities in Southeast Asia and other tropical 
countries.
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Section I
 

WELCOME STATEiIENT 



I. 	 WELCOIE S1ATEE; T 

by 

Dr. Pakit Kiravanich 

Deputy Secretary-Geralri-1, ,.tional Environment Board 

, extend 	 to all participants,I'd like t.- heartly welcome 	 observers' 

and lecturers f,.r thQ training course on wiatershed resources management
in humid tro,,ic' I ecosystums . >y name iskkit Kiravanich and my position 

is Deputy -,crct,.-.Gneraltatic-nal Envircnment of Thailan.,f th- Board 

and I served (,.s cha.irman of the tr-inin course planning co"mIittec.
 

We hav. a full twc wLcks ahead ,ofus t realize the objectives of
 
the training course, Those cbjectives ire t;.
 

1. 	Pruvidc a forum for the transfer of k ,ewladge !nd ,oxperienca 
tc participants in the various faca-Ls ef waterned resources 
manamement. 

2. Make, particiants mcrc capabn.. r u lifieJ, and motivatoc in,the 
areas of wntershed resources research, planning, management 
and regulation. 

3. Instill in participants the inherant value of multi-purpose usG 
of watershed resources and m i,-:.ient actions and techniques that 
will achieve or maintain multi--Vurpcse uses. 

,. Impress upcn participants the c-st.-effectiveness of protectir;
existing high quality watersh~ed compared to renovation once a
 
watershe'd is degraded. 

5. Inform prticipants of the stAtus undproblens of watershed 
management in Southeast Asian countries and those structural, 
ncn-structura', instituticnal, legal, and regulatory techniques 
that hav.e been effcctive in mana.in, and protecting watershed 
resources. 

6. Observe, first hand, techniques that are being employed in 
ncrthern Thailand to protect watershed resources and maximize 
their values. 

To provide the opening address to our group and to launch our 
training course, it is my pleasure to introdi.ce Hr. Apilas Osatananda, 
irector General of Thail-.nd's Oopartnnt o Tcchnical and Eccnomic 
Cooperation. DTEC has expressLd stron. irterast in watershed inanajgewont
alid has been most helpful in planning lnd arransing for the conduct of 
the course. ir. Osatananda. 
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Section II
 

OPENING ADDRESS
 



II. OPEINIMG ADDRESS 

by 

,Mr.Apilas Osatananda
 
Director - Gcner l 

of Technical and Ecr unic Cco;-eraticn1)epartment 

Thank you, Dr. Pakit. I vc:ry much appreciL.atca heep.crtunity tc 
an, to welcoPe all tae course r.srticipants ancd open this trainin,, session 

the Thai agencies in
observers. I t-,ink th;At I speak in bWh.If ,_ll 

reconnizing that Thail,nd is fo!rtunate t . . ;:,Ilc tc scr,e as the h.st 

for this trainin7 c.;urse, 

looms steadilyThe import.ancc of watershed, res',I.rces manatcment 

larger as we dcvelcpin countries enter an -. cf increasing competit,n 
r~scurcs. in locking b.-c.kw.ards it is easy to see that wefcr available managementhave not ,aid the ttent*c;n that we shoulcK ha<v t the ,roper 

cf those rescurccs. I. pn' watrsh: havet m..-any w t,-,ken what vie wanted 
effort needed to sustir, thrse %,atersheds for

without addin; th, extra 
optimu'i use. The signs nF ,Lr shcrt-cminr,!s are evidentcontinuing and 

Iss cf watcrshed productivityin soil ercsion, sedimentation of waterways ; 


such as from forest prqducts, an', loss ,,v ua1ble nutrients from the soils.
 

lookin- forwards, it is cur job to, aprly rianagement techniquesIn 
sto,, thnesc, historical shortcomings. We 

on our w.tershzd lands that will 
nee- to apply techniques that will renovate watershed s that have been 

onmust mpna~e yt-undamaged watersheds adamaged, and, for sure, we no afford tosustained-yield an. multiic-use basis. ,"e can lnerg 

sacrifice tomorrow's overall needs for today's single-purpose objectives; 

the loss will be tec lr;at and there is too nuch to gain from using the 
proper resource use and management strate.ies. iOaking these management 

be an easy taskand nolicy chanES on wat;rshe,;. use and prct cton will not 
nor one that can be done "overnight". How..ver, the difficulties and time 

lea,,d in this shouldrequired must net stop us from taking up, the task. The 
course.come fm.n aC,.ncies such as are represented at this training I am 

study and gra;spmost hopeful that in the next twlo weeks you 2re able to 
can .- 'p ly towards better watershed manavementmanagement techniques that you 

your jobs in Thailand well in the cother re,,icnal countries reas asin 
o. b.,.n,by Dr. Pa 'il" ir, his statement, if the coulrseprsenced her- .,s 

a successPrvides (1) r.tivatin, and (2) Transfer .led.e. it will be 
bo rc'Izo by all the regionaland longo-term watershed benefits will 

knwledge transfr willcountries. I nm ortimistic that both mtiv,ti,n 7nd 
result from the crurse. 

b-aen the epartment of Technical an,' Econornic Cooperaticn:sIt h.-s 
orivilege to wcrk with the Nati..na*l Environment B,-:urd, Kan and the Biosphere 
(Thailand), Chiang Mai University, the acjo Institute of Agricultural 

The Fc.re.st DepA.rtment and TheTechnology, Kasetsart University, R-yal 
University of Arizona in planning and arran-,in ; fcr the course. I would 
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alsc like tr iv sp, cial thanks t ' tM: sn nscrin- :Iencies who have rnade 
the cnursce nossitlIc, n--rncly the Unitec' Stiits Agency for International 
Davel orent, Min unl- tlh Bi,,.sphcrc (U.Sir..) n -t-he Unite ' Nitirns 

Edcaicnal ,Scc ni fi c an(' Cu] tur-11 Or,-anizt ntLlf, 

I 1flsc. vi.nt txc yivc speci']rccl i~ tn the Ministry ff 
Agriculture anl' Crr -cratives fi-r its cropcrnticn in provid~ing the c' ri
fortuble fi-tlitic-s re tit the NfrthLrn Hcmn-o~i A7ricultural Devel--ricrnt 
Center. 

Thatl- cncILu.-,s my qcnin( ruiicrks 7n;nj youL hzlvo my br-st wishEs for 
Ssuccessful -r,'; 14*a1.1ftraining c*nurse. 
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Section III
 

COURSE ACTIVITY SCHEDULE
 



III. Course Activity Schedule
 

for
 

Regional Training Course 

on 

Watershed Resources Hanagemoent and 

Environmuntal Micni tori ng i n Humid 	 Tre-pi c.l Emsystems 

Center, ChiOng kai, ThailandNorthern Regio' -,,griculturai Developnent 

4*.14) Juine 'E, 

FROGRAM OF TOPICS 

LECTURER
TIME 	 TOPIC 


SUNDAY 
May 24 Travel from 	B.-n.okk te Chiang Mai 

MONDAY 
Hiay 25 
9:00 - 12:00 Registration
 

12:00 - i:00 Lunch
 
1:00 - 2:30 Opening Ceremonies 
2:30 - 3;01 Course Prncedures Briefing Staff
 

3:0U - 3:'0 Break
 
3:30 - 4:30 Introduction t,) Watershed
 

Resources Management : Specific
 
Emphasis on Humid Tropical
 

Dr. Kasem Chunlkao
Ecosystems 

5:30 	 Reception hosted by DTEC 

TUESDAY
 
May 26 
8:00 - 8:30 Statistical 	Methc-ds a;d 

Dr. Ffolliott
Procedures 

8:30 - 9:30 The Hydrologic Cycle 	 Dr. Brooks
 

9:30 - 9:45 lourism 0,portunities in the Tourism ,uthcrity cf 
Chi'angqai Area Thailand 

10:00 - 11:00 ThL Hydroloeir Cycle (cont'd) Dr. Brooks
 

11:00 - 12:00 Inventory Techniques
 
Precipitation Dr. Brooks
 

12:00 - 1:00 Lunch
 
1:00 - 2:00 Inventory Technioucs
 

Dr. Thames
Streamfl ow 

2:00 -. 3:00 Inventory Technique. 

water Quality 	 Dr. Rasmussen
 

3:00 	- 3:30 Break,
 
Staff
3:30 - 4:30 Working Session 
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IIE TOPIC 	 LECTURER
 

WEDNESDAY
 
May 27
 
8:00 - 8:.30 	 Review Staff
 
8:30 	 9:30 Inventcry Techniques


Timber, R,-%,nrc ,i' : iii],d-ife Dr. Ffol Iic-tt
 
9:30 - 10: 0-i 	 Break 
10:00 - 11:0) Remte Sunsin. i icatihn nd
 

Interr.titions in N,,tW2Lrshed
 
Rcscurccs i, ngmnt Dr. Rasmus3er,
 

11:00 - 12:O hydrelcgic Mctno,.'s 	 Dr. Brooks 
12:00 - 1:0 Lunch 
1:00 - 2;C0 	 Hydrolcoic futhox.; (c(:nt'd) Or. Brook-, 
2:00 - 3:00 	 'orkin. Sessi7vm Staff 
3:00 - 3:20 	 Break 
3:30 - 4:2O 	 Vogetation Hanagement Dr. Ffolliott 

THURSDAY
 
May 28 
b:00 - 8:30 	 Review Staff
 
8:30 - 9;30 	 Erosion Processes and Control Dr. Thams
 
9:30 - 10.00 	 Break 
10:00 - 11.00 Water Quality 	 Dr. Rasmussen
 
11:00 - 12:00 Watcr Harvesting 	 Dr. Thames 
12:00 - 1:00 Lunch
 
1:00 - 2:00 	 Reservoir Yanacicnent Dr. Brooks
 
2:00 - 3.03 	 Plrcblem Sets Staff
 
3:00 - 3:30 	 Break 
3:30 - 4.3, 	 Working Session Staff 

FRI DAY 
may 29 
8:00 - 8230 	 Introductory Rcmarks Staff 
8:30 - 10:00 	 Case Study Country 1, epe, rts Rc:gional Particitants 
10:00 - 10:20 Break 
10:30 - 12,.00 Case Study Country Ropcrts Regional artici -ants 
12:00 - 1:00 Lunch
 
1:00 - 2:30 	 Casc Study Country Rcports Feional Participants
 
2:30 - 3 :,) 	 Break 
3:00 - 4-30 	 Case Study Country ,-ports F1.eiional -articiants 
4:30 - 5:00 	 Concluding Remarks Staff 

SATURDAY 
May 30 
All Day Field Trip tc Sankamphang Cooperatives 

Villac Project an(- %cview Installation 
of Weather SLatiun at Koc - Ma Watershed 
Research Statin, Doi Fui 
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TIME TOPIC 	 LECTURER
 

SUNDAY
 
May 31 
All Day 	 Free Day
 
6:30 p.m. Reception hosted by Chiang Mai
 

University
 

MONDAY
 
June 1
 
8:00 	- 4.30 Usc cf Hydrolojic Kc1itoring Staff and ONEB 

Equipment and Water Safpling at 
Mae -.Sa Integratcd watershed and
 
Forest Land Use Project and Fiel'.d 
Trip to Royal Hill Tribe Development

Project (Mae-Sa hai Village) 

TUESDAY
 
June 2
 
8:00 8:30 	 Review 

8:30 - 12:00 Lab. Session to Analyse 


Sample from Juno I 

12:00 - 1:00 Lunch
 
1:00 - 4:00 	 Prepare Report Summarizing 

Field and Lab. Data 

4:00 - 4:30 	 Discussion of Reports 


WEDNESDAY
 
June 3
 
8:00 - 8:30 	 Review 


8:30 - 9:30 	 Eccnomic iAspccts of Natershed 
Rest ,rces Manaqement 


9:30- 10:00 Dreak
 
10:00 - 11:00 Legal Aspects of tatershed 


Resources Management
 
11:00 -12:00 Institutional Considerations
 

in Watershed Resources Manaement 
12:00 - 1:00 Lunch
 
1:00 - 2:00 Intrcduction to iodeling
 

.and Simulation Techniques 

2:00 - 3:00 	 Application of Modeling and 

Simulation Techniques in
 
Watershed Resources Management 


3:00 - 3:30 	 Break
 
3:30 - 4:30 Exercise in Interactive Nodeling
 

and Simulation Techniques in
 
Watershed Resources Management 


6:30 	 Receptin hosted by Maejo 
Agricultural Institute of
 
Technology
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Staff
 
Regional Participants
 
in teams of five
 

Regional Partici.ants 
in teams cf five
 
Staff and Participants
 

Staff
 

Dr. Ffolliott
 

Hr.. Judha Krishnamra
 

Dr. Ffolliott 

D'. Rasmussen
 

Dr. Rasmussen
 

Staff
 



TIME 


"THURSDAY 
June 4
 
8:00 - 9:0,0 

9:00 - 10;30 

10:30 -. 11:00 
1!:00 - 12 1-. 

12:00 - 1:00 

1:00 - 2:00 


2:00 - 3.00 
3:00 - 3:30 
3:30 - .:30 

FRIDAY
 
June 5
 
AlN Day 


SATURDAY 
June 6
 
All Day 


SUNDAY
 
June 7
 
All Day 

6:30 p.m. 


NONDAY
 
June 8 
8:00 - 8:30 

8:30 - 9:3G 

9:30 - 10:00 

10:00 - 12:05) 
12:00 - 1:00 
1:00 - 2:00 

TUESDAY
 
June 9 


TOPIC 
 LECTURER
 

Environmental 1,1onitc.ring 
 Dr. Ffolliott
 
Ecolrogical Aspects (,-f
Watershed Dr. Nipon Tlangtham

RNscurces Manng ment in Humid 
 Mr. James W. Evans
 
Tropical Ecosystems
 
[reak
 
Inte.rited Up1lln.! Iltcrshed 
 Dr. Pisit Voraurai
 
Management : A Cas, Analysis 
 Dr. Suradej Puranapun 
Lunch 
lntegration of 'Watorshed {%esources 
Manariement with Multip;ie Use A.p. Ffolliott
 
Concept

General Discussion 
 Staff
 
6ruak
 
Workinr; Session 
 Staff
 

Field Trip to Riyal Project of
 
W-atershed Development (Khun Khong)
 

Field Trip to Inthanon National Park 
and Watershed ,ehabilitation Project
 
(Lower Mae Pin( Basin)
 

Free Day
 
Reception hosted by OiNEB
 

Review 
 Staff
 
Course Evaluation Participants
 
Break
 
Final Examinatien Participants
 
Lunch
 
Closing Ceremony
 

Depart Chianr Mai to 0angkok
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Section IV
 

COURSE SYLLADUS
 



CHAPTER I 

CONCEPTS OF
 
WATERSHED RESOURCES
 

MANAGEMENT
 

INTRODUCTION
 

In addition to well-defined agricultural lands and urban areas
 
isa major portion of the earth's habitable land surface which is for
est or rangeland, wild lands, marginal lands or undeveloped lands. For
 
lack of a more specific term, these residual lands will be called water
shed lands. They include more than 80 percent of the land on earth.
 
it is to these watershed lands that we must look for increased producti
vity of food, fiber, energy, and living space for our growing population,

and it is these lands that currently stand in great danger all over the
 
world.
 

This course is directed toward the understanding, planning,

development and management of the land and water resources of watershed
 
lands. it is aimed particularly at some of the major problems that
 
concern 
the use of these lands in the developing countries,.
 

PROBLEMS OF WATERSHED LANDS
 

T'e problems of watershed lands in the developing countries are
 
often connected to social and economic patterns which endanger the
 
environment. At present, three billion human beings inhabit the earth.
 
Each day. 200,000 more individuals are added to our planet's population.

By the year 2000, the population could increaseto 6 billion. As the

population increases pressure upon natural resources, our planet will
 
need careful management if mankind is to survive. However, human sur
vival alone is not enough. The developing nations are aspiring to
 
equal economic and social standards that will require a more fair share
 
of these resources.
 

Worldwide, the ratio of land to population is dwindling: *ina
 
number of countries, the amount of cultivated land per person is less
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than half a hectare. Only ,'w acdes a: o, food production was
 
nountrle.. ,:y ,.uj Tva ,rliakdU'6iola nectares or by


extending grazing areas. Now thiat :Iption is disappearing' in many re
gions.
 

At preser'. betwen -50 and ,0 pefc(nt'of trie population of the
 
developing nation, 

-

iive on watersheo ianis.. For these millions of

people, it is a "foct 6f '.ife t.hat tne haroer. they work, the poorer they 
get. Their land is either too steep or too dry orl;the soil is too poor 
to support more tnan-an..average level Of" existence for a few people.
Because of increasing population nd ,ur'rent icnd uses, fragile environ
ments are being subjectea to mistreatment. 

As populations increase, peoples migrate into fragile areas.
 
In the more humid regions, forested slopes are cleared for fuel, fodder
 
and primitive cultivation. Fires are allowed to escape from fields and 
burn indiscriminately; forests are graze( to an extent that prevents

their reproduction; networks of trai.ls are established with no concern
 
for the erosion hazard they create. The consequences are accelerated
 
soil loss and lan64deterioration, environmental degradation, and fur
ther'impoverishment of the rural inhabitants themselves. 
 Inmore arid 
areas where cult*vation orwood har'vest-ng is ii6t possible, overgrazing
is practiced to the extent-that mibre than 4 millifon square kilometers 
of the earth have been converted to uiiproductive deserts d'r'ing the 
past'fifty years. 

Anotherproblem in both humid and arid areas is the loss of the
 
protective cover of the .soil abid the reduction of the soil reservoir-
the principal means by which water ana erosion are controlled on water
shed lands. The results have been increased flooding of valleys and
 
shifting of stream beds 'resulting ih'n"Wa.er and silt invading prime
a'gricultural land- irrigation-structures, reservoirs; settlements, and
 

communications.. Stream flow durina dry peri'ods becomes unreliable and
 
insufficient for the prevention of disease, the maintenance of irriga
tion works, and for urban and industrial needs. Ground water levels
 
decline, resulting in the failure of iprings and wells.
 

EXAMPLES OF WATERSHED LANDS AND THEIR PROBLEMS
 

Steep and Mountainous Watershed Lands
 

Steep and mountainous watershed lands make up almost one quarter

of the earth's land surface and are inhab ited by 10 percent of the total
 
world's population. A great proportion of these lands have mesic or
 
humid climates, vegetative cover (often forest) with little ar'able soil,
 
and low population densities. Some of the most severe problems of steep

land watersheds are seen in Nepal where erosion, increased by man's
 
activities, i's contributing-250 million cubic meters of silt to the
 
Ganetic Plain each year. According to Napli bbservers, the beds of the
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rivers in the Terai Plaiir. of southern Nepal are rising by 15 to 30 
centimeters annually which leads to flooding and changing river courses.
 
The Kosi River, for example, haE shifted its course 115 kilometers
 
westward within the past 150 years, leaving 15,000 square kilometers
 
of once fertile land huried under - mass of sand and rubble. This pro
cess has left 6.5 million persons h,-,meless.
 

ihe Vu, populations of Nepal and or.her countries 
in the region are moving further into the mountains arid nigher up the 
slopes to seek a means of livelihooc. Even with the aid of terracing, 
which the farmers of Nepal have beer practicing for centuries, these 
slopes are too stef.p and the soils too thin for intense cultivation. 
Nevertheless, a single acre of cultivated land must now support four 
people. The deaiands of increasing population result in the cultivation 
of less suitable soils and steeper lands which leads to a reduction of 
overall productivity in the country. In the densely populated eastern 
hills of Nepal, as much as 40 percent of what once was farm land has
 
been abandoned and allowed to revert ro bush because it is no longer 
fertile enough to support crops. These lands are the sites and sources
 
of severe eroding, miasive land slides, and severe gully erosion. How
ever, cultivation is responsible only in part for the rapid deterior
ation of the watersheds. NepCl's forest lands stand in much greater
 
jeopardy. The demands made by increasing numbers of livestock (over
 
15 million at present) are taking their toll on the forests of t0e
 
steep hillslopes by fodder harvesting and overgrazing. Forest and
 
range fires also present a serious problem.
 

In many of the steel) and mountainous watershed lands of the 
world, the effects of timber and firewood extraction, forest clearance 
for cultivation, grazing, looping for fodder, and burning of the under
growth, combined with inefficieit timber utiliza-tion are causing a gen
eral degradation of the forests. The destruction of the forests of 
these steep and mountainous watersheds incre.ses every year. In Nepal, 
for example, these lands (over 80 percent of the country) are likely to 
be almost totally denuded by the end of the century. 

_, Watershed Lands 

Arid and semiarid regions are noL often thought of as watershed
 
lands. However, the water relationships of these regions are perhaps
 
more critical to a greater nu.--ber of people on earth t.han those of more
 
humid regions. Water is al:ays in critical balance with arid ecosystems
 
and this balance is presently being upset by man and his animals at
 
alarming rates over vast areas.
 

Dry regions cover more than one third of the earth's land sur
face. Slightly over half of the dry area is inhabited by 630 million 
people. The remainder is so dry and unproductive that it cannot sup
port human life. The deoradation of land and water resources by human 
activities is turning pot, ially productive dry lands into unproductive 
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deserts in Asia, Africa and Latin America. This process is called
 
desertification. It has been estimated that a collective area larger
 
than Brazil, with rainfall above the level classified as semiarid,
 
been degraded to desert-like conditions.
 

About 60 million people in the developing countries live on the
 
semiarid region between deserts and nore humid areas. Desert eilcroach
ment in West Africa has received the greatest international attention
 
recently. Reliable reports from the Sahara estimate that 650,000 square
 
kilometers of land suitable for agriculture or intensive grazing have
 
been lost to that desert over the past 50 years.
 

One of the most outstanding examples of the problems of dry
 
watershed lands is the Thor Desert of Western Rajasthan in India. An
 
average of 61 people now ocqppy each square kilometer of these lands. A
 
consequence of this population pressure has been the extension of crop
ping to submarginal lands which are fit only for forest or range. Mean
while, as the land available for forage shrinks, the number of grazing
 
animals swells. The area available eyclusively for grazing in Western
 
Rajasthan dropped from 13 to 11 million hectares between 1951 and 1961,
 
while the population of goats, sheep and cattle jumped from 9.4 to 14.4
 
million. The livestock population is still growing. During the decade
 
of the 1960's the cropped area expanded from 26 percent to 38 percent of
 
the total area, squeezing the grazing area even more.
 

As long as current land use patterns continue, the livelihood of
 
tens of millions living in the arid lands of India will, at best, remain
 
at its current dismal level. At worst, a prolonged drought in the future
 
will mercilessly rebalance the number of people with the available re
sources. As it is, relief programs for the arid zones are seriously

draining the governments' funds and food stores.
 

Present land use patterns in desert environments must change so
 
that delicate water relations are not pushed beyond their limits. As
 
the number of people and animals living in the arid zones climbs and
 
the quality of the land on which they must live at the same time declines,
 
the impact will be global unless solutions are found.
 

Humid Tropical Watershed Lands
 

There is a common fallacy that the world can fall back on its
 
tropical watershed basin lands. One quarter of the Asian, African and
 
Latin American tropics are occupied by these lands. The Amazon Basin,
 
for example, includes nearly 40 percent of the South American continent,
 
yet it is inhabited by less than 3 percent of its population.
 

Another common fallacy is that these lands, because they support
 
a rich and diverse plant cover, must also be suited to intensive agri.
culture. Unfortunately, tropical rain forests are closed systems with
 
most of the available nutrients tied up in the vegetative canopy. The
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nutrients are easily released to the soil 
if the canopy is burned. Thus,
these lands are well suited to slash and burn agricultur- which has been
practiced in tropical regions for thousands of years. 
 t only becomes
 a serious threat when production pressures become too n tat 
to allow a
long enough recovery period between slash and burn cycles. 
 There is

good evidence that these pressures were largely responsible for the
collapse of several jungle civilizations, notably "he Mayan civilization
of Central America and the ancient Khmer Empire of Cambodia. Their
agricultural practices led tu cementation and loss of fertility of the
 
lateritic soils they farmed.
 

Increasing demands for food and fiber are now placing pressure
upon ropicai watershed lands on a global scale. In eastern Nigeria,

for instance, the most densely populated part of Africa south of the
Sahara, shifting agriculture has been forced into shorter and shorter
rotation cycles to the point that it has become continuous cropping.
The result is a loss of nutrients and breakdown of the soil 
structure.

This decline has been severe 
inAfrica where per capita food production

has actually declined over the past twenty years.
 

One of the best examples of the problems of tropical watershed
lands are those in the Amazon basin. 
 Most of the soils of the Amazon
basin are poor and could perhaps best be exploited through forestry or
nonagricultural practices. 
Only about 4 percent of the Brazilian por
tion of the Amazon have soils with medium to high fertility. Most of
the better soils are in 
narrow plains along the banks of rivers, and
their development for large scale agriculture will require large expenditures for drainage and flood control. Nevertheless, the Anazonian
 
governments have programs to help new farmers from other regions settle
in the basin. Since 1971, fifty thousand families have settled along a
proposed highway between Peru and the Atlantic. With few financial

and administrative resources, and less knowledge of tropical farming
techniques,:even the most successful produce at subsistence levels. 
 It
is probable that many more colonists will find it impossible to make a
living and will abandon their plots after the soil has been severely

degraded by over-intense, inappropriate cultivation.
 

THE WATERSHED OR A UNIT FOR DEVELOPMENT
 

The fundamental unit of water resource management is the watershed basin. 
 It may be a catchment area for the precipitation provided
to stream channels or a larger basin which contributes water to a particular river channel 
or set of river channels. Biologists, ecologists,
and biogeographers have turned to 
the watershed as an ideal unit in
which to develop the ecosystem approach. Systems engineers and economists view the watershed as 
the basis for study and development in
terms of river basin planning for economic development. Hydrologists
and engineers consider the watershed to be a system within which a
balance can be struck between inflow and outflow of water and energy.
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The term watershed implies a domain or system within boundaries.
 
The boundaries may be physical ones, such as watershed divides, or they
 
may be defined by processes such as runoff. The watershed domain may be
 
further divided into subornponents of smaller watersheds or into sub
processes such as overland flow. Watersheds may be controlled with
 
physical structures such as the series of dams operated by the Tennessee
 
Valley Authority in the United States or uncontrolled as are most
 
watersheds in deveiopini countries.
 

In a social science context, the watershed has recently emerged
 
as a logical unit of understanding and policy making, This emergence
 
is closely connected, in the course of general economic development,
 
with technological change and shifting demands for the main products of
 
a watershed: hydroelectric power, water, timber, livestock, agricultural
 
crops and the amenities.
 

THE ROLE OF THE WATER RESOURCE MANAGER
 

The water resource manager may be asked to control a watershed
 
to meet some objective through the application of upstream treatments.
 
His objectives may be to: increase :,-ter yields, provide a dependable
 
supply of water for downstream use, improve forest, range and small
 
farm production on the watershed, maintain a specified standard of water
 
quality, reduce erosion and flood hazard, or enhance recreation and
 
wildlife on the watershed. These tasks might involve the selection of
 
appropriate cover types, harvesting methods, and plant cover or crop
 
management systems. The water resource manager may have to consider the
 
feasibility of reservoirs in combination with upstream watershed struc
tures and land treatments. The development of surface or ground water
 
for hunan and/or animal use or small scale irrigation may also be one of
 
his responsibilities. The water resource manager must be knowledgeable
 
in hydrology and he must be always aware of the needs, customs and tra
ditions of the people who live within and depend directly upon the
 
watershed areas for their livelihoods. The lives of those people living
 
downstream from a watershed are also affected by its multiple and inte
grated products. Perhaps the most important task of the water resource
 
manager is to apply his skills toward solving, in ways which will be of
 
greatest benefit to mankind, the numerous problems associated with land
 
use which currently threaten large areas of the earth.
 

It is the task of the water resource manager to reduce this im
pact, but simply creating new sources of water will not solve the pro
blem. In fact, the development of water in dry environments is often
 
a major cause of desertification. With water, livestock numbers in
evitably increase, and each new watering spot becomes a nucleus for
 
further expanding the desert. The water resource manager in dry environ
ments must not only know the techniques of water development, but must
 
confront the dilemma of: what is essential to the survival of society
 
over the long term is usually contrary to what is essential to the sur
vival of the individual over the short term.
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The watershed manager in humid, tropical watershed lands must
 
know small farming practices and alternatives to these practices,
 
transport systems and economic marketing, and the hydrology and soils
 
of humid tropicdl regions. In steep or mountainous regions, he must
 
be familiar with the techniques of erosion -ontrol, reforestation, and
 
forest management. He must deal with the problems of shifting culti
vation, fuel wnod harvesting, and forest grazing. Groundwater develop
ment and strean, cntf'ol may be an important part of his job.
 

THE DEVELOPMENT OF WATER RESOURCES
 

There is clear evidence that the physical potential exists on
 
earth to feed a much larger population than now lives here. Despite
 
this encour,,qement, it must be remembered that the resources of indivi
dual countries vary widely. Even India is capable of producing much
 
more food than is now being grown because of its abundant sunlight and
 
deep soils.
 

Water resource development takes a long time before it yields
 
benefits. Political leaders in both the rich and poor countries have
 
short term goals. They focus on inmmediate and popular concerns. Yet
 
the conservation and production of the resources of watershed lands
 
depend on long term and expensive commitments. Both the developed and
 
developing countries must be ready to make this commitment to the develop
ment of the world's watershed lands if future worldwide disaster is to
 
be avoided.
 

It is important to recognize that the problems of watershed lands
 
do not necessarily arise from physical limitations nor from lack of
 
technical knowledge. The limitations on production and abundance are
 
found in the political and social structures c nations and the economic
 
relations among them. The resources are there, and their successful
 
development depends upon the will of men. The water resource manager
 
can help strengthen this will by presenting and implementing good, prac
tical solutions for developing the productivity of watershed lands
 
which will provide the oreatest benefit to man in the long run.
 

It must be pointed out that solutions do exist. Muci is known
 
and much more remains to be learned. The problems are complex and
 
touch sensitive areas of the political, economic and technological struc
tures of nations. Solutions will not be easy to find. They wfil re
quire knowledge, imagination and courage- but they can be obtained when
 
the best minds endeavor to develop wise policies that will also be
 
acceptable to the public.
 

This course has been developed for medium level technicians and
 
professionals engaged in the management and development of watershed
 
lands in developing nations. A major aim of this syllabus is to pro
vide the water resource technician or manager with information which
 
will help him improve present land use practices and inform him of other
 
concepts and techniques in land and water use.
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It should be understood that because of the large scope of this
 
syllabus, exact solutions to each specific problem of watershed lands
 
as they may exist under the physical, social and economic conditions
 
in each of the developing nations cannot be given.
 

Watershed lands are defined broadly as habitable areas of the
 

earth, but do not include well defined agricultural lands, urban
 

areas, or special reserve areas. Because th! production from these
 
lands is linked with water, a basic portion of the course will deal with
 

fundamentals of hydrology; and, becauise most of the problems in develop
ing the multiple products of watershed lands are of social and economic
 

origin, the course will emphasize this aspect of development.
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CHAPTER II 

STATISTICAL METHODS
 

INTRODUCTION
 

To.many, statistical methods and procedures appear to limit
 
progress. At the very least, people may be frustrated when attempting
 
to apply statistical methods and procedures to interpret statistical
 
analyses.
 

Much of the above-mentioned difficulty may be due to. not under
standing .thebasic objectives of statistics. Essentially, two primary
 
objectives.exist: to estimate population parameters and to test hypoth
eses about .these p,.rameters.
 

An example of the first objective is the application of statis
tical techniques to estimate the mean (average) of a population. The
 
statistician's job is to derive proper methods of collecting,the re
quired source data and, then, calculating the desired statistic (e.g.,
 
the estimated population mean).
 

An example of the second objective is to test the hypothesis
 
(theory) that the estimated population mean equals or exceeds a prede
termined value. It is the statistician's job to develop appropriate
 
tests of hypotheses to satisfy this objective. Here, emphasis will be
 
placed on the first objective, specifically, to develop estimates of
 
population parameters from a series of random values obtained from a
 
sample of a population.
 

DEFINITIONS
 

To apply statistical methods and procedures to natural resource
 
management problems, it is necessary to develop a working knowledge of
 
the terms commonly employed in statistics.
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The term .:tatisi,,for instance, has two accepted meanings.
 
Statistics (plural) refers to the collection or organization of source
 
data (i.o., annual lumber production in Arizona). Statistics (singular)
 
is the science of analyzing the collected measurements and, guided by
 
the results of the analysis, inferring general truths.
 

A complete aggregate of individuals or items in one category 
is a populati-on, ,, -,,,i popuiation is composed of practically an 
unlimited number of individuals or items; while, a :.>,it population is 
made-up of a limited number of individuals or items. 

A popuLation are ee' (!c., the mean) is a quantitative char
acteristic which describes a population. A statistiw, is a quantitative 
characteristic which describes a sample obtained from a population. 
Statistics based on samples are used to estimate population parameters. 

Measurements or observations of small portions of a popt,lation
 
is a sample. It is not information about the sample which is h',ing
 
sought, rather, about the population from which the sample was taken.
 
The assumption is made that information obtained from a sample also
 
holds for the population.
 

A measurable characteristic which varies in amount or magnitude
 
(tree volume etc.) is a ocu'iabte, or variate. Variables that are cap
able of exhibiting every possible value within any specified range are
 
continuous variables; variables that are manifested in limited grad
uations or isolated values are discrete variables, or discontinuous
 
variables. A variable of an associated peir whose value is considered
 
to depend upon that of the other variable in the pair is a dependent
 
variable; a variable of an associated pair whose value is considered
 

an
to determine (or predict) that of the other variable in the pair is 

independent variable. (Insome cases, two or more independent variables
 
can be used in association with one dependent variable.) The definitions
 
of other terms relevant to statistical methods and procedures may be
 

found in standard references dealing with statistical techniques.
 

DISTRIBUTION FUNCTIONS
 

•A definite pattern of frequency of occurrence of units of each
 
of a series of equal classes is a "frequenuy distribution function. A
 
frequency distribution function shows, for a population, the relative
 
frequency with which different values of a variable (X)occur. By
 
knowing the frequency distribution function, it is possible to deter
mine what proportion of the individuals are within certain size limits.
 

Each population has its own distinct frequency distribution
 
function. However, there are certain general types of functions that
 
occur quite often. The most comnon are the normal, the binomial, and
 
the Poisson. The norvmal freqve.ncy distribution, which is the familiar
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bell-shaped distribution, iswidely used in statistical analyses of
 
watershed resources measurement (Figure 1). Theoretically, the normal
 
frequency distribution exhibits the following properties: the mean,
 
median, and mode are identical in value; small variations from the
 
mean occur more frequently than large variations; and positive and
 
negative variations about the mean occur with equal frequency.
 

The ! .7 frequency dstribution is.ssociated with data_.; 

where a fixed number of individuals are observed on each unit and the
 
unit. ischaracterized by the number of individuals having some partic
ular attribute. The -"-son r.equon distribution may arise where 
individual units are characterized by a count having no fixed upper 
limit, particularly if zero or very low counts tend to predon'nate. 

In addirion to knowing the relative frequency that different
 
values of a variable (X)occur in a population, one may also wish to
 
know what pr,porti.:n of a population, lies between specified limits of
 
X. For example, a watershed resources manager might wish to know what
 
proportion of 311 precipitation events occurring on a river basin lie
 
within a particular interval of X values, where the interval of X
 
values defines a ranne in precipitation amounts. To obtain this sort
 
of information, it is necessary to construct a !umra.atioc fr,.?.7rency 

J- -U.... function. Normally, to develop a cumulative frequencyI .... 
distribution function, values of X are cumulated starting with the
 
smallest value of X and proceeding to the largest value .rigure2).
 
Cumulative frequency distribution functions that are developed by
 
starting with the largest value of X and proceeding to the smallest
 
value are coimionly referred to as exce?dence ,tYvPco;. 

BASIC TERMS AND CALCULATIONS
 

To develop an understanding of statistical methods and proce

dures, it is important to obtain a working knowledge of basic terms and
 
calculations.
 

Measures of Central Tendency
 

Many problem: in natural resource measurements require the de
termination of a central value of a series of random values obtained
 
from a sample of a population. Often, some kind of "average" is de
sired, but this i3 not the only measure of central tendency.
 

Per&aps the mean (or average) is the most familiar and commonly
 
used measure oF central tendency. Given source data obtained from a
 
simple random sample (note: all statistical formulae described in
 
this chapter have their roots in simple random sampling), the mean is
 
calculated as follows:
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where:
 

x = estimated population mean
 
= 
x individual random value in the sample series
 

n = number of random values inthe sample series . sample

size).
 

Another measure of central tendency is the median. The median
 
of a series of random values obtained from a sample of a population,

arranged (ranked) inorder of size, is the value halfway through the
 
series. If the number of random values is odd (3,5, 7,etc.), little
 
problem exists in selecting the median. However, if the number of

ra6dom values is even (4,6, 8, etc.), the "true" median isthe value
 
halfway between the two central values.
 

Still another measure of central tendency is the mode. When
 
a 
series of random values isarranged by classes and frequencies (i.e.,
 
a frequency distribution), inmany cases one class (or a few classes)

show the highest frequency of occurrence. The class (or classes) with
 
the highest frequency of occurrence indicates the mode (or modes).
 

Inapplying statistical methods and procedures to natural 
re
source measurement problems, it isoften assumed that the basic mea
surements:exhibit a normal frequency distribution. With a normal
 
frequency distribution, the mean, median, and mode are identical. 
 How
ever,'if the basic measurements are not normally distributed, these.,

measures-of central tendency are not identical. 
 Inthese latter in
stances, care must be exercised to select the measure of central 
ten
dency most appropriate to the specific problem.
 

Measures of Dispersion
 

Measures of central tendency are fundamental descriptions of
 
a series of random values obtained from a sample of a population.

However, other measures may also be necessary for a ufiner" definition
 
of a series of random values. Measures of dispersion (or variability)
 
serve this purpose since they define the extent to which individuals
 
ina series vary from the central tendency.
 

The range represents the total interval between the smallest
 
and largest values in a series of random values obtained from a sample

of a population.- Itigives preliminary information on dispersion of
 
random values in a series.
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Perhaps the most important measure of dispersion is the
 
variance, which characterizes the variability of individual random
 
values about the mean. This measure gives an idea of whether most
 
individuals in a series are close to the mean, or spread out. Given
 
basic source data obtained from a simple random sample, the variance
 
is calculated as follows:
 

s2 
 - 2 


n-1
 

where:
 

s = estimated variance 

and the other terms are defined as above.
 

Another mathematical expression of the variance, and a formula
 
more easily solved, is:
 

2
x _(x)2
 
S2 _ n
= 


n - I
 

where all terms are defined as above. The square root of the vari
ance(s) is the standard deviation, which is uted in calculating the
 
coefficient of variation, among other statistics.
 

Generally, a series of random values obtained from a sample of
 
a population which exhibits a large mean shows more variability than a
 
series of values from a population with a small mean. The coefficient
 
of variation facilitates comparisons of variability about different
 
sized means. It is a measure of relative variability. Given basic
 
data obtained from a simple random sample, the coefficient of vari
ation is calculated as follows:
 

CV 

where:
 

CV = estimated coefficient of variation
 
s = standard deviation (square root of the variance)
 

= estimated population mean
 

Usually, there-is variation among the individuals in a series
 
of random values obtained from a sample of a population, which can be
 
measured by calculating the variance. It is conceivable, therefore,
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that variation may also exist among a seri.es of estimated means

calculated from a set of different random samples obtained from a
population. The standard error of the mean is 
a measure of dispersion
among different sample means, just as the variance is a 
measure of
dispersion among individuals in a series of random values.
 

Fortunately, it is 
not necessary to take many different random
samples to caicuiate the standard error of the mean. 
A satisfactory

estimate can be calculated directly from a single sample.
 

The calculation of the standard 
error of the mean depends on
how the random sample was selected. If the sample was drawn from an
infiniite population (i.e,, a population that is large relative to the
sample size), and given basic data obtained from a simple random
sample, the standard error of the mean is calculated as follows:
 

x n Vii 

where:
 

s = estimated standard error of the mean 

and the other terms are defined as above.
 

Confidence Limits
 

The statistical way of indicating the reliability of an estimate of a population parameter (a statistic).is to establish confidence

li its. 
 For an estimate of a population parameter made from a normally
distributed population, and given basic source data obtained from a
simple random sample, confidence limits about an estimated mean are
 
calculated as follows:
 

CI = + (s)(t) 

where:
 

CI = estimated confidence limits
 
sR = estimated standard error of the mean
 
t = 
tabular value (Table 1) used to define a statement of the


level of probability for statistical inferences.
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Table 1. The Distribution of 

df 0.1 

1 6.314 
2 2.920 
3 2.353 
4 2.132 
5 2.015 

6 1.943 
7 1.895 
8 1.860 
9 1.833 

10 1.812 

11 1.796 
12 1.782 
13 1.771 
14 1.761 
15 1.753 

16 1.746 
17 1.740 
18 1.734 
19 1.729 
20 1.725 

25 1.708 

30 1.697 

1.645 

the t Statistic 

Probability 

0.05 0.01 

12.706 63.657 
4.303 9.925 
3.182 5.841 
2.776 4.604 
2.571 4.032 

2.447 3.707 
2.365 3.499 
2.306 3.355 
2.262 3.250 
2.228 3.169 

2.201 3.106 
2.179 3.055 
2.160 3.012 
2.145 2.977 
2.131 2.947 

2.120 2.921 
2.11.0 2.898 
2.101 2.878 
2.093 2.861 
2.086 2.845 

2.060 .2.787 

2.042 2.750 

1.960 2.576 
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The DistribUtion of t
 

A portion of the distribution of the t statistic is given in
 
Table 1. To use with a simple random sample, the column labeled df
 
(degrees of freedom) will equal one less than the sample size (n - 1).
 
The columns labeled probability refer to the odds specified. In the
 
development of confidence limits at the 90 percent probability level,
 
for instance, the t values in the 0.10 column are used. If confidence
 
limits at the 95 percent probability are specified, the 0.05 column is
 
used etc.
 

SAMPLING TECHNIQUES
 

Obviously, it may be desirable to have a complete census of a
 
population. A complete enumeration is rarely possible, however, and
 
a sample is usually taken.
 

Sample Size
 

Samples cost money, but so do errors. The primary objective
 
of-sampling is to take enough observations,to obtain a desired level
 
of precision--no more, no less. The number of observations,3o be
 
taken in a sample depends upon two factors: the inherent variability
 
of the population being sampled and the desired level of precision
 
(i.e., sampling error).
 

The equation used to calculate a sample size is derived by
 
transforming the relationship expressing the confidence limits for the
 
mean. Here, it is desired to have the product (s-)(t) equal to or
 
less than some arbitrarily specified level of pre ision. Thus:
 

E (s-)(t)
 

where:
 

E specified level of precision
 

and the other terms are defined'as above. This relationship may also
 
be expressed as follows:
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The equation used to calculate a sample size is derived by

squaring all of the terms in the above relationship, and then solving
 
for n (the sample size). Therefore, assuming that a simple random
 
sample will be implemented, the sample size is calculated as follows:
 

s t2
(2 )
n 

E2
 

where:
 

n = sample size 

and the other terms are defined as above. To calculate sample size,
 
it is necessary to have an estimate of the variance, which can be ob
tained from a preliminary sample of the population. Also, a t value
 
at the appropriate level of probability is needed and the level of
 
precision must be specified.
 

Size and Shape of Individual Sample Units
 

The size and shape of the individual sample units affect the
 
cost and precision of sampling. Often, small plots exhibit more
 
variability than large plots and, in many instances, circular plots
 
may be easier to establish than rectangular plots. It is necessary,
 
therefore, to select the size and shape of individual sample units
 
that are compatible with the sampling objectives and the inherent
 
variability of the population being sampled.
 

Sampling Designs
 

After computing the sample size and selecting the appropriate
 
size and shape of the individual sample units, it becomes necessary to
 
allocate the sample units to obtain source data necessary to estimate
 
the required population parameters. The problem is to decide on the
 
most efficient sampling design in terms of the sampling objectives and
 
the characteristics of the population.
 

Many sampling designs and variations of sampling designs exist.
 
Three basic sampling designs often employed in natural resource mea
surements are: simple random sampling, stratified random sampling,
 
and systematic sampling.
 

The fundamental idea behind simpLe ran&m sampling, when
 
allocating a sample of n units is that every possible combination of
 
n units has an equal chance of being selected. And, the selection of
 
any given sample unit is completely independent of' the selection of
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all other units. (All of the statistical methods and procedures
previously discussed in this chapter have their roots in simple random
 
sampling.)
 

Often, previous knowledge of a population can be used to increase the precision, or usefulness, of a samjle. Stratified random
scaling takes advantage of certain types of 'rnformation about a population by grouping homogeneous units of a population together on the
basis of some characteristic (vegetation, cover type, age class, util
ization class, etc.). 
 Then, each unit, or stratum, is sampled (using

a simple random sampling design) and the group estimates are combined
 
to estimate population parameters.
 

As the name implies, sample units in a syotematio sample are
allocated, not randomly, but mechanically, according to a predetermined
pattern. Systematic sampling has been widely used in natural resource
 
measurements for two reasons: 
 the location of individual sample units
in the fiel:d is often easier and cheaper, and thereisa feeling that
 a sample deliberately spread out over a population may be more "representative" than a simple random sample. 
StatIsticians may not argue
against the first reason, but they are less willing to accept the

second. Estimation of sampling errors of a sample requires more know
ledge about a population than is usually available,
 

REGRESSION ANALYSES
 

An important statistical tool often used in analyzing natural
 
resource measurements is regression analysis. 
 The basic objective of
regression analysis is 
to quantify relationships between two or more
 
variables.
 

A esil,, regression defines the relationship between a depen
dent variable (Y)and one independent variable (X). A simple Zinear

regression is used with a straight-line relationship between two

variables. Other simple regression analyses may involve nonlinear
 
relationships (parabolic, exponential, logarithmic, etc.).
 

The general model''for a simple regression is:
 

Y a + b (X)
 

where:
 

Y = dependant variable
 
X = independent variable
 

a,b= regression coefficients estimated by statistical formulae,
 
as given below:
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Z(XY) - (IEX) n(2Y)b. -' 2 (ZX 

n 

a :-b(X)
 

T ere. are several methods. of."determining "how well" a regressin 
line fiLs the..sample data. Often, the coefficient of determination (r')
 

is.calculated, as follows:
 

- (EX)n(EY) )2. 
r2 (E(XY)
= 


2 (~ 2 
-rX)( 4X nE2,~n 


.One common means o'f interpreting the coefficient ofdetemina
tion is:. if.the, r? value is 0.65, "65 percent of the variation in'Y is 

associated, with X." .For' example,...65 percent of the'variation in.annual 

precipitation amount is "explained" by elevation.' 

Frequently,. the dependent .variable is related io more than one
 
independent variable, If this relationship can be estimated, using
 

multiple regression analysis, it may allow more precise predictions of
 

the dependent variable-tnan.is possible by a simple regression.
 

.The geperal model for a multiple regression is
 

Y a (X2) 

where:
 

.a,,b.,c estimated regression coefficients.
 

KEY TO BASIC.STATISTICAL TESTS
 

Many of the foregoing definitions are basic. The contepts pre

sented are quite general and underlie most of statistical theory.
 

Little has been offered in terms of specific direction for the user.
 

Obviously, further and more specialized training is one remedy. How

ever, uitil this is obtained, there are several points that a user
 
statistical performance:
should consider to improve his general 


(1) First, and probably most importantly, underatznd:t method 
It should be evident that statistics is an-you intend to use.. 

extensive and complex subject. In fact, statisticians are
 

often unsure of their own cnnclusions and commonly discuss
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them with their colleagues for verification. So, be sure that
 
you know the method thoroughly; then, you will be much less
 
likely to misuse it.
 

(2) Keep it simple. Where there is a choice, use the simpler
 
method. There is no need to apply the latest analysis tool if
 
an older, simpler one tells us what we want to know. Further
more, there is less chance'of going wrong when the simpler
 
method is used.
 

(3) Plan ahead. To obtain an adequate performance, planning must
 
be done at the outset. Be sure to allow enough time for all
 
aspects of an investigation. Unfortunately, a conmon practice
 
is to leave analysis and interpretation to a time t}en there is
 
no possible way to do an adequate job.
 

(4) Adopt a critical attitude when examining the results of an
 
analysis. Try to let the data (rather than your preconceptions)
 
lead your thoughts.
 

(5) Statistical analysis cannot be aonpletely reduced to a routine
 
process. In particular, do not be led astray by "computer
 
analysis"packages. While many computer programs are good
 
tools, it should be kept in mind that computers do not analyze
 
--and they never will. Become familiar with programs which are
 
useful, but do not surrender your analyses to them.
 

(6) Respect your professional judgment. Your training and experi
ence give you an ability to see the elements and relationships
 
in your science and profession better than a layman.
 

To cssist watershed resources managers in selecting the
 
appropriate statistical test to apply in given situations, the fol
lowing key t%-. While this key
basic statistical tests is presented. 

includes many of the commonly emoloyed statistical methods and pro
cedures available for consideration, the user is advised to consult
 
statistical references before making a final decision as to approach
 
in analyses.
 

Go to Step
 

Step Number Number 

1. Enumeration (or attribute or discrete) data only . . . . 
1. Continuous (or measurement) data; or both continuous and 

enumeration data .......... .............. 
2. Only two criteria of classification for each 

attribute . . CHI-SQUARE 2x2 
2. More than two criteria of'cia sificati or one or 

2 

4 

more of the attributes ..... ............. 3 
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Go to Step
 

Number
Step 	Number, 


3.. 	 Two criteria for one attribute, more
 
than two fur the other ....... CHI-SQUARE Rx2
 

3. 	More than two criteria for each
 
attribute .... ......... .CHI-SQUARE RxC
 

...........
4.... 	One group of sampling units ...... 5
 

4. Two or more groups of sampling units .8.......8
 
5.. .wo variables.measured in.each
 

. .	 6sampling unit ..............
....

5. 	More than two variables measured
 

. .	 . MULTIPLE REGRESSIONin each sampling unit 

6. 	Neither variable dependent 

on the other,- . ., •.CORRELATION 

6. 	One variable dependent on the
 
. . . . . . . . . . .
other 


7. 	Straight line relation
 
LINEAR REGRESSION
between variables . . 

7. 	 Curved line relation., 
between-wriables. CURVILINEAR REGRESSION 

8. 	One variable'measured for each 
. 


sampling unit ............ 	 . . 9
 

8. 	Two or more variables measured for 
..... . .. ... 12each 	sampling unit 


. 9.- Only two;groups of sampling 
...... 10
units. ..................... 


9. 	More than two groups of
 
sampling units ..... .ANALYSIS OF VARIANCE
 

10. 	 Individuals from one
 
group paired with
 
those in the other. t-TEST, PAIRED NDIV
 

1.0. 	 Individuals not
 
. .	. . . . . . . . . .
paired . . . . .
 

11. 	 Groups of equal 
size . . . . . t-TEST-,EQUAL GROUPS 

11. 	 Groups of unequal 
size . . . . t-TEST, UNEQUAL GROUPS 

12. 	 Two variables measured 
. intwo or more groups ........COVARIANCE 

13. 	 Three or more variables measured
 
in two or more groups . MULTIPLE COVARIANCE
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CHAPTER III 

THE HYDROLOGIC CYCLE
 

INTRODUCTTN
 

The hydrologic balance or water budget is'both'afuindame"ntal
 
concept of hydrology and a useful method for the study of the hydrologic

cycle. The hydrologic cycle represeits the processes and pathways in
volvedrin the circulation of wateft'om land and water bodies, 
to the
atmosphere and back again (Figur'l)., The cycle is complex and dynamic

but can be simplified if we categorize components into input, output or
storages. 
 Input such as rainfall, snowmelt and condensation.must balance
 
with changes in storage and with.outputs which incljde.streamflow,

groundwater, and evapotranspiration., The water budget is essentially

an accounting procedure which quantifies and balances these components.
 

The quantities of water in the atmosphere, soils, .groundwater,

surface water and other components are constantly'cli nging because of
the dynamic nature of the hydrologic cycle. At any bne'point in time,
however, quantities of water in each..component can be approximated. If 
we consider the total water .resource on the earth, dnly about 3 percent

is fresh-water. About.77 percent of this fresh water is tied up in

the polar ice caps and glaciers, and 11 percent is stored in deep ground
water aquifers, leaving 11.6 percent.for active circulation. Of this
11.6 percent, only-0.55 perceht'exists in the atmosphere and biosphere

(from the top of trees to the lowest roots). The atmosphere redistrib
utes evaporated water by precipitation and condensation. Components of
the biosphere partition this water into runoff, soil water storage,

groundwater or back to the atmosphere.
 

The hydrologic processes of the biosphere and the effects of
vegetation and soils on these processes are of particular interest to

watershed managers. 
Processes such as precipitation, infiltration,

percolation, evaporation, transpiration, surface-runoff', subsurface

flow and groundwater flow can all be affected by land management activ
ities. Likewise, man can alter the magnitude of various storage
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components including soil water, snowpacks, lakes, reservoirs and rivers.
 
With a water budget we can examine existing watershed systems, quantify
 
the effects of management impacts on the hydrologic cycle and in some
 
cases predict or estimate the hydrologic consequences of proposed or
 
future activities.
 

HYDROLOGIC PROCESSES
 

Precipitation
 

Precipitation occurs when three conditions in the atmosphere
 
are met: (1)the atmosphere becomes saturated, (2)small particles or
 
nuclei are present in the atmosphere upon which condensation or sublim
ation can take place, and (3)water or ice particles must unite and
 
grow large enough to fall under the influence of gravity. Saturation
 
results when either the air mass is cooled until the saturated vapor
 
pressure is reached or when moisture is added to the air mass. Rarely
 
does the direct introduction of moist air cause precipitation. More
 
commonly precipitation occurs when an air mass is lifted, becomes cooled,
 
and reaches its saturated vapor pressure. Air masses are lifted as a
 
result of (l frontal systems, (2)orographic effects, or (3)convection.
 
Different storm and precipitation characteristics result from each of
 
these lifting processes.
 

FrontaZ precipitation occurs when two air masses of different
 
temperature and moisture content are brought together by general circu
lation and air becomes lifted at the frontal surface. A cold front re
sults from a cold air mass replacing and lifting a warm air mass. Con
versely, a warm front results when warm air rides up and over a cold air
 
mass. Cold fronts are characterized by high intensity rainfall or rel.
 
atively short duration and usually have less areal extent than warm
 
fronts. Widespread, gentle rainfall is more characteristic of warm
 
fronts.
 

a pvecipi when air is forced upOt~wV .oz uccurs an mass and 
over mountain ranges as a result of general circulation. As the air mass
 
becomes lifted, a greater volume of the air mass reaches saturation vapor
 
pressure resulting in a general increase in precipitation with increas
ing elevation. Once the air mass passes over mountains, a lowering and
 
warming of the air occurs. This results in a rain shadow effect on the
 
leeward side of mountain ranges.
 

Convective precipitation, as characterized by summer thunderstorms,
 
is the result of excessive heating of the earth's surface. When the air
 
adjacent to the surface becomes warmer than the air mass above, lifting
 
occurs. As the air rises and condensation takes place, the latent heat
 
of vaporization is released, more energy is added to the air mass and
 
consequently more lifting occurs. Rapidly uplifted air can reach high
 
altitudes where water droplets become frozen and hail forms or becomes
 

IV - 25
 



intermixed with rainfall. Such rain or hail storms are of the most
 
severe precipitation events anywhere. High intensity, short duration
 
rainfall over rather limited areas characterize convective storms. 
Numerous thunderstorms can occur over a widespread area, however, and
 
can cause flash flooding.
 

lnterception--Net Precipitation 

Once rainfall or snowfall has occurred, the type, extent, and
 
condition of vegetation ,.an strongly influence where and how much pre
cipitation reaches the soil surface. Dense coniferous forests in 
northern latitudes and the multi-storied canopies of the tropics can
 
catch and store large quantities of precipitation which ultimately
 
evaporate and are lost from the watershed. in the tropics, over 70 per
cent of the annual precipitation may be lost via interception,. As we
 
proceed to more arid or semi-arid environmuents, and more sparse vegeta
tiujn, the interception losses become less important. Although we gen
erally consider fcrests to have the highest interception losses, at
 
times, grasses may intercept 10 to 20 percent of gross precipitation.
 

riot all the precipitation which is caught by a forest canopy is
 
lost to the :itmiosphere. Much may drip off the foliage or run down the
 
stems and thereby reach the soil surface. riversely, not all the pre
cipitation that penetrates the forest canopy becomes available for
 
either soil water or runoff. The litter which accumulates dn the for
est floor can store large quartities of precipitation which ultimately
 
evaporate.
 

In most water budget studies, interception loss is considered to
 
be an important storage term which should be subtracted from gross pre
cipitation. The result is net precipitation, or that amount of precip
itation that is available to either replenish soil water deficits or
 
become surface, subsurface or groundwater flow out of the system.
 

Movement of Water Into and Through the Soil
 

The rate of new precipitation, once it reaches the forest floor
 
er soil surface, depends upon the soil surface conditions and the phys
icril characteristics of the soil itself. Of primary interest are those
 
factors which affect the rate at which water can enter the soil and the
 
slAsequent rate of movement through the soil.
 

Plant material or litter on the soil surface influences the
 
amount and rate of movement of water into the soil surface. Litter can
 
be viewed as two hydrologically distinct layers: (I)an upper horizon
 
composed of leaves, stems and other undecomposed plant material, and (2)
 
a lower horizon of decomposed plant material which behaves much like
 
mineral soil. The upper horizon protects the soil surface from the
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energy of raindrop impact which could displace smaller soil particles

into voids and effectively seal the soil surface. 
Plant debris also
hinders any surface runoff which might occur and, in effect, minimizes

overland flow. 
 The lower horizon has a substantial storage capacity,

over 200 percent by viqht in some instances. Thus plant litter is im
portant as 
both a storage component and as a protective cover which

maintains an "open" soil surface condition favorable for high rates
 
of water entri inrt +h,' !:.,rfac-.
 

The process by which water enters the soil surface is called
 
in 1tra ,-1in.Infiltration results from the combined forces of capil
larity ana gravity. 
 If we applied water to a dry, medium textured soil,
a very rapid initial infiltration rate would be observed. 
This high
initial 
rate is due to the strong physical attraction of soil particles

to water (capillarity). As time proceeds and the soil water content increases, the rate of infiltration eventually becomes a constant.

this time, infiltration is only as rapid as the rate which the soil 

At
 
can
drain under the influence of gravity. 
The process of saturated flow
through the soil mantle under gravitational forces is called -'ercoLtior. 

Evapotranspi ration 

Evaporation From soils, plant surfaces and water bcJies, and

transporation through plant stomata are often considered collectively as
evapotranspiration (ET). Evapotranspiration is of particular interest
 
to watershed managers because it strongly affects the water yield

characteristics of an area and isoften influenced by forest and range
 
management practices.
 

The evaporation p"ocess is simply the net loss of water from a

surface by means of a change in state of water from liquid to vapor.

The requirements for evaporation or transpiration are:
 

(1)a flow of energy to the evaporating or transpiring surface;

(2)a flowA or 
vapor away from these surfaces; and
 
(3)a flow of 
linoir water to these surfaces. 

Ifone or more of these flows are changed, there is a corresponding

change in the total ET loss from a surface. Conditions that control the
net flow of energy by radiation, convection, and conduction to evapor
ating surfaces determine the amount of energy available for the latent

heat of vaporization. The albedo or reflectivity of the evaporating

surfae determines the proportion of incident solar radiation that is
absorbed by the surface. 
 This absorbed solar radiation plus the net
longwave radiation constitutes the net all-wave radiation which is avail
able to evaporate water. heat the air, or heat the soil system. 
When
water is readily available, most of this net radiation is utilized in

the ET process. Some studies have shown that over 80 percent of net
 
radiation is utilized in ET for well-watered soils with a dense
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vegetative cover. As water becomes limiting, a greater pr, ortion of the
 

net radiation goes into heating the air and soil surfaces.
 

Runoff
 

Runoff refers to the various processes and pathways by which
 

excess water becomes streamflow. Excess water represents that part of
 

total precipitation which runs off the land surface and that which
 

drains from the soil and is thus not consumed by ET. Some water flows
 

rather quickly to produce streamflow yet other pathways have a deten

tion storage time which may take weeks or months for excess precipita

tion to show up as streamflow. If we were to identify the major path

ways of flow and compare these with a streamflow hydrograph (the graphical
 

relationship of streamflow discharge (m3/sec) plotted against time) from
 

a watershed, the runoff process can be somewhat simplified (Figure 2).
 

A perennial stream, i.e., one which flows throughout the year,
 

is most likely being fed by groundwater, pathway "D" (Figure 2). This
 

component sustains streamflow between periods of precipitation or snow-


Because of the long and tortuous pathways involved, groundwater
melt. 

flow, hence baseflow,does not respond quickly to moisture input.
 

Once rainfall or snovwmelt occurs. several additional pathways of
 

flow feed streamflow. The most direct pathway from precipitation to
 

streamflow is that part which falls directly into the stream channel,
 

called channel interception (A in Figure 2). This component causes the
 

initial rise in the streamflow hydrograph and ceases soon after precip

itation stops. Surface runoff or overland flow occurs from impervious
 

in which the rainfall rate exceeds the infiltration
areas or areas 

Some surface runoff is detained by the
capacity of the soil (B). 


roughness of the soil surface, but nevertheless represents a quick flow
 

response to moisture input, second only to channel interception. During
 

a rainstorm, this component of the hydrograph would be relatively large
 

for urban areas but typically insignificant for forested areas with deep
 

soils.
 

Subsurface f'ow or interflow is that part of precipitation which 
over a short enough timeinfiltrates, yet arrives at the stream channel 


period to be considered a part of the storm hydrograph, illustrated as
 

This is considered to be the major contributing
pathway "C" (Figure 2). 

pathway of storm hydrographs from forested watersheds.
 

The sum of channel interception, surface and subsurface flow is
 

called direct rwoff or stormflow. Direct runoff is the part of the
 

hydrograph of interest when we look at the flood-producing characteris

tics of most watersheds.
 

Although we can conceptually visualize the four major pathways
 

of flow, subsurface flow is particularly difficult to measure or
 
Also, the actual pathway from rainfall to
separate from the others. 
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Figure 2. The relationship between pathways of flow from a water
shed and the resultant streamflow hydrograph.
 

IV L 29
 



streamflow may in reality involve surface and subsurface flow. 
Water may

infiltrate in one area and exfiltrate downslope and run over the land

surface for some distance. Conversely, some surface runoff may collect
 
in depressions in the land surface to be evaporated or infiltrated at
 
some later time. By viewing the total streamflow hydrograph, therefore,
 
we are seeing the total integrated response of a watershed to some quan
tity of moisture input.
 

WATER BUDGET CONCEPT
 

The water budget is simply an application of the conservation of
 
mass principle to the hydrologic cycle. That is, for a given watershed
 
and a certain time interval:
 

I - 0 = AS 

where:
 

I = inflow of water to the system
 
0 = outflow of water from the system


=
AS change in storage of the volume of water in the system.
 
Substituting with the hydrologic components of a watershed or
 

river basin, the above relationship for a given time interval becomes:
 

P - (Q + ET) + L = AS 

where:
 

P = total precipitation
 
Q = total runoff or streamflow, including measured
 

groundwater flow
 
ET = total evaporation and transpiration losses
 
L = leakage out of the system by deep seepage (-)or
 

leakage into the system (+) from an adjacent
 
watershed
 

AS = change in storage in the system
 

Water budgets can be determined for small plots, headwater drain
ages, large river basins or even continents. If a water budget was to
 
be determined over one year for all 
land and water areas, the total
 
change in storage would usually be very small.
 

By looking at the ratio ET/P we can make relative comparisons

of the abundance of water. A high ratio indicates a more arid climate
 
(Australia), a lower ratio a more wet climate (Europe). 
 Water budgets

for such large areas do not tell 
us anything about the distribution of

precipitation and streamflow within the continents. 
 The unequal dis
tribution of water supplies over continental areas and with respect to
 
season results inmany of our water resource problems. Thus, water
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budget studies are typically performed on river basins or individual
 
watersheds, and often for, time-periods shorter than one year.
 

THE WATER BUDGET AS A HYDROLOGIC METHOD
 

The application of a water budget as a hydrologic tool is rela
:
tively simpie; ,f -!! bu" one component of a system can either be
 

measured or estimated, then we can solve directly for the unknown part.
 

The annual water budget for a watershed or drainage basin is
 
often used because of the simplifying assumption that changes in storage
 
over a yea, period are very small in many instances. Computations for
 
the water budget could be made, beginning and ending with wet months (A
 
- A') or dry months (R - B') as illustrated in Figure 3. In either case,
 
the difference in soil water content (storage) between the beginning
 
and ending of the period is small. By measuring the total precipitation
 
and streamflow for the year, the annual evapotranspiration (ET) can be
 
estimated from the following:
 

ET = P - Q
 

Provided that a reas ,iable estimate of precipitation on the watershed is
 
obtained, the next major assumption is that the total outflow of liquid
 
water from the watershed has been masured. This implies that there is
 
no loss of water by deep seepage to underground strata and that all
 
groundwater flow from the watershed is measured at the gaging site. If
 
certain kinds of geologic strata suchas limestone underlie a watershed,
 
the surface watershed boundaries may not coincide with the boundaries
 
governing the flow of groundwater. In such cases there are two unknowns
 
in the water budget, ET and groundwater seepage (L), which result in:
 

ET + L = P - Q
 

If losses to groundwater are suspected, they can sometimes be estimated
 
by specialists in hydrogeology who have knowledge of geologic strata
 
and respective Y'dii rorductivities.
 

The change in storage can sometimes be difficult to quantify
 
when we cannot assume that change in storage is small over the time in
terval. Estimates of change in storage become more difficult as compu
tational interval diminishes and as the size of the area under
 
investigation increases. The change of storage for a small vegetated
 
plot may involve only periodic measure .ents of soil water content. Such
 
measurements can be made gravimetrically (weighing a known volume of
 
soil, drying the soil in an oven and reweighing), with neutron attenua
tion probes or other methods. As the size of the area increases, the
 
storage changes of surface reservoirs, lakes and groundwater must also
 
be considered. Stage-elevation-outflow data are needed to evaluate
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changes in lake or reservoir storL-z, aid are not particularly difficult
 
to analyze when compared with storage :hanges in surface soils and
 
geologic strata.
 

The soil-water-storage component is usually distinguished from
 
geologic strata inwater budget computations, as tiiat part which can be
 
depleted by evapotranspiration. Diurnal as well as seasonal changes in
 
stora., of the soil mantle can be significant. The underlying geologic
 
strata, on the other hand, represents a zone in which changes in storage
 
are slow. Recharge and-drainage account for changes in storage within
 
strata below the soil mantle. These strata along with unconsolidated
 
sand and gravel deposits are the sources of sustained streamflow yield
 
(baseflow) from many watersheds.
 

Energy Budget
 

Solar energy is the driving force of the hydrologic cycle. As
 
with the water budget, the components of the energy cycle can be iden
tified and partitioned. Some of these components can then be related
 
to parts of the water budget. The linkage between the water and energy
 
budgets is direct; net energy available at the earth's surface is
 
apportioned largely as a result of quantities of water in the various
 
storage components. The primary purposes for studying the energy
 
budget, like the water budget, are to develop a better understanding of
 
the hydrologic cycle and to be able to quantify or'estimate certain
 
parts of the cycle. The energy budget has been widely used to estimate
 
evaporation from bodies of water, the potential evapotranspiration for
 
terrestrial systems, and has also been used to estimate snowmelt.
 

The earth's surface neither gains nor loses significant quan
tities of energy over long periods of time, but there may bL a net gain
 
or a net loss for any given time interval due to different types of
 
solar radiation. The net radiation is the residual of incoming and out
going short-wave and long-wave radiation. The albedo or reflectivity
 
of the terrestrial system determines the proportion of total incoming
 
short-v!are radiation which is reflected from natural surfaces back into
 
the atmosphere. The apportionment of solar radiation is also affected
 
by weather conditions. On the average, about 85 percent of the total
 
downward stream of solar radiation is direct solar, but during cloudy
 
days the diffuse or scattered short-wave radiation is the only shnrt
wave input. Likewise, the long-wave radiation components are affected
 
by atmospheric conditions. A cloudy or hazy atmosphere essentially
 
traps long-wave radiation which would otherwise be lost from the earth,
 
resulting in a larger incoming component than an outgoing component.
 
The emitting constituents of long-wave radiation in the atmosphere are
 
primarily C02, 03 and the liquid and vapor forms of water. Terrestrial
 
objects absorb and radiate long-wave radiation very efficiently, ap
proaching 100 percent. Therefore, reflectivity of long-wave radiation
 
by terrestrial objects is considered negligible.
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The energy budget (or energy balance) can be described by:
 

Rn = (S + s)(l - X) + I ..I+ 

where:
 

rn = net radiation in langleys/time 

S direct solar radiation in langleys/time
 
s= indirect, scattered solar radiation in langleys/time
 
S=-albedo, or reflectiyity of surface to solar radiation
 

I+ = incoming longwave radiation in langleys/time 
I+ - outgoing longwave radiation in langleys/time
 

Net radiation may either be positive or negative for any arbi
trary time interval. When positive, R,, represents excess radiation
 
energy for some time interval, --hich ca, be allocated in the following
 
manner:
 

R = (L)(E) +-H +-G + P
 

where:
 

L = lantent heat of vaporation in callries/gram
 
I = evaporation in grams or centimeters3
 

H = sensible heat in langleys
 
G = heat of cuitJ, tion to'ground in langleys 
Ps = energy of photosynthesis in langleys
 

The net radiation (Rn) available at a surface is important
 
from a hydrologic standpoint because it is usually the primary source
 
of energy for evaporation, transpiration and snowmelt. Typically when
 
snow is present the majority of net radiation is apportioned to snow
melt (80 cal g-i). In snow-free systems, the allocation of net radi
ation is highly dependent upon the presence or absence of water. If
 
water is abundant and is readily available for evaporation and trans
piration, then large amounts of energy are consumed in the evaporation
 
process (about 585 cal g-l at common terrestrial temperature). Little
 
energy is left to heat the air or ground. On the other hand, if water
 
is limfting, a-greater amount of energy is available to heat the air,
 
the ground surface and other terrestrial objects. Losses (or gains) of
 
energy to the interior earth do not change rapidly with time and are
 
usually negligible. Similarly, energy consumed in photosynthesis,
 
although of unmeasurable importance to life on earth, is a very small
 
quantity in hydrologic terms and is usually not considered.
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WATER BUDGET EXAMPLE
 

Each watershed is a unique system which responds to
 
precipitation and energy inputs according to its biological and phys
ical characteristics. The following example should provide the reader
 
with some insight into the usefulness of the water budget method.
 

Streamflow yield and other components of the hydrologic cycle
 
can be obtained for tropical ecosystems by using a water budget to
 
couple climatological records with knowledge of the watershed system.

Average soil texture and depth, and the rooting depth or extent to
 
which the existing forest community can deplete soil water should be
 
known. Generalized relationships of soil texture and "plant available
 
water" (Figure 4) can then be used with estimates of soil depth to ob
tain values of the total soil water holding capacity and the total
 
water available for evapotranspiration. For most tropical forest eco
systems, roots are assumed to fully occupy the soil system and evapo
transpiration is considered to occur at or near the potential 
rate.
 
Estimates of potential ET and rainfall are then coupled With the above
 
soil-plant characteristics to provide an accounting of water surplus
 
or deficit for given time increments.
 

An example of mean monthly water budgets based on climatolog
ical data from two different areas in Thailand is presented in Table I.
 
The mean monthly rainfall (item 1) is the input item,of the accounting
 
method. Potential ET for each month is listed as item 4. Actual ET
 
(item 5) is either the total available moisture (item 3) or the poten
tial ET (item 4), whichever is smallest. The available soil water is
 
determined as the difference between field capacity and permanent wilt
ing point. The quantity of soil water available to plants when soils
 
are fully recharged for Chanthaburi and Chiang Mai are 279 mm and
 
124 nm, respectively. The first month's calculation, without actual
 
soil-water content data, would appear to be somewhat of a guess. Er
rors associated with unknown antecedent soil water status can be min
imized, however, if the accounting begins with a month in which the
 
soil is typically recharged with water. The month which ends the rainy
 
season, in these examples October, is a good starting month. The total
 
available moisture (item 3) is determined from the sum of the rainfall
 
and the initial soil moisture content (item 2). The remaining avail
able moisture (item 6) is determined as the difference between total
 
available moisture and actual ET. Any amount in item 6 which is in
 
excess of the soil-water capacity'is calculated as runoff in item 8.
 

Historical data rather'than mean monthly values can be analyzed
 
in a similar manner as Table 1, if we were interested in evaluating the
 
water yield associated with some observed sequence of rainfall, perhaps

6 Crought period. Water budget analyses of drought sequences are use
ful for determining storage requirements for water supply or hydroelec
tric reservoirs. Likewise, sequential monthly values for several years

could be analyzed "before and after" some management activity which
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Table 1. Averane monthly water budgets for two stations in Thailand.
 

Station: Chanthaburl, Thailand OCT WV IKC JAN FEB MAR APR MAY JUN JUL AUG SEP YR 

1. Average rainfall 231 74 15 48 46 76 117 325 49" 444 439 478 2791
 
2. Initial soil moisture 279 279 238 136 75 18 0 9 2'. 279 279 279 -
3. Total available moisture 510 353 253 184 121 94 117 334 713 723 718 757 -
4. Potential ET 123 115 117 109 103 110 108 119 123. 128 129 124 14Gd 
S. Actual ET 123 115 117 109 103 94 1O 119 123 '128 129 124 1392 
6. Relining available moisture 387 238 136 75 18 0 9 21S 590 595 589 633 
7. Final soil moisture 279 233 136 75 18 0 9 215 279 279 279 279 -
8. Runoff 108 0 0 0 0 0 0 0 311 316 310 34 1399 

Station: Chaing WI. Thailand 

1. Average rainfall 130 46 10 5 10 13 51 127 132 196 232 290 1244
 
2. Initial soil coisture 124 124 63 0 0 0 0 0 24 46 124 124 
3. Total available moisture 254 170 73 5 10 13 SI 127 156. 244 356 414 -

4. Potential ET 114 107 102 99 85 87 87 103 10. 117 120 112 1243
 
S. Actual ET 114 107 73 5 10 13 51 103 110 -,17 120 112 935
 
6. Remaining available moisture 140 63 0 0 0 0 0 24 46 127 236 302 -
7. Final soil moisture 124 63 0 0 0 0 0 24 46 144 .124 124 --

B. Runoff 16 0 0 0 0 0 0 0 0 3 112 i78 309
 



affects the actual ET. For example, the effect of clearcutting on
 
water yield can be estimated by changing the effective rooting zone in
 
the soil system after clearcutting and recomputing the water budget.
 
Approximate effects on water yield may then be obtained as the results
 
of a modified "effective soil water storage capacity."
 

A water budget analysis is only as good as the input data and
 
the assumptions which have been made. Such AssumptioPs include: (1)
 
there are no deep seepage losses or "leakage" from or to the system,
 
(2)transpiration responses are linearly related to available soil water
 
content (unless better knowledge of physiological responses is avail
able), and (3) rainfall intensitites do not affect the volume of runoff,
 
i.e., runoff only occurs when field capacity is exceeded. The assump
tion on leakage is always difficult to evaluate. Likewise, the manner
 
in which the community of forest species respond to diminishing soil
 
water content is unknown. The third assumption for tropical forest
 
ecosystems is likely valid because of the extremely high infiltration
 
capacities of soils.
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CHAPTER IV 

INVENTORY TECHNIQUES
 

INTRODUCTION
 

Fundamental to watershed resources management isan accurate
 
evaluation of the components of the ecosystem. Techniques to measure
 
or inventory precipitation,.streamflow, water quality, timber, range
 
and wildlife are presented.
 

PRECIPITATION.HEASUREMENTS
 

The measurement of precipitation isan integral part of most
 
hydrologic projects. Information on precipitation--amount, intensity,
 
type, frequency, duration--is essential to much of the research and to
 
the development of operational programs inthe management of watershed
 
lands.
 

Types of Gauges (Point Measurements)
 

Three types of precipitation gauges are now in general use:
 
the standard gauge--size varies with standards established in individ
ual couptries--(usually read after each storm event or at relatively
 

'auge(manufactured in
short predetermined time intervals); the storage 

several sizes and read only periodically); and the recording gauge
 
which records rate of precipitation as well as depth.'
 

Selection of Raingauge Sites
 

Three general types of natural factors which affect the vari
ation inamounts of precipitation over an area are: weather itself, in
 
terms of area distribution of condensation processes and types of cir
culation of and within storms; topography,of a sc.ale large enough to
 
affect the weather; smaller scale terrain effects'which influence the
 
performance of the gauge. The selection of a gauge site, which is rep
resentative of the surrounding area, will be influenced primarily by
 
the latter factor.
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Local anomalies in the rainfall pattern may be produced by
 
small-scale topographic influences or by obstructions which disvort the
 
wind pattern in the immediate vicinity of the gauge. This distortion
 
may make the particular gauge site nonrepresentative of the general
 
region, introducing an error in the determination for the area. In re
gions of flat topography, this factor is usually of minor importance.
 
In mountainous terrain, it may account for much of the variation in
 
precipitatlun measurements. Varidtion in precipitation may be attributed
 
in some cases to variations in: the local exposure of gauge sites rather
 
than in actual differences in the distribution of precipitation.
 

An ideal exposure would elioninate all turbulence and eddy cur
rents near the gauge. Individual obstructions, whether a building or a
 
tree, may set up serious eddy currents and, as a general rule, ihould
 
not be closer to the gauge than twice (preferably four times) the height
 
of the object above the gauge. When objects are numerous and uriform,
 
such as in a forest opening, their height above the gauge shoud not ex
ceed about twice their distance from the gauge.
 

At exposed sites, compensate for the lack of natural protection
 
by shielding or by using pit gauges. The Nipher shield is recommended
 
if the precipitation is primarily rain, the Alter shield if a substantial
 
portion of the precipitation is snow.
 

Number of Gauges Required
 

The number of rain gauges required to measure precipitation will
 
increase with the size of the watershed. The use of random sampling as
 
a means of excluding bias i;a the selection of gauge sites and for es
timating the number of gauges needed is suggested. However, in areas
 
of dense brush or forest, this type of rainfall sampling may not be
 
practical owing to the difficulty of obtaining adequate sampling sites.
 

Rainfall variability on a watershed for monthly, seasonal, or
 
annual periods can be estimated at much lower ope'ating cost by using a
 
regular network which is read after each storm event. By reading
 
storage gauges monthly or seasonally, the effects of storm types on
 
variability may be lost, but systematic differences in precipitation
 
between parts of the watersheds for these longer periods can be es
t;mated.
 

Methods of Calculating Mean Watershed Precipitation
 

The mean depth of precipitation over a watershed is required in
 
most hydrologic investigations. Several procedures are used in deriving
 
this value. The three most common are the arithmetic, the Thiessen,
 
and the isohyetal methods.
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Arithmetic Method
 

A straighL arithmetic average is the simplest of all methods for
 
This method
estimating the mean rainfall on a watershed (Figure 1). 


terrain if the gauges are numerous and
yields good estimates in level 

uniformly distributed. Even in mountainout, country with a dense rain
 

gauge network, arithmetic averages will yield fairly accurate results
 

if the orographic infiuences on precipitation are considered in the
 

.t However, if gauges are relatively few andselectior, of (aue 
:paced and precipitation over the area varies consid'erably,irregularly 

is likely to differ greatly from the results dethe arithmetic mean 

rived by other methods.
 

Thiessen Method
 

This method involves determination of an area of influence for
 

each station. Polygons are formed from the perpendicular bisectors of
 

lines joining nearby stations (Figure 1). The area of each polygon is
 

determined and is used to weigh the rainfall amount of the station in
 

the center of the polygon. The entire area within any polygon is
 

nearer to the rainfall stations contained therein than to any other,
 

and it is, therefore, assumed that the rainfall recorded at that sta-


The results are usually more accurate
tion should apply to that area. 

a large number of gauges are used.
than the arithmetic average unless 


nethod allows for nonuniform distribution of gauges by
The Thiessen 

The method -assumes
providing the weighting factor for each gauge. 


and makes no attemptlinear variation of precipitation between stations 
to allow for orooiraphic influences.
 

Isohyetal Methoo 

are
In the isohyetal method, station location and amounts 


a suitable map, and contours of equal precipitation (isoplotted on 

The average depth is then determined by
hyets) are drawn (Fiqure 1). 


Many investigators indicate
computing and dividing by the total area, 


this as theoretically the most accurate method of determining mean
 

But it is also by far the most laborious.
watershed precipitation. 


The accuracy of the isohyetal method depends upon the skill of
 

An improper analysis may lead to serious error. If
the analyst. 

be eslinear interpolation between stations is used, the results will 


those obtained with the Thiessen method.
sentially the same as 
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-
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4.90 
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I/ 
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Area Between 
Isohyets* 
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OD 1 

A 
4.5 
5.5 
6.5 
7.3 
8.5 
99.5 

10.5 

x 
x 
x 
x 
x 
A 
x 

0.12 
0.25 
0.14 
0.13 
O.18 
0.14 
0.04 

sum 

= 
= 

= 

0.54 
1.38 
0.91 
0.98 
1.53 
1.33 
0.42 

7.1 cm 

Figure 1. Methods for estimating average rainfall for a watershed.
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STREAMFLOW MEASUREMENTS
 

Measuring Streamflow
 

Streamflow data is perhaps the most important information
 
needed by both the engineer and the water resource manager. Peak flow
 
data are needed in planning for flood cQntrol or engineering structures
 
(e.g., bridges, culverts, etc.). Minimum flow data are required for
 
estimating the dependability of water supplies. Total runoff and its
 
variation must be known for design purposes (e.g., investigative works,
 
storage reservoir, etc.).
 

A stream hydrograph (see Figure 2, page 29) is a record of the
 
discharge of a watershed as it changes with time. It provides a record
 
that shows the effects of te hydrologic processes which occur in a
 
watershed ind, therefore, the hydrologic condition of the watershed.
 

Analyses of single storm hydrographs (the reaction of a stream
 
to a rainstorm event or period of snowmelt) can indicate the condition
 
of a watershed and provide information on the effects of land use and
 
management practices. Storm hydrographs can be separated into compo
nents of quick return flow (primarily surface runofff) and subsurface
 
runoff (base flow and interflow).
 

The stage of water in a stream is readily measured at some
 
point on a stream reach with a staff gauge or a clock-driven water
 
level recorder. The proble, is to convert a record of the stage of a
 
stream to discharge or quantity of flow per unit of time. This is done
 
either by stream gauging or with precalibrated structures such as
 
flumes or weirs constructed in the stream.
 

Measuring Discharge
 

One of the simplest ways of measuring discharge is to observe
 
how far some floating object tossed into the stream travels in a given
 
length of time. A measurement of the cross sectional area of the
 
stream should be made simultaneously; the two should then be multiplied
 
together:
 

Q - VA 

where:
 

= discharge in cubic meters per second
 
V = velocity in meters per second
 
A = cross section in square meters
 

However, a simple measurement such as this would not be very accurate,
 
particularly for a large stream because velocity varies from point to
 
point witi depth and width over the cross section of a stream.
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The velocity at the surface is greater than the mean velocity of
 
the stream; thus, a reduction factor is needed if the velocity is rma
sured at the surface. Generally, it is assumed to be about 85 percent.
 

If the cross section of a stream is divided into finite vert4cal
 
sections, the v:.tity profile can be estimated by measuring individLally 
the oman velocity of each section. The area f each section can be de
termined and the average discharge of the entire stream is then computed
 
as; the sum of the proauct of area and velocity of each section as follows:
 

n 
Z A.iV.
 

where: n = the number of sections 

The greater the number of sections, the closer the approximation. How
ever, for practical purposes, 10 sections are usually enough under ideal 
conditions, but 20 are commonly used. The actual number then depends 
upon the stream's channel and the rate of change in the stage. The fol
lowing rules should be observed: depth and velocity should not vary
 

greatly between verticals, and the measurements should be completed be

fore the stage changes too much (a 15 centimeter change is too much for
 

most cases).
 

There are two ways to estimate areas. They are: the midsec

tion method where each vertical is considered the midpoint of a rectan

gular subsection extending halfway to the midsection of the other
 

vertical, and the mean section method where each section is considered
 
a trapezoid. The midsection method ismost commonly used (Figure 2).
 

Velocity and depth of verticals can be taken by wading into the
 

stream, from cable car, boat or bridge. Velccity is usually measured
 

with a curirent meter. There are several ways of performing a velocity
 
For deoths greater than 0.5 meter, two measurements are
measurement. 


made for each section at 20 and 80 percent of the total depth. For
 

depths less than 0.5 meter the current meter is set at 0.6 of the
 
depth. For sialluw streams 1iss thin 15 cen.timeters, a pygmy meter is 

used which is sioply a smaller version of a current meter.
 

The most critical aspect of stream gauging is the selection of
 

a control, that is, the point on the stream for which a rating curve is
 

to be developed.
 

In a longitudinal profile of a stream bed and the water surface
 

for a given reach, ABCDEF represents the profile of the water surface
 

during a low stage of the stream (Figure 3). At this stage the section
 

at C serves as a control for the reach extending up to B and the section
 

at C is the control for the reach leading up to D. The reaches AB, CD,
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Figure.2. 	 Mleasurements needed to record channel, cross
 
section and velocity.
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Figure 3. Longitudinal profile of a stream.
 

and EF act as their own controls throughout their respective lengths at
 
this low stage. When the water surface rises approximately to the stage
 
represented by the profile A'E'F', the section at E becomes the control
 
for the entire length of channel from A to E.
 

Except inplaces where a rock outcrop creates either a waterfall
 
or a rapids with considerable drop, longitudinal river profile isa prac
tical necessity indetermining the location of the various controls in
 
any given length of stream channel. The best control is the one that is
 
the most nearly permanent and that functions as a control throughout
 
all stages of the river.
 

There must be of course a nearby gauging station equipped with a
 
water stage recorder that has hydraulic connections with the water in
 
the stream.
 

Precalibrated Structures for Streamflow Measurement
 

Weirs and Flumes
 

On small watersheds, (less than 800 hectares in size), partic
ularly experimental watersheds, ptecalibrated structures are often used
 
because of their convenience and accuracy. The most common types of pre
calibrated structures are weirs and flumes. Weirs are often preferred
 
for gauging small watersheds particularly those with perennial flows.
 
Where heavy sediment-laden flows are common, flumes are often more con
venient. A flume is a stabilized channel (without an impoundment) with
 
access to a stilling well. Flumes also must be used where the gradient,
 
of the stream is particularly low.
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Weirs or flumes can be constructed of concrete, (because of its
strength and permanence, probably is used the most), treate~d wood, concrete blocks, metal and many other materials. The notch of a weir is
often a steel blade set into concrete, and flumes are often lined with
 
steel for permanence.
 

Wairs. 
As used here, a weir includes all components of a streamgauging station that incorporates a notch control (Figures 4 and 5). 
 An
impoundment of water (the weir basin) is formed "pstream from the wall
 or dam containing the notch. 
A stilling well with water-level recorder
is connected to the weir basin. 
A gaugeiouse or some other type of shel
ter is provided to protect the recorder.
 

LL
 

V NOTCH RECTANGULAR 

TRAPEZOIDAL
 

Figure 4. Types of notches. 
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Finure 5i. 	 Schematic diaarams of reneral hydraulic relatinnships for
 
weirs. A = flnw characteristics over a sh.rn-crested weir.
 
H :-the denth of water nroducina the discharne. B = minimum
 
renuirements for nroner discharne when H equals rreatest ex
nected depth for a shar-crested V-notch weir with end and
 
crest contractions. C = flow characteristics over a hroad
crested weir of rectannular cross section.
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The cutoff wall or dam is used to divert through the notcK all
 

water (above or below the streambed) moving down the channel. Wh,'re pos

sible, the cutoff wall is tied into bedrock or other impermeable
 
flow under or around it. But where leakmaterial so that no water can 


age is apt to occur, the weir basin is sometimes constructed as a water

tight box.
 

The edge or surface over which the water flows ii called the
 

Weirs can be either sharp crested or broi'd crest(d. A sharpcrest. 

crested weir has a blade with a s~,rri upstream edge so that the passing
 

water touches only a thin edge ard springs clear of the rest of the
 

crest.
 

A broad-crested weir has a flat or broad surface over which the
 

discharge flows. Broad-crested weirs are generally used where sensitiv

ity to low flows isnot critical and where sharp crests would be dulled
 

or damaged by sediment or cinbris.
 

The rectangular weir has vertical sides and horizontal crest.
 

Its major advantage is its capacity to handle high flows. However, the
 

rectangular weir does not provide for precise measurement of the low
 

flows of small experimental watersheds--a small increase in head will
 

give only a slightly increased discharge.
 

The trapezoidal weir is similar to the rectangular weir. Its
 

sides, of course, are sloped from the vertical. It has a smaller capacity
 

than a rectangular weir of the same crest length; the discharge is approx

imately the sum of discharges from the rectangular and triangular sections.
 

Sharp-crested V-notch or triangular weirs are often usea where 
The V-notch weir may
accurate measurements of low flows are important. 


have a rectangular section above to accoaxni4te infrequent high flows.
 

Flumes. A flwue is an articifial open channel built to contain
 
The types of flumes
flow witiTna-designed cross section and length. 


that have been used on small watersheds are described here.
 

HS. H and HL flumes developed and rated by the Soil Conservation
 

Service have converging verical sidewalls cut back on a slope at the
 

outlet to give them a trapezoidal projection. These have been used
 

largely to measure intermittent runoff.
 

The Venturi flume has a gradually contracting section leading to
 

a constricted throat'and an expanding section immediatel;, downstream.
 

The floor of the Venturi flame is the same grade as the stream channel,
 

whereas that of the Parshall flume (described below) is depressed in the
 

throat section. Stilling wells for measuring the head are at the entrance
 

and at the throat; tne difference in head at the two wells is related to
 

discharge. Venturi flures are rectangular, trapezoidal, triangular, or
 

any other regular shape. They are widely used inmeasurement of irriga

tion water.
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The Parshall flume, a modification of the Venturi flume,
 
measures wat'.;r in open conduits and is widely used, especially for
 
measuring irrigation water. It consists essentially of a contracting
 
inlet, a prallel-sided throat, and an expanding outlet, all of which
 
have vertical sidewalls. It can measure flows under submerged condi
tions. Two water-le~el recorders are used when . asuring submerged
 
flow, one in the sidewall of the contracting inlet and the other slight
ly upstream from the lowest point of the flow in the throat. When mea
suring free flow, only the upper mea'suring point is used.
 

The San Dimas flume measures debris-laden flows inmountain
 
streams. It is rectangular and has a sloping floor (3 percent gradient)

that functions as a broad-crested weir except that the contraction is
 
from the sides rather than the bottom; therefore, there is no barrier
 
to cause sediment deposition. Depth measurements are made in the
 
parallel-walled section at about the midpoint. Rapid flow keeps the
 
flume scoured clean.
 

Summe.. The type of flume or weir . _ used depends upon

several fators: maximum and minimum flows; accuracy needed in deter
mining-total discharge, high flows, and low flows; amount of sediment
 
or debris that is expected, and whether it is -ended or bedload;
 
channel gradient; channel cross section; underlyi, ,aterial; acces
sibility of site; Financial limitations; and length of study.
 

Maximum and minimum flows likely to be encountered must be
 
estimated before construction. Such estimates can be made frcm obser
vation of high and low flows and high watermarks and from information
 
given by local residents, or they might be based on the area of the
 
watershed and records from other gauging stations in the region. Max
imum expected flood peaks can also be estimated from rainfall, soil,

and cover data, using a method developed by the U.S. Soil Conservation
 
Service. The maximum and minimum flow to be measured at any degree of
 
precision depend upon the objectives of the study and the extremes that
 
might occur.
 

WATER QUALITY MEASUREMENTS
 

To evaluate the kinds and amounts of substances present in
 
water, representative water quality measurements are obtained. Usually,
 
a sampling program is necessary, as continuous monitoring of water
 
quality is difficult. A good water quality sampling program requires

knowledge of the system being sampled and an understanding of the time
 
and space distribution patterns of the variables being sampled. A major
 
source of error in obtaining water quality information is a nonrepre
sentative sampling effort.
 

Quite often, a grab eaVpe obtained in a clean glass or plastic

container is satisfactory for preliminary analysis. A single grab sam
ple is representative of the stream discharge only at the time of
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sampling. Samples collected weekly or monthly can provide an indication
 
of water quality over time for many streams.
 

Once obtained, grab samples may have to be treated to protect
 
against degradation of the contents. For example, if water samples are
 
to be used later for organic analysis, the sample may have to be frozen
 
or otherwise preserved. If a water sample is to be retained for later
 
analysis, the sample container should be marked so that its identity is
 
not lost.
 

Chemical Qualikt
 

The chemical constitutents of water are derived from many
 
sources, including gases from the atmosphere, weathering products of
 
rocks and soils, and deco.position of plants and other organic mate
rials. Many land iranagement activities on a watershed can affect the
 
kinds and amounts of chemical constituents present.
 

Methods of determining chendcal quality of water include
 
analysis of a standard volume of water obtained in a grab sample and
 
oirect measurements of a particular constituent in the aquatic environ
ment.
 

Photometrice or Colomnetric methods involve the addition of a 
measured amou.it of a reagent to a standard volume of water, and then 
relating the intensity of color to the concentration of the substance 
present. Required instrumentation consists of a light source, a photo
cell, and a meter (Figure 6). The amount of light absorbed is propor
tional to the amount of substance in the water. 

Titrametc' or uZclwritr.i,. methods require the addition of re
agents of known concentration to a standard volume of water. These 
methods are designed to give an abrupt color change after a certain 
amount of reagent is added (Figure 7). The concentration of the chem
ical constituent in the water is proportional to the amount of reagent 
added. 

Instrumentation is available to permit direct measurement of 
same chemical substances in the aquatic environment. Standardized 
oxygen and pH probes have been developed to measure dissolved oxygen 
and pH in situ. Similarly, electrode probes can be used to determine 
the concentration of many chtemical ions. 

Sediment Measurements
 

.Scdiment refers to the rock and mineral particles transported
 
by water; while, eedi.nt.tio.ns is the process of deposition of trans
ported particles from water. Sediment is often divided into two com
ponents: suspended eediment and bedoaJ,. Usually, measurements of
 

IV - 51
 

http:eedi.nt.tio.ns


LIGHT COLOR SAMPLE + PHOTO- METER 
SOURCE FILTER REAGENT CELL 

Figure 6. Photometric 
of water. 

method for determining the chemical quality 

REAGENT VOLUME OF 
REAGENT 

SAMPLE SAMPLE + 
REAGENT 

BEGINNING OF IMMEDIATELY AFTER 
TITRATION COLOR CHANGE 

Figure 7. Titrametric method for determining the chemical quality
 

of water.
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suspended sediment and bedload are made separately because 
of differences
 

a stream.

in sizes.of particles and in distribution of the particles in 


Suspended Sediment
 

Suspended sediment usually consists of small particles (clays,
 

silts, and fine sands) kept aloft fromthe stream channel by the turbu-


As saspended sediment concentrations vary with
lence of f lowing waer. 
major difficulty in determining
depth and distance across a stream, a 


suspended sediment .mounts for a stream is obtaining a representative
 

sample.
 

available to estimate suspended sediment.
Various techniques are 

a common procedure, especially for
 

The collection of grab samples is 

However, this method may not be reliable because of 

the
 
small streams. 

problems mentioned above.
 

Single-stage samplers, consisting of a container 
with an inflow
 

and an outflow tube at the top, are commonly used 
on small, fast-rising
 

streams. A single-stage sampler begins its intake when the water level
 

exceeds the height of the lower inflow tube, and 
continues until the
 

container is full. Therefore, only the rising stage of the hydrograph
 

is sampled, which may limit the use of the data.
 

Depth-integrating samplers minimize the sampling 
bias involved
 

with fixed, single-stage samplers. A depth-integrating sampler has a
 

the sampler is lowered and
 container that allows water to enter as 


raised at a constant rate. Consequently, a relatively uniform sample
 

for a given vertical section of a stream is obtained. Depending upon
 

the size of the stream, a number of these samples can 
be taken at
 

the channel.
selected intervals across 


After a suspended sediment sample is obtained, the 
liquid por

tion is removed by evaporating, filtering, or by 
using a centrifuge,
 

Often, the dry weight of susand the amount of sediment isweighed. 


pended sediment is expressed as a concentration in milligrams per
 

liter (or ;0 . 

Bedload
 

Bedload is the larger, heavier sediments (sands, 
gravels, and
 

or bounce along the bottom or bed of a
 cobbles) that slide, roll, 

stream channel.
 

No single device for measuring bedload is reliable, 
economical,
 

While a number of bedload samplers exist, none are
 and easy to use. 

Estimates of bedload can be obtained by measuring 

the
 
widely used. 

amount of material deposited in basinF or traps behind sediment dams.
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Bacteriological Quality
 

To index the presence of specific polutants and to detect
 
changes inwater quality, indicator organisms are commonly sampled. For
 
example, analysis of fecal coliforn, a bacteria that characteristically
 
inhabits the intestines of warm-blooded animals, can be used as an indi
cator of pollution by humans or other animals.
 

A parameter r bating to the amount oF biodegradable materials 
present inwater is the biochemical oxygen demand (SOD). BOD measure
ments require a laboratory examination over a 5-day period, and often
 
provide a satisfactory index to the amount of organic material present.
 

Temperature Measurements 

The temperature of water acts as a regulator of biological ac
tivity and, therefore, is important inevaluating the types of organisms
 
present in a given body of water. Surface temperatures can be measured
 
with standard liquid-in-glass thermometers. Thermocouples are frequent
ly used to obtain temperatures at lower depths.
 

TIMBER INVENTORY TECHNIQUES
 

Timber inventories are concerned with the measurement of indi
vidual trees, forest stands, growth rates, and site quality. As timber 
overstories often relate to the production and uses of associated water
shed resources, knowledge of the general concepts of timber inventory 
can be useful.
 

Individual tree measurements form the basis for estimating the
 
volume of primary wood products which may be derived from trees. Also, 
individual tree measurements coripled with a measure of tree density can
 
describe the value of a forst. Individual tree fiasurements normally

considered include measurement of diameter, height, volume and age.
 

The most f',rPqL'2n t individual tree measurement made is diameter 
breast high (dbh), which is the average stem diameter at 1.3 meters above 
the ground. Other measurements of diameter may be taken at any arbitrary
reference point. Tree diameters are measured with instruments collec
tively known as (lendrom'3te,, such as a diameter tape or caliper. In 
addition to diameter, height measurements are necessary to estimate the 
volume of a tree. Two height measurements commonly taken are total 
height and merchantable height, with total height being the distance 
from the ground to the tip of the tree and merchantable height being a 
measure of the usable portion of a tree. Heights are measured with in
struments collectively known as hypsometers, including the Abney level 
and clinometer. 
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Given knowledge of diameter and height, the volume of a tree can 
be estimated from an appropriate volume table. A volume table specifies 
the average volume of a tree in terms of diameter and height. Volume
 
units are frequently cubic meters, and volume tables may include the 
volume of the stump, bark, limbs, etc. 

The average growth rate of a tree is its volume divided by its 
age. While the volume of a tte is relatively easy to determine, quanti
fication of age is more difficult. There are three common methods used 
to ascertain the age of a tree--by general appearance (size, shape of
 
crown, texture of bark, etc.), by branch whorls, or by annual rings.
Unfortunately, tree growth is generally not characterized by annual 
rings in many forest regions of the world, such as tropical forests. 

A primary objective of any timber inventory is to obtain esti
mates of the density of forest stands. Expressions of density are many,
with number of trees, basal area (cross-sectional area at dbh of all 
trees on a hectare), and volume. Obviously, it would be desirable to 
have a complete census of all of the individual trees in a forest stand. 
This is rarely possible, however, and sampling tf commonplace. 

There are many considerations such as sample size, plot size,
 
sampling design, etc. involved in developing an efficient sampling
scheme to describe the density of a forest stand. Most of these crtn
siderations are discussed in standard forest mensurational references 
and, therefore, will not be detailed here.
 

The estimation of growth rates of individual trees and forest 
stands is an important part of timber inventory. Generally, past growth 
rates are analyzed to establish a pattern for projecting growth into the 
future. Nany techniques designed to evaluate past growth rates of indi
vidual trees have been developed, with remasurement of permanently
marked trees and use of growth percent formulas (simple interest formula,
Pressler's formula, etc.) comionly employed. Two commonly used methods 
of estimating the growth of forest stands are through applications of 
yield tables and stand structure analysis. Expression of growth may be 
gross or net, depending upon whether or not mortality is considered.
 

The determination of site quality is important in identifying

the productivity, both present and future, of forest stands. Site is 
considered to be the aggregate of all environmental conditions affecting
the growth and survival of a forest or other plant community. Theoret
ically, it is possible to determine site quality by measuring all of the 
many factors affecting the productivity of forest stands and integrating
them into a single index. However, such pn approach mwy not be of much 
value to a practicing forester.
 

Of all the measures of site quality, tree height in relation to 
age has been found the most practical, consistent and useful (Figure 8).
Height gri;th is sensitive to differences in site quality, little affected 
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Figure 8. 	 Site-index relationships for young-growth ponderosa pine
 
in the southwestern United States. The index age is 100
 
years at breast height.
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by density of the forest stand, and strongly correlated with volume. 
This measure of site quality is termed site irdex, with the usual prac
tica.being to define site index in terms of total height of dominant or 
co-dominant trees in well-stocked, even-aged stands at specified ages. 

RANGE INVENTORY TECiRNIQUES
 

Quitp rflp. fo'ragi isOroducr.d for domstic livestock and wild
life on a watershed. Therefore, range inventories may be necessary to 
characterize watershed resources for nultiple benefits. Range inven
tories are commonly designed to naasure forage production and utiliza
tion for purposes of determining carrying capacities. 

Clipped plots may be used to determine the weight of forage 
produced over a growing season. The general procedure is to locate 
plots of known area and clip forage plants as near to the ground as 
practical. Individual plant species may be clipped separately and 
weighed in the field if their growth characteristics allow for easy 
separation. If too much time Is required in the field to separate the 
plants, total forage clipped on plots may be saved for subsequent sort
ing and weighing in the laboratory.
 

While plots of any size can be used, a 1-square-meter plot (one
 
mter on a side) is often recommended. With this plot size, the forage 
in gram, multiplied by 10, will be converted to forage yield in kilo
grams per hectare. Sampling design selected is dependent on desired 
level of precision, costs, etc. Forage production near the end of the 
major growing season isoften of primary importance, although biases
 
may exist from sampling at this time because important Forage species 
may have reached peak development earlier. 

Utilization of forage plants isexpressed as the percentage of 
the current forage weight that has been remnoved by grazing animals. 
There are many different techniques for determining utilization, but 
the simplest method isto select a key species (a palatable and abun
dant plant) and estimate the percentage use of this species. These 
estimates can ho mode in conjunction with clippinq of forage plants to 
determine production. in fact, if utilization is heavy, clipped weights 
will have to be adjusted to account for the portions of plants removed 
by grazing.
 

A primary use of forage production is to calculate carrying
 
capacity. Perhaps Z;he best way to illustrate the calculation of carry
ing capacity is through an example. 

Usually, domestic livestock carrying capacity is expressed in 
terms of animal unit months (AU14). An animal unit is the equivalent of 
450 kilograms of animal live weight, or a cow and a calf. The forage 
required to provide for one animal unit month is variable, depending 
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upon the ecosystem. For purposes of illustration, ap~roximately 450

kilograms of forage (dry weight) will be assumed to be the forage re
qui rement.
 

A proper use factor is used to control the amount of forage pro
duced that is subsequently utilized by domestic livestock. Through the
 
proper use factor, use of the forage resource can be adjusted to reflect
 
the condition of the range. Ir the hypothetical example, a proper use

factor of 0.65 (65 percent) has beer, selected. Given this inFormation,

and assuming that the forage produced (dry weight) is 375 kilgrams per
hectare, the carrying capacity would be 4sestimated 

Carrying capacity = forag- d pr°2er use factor)!(-Forge req-ui remn----) 

_ t375A I = 0.5 AUM per hectare 

Therefore, one animal 
unit could graze on I hectare for 0.5
months, with two hectares required to provide forage for I AUM. Twenty
four hectares would be needed to carry one animal unit for a year. 

WILDLIFE INVENTORY TECHNIQUES
 

Management of wildlife resources is
an effort to attain a bal
ance between the food and cover available and the animal populations

that are favored. 
Wildlife inventory problems are -generally threefold:

estimation Gf numbers of animals, determination of animal productiv
ities, and evaluation of wildlife habitats.
 

There is voliwiinous literature on methods of estimating numbers of animals. If the more connonly used methods are grouped, three
primary approaches become evident: a direct method of census, 
 an in
direct method of indexing, and a ratio method of assessing population

change. 
 Direct census nmthods include aerial countings, which are used

when animals congregate and where vegetative overstories are minimal.

One of the oldest procedures is through driving, where a line of ob
servers moves througn an area 
 ilke beaters with other observers sta
tioned at the end of the census area to count the animals pushed ahead.

Variable strips are often employed to count animal numbers, particular
ly in situations where extensive areas are 
to be inventoried.
 

Indirect methods of indexing population numbers are based on
 
counts of something other than the animals themselves. Such methods
 
are commonly used to census smaller, quickly producing animals and on

big game ranges less accessible to direct counting. Call counts are

widely used to assess game bird populations. To calculate population

numbers, direct censusing is required from a sample to obtain a ratio

of call counts to actual numbers. Pellet group counts are often used
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in an indirect census of big game. Through knowledge of defecation
 
rates, counts of pellet groups accumulated over time can be converted
 
to estimates of population numbers.
 

The more commonly used ratio methods fall into two categories-
those based on the banding or marking of animals and those based pri
marily on kill data from legal hunting. The 'first category is
 
illustrated by a calculation prcceiure known as the Lincoln index.
 
Here, a number of animals are captured, banded or marked, and then re
leased back into the population. When animals from the population are
 
later recaptured, the ratio of total banded animals to the banded an
imals recovered can be used to calculate the size of a population. An
 
example of the second category is Kelker's ratio, which requires 6ita
 
on population structure and changes in 
sex and age ratios resulting from
 
legal hunting.
 

The second classic division of wildlife inventory, productivity,

has its base in the census, but usually involves further computation and
 
comparison with past records. Generally, the smaller the animal, the
 
faster their production, normal population loss, and regeneration each
 
year. The average tree squirrel lives less than one year, but even
 
larger animals have a turnover or replacement by new individuals.
 
Therefore, a variety of animals are being managed apd the changes in
 
composition within a group must be measured, accordingly. Both hunted
 
and non-hunted populations should be censused with production measure
ment. Hunted populations vary because the hunting can definitely

modify the population: non-hunted populations vary because of natural
 
losses.
 

Evaluation of habitats is
a third classic wildlife inventory.

Meesurement of habitat quality can be broken down into the elements of
 
habitat required by most wildlife species and then treated separately

to judge a habitat's ability to support a population of animals. Hab
itat elements to consider in an inventory include water, food, cover
 
(both protective and thermal), and spatial arrangement of water, food
 
and cover. Most wildlife need all of these elements within their nor
mal daily range of movement, If these basic elements of habitat peri
odically reoccur in several locales over a watershed, highly productive

wildlife populaTuWi d e dUte lKely to develop.
 

V - 59
 



CHAPTER V 

HYDROLOGIC METHODS 

INTRODUCTION
 
Hydrologic information is required for most watershed resources
planning activities, studies, or projects. 
 Often there are few hydrologic, meteorologic, and biophysical data available at locations of
interest. 
Even with adequate data, it is sometimes difficult to decide
upon the most appropriate hydrologic method to use. 
 Numerous methods
exist for determining hydrologic characteristics such as peak streamflow, stormflow volumes, mean annual water yield, and critical low-flow
sequences. 
Hydrologic methods range incomplexity from simple mathemtical equations for predicting peak flow up to complex computer models
capable of simulating continuous streamflow records. 
 This chapter presents an overview of hydrologic methods and discusses guidelines for
application.
 

CRITERIA FOR SELECTING METHODS
 
Selecting the appropriate hydrologic method should involve
careful consideration of:
 

(1) the type of information required,
 

(2) avail. 
Pbdata and information,
 
(3) physical and biological characteristics of the watershed,
 
(4) technical capabilities of the individual performing the study,


and
 

(5) time and manpower constraints.
 

Study objectives usually dictate the type of information
required (Table 1)and, in some cases, indicate which method should be
used. 
Sizing culverts for rural roads, for example, require peak flow
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estimates associated with some predetermined risk. Runoff is usually

from small, simple drainages and errors in the estimate of peak flow
 
do not result in great economic loss. Therefore, simple, quick methods
 
are applicable. Conversely, peak flow estimates 
for flood plain inap
ping may require a more complex but reliable wethod. More time and 
effort may be justified in flood plain mapping if errors could result 
in large economic loss or loss of life.
 

Table 1. Project Objectives and the Corresponding Hydrologic
 
In...rma io Nlte .d.
. 

Objective Hydrologic Information Needed
 

Storm drainage - culvert design Peak flow rates for small con
tributing area
 

Flood plain delineation 
 Peak flow rates and associated
 
stages
 

Conservation storage require- Streamflow rates or volumes dur
ments for a reservoir ing critical drought periods
 

Water quality assessment Volumes, discharge rates for
 
selecke'd -vents 

Feasibility for min-hydro Low streamflow sequences during

project critical drought periods
 

Land use impacts on water yield Runoff volumes over time
 

After determining which hydrologic charac'eris'ics are of
 
interest, an assessment must be made of available information and data.
 
Streamf.low, precipitation, and other data are often insufficient for
 
all but the simplest of hydrologic methods. Sometimes climatic and
 
hydrologic information from previous work in proximity to the study
 
area is us .'ful. 

Watershed characteristics including size, shape, vegetative
 
cover, topography, soils, and geology must also be evaluated in select
ing an appropriate method. Some hydroloric methods can only be used
 
for small, homogeneous drainages, while others can be applied to large

complex watersheds. Before some techniques can be used, watersheds
 

.must be subdivided according to soil. vegetation, and topography.
 

The capacity or capability of the individual or organiiation

performing the study isanother important consideration. One should
 
be knowledgeable about the methods used and their limitations. 
 A
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comon constraint with current technology is the availability and type

of computer facilities and software. Computer programs are invaluable
 
fo' most large-scale water resource investigations.
 

SIMPLIFIED METHODS
 

Simplified methods are those which have been developed for
 
small, relatively honojeneous watersheds or for situations where a
 
quick estimate is desired. Too many such methods exist for thorough
 
coverage here. Cu, is Lrpusrt' illustrate some conrnonly used methods. 

Direct Transfer_)f Hdroloqic Information 

Hydrologic information can be directly transferred from a
 
gauged to an ungauged watershed if the two watersheds are hydrologi
cally similar. The hydrologic similarity between two watersheds depends
 
on the following:
 

(1) 	watersheds should be within the same meteorological regime;
 

(2) physical and biological characteristics such as soils, geology,
 
topographic relief, type and extent of vegetatlie cover, land
 
use, watershed shape, and drainage density should be similar;
 
and
 

(3) 	 the differences in drainage area between watersheds should be 
within an order of magnitude. 

The method of direct transfer can be applied in two ways.
First, the entire historical record from the gauged itershed may be 
transferred, with minor adjustments for differences in the size of
 
drainage areas. The observed streamflow record could be multiplied by

the ratio of ungauged to gauged watershed area. The second approach
would be to transfer hydrologic characteristics (such as the 100-year
flood peak), again, adjusting for drainage area differences. The 
entire flood frequency curve for an ungauged location may be estimated
 
by adjusting curves developed from a similar but gauged watershed.
 

The dire:ct tran-fer :pproach is applicable only if the assump
tion of *)ydrologicsimilarity is met. The method is quick and easy to
 
use. If a significant amount of adjustment is needed to transfer hydro
logic information frci the gauged to the ungauged watershed, however,
 
poor estimates will result.
 

Simplified Formulae
 

Numerous mathematical formulae have been developed to estimate 
hydrograph characteristics such as peak flow. A thorough discussion of 
such methods is presented In most hydrology textbooks. Simplified for
mulae relate some hydrographic characteristic to certain measurable 
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watershed characteristics. These methods are restricted to small,
 
simple watersheds, and have been used most frequently to design urban
 
drainage systems and road culverts.
 

The rational method is perhaps the most commonly used simpli
fied formula. This approach can be used to estimate peak flow from
 
rainfall of uniform intensity and distribution over the watershed. The
 
basis of the rational method is that the maximum'rate of runoff occurs
 
when the entire watershed area contributes at the outlet. Therefore,

peak flow estimates are valid only for'storms inwhich the rainfall
 
period is at least as long as the watershed time of' concentration. Time
 
of concentration is the time required for the entire watershed to con
tribute runoff at the outlet. The rate of runoff for peak flow (Qp) in
 
cubic meters per second, is related to some percentage of rainfall
 
intensity:
 

Qp= CIA
 

where:
 

C z 	runoff coefficient relating proportion of rainfall contribut
ing to peak runoff.
 

I a 	rainfall intensity in mm/hr
 

A = 	drainage area in hectares 

The assumption that rainfall intensity is uniform over the
 
entire watershed for a period equal to the time of concentration is
 
seldom met under natural conditions. To apply this method, rainfall
 
intensity-duration values associated with an acceptable risk are used.
 

Peak flow estimates by the rational method are highly depen
dent upon the runoff coefficient (C)selected. Runoff coefficients are 
presented inmost hydrology and engineering textbooks. A relatively
flat area with 30 percent impervious area would have a runoff coeffi
cient of about 0.40. Moderately steep watersheds with 70 percent
impervious area may have runoff coefficients up to 0.80. 

Similar simplified formulae have been developed for regions

around the world. The values of peak flow obtained from such formulae
 
should be used with caution and must be viewed as quick and rough esti
mites. Such methods are useful, however, and will continue to be
 
widely used because they are simple and require very little informition
 
or data.
 

GENERALIZED RAINFALL-RUNOFF METHODS
 

Same hydrologic investigations require more detailed informa
tion than can be provided by the simplified methods previously
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discussed. Generalized rainfali-.runoff methods include techniques

of hydrograph analysis, dynamic hydraulic routing, and continuous

streamflow synthesis. Each rrethod is an abstraction of the physical
system and uses rjenera ized math-viatical functions for estimating
rainfall-runoff chardcteri. tics. 
 Such methods ar. usually referred
 
to as hydrologic models
 

-'C-. o pt pro;ides thc basis for several 
hyfiroiogir mode!s of greater complexity and wder application than

the simplified ft-lnulae. Unit hydrograph (UHG) models do not simulate
 
or even attempt to quantify the various hydrologic processes involved
 
from rainfall to streamflow. Rather, this method relies on paramet
ric or "blackbor" relationships between rainfall input and streamflow
 
output (Figure 1).
 

The unit hydrograph is defined as that hydrograph which repre
sents I unit (I ni&l"lAner) of direct runoff and is unique for each 
watershed. The concept can best be understood by examining the iso
lated storm method of developing a UHG (Figure 2). Streamflow records
 
for thn wdtershkd are first examined for single-peaked, isolated hydro
graphs which result from short duration rainfall of relatively uniform
 
intensity. Orce G hydrograph is selected, the direct-)nowff ,"olume is 
determinad b, , ratin the more uniform baseflow from the rapidly
changing stormfflow component. The direct runoff volume is converted

into millimete-s of depth for the watershed area. Next, the mean
watershed rainfall, which caused the direct runoff hydrograph, is 
dJtermined. This rainfall isdistributed with respect to time. The

tctal rainfall amount is then corpared to the direct runoff volume. 
Losses Dre determined as the difference between mezrn watershed rainfall 
and direct ruioff (effective rainfall). The magnitude of losses isa
furcticr. of antecedent rrosture conditions. In Figure 2, a uniform
loss rate was assuirted. The duration of effective rainfall is tht'n
determined (in tiis case 2 hours). The ordinates of direct runoff for
the storm are then divided by the millimeters of' direct runoff to yield
ordinates corresponding Co I millimeter of direct runoff. 

Tlu-) d,',.' o esff e-t.'le rainfal! 4efinee the unit hydrograph,
i.e., Q uNG developed from an effective rainfall of 6-hour duration is 
a 6-our UHG. (Ih2--hour UHG was determined inFigure 2..) 

The unit hydrograph isactually an index of runoff for a par
ticular watershed and represents the integrated response of that area 
to a given rainfall input. The shape of the UHG ischaracteristic of
the watershed for a given intensity of effective rainfall. The UG14

method assuzwes that the effective rainfall and loss rate are relatively
uniform over the entire watershed area. Also, the watershed character
istics which affect runoff response must remain constant from the time 
that the UHG is develcped until the time. thet it isapplied. 
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Figure 1, Unit hydrograph approach. 
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FIgure 2. Development of a unit hydrograph by the isolated storm approach.
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In order to apply a unit hydrograph, the average watershed
 
rainfall must first be estimated. Next, loss rates are subtracted
 
from total rainfall to obtain effective rainfall. The quantity of
 
effective rainfall is then multiplied by the UHG ordinates corres
ponding to the same duration of effective rainfall (Table 2).. A 1
hour UHG, in this case, is directly applied to 1-hour increments of
 
effective rainfall. Unit hydrograph models are linear; 20 millimeters
 
of effective rainfall yields a direct runoff'hydrograph with ordinates
 
20 times that of the UHG. The resulting direct runoff hydrograph is
 
then added to the base flow, if arvy, to obtain the total runoff hydro
graph. It must be emphasized that the UHG developed from a specified
 
duration of effective rainfall can be applied to effective rainfall
 
which Fell over the scme duration. Thus, a 6-hour UHG cannot be
 
applied directly to an effective rainfall which occurred o\ar 2 hours.
 
Several methods are available to convert a unit hydrograph from one
 
duration to another and are discussed in most hydrology texts.
 

Table 2. Application of a Unit Hydrograph.
 

l-hr UHG Effective Direct Runoff Base Total
 
Time Ordinates Rainfall a b subtotal Flow Discharge
 

i3
hr 3 3 3 3 3m/sec mm m /sec m /sec m /sec m /sec m /sec
 

0 0.0 0 0.0 0.0 0.0 12 12
 

1 0.5 20 10.0 0.0 10.0 12 22
 

2 5.0 30 100.0 15.0 115.0 12 127
 

3 10.0 0 200.0 150.0 350.0 12 362
 

4 7.5 0 150.0 300.0 450.0 12 462
 

5 5.0 0 100.0 225.0 325.0 12 337
 

6 2.5, 0 50.0 150.0 200.0 12 2l
 

7 0.0 0 0.0 75.0 75.0 12 87
 

8 0.0 0 0.0 0.0 0.0 12 12
 

The above unit hydrograph method is of limited value for most
 
watershed studies because both rainfall and streamflow data must be
 
available. Since streamflow data are seldom available at locations of
 
interest, synthetic unit hydrograph models have been developed. These
 
models consist of mathematical expressions that relate measurable
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watershed characteristics to unit hydrograph characteristics. Runoff
 
hydrographs for ungauged watersheds can be estimated with synthetic
 
UHG 	models if loss rates can be approximated.
 

Unit hydrograph models have been used extensively for flood
 
analyses and the design of spill~sys and flood control storage. These
 
include the Snyder, the Clark, and the SoWI Conservation Service (SCS)
 
methods. The SCS method will be discussed in greater detail because
 
runoff can be estimated directV from soil-vegetation characteristics
 
of a watershed.
 

The SCS method, used in the TR-20 computer ,.odel, incorporates
 
generalized loss-rate and runoff relationships developed from water
shed studies in the United States. Soil-vegetation-land use charac
teristics are related to curve numbers (CN) which indicate the runoff
 
potential for a given rainfall (Table ,'). Soils are classified hydro
logically into four groups: 

A = high infiltration rates usually deep, well-drained sands and
 
gravels;
 

B = 	moderate infiltration rates, fine to moderate texture;
 

C = 	slow infiltration rates, moderate to fine textured;
 

D = 	very slow rates usually clay soils or shallow soils with a
 
hardpan near the surface.
 

Three antecedent moisture conditions (AMC) are also considered:
 

AMC 	I = dry; 

AMC 	il = neir field capacity;
 

AMC 	 Ill - near saturation 

After the CN is determined, rai;.eall is converted tn direct runoff 
graphically (Figure 3). 
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Table 3. United States Soil Conservation Service Relatiorships

Between Soil-Cover Complexes and Curve Numbers (CN) for
 
Antecedent Moisture Condition (AMC) II in Puerto Rico.
 

Hydrologic soil group
 

Cover and condition 
 A B C D 

Fall rw 77 86 91 93
 

Grass (Bunch grass, or poor stand of sod) 70 84
51 80 


Coffee (no ground cover, no terraces) 48 68 79 83
 

Coffee (with ground cover and terraces) 22 52 68 75
 

Minor crops (garden or truck crops) 45 77
66 83
 

Tropical kudzu 
 19 50 67 74
 

Sugarcane (trash burned; straight-row) 43 65 77 82
 

Sugarcane (trash mulch; straight-row) 45 66 77 83
 

Sugarcane (inholes; on contour) 
 24 53 69 76
 

Sugarcane (infurrow; on contour) 
 32 58 72 79
 

For the SCS model to be valid, curve number relationships

should be determined for each hydrographically different region. The

relationships developed in the United States are generally applicable
 
to small watersheds less than 13 square kilometers with average slopes

less than 30 percent. 

Once effective rainfall is determined, a hydrograph can be

produ':ed. Peak f!ov# (qp) is determined by the triangular hydrograph 
method: 

qp -"K-


P
 

Where:
 

K = constant
 

A - area in square kilometers 
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Q = flow volume inmillimeters 

T = tire to peak in hours, where T - AD + .6T
c
 

AD = duration of unit excess rainfall in hours = 0.133 Tc
 

Tc = estimated time of concentration inhours
 

Example
 

A 102 millimeter rain fell over an 
11.9 square kilometer watershed with a
grass cover, soils ingroup C,and an AMC II. The duration
of rainfall was 6 hours. Ltimate the direct runoff volume and the

corresponding peak flow.
 

(1) from Table 1, CN = 80.
 

(2) Enter 17igure 5 with 102 millimeters of rain and CN = 80. The
 
direct runoff isapproximately 52 millimeters.
 

(3) Peak flow discharge for the watershed with a time of concentra
tion (Tc) of 2.3 hours, isdetermined as follows:
 

p - + .6Tc
 

0.21 + (.6 x 2.3)2 = 1.53 hours 

484x4.6x2.06 = 2998 cfs (83.9 m3/sec) 

Changes indirect runoff associated with changes inthe soilvegetation complex are deterominea largely by the CN relationships. For
example, converting from tropical kudzu, hydrologic soil group C, 4 = II,to a grass cover, changes the CN from 67 to 80. This inturn,
would result inan increase indirect runoff from 14 millimeters to

32 millimeters for a 
76 mi 11meter rain. Insome instances, the time
of concentration could also be altered which would affect the peak and

general shape of the stormflow hydrograph.
 

Generalized Watershed Models
 

The previous section dealt with single-event methods or models
which allow estimates of peaks or stoninflow volumes with limited data.

Sometimes an estimte of continuous streaniflow response isneeded.
Such information isuseful for determining reservoir-conservation storage requirements, for water quality investigations, and for estimating
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differences in annual streamflow or low-flow before and after watershed
 
modifications. Models with greater complexity and more extensive data
 
requirements are then needed.
 

Most generalized watershed models are continuous simulation
 
programs which use a water budget approach. Hydrologic processes such
 
as interception, evaporation, transpiration and infiltration are
 
simulated to varying degrees. Some processes may be simulated concep
tually, based on a relationship,with smxe measurable watershed char
acteristic. More rarely, components are calculated directly from
 
physical measurements (physically based). For either case, processes
 
must be linked together mathevatically so that the conservation of mass
 
principle is not violated. To be manageable, most such models are
 
"lumped" (i.e., spatial variability of processes and characteristics
 
over the watershed unit is ignored). m.deling units should, therefore,
 
be relatively homogenous in terms of hydrologic characteristics.
 

The generalized watershed models developed in recent years

differ in terms of concepts, level of complexity, and input require
ments. For general application, models should !'e conceptually sound,
 
flexible in design, and physically relevant. Input data requirements
 
should not be unreasonable and output v.hould be of a type which can be
 
conveniently used. The utility of such models depends on input-output

capabilities and on the transfprability of parameters to ungauged or
 
altered watersheds. (Typical components of a continuous simulation
 
model are illustrated in Figure 4.)
 

REGIONAL ANALYSIS
 

A regional analysis is a statistical approach in which gener
alized equation, graphical relationships, or maps are developed for
 
the purpose of estimating hydrologic information at ungauged sites.
 
Runoff factors, unit hydrograph coefficients, and streamflow frequency
 
characteristics can be estimated for ungauged watersheds that are
 
within the same climatic region as gauged watersheds. Any pertinent

information within the region should be used tr relate watershed char
acteristics with hydrologic characteristics. In one extrene, a
 
regional analysis may be used to estimate runoff coefficients or peak

flow in cubic mters per second per square kilometer associated with a
 
specified recurrence interval. At the other extreme, a regional anal
ysis may be used to estimate parameter values needed to execute a com
plex hydrologic model.
 

Regional streamflow frequency analysis is the most commonly

applied regional analysis. Equations and maps are developed which
 
allow the derivation of exceedence frequency curves for ungauged areas
 
in the following manner;
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Figure 4. Hydrologic processes and runoff relationships.
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(1) 	 Select components of interest such as the mean annual peak
flow, 100-year recurrence interval peak flow etc. 

(2) Select explanatory variables (characteristics) of gauged water
sheds such as drainage area, watershed slope, percentage of 
area covered by lakes, etc. Prediction variables are determined 
by regression analysis, as previously discussed. 

(3) Derive prediction equations with single or multiple linear
 
regression analysis.
 

(4) 	Map and explain the residual errors, which are the differences

between calculated and observed values at gauged sites. The
residuals constitute unexplained vriance in the statistical
analysis. Since it is impossible to include all variables 
which influence a particular hydrologic response, the mapping
of unexplained variances can sometimes indicate other factorswhich are important. Sometimes mapped residuals will indicate 
a relationship between the magnitude of the residual error and
watershed characteristics such as vegetative type or soils.
 

(5) Determine frequency characteristics for ungauged locations by
applying the regression equation with adjustments as indicated 
by the mapped residual errors.
 

Regional analysis has been widely applied in the United States
where streamflow or other hydrologic information is available, within
different climatic regions. The method must be used with care, how
ever, since only one or, perhaps, a few couponents of the hydrologic

system are included in the analysis. The results should always be
considered a 
rough estimate of the true hydrologic characteristics.
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CHAPTER VI 

VEGETATIVE MANAGEMENT
 

AND WATER YIELD
 

INTRODUCTION 

To meet world demands for surface and ground wpter, several ap..

proaches to water augmentation and methods for better water management have 
been explored. Water harvesting, reuse, salvage (by removal of riparian 
plant comiunities), and vegetation management on upstream catchments are
 
sons of these approaches. 

The management of vegetation on upstream catchments to increase the 
ylld of kisable water is of special interest. Water yield can be increased 
Fy vegetative treatments that benefit, or are at least coripatible with, 
othe'r natural resource objectives. Concepts of vegetation management for 
water yield improvement will be presented, along with a brief sumnary of 
several worldwide studies on the effects of altering vegetative cover on
 
w!ter yield. 

VEGETATION MANAGEMENT FOR WATER YIELD--CONCEPTS
 

Many studies conducted throughout the world have demonstrated Vi 
-annual water yields can be increased following the implementation of v.p 
tation management practices. In general, the increased runoff is attr 
uted to decreased evapotranspiration on the watersheds. That is, 
followlng treatment, iess precipitation input Is converted to vapor as a 
result of rainfall and snowfall interception and transpiration, and more is
 
made available for streamflow runoff. Presumably, the reduced evapotrans
piration is due to changes in the structure and co'osition of vegetation
 
o, the watershed. 

Evaporation processes generally account for a significant piopor
tion of the annual precipitation input on most watersheds. Consequently,
 
the potential to in.rease water yield by decreasing evapotranspiration is
 
attractive. For examnle, 85 to 95 percent of the annual precipitation is 
evaporated or used by plants on many watersheds in arid and semiarid re
gions, leaving only 5 to 15 percent available for streamflow runoff. On 
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high elevation mountain watersheds in the snow zones of the world, the
 
annual water yield niy be as high as 50 percent of the precipitation input,
 
but the evapotranspiration component is still significant and potentially
 
subject to reduction thrcugh vegetation management.
 

Perhaps the above concepts may best be illustrated with a hypothet
ical, but re_.listic, water budget for a forested watershed (Table 1). 
Prior to tr. trnt, average annual precipitation and evapotranspiration 
were 635 and 56:01millimuter, knrii), respectively, leaving 75 mm for stream
flow ruicff. After The ';,lemetat!o of . veletation management practice, 
perhaps a partial harvesting of the forest overstory in :-timber management 
operation, the annual str.amflow runoff was increased toy 25 m (from 75 to 
100 m) due to a reduction in evapotranspiration of 2JS niP(from 560 to 535 
m). The annual precipitation input of 635 n-n remained the same, as basic 
precipitation patterns are usually not ;Iffected by modifications in the 
structure and composition of veg.tation cover.
 

in the case illustrated, annual water yield increased by 33 per 
cent, while annual evapotranspiration decreased by 5 percent. It should 
be noted that, no matter what vegetation marager.rnt practice is imposed on 
watersheds, the annual evapotranspiration may only slightly change. How
ever, as demonstrated .bove, even a small reduction in evapotranspiration 
may cause significantly increased streamflow runoff. 

Indi,-ations are that, for appropriate (.onditions and situations., 
water yields can be augmented by vegetation management practices without 
denuding watersheds of plant cover and without unacceptable changes in ero
sion and sedimentation. Evidence also suggests that vegetation management
 
designed for water yield improvement can be developed to be compatible with 
other natural resource uses and values. 

IF the structure and composition of vegetation at the interface of 
earth and atmosphere can be rtdified by management practices, 

Table 1. Average annual precipitation, evaotranspiration., and runoff for 
a hypothetical watershed in a treated and untreated condition. 

Water Budget Component Untreated Treated 
(m (rM) 

Precipitation 635 635 

Evapotranspi rati on 560 535 

Runoff 75 100 
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evapotranspiration may be reduced with the result that more of the annual 
precipitationiiipttwill be released frem watersheds aS usabie water. This 
concept is the pr.mary basis for the belief that vegetation ran be managed 
for water yield improvenent as well as for other natural resource products 
and amenities. 

SUARY OF WATER YIELD IWROVEMENT EXPERIMENTS 

Experiment! c. ,a.nt,. oftbri supplerented b. plot studies and 
computer modelinq, have been used on numerous occisions to demonstrate that 
the hydrologic relationships of a river basin may be significantly affected 
by the implementation of a qegetation irwnagement practice on upstream. 
catchments. These oanaoeiment practic.s, often inposed as a water yield 
improvement practice, include various types of f orest, cutting or removal, 
changes of forest cover from one tree type Lo another, or more drastic 
changes in which a forest cover is repiaced by another type of vegetation. 

As an overview of the potentials for water yield improvement 
through vegetation management, a brief sutmary of several worl,Nide studies 
on the effects of altering vegetative cover on water yield and the signifi
cance of the resulting conclusions are presented. 

Emnunthal Mountains 

In 1900, ani early study of the effects of forest treatments on 
water yield was carried out in the Eue;*nthal tuntains of Switzerland. 
Here, measurements of climate, precipitation, and streamflow were made on 
two small catchments, one forested and the other pastureland, to determine 
the influence of forests on water production. Despite attention to detail, 
there was no way to ascertain that the observed differences in streamflow 
between the two catc ,mnts were. caused only by differences in vegetation 
cover. 

Woi Wheel Gap 

A second attempt to quantitatively analyze the influence of forests 
on water yieid was mae it the Wagon Wheel Gap investigation of 1911. The 
control watershed approach (in which streamflow from two similar catchments 
are compared during a period of "calibration," and thei treating one catch
mentw. U. leaving the other untrfated as 5 control) was first used in this 
study of two forested catchments in the Lolorado Rockies of tha western 
United States. After eight years of calibration, one of the catchments 
was denuded by removing the scrub aspen ac.d coniferous vegetation. Then, 
for seven additional years, streannf'lw from the denuded areas was compared 
witn flow from the control catchment. This investigation conclusively 
demnstrated that clearing forest cover did increase '-tyeamflow. This 
study also demonstrated that changes in water yieid could be quantitatively 
assessed.
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Coweeta Hydroloqoic Laboratory 

In 19,34, the Coweeta Hydrologic .aboratory was established by the
 
USDA Forest Service to analyze the effects of various forest cutting and
 
vegetative conversion treatiw.nts on water yield in the humid mountains of 
the eastern United States. Mixed hardwoods with basal area densities of 
20 to 25 square reters per hectare characterized the original forest condi
tions on the twelve experimental catchments at Coweeta. Treatments imple
mented and then evaluated included clearcuttini, with and without control of 
regrowth, poisoning of forest overstories on portions of catchments with re
growth restricted, and thinning above and below by selective logging. 

With the exception of limited thinning (25 percent of'the basal
 
area removed), the treatments evaluvated increased water yield by varying 
amounts. In general, these increases were greatest imediately after 
treatment and the duration of effect was dependent, in part, upon the se
verity of treatment. One of the catchment studies is the site of the only 
cutting experiment replicated in time.
 

Kamabut i 

Coniferous and deciduous Forest overstories on a small mountainous
 
catchment in Kamabuti, Japan wert cleari.id in 1948, with subsequent annual
 
recuttinq of sprouts. -Significant water yield increases were observed fol
lowing treatment, although these increases were restricted to the growing
 
season.
 

Ferrow !.xperimental Forest 

In 1951, the USDA Forest Service began gauging on several small 
catchments at the Fernow Expermrrtal -orst in the Allegheny Mountains of 
West Virginia in the eastern United States. Original forest conditions on 
these catchments were. mixed hardwoods at 20 to 25 square meters of basal 
area per hectare. After calibr.tion, water yield improvement studies were 
designed and implemented to deterine effects of logging on streamflow. 
Treatments evaluated consistpd, for the most part, of thinning by alterna
tive silvicultural practices. 

As was found at Coweeta, with the exception of limited thinning
(in this case, approximately 15 percent of the basal area removed), the 
treatments evaluated increased water yield by varying amounts. Also, these 
increases were greatest immediately afLer treatment. 

Fraser Experimental Forest
 

To assess effects of forest cuttinn on snow pack dynamics and sub
sequent streamflow, the USDA Forest Service logged mature lodgepole pine 
and spruce-fir in strips and blocks or an experimental catchm.nt in the 
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Colorado Rockies of the western. United States. As a result vf this treat
ment in which about 40 perc.nt of the catchiment was clearcuL from 1954 to 
1956, strea,,flow increased during the sn,wn, lt period (essentially May and 
June). This increase inwater yield was attributed, primarily, to redis
tributions in snowpa,;ks brought abou.t by a restructuring of the forest 
overstories. 

Kimakia
 

In 1956, tile nigh montane and bamboc forests on a.n experiiental 
catchment at Kirim.kia in Kenya, East Afy--c!, was cleared and planted to pat
ula pine. Vegetables wee qr.mw among the pines until the third post
treatment year. (whe~n the pines were 3 lc. 5 meters high). A large increase 
in water yield was observe:d folIowing cutting, with the greatest increases 
immediately after treatnent, 'Nocarige. in seasonal patterns of streamflow 
occurred. 

San Dimas Experimntal Forest 

At San Diras, located in the semiarid region of California in the 
western United States, the USDA Forest 3ervice selectively treated chapar
ral vegetation thought to use proportionally large quantities of water. 
In 1958 and 1959 riparian vegetation was cut and regrowth controlled on one
 
experimental catchment (less than 2 percent of the area treated), while
 
chaparral on moist sites with deep soils was sprayed with herbicides on
 
another catchment (about 40 percent of the area treated). Both treatments 
increased water yield, with dry-season streamflow affected more signifi
cantly.
 

. disastrous wildfire swept San Dimas in 1960, destroying all exist
ing vegetation. Dty-.seamson streamflow incireased appreciably following the 
wildfire on the tNo cat(hments treated, while streamflow from untreated 
(control) but burne.d catchments did not. 

H... d xerFrest
 

To determine hoi logging a vitis affect streamflow on the west
err, slope of the Cascd, Ranr e in .)reian, U'nited States, two experimental 
catchmqnt were sujected to stard t- t-,-nt (road construction, cutting 
of the coniferous overstories, an, buning' during the period of 1959 to 
1963. Significant increases in wAter yield occurred in the low flow season 
after each treatment, but they were si.all in actua3 \.olupr (less than 0.1 
-m per day). 
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Jonkershoek Forest Reserve
 

Analysis of streamflow from an experimental catchment on the Jonker
shoek Forest Reserve, South Africa, has shown a 50 percent increase in water 
yield after one third of the radiata pine forest cover was removed 16 years 
following planting. Presumably, most Of the increase in flow was due to 

wasless transpiration losses. This effect of increased streamflow main
tained for three years after the thinning treatment. 

1uunqi ar Basin
 

To evaluate effects of established land use patterns on the western
 
slop of Chile's coastal rountains, three experimental catchments (two
 
burned and an unburned control) were gauged in the Junqui liar 3asin during
 
1970. Native vegetation on the area included small trees (roble maulino,
 
white b.ido, and litre), shrubs, and a few grasses. Radiata pine had been
 
planted oi% the burned catchments, . coanon practice in the region. 

While still exploratory, preliminary results have indicated that 
streamflaw from the catchments did not differ noticeably. However, peak
 
flows, which are more sensitive to treatment and may be more important in 
a region of high rainfall, were higher on the burned areas.
 

North Maroondah 

14.asurements of effects of thinning radiata pine plantations and 
regrowth mountain ash on streamflow volumes were the subject of major ex
perimental catchment studies conducted by the Melbourne and Metropolitan 
Board of Works in the North Mar-ondah area of Australia. Preliminary re
sults suggest that forest manipulations involving thinning of these forest
 
cover types may be a feasible approach to increasing Melbourne's water sup
plies.
 

Arizona Watershed Pmr 

Waterched nmanoarc in the sopthwesterr, Uited States, a semiarid 
region with short water supplies, have beer particularly interested in 
evaluating possibilities of water yie!d impronent h.y vegetation manage
ment. As a result, the Ar-ona Watarshed Program (involving federal, state, 
and private interests) was f' rulated tc, study the influence of vegetation 
management practices on the hydrologic proces:es affecting water yield im
provement. While many vegetation types have been in,.estig cied, results 
of experimental catchment studies to date inoicate that the greatest op
portunities for water yield improvement by liegetation management are found 
in chaparral shrub communities. p.nyon-juniper woodlands, ponderosa pine
 
forests, and mixed conifer (including aspen1) foreszs.
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It appears that water yield from chaparral shrub comunities can be 
increased by removing shrub cverstories and establishing a cover of grasses 
and forbs Although experimental catchments have been established by the 
USDA Fnrest Seriice at several locations in chaparral, only the Three Bar 
Watersheds, located in east-central Arizona, will be considered here. 

in 1956, four siali catchments ([, C, &, and r) were established 
on Three Bar. All were bur-led ever by wildfire three year, later. With 
the exception f Catchment C, all of the catchments wr,', seeded with grass 
shortly after the fire; Catchment B was reseedeo; and Catchment C seeded for 
the firs. time i;- 1960. After calibration, control of chaparral shrub re
growth with herb-icides was attempted on Catchments C and B and changes in 
water yield weve observed. On Catchment C, the shrubs were controlled 
through aerial applications and hand treatments with herbicides. Annual 
water yield foliowitig treatment increased over 325 percent. Hand applica
tion of herbicides to the shrubs on the north-fa.ing slopes, comprising 
40 percent of Catch.ent 8, increased annual water yield by 320 percent.
Complete conversion on Catchment F resuited in an annual water yield i1,
crease of approximately 700 percent. 

Originally thought to have potential, improving water yield by
manipulating pinyon-iuniper woodlands does not appear promising at this 
time. On Beaver Creek and Corduroy Creek, experimental catchments located 
in north-central and east-central Arizona. respectively, removal of pinyon
juniper ovprstories by mechanical techniques (chainivig, cabling, and hand 
clearing) has nut increased water yielid. However, water yield was im
proved on one experimental catchmrent by killing pinyon and juniper trees 
with herbicidles and leaving them stand. The increase on Beaver Creek Catch
meni 3 after aerial spraying of herbicides was 65 percent annually. How
ever, this tudy was too ]imited to make general statements about chemical 
conversion tFtr.t For iicreasing water yield. 

Opportunities for and estimates of water yield iapwovement through
vegetation mraiment in ponderm.a pine forests are synthesized from the 
results of e.:eriments on Castle Creek, located in east-central Arizona, 
and Beaver 'reek. ror purposes of discussion, vegetation management op
tiorns in ponderosa pi'ik forests may be placed into two categories: clear
irs ef forest ov?,-stories ano thinning of forest overstories. Various 

, E.rr-4at:./P; ar pws;i,, .'thin these -ategories, however. For instance, 
clearings can ,(: arranged and oriented in various patterns, and intensity 
of thinning can be varied. 

Clear ,y of ponderosa pine f,,m one sixth of the West Fork of Castle 
Creek and thirninc t0e remaining five sixths increased annual water yield
by over 25 percent. On Beaver Creek Catchment 12, at, increase of approxi
mately 30 percent has occurred annually since the ccmplete clearinq of the 
forest overstory. Clearing forest overstorie=- from 20 meter side strips 
and leavina alternatir.g ur.cut strips 60 meters id'c.e inc:reased annual water 
yield by nearl" 15 percent on Beaver Creek Catc,4mnrt 9. Thinning the forest 
overstory by group selection on Beaver Creek Satchment 17 increased annual 
water yield by abnut 20 percent. 



Estimates ,f water yiela improvement through the m uan4iiudtion of 
mixed conifer forest overstories are based, in part, upon partial conver
sion experiments nn the Workman Creek Watershed in east-central Arizona. On 
the North Fork o'f Worki7an Creek, deciduous ,'iperian vego-tat;n' was re
moved, and two thi'rds of the moist-sIte and dry-site forests were con
verted to grass. The resulting inc,ease in water yield was 2pproximately 
85 percent. ^n the South Fork of Workma,i £re-k, annual wter yield 
increased nearly 1-5 percerit aft:er an individueT1 tree selection cut was 
followed by a conversion cat. 

DISCUSSION OF WAI*R YIEI.D IMPROVEIN" EXPIREA"IMT-

A re~iew of worldwide studies of the eflects 	of altering vegeta
:tive cover on,iter yield suggests that seve.ral g.:ner'l.,2tions can be 

made: 

(1) 	 reduction in densities of forest overstories increases wdter 
yield;
 

12) establishment of forest overstories on sparsely vegetated land 
decreases water yield; and
 

(3) 	response of water yield to treatment is highly variable and,
 
for the most pdrt, unoredictable.
 

The -wove gener.ili.ations must be qualified when specific ex
periments are considerei but, in most instances, they are accurate. With 
few exceptions, the worldwide studies have shown a di-finiti' response to 
vegetative cover klteration, the reo,.ver, magnitude of tr~atme,' 
sponse has varied considirably. ror example, removal of scrub aspen 
and coniferous ve,,etat.eo; in the .olorado Rockies ol the western United 
States caused streamflow'. o increase only 25 nmilliineters during the first 
year after treatnent, ;iie complete luittin adn remo',l of high montane 
and bamboo ft,'ests in tho mountains of East i n water yieldincr-ased 

oi 1 The-.ein excess 450 mlet..r. duriig the first. year. extremes re-
Flect the diverse ;ature the ..nd f.i:. 01(, 	 -'ult suggetst corT,,iexity 
the causative fa;.tcrs. 

To suI.r.trize, the results cf expe-ciwental c-'tch:lient studies sug
gest that vegetation managerpnt ma' ihave ootcntiai Fcr i;creasina water 
yield on many drainages throughout the 'crlJ Furtheniore, if desired, 
many of these manalement p,'acices --an i designed to iiaintain or enhance 
the production and use of associated raturd' resources, .ncluding timber, 
domestic livestock, wildlife, aesthetics, and soils. Juch possibilities 
are not surprisng, as many of che vegettion management. Dractices tested 
in various parts of the world are employed to benefit oti,er natural re
sources. Therefore, it seems vossibe that. ve.tat.cr rnagement can
 
satisfy increasinq aemards for other natural resources kwhile t is In
creasina water yie!d. 
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The results present:ed in this overview are based, for the most
 
part, on research tests and not operational programs. HoDefully, these
 
research rfiidings can be ccupled with economic and social considera
tions to develop operational practices that will provile multiple ben
efi ts.
 

t must be imphasized, however, that tAtal areas potentially 
suited to ve.qetation ;nar ement pr-,(:tices aimed at increasing water
yield ,,:'ut.b . : a$.,"t or all f e corstraints int 'possible
implementing an ope,'itiornal water yield improvement practice on a par
ticular waitershed. Generally, the totdl areas must be adjusted down
ward by consio,.riw , the constraints to implenentation (Figure 1). Only
after these constrain-cs have bec., taken into account can treatable 
area be esti..!t0er. 
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Figure 1. Constraints encountered by watershed managers when
 
estimatina treatable area for water yield improvement

practices.
 

IV - 84
 

http:CONS*$P.AI


CHAPTER VII 

EROSION PROCESSES
 

AND CONTROL
 

INTRODUCTION
 

This chapter attempts to summarize the available body of 
knowledge and hypotheses on erosion processes, gully formation, and 
control. Included are: fundamental erosion processes, classifica
tion of gullies, objectives in gully control, types of control 
structures, cost relations, and reccgimendations. 

EROSION PROCFSSES
 

Ingeneral, there are three basic erosion processes on upland

watersheds: surface erosion, mass wasting, and channel or gully ero
sion. 

Surface ero-rion involves the detachment and subsequent removal 
of soil particles and small aggregates from land surfaces. This type
of erosio; is ce1 by ,he action of raindrops, thin film flows, and 
concentrated overland flows. It results in sheet erosion, rills, small 
gullies, etc. While seldom serious in forested areas, surface erosion 
can be an important source of sediment ftcrn rdngelands and cultivated 
lands.
 

Mass waating (or mass movement) is an important type of 
erosion in steep, mountainous country. Mass wasting includes erosion
 
in which cohesive masses of soil are displaced. Movement can be rapid,
 
as with landslides, or itmay be quite slow, as with slumps and soil
 
creeps. Man's activities can greatly accelerate the process of mass
 
wasting.
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Channel or gully e'roaon is the detachment and movement of
 
material, either individual soil particles or large aggregates,

from a stream channel. This kind of erosion is a major form of geo
logic erosion which, under poor land management, can be greatly 
accelerated.
 

All of the above erosion processes can'occur singly or in 
combination. At times, it is difficult to distinguish or separate be
tw,.en t!e ksic tv.",,~o' ,':;ion hcause, in reality, there is a
 
continuum of forms.
 

The control of channel or gully erosion is a particularlyimportant responsibility of watutrshed resources managers. To develop
effective control measures, at) understanding of gully formation and 
control structures is necess,..ry.
 

CLASSIFICATION OF GULLIES
 

Discontinuous Gull ies
 

Gullies may be classified as diecontinuous or continuous. 
Discontinuous gullies may be found at any location on a hillslope.

Their start is signified by an abrupt headcut. Normally, gully depth

decreases rapidly downstream. A fan forms where the gully intersects 
the valley. Discontinuous gullies may occur singly or in a system of
 
chains in which one gully follows the next downslope. These gullies

may be incorporated into a continuous system either by fusion with a
 
tributary, or may become a tributary to the continuous stream net
themselves by a process similar to stream "capture." In the latter 
case,.shifts on the alluvial fan cause thp flow from a discontinuous
gully to be diverted into a gully, failing over the gully bank. At 
this point, a headcut will develop that proceeds upstream into the

discontinuous channel where it will foymna nickpoint. Headward ad
vance of the nickp-int .11 'ifid t gully dOepening. 

Continuous Gullies
 

The continuous gully begins with many fingerlike extensions into
 
the headwater area. 
 It gains depth rapildly in the downstream direction
and maintains approximately this depth to the gully mouth. 
Continuous
 
gullies nearly always form systems (stream nets). They are found in dif
ferent vegetation types, but are prominent in the semiarid and arid re
gions. It appears that localized or regional depletion of any vegetative 
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cover can lead to gully formation and gully stream nets, if other factors
 
such as topography and soils are conducive to gully initiation.
 

During the youthful stege, gully processes proceed toward the at
tainment of dynamic equilibrium; while, in the old age stage, a gully

loses the characteristics for which it is named and resembles a river or
@normal" stream. Gully development may not end with old age, however. 
Environmental changes, such as induced by new land use and climatic 
fluctuation or uplift, may lead to rejuvenation, throwing the gully back 
into the youthful stotue° We ircust also recogrize that gully development
is not necessarily an "orderly" process, proceeding from one condition 
to the next "advanced" one. 

OBJECTIVES IN GULLY CONTROL
 

Main Processes of Gully Erosion as Related to Control
 

The mechanics of gully erosion can be reduced to two main pro
cesses: dowcuttipq and headcutting. Downcutt$ng of the gully bottom 
leads to gully deepening and widening. Headcutting extends the channel 
into ungullied headwater areas and increases the strea- net and its
 
density by developing tributaries. Thus, effective gully control must
 
stabilize both the channel gradient and channel headcuts.
 

Long-Term Objective of Controls-:-Vgetation 

In gully control, it is of benefit to recognize long- and short
term objectives because often it is very difficult or impossible to reach 
the long-term goal (vegetation) directly; gully conditions must be first
 
altered. Required alterations are the immediate objectives. 

Where an effective vegetation cover will grow, gradients may be
 
controlled by the establishment of plants without supplemental mechanical
 
measures. Only rarely can vegetation alone stabilize headcuts, however,

because of the concentrated forces of flow at these locations. 
The most
 
effective cover in sullies is characterized hy great plant density, deep

and dense root systems, and low plant height. Long, flexible plants

(such as certain tall grasses), on the other hand, lie down on the gully

bottom under impact of flow. They provide a smooth interfice between
 
flow and original bed, and may substantially increase flow velocities.
 
These higher velocities may endanger meandering gully banks and, in spite

of bottom protection, widen the gully. Trees, especially if grown beyond
sapling stage, may restrict the flow and cause diversion against the
 
bank. Where such restrictions are concentrated, the flows may leave the
 
gully. This is very undesirable ber.ause, in many cases, new gullies de
velop and new headcuts form where the flow reenters the original channel.
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Enyi!pee',s' -easures--An Aid to Vegetation Recover 

If growirg conditions do not permit the direct establishment of 
vegetation (due to climatic or site restrictions, or to severity of
 
gully erosion), eng-r eeriny measures will be required. These measures
 
are nearly always required at the critical locations where channel
 
changes invariabl, rake place. Examples are.nickpointi on the gully
 
Led, headcuts, and gully reaches close to the gully mouth where deepen
ing, ,nidr 7i.and en sitiw alter-nate freu(-ntly with different flows.
 
Nickpoints ianify lorgitudinal gradient changes; a gentler gradient is
 
being extended toward headwaters by headcutting on the bed. Normally,
 
critical locations are easily definable.
 

An effective engineering design must help establish and rehabil
itate vegetation. Revegetation of a site can be aided in different ways.
 
If the gully gradient is stabilized, vegetation can become established
 
on the bed. Stabilized gully bottrims will make possible the stabiliza
tion of banks, since the toe of the gully side slopes is at rest. This
 
process can be speeded up mechanically by sloughing gully banks where
 
steep banks would prevent vegetation establishment. Banks should be
 
sloughed only after the bottom is stable, however,
 

Vegetation rehabilitation is also speeded if large and deep de
posits of sediment accumulate in the gully above engineering works. Such
 
alluvial deposits make excellent aquifers, increase channel storage
 
capacity, decrease ch ,nnel gradients, and thus, decrease peak flows.
 
Channel deposits may also raise the water table on the land outside the
 
gully. They may reactivate dried-up springs or may convert ephemeral
 
springs to perennial flow. Ail these results create conditions much
 
more favorable to pltnt growth than those existing before control.
 

Watershed Restoration Aids GuIjj- Control Measures
 

Measures taken outside the channel can also aid revegetation
 
processes in the gully. mIprovements on the watershed that: increase
 
infiltration and decrease overland flow, and spread, instead of con
centrate. this flov, will benefit gully healing processes. A study on
 
sediment control measures showed that sediment yields were reduced 25 to
 
60 percent by Iand treatment and land use adjustments, as surveyed at
 
15 to 20 year old flood water retarding structures in the southern
 
Great Plains. But when combined land treatment and structural measures
 
were applied, sediment yields were red'-ced 60 to 75 percent, Normally,
 
however, gully improvements can be attained quicker vithin the gully
 
than outside, because of concentration of treatment and availability of
 
higher soil moisture in the defined channel.
 

Since watershed restoration measures 'are only supplemental to
 
gully control, some examples will suffice here: seeding and planting
 
with and without land preparation and fertilization; vegetative cover
 
conversions; and engineering works such as reservoirs, water diversions,
 
benches, terraces, trenches, and furrows.
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Different types of meazw-s bEn!It ,,,tr n .ifferent ways.
It is therefore important tc clarify thE type 0, help vegetation establishmnent requires rs'., .t-,ti,:- hulc be arswerezd ucr, a5: fs thepresent moisture reaqio, of th:, ;tuI both;},; ufficicnt ti support plants,
or shoud t INe Iott a-i-a-'jto in:reasc roisture av, ability? One
 
must recoqnize that a coitinou;,, evv: ra'isl?q Uf th to not
 
possible.
 

The iionediiaite Ofit~v:eA 01,11y 7retmt19~n cis ider 
other aspeit" irn addittc, ;.it cover. Usual 'y, these en ;durati tnsinvolve hydraul se'i' .-tion, soils, s etime the kc.gistics
required for the na.eimnt -f the watershad Lor inscance, rmnagementmay call for ,eporits of ,axi-un possibie depth at .ti-te(' ic locations
to provide shalow quIP-, cros siz. "'hus, if sediment c,.h is a de
sirabie objec tiv., h-.i jb be bjiiIt.v:.. I:hcu But if aesthetic con;id
eration make Theck drims undesiable (and wa;ershed Iogistics andrevegetation offer no probes), the qul'ly bottorn ,,y be stabilized withdams sub mrerd into th. brd, and thus invi!.ibje to t!-;casal observer. 

These exanrpler.e illustrate how impo-ta;t itis to clarify the immediate ard overall objectives u,' a p!anneO treatmnt before de':iding onapproaches and easuves. The &jectives determine the nasures; the 
measures detemnine the type o'7 result. 

GULLY CO.ICROL STRUCTURES AND SYSTEMS
 

,y.es of Porous !.heck Daits 

The s ,rvmj'y ap-)i,-d angineering ri,3a5ure is the check dam.Forces acting o" d ch-ck dam depenj e dnli) i and type of construction 
materia). Nolipo;'ius dims with --n wt.ep holes, such :i those built from

concrete, sh~ett sttel, w t a;ry, ard fibFrqlass, receive a strong in4.pact from the dynarmic aVA 1-,.drostaftic forces of the f w. These ftrces
require strong avcho 'inq cof the dai" into ;-he (.q0IV banks, to which most
uv"t.'e pressure i1r:riI,.d. -nt.ntrast, pcrous dems release part
of the fl thioug the strt'ct:re, and thereby decrease the h.ead of flr. over the :io-ilway and the dyn, ic ar,tydrotatic forces against the darn.
Much less pressure is received it th,, banks than with nonporous dams.Since gulies gereraVly are eroded from relatively soft , it iseasier to design effective poroos check dam. than norsporous ones. Oncethe catch bazill of either porous or nonporous dam s filled by sedirment
deposits, however, sr-'ctura stabflity if less critical because the dam 
crest has becorme a new level of the upstream gully floor. 

Loose rock ce, be used in ifferent types of check dams. Dams may be built of loosp reck only, or the rock ;w~iy be reinforced1 by wiremesh, steel posts. orr wtevis, The reinforcernents may influence 



rock size requirements. If wire mesh with small openings is used, rocks 
may be smaller t;han otherwise required by the design flow. 

Some di fforent types of check dams will be described, but'the 
field of check dam design it, wide-open. Many variations are possible. 
The torrent control ergineers of Europe have been especially successful 
with filter or open dams. Most of their designs are -for large torrents 
where stresses on the itructures are mL.ch greater than those in gullies, 
generally. Other type,1 ol filter dams have vertical grids, or grids in
stallei at -n .ingi't to lO , v, ,'tical. 

All. the torrent con.rul damrs are quite sephisticated and costly. 
Such high costs are often, ju.tifie in Frurop.-, however, sincepopulation 

lasting control measures. Thesedensities requir'e the most effective aind 
qualities are especially impotrvzt if he bas.ic geologic instability of 
the alpine torrents ii coi-.iderod. I contrast, irost gullies in the 
western United States ar., catsed by soil failure. Life and high-cost 
property are not usually endangered. Simpler, less expensive structures 

Some of the most effective and inexpensivewill therefore be preferable.
fdams are built mainly -rom loose ruck. They will, therefore, be empha
sized in the descriptions:, that follow. 

Loose Rock
 

Since loose-rock dams (Figurt 1) are not reinforced, the angle 

of rest of the rock should deterrdne the slope of the dar sides. This 
angle depends on the type of rock, the weight, size, and shape of the 

individual rocks, and their size d'Istribution. Ifthe dam sides are 
constructed at an angle steeper than that of rest, the structure will
 

be unstable and may lose its shape during the first heavy runoff. For 
the
the design of check dams, the following rule of thumb can be used: 


angle of rest -for argular rock corresponds to a slope ratio ofi.25 to 

i.00; -for round rock, 1.50 to 1.00. 

Wire-Bound Loose Rock
 
A wire-bond chect da. is identical in shape to that of a loose

rock is enclosed inwire mesh to reinforce therock dam, but the loose 
structure. The flexibility within tha vrire mesh is sufficient to permit 

the dam side's are not initiallyadjustments in the structural shape, if 
sloped to the angle of rest. Therefore, the same rock design criteria 
are required for a wire-i.ound dam as for a loose-rock structure. 

The wire mesh shou'd: be resistant to corrosion, be of suffi

cient strength to withstand the pressure exerted b,y flow and rocks, and
 
rock sizetin the dam. Wirehave openings not larger than the average 

mesh may not be effective in boulder-strewn gullies supporting flows 
with heavy, coarse loads.
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Figure 1. Construction plans for a oose-rock check dam. 
A = sectcion f t paralle!di,;!dam to the centerline of the gully. 
P seCbon of tte dam at the cross section of the gully. 

et = original gully bottoom. b - origin,0 gully cross section. 
= c Q s)4.way. d crest of f'reeboard. = excavation for key. 

=f = excavation fc.r ,aproni. g 2nd sill. 
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Single Fence
 

,Single-fence rock check dans 
(Figure 2) differ greatly in shape
and requirements of construction materials 7-rom the loose-rock and wirebound dams. These structures consist of: 
 a wire-mesh fence, fastened
to steel fenceposts and strung at right anrles across the gully, and
a loose-rock Fill, piled fro.m upstream against the fence. The rock
fill can.be constructed at an angle steeper 
 tkan that of rest for, tworeasons: (1) The impact of flhws'wilI tend to push the individualrock into the fill and against the darnl, and (2) Sednint deposits willadd stability to the fil'l 
and will eventually cover it. 

The des ignof this type of check daM should emphasize specifications For the wire mesh, and -the setting, spacinq, and securing ofsteel fenceposts. The wire mesh spe.cificationr. will be the same as 
the 

those for the wire-bound darns. 

The steel fenceposts should be sufficiently strong toresist thepressure of the rock fill and the flows, and must be driven into the gully bottogi and side slopes to a depth, that insures tbeir stability insaturated soil. If it is impractical to drive posts to sufficient
depths, the stability 
of the posts should be enhanced by guys. These
 guys should be anchored to other posts that will be covered and thus

held in place by the rock flil.
 

in general, spacing between the fenceposts should not bethan 1.2 meters to 
more 

prevent excessive pouching (stretching) of the wiremesh. Where condi°ionsdo not allw this spacing, a maximun of .5meters can be used, but the fence miust be reinforced by steel postsfastened horizontally between 4he vertical posts. 
 Excessive pouching
(f the wire mesh reduces the structural height and impairs the stabil
ity of the dam.
 

ioubl e Fence 

The, dodbIe-fence rock check dam. has two wire mresh fences, strungat a distanCe from each other across the channiei (Figure 3). In thistype of dar, a well-gradoed supply of rocks is essential, otherwise therelative tfrnness if the structure v,,uld ven.it rapid %hroughflow, resulting •nwater Jets. Double-fence dams should only be built if an
effective rock gradation cat) be obtained. 

When flows of large magnitude 2 imters /second, for:. example) orgullies on steep hillsides are encountered, the base of the double-fencedam should be wider than the crest. 
This will add structural stability
and fncrease the length of the flow through the lower part of the dam. 
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Figure 2. Construction plans for- a single-fence rock check dam. 
A = section of the dam parallel to the centerline of the gully.
B = section of the dam at the cross section of the gully. 

a - original gully bottom. b - original gully cross section. 
c = spillway. d - crest of freeboard. e = excavation for key.
f = excavation for apron. g - end sill. h - steel fencepost.
i = guys. j = rebar, 13 millimeters indiameter. 
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Figure 3. Construction plans for a double-fence rock check dam. 
A = section nf t.he dam parallel to the centerline of the gully. 
B = section of the dam at the cress section of the gully. 

a original gully bottom. b = original gully cross section. 
c spillway. d = crest of freeboard. e = excavation for key. 
f = excavation for apron. g = end sill. h = steel fencepost. 
i = rebar, 13 millimeters indiameter. 
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Gabi on 

A gabiort check dam cons, stcs of ,refabrictod wire cages that are 
filled with loose rock. Individual c;ag:s arn placed beside and onto 
each other to obt*,.in t;)c , shape. Nor;mfly, this dam is more aesthet
ically pleasirg, w. ic s rore ros-z..ly than loose-.rock or wire-bound 
rock check dzw. 

hetjGkA,- .... /,' 

Headcut-. can ae stabi ize, by dif e.r'ent tynes of structures, but 
all have two important req1uiroq-ents: porosity in order :o avoid exces
sive pressures ind thati eiminate the need for large, heavy structural 
foundations: and s tyve n-f i,verted filter chat lcids the seepage 
gradually from stali(- r.o larger open;,igs ini the stucture. (OthE.rise, 
the soils will be (..r-'fiwf t'h"ouqk the cntrol, .esulting in eroqion.) 
An inverted .ilter :an i. oLt . c if the headcut wall is sloughed to 
such an angle that 'rial :a. be ptaced iii layers of increasing par
ticle size, from f4#e 6o coarse sand and on to ,ine and coarse gravel. 
Good results may aiso be obtained by use of erosion cloth, a plastic 
sheet available in two degrees of porosity. 

If rock walls re',forced by wire mesh and steet posts are used, 
site preparation can b( minimized. Loose rock can be an effective head
cut control if thz I'ow throtugh tne structure. is controlled also. As in 
loose-rock check dams, the size, shape, and size distribution of the rock 
are of special importance t the success of the structi.,re. The wall of 
the headcut must be siopeu back so the rock can be placed against it. 

If the .,)e o2 the roc!. fill should te eroded away, the fill 
would be lost. lhereifore, stabilization of this toe must be empnasized 
in the desion. A loose-rock dam c:n be designed to dissipate energy 
from the chuting flows, and to catch sediment (Figure 4). Sediment dep
ositions wil* furthe.' ,tzbihize the top of the rock fill by encouraging 
vegetation durirg periods with ro or low channel flow. 

Loose Rock
 

Loose rock ha, proved to be z very suitable construction mate
rial if used correct'iy. Often !t ic found or the land and thus elim
inates expenditures for long hauls. Machine and/or hand labor may be
 
used. The quality, shape, size, and size distribution of the rock used
 
in constructior of a check daRn affect the success and lifespar or the 
structure.
 

Obviously, rork that disintegratei rapidly when exposed to water 
and atnsphere will haie a short s-ructural life. Fjrther, if only 
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Figure 4. 	Construction plan for i gully he.dcut control with a loose
rock rheck ad. The sectfon ,.f the structure is parallel 
to th, cenLerl ne r,.f the gully. a = original qully bottom. 
b = excavated .rea of headctt wail. c = spillway. d = crest 
Of freeibard. a excavation for key. f v excavation for 
apron. g = er., sill n rock fill. 
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small rocks are used in a dam, they may be moved by the impact of the 
first larye water flow, and the d'am quickly de-stroyed. In contrast, a 
ceck dam constructed of only large rocks that leave large voids in the
 
structue_ wi. ofe. resi-stance. to thefflow ,but -P.,ay create- water-jets 
through the voids. These jets can be highly destructive if directed to
ward openings in the bank protection wo or other unprotected parts of 
the channel. Largq voids in che:k da, s alo prevent the accumulationof sediment above the tructuresi In gneral this accurulation is 
desirable bcat;se it .r-,ases th s5tabil Ity of structures and enhances 
stabilization of the guliy. 

Laroe voids will 'e tvoided -if the rock -is well graded. Well
graded rock will permit sov* flow through the structure. The majority 
of the rock should be large enough to resist the flow. 

Since required size dnd gradation of rock depend on size of dam 
and magnitude Of i'Iov4 strict rules for effective rock gradation cannot 
be given. The reco rie.datiorns given below are empirical values derived 
fre, gully treatments irn the Colorado Rocky Mountains, and should be 
evaluated accordingly. The designer should use these values only as a 
juide for his decisiovi. 

As a general rule, rock diarneters should not be less than 10 
centimeters, and 25 perrenit of all rocks should fall into the 10 to 14 
centimter size class. The upper size lifirdt will be_ determined by the 
size of the damn; lar5,le dams can inciude larger rock than snaller ones. 
Flat and round rock. suth as river material., should be avoided. Both 
types slip out of a str.ucture v)ri easily than broken rocks, which anchor 
v01 with each othe,. 

In geterl, ,,rge des'n peak flcrs will require larger rock 
sies than sml fiowis. As an example, asswme that the designed total 
darn heiglh ranges betw:ert I ant 2 meters, whei'e totfal height is measured 
fromii the bottofil of the clap! to the1.l crest bf the freeboard. Type of dam 
is loos*- rock witilout reiriforce. nt. Design pezak fflow is estinkted not 
to .xr.eed I rnte/seozd. An a''ec t vc rock gradation would call for 
a distributin{i of size C;!es as fol lows: 

Si .e Percent
 

1O- 1,4 cm 25
15-19 cal 20 
20-30 ci. 25 
31 45 ct 30 

If, on the other hand, dam height would be increased to 3 meters, rock 
up to I meter diameter, constitutirg 15 percent of the volume, could be 
placed into the base of the dman and ,.-he second size class decreased by 
this portion. If'peak flow was estimated not fto exceed 0.75 meter3/
 
second, the 31 to 45 crP size clasi could be eliminated and 55 percent of
 
the volume could be. in the 20 to 30) cent'iter class. 
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Spac ing
 

The location of a check dan will be deteined primirily by the
 
required spacin of the structures. Req irem ,nts for spacing depend or; 

-f .,,isnntd above-the,.epos its -xp..cted-to -accutulate 
dalos, the effect've N.igrt,; of the , the eavail{abie funds, and the ob
jective of the gully treatnwtnt. I for stace the Objectiv is to 
achieve the greatest possible deposition of seiim'.nt, high, widely spaced 
dams would be construc:ed. On the other hand. if the objective is rnin-. 
ty to stabilize the gully gjradient, tie spa.cing would be relatively 
closl and the daps io,. 

In general, the most, efficient andJ )s c.onowical spa(c nq is
 
obtained if.a check dam is placed at the upstream toe of the final sedi
;.,nt deposits f the next drm doyistream, THis ideal spacing can only 
be estinated, -'-f course, to obtain ,uidelincs for construc tion plans. 

Normal ly, objecives of gully co ttcai require spacings of check 
dams great e,,ough to allro t'he full ut i:atiarn of the . edimant-holding 
capacity of the structures. Determination of this .pacing requires def
ioite ;nrowIedge of the rlatio-ship between the original gradient of the 
glully charricl arel that of s.;di.nt deposits atove check dams placed in 
uhc: gully. 

Keys 

.-:Vvt a chek uxti into the siee siope-, i(v. bottom of the gully 
greatly en;ances the stability of the structure.."yin. Such Is impor
tant in gullies wer' expected pee.1, "', is large and w hre soil.'' are 
highly erosive (sucih as soil with nioh sarnd content). Loose.. rc:c check 
dams withauz keys wore successfully in;stalled in soils derived ",oh 3
Pik's pe but estimated fioi-.s did not 0.2 meters . 

second. 

grapte, e;.'aa exceed 

nuviliq ,.he the gull, side slopes is'kt_,n-to 

The objective -ofext .nd'i g the g..ly 
'-op:-event destructive flows. of water arciu-.nd the da:and consequent 
scouring of the banks. ";courin corild lead to gaps between darn and bank 
-that would revid'er thie structure ineffective. y ieeirr t 
danger of scouring and t:unneling around check dams because the route of 
sk.epjqe 'is consider&.bly le gthened, as vooids in the keys become plugged, 
th length of the seepaqe route increses. Thi increase causes a de. 
crease in the flow velocity of the seepaga water and, in turn, a decrease 
iT!1he erosion nergy,.-


The part of the key placed into the aully bottom is designed to 
safeguard the check da, against urdercutting at the downstream side. 
Therefore, the b.se of the key, which constitutes the footivig of the 
darn, must be designed to be below the surface of the apron. This i. of 
particular importance For fence- type and impe-vious structures because 
6f the 5reater danger of scouring at the foot of these damns. The water 

-fl%,.ing over the spillway: forms a chutc that creates amain critical 
area of impact ,he re i:he 1yralic j. strikes the gully bottfi. This 
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location is away from the structure. The sides of loose-rock and
 
wire-bound check dams slope onto the apron, on the other hand, and no
 
freefall of water occurs.

.The desi'gn of the keys'calls for a trench, usually 0.6 meters
 
deep and.widp, dug across the channel. Where excessive instability is

demonstratedby large amounts of loose materials on the lower part of the 
channel s6ide slopes or-by, large cracks and fissures in the bank walls, 
the depthbof.thg trench should be increased to 1.2 or 1.8 meters.
 

Dam construction starts with the filling of the key with Those 
rock. Then the dam is erected on the rock fill. Rock sige distribution 
'inthe key shou.l.1d'be watched,carefully. If voids in thekey are large,
velocities Of: flow.within the key may lead to washouts of! the bank mate
rials. Since the rock of the keys is embedded in the trench and there
fore cannot be easily.moved, it is advantageous to use smaller materials,
 
such as a mixturO with 80 percent smaller than 14 centimeters.
 

Height
 

'The effective height of a check dam is the elevation of the
 
crest of the spillway above the original gully bottom. The height not
 
only influences structural spacing but also volume of sedinlent deposits.

In most cases, dam height will be restricted by one or all of the follow
ing criteria: costs, stability, and channel geometry in relation to
 
spillway requirements. Cost relations between differentftypes of rock
 
check dams will 'bediscussed later. Stability of impervious,.check dams
 
should.be.?calculated where life and/or property'would be-endangered .by

failure. 

Severely tested check dams in Colorado had maximum heights as
 
follows: loose-rock and wire-bound dams, 2.2 meters; and fence-type

dams (thickness of 0.6 meter), 1.8 meters.
 

In gullies with small widths and depths but Iarge magnitudes of
f%,w, the effective height of dams may be greatly restricted by the 
spillway requirements. This restriction may result from the spillway

depth necessary to acconmuodate expected debris-laden flows.
 

Spillway
 

Most gullies have either trapezoidal, rectangular, or V-shaped
 
cross sections.. For structural gully control, design storms.should be
 
of 25 years magnitude and, as a 
minimum, spillways should accommodate 
the expected peak flow from such a storm. In mountainous watersheds,
however, where forests and brushlands often contribute large amounts of
debris to the 'flow, the size and the shape of spillways-shoild be de
termined'by this.expected organic material. As a result, required
spillway sizes will be much larger than if the flow could be considered
 
alone. Spillways designed with great lengths relative to their depths
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are very important here. Yet, spillway length can be extended only

within limits because a sufficient contraction of the flow over the
 
spillway isneeded to form larger depths of flows to float larger loads
 
over the crest. The obstruction of a spillway by debris isundesirable
 
since itmay cause the flow to overtop the freeboard of the check dam
 
and lead to its destruction.
 

ihe characteristics of the sides of a spillway are also impor
tnt for the release of debris over the structure. Spillways with per
pendicular sides will retain debris much easier than those with sloping

sides; inother words, trapezoidal cross sections are preferable to
 
rectangular ones. A trapezoidal shape introduces another benefit by in
creasing the effective length of the spillway with increasing magnitudes
 
of flow.
 

The length of the spillway relative to the width of the gully
 
bottom isimportant for the protection of the channel and the structure.
 
Normally, it is desirable to design spillways with a length not greater

than the available gully bottom width so that the waterfall from the dam
 
will strike the gully bottom.- There, due to the stilling-basin effects
 
of the dam apron, the turbulence of the flow isbetter controlled than
 
ifthe water first strikes against the banks. Splashing of water against

the channel side slopes should be kept at a minimum to-prevent new ero
sion. Generally, spillway length will exceed gully bottom width ingul
lies with V-shaped cross sections, or where large flows of water and
 
debris are expected relative to the available bottom width. Insuch
 
cases, intensive protection of the gully side slopes below the structure
 
isrequired.
 

Apron
 

Aprons must be installed on the gully bottom and protective works
 
on the gully side slopes below the check dams, otherwise flows may eas
ily undercut the structures from downstream and destroy theit.
 

Apron length below a loose-rock check-dam cannot be calculated
 
without field and laboratory investigations on prototypes. Different
 
structures may have have different roughness coefficients of the dam side
 
slope that forms a chute to the flow iftailwater depth islow. Dif
ferences inrock gradation may be mainly responsible for the different
 
roughness values.
 

The design procedures for the loose-rock aprons were therefore
 
simplified and a rule of thumb adopted: the length of the apron was
 
taken as 1.5 times the height of the structure inchannels where the
 
gradient did not exceed 15 perdbnt, and 1.75 times where the gradient
 
was steeper than 15 percent. The resulting apron lengths included a
 
sufficient margin of safety to prevent the waterfall from hitting the
 
unprotected gully bottom. The design provided for embedding the apron

into the channel floor so that i-ts surface would be roughly level and
 
about 0.3 meters below the original bottom elevation.
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At the downstream end of the apron, a loose-rock sill should be
 
built 0.15 meter high, measured from channel bottom elevation to the
 
crest of the sill. This end sill creates a pool in which the water will
 
cushion the impact of the waterfall.
 

The installation of an end sill provides another benefit for the
 
structure. Generally, aprons are endangered by the so-called ground

roller that doveln-s whprp th hydraulic inmo of the water hits the gul
ly bottom. These vertical ground rollers of the flow rotate upstream
 
and, where they strike the gully floor, scouring takes place. Thus, if
 
the hydraulic jump is close to the apron, the ground roller may under
mine the apron and destroy it. The end sill will shift the hydraulic
 
jump farther downstream, and with it the dangerous ground roller. The
 
higher the end sill, the farther downstream the jump will occur. Since
 
data on sediment and flow are not usually available, a uniform height
 
of sill may be ised for all structures.
 

Ephemeral gullies carry frequent flows of small magnitudes.

Therefore, it is advisable not to raise the crest of the end sills more
 
than 0.15 to 0.25 meter above the gully bottom. End sills, if not sub
merged by the water, are dams and create waterfalls that may scour ti.e
 
ground below the sill. At higher flows, some tailwater usually exists
 
below a sill and cushions, to some extent, the impact from the waterfall
 
over the sill.
 

Where the downst-eam nature of the gully is such that appreciable
 
depth of tailwater is expected, the installation of end sills is not
 
critically important. The hydraulic jump will strike the water surface
 
and ground rollers will be weak.
 

Bank Protection
 

Investigations have shown that check dams may be destroyed if
 
flows scour the gully side slopes below the structures-and produce a
 
gap between the dam and the bark. Since water below a check dam is
 
turbulent, eddip dplnlop that flow uoqtrom alnnn each gully side
 
slope. These eaaies are the cutting forces.
 

Several types of material are suitable for bank protection.

Loose rock is effective, but should b. reinforced with wire-mesh fence,

secured to steel posts, on all slopes steeper than 1.25 to 1.00. The
 
design should provide for excavation of the side slopes to a depth of
 
about 0.3 meter so that the rock can be placed flush with the surround
ing side slope surface to increase stability of the protection. Excava
tion of surface materials also assures that the rock would not be set
 
on vegetation. Banks should be protected for the full length of the
 
apron.
 

The height of the bank protection depends on the characteristics
 
of channel, flow, and structure. Where gullies have wide bottoms and
 
spillways are designed to shed the water only on the channel floor, the
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height should equal total dam height at the structure, but can rapidly
 
decrease with distance from the structure. In contrast, where the
 
waterfall from a check dam will strike against the gully banks, the
 
height of the bank protection should not decrease with distance from
 
dam to prevent the water from splashing against unprotected banks.
 

In gullies with V-shaped cross sections, the height of the bank 
protection Thoul'4 bc. equal to ti elevation of the upper edges of the 
freeboards of the dam. In general, the height of the bank protection 
can decrease with increasing distance from the dam. 

CONSTRUCTI ON PROCEDURES
 

Before construction starts, the following design features should
 
be staked and flagged conspicuously:
 

(1) 	Mark the centerline of the dam and the key trenches, respective
ly, on each bank. Set the stakes away from the gully edge to
 
protect them during construction.
 

(2) Designate the crest of the spillway by a temporary bench mark in
 
the gully side slope sufficiently close to be of value for the
 
installation of the dam.
 

(3) 	Mark toe downstream end of the apron.
 

(4) 	 For lrose-rock and wire-bound dams, flag the upstream ard down
stream toes of the dam proper. 

Caution is required during excavation to avoid destroying the
 
stakes before the main work of installation begins.
 

The construction of all dams should start with the excavation 
for the structural key, the apron, and the bank protection. This very 
important work can be performed by a backhoe or hand labor. Vegetation 
and loose rater,'! 0'nul~d "'&e-leared from the site at the same time. 

The trenches for the structural keys will usually have a width
 
of 0.6 meter, therefore a 0.5 meter wide bucket can be used on the back
hoe. If the construction plan calls for motorized equipment, two types
 
of backhoes can be used. One, mounted on a rubber-wheeled vehicle and
 
operating from a turntable, permits the backhoe to rotate 360 degrees.
 
This machine travels rapidly between locations where the ground surfaces
 
are not rough and works very efficiently in gullies whose side slopes
 
and bottoms can be excavated from one or both channel banks. The other
 
type can be attached to a crawler tractor. This type proves to be ad
vantageous at gullies that are difficult to reach, and at ones with
 
widths and depths so large that the backhoe has to descend into the
 
channel to excavate. In deep gullies with V-shaped cross sections, tem
porary benches on the side slopes may be necessary. Often, the bench
 
can be constructed by a tractor with blade before the backhoe arrives.
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The excavated material should be placed upstream from the dam
 
site in the gully. The excavated trench and apron should then be filled
 
with rock. Since a special graded rock is required for the keys, rock
 
piles for keys must be separate from those used in the apron and dam
 
proper. Excavations can be filled by dumping from a dump truck or by
 
hand labor. During dumping operations, the fill must be checked for
 
voids, which should be eliminated.
 

If dump trucks are loaded by a bucket loader, some soil may be
 
scooped up along with the rock. Soil is undesirable in a rock structure
 
because of the danger of washouts. To avoid soil additions, use a bucket
 
with a grilled bottom that can be shaken before the truck is loaded.
 
Other devices such as a grilled loading chute would also be appropriate.
 

Dumping rock into the dam proper has two advantages: The struc

ture will attain greater density, and rocks will be closer to their
 
angle of repose than ifplaced by hand. Hand labor can never be com
pletely avoided, however, since plugging larger voids and the final dam
 
shape require hand placement. Where gullies are deep and dumping is im
practical, rock chutes may be used.
 

Often, gully control projects are planned to provide employment
 
for numbers of people. This objective can easily be accomplished if suf
ficient supervision is available for the individual steps in the con
struction. Special attention is needed at the spillway and freeboard.
 
In loose-rock and wire-bound structures, where the shape of the dam is
 
not outlined by a fence as in the other types, experience showsthere
 
is a tendency to construct the spillways smaller than designed.
 

Inwire-bound dams, a commercial, galvanized stock fence, usually
 
about 1.2 meters wide, can be used. The stay and line wires should not
 
be less than 12-1/2 gage low-carbon steel, the top and bottom wires 10
 
gage low-carbon steel, and the openings in the mesh 0.15 meter. To con

nect ends of the fence or to attach the fence to steel posts, a galvan
ized 12-1/2 gage coil wire is sufficiently strong.
 

The wire mesh of required length and width should be placed
 
over the gully bott'-i and side slope: aft,:r the trench and apron have 
been filled with rock. Generally, several widths of mesh will be needed
 
to cover the surface from bank to bank. If several widths are required,
 
they should be wired together with coil wire where they will be covered
 
with rocks. The part not to be covered should be left unattached to
 
facilitate the fence stringing operations around the structure.
 

Before the rock is placed on the wire mesh for the installation
 
of the dam proper, the mesh should be temporarily attached to the gully
 
banks. Otherwise, the wire mesh lying on the gully side slopes will be
 
pushed into the gully bottom by the falling rock and buried. Usually,
 
stakes are used to hold the wire mesh on the banks.
 

After the dam proper is placed and shaped, the fence can be
 
bound around the structure. Feaice stretchers should be applied to pull
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the upstream ends of the fence material down tightly over the downstream 
ends, where they will be fastened together with coil wire. Then the 
bank protection below the dam should be installed. 

The installation of single- and double-fence dams begins with the 
construction of the fences after excavation is completed. Construction 
drawings should be followed closely here because the final shape of the 
dams will he determined by the fences. Conventional steel fenceposts can 
be us-A. Insome locations, the great height of posts may offer diffi
culties for the-operator of the driving equipmnt, and scaffolds should

-4be improvised. A pneumatically driven pavement breaker with an attach
ment can be used to ease the job of driving. Since relatively great 
lengths of hose may be attached this tiol may be used in deep gullies and 
on sites with difficult access. 

At single-fence dams, dumping of rock is practical if the gully 
is not excessively deep or wide. At double-fence structures, hand labor, 
a backhoe, or a clamshell will be required. The rock should be placed 
in layers and each layer inspected for large voids, which should be 
closed manually by rearranging rocks. 

Much time and effort can be saved during construction if a real
istic equipment plan is established beforehand. Such a plan requires an 
intimate knowledge of the cross sectional dimersions of the gullies and 
their accessibility to .vntorized equipment. Pioneer roads that might be
 
needed because of lack of access are not only important for equipment
 
considerations, but will also enter into the cost of the construction.
 

Ifequipment is to be used, as a general rule, itappears to be
 
advantageous to use heavier and larger machines if their mobility is
 
adequate. Although hourly costs for heavier machines are usually great
er, the total cost for a job is reduced. 

With few exceptions, conventional construction equipment is not
 
sufficiently mobile to operate in rough topography without pioneer roads.
 
Inwatershed rehabilitation projects such as gully control, road con
st-;ition is undesirable because itdisturbs the ground surface and may
 
lead to new erosion. It is therefore desirable to consider crawler-type
 
equipment only.
 

COST RELATIONS
 

Relationships between the installation costs of the four differ
ent types of rock check dams described here are based on research in
 
Colorado. The relationships are expressed by ratios (Figure 5) to avoid
 
specific dollar comparisons. When considering the cost ratio, one must
 
keep in mind that differential inflation may have offset some finer dif
ferences incost. It is advisable, therefore, to test the cost of indi
vidual structures by using material and volume requirements as given by 
the equations. The cost ratios (Figure 5) can then be adjusted, if 
necessary. 
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Figure 5. Installation cost of four different types of check dams as
 
a function of effective dam height. The cost ratio isthe
 
cost of a dam related to the cost of a loose-rock dam, 0.3
 
meter high, built with angular rock.
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It is obvious that the cost of installing * complete gully 
treatment increases with gully gradient because the required nimber of 
dams increases. However, there is one effective dam height at which the 

cost is lowest (Figure 6). In the sample gully, this optimum height for
 

loose-rock dams is about 0.6 meter, for single-fence dams 0.7 meter, and 

for double-fence dams 1.1 meters. A constant gully cross section was as

sumed. In reality, of course, gully cross sections usually change between 

dam sites. The optiroun height iur lowest treatment costs is not a con
stant, but changes between gullie!s, depending on shape and magnitude of 

the gully cross sections at the dam sites.
 

Since the cost of the dam is directly proportional to the rock
 

volume, rock requirement will be dependent upon dam height (Figure 6).
 

This means that, in a given gully, there is one dam height at which rock
 

requirements for a treatment are smallest.
 

A treatment cannot be evaluated on the basis of cost of instal

lation alone, because recognition of benefits is part of the decision
 

making process. Sediment deposits retained by check dams can be incor

porated into a cost ratio that brings one tangible benefit into perspec-


Sediment has been cited as the nation's most serious pollutant.
tive. 

The sediment-cost ratio increases (treatment is increasingly beneficial)
 

with dam height and decreases with increasing gradient.
 

Since single-fence and double-fence dams cost less than loose

rock and wire-bound loose-rock dams for an effective height greater than
 

0.3 meter, the sediment-cost ratio is more favorable for the fence-type
 

The ratios remain smaller than 1.0 in all gradients larger
structure. 

than 5 percent for treatments with loose-rock and wire-bound loose-rock
 

dams, and on gradients larger than 7 and 9 percent for treatments with
 

single-fence and double-fence dams, respectively.
 

The importance of sediment-cost ratios in relation to gully
 

gradient and effective dam height becomes apparent insituations where
 

not all gullies of a watershed can be treated. Gullies with the small

est gradient and largest depth, and highest possible fence-type dams
 

should be chosen if ot'. aspzcts, such a acces, co- aesthetic value, 

are not dominant.
 

OTHER GULLY CONTROL STRUCTURES AND SYSTEMS
 

Nonporous Check Dams
 

Rock can be used for the construction of wet masonry dams. Lim

itations in available masonry skills, however, may not permit this ap

proach. A prefabricated concrete dam was designed and a prototype
 

installed in Colorado. It required very little time and no special
 

skills for installation. The capital investment for this dam is larger
 

than for a rock structure, however. A prestressed concrete manufacturer
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Figure 6. 	Relative!.cost of installation of check-dam treatments and 
relative angular rock volume requirements in gullies with 
different gradients as a function of effective dam height.
The cost androck volume ratios relate the cost and rock
 
volume of a treatment to those of a treatment with loose
rock dams 0.3 meter high installed on a 2 percent gradient.
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must be available reasonably close to the project area and the
 
construction sites must be accessible to motorized equipment. Where
 
aesthetic considerations and land values are high (recreational sites
 
and parks, for example), a prestressed, prefabricated concrete check dam
 
may be the answer.
 

Check dams may also be built from corrugated sheet steel. For
 
successful application, a pile driver is requirbd to assure proper fit
 
of the sheets. Excavating trenches for the sheets jeopardizes dam
 
stability if the refill isnot compacted sufficiently. Quite often, in
sufficient depth of soil above the bedrock does not permit this dam type. 

Earth Check Dams
 

Earth check dams should be used for gully control isly inox
ceptional cases. Basically, itwas the failure of the construction 
material, soil (incombination with concentrated surface runoff), that 
caused the gully. Gullies with very little flow may be an exception if 
the emergency spillway safely releases the flow onto the land outside 
the gully. The released flow should not concentrate' but should spread 
out on an area stabilized by an effective vegetation cover or by some 
other type of protection such as a gravel field. Most gullied water
sheds do not support areas for safe water discharge. 

Standpipes or culverts inearth check lams generally create
 
problems, because of the danger of clogging the pipe or culvert inlet,
 
and the difficulty inestimating peak flows. Therefore, additional
 
spillways are required.
 

Ifsoil is the only dam material available, additional watershed
 
restoration measures (such as vegetation cover improvement work and con
tour ' trenches) should be installed to improve soil infiltration rates, 
to enhance water retention and storage, and thus to decrease magnitude 

nd peak of gully flows. 

Vegetation-Lined Waterways
 

With the exception of earth check dams, gully control measures
 
described previously treat the flow where it is--in the gully. In con
trast, treatments by waterways take the water out of the gully by chang
ing the topography. Check dams and waterways both modify the regime
 
of the flow by decreasing the erosive forces of the flow to a level that
 
permits vegetation to grow. Inwaterways, however, flow is modified
 
compared with the original gully, in two ways: lengthening the water
course, resulting in a gentler bed gradient; and widening the cross
 
section of flow, providing very gentle channel side slopes. This latter
 
measure leads to shallow flows with a large wetted perimeter (increase
 
in roughness parameter). Both measures substantially decrease flow
 
velocities, which in turn decrease the erosive forces.
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Contrasted with check dam control, waterway projects strive to 
establish a vegetative cover when land reshaping is finished. Indeed, a 
quick establishment of an effective vegetation lining Is'the key to suc
cessful waterways. Itfollows that the prime requisites for a successful 
application are precipitation, temperature, and fertility of soils, all 
favorable to plant growth. Other requisites are: 

(1) SIze of rully should not be larger'than the available fill
 
volumes; 

(2) Width of valley bottom must be sufficient for the placement of
 
a waterway with greater length than that of the gully;
 

(3) Depth of soil mantle must be adequate to permit shaping of the
 
topography; and 

(4) Depth of topsoil must be sufficient to permit later spreading on
 
all disturbed areas.
 

Design criteria or prerequisites in terms of hydraulic geometry
 
are iot yet available.
 

Vegetation-lined waterways require exact construction (therefore, 
closc- construction supervision) and frequent inspections during the first 
trea' ment years. The risk, inherent to nearly all types of erosion con
trol work, isgreater for waterways at the beginning of treatment than 
fo'v- check dam systems. To offset this -isk, in Colorado, 19 percent of 
the original cost of installation was expended for maintenance, while 
fcr the same period of time, only 4 percent was required at check dams. 

Eight percent less funds mere expended per linear meter of gully 
for construction and maintenance of grassed waterways than for check 
dams. This cost difference is not significant, especially if the great
e, involvement inwaterway maintenance is recognized, Indeciding on
 
the type of gully control, one should consider not only construction
 
costs but also risk of the prerequisites for vegetation-lined waterways.
 

SUIW.A(Y OF DESIGN CRITERIA AND RECOMMENOATIONS 

Spacing decreases with increasing gully gradient and increases 
with effective dam height. Number of check dams increases with gully 
gradient and decreases with increasing effective dam height. Expected 
volumes of sediment deposits increase with effective height.
 

For practical purposes, gully gradients ranging from 1 to 30 per
cent do not influence volumes of sediment deposits in a treatment. On 
gradients larger than 30 percent, sediment catch decreases more dis
tinctly with increasing gradient.
 

Rock volume requirements are much larger for loose-rock and 
wire-bound loose-rock dams than for fence-type dams. At effective dam 
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*heights larger than 0.6 meter, treatments with double-fence dams require
 
the smallest amounts of rock.,
 

At effective dam heights larger than about 0.5 meter, loose-rock
 
and wire-bound loose-rock dams are more expensive than fence-type dams.
 
The difference in cost increases with height. Single-fence dams are
 
less expensive than double-fence dams at effective heights up to 1.0
 
meter.
 

Regardless of gradient, in a given gully, there is one effective 
dam height for each type of structure at which the cost of tt,'eatment is 
lowest (Figure 6). For each type of treatment, rock requirements are 
smallest at the optimum effective dam heights for least costs (Figure 6).
 
The sediment-cost ratio (the value of expected sediment deposits divided
 
by the cost of treatment) increases with effective dam height and de
creases with incr-asing gully gradient. At effective dam heights of 
about 0.6 meter and larger, single-fence dams have a more pronounced
 
beneficial sediment-cost ratio than loose-rock or wire-bound loose-rock
 
da s. At effective dam heights of 1.1 meters and larger, treatments
 
with double-fence dams have the largest sediment-cost ratios.
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CHAPTER VIII 

WATER QUALITY
 

INTRODUCTION
 

The hydrologic cycle depicts the movement of water through a 
forest ecosystem. Water flow is a major component of the environment,
linking together the atmospheric, soil, biotic and stream compartments 
of the system. Since water is the carrier of materials and energy be
tween the atmospheric and terrestrial portion of the system and the 
stream, an understanding of the processes which affect water quality in 
forest streams has as its basis an understanding of the hydrologic pro
cess. 

DISSOLVED CHEMICAL CONSTIT'JENTS
 

To understand various impacts, one must realize that forest 
streams are not separate and distinct from the area they drain, but are 
an integral part of the ecosystem. As water comes into contact with 
each part of the system, the chemical characteristics adjust according
ly. Chemical reactions and physical processes occur as the water con
tacts tht atmosohere. soil and biota. It is these processes and the 
condition of each compartment that determine the amount and kind of 
chemical species in solution. 

The major sources of dissolved constituents inwater draining
 
upland watersheds are: geologic weathering of parent rock, meteorolog
ical inputs, and biological inputs. Chemical and physical weathering
 
converts rock minerals into soluble or transportable form. Dissolved
 
matter, including organic compounds and mineral ions, are added to the
 
forest ecosystem in precipitation, dust, and other aerosols. The bio
logical inputs are mainly materials gathered elsewhere and deposited in
 
the forest by animals (including man) and the photosynthetic production
 
of organic material from inorganic substances, followed by the subse
quent breakdown of the organic back to the inorganic compounds.
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In undisturbed ecosystems, the ro)ck substrate and soil generally 

control the relative concentrations of metallic ions (cations.such as 

Ca+ , Mg4+ , K+ and Na+), while the relationship of biological and bio

chemical processes in the soil to precipitation rarely governs the 

anionic (HC03-, NO3",and P04=) yield. Anions,.such as chloride (Cli-), 

nitrate (N03-), and sulfate (SO.=), at least in the absence of abundant 
sulfide minerals, orioinate from the atmosphee; the output of these 

ions is regulated by soil processes. 

Although appreciable quantities of nitrogen, sulfur, and other
 

elements are often found in precipitation ard in dust and dry fallout
 

between rains, the soil under natural forest conditions is considered
 

the greatest contributor of dissolved elements to runoff. Other compo

nents of the ecosystem (biologic, atmospheric, rock substrate), through
 

their influence on soil processes and properties, play an important
 

role in determining the chemistry of outflw.
 

leave a system by water transport
Such dissolved compounds can 

over and through the soil or forest floor to either groundwater or sur
face flow. 

The above processes are often lumped under the term nutrient
 

cycling, which consists of inputs, outputs and the movement of dissolved
 

solids within the system. This is chiefly concerned with outputs, that
 
various factors influencis, the streamflow from upland basins and the 

ing the. chemical components in this runoff. 

The movement of water through the soil, along with biological
 

activity, controls the ionic composition of water leaving upland water

sheds as streamflow. The most chemically active components of a forest
 

soil are the clay and organic colloids. Soil colloids have a large
 

capacity to exchange ions in solution for those adsorbed on their sur-


Clays have high exchange capacities compared with most other
faces. 

minerals because of their large surface area per unit volume and their
 

negative electrical charge.
 

A simplified picture of the exchange process would b. that
 

cations absorbed on soil colloids are selectively exchanged for hydro

gen ions from the soil water. The hydrogen ions come principally from
 

the solution of carbon dioxide in water and dissociation of the result

ing H2CO3 molecule into a hydrogen ion and bicarbonate ion. 
The dis

solvea carbon dioxide originates chiefly in the metabolism of
 
Based on the above assumpmicroorganisms and plant roots in the soil. 


remaining for some time in interstices betweentions, only the water 
soil particles is likely to pick up an appreciable load of dissolved 

carbon dioxide and consequently be effective in leaching mineral ions.
 

Studies have shown that the ionic concentrations and their re

lationships to discharge are quite variable. For example, a direct 

relationship exists between H+, N03- concentrations and discharge, but
 
,
 

no relationship between discharge and the concentrations of Mg
++ , Ca++
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=
S04 , and K+ has been found in streams on an experimental forest in New
 
Hampshire. Elsewhere, individual cation concentrations, when considered
 
throughout the year, appeared to be independent of discharge rate on
 
four experimental watersheds in the Appalacian mountains of the eastern
 
United States. An inverse relationship to cation concentrations and
 
discharqe of selected streams has been reported in the Rocky Mountains.
 
Also, an inverse relAtionship between ion 'concentrations and discharge
 
was observed fropi a stream in California. In large streams, general
 
ionic concentrations are commonly lower at times of high flow than at
 
low flow due to .:he long residence time of water in the soil during the
 
dry weather, which gives more opportunity for chemical reactions.
 

Land management practices can significantly influence ionic bal
ances. For exampie, if the cation-anion balance of the soil solution
 
is chang3d temporarily by the addition or subtraction of an ionic spe
cies due to logging or fire, the equilibrium is restored by an equiva
lent change in the concentrations of oppositely charged ions.
 

Once water has reached an effluent stream, it is often consid
ered to consist of a base flow fraction made up,,of ground water that
 
infiltrates intc the channel and a direct runoff fraction, which in
 
turn enters the drainage system during and soon after precipitation
 
periods. The direct runoff presumably has no residence time in the
 
ground water reservoir and only a short contact with soil or vegetation.
 
As mentioned earlier, reactions in the soil zone are coWonly extensive
 
eough that the direct ruroff has a considerably higher dissolved
solids content than the original rain or snow. Sometimes, the base
 
flow has a still greater dissolved load. Based on the ossumptions out
lined above, the solute concentration of river water would be inversely
 
related to flow rate. This would not necessarily be the case if the
 
stream were influent with base flow nonexistent.
 

Other natural factors in the stream itself that influence ionic 
composition include: reactions of water with mineral solids in the 
streambed and in suspension, reactions among solutes, losses by evapor
ation and by transpiration from plants growing in and near the stream, 
and ef ects uf orgdiiic nadcLer and aquatic organisms. This latter set 
of natural factors results in fluctuations of composition that bear 
little relation to discharge rates. 

Chemical equilibria probably control a few properties of water
 
in flowing streams. For example, the ion-exchange reactions of solutes
 
with suspended sediment probably are rapid enough that they usually are
 
at equilibrium. Certain oxidations, such as ferrous to ferric ion, also
 
normally reach equilibrium. For biological processes such as the util
ization and production of carbon dioxide and oxygen, the equilibrium

approach is not necessarily appropriate. If the stream is to be con
sidered a dynamic system, which it is, kinetics would better describe
 
its 'iemistry rather than using a steady-state equilibrium approach.

For cxample, the processes whereby biological organisms consume organic
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loads of the stream can often be better studied and understood by
 
applying rates of reactions and processes.
 

When a forest isharvested (especially clearcut), trees no 
longer take up nutrients and the nonmerchantable parts of trees increase 
forest litter. The removal of the forest canopy changes the microcli
mate, king it warmer and reducing evapotrahspiration, resulting in an 
increased soil water content. This increased temperature and water 
content of the soil accelerates the activity of microorganisms that 
break down organic matter. The greatly increased respiration of these 
organisms raises the carbon dioxide partial pressure of the soil atmo
sphere, which in turn increases the bicarbonate anion level and leaching 
loss of cations from the system. Nitrogen losses as nitrate may also 
occur, when it is produced by the oxidation of organic matter (nitrifi
cation) and not utilized by the forest vegetation which has been removed. 

Recent studies throughout the United States do show that follow
ing clearcutting, there is an increased loss of nutrients (cations and
 
nitrate) from the logged area along with an increased runoff volume.
 
This increased ionic loss along with increased runoff would possibly
 
tend to give concentrations of ions a less noticeable increase, but
 
total losses should be quite outstanding.
 

Studies have also shown that slash burning following logging
 
produces an even greater increase inthe release of ions from the forest
 
floor litter and mineral soil. This increase in the release of ions is
 
due to the breakdown of the organic debris to a soluble form, making it
 
easily removed from the soil by leaching water. Generally, this process
 
can.lead to an increase inthe total loss of nutrients in streamflow.
 
However, the above may not always happen. For example, a moderately
 
severe fire in a conifer stand had no specific effect on the concentra
tions of Ca++, Mg4-+,Na+, K+, or H03- in the stream. Itwas postulated
 
in this study that ash constituents were dissolved by light rainfall
 
and leached into the permeable forest soil before the first snow. Be
cause of the acidic nature of the soil, the dissolved cations were
 
absorbed on the exchange complex instead of being washed directly into
 
the stream. Of course, rains of high intensity following a severe fire 
could move large quantities of soluble ash compound into flowing stre&ms. 
As the forest regenerates following a perturbation, the dissolved load
 
of the stream also returns to levels experienced before the disturbance. 

In summary, the dissolved load of streams after various forest 
activities, such as clearcutting or burning, is a function of the sev
eral soil, vegetative and climatic characteristics that describe a
 
forest ecosystem. Soil characteristics, such as porosity and texture,
 
determine the pathway and rate of water movement inor over soil, soil
 
erodibility, and how strongly nutrients will be held within the soil
 
matrix. Vegetative characteristics, such as species composition, in
fluence the rate of nutrient uptake. The rate of revegetation controls
 
the rapidity with which recycling begins after system disruption. The
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leaching rate is influenced by form, chemistry, amount and intensity of 
precipitation. Generalization of effects of forest management in wide
ly differing upland ecosystems is precluded by the intricate interac.
 
tion among these many variables.
 

SUSPENDED SEDIMENt
 

Insome instances, undisturbed upland watersheds generally have
 
low suspended sediment concentrations (10 to 20 ppm average concentra
tion). Higher concentrations are often the result of a perturbation to
 
the drainage area such as roads, logging, or natural catastrophes which
 
can cause accelerated erosion.
 

Erosion of soils produces sediment inwaters draining forest
 
lands. Three major erosion processes are of concern: surface erosion,
 
mass soil movement, and channel erosion. Surface erosion isthe direct
 
result of rain striking unprotected soil surfaces. Soil particles are
 
detached and transported by overland flow across the soil surface.
 
This process is relatively nonexistent inthe nondisturbed, well pro
tected forest floor which has ahigh infiltration rate. Accelerated
 
erosion can be expected in cases where the protective forest floor lit
ter has been removed exposing mineral soil along with soil compaction. 

Mass soil movement is the process by which large volumes of
soil and rock materials move downslope under the influence oO gravity.
This movement is usually prevalent in areas where the geologic sub
strate is naturally unstable. 

Channel erosion is the result of abrasion by water or debris on
 
the stream bank and bed. This erosion process can contribute heavily

to suspended sediment. It was found, for instance, that 25 percent of 
the sediment yields in the western United States could be attributed
 
to logging activity, 25 percent to agriculture and 50 percent to bank
 
cutting in the main river.
 

In general, increasea velocity of streamflow will give an in
creased concentration of suspended sediment. Also, any practice that
 
reduces the stability of the streambank or other watershed surfaces
 
will cause suspended sediment to increase.
 

Roads and road building are considered to be the principle 
sources of suspended sediment. Studies and observations have shown
that as much as 90 percent of the sediment produced from timber sale 
areas in the northern regions of the United States comes from roads. 

There have been numerous studies relating forestry activities 
to accelerated erosion and sedimentation. Generally, it has been 
found that watershed damage from felling, limbing and bucking-of trees 
during timber harvesting is probably negligible. 
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Skidding and yarding activities can cause accelprated erosion
however, the great variety of techniques and machines used in this oper
ation provide alternatives for minimizing damage on many sites. A major
 
rule here is: the less compacting and disturbing the contact with the
 
forest floor, the less watershed damage will result from skidding and
 
yarding.
 

Balloon logging probably results in the least compaction and
 
disturbance because the logs are transported free in the air over most
 
of the cut area. Grapple and yarding systems are intermediate between
 
skyline and high lead, as they combine features of each. The most de
structive technique of all is tractor logging.
 

Harvest areas on upland watersheds are subject to erosion until
 
new vegetative cover is established, since it is the exposed mineral
 
soil that is a major source of suspended sediment. Furthermore, vary
ing degrees of damage to the forest floor result from the several com
binations of harvesting and log transport systems.
 

In a study, clearcutting and removal of trees by the balloon
 
system resulted in the lowest soil sediment deposited in streams and
 
had the smallest exposure of bare soil., Clearcutting by tractor, as
 
expected, exposed the most mineral soil (over 30 percent).
 

Once an area is logged, slash is frequently eliminated by con
trolled burning. Intense fires often lead to accelerated erosion.
 
Extremely hot fires consume vegetation, litter and duff materials and
 
leave the soil unprotected. Such fires may also reduce the organic
 
content of the soil and alter the stability of surface soil aggregates.
 
Infiltration rates are often reduced and surface runoff can be in
creased by the production of a nonwettable surface layer. Controlled
 
burns are usually not intense enough to cause erosion problems.
 

Fire can also be a contributor to accelerated mass wasting,
 
due largely to the destruction of the natural mechanical supports of'
 

soils. In the western United States, logging and burning produced
 
increases:in mass soil movements due to the loss of mechanical support
 
of the root systems of trees and plants. Many other studies support
 
the relationship of fire, logging and road building to accelerated
 
mass movements and resulting stream sedimentation.
 

BACTERIOLOGICAL QUALITY
 

Quite often, bacteriological indicators are employed to gain

knowledge of the biological quality of streamflow. An estimate of
 
these organisms is a relatively simple, fast and inexpensive index of
 
pollution,.especially when the membrane filter technique is.used..
 
Knowledge.of cycles and variability of bacteria in natural-waters.and
 
the relationships of bacteria to physical environmental factors is
 
sparse.
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There have been some studies of relatively undisturbed
 
watersheds describing bacteria-environment relationships.
 

Seasonal coliform trends have been studied and evidence of rela
tionships between coliform counts and certain physical environmental
 
factors (streamflow and 6ir"temperature) have been found. Great in
creases in logging and stream turbidity over a period of years did not
 
affect coliform densities, but it should be noted that the logging was
 
on municipal watersheds and disturbance was probably minimal.
 

An assessment of the causes of variation in bacterial numbers
 
of a small, unpolluted strean in the Rocky Mountains of the United
 
States indicated that the most important cause of bacteria population

fluctuations was summer rainstorms of short duration, producing over
land flow. When streamflow is stable during periods of no precipitation,

bacterial num,
bers c.n be related to the size of the water-streambed
 
contact surface. As streamflow increases after precipitation, bacteria
 
are deposited in the ground water associated with the stream and are
 
later released into the stream as it recedes. Bacterial numbers fluc
tuate during the winter even when tempieratures Are as low as 0' to 
5.5°C. It has also been found that wca ttle graze in marshy areas
adjacent to the stream, the bacterial density of the stream rises. The 
bacteria counted were coliform and total bacteria.
 

In a measurement of bacterial groups in streamflow from mountain
 
watersheds in the Rocky Mountains of the western United States, total
 
coliform, fecal streptococcus, and feczl coliform bacterial groups were
 
closely related to the physical parameters of the stream, and they were
 
especially dependent on the "flushing effect" of runoff from snowmelt
 
and rain, summer storms, or irrigation. The seasonal trend for all
 
bacterial groups was similar: low counts prevailed while the water was
 
at O°C; high counts appeared during rising and-peak flows caused by

June snowmelt and rain; a short "post-flush" decrease in bacterial
 
counts took place as the runoff receded in early July; high bacterial
 
counts were again found in the July-August period of warmer temperatures
 
and low flows; and counts declined In September.
 

Concerning evidence that the forest floor can act as a bacter
ial filtev, it has been-found that snowmelt water that had percolated
 
through a strip of forest on the oank of a reservoir contained fewer
 
bacteria than water that had not passed through the forested strip.
 

The major sources of fluctuations in bacterial content (espe
cially fecal coliform) that can lead to pollution levels in 
stream
 
water are concentrations of any warm blooded animals on the watershed 
including man, livestock, or big game animals. If bacterial content 
of stream water is to be kept below pollutional levels, strict atten
tion must be given to all sources of potential contamination by living
organisms.
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THERMAL QUALITY
 

Water temperature may or may not be critical to the survival of
 
the flora and fauna residing in a given stream. However, the composi
tion of these communities will change when there isa change in stream
 
temperature. An elevation of the water temperature will cause increased
 

greatet demand on the dissolved
bioloqical activity which will place a 

c;,ygFLi i the stream. Inaddition, increased biological activity may
 
be detrimental to the health of the fauna and even replace existing
 
fish with warm water species. The population dynamics and the type,
 
quantity, and quality of the food of the fauna living within the stream
 
will also change with variations inwater temperature.
 

Clearing the timber overstory adjacent to a stream isone way
 
Removal of the trees increases
the water temperature will be increased. 


the area of the stream exposed to radiation from the sun. That in
creased exposure is associated with a rise in temperature is logically
 

stream.
predicted ifone considers an energy btidget of the water in a 

If the trees are removed from the banks of a stream having a certain
 
average temperature, the only change inthe energy budget is an increase
 
insolar energy entering the system from the additional area of illu
minated stream surface. The temperature will rise as there are no new
 
outlets of energy from the system. Increases in stream temperature may
 
range from fractions of a degree centigrade for a slight opening to
 
over ten degrees centigrade for a clearing of the watershed.
 

A mathematical model developed in the western United States 
has boen used to predict stream temperatures following modificationsof
 

This model states that the change
the v2getation shading the stream. 

inst.;eam temperature is a function of the surface area of the stream
 
exposed to direct solar radiation, the net solar radiation load of the
 

exposed water surface, and the discharge of the stream. The model is
 

operated using variables which describe the physical situation of a
 

stream with vegetation bordering it. For application to a specific
 

case, the existing exposed surface area of the stream, the stream dis

charge, and the amount of incoming solar radiation is determined. The
 

.nr.sity d-il 'hickness uf the vegetative strip bordering the stream and 

the height of the trees are used to compute the effective unshaded area
 

of the stream surfa,e. The orientation of the stream, time of year,
 

ard physiography-of .he site are required to determine the effective
 
r?,diatlon loading.
 

The model may be operated several times to determine the effects
 

of various methods of forest cutting on the stream temperature. Such
 

predictions of changes instream temperature may also be used as input
 

to'other models whose outputs are the amount of dissolved oxygen in the
 

sfteam or the impacts on plant and animal communities associated with 
thO water. Due to interrelationships of plants and animals, there may 
b "an effect in several populations due to a change in the stream tem

perature. Changes in stream temperatures may have severe consequences
 

incertain ecos.stLms. Thus, one should examine possible effects and
 

choose appropriately before implementing a vegetative treatment.
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CHAPTER IX 

WATER HARVESTING
 

I NTRODCTI ,d 

Water harvesting .systems may be defined as artificial methods
 
whereby precipitation can be collected and stored until it is benefi..
 
cially usp.c. The system consists of a catchment, which ismade more
 
impervious by artificial means than itwas in its natural state, and a
 
storage facility for the harvested water.
 

The elements of the water harvesting system and the development
 
of modern techniques will be presented. Inaddition, various methods of
 
treating catchments and storing harvested water and the economics of
 
water harvesting systems will be discussed.
 

ELEMENTS OF WATER HARVESTING SYSTEM
 

Water Collection
 

There isno single method of treating catchments to increase run
off that is universally applicable. Each site must be individually
 
evaluated In order to determine the optimum treatment that will produce
 
water from a given site for a particular use.
 

Inthe design of a water harvesting system, numerous factors
 
must be considered. They include: the amount of runoff to be expected
 
from storms of various magnitudes, the ratio of runoff to precipitation
 
or runoff efficiency, and the effect of the selected treatment on the
 
quality of the water. The runoff efficiency is highly variable, depend
ing upon storm intensity, the permeability of the surface of the water
shed, the degree of saturation of soil of the watershed, etc. Precip
itation is a random variable; the selection of a particular treatment to
 
induce runoff and the size of the catchment.should reflect the undertain
ty of precipitation and runoff.
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minimum threshold amount
 For almost all treatments, there is a 


of precipitation required to saturate the catchment 
surface; below this
 

However, once this threshold has
runoff occurs.
amunt, virtually no 

been exceeded, the relationship between storm 

precipitation and runoff
 

will be essentially linear.
 

A catchment can be made more inpervious using 
the following
 

soil cementationchemical treatments,land surface alteration,methods: In land alteration, runoff cover modification.treatments, and ground 
shaping and compacting.clearing and smoothing,can be increased by: 

treatment are the use of water repellents
The two basic types of chemical 
 Soil
 
(such as silicones) and clay dispersants 

(such as sodium salts). 


cementation treatments include the mixing 
of asphalt, cenent, resins
 

Ground covers that have been used for catchand polymers into the soil. 
 exposed membranes (including
 meot construction can be classified as: 


butyl, plastic and asphalt), covered membranes, 
generally utilizing 

gravel to cover plastic sheeting, reinforced 
cement-mortar coated plas

-d asphalt and asphalt planking.tic, sheet metal, concrete, reinforc 

Water Storage
 

Various methods of storage have been used 
with the above methods
 

tanks have been constructed from:
The above-ground 

.of catclment construction. These methods include: abave-ground tanks 

and lined reservoirs. 
steel, rein

wire
grain bins with flexible liners, butyl bags,

forced concrete, metal 
and other types of surpluscarsreinforced stucco and railroad tank 

tanks. 

have been sealed with various types of 
The earth reservoirs The membranesand chemical treatment.liners and by mechanicalmembrane rubber sheeting, unrein

that have been used include: plastic and butyl 
and reinforced cement-mortar 

forcedand reinforced asphalt membranes, mechanical 
coated plastic. Mechanical and chemical treatments include: 

asuse of a compacting agent such
with and without thecompaction 

are also sometimes compacted, water s, clay dispersants whichenz 
3S-13, and betonite.asrepellants, polymers such 

Evapration and Seepage Control 

needed in order to,suqcess
and seepage control areEvaporation 

The methods used in achieving this control
fully stune harvested water. - ility.

the size and function of the storage
enalvly dependent onare, used for both the catchment and the

the same materials areFrequetly, bth funcrunoff inducement must 
reservoir because seepage control and 

into the soil. Like the catch
tion so as to reduce the entry of water 

anticipate the precipitation and 
the size of the reservoir mustment, In some instances,

runoff variability of the particular site. 
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evaporation has been controlled by use of chemicals such as long chain
 
alcohols, by use of floating and suspended covers of butyl rubber and
 
plastic sheeting on small tanks, and by completely filling the tank with
 
rock.
 

DEVELOPMENT OF MODERN WATER HARVESTING TECHNIQUES
 

Since the 1950s, the technology of water harvesting has developed
 

variety and sophistication. In Australia, "roaded" catchments, based
 
upon the concept of compacted earth, were constructed over thousands of
 

hect.rs In'order to collect water for agricultural purposes. In a roaded
 

catchment, the soil is graded into a series of parallel ridges, having
 
gentle slopes that permit water flow into the ditches that separate them.
 

The ditches then channel the water to storage areas, or the water may 
be used directly at the site.
 

In the United States, catchments were built in the 1950's out of 

sheet metal for watering livestock. Also during this period, experimenta

tion was undertaken with plastic and artificial rubber membranes, for 
Since then,the construction of both catchments and of reservoirs. 


-butyl.; rubber catchments have been installed inmany areas. More than
 

300 catchments in the state of Hawaii have been constructed of this
 
material.
 

A number of experiments have been attempted on Indian reservations 
in the western United States. Not all the techniques have been successful,
 

but some have worked well. One catchment at Shongopovi-,, on the Hopi
 

reservation, has provided supplemental domestic water since the early
 

1930's; this catchment was constructed with very little disruption of
 

the natural topography. On the Navajo reservation, butyl rubber catch

ments and storage bags are successfully used by stockmen. A concrete
 

catchment is being constructed on coalmine spoils on the Black Mesa to
 

test the feasibility of water harvesting for agricultural purposes on
 
the spoils. 

In 1961, waterproofing the soil itself to serve as a catchment
 

structure was attempted. Materials that imparted hydrophobic properties
 

to the soil, thus decreasing its permeability to water were tested.
 

These materials included sprayable asphaltic compounds, plastic and
 

metal films bonded to the soil, soil compaction and dispersion, and field
 

fabricated asphalt and fiberglass membranes.
 

Water harvesting techniques for the growing of shrubs on coal
 

strip mine soils in New Mexico have been explored. It was found that
 

treatment of the ground with paraffin increased water runoff and the
 

growth of two month old saltbush and Siberian peashrub transplants; the
 

soil moisture content of treated plots was increased by about twenty per

cent.
 

There is considerable variation in the cost longevity and
 

efficiency of the above methods of catchment end storage construction.
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These systes would need to be evaluated for each site in order to select
the best system. Some of the systems to be discussed in the following

section have been developed and/or tested at the University of Arizona
in the United States over the past fifteen years. In general, these
systems are among the most economical of those mentioned above. 
These
water harvesting systems were designed to: 
 provide a dependable supply
of stock water, provide a high quality water fpr domestic and industrial

supplies, and extend agriculture into lands presently uncultivated due to
 
latk of water.
 

WATER HARVESTING CATCMHENTS TESTED AT THE UNIVERSITY OF ARIZONA
 

Some of the more economical materials-mentioned in earlier sections
of this chapter have been tested in the Water Harvesting Program at the
University of,Arizona; the most expensive materials, such as sheet metal,

concrete, asphalt panels and asphaltic pavements, were not tested. The
results from small plots using exposed unreinforced asphalt membranes
have shown that, although relatively inexpensive, this method is undesirable due to cracking caused by oxidation, plant germination and swelling
and shrinking of the soil subgrade. 
Based on the results of small plot
tests, economics and experience of other researchers, large scale testing
at the University of Arizona has been limited to the following treatments:

compacted earth, sodium, gravel covered plastic and reinforced chipcoated asphalt catchments. A discussion of these catchments follows.
(Note: All coat eeti ztio,preuented. in the folZlowing ecotion are in1972 U.S. dollare, and unlese otheariae noted, are baeed upon construction 
methode used in Arixona.)
 

..Capacted Earth Catchments (CE)
 

The Public Works Department of Western.Australia initiated.in

1948 a-program of construction of Roaded Catchments. 
These catchments
consisted of clearing, shaping and contouring to control length and degree of slope and compacting with the aid of pneumatic rollers. 
An estimted ,.r0 roaded catchments have been installed nrincipally to supply
Water for livestock use. 
These averaged approximately 1 hectare insize.
There are also 21 roaded catichments totalling 706 hectares and ranging

in size from 12.1 to 70.8 hectares presently,:being used to furnish domes
tic water for small towns in Western Australia.
 

This relatively large scale use inAustralia of the compacted
eath catchment attests to their utility. 
A 0.4 hectare compacted earth
ca!.c 
ent was constructed In-the spring of 1970 at Atterbury Experimental
Watershed located near Tucson, Arizona, USA. A design similar to thosein Australia was used. Two 121.9 meter long drains spaced 15.2 meters
apart collected water from 7.6 meter long slopes. 
The drainage channels
 were covered with plastic and gravel to prevent erosion and water loss.
The catchment was shaped by a grader following a 1.27 centimeter rainfall.
The plot was then smoothed using a tractor-drawn rotary rock rake. 
This
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proved to be an excellent method of smoothing. Following an additional
 
1.27 centimeters of precipitation, the plot was compacted using a 23.6
 
metric ton vibratory drum roller. The drainage channels were also lined
 
at'this time. The total cost of the catchment was approximately $250
 
including wages at $3.50 per hour. The cost would be more if the catch
ment site were more remote, unless several catchments were installed at
 
one time. For large catchments, the cost should be less than $370.60
 
per hectare, the cost being primarily dependent on the cost of clearing
 
and shaping. The smoothing and compaction costs on a large plot would
 
be relatively low. There has been little maintenance since the plot was
 
installed. Maintenance would consist primarily of weed control. If
 
care were taken not co disturb the surface while controlling weeds, the
 
road surface should improve with age.
 

During the 18-month prOject period, a total rainfall of 50.11
 
centimeters occurred. The compacted plot yielded 17.68 centimeters or
 
35.3 percent of the total rainfall. This represented an increase of
 
12.34 centimeters over the water yield from a control plot. The amount
 
of precipitation required to initiate runoff was about 0.51 centimeter.
 

Assuming a life of 20 years, an interestrate of six percent,
 
and an efficiency of 35 percent in a 30.48 centimeter rainfall area, the
 
cost of water harvested from the compacted plot would be approximately
 
1$0.48 per cubic meter. This price does not include weed control costs.
 
Economy of scale would reduce this cost even further on larger catchments.
 

Sodium Treated Catchments
 

Results from previous research indicate that small amounts of
 
sodium, when applied to the surface of desert soils where there is
 
little or no vegetation, will cause a dramatic reduction in infiltration
 
rate. The effict4!-however. has been found to be temporary. Sodium does
 
cause a clay migration from the surface. Clay lenses have been created
 
in the laboratory-and the field through the use of a relatively heavy
 
treatment of sodium chloride. These clay lenses have been found to be
 
migratory in the sandy loam soil (clay content = 11 percent) at Atterbury
 
Experimental Watershed,,-When the lenses are close to the surface, they

have a large effect on runoff. As the lenses move down in the soil pro
file, the effect becoms negligible.
 

The application of a relatively light treatment of soditim to a
 
grass-covered soil does not result in a significant change in infiltra
tion rate. The maintenance of a grass cover seems to be incompatible
 
with the use of a llght treatment of sodium chloride to increase -unoff.
 

Results have indicated that sodium chloride can be used in in
creasing runoff where the soil isbare, Periodic disking and smoothing 
:of the soil surface may be needed along with retreatment of sodium 
chloride inorder to maintain a low infiltration rate. The disking may
also be required to return the clays to the surface. This method of 
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treatment would require shaped catchiment areas-to minimize the 
length
 

and degree of slopes so that erosion would not be excessive.
 

Perhaps the most effective use of sodium chloride is in conjunc

tio'n with the compacted earth catchment. The sodium not only renders
 

the catchment more impervious but is an effective way to control weeds.
 

Weeds are the major maintenance problem in compacted earth catchments.
 

Tkv X'..),li ted-Larth Sodium-Treated (CEST) Catchment has been field 

tested on a 0.4 hectare site at Page Experimental Ranch in Arizona. The 

catchment was.prepared in the spring of 1971 in the same way as the CE 

Ca.tchment at Atterbury Experimental Watershed. After shaping, the plot 
Four and one half metric
 was rototilled to destroy soil structure. 


tons of granulated salt were then added using a fertilizer spreader.
 

The granulated salt was mixed into the upper 5 centimeters of soil 
and
 

the soil surface smoothed using the rotating tractor-drawn rock rake.
 

Following a 1.01 centimeter rainfall, the catchment was compacted with a
 

The total cost of the CEST Catchment was approximately
drum roller. 

to serve a dual purpose. Grapescatchment constructed$450. This was 

planted in the drainageways. Waterand deciduous fruit trees have been 
is stored both in the soil and in a 56,850,000 liter storage tank where
 

Thus, the catchment can proit is available for use durin. dry periods. 


duce both food and water. Thi type of dual system should be more
 

to the general public than bare catchment areas. The effiacceptable 
ciency of this system neglecting soil-stored water has been greater than 

50 percent of the total rainfall.
 

Gravel Covered'Plastic (GCP)
 

,*he use of exposed plastic for water harvesting has been un

successfil due to ultra-violet induced oxidation, wind, and mechanical
 
protects the plastic from sunlight and wind.damgo. The use of gravel 

covered plastic catchmerits were first installed at the University
Gravel 

of Arizrna in December of 1965.-*The 0.015 millimeter polyethylene 

plas

tic in .:;arly installations is still in excellent shape. 

reduce costs of the gravel covered plastic catchment,in order to 

two dfferent types of automated Installation were developed. One type
 

was e plastic laying gravel chute that fits on the back of a dump truck. 

By un,3ns of the chute, plastic could be laid down.and covered in
one 

inst0llation. 

A more controlled method of installation of GCP catchments can
 

be attained through the use of a modified self-propelled chip spreader.
 

Where specialized gravel spreading equipment 'isnot available, the
 

catc r nt has been installed at a rate of 185.8 square meters per hour 

using a front-end loader and a crew of five.
 

Large areas of the world have sufficient gravel in the upper soil
 

Because of this,-a machine was developed
profile to cover the plastic. 

th.at would extract the gravel from the soil, lay plastic and cover the
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plastic with the extracted rock, Considerable research effort was ex
pended in the successful testing of this type of machine which was
 
called the Gravel Extracting Soil Sifter (GESS).
 

A catchment is properly constructed if the plastic is covered
 
with the minimum size and depth of gravel needed to provide a complete
 
cover and resist erosion (Figure 1). On a10 percent slope 30.48 meters
 
long, a 1.27 cenineter cover of 0.48 to 0.95 centimeter gravel will
 
withstand a 45.7 centimeter per hour intensity rainfall. In contrast 
with the CE and CEST catchments, the GCP Catchment produces sediment
 
free water, a primary consideration in domestic supplies, The cost
 
depends on the method of installation. In general, it would be approx
imattely $2475 per hectare for large catchments installed with an improved 
version of the GESS using 0.0254 millimeter polyethylene plastic. The
 
use of imported gravel would increase the cost to over $3713 per hectare.
 
The projected life of a properly constructed and maintained GCP catchment
 
is twenty-five years. With a 70 percent efficiency and a 6 percent
 
amortization rate, the cost of water would be 0.089 per cubic meter in a
 
30.48 centimeter rainfall zone.
 

Chip-coated Reinforced-asphalt Catchments
 

Another type of catchment is the fiberglass reinforced asphalt
 
catchment. Several of these catchments havp been field tested in Arizona.
 
Work at the University of Arizona in the area of reinforced asphalt catch
merits have centered around the use of plastic, both polyethylene and 
polypropylene, as the reinforcement material. The treatment consists of 
a prime coat of emulsified asphalt followed by a layer of 0.0102 milli
meter polyethylene sheeting or polypropylene matting, which is then 
imediately covered with a top coat of emulsified asphalt and 0.32 to
 
0.48 centimeter chips. This Asphalt-Plastic Asphalt"Chip coated (APAC)

catchment has many good features. It requires approximately one third
 
the amount of gravel as a GCP Catchment. The treatment should work on
 
any soil type since the plastic reinforcement prevents cracking. Treat
ment can be completed at one time. No curing time is needed during
 
construction. The pastic shculd last at least 25 to 30 years if the
 
catchment is properly maintained. Retreatment would be made by sweeping
 
loose chips from the surface and laying down a new asphalt and chip pro
tective coating. Based on the use of similar treatments in the roofing
 
industry, retreatment would probably be needed every 10 to 15 years.

Results from small plots indicate the catchment will cost at least twice
 
as much as the GCP Catchment but will have an efficiency of 90 to 95
 
percent. This treatment has sufficient merit; large scale testing is
 
planned.
 

WATER STORAGE METHODS COMPATIBLE WITH WATER HARVESTING
 

In general, the water storage techniques tested at the University
 
of Arizona have been related to stock water supplies and consequently are
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limitedin size.i The basic.treatment would also be suitable for larger

resrrvoirs, O'th the possible exception of the rock-filled tank or those
 
tanks uAtilizing .the suspended cover for evaporation control. The seep
age and evaporaion control methods outlined.here can also be used on

exIsting o"t new reservoirs that are filled from other sources of water.
 

2lntic-Lined Rock-fi lied Reservoir
 

,The construction of this tank was prompted by the availability of
cogerpial rock pickcrs which make the cnllection of rock for small tanks
 
eomical. Although decresing storage by over 50 percent, the rock
greatly reduces evaporation loss and practically eliminates any chance

of mechanlca' damage Including vandalism.
 

The tapk isfirst excavated, then the surface israked smooth.

Two or three, layers of 0.0254 millimeter polyethylene plastic is then

laid down and covered withused rubber'tires. 
The tires are filled with

silty clay cover niteria1, to reduce the'significance of any holes that
 
may inadvertently occur In the plastic.. The tires protect the plastic

liner as rocks are added to the tank. Inthe United States, used rubber
 
tires can be easily obtained at no cost. Inareas where used tires are

difficult to obtain, a 30.48 to 45.72 centimeter layer of soil on slopes

less than 1:3 or a reinforced coat of cement-mortar could be used on,:.

the tank to protect the plastic. Three rock-filled tanks have been con
structed inArizona using a rotary drum commercial rock picker in areas

containing sufficient rock to make the system economical. The cost is
 
dependent upon the site and method of collection of the rock. The tanks
 were constructed for a cost of approximately $2300 for 94.6 cubic meters
 
net storage with $1600 expended for the filling of the tank with rock.

A reel-type rock picker was tested in connection with the construction
 
of the above.tanks. These tests indicated that the use of this type of
 
picker should reduce-costs by 50 percent.
 

Plastic-lined Concrete-coated or Earth-covered
 

The various methods of seepage control were outlined in the intro
duction. Plastic lining, if properly covered, offers a positive method
of seepage control that isvery competitive with other methods. Tests

have indicated that a layer of silty soil, 
or a 1.90 cPtimeter layer

of wire mesh reinforced cement-mortar will greatly reduce the seepage

loss through holes that may inadvertently be placed inthe plastic

liner. The reinforced mortar coating is placed directly on the plastic

and has proven to he an effective cover to use on steep slopes. This
 
cuating may either be placed using gunnite equipment or can be hand
 
plastered. 
The cost of this cover is less than $2.15 per square meter.
 

Inorder to reduce the cost of installation on l-,qer reservoirs,

the.same equipment developed for laying graveled plastic catchments can

be used for laying and covering of plastic liners with soil. On smaller
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tanks, of the siZe used for stock purposes, the soil covering isgenerally
 
installed using hand labor. The economy and strength of a reinforced
 
mortar covered plastic tank makes itpractical to construct a walk-through
 
cattle trough that isdirectly connected to the tank. This design avoids
 
the need for a float valve which issubject to malfunction and vandalism.
 
The use of the mortar covering also makes it possible to run water direct
ly from the catchment into the tank, thus avoiding any chance of stoppage.
 

A Coupled-Expanded Polystyrene Asphalt-Chipcoated (CEPAC) Raft
 
can be used for evaporation control. This system, first tested in the
 
spring of 1972, isessentially 100 percent effective in preventing evap
oration loss for the area covered. Any size of polystyrene sheets can
 
be coupled together. Those tested at the University of Arizona have
 
been primarily 2.54 centimeters thick, 1.62x 1.62 meter sheets. These
 
sheets are coated with emulsified asphalt and immediately covered with
 
0.16 to 0.32 centimeter chips. The sheets are coupled together using a
 
coupler made. out of two short lengths of slotted 3.81 centimeter PVC 
pipe. An oiter frame of 3.17 centimeter PVC pipe filled with water pro
vides a protective bumper for the rafts which have been constructed 
up to 148.6 square meters. These rafts can be coupled together to cover 
as large a body of Wter as desired. The cost of thts system is less 
than $1.07 per square meter. 

A :;uspended cover of butyl or reinforced plastic would be 
recommended for smaller tanks used for domestic control inwhich it is 
de.lrable to keep out fore.ign material or eliminate algae growth. 

Sodium Treated Reservoirs
 

!hosn there is sufficient clay in the soil and the incoming water
 
is higtrr in sodium than calcium, the use of sodium salt is the most 
econcmiial treatment for seepage control. A 567.8 cubic meter tank at
 
Page Ranch, constrticted in connection with the salt treated catchment, 
was sealed in 1971 with sodium chloride at the rate of 11.20 metric tons 
per hectare. The seepage loss at the tank appears to be insignificant, 
rd li':e t- 14, fact f'tt , inroing water has moren sodium than calcium, 

the life of the seal is indefinite. Evaporation is controlled through 
the m3e of CEPAC Rafts. 

DISCUSSION OF THE ECONOMICS OF WATER HARVESTING SYSTEMS
 

To determine the most feasible method of water harvesting, costs 
and estimated life of the catchments must be considered. In addition, 
each site dnd potential water use should be examined in order to deter
mine which catchment and method of storage to use. 

The use of the CE and CEST Catchments are limited to areas where
 
Both the CE and CEST Catchments shouldsoil conditions are favorable. 

not be built :here soils are difficult to compact. Tests to date have 
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indicated that clay content should not be less than five nor greater

than 35 percent. For soils with the higher clay content, itwould also 
be important to have more sand than silt, otherwise erosion problems
 
would be unsolvable.
 

Water produced from a CE or CEST Catchment contains considerable
 
sediment. -Inthe case of the CEST Catchment, this sediment is finely
 
dispersed a d will remain in'suspension. Although salt treated, the
 
wa'cer from a CEST Catchment has less than 500 parts per million total
 
salinity and can be used for most purposes including agriculture. Al
though more expensive, the CEST Catchment is generally preferred over
 
the CE Catchment since the sodium not only increases the efficiency of
 
the catchment but also serves as an herbicide which reduces maintenance
 
costs.
 

A sodium treated tank would probably be the best to use incon
junction with a CE or CEST Catchment. Periodic retreatment of the
 
tank may be necessary with a CE Catchment.
 

A graveled plastic catchent should beconsidered where,gravel
 
iseconomically.available, the soil'condition Tshnot suitable for a CE.
 
or CEST Catchment, and/or a sediment-free water is desired. Generally,,
 
a plastic-lined reservoir would be used inconjunction with theGCP,.
 
Catchment.• A rock filled tank should be considered with the GCP Catch-,
 
ment if there is sufficient rock in the area and vandalism Is a problem.

Othtrwtse, a CEPAC raft covering would be reommended for evaporatton
 
control, unless the water were to be used directly for domestic use.
 
In the latter case, a suspended cover would be recomended.
 

The.APAC system would be used in areas where: soil or gravel

ccnditions are such as to make the CE, CEST or GCP Catchments impractical,
 
and/or rainfall and/or storage considerations were such that a high

efficiency would be needed to maintain a firm water supply. Ingeneral,

the same type of storage system used for the GCP Catchment could be used
 
for the APAC system. The size of the storage .reservoir could be reduced
 
due to the higher efficiency of the APAC system.
 

Although more research is needed, costs of installation of water
 
harvesting systems have been greatly reduced through application of modern
 
techniques and methods described in this paper. Water harvesting should
 
beftbOnidered whenever new water supplies for domestic and livestock use
 
in developing arid and semiarid lands are needed. Ifthe cost is low
 
enough :or the value of the crop is high enough, the water harvesting .sys
tems described inthib oaper can also be used to develop new agricultural
 
lands where water is prtesently.unavailable.
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CHAPTER X 

RESERVOIR MANAGEMENT
 

INTRODUCTION 

Reservoirs are often an integral part of most watershed resources 
managment program. Reservoirs can be used to store. and release water 
to enhance the general well being of people; they can help provide sus
tained water supplies for irrigation, municipal and industrial use, 
hydroelectric pow generation, dillution of pollutants, and navigation, 
or they my be used to reduce floods. In nearly all regions, strweam
flow may be excessive during some seasons and insufficient in others. 
Not only do water supplies vary with time, location, quantity, and qual
ity; the demand for water is,;highly variable. Inparticular, regions 
with well defined wet and dry seasons usually experience the greatest 
demands for water at a time when qmpplies are. the lowest. Reservoirs 
can often provide the.principle means of.controlling-and managing water 
supplies for human,-needs downstream. 

Although theTfocus -of thiJ:s .syl.labus has be.n watershed resources 
management, it should be evident that such management must often be 
coupled with reservoir ianagement to-achieve water resource goals. The 
linkages among water resource goals, watershed management, and reservoir 
operation are important (Table..1). In some Instances,,a reservoir must 

,be constructed in albasin to achieve water resource goals. For example,
Asome type of storage reservoir is .needed.to provide water supplies dur

ing dry periods, regardless of watershed management activities. Water
 
yield can be increased in many areas by converting from deep rooted
 
(trees) to shallow rooted (grass) vegetation. However, without a reser
 
voir, .vch of the increased water yield would likely flow from the area
 
during high runoff periods and would be unavailable when irrigation was
 
needed. Conversely, sound erosion control practices should accompany
 
any reservoir project to prevent the storage capacity from filling up
 
with sediment before the design life of the project. Economics usually

dictate that sedimentation be controlled. 
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Table 1. Watershed and reservoir management as they relate to several water
 
resourcp manaqement coals.
 

Water Resource 
lanagement Coals 

Increase available 
ater supplies for 

irrigation, 
unfciple, etc. 

Reduce flood hazard. 

Maintain surface 
water supplies with 
a h:,h quality for 
human consumption 
or fisheries resources. 

Provide hydroelectric 
power. 

Mtersned Mnagon t 
ObjectiveslAct vttes 

Manipulate vegetative cover to increase water 
yield, (convert from deap rooted to shallow 
rooted species on watershed) 

Minimire/control erosion and sedimentation to 
mintain storage space in reservoir for the 
duration of design life. Rehabilitate water
sheds in poorly managed areas. 

Maintain vegetation and soils ingood condi-
tion through proper land management; maximize 
infiltration and minimize surface runoff, 
Rehabilitate where necessary. 

Minimize sedimentation of channels to mintain 
channel capacity, 

Restrict or carefully manape land use activ-

ities conducive to production of sediments, 
disease carrying organisms. 

Maintain vegetation and soils in good condi-
tion. 

Rehabilitate watersheds where needed.
 

Manage watersheds to sustain life of reser-
voir project as above, 

Reservoir Mnagemant
ObJectives/Activities 

Provide storage to ac
commodate increased 
water yield and also to 
provide firm yield for 
demands. 

Provide storage space 
which can be used to
 
store runoff during 
flooding. Store during 
periods of high runoff 
and release during dry 
periods 

Regulate outflow to en
hance desirable down
stream water quality 
characteristics (dis
solved oxygen and tem
perature). 

Maintain a dependable
 
storage with sufficient 
head to generate enough 
electricity to met
 
demands
 



When flood control is a goal, watershed management practices
 
designed to maintair high infiltration rates and low sur'face runoff are
 
needed. Such practices can affect the magnitude of the average annual
 
flood. When ex;tremely large storms occur of a less frequent nature, 
studies have shown that the condition of soils and vegetation have a min
imal effect. In such cases, a reservoir can provide considerably more
 
flood control. Certain "people" management options are available, how
ever, to reduce flood hazard. Flood plain management (i.i., keeping 
people and buihir, out o]f flood hazard areas), offers a viable alter
native to reservoirs. Social and economic factors should be carefully
 
considered wen evaluating such alternative-.
 

Social and economic problems are often associated with the con
struction of reservoirs. Relocation of people, loss of productive bot
tomlands, and adverse environmental impacts; must be weighed against the 
benefits-of a reservoir. Planning for the sustained and.wise ise of the 
benefits of reservoirs is essential if the benefits are not to become 
liabilities. For example, a flooJ control reservoir may lend a false 
sense of security and create overdevelopment if the flood plain down
stream. Since no flood control reservoir is 100 percent effecti-ve, the 
potential For flond iosses may be increased. 

RESERVOIR OPERATION AND STORAGE 

Once the need. for a reservoir has been established, the following 
questions: must be answered: can more than one goal be achieved, that is, 
should a multipurpose rather than a,single-pu.rpose res,-rvoi, be consid
ered? Are the demands for storage with a multiDurpose project c:ompetitive 
with respert to time? And what storage volume is required to meet de
mands? ' 

Reservoir Operation 

Political and economic decisions usually dictate hether a single
purpose or' multipurpose reservoir is to be constr.ru,,ed. The needs of a 
region (inc!Udin-,' watpr 7upply, irrigation, electrical power,*navigation, 
and flood protection) should be cnnsidered. It is usually more economi
calto construct a reservoir capable of meeting several requirements 
rather than one. Also, it is Possible in many instances to meet more 
than one demand with a fixed storage. For example, a given volume of 
storage may provide flood control during the rainy season, but that same 
volume may provide water supply needs during the dry season. If hydro
electric power is being generated, therc may beccnscrai.nts placed on the 
operation of the reservoir pool to maintain the required head of water. 

Sometimes the deimands for water are zompetitive for the same time 
period. Storage vo lmes in the reservoir must thern be a llocated to meet 
these competitiv: demands, . ypirally, this is accomplished by comparing 
demands with "stc:,ra3e volunes and partitioning total storage (Figure 1) 
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Fioure 1. Allocation of .%torAne fn', a , reservoir. 
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This partitionin;,o orocess involves both the determination of required 
volumes, to be discussed later, nd establishing operatingrules to
 
speciFY how the reservoir is to be maraged. 

The elevations of the various zones are used as guides for oper
ation and cai var'y sesonally (Figure 2). The flood control zone would
 
be evacuated of water at a tire corresponding to the Flord season (in
 
this example, by the end of October). The reservoir would then be kept
 
at the top of conser,,ation space (bottom of flood control space) to pro
vice suiffi.ient storage to control flooding. The top of the flood con
trol pool is used to maintain the integrity of the reservoir. Once the 
pool elevation rises anuve this level, as much flood water as possible 
is released to orevent the dan from collepsing.. nce intu Zone 1, the 
reservoir is operated to release the maximum arrtount of water without 
causing floodinq. Ideally, thi: would coincide with bank-full conditions 
downstream. This operating rule would be in effect until the end of the 
flo.d season, April in this example. During the dry season, part of the 
flood control space is used for conservation storage Zone 2). A system 
of priorities may be establish.d within Zone 2 to insure that vital 
water-needs will be met. In this example, a buffer space is provided 

'for hiqh priority use. An illustration would be, a reservoir which pro
vides For both irrigation and municipal water supplies. Zone 2 would 
be operated to satisfy irrigation demands until the pool dropped to the 
t:op. of the buffer space. At this time, irrigation demands would not be 
met to meet hicher priority municipal needs. Zone 3 represents the dead 
storage comnponent of the reservoir- which contains enough space to trap 
and retain sediment: over the life of the project. Operating gates on 
the reservoir are above the top of Zone 3; therefore, the only time the 
pool elevation 'can drop below this zone -is when the. reservoir is evacu
ated as far as possible with control gates, and evaporation and seepage 
exceed,,.eservoir inflow, 

The development of iuv,;,, (guidelines for reservoir opera
tion, juiiMily specif**inci taryet storages on a n",nthly basis) involves 
considerable knowledge of the variability of inflow to the reservoir and 
a clear undersi ndirg e' ea.o'nal water de'iands, priorities,, and the 

downstream chainnl ,canaci ty. Historik-ally high and low streamflow se
quences ar: usua l1, used to develop and test rule curves to insure that 
water requirements anci all constraints -'e met. When hisztoric records 
are limited, a regional anllysis may be perfon.ed to exterd data. Other 
options mny be to syn:hesize streaIfiow records with either deterrmiinistic 
or stochastic models. 

R!ile curves serve as guides in the operation of a reservoir. Of 
co'lrse, th.le opportumiity to adhere to these guides is improved by provid
ing the reservoir mana(;er with Iccurdt.e, real-time forecasts of inflow. 
Many operating constnainLs must usually be considered alonq with the rule 
curves. For example. r, Jst reservoirs have restricted rite, of change of 
outflow to prevent rapid survqes of water downstream. In some cases, this 
may* cJse the re'.ervoir poo e1,',t-on. to deviate frori the rule curve. 
Similarly, rul curek may occasi on ilv be violated to accotriodate 
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(2) 	compute the median-plotting positions of nonexceedence frequency

for ranked low flow events. For the 8 year period, the first 5
months could not be used to estimate 1:month low flow volumes.

The effective record was, therefore, 8 years less than 5 months,
or 7.58 years. The plotting position (PP) for the lowest 6 month
 
volume was:
 

PP 1 - (0.5) I/N 

=I - (0.5)1/7.58 = 1 - 0.9128 =0.0872 

Which means that the probability of a 6 month flow volume being
less 	than 67.1 m3 
x 106 would be 0.0872 or 8.7 percent. The

formula for the plotting position of other volumes is
 

PP = 	0.0872 + (AR) AT 

where:
 

AP = 0.9128 - 0.0872 0.8256
 
A = 7.58 - I = 6.58
 
AR = Rank - 1
 

The number of events ranked is the smaller of N/n or R where:
 

N = number of months in the record
 
n = number of months in duration 
R = rank of the last event with PP < 0.50 

(Inthis example R = 4) 

The ranked volumes were:
 

6 month Volume Plotting Position

Rank 	 _(m3 x 106) 	 (percent) 

1 
 67.1 
 8.72
 
2 
 69.7 
 21.27

3 
 69.9 
 33.82
 
4 
 72.1 
 46.37
 

(3) plot the low flow events (Figure 4). These nonsequential mass
 curves are smoothed graphically to insure mutual consistency,

that is, so curves do not cross.
 

(4) 	 minimum runoff duration curves are then obtained by plottingpoints from the low flow frequency curves on logrithmic paper(Figure 5). 
 The flow rates which are in cubic meters per second

(Figure 2) are converted to volume (Figure 5).
 

(5) 	select the risks that are considered reasonable for the type of
pro)ject uei:ig studied and, along with the required demand, evaluate the storage requirements (Figure 6). The nonsequential mass
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Figure 4. Low-flow frequency curves based on 35 years of historical
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from partial-duration analygis of independent (non-over
lapping) events.
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curve is the selected volume duration curve plotted on arithmetic
 
grid. This is used as the estimate of yiled. To determine the
 
storage requirement, a straight line with a slope equivalent to
 
the demand is plotted tangent to the mass curve. The absolute
 
value of the negative vertical intercept represents the storage
 
requirement (inthis example, 1.5 m3 x 106).
 

The results from this example yield the storage required to meet
 
the specified demdnd, in this case, 17.38 m3 x 106/year. Thus there
 
would be a 2 percent change of having a shortage with the storage of
 
11.5 m3 x 106. Again, there are some constraints with the use of this
 
method. The nonsequential mass curve does not reflect the seasonal
 
variation of flows. Also, if demand varies seasonally, the procedure
 
cannot be used. This method is only as good as the nonexceedence fre
quen.cy curves from which it is based. Therefore, several years of record
 
are needed. Typically, adequate streamflow data are not available to
 
utilize either one of the two simplified approaches. In such cases, con
tinuous simulation models may be used to generate streamflow for a par
ticular area based upon precipitation records which are often more
 
abundant.
 

Detailed Sequential Analysis
 

The most accurate method of determining reservoir storage re
quirements is by the detailed sequential analysis. This approach is
 
usually considered more acceptable than the previously described tech
niques because all inflow and outflow to the reservoir site are examined
 
during sequence of critical low flow events. Reservoir storage require
ments then are evaluated with a procedure based on the principal of con
servation of mass. The conservation ofmass is expressed by the following
 
continuity equation:
 

I - 0 = ,S 

where:
 

I = total inflow volume to the reservoir during a specified time
 
period
 

0 = total outflow volume during the same time period
 
AS = change in storage volume in time period.
 

The change in storage can be expressed as follows:
 

S = St - St- l
 

where:
 

St = storage volume at end of time t
 

St 1l = storage at end of time t-l 
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By substitution and rearrangement: St = St 1 + It 0t 

A repetitive solution of the above equation together with an examination
 
of constraints, storage boundaries and service priorities is called a
 
sequentia! routing study.
 

Because of the detailed nature of a sequential analysis, computer
 
programs are often used. Sequential routing can be performed by hand
 
calculati'ons, particularly when determining the storage capacity of a
 
simple single reservoir, but the work is tedious.
 

Design Floods
 

Design floods or design storms a'e selected for reservoir studies 
as standards against which performance of the facility may be evaluated.
 
The design flood is simply the runoff from a large storm and is defined
 
by some selected criteria.
 

Design floods are typically referred to as spillway, reservoir,
 
or project design floods. The spillway design flood is that flood which
 
is selected to dztermine the size of the spillway of the reservoir. The
 
reservoir design flood refers to the eveot selected for sizing the flood
 
control storage of a reservoir. The project design flood is that which
 
is used to determine the size of the project.
 

There are several approaches to determine design floods for one
 
of the above purposes. The probable maximn flood (PMF) is that flood
 
which may be expected from the most severe combination of hydro-meteoro
logical conditions that are reasonably possible for an area. Typically,

such a large event is used in the design of a spillway, particularly

where failure would be disastrous in terms of loss of life. The standard
 
project flood (SPF) is usually smaller than the probable maximum flood.
 
Often a figure of 40 to 60 percent of the PMF rainfall is used to gen
erate the standard project flood. It is usually used as an upper limit 
design flood for major reservoirs or local protection projects. In
 
either case, the estimated flood events are based on sound knowledge of
 
the meteorological conditions in the region. A certain amount of judg
ment is used in determining both of these floods. An alternative ap
proach would be to determine floods with specific exceedence intervals
 
such as the 20 year, 50 year, or 100 year event A risk is thus asso
ciated with these design floods. Reservoirs should probably not be de
signed on the basis of recurrence intervals except where loss of life is
 
not a factor or where the economic impacts of failure are insignificant.

It must be realized that a reservoir designed on the basis of, for ex
ample, a 10 year recurrence interval flood has associated with it a
 
risk of failure of 67 percent over a 100 year period. In the case of
 
multiple projects, the design on the basis of the 100 year event could
 
be very misleading. Ifwe have 100 reservoirs designed in this manner,
 
there is a 67 percent chance that one of those reservoirs will fail in
 
any given year.
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As with low flow analyses used in conservation-storage studies,
 
stochastic streamflow data may be generated for flood analyses. The
 
concept of the design storm or design flood is simply that we can pre
select the performance criteria which we wish to use for a particular
 
water resource facility. Again, this performance criteria may be based
 
on many factors other than hydrologic considerations. The economical,
 
institutional, political, environmental, and social aspects may be de
termining factors in the selection of performance criteria.
 

Selection criteria for design floods are usually established by
 
an agency which is responsible for designing and operating the reser
voir. If a project has a very high dam with a large volume, .nd it is
 
determined that the structure cannot be overtopped without d4sa. trous
 
consequences, a probable maximum flood would be likely chosen fov spill
way design. On the other hand, run of river hydroelectric power plants
 
or diversion dams may be designed by means of a standard project flood
 
in which case the structure could be overtopped without suffering serious
 
damage. Small dams which impound one to two million cubic n.eters or
 
less, or small recreational type lakes and farm ponds may be designed
 
on the basis of floods with a specified recurrence interval. In such
 
cases where a dam is low enough and the storage small enough so that no
 
serious hazard exists to downstream inhabitants, an event such as the
 
50 year recurrence interval flood may be sel2cted.
 

Methods of generating design floods have previously been dis
cussed. In the case of standard project flood or the probable maximum
 
flood generation, one would likely select a model such as the unit hydro
graph and take meteorological (rainfall) data and generate streamflow.
 
In the case of recurrence interval design floods, the study would involve
 
a statistical analysis of existing streamflow records. Very often this
 
requires a regional analysis to determine streamflow responses for un
gauged sites.
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CHAPTER 
XI 

ECONOMIC ASPECTS
 

INTRODUCTION
 

For the hydrologist or watershed manager concerned with action pro
grams and getting technically sound project proposals implemented, econ
omics is of central concern--as are politics, social pressures, etc.

This is the basic rationale for including an economic perspective in this
 
course. 
While the academic hydrologist at times can quite justifiably

ignore economics and politics in his search for the "best" technical
 
approach to a watershed problem, the practitioner--who is of central con
cern to this course--cannot ignore the broader picture, i.e., 
the condi
tions which determine the comitment and capacity to impement hydrology
projects.
 

WATERSHED OBJECTIVES AND PROJECT PLANNING
 

Most land-use related projects involve implications in terms of

changes in water quality and/or quantity. Thus, most such projects should
 
include explicit consideration of water related impacts and of potential

activities to achieve acceptable watershed protection standards. In some
 
cases the major objectives of a project-may bewater related and consti
tute the reason why the project is beingLconsidered and proposed. In
 
other cases, water related concerns may merely enter the project analysis

in the form of constraints on other project activities.
 

Basically, project planning involves: definition of objectives,

identification of alternatives to meet objectives, design of alterna
tives in terms of specific required inputs and outputs, analysis or appraisal of alternatives, and choice among alternatives. It is a dynamic

and reiterative process which uses feedback from past and ongoing oper
ations to'improve future project planning activities.
 

The focus of this paper is on one of the elements in the overall
 
planning process, namely'analysis or appraisal. We limit ourselves to
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the economic analysis and appraisal process, recognizing full well that 
mnst projects involve other appraisals, including: technical appraisaL 
(amain subject covered in the present course), compnnrcial appraisal, or 
the consideration of the availability of inputs when needed and the 

d organizationat
 

appraisal, which deals with the consistency of a given project alterna
tive in terms of the institutional structure existing and the organiza

actual uses or requirements for outputs, ?notitutional ,i 


tional capacity to undertake a project; rmageri-l appraisal-, or the 
consideration of whether or not infact there is the managerial capacity 

execute a given project; anid finlanl-iavailable to implement and 
appraisal, or the consideration of budget implications and financial 
profi tabi I i ty. 

THE BASIC FF MEWORK FOR AN ECONOMIC ANALYSIS 

An economic analysis is carried out to provide information for
 

decision making on the costs and benefits or economic impacts associated
 

with a project and the relationship between costs and benefits, e.g.,
 
givea project alternative.
whether the benefits exceed the costs for a 


The emphasis here is on economic analysis from a national, pub
lic point of view, as distinct from the closely related financial 

to private entities. The publicanalysis, which is of central concern 

sector isalso interested in financial considerations, sirce a project
 

cannot be undertaken unless it isfinancially viable, i.e., within the
 

budget limits uf the public sector or agency considering :he project.
 

A financial or budget analysis for a watershed project is fairly
(money) out
straightforward and involves consideration of financial 


group of entities.
flows and inflows for a given entity or 


There are two main applications of economics in project planning.
 

are interested in the economics of alternztive d&-eigne (or
First, we 
project opportunities) to achieve the sawe objective(s). This involves 

analysis of "mutually exclusive" project alternatives. Second, once the
 

"best" des'19i' for meeting a given objective has been chosen, i.e., the
 

economic.illy "optin{n" design, economics is relevant in terms of de

ciding whether or not in fact the project will be undertaken, when other
 

known uses for scarce resources are nonsidered.
 

Economic analyses of watershed projects are no different in
 

principle or concept than economic analyses for any other type of project.
 

Basically, inan economic analysis we are concerned with economic effihow
ciency associated with alternative allocations of resources, i.e., 


to achieve the greatest benefits with given resources, or how to mini

mize the expenditure of resources inachieving given benefits. Some
 

analytical issue and empirical problems are particularly important for
 
Some of these issues and problems relate to
watershed related projects. 


Others
economic factors, and they are the main subject of this paper. 

relate primarily to technical factors and their treatment is properly
 

the task of hydrologists; many of these have been discussed in earlier
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sessions of the course. Thus, we do not discuss them further here, other
 
than, in tems-of how the economist can interact with the hydrologist in 
determining wmat physical input-output information is needed in order to
 
carry out an economic analysis. A basic point is that the physical re
lationshipi must be quantified before an economic ana)ysis can be carried
 
out. Thus, the present discussion proceeds under the assuinption that
 
sucn information can be generated. Given the fact that the lack of such
 
information is in practice the major bottleneck encountered inmost
 
..at.v -,.. o.. appraisals, iL may seem that this assixtption ismadeo 


here to avoid a major problem. In fact, it is made to emphasize the 
point that the econonist cannot jolve the information and data probeme
aeao~tqd -ith watershed project.;. What he can do is to suggest a sys
tematic approach to identifying direct and indirect negative and positive
impacts associated with a project, and point out what information and
 
data are needed for him tu be able to value these various impacts.
 

STEPS IN AN ECONOMIC ANALYSIS
 

The nature and the amount of detail "included in an economic 
analysis of a watershed project will vary from project to project and 
from institution to institution. However, some general guidelines can 
be mentioned. First, a meaningful economic analysis can be carried out 
only when objectives have been clearly specified and alternatives for 
meetig the objectives have been identified in terms of the physical 
input and output relationships involved. 

Second, any economic analysis should include at least the fol
lowing five steps:
 

(1) r.eveloping physecaZ input-otput relationshipsfor alterna
tiV3s and indirect effects in a form apprmpiiate for the economic ap
prtisa . This means organizing input and output information in terms of 
basic physical units and in terms of the times when inputs are required 
and outputs will be forthcoming. The appropriate units are those with 
which values can be associated. The time element is critical, since 
the economist will eventually have to adjust costs and benefits that 

:dffe:-ent.e .t, to a cor;ain time basis. 

(2) Eetiratingappropriate unit va'fuee for inputs and outputs. 
In a financial analysis, market prices are used; in an economic analysis,
 
some market prices are adjusted to take into account differences between
 
social value and market value and an attempt is made to derive monetary

value (social values) for nonmrket inputs and outputs or impacts
 
associated with a project. Again, ecoronic unit values (usually called
 
"shadow prices") are organized by time periods, recognizing the fact
 
that they will likely change over time.
 

(3) Combining the physical input and output inforrmation with the 
unit Valuas to aurive at a total value flow for the projeat (such as 
i1llustra.'ed in Table 4). This is a basic table for the economic analysis,
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since from itwill be derived the various measures of economic project
 
worth which will be used by decision makers inmaking their choices
 
among project opportunities.
 

(4) Calculatina measures of iroject worth a,propriate to the 
project and the institution undertaking the ana2ysis. The most common 
measures involve "adjusting" costs and benefits which occur at different 
times to a common point in time, generally the present. The process of 
adjustment is called discounting (and compounding) and the basis for the 
adjustment factor used is the relevant discount rate, generally deter
mined at the national level and applied to all projects in all sectors, 
to insure consistency in results for diverse types of projects. 

(5) Testing the sensiti?,itz o'" the calculated measures of pro
ec-t worth to changes in assurrnvonc 2oncerning input-output relationships, 

unit :)alues, frfc., which some uncertain,, exists. Treatment of un
certainty is a critical step in the analysis process, since in most cases 
we will be quite uncertain abc iany of the values assumed in the
 
analysis.
 

PARTICULAR ISSUES OF CONCERN IN HYDROLOGY PROJECTS
 

Based on review of a number of hydrology/watershed management
 
projects in developing countries, it appears that there are some specific
 
analytical and empirical issues which are particularly common for water
shed projects. These are discussed in the remainder of the paper.
 

The specific points selected for further treatment are the
 

following:
 

(1) Consideration of alternative means for achieving goals.
 

(2) Determination of project scope and context.
 

(3) Identifying costs for watershed projects.
 

(4) Identifying benefits for watershed projects.
 

(5) Treatment of benefits and costs in multiple purpose pro
jects.
 

(6) Presenting cost and benefit information in an appropriate
 
form.
 

The fact that there are only six points does not mean that they are the
 
only ones of concern to the analyst of a watershed related project.
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EXAMPLES 

The first of the examples is an economic analysis of alternative
 
logging systems. The objective of the analysis is to find that system

that maximizes net revenue subject to a constraint on maximum allowable
 
sediment discharge. It is an example of an economic analysis to provide

information for an operational decision where water related concerns
 
are entered as a . ',U;. 

The second example iflustrates in summary form an economic analy
sis of a major watershed project designeJ to reduce the rate of sedimen
tation in a reservoir, thereby extendirg the useful life of the reservoir
 
and producing additionai downstream benefits. The project also involves
 
several other elements, including wood production in combination with
 
watershed protection, pasture improvement, and general improvement of
 
upstream agriculture. 

Example No. 1: Watershed Considerations
 
as a Constraint in a Project
 

The growing worldwide concern for environmental protection.makes
 
thls type of example relevant.
 

A 20 hectare woodlot is to be harvested. The lot occupies land
 
along a river with an average slope of 20 to 30'. in order to prevent

erosion and decrease resulting sediment flows., a clearcut will not be
 
allowed by regulatory agencies. For. thisreason a selective cut will
 
be made. However, it is anticipated that with.standard logging tech
niques about 3.6 metric tons of sediment per hectare will enter the 
river the first year after the harvest. .This amount of sediment is con
sidered unacceptable by authorities and they will not issue the harvest
ing permit unless measures are taken to -educe sediment to no more than
 
1.8 metric tons per hectare. Thus, the forest manager must find an 
alternative that will reduce sedimentation of the river by at least 1.8 
metric tons per hectare per year at the lowest cost possible, i.e., he is 
searching for the least cost alternative for logging the area that will 
meet the constraint. 

Harvestable volume on the woodlot is 300 cubic meters per hectare
 
which can be sold for $10 per cubic meter.
 

If all 20 hectares had been harvested using standard methods, it
 
is estimated that the following costs and returns would have then obtained:
 

Returns
 

300 cUhic meters/ha x $10/cubic meter x 20 ha equals $50,000
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Costs
 

labor: 1000 man hours x $2.00/hr equals 2,000
 
tractor: 250 hours x $25/hr equals 6,250
 

120 hours x $20/hr equals $2,40)
loading/transport: 

total cnst: $!0,650
 

Net revenue
 

$60,000 minus $10,650 equals $49,350
 

However, as mentioned the standard method is not acceptable be

cause of the high sediment discharge associated with it. Two alterna

tives are proposed that would meet the maximum discharge restriction.
 

The first feasible alternative consists of leaving a 25 meter
 

wide buffer strip (no cutting) along the river. The woodlot has a shore

line of 1600 meters, therefore, cutting would be reduced to a total of
 

16 hectares instead of 20 hectares. This means a loss of 4 hectares of
 

ti,,ber or 300 cubic meters x 4 hectares x $10 per cubic meter which
 

equals $12,000 of revenue foregone. This is considered a cost for this
 

alternative. It is assumed that other costs would be reduced by 20 per

cent since only 16 hectares could be harvested. Thus, co:ts other than
 

revenue foregone would decrease to $8,520 (20 percent less than $10,650).
 

Total cost of this alternative would be $20,520 ($8.520 plus $l?,00(0).
 

The second alternative which meets the sediment discharge require

ments consists of establishment of 40 meter filter strip in which no
 

machines are allowed. All commercial timber (i.e., 300 cubic meters per
 

hectare) on this 6.4 hectare filter strip can be cut but must be winched
 

out at a higher cost. On the 6.4 hectares of the filter strip are
 

estimated to be $8,094. For the remaining 13.6 hectares, costs will
 

drop to an estimated $7,242 to reflect reduction in area logged. Thus,
 

total cost of this alternative will be $15,336.
 

Assuming that these are the only two alternatives considered that
 

meet the sediment disharge-cestriction, we would choose the lowest cost
 
Revenue would be $60,000 as
alternative or the filter strip approach. 


before and cost would be $15,336, for a net return of $44,664, which
 

compares with a net return of $29,480 in the buffer strip alternative.
 

The infurmation generated in this analysis further indicates that the
 

cost of the sediment discharge restriction would be $49,350 minus
 

$44,664 or $4,686.
 

Example No. 2: Economic Analysis
 
of a Watershed Protection and Management Project
 

Some years ago a reservoir was built along the Sierra River to
 

provide storage of water for downstream use during periods of low flow.
 

Downstream uses include irrigation on sonp 9,500 hectares and domestic
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It has been found after five years of
 water use by the loca, population. 

much faster rate than
 

operation that the reservoir is silting in at a 


nitially anticipated, thus reducing effective capacity 
and ability to
 

Siltation is occurring at a rate of
 
meet water requirements downstream. 


Present reservoir capacity is down to
 
4 million cubic meters per year. 


At the present rate of siltation, it will only

100 million cubic meters. 
 can no longer

be four years before capacity is reduced to a point where it 


(Do.nestic water
 
meet estimated water requirements of downstream 

users. 


use is increasing at a rate of about 6.19 percent 
per year, while irri

gation use is fairly constant.)
 

Project Goal
 

To prevent the reduction (or loss) of water related 
downstream
 

benefits (those that would be lost without the project 
include crop
 

values and health and satisfaction associated 
with domestic water use),
 

the project would extend the effective capacity 
and life of the reservoir
 

by reducing the rate of siltation from 4 million 
cubic meters per year to
 

Since there was apparently no problem
I million cubic meters per year. 


of flood damage with or without the project, 
flood prevention was not
 

as a goal and treated in ex
included as a goal. It could be added in 


was a problem.
actly the same way, if it 


Project Points of View
 

(1)Downstream users of.water have a direct interest 
in maintaining
 

the capacity of the reservoir so that they can 
continue to re

ceive water during the dry periods when river 
flew is inadequate
 

to meet requirements;
 

(2) Upstream users of the land which would be affected 
by the var

ious conservation measures proposed for the project 
are
 
If effects
 

interested in how such measures would affect them. 


are negative, some form of compensation may be 
included in
 

the project plan;
 

(3)The nation at large is concerned with increased crop consump

tion, improved welfare of domestic water users, and 
losses
 

users.
or gains incurred by upstream land 


The point of view adopted in the analysis is primarily 
that of
 

the nation, although the other two viewpoints 
are also considered.
 

Identification and Valuation of Project Costs
 

To accomplish the project goal, the following project components
 

have been proposed ir the technical design and analysis:
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(1)Establish protection forest on the most critical areas where
 
no other activity should take place because of slope or crit
ical nature of soil protection.
 

(2)Establish protection/production forests on areas that need
 
permanent protection but which are less critical so that
 
some forest utilization can take place on a controlled basis.
 

(3)Build terraces on some of the most critical areas with very
 
unstable soils.
 

(4)Manage and maintain pasture lands on a rotation, based oi their
 
carrying capacity and ability to regenerate. This will pri
marily involve control and policing activities together with
 
technical assistance.
 

(5) Establish forest management on existing natural forest areas.
 
This would include control of harvest and other activities,
 
watershed protection inputs into access road establishment,
 
inventory and other information gathering activities.
 

(6)Establish an overall watershed management and administration
 
unit within the regional government to supervise and control
 
implementation of an integrated watershed management program
 
for the whole watershed, including the above elements. Include
 
extension services for local farmers.
 

In the project documentation, appropriate technology, input re
quirements and timing for each of the project components were analyzed.
 
Based on an initial survey of the total watershed of 17,500 hectares,
 
the scale of each of the project components was determined, as shown
 
in Table 1. Average input requirements per hectare were estimated and
 
applied to the total areas to arrive at total labor, equipment and
 
other input requirements. These input requirements together with unit 
value estimates were then used by the economist in valuing the project 
costs, which are summarized on lines 4 through 8 of Table 2.
 

In developing economic values for inputs, only unskilled labor
 
was shadow priced. Other inputs were valued in the economic analysis at
 
their financial or market price values.
 

A project period of 26 years was considered appropriate, con
sidering the relevant social discount rate of 12 percent.
 

Identification of Benefits
 

Reservoir demand (i.e., the demand on water from the reservoir 
which would not be available without it) is estimated at 86 million 
cubic meters in the first year (year 0) of the project as shown on the 
first line of columns 5 or 6 of Table 2. The capacikv of the reservoir 
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Table 1. Areas associated with each project component
 

Hectares
Component 


760
Protection plantings 


Protection/production plantings 870
 

320
Terraces 


3,850
Pasture use control 


3,160
Natural forest management 

Watershed planning & administration (17,500) I 

3_ Including the parts of the watershed not requiring direct*action. 
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Table 2. Watershed project: identification of water benefits. 
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0 100 100 0 
 86.0 86.0
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10 60 
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 44 86 
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20 20 80 60 20 80 6021 16 
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 78 66 12 
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25 0 75 is 0 75 75 4 



is 100 million cubic meters at present (start of project) and is decreasing by about 4 million cubic meters per year due to siltation.
 
(See Col. 2 of Table 2) Thus, 
in about four years from the present the
estimated cdpacity of 
the reservoir , the project would just be
equal to demand. From then on, the reservoir would not meet the require
ments for water from 
it.
 

willh Lhe project, 
it-is estimated that the rate of siltation can
be reduced to about 1 million cubic meters per year. 
Thus, the reser
voir will be able to meet'requirements for a longer period of time,

although eventually, even with the project, demand for water will outstrip the capacity of the reservoir. This will 
occur in year 10 (compare

Cols. 3 and 6).
 

A first reaction might be to 
use the difference between the with
out and with project capacities as 
shown in Col. 4 as a measure of bene
fits. 
 However, this would overstate benefits, since even without the
project, the reservoir could satisfy demand for four more years. 
 With
 
or without the project, the benefits would be the same during those
first four years and, thus, the benefits due to the project would be zero
during that period (years 0 through 3). 
 For the next six years (years

4 through 9) capacity wth the project would still be above demand. 
Thus,
with the project, the benefits due to the.project for this period would
be the difference between estimated demand and supply without the pro
ject, or the demand deficit which would start to be felt in year 4 if
the project were not undertaken. 
 (This is the difference between raw
items in Cols. 5 and 6) 
In year 10 demand would start to outstrip supply
even with the project. Thus, from year 10 and on 
to the end of the
project, the appropriate benefit figures would be the differences in

capacity with and without the project (i.e., 
the difference between Cols.
2 and 3). 
 Using the above approach, the increased water use due to 
the
project is identified and shown for each year 
 (Col. 7 of Table 2).
 

The figures shown in Cols. 
5 and 6 are gross figures which include evaporation from the reservoir, estimated to average about 54
million cubic meters per year. 
Since the evaporation would be approx
imately the same with and without the project, there is no need to adjust
the figures shown in Col. 7. They represent net increases in effective
 
water use.
 

In addition to the direct benefits associated with increased
reservoir capacity, there will 
be some timber related benefits from the

combined production/protection plantings (Table 3). 
 In years 6 through

10 there will be some minor thinning volumes available and in years 17

through 21 there will be final 
harvest volumes available.
 

In addition to the water and timber related benefits, the following indirect benefits were identified but not quantified in the
 
study:
 

(1) Eventual increases in livestock production due to regulation

of grazing on watershed lands. (At present, many of the
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Table 3. Inputs and outputs--production forest components. 
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pastures are marginal due to overgrazing.) The project would
 

restore these lands.
 

(2)Aesthetic values will increase as the land isrehabilitated.
 

(3)Access roads required for protection and other watershed manage
ment activities will permit faster and cheaper access by farmers
 
to markets and increased mobility for extension personnel so
 
they can reach more farmers.
 

(4)The project is expected to result in an increase inwater
 
quality inaddition to quantity. A reduction in suspended
 
loads carried over the reservoir dam will decrease the need
 
for maintenance on individlual irrigation installations.
 

Valuation of Benefits
 

Based on studies of crop increases made possible by irrigation, 
itwas estimated that irrigation water flowing out of the reservoir 
would return a net of P2 per cubic meter of water. Since the major por
tion of the water is used for irrigation, there was no feasible way of 
placing a value on the water used for domestic purposes, and there is 
no feasible way of allocating the increaedwater made possible by the 
project to irrigation and domestic use, itwas decided to value the domes
tic water at the rate used for irrigation, namely P2 per cubic meter. 
This was recognized to be a conservative estimate. Using this value 
per cubic meter and the water increase figures in Col. 7 of Table 2, the 
corresponding'annual water related benefits from the project were de
termined (Row 1 of Table 4). 

The wood production benefits were valued at P290 per cubic meter
 
on the stump. This value was a parity price based on the value of
 
imported wood. The parity price was adjusted down by 10 percent to
 
reflect the lower quality of project wood. Total wo6d production bene
fits are showm on Line 2 of Table 4.
 

Other benefits were not valued due to inadequate data or to the
 
inappropriateness of attempting to quantify values, e.g., for the
 
aesthetic benefits.
 

Cow-aring Costs and Benefits 

As indicated (Line 9 of Table 4), there is a net cost involved
 
in the project for the first four years, after which the value flow
 
turns positive and increases steadily over the life of the project.

using a rate of discount of 12 percent, we arrive at a Net Present Worth
 
(NPW) for the project of some P292 million. The rate of return (ERR)
 
of the project would be well ',excess of 50 percent.
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Table 4. Value flow table. 
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The higi returns to this project can be explained quite easily.

Since the reservoir was already in place and its cost represented "sunk
 
costs," they were not included in the analysis of the project. Thus,
 
the s~all a-unt of additional expenditure required for the watershed
 
protection activities (the project) were compared with the returns which
 
actually include the total incrcmental bevefits from the reservoir.
 
Obviously, if one were anaiyzing a reA reservoir project, the situation 

VA .. e.. ,*I .... . -:i'cethe substantizi expenditure for the
 
reseroir -ould hav3 to be added into the cost stream for the project,
 
while the benefits vould rerin approximately the same.
 

DISCUSSIONl OF ISSUES
 

The two exemples .presented are representative of the types of
 
economic analyses one encounters for watershed related projects. The
 
follottir:g discussion outlines some of the major issues which arise con
cerning these examples.
 

Considering Alternative Means
 
for Achieving Project Goals
 

Project planners should explore alternative means for achieving
 
given project goals. If only one alternative is presented to the decision
 
maker, his only decision is whether to accept or reject it. On the other
 
hand, if inforrottion is presented which permits him to look at a range

of altenaitive means for achieving a goal, then he can more thoroughly

consider and weigh the implications of different courses of action.
 

In Exarple 1, two alternatives to the standard logging approach
 
were considered explicitly in the analysis. If other known alternatives
 
had been avail,ble then they should also have been considered. In this
 
case, the objective was to find the lowest cost alternative that met
 
the maximn, allowable sediment discharge restriction or constraint.
 
Thus, owe should note that costs and benefits for the standard logging
 

~., .., : i: for crc-,nrio, was, by.... . , ... since it 
definition, an unacceptable alternative due to the fact that it did not 
rmet the constr.int. Thus, actually only two alternatives were compared,
the buffer strip one and the filter strip one. If others had been 
available (technically defined) they could very easily be included in 
the analysis.
 

The appraisal did not consider alternatives in the case of
 
Exas!ple 2. Hm;aver, there appear to be two which might have been con
sidered. The first is the use of dredging at some future date to
 
maintain reservoir capacity equal to demand. The second is the expansion

of the reservoir to increase capacity so it can meet demand even when
 
siltation occurs. In addition, the report on which this example is based
 
did not discuss alternative technologies and scales for project coponents,
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nor did it go into the relative advantages of alternative timings of
 
project activities to more efficiently achieve the goal of the project.
 
Finally, although some of the project componenls were separable in terms
 
of costs, the analysts did not have information on which to base a sep
aration in terms of benefits. Thus components were not analyzed
 
separately and it was not possible to evaluate alternative combinations
 
of project activities to find a more efficient overall solution for
 
meeting the goals.
 

Determining Project Scope and Context
 

A major question facing project planners is what to include and
 
what not to include within the scope of a given project.
 

From a practical point of view, it boils down to a question of
 
where to cut off the endless chain of effects or impacts associated
 
with a given project. The theoretical answer is: "Include all the
 
impacts." The practical answer is: "Include all those impacts which
 
you can identify and which appear to be large enough relative to the
 
direct and immediate impacts to make a difference in the cost and bene
fit flows." The object of a project evaluation is to generate the
 
information needed to make a sound decision as to whether or not the
 
project has benefits exceeding costs and, if so, whether the benefits
 
exceed the costs by a large enough margin to make it worthwhile to com
mit scarce resources to the project rather than to some alternative
 
use. If the direct benefits associated with a project are large enough

relative to costs to make the project worth undertaking from an economic
 
point of view, then spending a large amount of effort and funds on
 
further analysis of all the various indirect impacts will not be worth
while. However, if the project is marginally unacceptable, then there
 
is a much stronger case for detailed analysis of indirect impacts. No
 
general guidelines can be put forth here on how to determine the
 
appropriate cutoff for considering indirect impacts. That will depend
 
on each project situation, the knowledge of the project planners and
 
staff specialists, the cost and time involved in generating information
 
on indirect impacts, and th objectives of the institution sponsoring
 
the analysis.
 

In the case of Example 1, the scope was very narrow, mainly

due to the fact that the project involved a very small area and probably
 
had insignificant indirect impacts. The example illustrates well the
 
type of brief, uncomplicated analysis associated with operational de
cisions. Once this particular situation had been analyzed and the hest
 
logging method chosen (the lowest cost method that met the constraint)

it is likely that that method was accepted and used for other similar
 
logging situations without further analysis, i.e., this simple analysis

served as the basis for developing an operational guideline for logging

that says: "In situations of riverside logging, a filter strip system

is the cheapest alternative logging system which meets the specified

maximum allowable sediment discharge constraint."
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In the case of Example 2, the project scope included the major
 
impact elements, with the exception that there was no consideration
 
given to how the project wouldaffect the-farmers upstream on the
 
watershed lands who would have to change their operations due to conver
sion of land to forest or due to curtailment of grazing on Critical
 
watershed lands. Similarly, there was no quantitative analysis of the
 
positive impacts on farm economies associated with the improved road
 
network,ad the increased mobility and availability of extension ser
vices. ideally, these should have been included in the analysis, and
 
one would expect--even without.having information on the project back
ground and area--that it would have been possible to provide some more
 
explicit treatment of these impacts.
 

The question of project scope is closely related to other aspects
 
of project definition. These are: project points of view, cost and
 
benefit identification.
 

Concerning project points of view, Example 1 can be identified
 
with two: the logging operator (or company involved with logging the
 
area), and..the public point of view concerning sediment discharge. In
 
this case, the publicipoint of view has been expressed in terms of the
 
maximum..allowable discharge regulation and thus does not need to receive
 
further consideration in the analysis. The logging operator or company
 
point of view:(assum.ing that.this is a private entity involved) is really
 
the point of view from which the analysis is carried out, i.e.,, the
 
question is: "What is the minimum cost we have to incur to achieve the
 
constraint?" If the publ ic sector is doing the.logging,'the question'
 
remains the same from an economic efficiency point of view.
 

Example 2 is somewhat more complex in terms of points of view.
 
As stated in the text, there are three,points of view identified, namely
 
the downstream water users, -thp,: upstream land users and the national
 
point of view which incorpor-ates..the other two points of view within an
 
overall.:.ebjective function..,t.The downstream users' point of view defines
 
the..scope of 4he project at .tat~end: the project should be defined
 
broadly enoughfito.include. tfte..nepessary.,downstream costs to achieve the
 
benefits accruing to the dowrnstream users. On the other hand', the up
stream land users' point of view defines the scope of the project at
 
that end: the project should be defined broadly enough to include
 
those costs and benefits:.,for that group that occur because of the pro
ject. As mentioned ea er, - there did not appear to be adequate con
sideration given to this,,poi.nt of view and the associated costs and
 
benefits.
 

Consideration of points of view'helps the analyst in identifying
 
the appropriate scope and in.identifying relevant :osts and benefits
 
for.use in the economic, finanqial and social analysis for the project.
 
The following two sections discuss cost and benefit identification in
 
terms of economic efficiency analysis.
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Identifying Costs
 

One can specify three main categories of costs involved in
 
watershed projects. These are.
 

Structures and Work Costs
 

These include costs of dams, gully plugs, construction of con
tour furrows or terraces, channel construction or improvement, road
 
relocation, retainer walls, etc., and maintenance of these structures
 
and facilities. 

Vegetation Manipulation Costs
 

These mainly include costs of removal of vegetation and planting 
and management costs associated with the establishment of new vegetation. 

Value of Outputs Foregone..
 

Even eroded or deteriorated lands may be producing values through 
grazing, subsistence faming, etc. These activities may have to be cur
tailed for a period of time in order to restore land to some higher 
level of productivity. The value of such production foregopo should be 
included as a project cost. In.the case of a protection project, tim
ber harvested per unit area may be reduced due to the introduction of
 
buffer strips along rivers, streams, roads, etc. Selective harvest may
 
have to be imposed on steep hillsides which may*inturn reduce the pre
sent value of harvests. This reduction isa cost.
 

The first two categories of.costs are quite obvious, and both
 
examples treated these.in an adequate fashion. The third category-
value of outputs foregone--is also relevant to both cases. InExample 1,
 
it can be noted that the analyst treated the value of timber foregone
 
through creation of a buffer strip as a cost.' He could also have merely
 
reduced the total benefit figure by this amount, thus treating this
 
value foregone in terms of benefits. Either way would have produced the
 
same result, since the objective was to arrive at the alternative with
 
the highe!,t net return.
 

In the second example, there were values of outputs foregone
 
frcI changes in land use that should have been considered but were not, 
as explained in the previous section. This supports the point made
 
earlier that project scope points of view and cost and benefit identifi
cation are closely interrelated. Since the upstream land users' point
 
of view was not adequately defined, the analyst also missed identifying
 
explicitly changes in value of output associated with upstream land use
 
due to restriction of grazing on some lands and shift in land use from
 
agriculture to forestry on other lands.
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Identifying Benefits Using the "With and Without" Test
 

The basic approach suggested for identifying costs and benefits
 
involves use of the "with and without" test. Basically, this means that
 
the analyst asks and answers the question: "What would the situation
 
likely be without the project over the period of years contemplated for
 
the project and what would the situation likely be with the project?"
 

The particular point to emphasize here is that the "without"
 
project situation is not the same as the present situation for most
 
types of watershed projects. Thus, over time, without the proposed
 
watershed project, soil conditions might deteriorate, erosion might in
crease, etc. The analyst has to make sure that these changes are taken
 
into account (Figure 1). Without the project, conditions would deteriorate
 
until in year n production would have decreased to Y. With the project,
 
it is estimated that production will increase to Z. The point to note
 
here is that both Z minus X and X minus Y are legitimate benefits to be
 
attributed to the project. Thus, the analyst will not only need to es
timate the increase in production which will be possible (i.e., Z-X)
 
but he will also have to make an estimate of the losses which will be
 
avoided (i.e., X-Y). Example 2 illustrates this.point.
 

Application of the "with and without" test also brings out another
 
point related to benefit identification and valuation (which is also
 
illustrated by Example 2). The point is that merely because a project
 
changes some physical dimension in a positive-way, this does not neces
sarily mean that there is a benefit involved. In Example 2, the project
 
starts immediately to reduce the level of siltation in the Sierra
 
reservoir and thereby increases the effective capacity of the reservoir.
 
However, even without the project the level of capacity of the reservoir
 
is in excess of demand and will continue to be so .or the next 4 years.
 
Applying the "with and without" test, the analyst can see that consump
tion of water (the relevant benefit parameter) will remain the same
 
with or without the project for this period. Thus, the benefit (losses
 
avoided) due to the project will be zero during the first four years,
 
or until the capacity of the reservoir without the project would have
 
fallen below requirements for water. This point applies more broadly
 
to many different types of watershed projects.
 

The above point relates to the fact that in an economic efficiency
 
analysis, benefits should be measured in terms of human consumption.
 
Thus, for example, the hydrologist may provide an estimate of metric
 
tons or cubic meters of soil loss that can be avoided by undertaking a
 
given project. But this information is not enough for an economic
 
analysis. In order to value the benefits from the project, such losses
 
avoided have to be translated into a schedule of crop or other consump
tion losses avoided. Thus, agricultural experts have to come up with
 
a relationship between soil loss and crop production or soil loss and
 
production of some other consumption item. This consumption loss can
 
then be valued and used as the benefit in the economic efficiency
 
analysis.
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Figure 1. Identifying benefits using the with and 
without test. A = losses avoided. 
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Treatment of Benefits and Costs inMultiple Purpose Projects
 

A point worth mentioning here is the need to use care and caution
 

in identifying costs and benefitsassociated with multiple purpose pro

jects which include a watershed management element. For exmaple, in some
 

cases, trees'planted on denuded lands as part of a watershed protection
 

or restoration project will also be managed for controlled harvest for
 

fuel or other "n.u:..h.:cases, both types of benefits ,';ll 

have to be included iii the analysis. Of course, any associateu costs 

involvd in harvest will have to be subtracted, if roadside value for 

the harvest is used instead of stumpage value. Proper allocation of tree 

planting costs to the watershed benefits and the wood output benefits
 

is difficult. If timber production is the main objective of the project
 

with watershed protection or restoration .sa secondary purpose, then
 

one practical approach would be to allocate the basic costs to the tim

ber objective. Any addiitiona costs of vegetation management to achieve
 

the constraint or watershed objective would be allocated to the water

shed component of the project. Similarly, in the case of logging road
 

redesign to meet certain watershed constraints or objectives, the
 

equivalent of the minimum road cost to get the timber out would be
 
.attributed to the timber element, while the additional costs associated
 

with.higher standards to meet the watershed objectives would be
 

allocated to the watershed element.
 

In the case of a primary purpose watershed project, the cost of
 

tree planting or other activities would be associated with the primary
 
secondary
purpose,and benefits, while timber benefits would be treated as 


benefits. As mentioned earlier, it is importanL in such cases to remem

ber to subtract'any secondary aoat8 associated with the timber production
 

up to the point of valuation of the timber (e.g., stumpage level, deliv

ered log level, etc.).
 

Timing of Costs and Benefits--Presenting Cost
 
and Benefit Information
 

Most watershed projects tend to be longer term projects in the
 

sense that the inputs occur over a considerable period of time and the
 
Further, benefits
benefits accrue over an even longer period of timc 


and costs are constantly changing over time.
 

A main problem is to develop a sound estimate of the timing of
 

the benefits. Restoration projects generalily take time to implement.
 
For example, if
Full productivity is restored slowly inmost cases. 


trees are planted on a deteriorated watershed, the full. protective
 

effect on erosion control'will take some time to achieve.
 

In order to keep track of the project assumptions regarding the
 

build-up to project benefits and costsover time, it is essential to
 

use appropriate physical flow tables and-, ultimately, properly designed
 
Tables 3 and 4 in Example
value flow tables. (Such tables are shown as 


2 in this paper.)
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Treatment of Uncertainty
 

Watershed related projects are particularly subject to great
 
uncertainty in terms of the values of costs and benefits used. Thus, it
 
is important that project appraisals include explicit treatment of un
certainty. Neither of the two examples presented earlier did so, and
 
that is perhaps a typical situation found in most economic appraisals.
 

There are some simple techniques, such as sensitivity analysis
 
and break-even analysis, which can be applied rather easily and cheaply
 
in most cases. Basically, sensitivity analysis involves varying assump
tions concerning the values of key parameters and then te!ting the
 
sensitivity of the chosen measures of project worth to such changes.
 
A break-even analysis is aimed at identifying values of key parameters
 
which would switch the profitability of a project from acceptable to
 
unacceptable levels.
 

SJ.WARY AND CONCLUSIONS
 

The present paper presents an overview of some special problems
 
associated with economic analyses of watershed projects. The paper pre
sents some examples and case studies of economic analyses of watershed
 
projects and provides insights into how the analyst can consider water
shedelements when they are imposed as constraints on projects that have
 
other goals (e.g., wood production).
 

A quest:ion remains: What lessons and conclusions can be drawn
 
in terms of how the economist can work more effectively with nydrologists,
 
foresters, agronomists and other technical specialists in Pttemptlng to
 
provide improved analyses of watershed projects? Based on the discussion
 
in this paper and a review of a number of watershed project appraisals,
 
the following points are relevant ;n answering this question:
 

(1) In general, it would appear that the weakest link--or the
 
major problem--in carrying out an appraisal of a watershed pro
ject relates to the identification and quantification of the 
physical input-output relationships and the costs and benefits 
involvd. Once costs and benefits have been appropriately 
identifted and quantified in physical terms, there do not appear 
to be any special problems involved in valuing them and com
paring them in terms of the measures of project worth commonly 
used. With regard to this point, it would appear that there 
are a lot more data available on input-output relationships
 
than is generally thought and used in projects. The problem
 
is that very little has been done to bring this information
 
together in a practical form that can be used by the general 
project planner. Thus there is a need to spend a lot more time 
and effort in developing comparative studiee and translating 
highly technical information into practical guidelines that can 
be used by project planners. 

IV - 166 



We fully recognize that the technical specialist and researcher
 
may argue that each case is a different one and that it is impos
sible to transfer the experience from one situation to another

situation. 
 While we agree that there is seldom a situation where
 
experience from one project fits perfectly the conditions for

another project, we also suggest that most analysts are dealing

with averages and orders of magnitude in their attempts to
analyze ncw projects, particuiarly in developing countries.
 
They have no choice.
 

(2) Economists and the other technical special ;sts have tointeract at all stages zn the project planning process, for the
economist cannot carry out an economic analysis unless he has

the bas - physical input-output information on which to base his
analysis. The economist has to make known at an early stage his
information needs. 
 If he does not, then he can rightly be
 
criticized. However-, the primary responsibility for generating

the needed information lies squarely on the shoulders of the
hydrologist and other technical spbcialists. This is not ,ith
in the economist's area of corpetence. His main responsibility
 
starts when the appropriate information has been generated. 
We
stress the word "appropriate" since in a number of cases it has

been observed that a great deal of information has been

accumulated for a project, but it is not the right information
 
for the purposes of quantifying and valuing costs and benefits.
Thus, for example, it is not enough to have information on
 
average per hectare soil losses under various conditions. The

agrpnownist and soil experts must make a specific link between
 
soil loss and crop 'ios3, for benefits in this case have to bespecified in terms of consumption losses avoided. We do not
"consume" il, we consume the products grown on it. In order
 to value sr 
 h product losses avoided through implementation of
 
a watershed project, we will need to link soil 
loss to crop

production changes. The same argument holds for other types

of relatiorisnips.
 

With the arivre in mind, w,,strongly recomnend that if an economicanalysis is to be carriedout for a watershedproject, then the economist

should be included in the planning p -ocess 
at an early stage so he canmake his infoxfwtion n*.ede known. itmay well be that the information
he needs cannot readily be generated with available time and funds.

In such cases, it will not be possible to carry out an economic analysis
that considers both costs and benefits. 
Rather, the economist wil have
to stock to a cost-effectiveness analysis or some other types of partial

analysis. Or, at the extreme, he will have to state that an economic
analysis is not possible, given the present state of knowledge and data
availability. However-, at this point we rhould stress again that, in
 many cases, more information is available than is generally thought and
used. vt would be well worthwhile to spend some time and .ffort on
bringing together such information in
a form that is readily understood
 
by general project planners and decision makers.
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CHAPTER XII 

INSTITUTIONAL
 

CONSIDERATIONS
 

INTRODUCTION
 

In essence, two sets of limitations dictate the degree of success 
in watershed resources management. First, there are natural limits 
involving biological, physical and hydrological Oelatioships, which de
termine the responses of watershed resources to a given mnageient prac
tice. (To a large extent, the materials presented in this syllabus are 
directed toward considerations of these natural limits.) Second, insti
tutional limits to watershed resources management, which include legal, 
social and economic concerns, are every bit as important as natural 
limits in the development of an effective management strategy. institu
tional limits, unlike natural limits, are established by man to meet 
specific conditions and, therefore, can be modified by man in response 
to changes in legal, socioeconomic and political situations. 

LEGAL CONSIDERATIONS
 

Perhaps the most important of the institutionpl limits to water
shed resources management involves legal considerations, or limits 
sanctioned by law. In specific, two primary areas of law must be re
garded in the development of watershed resources management strategies: 
laws which address the ownership and use of water, and laws which reg
ulate the use of land. 

Laws of Water Ownership and Use 

Individual countries have formulated legal frameworks in which 
laws of water ownership and use can be 'made. In general, these legal 
frameworks have evolved in accordance with the development and subse
quent utilization of the water resources in a country. While it is not 
possible to generalize laws which treat the ownership and use of water, 
brief pention of the two types of water law applicable to the United 
States may be of interest. 
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In the eastern part of the United States, the doctrine of riparian 
rights, based upon common law, prevails. Under riparian law, all of the 
owners of land touching the lake or stream course of natural water have 
the right to use the water. It is important to note that with this 
right, the use of water by an owner cannot harm the equal right of any 
other riparian owner; thus, upstream owners must insure that.downstrea, 
users receive water that is unchanged in quantity, quality and regimen. 
With the ixception of withdrawal for duestic use, any use which reduces 
the right of other riparian owners is prohibited ,or requires compensation. 

In the arid regions of the v'stern United States, the doctrine of 
prior appropriation has been developed to regulate water use. This dtc
trine of.water use isdifferent than riparian rights, in that itwas 
developed to guarantee water supplies where land. and natural resources 
are essential ', worthless without water. Under prior appropriation, the 
first to claim a limited water supply had the first right to its use. 
However, the claimant was restricted to the amount of water he could *-,e 
beneficially. Any other person was entitled to claim water in excess of 
a first claimant's use. Claims could be made for successive units of 
unclatmed water until the supply was exhausted. In times of short water
 
supply, the first claimant had priority to use the limited supply, the 
second had the next priority, and so on, until the supply wm; fully 
appropriated. 

A combination of riparian law and prior appropriation is used in 
some states. Even In some states with the same basic type of water law, 
details of application and interpretation often vary. 

Laws Regulating Lari Use 

Laws regulating the use of land are also varied, with individual
 
countries formulating those laws appropriate to their needs. Many of 
these laws are regulatory in nature; others have been designed to establish 
public pol-icy to insure adequate consideration of natural resource values 
on watersheds.'.Again, a brief discussion of some of the more important 
laws lt. reulate the use oi lan in the United States my illustrate 
the purposes of such laws.
 

The Forest Preserve Law of Mew York State is an example of a 
regulatory law that considers the importance of maintaining water yields 
from upland areas for use by man. By this law, the Adirondack Park was 
established in 1892, w;th the provision that the state-owned lands within 
the Park be preserved, maintaine l and cared for as land open (for the 
health and pleasure of all people) and as forest lands (necessary to the
 
presurvation of the important rivers inNew York). An amendment in 1894
 
provided that these state-owied lands should be protected from sale and
 
that the timber on these lands should not be sold, removed or destroyed.
 
Unfortunately, the restrictive nature of this law has prevented sub
sequent applications of water yield improvement practices involving ttm
-. means of land management designed to relieve water
her harvesting, a 
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shortages. Therefore, a well-intentioned law has somewhat prevented
 
attatnment of the objective for which it was established.
 

As mentioned above, notall of the laws regulating the use of land
 
are restrictive. Some of these laws have been formulated to set public

policy with respect to recognition of natural resource values on water
sheds., Two of the most important of these are the "multiple use laws"
 
that set policy fur the ninagement of public lands in the United States 
under the jurisdiction of the Forest Service.and the Bureau of Land
 
Management. Though separate laws exist for each agency, these laws es
tabl sh policy for the management of public lands so that all of the various
 
natural 
resources :involved (water, timber, forage, wildlife, recreation,

etc.) be considered in the planning effort. However, these laws do not
 
prescribe the means to meet planning goals; these decisions are left to
 
the respective management agencies.
 

It should be clear that a watershed resources manager must be
 
aware of all laws, both regulatory and permissive, applicable to his par
ticular situation to do a proper job.
 

SOCIAL CONSIDERATIONS
 

In essence, legal considerations are "formalized rules" that guide

the cooiduct of watershed resources managers. Less explicit, but equally

important, guidelines derived from other cultural features (tradition,

religion, folklore, eta. ) also dictate th* activities permitted by, or
 
demanded of, thLse managers. As with laws, these other social considera
tions must be reflected in the decision making processes. Failure to do
 
so may lead to adverse reactions that can severely restrict operational
 
freedom.
 

It is beyond the purpose of this syllabus to describe in depth

examples where social considerations determine the options available to
 
watershed resources managers. However, from the flood plains of the 
Mekong River Basin in Southeast Asia to the fragile desert envirorments of 
,orthcrn Africa, situCti, c bc found 6.. wh:,ch social patterns re
strict the implementation of particular managment practices, What is 
important to remember is that to answer questions such as whether or not 
an erosion abatement practice should be initiated, whether or not a flood
 
control reservoir should be constructed, etc., the cultural features
 
that characterize a society must be considered. 

In essence, it becomes the responsibility of a watershed resources
 
manager to function within existing social limitations or, if possible,'

determine how these limitations can be modified to achieve a desired
 
end. As social constraints are often difficult to assess precisely and
 
because they are not usually susceptible to easy solutions, inclusion
 
of these concerns in a management strategy can easily be ignored; how
ever, to do so would be folly. If sound watershed resources management is
 
not achieved, it may likely be the result of a lack of human understanding

rather than a lack of technological ability.
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ECONOMIC CONSIDERATIONS
 

Quite often, watershed resources managers must select the best course
 

management prmacetic, given a set of alternaof action in implementing a 

tive plans. The decision of which alternative to select and implement
 

often requires economic considerations. Although a part of the institu

tional framework, economics involve certain patterns of rational analysis,
 

the techniques of which are well-established in many situations.
 

No attempt will be made here to provide a review of economic theory
 

and practice. Furthermore, structures in which economic analyses are made
 

are often unique in a given country. Generalizations are difficult. Many
 

of the more general aspects of economic considerations in watershed re

sources management have been presented elsewhere in this syllabus.
 

To make an economic assessment of alternative courses of action,
 

three general criteria are usually analyzed to form a basis of choice.
 

These criteria are:
 

(1) to maximize benefits;
 

(2) to maximize the returns on an investment; and
 

(3) to achieve a specified "production goal" at least cost.
 

single course of action will satisfy all criteria
It is conceivable that no 

at-the same time. However, analyses of these criteria should give the
 

decision maker a better understanding of the economic implications 
of
 

selecting a particular course of action.
 

To analyze the first two criteria, maximizing the benefits and 
the
 

responses to alternative
 returns of an investment, estimates of physical 


management actions and associated costs of implementation must 
be known.
 

This information can be obtained from previous experience 
or, if the
 

course of action is newly prescribed, through simulation techniques. 
In
 

either case, the source data must be objective and representative of the
 

situation being studied.
 

To satisfy the third criterion, achieving a specified "production
 

goal" at least cost, goals must be established for various levels of 
pro-


These goals are often set through value judgements made by waterduction. 

shed resources managers, coupled with long-range goals derived 

through
 

the political process.
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CHAPTER XIII 

MODELING AND
 

SIMULATION TECHNIQUES
 

INTRODUCTION
 

Models, regardless of their purpose, are simply representations"

of how some part of the real-world operates. Models are often essential
 
for the solution of complex problems, but models do not have to be com
plex to be useful. In fact, models can vary in structure from simple,

logical statements, to network diagrams or to sets of detailed mathe
matical equations. With the advent of present-day electronic computer
 
systems, the development and subsequent application of models has pro
gressed quite rapidly.
 

In general, models may be dor 
 s A deter
ministic model shows a relationship between variables without any random
 
elements: a statistical model presents relationships between variables
 
in terms of probability distributions. Both types of models are useful
 
in watershed resources management.
 

Simulation techniques are used to reproduce the behavior of a
 
system 'inthe-form of a model that closely represents real life. Through

simulation, appropriate models are operated to obtain alternative solu
tions to management problems. Simulation techniques do not necessarily
 
generate optimal solutions, rather they show alternative results that
 
allow an investigator to make a decision on the levels of inputs that
 
are best for a given purpose. Simulation exercises are normally carried
 
out on digital computers, since these exercises usually require much
 
calculation. However, the concept of simulation is not dependent on
 
electronic computers; simpler exercises can be executed without them.
 

It is not the purpose of this syllabus to introduce the
 
details of modeling and simulation techniques. Rather it is hoped that
 
the reader will gain a general understanding of how these methodologies
 
can be applied to evaluate the potential impacts of alternative water
shed resources management.
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DEVELOPMENT OF MODELS
 

Models can be developed from source data in a number of ways.
 
.'One common approach is through linear regression analysis. With this
 
approach, the best ,.traiht line through a scatter diagram of source
 
data is calculated, with the independent variable regressed against the
 
dependent variable. The best line will facilitate prediction of the
 
dependent variable from knowledge of the independent variable. Statis
tically, the line is positioned such that the deviations of actual de
pendent values at observed independent value points from those predicted
 
by the linear regression equation (when squared and summed) are minimal.
 

Often, when source data are plotted in a scatter diagram, a
 
straight line is not the appropriate regression model to use. In
 
these instances, curvilinear (nonlinear) functions should be selected
 
to represent the data. Again, regression constants are calculated to
 
minimize the sum of squares of the deviations of observed and predicted
 
dependent values.
 

In a curve fitting process, it is quite useful to use a regres
sion model that expresses some natural relation between the variables.
 
Sometimes, knowledge of the behavior of the variables used in a rela
tionship allows one to select one regression model over another.
 

From the multitude of regression models from which to cheose,
 
selection of the one to represent a given data set is somewhat of an
 
art. The person making the choice should be aware of the statistical
 
characteristics of various regression models, as this may reduce time
 
and costs required to arrive at an appropriate fit of the data. Knowl
edge of the following regression models will often suffice for many
 
data sets encountered in watershed resources management: linear, poly
nomial, logarithmic, semilogarithmic, and periodic. One, or some com
bination, of these forms will usually fit the source data. However,
 
other regress'in models may be more appropriate in a sp-cific case.
 

=
The assemblage of one or more appropriate prec,. functions,
 
such as those definaed by regression analysis, may allo. simulation
 
of a given system. Simulation of a system may be used Lv achieve the
 
following: examination of the response of a system to different inputs
 
and leels of inputs; determination of parameter sensitivity; optimiza
tion of system design; observation of the'effects of system modifica
tion; evaluation of overall performance and suitability; and assessments
 
of subsequent development in a system and collection of any required
 
support data.
 

With the advent of computer equipment has come the synthesis of
 
computer simulation techniques. Mathematical models that were pr'evi
ously interpreted manually can now be analyzed on a computer, allowing
 
the ,.odels to be operated rapidly. Consequently, models can now be
 
increased in complexity and sophistication. This increased speed of
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computation facilitates the use of modeling techniques seldom used before
 
due to their excessive time requirements.
 

In computer simulation modeling, mathematical models of a system
are constructed. These models are then translated into a set of instruc
tions in a higher order computer language, such as FORTRAN (FORmula

TRANslation). Models expressed in a computer language are entered into
 
a computer and the appropriate descriptive or input data are introduced.
 
Then, through "solutions" of the models, output that predicts system
 
response is obtained.
 

For ease of operation, many models require input data introduced
 
to them through answers to questions posed to the user by the program.

These are termed interactive models, in contrast to numbers on cards or
 
assemblages of data records which are input to batch or noninteractive
 
models.
 

Computer simulation modeling is widely used in many fields of

science, largely due to the savings of time and cost associated with it,

and the flexibility it exhibits as an analytic tool.
 

WATERSHED RESOURCES SIMULATION MODELS
 

A group of interactive computer simulation models has been de
veloped to aid natural resource managers estimate the impacts of land
 
management practices on ecosystems. The group includes three general

modules: 
 WATER for assessing streamflow yield, sedimentation and chem
ical quality; FLORA for estimating responses of vegetation (e.g., for
est overstory, herbaceous understory, etc.); and FAUNA for evaluating

wildlife habitats, carrying capacities (wild ard domestic), and popula
tion dynamics (Figure 1). A command system enables users to operate

all modules through a common language written in straightforward user
 
terminology. 
This design provides flexibility in representing manage
ment activities by operating selected modules interactively.
 

The computer simulation models have been designed to be used by

iesource management professionals at remote locations to obtain reli
able predictions using readily available data and modest computer equip
ment. To date, models have been developed to evaluate the effects of
 
silvicultural practices on forestecosystems. The methodology is
 
readily adaptable to the severe problems of shifting agriculture, fuel
wood harvesting, and forest grazing practices which.prevail on the
 
upland watersheds in most of the developing nations. This project will
 
modify and adapt the procedure to these problems.
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Figure 1. Components of watershed resources simulation models.
 



WATER MODULE
 

The WATER module is comprised of generalized components to
 
predict streamflow yield, as well as suspended sediment and chemical
 
quality of streamflow.
 

Streamflow Yield
 

The requirement for a small model with simple data needs to
 
represent streamflow yield has led to the development of a model called
 
YIELD (Figure 2). Within YIELD are several water yield prediction com
ponents which may be included in other simulation models to predict
 
water yield.
 

One modular component simulates a water balance on a daily basis 
Data inputs that are recuired from the user are few and commonly avail
able. Another component is a water balance model developed to handle 
various depths and textures of soil, and either coniferous or deciduous 
forests. 

Coupled with these water yield components may be other models, 
such as those which predict the accumulation and melt of snow.. There 
are currently two models in YIELD which may be utilized to predict water 
yield from snow. One is a model based on degree day concept of snow
melt. Another is a routine which models intermittent snowpacks and is 
dependent on four daily input variables: maximum and minimum temper
atures, precipitation and shortwave radiation. A general model, which 
predicts water yield from an area for all times, of the year, includes 
models for both snow and nonsnow conditions. Initializing requires 
only limited knowledge of watershed and snowpack parameters. 

The primary "driving variable" within YIELD is daily precipita
tion. The primary initialization variable is a measure of forest den
sity conditions, expressed here in terms rf basal area. Outputs from
 
the model are values representing daily runoff, change in soil moisture,
 
evapotranspiratior, melt and deep seepage. L.inkages to other compo
nents in the group are used to obtain basal area, while the outputs of
 
daily runoff are, in turn, inputs to the components used to predict
 
sediment and chemical quality.
 

Sedimentation
 

Another modular component in WATER, called SED, predicts the
 
amount of suspended sediment in streamflow (Figure 3). This model is
 
structured to offer a choice between two alternative sets of input data
 
requiretents. Depending upon the data which are available, the user
 
will select one set to be used. Input data, which either represent
 
forest density conditions or spatial distributions of organic materials
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on a forest floor, are entered directly by the user or generated by 
other models. The other data input needed, streamflow yield, may be 
obtained from YIELD. The program outputs the maylmum concentration of 
suspended sediment each day, the maximum streamflow discharge, and the 
total weight of suspended sediment produced under alternative silvicul
tural management practices simulated. 

Chemical Quality
 

As an initial attempt at developing a modular component to pre
di'ct the chemical quality of streamflow, a simulator has been devised 
to estimate maximum concentrations and daily volumes of selected dis
solved chemical constituents. This component of WATER, called CHEM, is 
specifically aimed at describing the chiemical-quality of discharges 
from watersheds in forest ecosystems (Figure 4). The primary "driving 
viriable" is streamflow quantity, the magnitude of which will often 
vary with alternative silvicultural management practices. This input 
variable can be entered directly by the user or obtained from outputs 
from YIELD. 

Presently, thir$en constituents are estimated with the CHEN
 
framework: calcium (Cau), magnesium (g+)*, sodium (Na+), chloride 
(C.1-, sulfate (S04 ), carbonate (CO ), bicarbonate (HC03), fluoride (F), 
nitrate (N03"),phosphate (P04), toal soluble salts, hydrogen ion (ptO, 
and conductivity. Efforts are underway to include other water quality 
parameters, such as heavy metals (Zn, Fe, Cu, Pd, Cd, etc.) and dis
solved oxygen.
 

FLORA M0DULE 

The FLORA module crnsists of computer simulators that predict 
the gromth, yield, and di.versity of forest overstoriesl the production 
and (to some extent) composition of herbaceous understories, and the 
development and accumulation of organic material on the forest floor. 

Forest Overstorles
 

The component simulators designed to estimate the growth and
 

yield of forest overstories generally fall into two categories: first,
 
model!- that are broadly structured to represent a wide variety of true 
splies (or tree species groups); and second, models that are specif

ically structured to represent a particular tree species (or tree
 
species group).
 

Within the first category, three 3imulators have been developed, 
or are presently under development. These simulators, called TREE, 
STAND and FOREST will estimate the growth and yield of an Individual 
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tree, a forest stand (by definition, a community of trees possessing

sufficient uniformity in composition, age, spatial arrangement, or con
dition to be distinguishable from adjacent communities), and an entire
 
forest property, respectively.
 

TREE is an interactive modification of a computer iodel that
 
simulates the growth oF an individual tree from knowledge of diameter,
 
height and volume. In addition, one can easily see how individual tree
 
growth is influenced by tree size and age. While this is not a new con
cept in forestry, the approach exemplified by TREE differs from that of
 
others who have employed mathematical formulas to simulate tree growth
 
phenomena.
 

The primary reason for including TREE in the group of models is
 
to analyze changes in tree growth influenced by alternative silvicul
tural management practices. Such assessments furnish direct insight to
 
the understanding of the dynamics of even-aged and uneven-aged forest
 
stand developments.
 

STAND, is structured to estimate the growth and yield of forest
 
stands comprised of single tree species or a mixture of tree species

(Figure 5). In essence, the mensurational input to STAND involves the
 
simplification of stand projection methods applicable to uneven-aged
 
forest stands.
 

The simulation objective of STAND is to predict the growth
 
(both gross and net) and yield of forest stands prior to and, if appro
priate, following the implementation of various silvicultural manage
ment practices. Inputs to this modular component include a listing of
 
trees per hectare by size class, and associated diameter growth rates
 
and volume expressions. As management is prescribed to change these
 
inputs, posttreatm-wt growth and yield are interactively generated.

Silvicultural management practices that can be simulated within STAND
 
represent an array of viable options for the different forest stand
 
compositions being considered.
 

Outputs derived from STAND, including summaries of basal area
 
levels through time prior to and following a management redirection,
 
are readily used by other modular components.in FLORA and others. As
 
the manipulation of forest overstories is a primary management activity
 
affecting many 3spects of an ecosystem, such interfaces among modular
 
components are critical to realistic simulation of an ecosystem's over
all behavior.
 

FOREST is being assembled as an interactive version of other
 
general computer models that have been structured to simulate the
 
growth and yield of single or mixed tree species, and even-aged or
 
uneven-aged forest properties. This modular component addresses topics

of forest growth and yield such as seed production, dispersal and ger
mination, as well as competition, mortality and stocking manipulation

by man.
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In concept, inputs fo FOREST include a set of real or generated
 

tree locations and associated tree characteristics. Each tree is then
 

grown for a specified number of projection periods, based on potential
 
growth functions modified by competition measures synthesized from
 

relative tree size, crowding and shade tolerance. Mortality is gener

ated conjecturally and depends, in part, upon the competitive status of
 

the individual trees. Reproduction is represented by simulating seed
 

production and germination and, if appropriate, sprout production from
 

the forest overstory. Numerous site alterations and harvesting options
 

can be sp2cified as the forest develops over time. Outputs from FOREST
 

will be in the form of periodic tables displaying data on stocking,
 

mortality and yield for an array of primary wood products and total
 
biomass.
 

There are many examples of simulators designed to estimate the
 

growth and yield of a particular tree species (or tree species group).
 

In using these models, users generally initialize the model by select

ing prestored stand tables, by entering tallies from point sample in

ventories, or by entering the number of trees per hectare by size class.
 

Then, harvests can be specified at intervals through a sequence of ques

tions and answers to meet a particular management objective.
 

In addition to computer simulators that predict growth and
 

yield, a modular component is under' development in FLORA to estimate
 

the diversity of (and within) forest overstories. This component,
 

called DIVER, has two primary options with respect to manipulations of
 

forest overstories: clearing and thinning. The clearing option derives
 

a diversity index that represents the edge irregularity of a clearing
 

(or other type of forest opening). The thinninj option calculates a
 

diversity index that represents the proportion of an area that is
 

stocked to different forest density levels.
 

The diversity index derived by the clearing option is based on
 

a previously reported analytical model that quantifies wildlife habitat.
 

The geometric shape with the greatest area and the least perimeter or
 

edge is a circle. If the ratio of circumference to area of a circle is
 

arbitrarily given in index of 1, a formula can be used to compute an
 
The higher the index
index for comparison of any area with a circle. 


value is above 1, the greater the irregularity, and, by definition
 

within DIVER, the greater the diversity.
 

In the thinning option, the calculated diversity index is ob

tained through solutions of forest stocking equations that are devel

oped for the particular forest type and size class distribution being
 

evaluated. Stocking equations define curves which describe the propor
percent)
tion of a forest area (the dependent variable, expressed irn 


that is stocked to minimum basal area levels (the independent variable).
 
area levels for alternative silvi-
Values that represent minimum basal 


cultural management practices are the required inputs to the simulator.
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Herbaceous Understories
 

A computer simulator has been structured within the FLORA module
 
to estimate herbage (all understory species) production from knowledge

of forest overstory parameters, precipitation amount, and if appropri
ate, time since the implementation of a silvicultural management prac
tice. 
 Depending upon the particular simulation objective, a user may
operate this component, called UNDER, individually or as part of another

model (Figure 6). In the latter instance, outputs from other modular
 
components in FLORA and other modules in the group are utilized as 
in
puts. An interactive language is used in either case.
 

Many of the previous attempts at developing computer simulation
 
techniques to estimate herbage production have been dependent, primar
ily, 
on input variables depicting forest density conditions. While

this approach remains viable and has been utilized in several UNDER
subroutines, the herbage production simulator will eventually also
 
utilize knowledge of forest overstory growth. Estimates of herbage

production that are based on knowledge of this variable appear consis
tently of higher precision than those based on knowledge of forest
 
density alone.
 

Subsequent additions to UNDER will facilitate partitioning of

simulated herbage production into (at least) three categories: grasses

and grasslike plants, forbs and half-shrubs, and shrubs-.
 

Organic Material
 

Two modular components desc,-ibe the development, accumulation
 
and distribution of organic material 
on a forest floor. One component,

referred to as 
FLOOR, estimates the accumulation of tree leaves and
 
needles (by layer of decomposition) on a forest floor at a point-in
time, the rate of accumulation with respect to 
time, and the spatial

distribution in spF'te. Other components called CROWN and BOLE predict

the magnitude of tree crown and branchwood accumulation, respectively,

associated with alternative silvicultural management practices being

simulated. These models may be executed individually or as part of
 
other models.
 

FLOOR is an interactive component which outputs parameters that
describe the development, accumulation and distribution of tree needles
 
and leaves as a function of forest density levels (usually expressed as
basal area) for different management practices (Figure 7). In terms of

accumulation at a point-in-time, the following-indiyidual layers are

considered: litter, fermentation, humus and total..To date, the rate

of litter accumulation is the only FLOOR simulation output that pro
vides a time dimension. Regarding spatial distribution, only the total
 
forest floor (all layers) is represented.
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Figure 6. Flowchart of UNDER. 
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CROWN and BOLE are intended to present knowledge of tree crown 
arid branchwood volumes by area for a given forest stand prior to the 
implementation of a silvicultural management practice. These volumes 
provide a reference point to assess the quantity of tree crowns and 
branchwood that will occur as logging residues on the forest floor 
after a management treatment. 

FAUNA MODULE
 

The FAUNA module includes interactive computer simulators that 
describe the habitat quality for a variety of animal species, the po
tential animal carrying capacity of an area, and the dynamics of se
lected animal populations within specific ecosystem situations.
 

Habitat Assessment
 

Simulators that assess habitat quality fall into two categories:
 
models broadly structured to represent a variety of animal species (in
cluding gank., nongam3 and domestic) and models specifically structured
 
to represent a particular animal species.
 

An example of a modular component in the first category is 
HABRAN (HABitat RANking) (Figure 8). In essence, this component syn
thos1zes r;Rnked response predictions which, in turn, can be summarized 
and arrayz.d as pattern recognition models. Within HABRAN, animal hab
itats are assigned numerical values ranging from 0 to 10, with habitat 
quality in an ecosystem increasing with numerical value. The specific 
assignrent of these values is achieved through analyses of functions 
that relt.e habitat preference to readily available inventory
prcdiction parameters, the magnitude of which are altered by alterna
tive siliicultural management practices. By comparing numerical habitat 
quality values for existing conditions with those predicted for habitats 
modified by management redirection, either an increase (+), a decrease 
(-), or-no change (0) is determined. Then, a matrix of pluses, minuses 

1> a-.. •- f. l ,rmal habitats and management alternatives 
o, interest (by definition, a pattern recognition model) can be dis
playe, to provide insight into comparative management impacts. 

The HABRAN component of the FAUNA module is, in a sense, a 
first-level-of-interest assessment of the impacts of alternative silvi
cultural management practices. Inmany instances, this sort of analy
sis may be all that is required. However, if estimates of carrying
 
capacities and animal distributions are needed, other modular components 
may b3 called into play.
 

Many simulators exist to represent habitat quality of a partic
ular animl species. Inmost instances, changes in food, cover, and 
diversity resulting from the implementation of a silvicultural manage
me.nt practice are used to simulate changes in the rating of habitat 
quality. 
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Animal Carrying Capacity
 

In the modular component that has been structured to predict ani
mal carrying capacity, referred to as CARRY, herbage production (entered
 
as a direct input by the user or obtained from the herbage production
 
simulator) is partitioned into usable forage for domestic livestock and
 
wildlife species (Figure 9). Appropriate plant species to include in
 
each forage component were ascertained from existing literature relevant
 
to the preferred foods for these animals, along with information about
 
appropriate or proper utilization percentages.
 

It has been assumed that the proper use factors to be applied

in CARRY will be introduced by the user in an attempt to meet specific
 
management objectives. It may be necessary, for example, to reduce a
 
proper use factor on a particular range that has been subjected to pro
longed overgrazing pressures. As baseline information relating to proper
 
use factors increases, the ability to predict carrying capacities will
 
improve accordingly.
 

The mount of usable forage required per animal unit month (AUM)

for the animal species being considered is input directly by the user.
 

With respect to the number of months that domestic livestock and
 
wildlife species will actually be consuming forage on any tract of range
land, this value is quite variable depending, in part, upon weather fac
tors that characterize the particular ecosystem and year of simulation
 
(time of snowfall in the autumn, time of snowpack disappearance in the
 
spring, etc.). At best, only estimates based on local knowledge of aver
age situations in the long run can be made. However, to provide a point
of-departure in utilizing CARRY, specific forage consumption time dura
tions have been selected. It shoulJ be emphasized that the user can
 
readily override these default duration values to more accurately reflect
 
local conditions if better information is available.
 

At this time, relatively little can be said about possible con
straints that may affect the distribution of animals that are considered
 
by CARRY. While it is known that various factors may.restrict (or at
 
least modify) animal movement, explicit identification and subsequent'
 
quantification are currently difficult. Conceivably, portions of a
 
tract may be eliminated from use because of movement constraints (physi
ography, fences, etc.), which may necessitate appropriate reductions in
 
animal stocking rates.
 

The effects of alternative silvicultural, mangement practices on
 
animal carrying capacities of a given area are primarily evaluated
 
through predictions of changes in the level of herbage production. As
 
forest overstories are reduced in density, a corresponding increase in
 
herbage production commonly occurs. The increased production of herbage
 
is then partitioned into forage which, in turn, is converted into AUM
 
values that are distributed over the range.
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Population Dynamics
 

Although still in the formulative stage, an interactive popula
tion dynamics model, called DYNAM, is intended to predict the impacts of
 
silvicultural management practices on the reproduction, growth, mortal
ity, and structure of selected animal populations. More specifically,
 
this modular component is to predict the manner by which a given popula
tion, specified by the user as reflecting existing conditions within an
 
ecusystem, will respond to cnanoes in food, cover and diversity that
 
are attributed to management redirection.
 

THE COMMAND SYSTEM
 

The command system (ifthe group of watershed resources simula

tors is largely dispersed into the respective modules. In fact, there
 
is little evidence of a main command system in the overall operation of
 
the group of models. Initial selection of the modules and components to
 
be used and subsequent assignment of default values needed in the opera
tion are handled by the command system. Also, timing and sequencing of
 
operation of individual modular components are carried out by the system.
 
Additionally, sumary displays (ta5les, graphs, maps, etc.) of the simu
lation results are achieved through the command system.
 

All of the modules in the group have been structured to have
 

three modes of operation: initialization, cycling in time and summariza
tion. In the initialization mode, all needed data are either introduced
 
directly by the user or entered from stored files. The second mode of
 
operation is a cycling in time of the processes being sioulated (daily
 
streamflow, yearly forest growth, Ptc..). Finally, the third mode of
 
operation is summary and, if appropriate, other activities at the end of
 
a simulation problem.
 

When a user informs the command system which modular components
 
are to be operated, he also states when they are to be used in the
 
simulation problem. For example, the component CHEM may be required to
 
operate only in the fifth year of simulation, while all other components
 
may be operated every year. The command system stores this directive
 
and acts accordingly.
 

The entire system is designed to operate with minimal input data.
 

Default values are offered with nearly all of the interactive questions
 

posed so that. whether or not the user has the required data or reason
 
for overriding the default. values, simulation can still proceed. Simi
larly, if a -,iodule or component is not directly included in a simulation
 
problem, default values are loaded into the system to provide estimates
 
of needed parameters normally obtained as output from the unused modular
 
components.
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After the 
system cycles through the specified number of simulation years, individual models are entered into the sunary mode of operation. 
 Any needed computationls tallow display summaries of the operatiorn to be output are done at this point. 
 Output summaries may be
obtained either on a local computer terminal or at a central computer
location. 
 These summaries may be brief or detailed, depending upon the
user's need. 
 In general, the parameters shown are represerntative of"
the various module, and owoonents used in the problem. If a componentis not used and default data areutilized, parametersthe for the unused 
.orrponent will 
not alter the display.
 

FUTURE DIRECTIONS
 

Future work in the development of compute, simulation models
designed to assess the 
inputs of land management practices will follow
two directions: 
 synthesis of other modules and components, and extrapolation of the interactive system into other forest and range ecosystems.
 

While in various stages of development, several other modules
 
and componehts are recognized as 
part of the group of computer models.
For>,example, to facilitate overall planning with respect to a particular
simulation problem, modulea called PLANl is being structured to generate 
a PERT network of activities necessary.to reach an objective. 
Another"
,module, referred to as AREA, calculates the adjusted surface area of
managem.ent units within an ecosystem. correcting for sloping or broken
terrain. As knowledge of si~te quality is required cis input to some modular componeits. in-the group, 
a module called SITE 
isunder development to
 
generate site~qqual'ity directly .(throuqh.estimation of site indices) or
indirectly (through analyses of plant .indid~ators, physiography, soil 
Surveys, et.) 
 Outputs from this module will describe productivity po6tentials for both forest overstories and herbaceous understories.
 

To evaluate depth and quality of view within an ecosystem in
terms of current and, if appropriate, anticipated conditions, 
a module
named SEEN is being evaluated,as part of the group. Another module,

call-ed.FIRE, predicts the probability occur-rence of wildfires of given
intensities from knowledge of fuel 
properties and sequencing of meteorological events; this module'also estimates the -impacts of fire on an ecosystem. SNOW is 
a module that interactively simulates the dynamics of
snow pack accumulation and melt within forests comprised of trees in
varying spatial arrangements. 
 ROAD allows for predictions of sediment
loads 
resilting from the construction of roads with alternative design

criteria.
 

To further aid managers and planners in analyzing land 
use alternatives, a module that facilitates the development and subsequent display
of basic productioneconomics models (production functions, productproduct relationships, e: ,.
) has been synthesized. This module, referred
to as 
ECON, also includes components that represent various LP and Goal
programming techniques. 
 Other modules and components will be considered
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within the group to more completely provide socio-economic simulation
 
capabi l i ties.
 

The primary emphasis in the initial developmental work on the 
group of models has been placed on simulation within forest ecosystems

'inthe United States. Curreilt plans are to extend this work into other
 
forests and, as the need arises, into range and arid ecosystems.
 

Many of the modular ci.mponents in the group that have been syn
thesized only require "locaiization" of coefficients for use inother
 
ecosystems. Other models, particularly those structured to represent
 
an explicit plant or animal species, are only appropriate for use in
 
simulating those ecosystems in which they occur and must be replaced by

other species-specific models that characterize other ecosystems under
 
consideration. However, even here, replacement is relatively easy

within the overall structure of the command system.
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CHAPTER XIV 

ENVIRONMENTAL
 

MONITORING
 

INTRODUCTION
 

Understanding the impacts of watershed resources management policies
 
and providing significant input in formulating more effective watershed
 
resources policies requires long-term environmnental monitoring. A program
 
of long-term environmental monitoring must address basic scientific ques
tions and ecosystem functions as well as policy, human health, and safety
 
issues. For the purposes of this syllabus, reference to environmental
 
monitoring shall mean the process by which selected environmental variables 
are systematically observed, measured, and interpreted for defined purposes.
Such purposes will be directed toward describing the state of an environ
ment and identifying trends. 

NEED FOR LONG-TERM MONITORING 

In 1971, the Scientific Committee on Protection of the Environment 
(SCOPE) reported that the imperfectly understood cause and effect relations
 
and environmental budgets of many substances had given rise to important
questions relating to the complex interactions between man and his bio
enviroment. Furthermore, itwas recommended that a program be initiated 
to obtain a picture of how all of these processes occur, the rates at 
whic) they take place, the timing and nature of equilibrium situations,
and their effects on man and the life-support systems of air, water, soils, 
climte, and biota. Also, i need to develop mathematical simulation models 
of environmental interactions that can predict the results expected from 
varying types and degrees of remedial actions "i;as recognized. The capa
bility of advance-warning before an adverse situation becomes irreversible
 
isabsolutely essential.
 

The United Nations Environment Program (UNEP) stated in 1977 that 
an ecosystem is best considered as a total concept with the natural re
sources its components. Soils, air, water, animals, plants, and other 
genetic resources combine to form ecosystems inwhich the fate of individ
ual resources is bound with that of others and of the ecosystem as a whole. 
Problems inan ecosystem can be examined within the context of the ecosystem 
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itself or by considering natural resources octurring widely in different
 
ecosystems. At the same time, the intricacies of ecosystem functions de
mand a specific and quantitative approach to the solution of problems
 
brought about by imbalances in the systems.
 

In general, timely and accurate data from long-term monitoring
 
projects are invaluable to agencies managing their lands within certain
 

guidelines. Yet, seldom is there sufficient knowledge about an ecosystem
 
to totally assess the 4;hipacts that a given land management practice may
 

exert. For example, fire was long considered contrary to the concept of
 
conserving an ecosystem. However, after long years of scientific study,
 

now understood that fire cin play a critical role in ecological sucit is 

its natural course.
cession and, in some cases, should be allowed to run 


There is an increasing need to know the effects that actions such
 

as timber harvesting, livestock grazing, or controlled burning will have 

on future uses of land. Long-term environmental monitoring clearly pro

vides one solution to better land management and is in the interest of
 
any country's future.
 

Recently, a framework for international long-term environmental
 

monitoring programs was identified by UNESCO's Man and Biosphere (MAB)
 

Program. Under the monitoring framework established by MAB, countries
 

are able to emphasize nationally important subject areas and implement
 

monitoring programs at a level necessary for sound decision making.
 

In Scandinavia, scientists have long monitored atmospheric depo

sition in their countries to determine the effects of decreasing pH lev

els ariu to better understand long-range atmospheric transport. The World
 
network of weather sta-
Meteorological Organization (WMO) has a global 

tions that monitor atmospheric conditions, including pH levels. Recent-ly, 
the United States has begun to monitor atmospheric depositions due to a 

the apparent trend toward a lower pH in northeastern andconcern over 
Within the framework of the MABnorthcentral regions of the country. 

environmental monitoring program, a "chemical" monitoring effort has 
been initiated to provide data on which to base air pollution control
 

laws and to better understand the issues of atmospheric transport,
 

Recognition ismade of the fact that some countries may have min

imal interest in atmospheric depositivii, while being quite concerned
 

about other facets of their environ,,nt. Under such conditions, individ
that help them better
ual countries may choose to emprhaize subject areas 


understand and quantify the interactions between man and his environment.
 

DATA MANAGEMENT
 

Information and data exchange are obvious requirements if the re

sults of an environmental monitoring program are to have wide benefit.
 
For example,
Numerous information and data exchange systems exist. 


UNESCO uses a computer-based system to provide continuously updated in

formation relating to MAB studies in many countries. UNEP uses national
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focal points in its International Referral System (IRS) to link the source 
-,.of Informt'i-on.w-ith -rquests 'fromn throughout tie world. 

Before a long-term environmental mcnitoring program is begun,

basic questions regarding detta managemcnt must be resolved. Determina
tion of user groups, hierarchical options, analytical methods, biblio
graphic files, 6tc. riutusf:':be addressed. Propar'management of large masses 
of source.data in itself dan contribute to scientific advances, as hap
pened in svera......... .... Internatiornai. iological Program

(IBP). There is, a rapidly igroiing trend in'the scientific community, to
ward reanalyzing data using -neveir concepts. Therefore, the availability
of monitoring 'data, both hi;torical and current, plays a critical.role -i.n 
filling .important data gaps and allovs other scientists to broaden their 
monitoring efforts. 

Inforation 'and datei'xchange systems have reached a point such 
that they can be designed 80 to 100 percent complete 'in terms of storage, 
access, quality control, atalytical capabilities, and editing prior to
 
entry of the first data itlr;i. W1ith proper design, data coming from 100 
monitoring stations to a central facility with terminals ormini-computers
 
at the monitoring'L. te would r-'uire no more personnel.at the,facility
 
than that coming from 10 stati ns.
 

IMPLEM.ENTIKG P.LONIG-TERPI ENVIRONMENTAL 
.MOMITORIWNG , PROGRAM 

Us.ing the long-tern envr'r metal monitoring. framework estab
lished by MAP as a guidelir;., a philosophy upon whi'ch a monitoring pro-. 
gram should be~developed conrsists of three fundamental precepts. First., 
land managers and policy makers t.ould be in an improved decision making 
position if better basic infv.tiou were available to them on a timely
basis. Second, 3 great deal stands to be acccmplished through increased 
cooperatjoh between the many organizations which conduct'ecological mon
itoring'an O,research activities. Finally, there are processes occurring 
inthe natural environment 'whlchcan only be Understood through an exam
ination of long-term data sets. 

•The .underlyin '"theme behind dovelopment.of a long-term.monitor
ing programo is to deterrainea process which provides increasingly sophis
ticated amounts of 'ihformtionrelating to the interaction and sensi.tivity 
.of an ecosystem. Therefore, .A " ..o,-kno;l edge" is necessary to- ac
quire gross levels of data on features such as surface water, topographic 
maps, land use maps, soil and geologic conditions, etc. With the es
tablishment of a "state-of-kno;.(lege," various parameters may be iden
tified as significant to th3 ecology or to the human management of an 
area. Insome casesi* the par, r trs may f.e specific to the area or the 
surrounding area (such as 6idecl'iniig species) t'iile they are of global
significance"In otherareas ('such as th CO2 cycle). 
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Recognizing the importance of environmental monitoring and using
 
tie NAB framework as the basis, Four broad subject areas relevant to a
 
long-term monitoring p;rogram can be identificd: biological, geophysical,
 
chemical, and anthropolcgic l.
 

Among tie biologicil topics to be considered In an environmental 
monitoring program are fiora and fauvia 3pecies checklists, descriptions 
of biotic rmpi!laticns mnd c 7iuwtics, and ouantlfications of ecosysterm 
procusus ciW oynarnu.s tii:uit ij. tfeuphy ica' -opics include measure
ments of precipitation, air temperature, and streamflows; descriptions 
of soil types and asso'iated physical and chemical properties; and esti
mates of areas or volumes of landslides, intensity and extent of wind
storms, etc. (Table 2). Chemical .-onitorirng topics involve the 
detection of pollutants and measurements of natural substances through
 
the examination of critical co~mponents in the atmosphere, precipitation,
 
streamflow, soil and l~tter, and vagetation (Tables 3)..' Ahthro
pological monitoring includ-s the assessment of demographic character
istics of .narea, land owmership patterns, legal and institutional 
structures, etc. (Table 4). 

GUIDELINES AND STANDAP.DS IN EMVIROIMENTAL MCNITORING 

AM may be expectcd, long-tom,environmerntal monitoring programs 
can Assume different levels of suphistication. Depending upon the spe
cific objectives in a country, ru'id:lin3s and standards to monitor an 
cosystem should provide a flexible progression from a minimum level of 
monitor!ng effort to .n,?xtensive end intensive monitoring program. 
Monitoring of a particular area zhould b, trailoreO to meet the specific 
needs of thE arek. 

To provide a ban.is for t*, design of -' leng-term environmental 
monito-ing progrem, , franr-tiork estiblished by NAB can be considered 
as broad guldell;e3 &.d standards. Rnre, three levels of monitoring 
have been specified, ranging from the least sophisticated and technologi
cally inten-i7e (levol one) to thc most sophisticated and technologically

Ontenstve (pe 1he.
 

While level thOr,. is the most sophisticated and technologically
 
aintensive, itdoes nit necessarily represent the "beot" approach tn 


particular imr)nitoring effoit. If adequate and reliable source data can 
be obtained by simpler monitoring techniques, they whould be used. In
deed, it should be noted that many of the elermnts at level three may be 
projects of liraIted duration, possibly repeated at intervals as long as 
five years apart. 
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Table 1. Biologilcal topics in an environmental monitoring program.
 
Types of Data Love) One 


Species List of vascular plants 
& vertebrate animals 

Sis.ificant species (ram,
endangered. extinct. 

:onomic. exotics) 

Relative abundance (rare. 
common. abundant) ofPopulations/ major vertebrate and

commnities vascular plant species 

Major cominitles 

Low level aerial photos
ERTS Imagery 

Ecosystem 

processes 


Ecosystem 


*'mawcs 

Level Two 


Habitat preference 
Geographic distribution 
Residence status (migratory,

permanent, ephemral) 

Reference collection 

Trophic level-major species 


Annual census major species

1-3 permanent plots
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CHAPTER XV 

WATERSHED RESOURCES
 

MAN AGEMENT IN THE
 

MULTIPLE USE CONCEPT
 

INTRODUCTION
 

Watershed management is simply a component of the overall manage
ment plan and system to the wildland administrator actively pursuing a
 
multiple use land management. Similarly, timber management, range manage
ment, and wildlife management are components of the management scheme.
 
Inmany instances and situations, one or two of the wildland resource
 
products may prevail due to local demands. However, even when one tree.
 
or a stand of timber iscut for sawtimber to attempt to increase water
 
production, herbage producti%'O and aesthetic and recreational values
 
will almost certainly be affected. Therefore, to effectively and 
efficiently practice one component of multiple use management, suchas
 
watershed management, the wildland administrator must be aware of the
 
associated wiIdland resource management implications.
 

THE MULTIPLE USE CONCEPT....
 

Inalmost any discussion of wildland management probleis, mul
tiple use management iscited as a guiding principl6. At times, one
 
gets the inmression that multiple use is a cure-all for all the./prob
lems of wildland administration. However, while there hs been little
 
difficulty ingaining general acceptance of the multiple use concept,
 
ithas had far less success as a working tool of management. Most people
 
concede that timber or water production isnot necessarily the sole
 
producti'on function of wildlands, and.that forage, wildlife and recrea
tion should be considered inmanagement decisions. But how much
 
managerial effort should be allocated:to each potential land use is
 
a problem that wildland administrators have not always been able to
 
resolve. Reconciliation of conflicting interests continues to be an
 
important responsibility of wildland management agencies.
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MEANING AND OBJECTIVE OF MULTIPLE USE
 

The term multiple uae may be applied either to areas of land or 
When applied to land areas,
to particular wildland resource products. 


multiple use refers to the production and management of various resource
 

products or resource product combinations on a particular land manage
resource products on a management
ment unit. The relation of several 


unit to one another may be competitive, complementary, or supplemen
tary. A competitive relation exists between resource products when one
 

as may occur between timber
must be sacrificed to gain more of another, 
and water or between 'imber and forage. In aoMZpnentary relations, 
.both resource products increase together, as may occur between forage 

the timber has been removed. A eupplementary relatin is.and water once 
Such that changes in one resource product have no influence on one 

another, as may take place with livestock and wildlife within limited
 

ranges or changes in forage production.
 

resource products.to one
Conceivably, the relation of.several 

another on a particular land-management unit may be competitive, com

plementary and supplementary, depending on the area of-management con-

In this situation, it is important for 'the wildland administrator
 cern. 
 For example, If 

to know what area of management concern confronts him. 


working with a supplementary relationship between timber and water,
 
influence water production bythe administrator may not be able to 

altering timber production (Figure 1).
 

.When applied to a particular wildland resource, multiple use
 

refers to.the utilization of the resource products for various purposes.
 TimberWater may be utilized for-irrigation, industry or recreation. 
Forage may have
 may be used forlunber, pulpwood, or Christmas trees. 


value as feed for livestock and wildlife, or for watershed stabiliza-


Here again, the utilization of resource products may be competion. 

titive, complementary or supplementary. 

In practice, multiple use management involves both the multiple 

use of land areas and of particular wildland resource products.. Demands
 
tor specific uses (irrigation),on-particular resource produc'.s (water) 

turn, place demands on the land where the resources are produced
in 
(watersheds).
 

The basic objective of multiple use management is to nx1mWae 
for the moot benefieial eanbina:he,widznd resou'rc.e product coW.e. 

.,The idea of maximizing the benefitstion of'preent aDd future uses.. 
new, has become morefro a given resource. product base is-not but it 

important as competition for limited and interrelated resource products
 

tncreaseS.
 

The multiple use concept as described by law does not neces

sarily demand that every land unit inquestion should be utilized for
 

all possible uses and resource products simultaneously. Instead, most
 

public wildlands are utilized, to varying degrees, for a wide array
 

of uses, as dictated by productivity and demand,
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- -- complementary 

z ....... supplementary 

0 	 - competgtiv*!. 

"I 

TIMBER PRODUCTION 

a., 

Figure 1. 	 A hypothetical relationship between water and 
timber production on a land management unit, 
illustrating competitive, complanentary, and: 
supplementary relations. It is imperative that 
the wildland administrator ascertain which re
lation cr.,afronts him before implemnting a land 
managew.nt redirection. Here, for example, the 
administrator will not be able to influence water 
production by altering timber production if operating in area "a" or "b." 
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Multiple use land management of wildlands may be accomplished by
 
any one of the following options, or by combinations of the three:
 

(1). 	 Concurrent and continuous use of the several wildland resource 
products obtainable on a particular land mcnagement unit, 
requiring the production of several goods and services from 
the same area. 

(2) Alternating or rotating the uses of the various resource
 
products or resource product combinations on a unit.
 

(3) 	Geographical separation of uses or use combinations so that
 
multiple use is accomplished across a mosaic of units, any
 
specific unit area being put to the single use to which it is
 
most suited.
 

All of these options are legitimate multiple use management prac

tices and should be applied in the most suitable combinations.
 

From society's point of view, regardless of the land management 
unit in question, multiple use involves a broader set of parameters 
that concern the private investor. Generally, society is more inter
ested in preserving wildland benefits for future generations, requiring 
investments beyond the dictates of limited business economics. On the 
other hand, the private investor makes decisions based upon relatively
 
short-term profit motlve commonly related to limited resource product
 

Effective multiple use management should accommodate the full
uses. 

spectrum of today's needs and provide for tomorrow's requirements.
 

TYPES OF MULTIPLE USE MANAGEMENT
 

There are two fundamental types of multiple use land management,
 

that which is resource-orien.ted and that which is area-oriented.
 
upon knowledge of
Resozuce-omented multiple usq management is dependent 
resource affects
interrlptionships describing how the management of one 


the production of others, or how one use of a particular resource
 

affects other uses of the same resource. Essentially, substitutions
 
between resource products or resource uses, and the associated benefit

cost 	comparisons of alternative production combinations are taken into
 

account. Resource-oriented management may deal with a single resource
 

product with alternate uses, or with two or more resource products
 
with 	alternate uses for each.
 

Resource-oriented multiple use management requires the under

standing of wildland resource production capacities. However, to
 

accomplish effective and efficient multiple use management, resources
 

must 	not only be related to each other but also to the needs and
 
wants of people. Area-oriented multiple use management meets this 
general objective through consideration of the physical, biological,
 
,:economic and social factors relating to wildland resource product
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development in a particular place. This type of management provides a
 
framework in which information concerning the administration of land
 
management units can be arranged, analyzed and evaluated for the pur
pose of making sound management decisions. Area-oriented management

draws that information needed to describe wildland resource product 
potentials from resource-oriented management and then relates this to
 
the dynamics of local and regiona demands. Area-oriented management is
 
not .-cssar'y n, e;,de to iplace othe,' fores uf management, but rather 
to complement it. Hopefully, this will help to close the gap between
 
resource management and problems on the ground.
 

INTEGRATING WATERSHED MANAGEMENT WITH MULTIPLE USE
 

The problems of integrating watershed management within the
 
multiple use concept, a necessity in effective and efficient wildland
 
management, are not always fully realized by the wildland administra
tors. While these problems may often be structured in resource
oriented management objectives during the initial phases of management
 
implementation, wildland administrators must continually be aware of
 
area-oriented management implications, especially when management plans
 
and systems are developed for application over large land areas. Num
erous land management considerations, policy formulations and institu
tional conflicts confront the wildland administrator attempting to
 
integrate the component parts of multiple use land management. Although
 
many of these issues are common to all components, !,everal problems
 
unique to watershed management implementation must be considered.
 

Land Management Considerations
 

Often, watershed management involves the development, evaluation,
 
and application of land management systems designed to alter water pro
duction. The impact of management systems on a river basin may extend
 
beyond simple attempts to alter the flow of water into downstream
 
reservoirs. Many Wildland resource products in addition to water are
 
in demand from &P'tr.m lanft~, and these resource products must be 
allocated to maximize total benefits to society.
 

Land management systems designed to alter water production are
 
commonly recommended by various interests groups. These systems often
 
require sweeping modifications of vegetation on lands where the poten
tial to alter water production is the highest. Some of these systems
 
could jeopardize other land values; and some are irrevocable, at
 
least in the short run, in that they can easily be made but cannot be
 
undone if they turn out to be mistakes.: Furthermore, technological
 
and economic guidelines have not been sufficiently developed to carry
 
out the.implementation of the system effectively and efficiently, in
 
many cases.
 

The implications of land management systems designed to alter
 
water production are of particular interest to upstream land management
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agencies since these agencies are charged with administering a large
 
portion of the potentially better water yielding areas. But, because
 
these management agencies are committed to the concept of multiple use
 
management, the implications of these land management systems extend
 
beyond considerations of water production alone.
 

The problem is to determine advantages and disadvantages of
 
ia,u nianabient systems designed to alter water production before the
 
systems become operational.
 

Estimates of Wildland Resource Products
 

Measurements of the yields of all wildland resource products are
 
necessary to determine their responses to land management systems.
 
These products include water, timber, range for livestock and wildlife,
 
and recreation. Consequently, estimates of water yield and quality
 
before and after a management system has been imposed are desirable.
 
Timber growth and quality measurements should also be obtained on a
 
before and after basis. Likewise, records of forage production and
 
utilization can subsequently be translated into beef gains and wildlife
 
habitat potential. Records of game and hunter use can be used to assess
 
recreational values.
 

The measurements of wildland resource products on a management
 
unit can be summarized in tabular form as a produot mix. This table
 
describes multiple use by quantitatively presenting all resource pro
ducts derived from a particular area or class of land. Product mixes
 
developed before a land management system ii implemented will form a
 
reference for comparison with product mixes developed after implemen
tation. These comparisons will show what is gained and sacrificed in
 
mu tiple use terms, assuming that a resource product response to a sys
tem can be determined with before and after measurements. Such compar
isons form a basis for deciding among land management systems in terms
 
of an appraisal of the advantages and disadvantages in resource pro
duct responses (Table 1).
 

On one hectare, if things remain as they are, To, the annuai
 
output will be 4.2 cubic meters of timber growth, enough forage for
 
0.068 kilograms of livestock gain, 0.021 deer, and 15 centimeters of
 
water. No timber will be cut.
 

With conversion of moist sites to grass, TI, the annual output
 
will be 2.5 cubic meters of timber growth, enough forage for 0.48 kilo
grams of 1ivestock.gain, 0.034 deer, and 22 centimeters of water. Ap
proximately 9.0 cubic meters of timber will be cut on each hectare. 

Columns T2 and T3 contain the elements of uneven-aged and even
aged forest rinagement systems, respectively.
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Table 1. Product Mix Vectors for Southwestern Ponderosa Pine
 
Forests _/
 

TO T1 T2 T3
Item023
 

*As is Convert Uneven-aged Even-aged
 

Timber cut (cubic meters) 0.0 9.0 4.9 	 3.8
 

Timber growth (cubic meters) 4.? 2.5 5.5' 5.2
 

Livestock (kilograms gain) 0.068 0.48 0.0045 0.27
 

Wildlife (number of deer) 0.021 0.034 
 0.032 0.033
 

Water (centimeters). 15.0 22.0 16.0 18.0
 

1_	Adapted from efficient development and use of forest lands: An outline
 
ofa prototype computer-oriented system for operational planning by.R.J.
 
Mconnon, 1965.
 

It is important to note that, ifTo is the best as judged by an
 
assessment.,of the advantages and disadvantages in natural 
resource pro
duct and use response, the existing management system should be continued.
 

Direct Costs and Benefits
 

Determining the costs of implementing and maintaining a land
 
management system, as well as the direct returns associated with the
 
managenment system, isprerequisite to efficient multiple use land manage
men't. 

A large body of information on costs isavailable in the litera
ture. Unfortunately, these data normally reflect a particular economic

situation end time, and cannot easily be adjusted to local conditions.
 
Consequently, gross job time costs data in terms of physical input-output

variables characterizing the management system and land area may be re
quired. Inputs collected include labor time, equipment time, direct

supervision time, and materials. 
Outputs specify total production as
 
units thinned, cleared, etc. Costs are then determined by multiplying

inputs by current wage rates, machine rates, and material costs. The
 
sum of costs divided by the number of production units accomplished

gives an estimate of the average unit costs for a management system.
 

Direct returns to the land management unit may largely be depend
ent on the sale of timber removed in the initial establishment of the
 
management system. 
Remember, calculations based on a "saw-timber-only"
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market, as currently exists within many market areas, could become
 
obsolete ifa pulpvood or veneer mill is installed. The presence of
 
these additional outlets could alter the expected dollar returns,'by
 
making previously unmerchantable material saleabg. Therefore, since
 
market conditions can change quickly, and since they affect returns so
 
significantly, the timber resource should be described in terms of multi
product potentials, providing timber quality and yield information for
 
mi. '.t ," ,ill~ ~4 s on a continuing basis.
.cisinn
 

Direct returns derived from other resource products, i.e.3 
forage for livestock and wildlife, recreation, etc., could conceivably 
be determined by comparable objective analyses, although these markets 
m&y be more poorly defined than timber.
 

The flexibility derived from the collection of objective cost
benefit data will allow; land management systems to be reevaluated as 
economic conditions chenge through time. Consequently, a system initially 
considered economically impractical could become operational with a change 
inwage or machine rates, or with increased market outlets.
 

Economic Evaluations.
 

To make an economic evaluation of a recommended land management
 
system designed to alter water production, the following criteria could
 

be selected to form a basis of choice:
 

(1) Maximize benefits.
 

(2) rlximize On.returns on an investment.
 

(3) Achieve a specified production goal at least cost.
 

Data requircd to satisfy the first two criteria Include estimates ofre
source product values and physical responses resulting from land manage
ment redirection, and costs of implementing the management system. To
 
sat. .. " "'d,, • often derive'd through the political
 

processimust be estriblished for various levels of production.
 

Economic evaluations essentially consist of an array of pertinent
 

economic analyses designed to help wildland administrators make a better
 

decision. Individiaul analysis may yield 'aone-answer solution to the
 

problem of selecting a land management system that maximizes the returns
 

to the land., -Agroup,of such analyses, based on different criteria,
 
Such an array
will.:result,in an array.of items for decision makers. 


may include:
 

(I). Estimates of multiple use production associated with different 
land mAnagcvment systems. 

(2) Estimates of costs of management alternatives.
 

1. 20" 

http:array.of


(3) Least cost solutions for different goals of multiple use
 
production. 

(4) Gross and net benefits associated with a range of management
 
alternatives.. 

(5) Investment returns and co.t-benefIt ratios associated with
 
different management systems.
 

Policy Fomulations and Institutionai Conflicts
 

Given the above array of economic relationships, the watershed
 
manager (acting as a wildlaod administrator) should be able to choose the
 
best course of action in terms of implementing a land management system. 
However, it is anticipated that there may be policy issues and institu
tional conflicts that must be resolved before a ;and management system 
becomes operational within the multiple use concept. 

The question of who will pay for the establishment of a new land 
management system apecificaZlyb designed to alter water production must
 
be answered. The group of people that executes the system may not derive 
direct benefits from all of the multiple uses affected. For instance,
 
it is questionable whether the U.S. Forest Service, who will carry out
 
many of the operational programs necessary to implement a management 
system, will receive benefits commensurate with their costs. The role of 
downstream groups benefiting from increased water production from up
stream lands will have to be established regarding costs. 

The costs and benefits of a land nanagement system designed to 
alter water production to society's needs must be ascertained. Various 
viewpoints will need to be adopted so people can determine how a manage
mentsystem is going to affect them individually and collectively.
 

Local groups on or near the land area directly affected by a land 
management systiem will want to know how a program may affect then per
sonally. Their viewpoint can be developed by the valuation of raw rultiple 
use products onsite or by the value added through manufacturing stages in 
the economic stream from resource to consumer within the local area. A 
single economic solution may not be suitable, but analyses reflecting the 
various viewpoints may yield the required answer. 

Regional interests will probably bear a large portion of the in
vestment in a land management system. A determination of the effects of 
a management system on a state's economy seems appropriate to this view
point. Finally, the national viewpoint must be the basis for some 
evolution, primarily because most of the land that may be subjected to 
a management system will be federally managed and the federal goverment 
will make at least a portion of the investment. 

Perhaps the greatest problem f-cing the watershed manager pursuing
 
multiple use land management is that of developing an efficient institu
tional framework through which land areas subjected to the multiple use
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concept can be managed. A realistic multiple use management plan (such 
as that outlining a land management systemi designed to alter water pro
duction) must either work within the existing institutional structure,
 
or modify it inorder to be effective. An evaluation of the political
 
and social organizations through which wildland resources are currently
 
administered may suggest a necessity for institutional reform.
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iNTRODUCTIOH, 

Today, world population has been increased rapidly in every
 
country. Basic needs for human lives have been followed inevitably 
time to time. Evidently, lands over the world were invaded for human 
activities use, especially for food production 3s well as for human 
settlement, industrial factories, and uKznization. In fact, these 
lands long ti;,-e ago used to be the fornste,& areas, when the people 
needs the land, thay get rid of the forest trees by clear cutting. 
Those clear lands, tnen after, were turned co be agriculture, resettlement, 
urban, and isL;-ialization. Unfcrtunately, -.e people who occupied 
the land don't know how to keep it productive fc.rever, only utilizing 
day-by-day wichout taking any good care.
 

Itmust be emphasized that land troubles as mentioned above found
 
very basic problems in tropical areas whiich are allocated in Africa,
 
South and Central America, South-East Asia, and Australia. These areas
 
seemed to supply more population while the comparison were taken with
 
the other parts of the world. Also, the people were indicated as the
 
most poorest in the world as much lacking of education and nealthy.
 

A serious limitation is that population exposure and land 
occupancy the basic needs, the natural conditions of the lane are also 
constraint to put tohe development project in terms of depletion of 
forest area. In otner word, the soil property is ust ally erosive and 
producing more sedimuent yields when there is no completely any plant 
cover. After clear lands were abandoned very short period, soil fertility 
showed less productivity. In addition, some hazardous events are often 
seen in following continued reaction such as floods, drought, sccial 
deterioration, economic ruins, and political conflicts. In contrary, 
there is less problem in le world of developed countries such as United
 
Stated, United Kingdom, Belgiumn, etc. r,'ain reason would be the non-tropical
 
condition as well as less population and cood ranagement planning in natural
 

resources of those countries.
 

Good E.anager;ent plan for resources utilization is the mairn principle 
how to keep the land and some environments in sustainable yields for human 
needs forever. This principle may be ca1,led a6 environmental conservation 
ma'nagement. !Also, some conservation grouns used to call this principle as 

the ,,atershe.6 "'ana' cr;ent" in the past oven in the present time. However, 
there main concept is very much similar ,.s the basic principle how to 
manage the natural resources under the rational use aspect that to serve 
human needs. 

AccordCing to the differences of natural resources component becu..-4een 
ifficulty might come up to
 

establish the ranagement plan. Because :f the instability of tropical
 
ecosystems, the principles of atershed resources management must be coilcc
tively differed from the tpmpcrate and cold re :ions as well as developed
 
countries in ai parts of the woric. Su.,,,ar1y speal'ing, this paper ,;i1*
 

tropical and non-tropical ecosystems, sor.Pe !, 
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be presented principai concept in watershed resources manageient by 
emphasizing on the h;urid tropical zones. Bu, some principles and 
Liethodologies r:!ay be includeo in the details of presentation. 
Directedly, in -;art of an introduction to l!atershed Resources Hanagemen 
wouid be the basic knowledge of someone .;ho are participating. the wor:S 
of watershed nnageient and environmental f.,ananer,-ent one way or aootier. 
Also, it is hopeful that the people who are concerned with humid tropical 
natural resource!, aw.remerlt -would.he applieL in useful way and to set 
aside good managemeni r'lan for their own countries in the future. 

THE UATERSHEJ L-Nlu r,iATUNIAL E,;VIRO ' f!,ES'ST , 

ler:: taI.ershc.- is understood amo-nc, riian' people as some area on 
high elevatio,' rhich could produce large ar.'unt of water to lowland area, 
mostly coverin by the natural forest. To soiie, watershed means a sr.aYl 
area inside the river basin, usually; locatcc on hilly or rugged terrain 
up to the nouritins, rainly production Vould be water flow and some 
non-timber prcducts. To very few number of people, watershed is an area 
containing surie environrients inside its boundary. in addition, the 
conservationists understand the word watershed as an area for rational 
use and managerient of natural resources. Io avoid the confusion of these 
various understandings, USDA (i'57) introduced the meaning of watershed 
as "the total erea above a given point on a stream the 

'/ / watershed bounda ry 

V 

r~vnpoint (,.:-outh or outlet) 

Figure 1. 'Iatersh'e6 .:t-ea wh!ich includes :;, crjr/and a .iven point 

to r.1,0LA -i )t C-.3 O 



contributes water to the flow at that rdoint" An illustrated of this 
definition has been showed Figure I.Jlich indicates the topographic 
boundary (watershed boundary) and a y:iven as an outlet o strear.or.cInt 
In the same oieari ns, .websters New Worl,'k Dictionary of the Areri can 
Language (1957) expiained the terrinoloyV of watershed as "the drained by 
a river system" The difinition did not indicate the size and boundary 
it mentioned on any area having the river for drainage out of water. 
Bullard (1971) proposed the watershed as the obvious ;;nit of land iana:e
ment for protecting the water resources anad imr'oving its distributin in 
both time and space, it may be small basin of a few hectares feedinl, an 
intermittent stream., or it may comprise the 1.)r illion hectare basin of 

K,,:..oFhya ;'ve'. To be able to clarify, 2'rof. R'. bils* gave the 
definition in the lecture class of Principies of Watershed ,ianagement in 
the winter quator of 163-1964 that "watersheu is a basin unit we deal 
with the water ianacement, it has no size, it is put up by the individual, 
the type of study." This definition has been used by his students around 
the vorld such as Taiwan, New Zealand, Thailand, Gana, Turkey and Unitedi 
States. In this context, Chunkao (1972) has modified Prof. R.E. Dils' 
definiticn which Aill be applied the mearirn, inall parts of this repor. 
and defined L'Oat watershed is a unit area '-jich relateJ; particularity to 
water r;,anpoeriiit,no size limitation but depending on individual objective 
and scope of t,.ork. In addition, USAID/UiESCO-,,jAB described the watershcad 
in two inplications such as (1) the tem -w,,atershed implies a domain or 
system within boundaries. The boundaries riay be physical ones: such as 
watershed divides, or they may be definec6 the ,.rocesses such as runoff ani 

ay be further divided_ into suLcomponents of 
smaller watersheds or into subprocesses such as overland flow; watersheds 
may be controlled with physical structure such as the series of dams 
operated by the Tennessee Valley Authority in the United Stato,. or un.
controlled as ,mostwatersheds in veio:i 

(2)the watershed dorrain -

area .. countries. 

Conc)-!sion of previous concept, the ter,,n watershed could be taken 
to state a net..; uefmintion Lhat watershed is the land area dealin, with 

" water resources i:iana-ementand rational use natural -resou,-cs. Its boundar,
woulci be encom-assenby the individual obsectives as well as physical 
toporgraphy of rourtain riC'.e which are contrclled by the processes of 
runoff , sedint ,rans,.Crt and the right f cccupancy by ,aws. This defi
nition implies .hant .watershed would be forest, aricuitural area, ,etan 
hiohland, lo',~T.nd, .rLody, city. rura1 ares, mountains, even the oce.A-" 
but they must '_;e rnro-]sed and limited, Ly the individual objective. itso 
f~ar, there are ,-vironriental resourc,.. components inside a r-ocn-. 
tioned watersh.,: ic!: would be biotic, abictic. physical and man-ma:de 
elements joinin; zoetier -. They, undoubtedly,s the systei (Fiur 2). 

form the structijre ard function under the .rincil:le of ecology, i.e.,
 

, '
l ncludi n prolucers, consui;iers, decorpo)s ,s, aind nutrient Pool (supporters) 
in relation to species diversity, quanti;y, ar. I-roportion as seen in 
Figure 3. 

• Prof. R.E. ;.-'is, former head tatershed U1r:it and Dean, Colieqe of Fc'est
 
Resources, Cci orado State Uiiversi ty, Fort Collins, Colorado, Newi
 
retired offi -Cer. 
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As ordinarily used by the watershed .cientists, "watershed" is 
synonymous with the terms "catchment" or ".rainage basin" or "river basi" 
and/or "cirainage area. " 

Input 

/ 

rh_,. /e .. . 

i.'.os J. 

Systrs 

('ut rut: 

Figure 2. 	 Environ!lental components 
of huri, tropical zone. 

" Biotic (Hatershed Resources) 

- hunic tropical plants 
(.ore than 4,000 species in Thailand) 

-. iiurid tropical aninals
 
imore than 3,000 species)
 

- ,ricuilural crops and animais
(usua'V" feed neople around the 

- U:r (thec nost scnse in thc '.C.r:'. 

- Abiotic 

Econor:ic rocks and minerals 
(richest 


- Soils and land
 

(Sigh erosive and over-usq)
 

- Air
 

- in the world, 

- ;ater
 

-\ Chemical s
 

_.n-mace (biophysical and abstract 

or social) 

- infrastructure
 

- cfllture
 

- social cemplex
 

industries
 

- city and urbanization
 

- .ater resources
 

inside the ;.atershed resources syste, s 
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Ilnput
 

"Producers
 

Watershed Cons;,er 

up orters 
n0 rient pool) Resources 

Systems 

•Decomposers '-. 

If input = output, 
structure components 
must be existed in 
proportional quantity 
of all species diversity
 
as they should be.
 

Output
 

Consideration : 1.species diversity
 
2. quantitization of each species
 
3. proportinnal quantity
 
4. funcLiorin1; the processes 

Figure 3. 	Components, functioning processes and status stage of watershed
 
resources system.
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Last decade, the period was called the decade of environmental
 
sensitiveness. These were many activities concerning with environmental
 
issues, especially toxic contamination, popultcn growth, dl1plet.ion of
 
natural resources,, energy crisi , -economic ta.nd social deteri oration and
 
lack of human basic needs, The context has paved way for environmental
 
scientists to take serious study inenvironmental issues; They modified 
exa6tly the sameprinciples used iri watershed management but they called 
a new term as environmental science, To soe of tfiem, they stated clearly
and figurativly that watershed sens very similclr to environmental 
systems, it reculates the relation between input and output of that'systems.
In this case ',tor flow and-some other natural resources inside the
watersied ecosystems as well as taking -che interaction among.them.

However, the structure of watershed ecosystems would be composed of
 
various elements which are functioning by theiP roles for regulating thc
 
systems (Figure 2 and 3).
 

Watershed scientist usually classifies the watershed area at the 
hydrological unit hich provides the ecological interaction to regulate
the water flow ie.,,control optimum fico which may be, defined th'e watershed 
as systems to regulate the relation between input and uutput to reach the 
equilibrium stace. When the rainfall is supposed to be input to the.watershed systems, if the regulators inside the systems stabilized, the 
output such as water flow would be good quality and normal flowing likewise 
the natural conditions. Ifthe regulators are not ingood conditions,
 
water flow would not indicate good quality and normal flow. Therefore,

the watershed 'at the present time should be defined as. the environmental
 
systems whi ch i ncl uded, many subsystems and regul ators as wel I as. envi ron.
 
mental resource. such as plants, soils.,, man, and other. To some people,

this system'may be called as watershed ecosystems which is composed of many
componehts ihide this systems (Figure 2). Each subsystem plays important
 
role to reg11 e quantity, desirable quality- and flo aracteristics in
 
iinterrelation with their functioning proces,,'es (Figure 3) 

Natural resources and environments are disagreed in definition among
the conservationist , to kcme implies that they are n:lile, but to many they 
are mostly alike but having some differences in .eanngs, To pinpoint
this controversy, Irland (1974) considered naturail resources as natural 
environments which are valuable to f:1,;'l I hum'rnn needs. While, O'Riordan 
(1971) stated that natural resources as attributes of the envi;-onment
which according to the evaluation by the human popul..ton are valuable or 
needed withit, a perid ul" Lime, as irnriuticcu cy soc'iai, political' and 
institutional conditions. Soerianegara (jr973) proposed the definition 
of natural resources as the elements of natural envi-onments, physical 
as well as biological, whici are needed by ma~i to satisfy his needs and 
increase this wellobeing. By these presntaticn of some conservationists,
it could define a working uefinition of natural resources as envirinnments 
which are used by man to fulfill the needs. ith r ard to the controvers,,
all kinds of natural resources must be aY. iribut-es of environmenrts but,
all environments are not necessary to . .e resowCes, dependingnatUral 
time is needed by man and also the imporllace to be the bas o 
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h'man n..ee..d.s
to' provide-thei.r ifei
 

To clarify the previous presentati6n, natural resources and

environments are formed together collectivelyj and interreiatively to

grouping area surrounding by the boundary line which iscalled4'as
 
ecosystems or environmental systems, for- watershed scientists,, they

called this unit area as watershed 'area or watershed ecosystems.. In so

far, watershed ecosystems.may be synonymous with.the terms "environnen
•tal systems" or "watershed area" which is composed of elements of natural
 
resources or einvironr:ients inside this unit boundaryl also natural re
sources inside the watershed defined as watershed resources. Naturally,
the enrvironim--l-. st..ucture may becontained both the natural environments 
and man-made environtments as well as biophysical and abstract (social)
environments (Figures 2, 3 and 4) to which they are functioned by their
 
own behavior and appropriate conditions. By this concept, each watershed
 
ecosystems or environmental systems may be performed in different
 
statuses, to sor~le implies very strong to be stabilized, and to many it is
easily changed. It also-depends upon the components of species diversity,

quantity, and proportion which are collectively composed inside that unit
 
area. This conceptual 
idea has been brought the limitation of resources
 
utilization as expressed in Figure 5.
 

WHAT ISWATERSHED RESOURCES IIANAGEMENT
 

In nature, water is meaningful literally and figuratively everyone's
activities. When the population growth with an increases and new demand
 
for water,.they pay more and more attention to the water resources and its
 
management. As a consequence, Professor Dr. R.E.Dils" 
described on. the

lecture class of Principles of Watershed .'1anagement in 1963-1964 that the
 
term watershed management has meanings •to many people.. To some watershed
 
management implies the management or manipulation of the water on the land:
 
to many,it refers to management of all resources-of a watershedi including
the forest, ranie, wildlifes, fish and resources (Figures 1, 2 and. 3) to
 
others it
means the distribution or allocation of water resources,,that.

is, it involves the administration of water rights; and to still others it is 
synonymous with managing water in channels, reservoirs,or canals. The 
same context, Heilett and Ntter (1969.) staced thay watershed mahage!'ient
has been defined as the management of the natural resources of a drainagebasin primarii, for the production andprotection of water supplies ahd
water-base .,.r-.ources, including the conr:rol of erosion and floods, and
":h ,rotect~o-' c =i.,ttc values associated iith water. Also, Hughes


(1 i as the
,). t, watershed ioanagement management of land for;!-.
optimum production of hirh quality water. 'for the regulation of water yieldand for maximum soil r tatility, along with other products and uses of the
Iand. 
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- rai nfPl1 Input=Output-+ Equilibrium 
Input -Viind Input> Output-+ Devc'lopr .nt p radiation 	 Input <Output -.- Destruction 

- nutrients and chemicals1mixed in rain water, 
and wind
 

Influences.-\ (--- Man 	 (fertilizers, air,..-- Z I - pollurants contarnin.ition 

, , '  	 water, recreation, transportation, ,insecti
lqatersh	 eliminatcrs luxuries, and etc.)

A %1 - - not appropriate technology
 
Resources - high growth of population
 

social cemplex
 
Sytal .\S / agriculturalresidence,
I' / 	 -ci'ty, cactivitiesindustries 

- land use pianning 

4-- ., Out put--. Water Proper quantity flow 

timber and wood, non-timber quality
 

nd rcks-rocks physical debris
- sedimentmineals 	 (1)minerals and 
Wli- Colour, taste, 

wildlife "turbidity, etc. 

mi cronu tri ents (2) chem-wicals - heavy metals 
- plankton - pEsticides 
- aquatic plant - undesirable chemic.-is 

fishes (3) biolocical - bacteria (coi'f:er') 
- nematodesetc. 
- fungi 
- virus 

f- algae

" " flow regirhw:
 

1) sumer flow 
(2) .wejtflw 

Figure 4. 	 Environent,1 elements and it pthw y from input through 
output of vatershed resourc- sys -'. 
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Figure S. 	 Reltion between rcq niration and ero irn rate as 
;.tinLd by ii-casing ccorre of disturbance 
(resources utilizaticn) acri, rate of proccss which 
w;1,u16 prcvide the optimur, prsint (critical point) 
fr ccnsurvation r3cticcs, 
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Burton (1)69) aded that watershed mana-gement is clearly an integral 
part of water resources developmentL; in particular it seeks, by manipu-,
 
lation of land use factors, to modify the streamflow characteristics of
 
the river basins, small and large, which are the basis of all water
 
resources development systems. In other word, 'katershed managelent is
 
alike as natural resources management under the principles of conservation 
iileaning that watershed resources can be utilized with care for serving 
the human needs and to be sustairtcd yield basis in the future. Soeriane

" 2ara (1978) stated that there is no d "crer.ca between naturali resources 
manage-ment and environmnrtal management, if the object of the natural 
resources management is the natural resources ecosystem, then the environ
mental '' ""manageq,%..-,includei., watershed resources,,1n,,. I:z follows, 

management would b allowed to apply the sainc principl as as natural
 
resources rnaWiagemeint (to cmphasize on particular unit boundary) and en
vironmental management.
 

Jolly (1978)lproposed that environmental niaragement is, in essence, 
ithe process of allocating natural and man-made resources so as to make 

optimum use of ,he environment is satisfying t asic human needs at the 
minimum and more if possible, for an indefinite-future. Dasmann (.976) 
has emphasized environmentali conservation likewise the term environ,,entil 
management which is defined as "the rational use of the environment to 
provide the highest sustainable quality of living for humanity' In the 
same statement, environrental management or watershed resources managcrmrnt 
is man's endeavor in the utilization and the mianipulation of tChe natural 

ecosystems so as to obtain the maxinial benefits by maintainingresources 

their sustained production and service (modified the statement of
 
Soerianegarg,1978).
 

Tc raintain the stabilization of watershed resources, Dasmann
 
(1980) introduced the Word 'ecodevelopment" to be applied for environ.

use
mental resources utilization. Fie emphasized that rational of natural
 
resources in the environmental systems would be appropriate principle to
 
keep the watershed ecsvsterm pro-ducng the sustainable yields For human
 
in tie future, Also, principles of ecolooY rust be considered as importairt 
approazv- to change as well as to regulate the usc natural resources (Watt2 

i969 a.). To obtain :. clearer idea, the concept ecodevelopment hasboen
 
focused on the influences of man who c.An utilize the natural resources
 
ani environments but not beyond the carryin capacity and its recovering
 
for life q,ality in that watershed resources ec-cystems.
 

In this report, the watershed rescurcus managaiemnt would be defined 
as conservation -ractices to. obtain the. i!)aximum benefits utilizing, 
maintaining cjnd reuhating the sustained production and services of oviron
men'al resources in the environmental unit v'ithout any damages of quantity,. 
desirable t, d flow retime. 
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'GENERAL CHARACTERISTICS OFWATERSHED RESOURCES SYSTEMS IN HUMID TROPIC 

Ecological basis, watershed resources systems has tieir own
 
characteristics,, structLre, and function. But they often perform their
 
general char.cteristics in follows ;
 

1. In theoretical aspect, the environt.ents, which are synonymous 
with watershed resources in this report, nay be differentiated in the main
 
forms of biophysical environment of land,"water, air, plants, animals,
 
human beings, and infrastructure (Figure 4) tho other group would be
 
abstract (social) environments of culture rcligion, and tradition., 

Roughi)y fifty per cent of the forest land of. the world is tropical forest
 
as shown in Table 1. (UNESCO, 1.78), interpretntion of this information
 
would be indicated that natural environment in the tropical watershed
 
mostly containing with the green plant and the others would be less.
 
coverage.
 

2. All environments in the watershed systems found interaction
 
and interchange among themselves. Naturally, the watershed resources are
 
surely characterized in grouping by topography, geology, soils, and '(and

capability vetation, animals, and population density (Table 1). Also,
 
they are functioning in tern of processors such as interception, strecm
flow erosion, i nfiltration, percolation, evaporation, and transpiration.
 

3. Everything- inside the watershed resources systems is related 
to everything else (Figures 2, 3 and 4). This is the reason why the
 
watershed has been called as regulator to control the relation between 
input and output. if the regulator works well smooth there is more or
. 

less.difference between input and output, for example, when the forest
 
trees were clearly cut out then after the soil and water translocated out 
from the humid tropical watershed systems (Table 2) that would cause the
 
depletion of soil fertility as well as thc confrontation of drought in dry 
period (Dasmann 1976, Chunkao and Makarabhirom, 1979, and UNESCO 1978). 

4. Formulation of each watersh-d system has their own characteris
tics, some watershed ray be too strong to be changed from one ?Jim to 
another, but some are easily bruakablo. Becuse, the structura environ
nents inside -hu wa'tershLd systems are usually differentiated among
diversity, quantity, and proportion. Thes are a lot of information that 
reported the humid tropical watershed as not st, bilization' likewise the 
temperate watcrShda, evein they have more speci.s diversity, because of 
less soil stabilitvy high rainrfall, non-cducated-dense population (Table J), 

5. In the humid tropic, the watcershed resources found out 
abundances in species diversity, quartity, and its proportion when it comI. 
pares with cold an'- temperatie zone. Gren plants are minly environriental 
components in the syst.ems which ply importnt role as prroducers for human 
and animals consumers (Table 3). ilarny pliant ecoklogists h,iv found that 
there are lot of nutrients c,ntaininn in pn. or th&: plant tissue. If the, 
plants were move ,utritidcplete an:,ut from the. area, ,ould directly . 
i ndir c tlIy from the wa t r'sh&c syst,:ris (DUosmPain 1976) 
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Table 1. Total area, forest area and humar pupulation in the continents 
containing tropical forest (U.IESCO, 1976) 

L.,,,nd Fores t. Popul atir 
Arca _______________________ 

i'm. Region x].V00 T-t:-- IAcse-d x I.km
 
2
>lI : 2kr , 3,,.. %:, 


"2 50. .. 217I Tropicol ,fr'ic-. 7,340 . "9 

2 South a 
CG ntrai Am 148 '. 1C... 218r ic i 210 "" 

3 South-East A.i,i 
2nd Australi, 9050 :,"c- ,-33 5S3,0 . 52 

Totai 4,050 19,150 j 11.iC i69 icO 

Table 2. Sediment yields of different countries (After United
 
Nations , 1.53) 

C-o.runtry Sediment remiarks 

2 1 .j 

1~n~ / 

4 :,1,kC n 0. 

5 c nes iI

6 

7 J 

1hil,nC 

A 

,6. 

0 .;". 

L.rii 
Chu-mrcrn, 
Tai nd 

'River 
.(..h,:r;,, 

( ,....19 
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Table 3. 	 Gener,.l ci:.-ractristics of watershed resources systens in tlc .. : tropical ar.s 

described in nature and in case of disturbances as mr-lified from vurious refrences 

sNO I toms 	 Characteri stics .f n 

distrb :natural condition 

Plants 
1. spccies d;ivrsity plenty 	 rapidly decroase Sr:urr (i%*. 
2. nu:tityt p-:1 less but 	sc;: 1ncr:,s C'Riord..'.C 77£ 

.• nrop.rcrti-, n (c.-c sex. 	 s...;n. (i .' 

size, spocics, ard 	 exclIent mcre variatior I-lzi.1 .)
prn] tic ts )1 

2 Anirnl s 
1. 	S-,cm iv -rsitv p'Ity rapidly ;ecr:cs Srurr (15&) 

sor.e incrc!nsC iJasnr (147C,)2. quantitry plen y 	 less but UNESCO (19L")3.p-o.rti--rn (.igc, sex, 

size, spcci-:s, and .c ,I ,cn more variitior
 
pr, iJcts )
 

3 Scils 	anc L.d 
rapidly decr-ase C:unkac- Ct zo

p:tntial high1. agricuituraly j.sc-o:d 	 1 wU:.ESCO (17-S-) 

.sdir, t loss 	 less vury high Initei r t.n. (=.3' 
4. w-,o- r4iulatc, excellnt 	 worse H:-wlctZ.-,n " t (')9 

" 	 H~~~ibb~rt (I'.! 

4 Water 	 Suppiy 
1. quantity as rolated to high (30. 50%) a little chanco ChunkacJ --.nJ "Jir.--.bhir c 

rai.Fal 
2. 	 quality usable usually pC:ll:htants Chunkac at c'2 (.97A) 

contami nation U.,ESC (9t7r
3. 	 flo%, ro(inc Anderson t :,I . (;Ao) 

1) summer fIcv, high very low Lasson ot ,I. (1252) 
2) wet flow Iov very high Eurton (196S') 



6. High-.rairf7ll chnractcristics of humid tropic may be the main 
factor to introduce soil -nd woter losses frcm a high degree of agricultu
ral activities c.f .cpui ation the de,1-d'd resr ." lIy enpunc:r on 
rugged terrain 7rnnd m,,untairnous lands that cha;.cterized soils mostly more 
erosive (Table 3). This weui.'dbe support.d by research works and found 
hich soil lo;sss in'the humid trcpical art,-s as reported by United Naticns 
(1§53), UNESCO (1978). Chunkno (1979) an(' Nakano (1978) also Table 3, 

7. We,or yield refers to the i,,n term volume of runoff, frequently 
expressod as annual yi(.Id. Forcst cover pla.y, very itmportant role to this
watc",r yield, rSFpecially it reorulntes w.ater flow~s in quanitity, quality, and 

regime (Satteriund 19i2 an , Lassean et al. 191), Hibbert (1965) reviewed 
thirty-nine predomin -ntly W1orth Americ.in ro s-, tr,atment studies and 
ccncluded that recuction of forest cover increases water yield, and 
establishment of forest cover cn sparsely vegetated land decreases wnter 
yield (Table 3.) In contrast to Hibbert (1965) Is conclusion, several 
Soviet authors have reported increases in water yield with increases in 
forest cover. Although these conflicting eneralizations can be adequate.-. 
ly reconciled vthen individual studies are ccnsidered in the context of 
their geographic setting and precipitation form, they serve to illustrate 
the liimitations of applying generalizations to a particular catchment. 
Unfortunately,. a majority of water yiela stuldies have been carried out 
very few in the humid tropic as reported by UNESCO (1978). However, th: 
humid tropical area produces water flow from the watershed areas greater 
amount, approxirmately 50 percent of rainfall in hill.-evergreen forest in 
Thailand (Chunkae and Hakarabhircm, 1979), than temperate and cold areas 
(ChunrIao 1979).,USAID/UNESCO-iiAS 1979, UNE:SC.O 1978, and Molchanov. 1960). 
Forest also influences to water quality cr;ntroi in the role of flow 
regulation as oradually contributes, the clean water into stream as well 
as controlling the biophysical pollutants an.! toxic substances not pouring 
to the stream. There are a lot of reports concerning with positive in
fluences of forest on water quality control such as Anderson et al. (1976). 
UNESCO (1978), Gurton (1969) Satterl und (1972) and Ni kclaenkc (T970). 

La,L:d inside humid" tropic have been utilized to serve the basic 
needs of .'enst population. This wculd be t;n cause why the forest areas 
are rapidly destroyinu day-by-day. The situation has been spreaded out 
all parts of lowlands and also on thc mountains for setting the human 
settlement, agriculture incastries, villages2 anduurbans as reported by 
Kunstadter ari , Chapman (1970) UNESCO (197c'), Dasr,ann (1976) and Das;,iann 
( (i: ;n ,i, in order to set sustai nableo.6) 1i u "(lc.. i-s ide util i zat(Ofl 
of land, wise rdnacjcent pilanninq of land uS: must be considered as vital 
importance to watershed resources conservwti,- easure (Kunstadter n, 
Chapman 1970, and Brown, 1963). 

9. When the watershed ecosystem is t k,-, a-'ccNunt of regulatcr 
(Figures 2 and 3) this meanf that any enviyon-iental resources existinT; 
in this Systemrould play vital role to t the relation between 
input and output. If the output is cratr' tfhn input, wavtershec re
sources systons wll bi cla-siNied -s tL. sYstc,. -it the.. st - ode
struction. In opposite way, ,hen" tteoutput is less than input, the 
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system will be on the stage of development. Finally, the equilibrium 
usually exists at thc stage of output equivalent to input (Figure 4). 
In reality, it is difficult to achievo the equilibrium stage in any 
system, understanding ecosysfer, or enstace of watershu6 resources ms 
vironmental systcms that would provide baseline information how to 
establish the watershed resources management plan for sustainable utiliza.
tion of watershed ocosystems to reach tho equilibrium. stage with no harm 
done to human life, ,nimals, and plant spocks even its ecosystems. 

Due to information above. good manaaga;'ornt plan would be preferred 
to operate waroershed resources in the humid trc-pic. Hot only explosive 
P,pulation ,'oc nn.tu!1 resources to serve hc-r life, but also generil 
characteristics of its systerns found easily chE.nruablu from one form to 
another. 

CONCEPTS OF WATERSHED RESOURCES ANAGNIENT IN HUMID TROPIC 

The vital concepts of watershed ruscurces management in humid 
tropic will be focused on the maximum benefits utilizing, maintaining, 
and regulating all environmental resources to obtain sustained produc
tion and services for human life without any damages of desirable quality 
water and its flow regimn. Under this stntcmnnt, some concepts will be 
discussed details in the follows :

!. Resources Utilization and Conservation 

Natural -and environmental rescurces must be well planned to utilize 
under the conservation principles, which were concentrated to specify the
 
rational use and get rid of waste, to repair and rehabilitate deteriorated 
things, a.d reserve rare and endanger resources for long term utilization, 
Inother word; natural resources and environments must be rationally
 
utilized to serve rea! needs of human, also utilize it without having 
waste output. Any resources were destroyed at the stage of inactive uti
lizationithey should be repaired and rchabilitated when they are in good 
condition then after they should be employed to serve human needs. Further
more, if any things were identified as rare and endanger types, they must 
be reserved with good care. 

In humid tropic, there are plenty of both biologic3l and physical
environments (resources), but conriunity prefers t; full scheme management 

and technical know-tiOw to utilize for human needs. Mismanagement woul! 
introduce more serious troubles than the temperate and cold region (UNESCO

1978, Satterlund 1972, and Nakano 1978). Therefore, any natural resources 
which must be taken in out, or other actions from the watershed systems 
should consir the decreases of that resources as well as pollutant con
tanimation, as seen the description in T 4Ab 

2. Land Use W'.;rsho_ Resourccs ,narjemeni" 

Thu .rol]e.fc,1 watershed rem:iurcs r.:inager is first and forenost 
that of a conservaCtionist working tGward an maintaining an ecological 
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balance (Watt; 1969 b.). Land planning s:eiis t:; bc the vitl work to 
keep this ecological balance for the waitershod resources systems in the 
humid tropic. Resources utiIizotizon an1 ....onsi. tivi tic, rust b. 
carefully to keep the witershed ccosystms under the equilibrium stage by 
controlling spiecies diversity, quantity, ani propcrticn of; environmental 
resources.
 

At any given tipie and for any givei level of' technology, land in 
the humid tro::ic will be used for the purpose which prodUces the highest 
net returns in term of local money and community satisfacti.n. Watt 
(1969 b.) explaincd the importance of lan- use interrelated and partialized 
to watershe( m VIn. L, in consequernce, atlr yiul.J which produced by 
this systeUm. ny resaarch papers reported la' usc change from humi 
tropical forest to b cultivated land, industry.. human settlement, and 
recreational areas tic.t caused low quality of water' such as high amount 

-

.f soil losses, less surmer flow and high wet flow,high amount of cho
micals and coliform,bacteria in stream water, as found by Watt (1969 b.), 
UNESCO (1.978), Sattcrlund (1972), Hughes (3.969), Anderson et al . (1976), 
Hibbert (1965), Unitad HNations (1953), Burton (1.969) and Chunkao (1972). 
They conclude'! the same trend that watersh d land resources must be taken 
in first priority to plan for rational utilization, to avoid the disturbance 
of ecological bfiiance which :;ay provide water flow and some other resour..4s. 
It would be remembered that watershed resources systems in the humid tropic 
is quite so different from the other parts of the world, if anything changes 
the serious problems usually occur. as soen in Figure 5.
 

3. Mul tipl e Use Watershed Mian-ageiunt 

The land in a catchment is mostly classified by its principal use. 
It may be primArily industrial or conimorcial land, residential land, arable
 
farmland, grazing, forest or barren land. Of course although it maybe
 
best suited to one of these uses, such as grazing, it might instead be
 

given sonar other species use, such recreation, or commercial forest land
 

for water supply prctection. all those statement, Hughes (1969) called as
 
multiple use, He pointed out that a true multiple-use system aims to 
perpetuate the maximum safe production of all the naturally-renewed re
sources-of a wavtrshe;d'-be they water, timber, forage for grazing animals. 
or herbaceous crop. Also, less substantial products such as the aesthetic 
pleasures of scenery and public recreation, have their own value. 

To modified the concept, watershed resources management is needed 
the basic gul. elinu to utilize environmental r,;sc)urces inside the systems 
in direct an1 inir.ect benefits to serv human activities. Sometime$, land 

resources may use for city,,resident but it could be provided for recreation 
and some other nurpcses. In the tropic, people have learned:how to utilize 
the watersheJ resources under multiple use lono ago. They utilize.all 

medical cloths, housing well recreationresources for frod, care, and as as 
damag nnrotuction, and oth,rs, This woul. be proposed the conceptual idea 
that watershed resources in the humid tropic must be well planned to utilize 
and people (Figure 5 an. "Fble4). 
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Table 4. Proposed measures for planning of watershed resources management in the humid tropical
areas for control the equilibrium stage of the system
 
Resources 


Case Utilization 


option 


Taking out from 


the 	systems 


2 	 Taking in the 

system 


3 	 Utilizing inside

the systems (not 
taking in and 
out from the 
system) 

4 Influences from 

other surroun-


ding system 


Measures Application

renewable 


resources 


taking only 

incr-ement to 

provide 

sustainable 

yield 


controlling 

explosive 

population

well1-pl armed 


utilizing

only 

increment 


for basic
 
needs,
 
well-planned
 
keeping 

conservation 


practices
 
effectively in
 
utilizing the
 
resources
 

non-renewatle 


resources
 

Anpropriate 

technoy 

(1) more effective 


instrument 

(2) less pollutants 


Outflow to system 

Appropriate 

technology 


Appropriate

technology 


Appropriate 

technology 


Resources Patterns

renewable 

Tin.ber, non-

tiber, 

agriculture, 

grasses, 

-nimals,
 
water
 
exotic plants 

-andanimals, 

human, iaIneras, in
medical czrCshu ~ 

plants,

animals: 

water
 

Try to keep 

the syste-ns 


non-renewale 

rocks, minerals, soils
water, meicals
 

cheicals, cultural
 
issues, air
 

com 
,dities fertilizers,
 
pesticides, equiMents,
 

natural r gas, 
eqtroleums,u set o 

cul'ture, 

social complex
 
mineral s
rocks, air, 

try to keep the system

in equilibriun
 



/ uptake the
 
, nutrients clos tc
i the soil surf4cc Secondary rcwth Denuded land
 

R~pid decomosition rate alon 
with high rainfall causing 
soil erosion and depletion df 

deep zone Hijh concentration seen very often in the humid
 
of nutrients usually tropic 
up taking ty bi

tnutrees 

trendthaturalplant uptake )of 

the nutrients in humid vrot inhhm
 

Providing proper quantity of Land is usually abundoned after
 
desirable quality and excellent taking for agriulcural purpose 
flow regulation, but resurces 1-5 years and fcund as shifting 
utilization must be well planned, cultivation. Water quantity is not 

desired in quality and regime. 

Figure 6. Scheratic illustratin the natural phenomenon and conditions 

after natural land changed to agriculturize for human purposes
in the humid trc;pic watershed resources systems (modified from
Spurr (1969), Dasninn (1976), UNESCO (1978) andithunkao et al.
(1976). 
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4. Water Resources Development
 

Satterlund (1972) stated that water resources management includes
 
all the myriad of activiLies undertaken to obtain, distibuto, use, re
gulate, treat, and dispose of water, Watershed management is clearly an
 
integral part of water resources development; in particular it seeks, by

manipulation of land use factors, to modify the streamflow characteristics
 
of the river basins, small and large, which are the basis of all water re
sources development systems (Burton, 1969). In humid tropic as applied the
 
basis concept likewise some other countries, watershed management is con.
cerned with mostly how to manage the land for allocation and sustained
 

....on2..,,,u of ecological balance (Figures 2, 3, ,5 
and 6) including iow to produce water in 'terms of quantity, quality, and 
timing together with all natural resources utilization under the conser'vti-O:
principles. In the program of water resources development, therefore,
would undoubtedly be included the principal works of watershed resources
 
management one way to another, but more precaution for setting a plan
 
would be taken in serious consideration as described in Table 4.
 

5. Environmental Management and Conservation
 

In the beginning of this paper has been mentioned the similarity
 
of both words the environmental management and environmental conservation.
 
Also, they are closely related to the word of watershed management, and
 
in turn to the field of natural resources conservation. In'other word,

all resources in the ecosystems can be used for serving the human basic
 
needs and provided sustainable yields for long term condition.:, Pollution
 
and lack of resources use must be taken an account as vital issue in the
 
management planning in the humid tropic (Figure 6 and Table 4). 
 However,

the wate.-shed resources management is considered the water yield basis,
 
especially quantity, quality, and flow regime of water in the stream, while
 
the baseline concept of environmental management and conservation takes
 
pollution, population growth, energy crisis, and natural resources avai
lability as the indication of environmental issue (Table 2 and 4).
 
According to high amount of population in the humid tropic, development

and resources utilization are evitable to confront. Concept of ecodevelop
n9nt as introduced by Dasmann (1980) should be applied to propaganda among
the pjeople in this region. Development for economy, industry, agriculture,
humansettle 1ent and some other infrastructure may be conducted but they
must be under the principles of ecology. By this statement, watershed 
resoi ,rc:.s syst'm i 'r,al y rched " " ' tAge and it could provide
sustainable products to human life. 

In conclusion, watershed resources management should be applied the 
systems approach for management plan. Any watershed resources in the will 
utilize, principles of conservation and ecology must be taken seriously into 
consideration. Be aware that humid tropical watershed resources systems
identified as easily to be breakable, utilization of all resources should 
avoid the pollutants contamination, energy crisis, lack of resources for 
human life, high growth of population, and deterioration of social com
munity. Sustainable production is always needed for human life as described
 
the details in Tables 3 and 4, and Figure 6.
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V-2 .atershed Menac:cement Strategies in Humid Tropical Ecosystems 

Udhai Chanphaka 

Director, Vatershed t:,nagement Divisicn 

Prai Forcst Dnmpartment, . Thailand.ang .,, 

1. Intrc-ductizn 

Vatershci aana,;cment strate.-is in any area. depend largely on 
historical !;:cl,rttnd, cultural and seci,..-ecncr.ic components of that 
prticula.r r.(licn ,r lccation. Even in the same ccuntry which comprises 
'iffcrcrt scs-' cr- . r'rt, 'Iifferent cultural practices, different 
tcpcoraphy an cavirrnmen:, the planninn for watershed management strate
gies alsc varies, in the mcthcd cf selvinv, the prrlems. Base .nthe 
topic jiVrn ",..,,:r. rnajoelnt Strataiies in Humid Tropical Ecosystem", 
this is tcr, bread. If it is arreeable, it wculd be appropriated to nar
row it den te .,raters.oc' !!anancment Strategies in Thailand. Yet, due to 
different parts and Ircticns cf the country, the strategies being ap
plied arc vnried ;.nc adjusted to suit the locality. 

The approch&in the planning cf watershed management strategies
whether it is for single purpose or multiple purpose, the state of eco
system, has to !e takenjinto account. Each watershed possesses its own 
characteristic and its cun eck, ystem, basically, "everything is related 
to everything else". T '_. .rinciple components of a watershed ecosystem 
are 1an, Land, Aquatic hiota, Terrestriai biota, Air (atmosphere), Water 
and Solar energy. Natural linkage of energy transfer in an eccsystem 
can greatly be gcanec! 1y such environment alteration during the course 
of development, fcr example forest clearing by man for crop cultivation 
would result in rocr water qualitY, excessive run - off, erosion during 
wet se-sen and rapid evapcraticn would result in dry season. In Thailand,
human element (Hominisp.ere) is the main agent that courses a great change 
in the ecosyste. of a Votershed. 

.i(
For understanding, the following diagram will show relationships 

amcno a ,atershed and its ecosystem. 

SOLAR ENERGY 

mIR PRECIPITATION
A.IR 

K,. 
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By and large, in most of developing nations the imbalance of
 
nature, especially w'atershed degradation, often caused by people because
 
of iqnorance and eccnomic back%ardness including their outmoded culture
 
and social systems.
 

These bring about
 

- Cultivation on the land which is not suitable for agriculture 
and ithout adequatc soil and w-ater conservation practices. 

- The practices of shifting cultivation and encroachment of
 
forest area which in turn resulting in drastic soil erosion and run off.
 

- Degradation of forest which is the result of setting fire to
 
the forest on purpose or negligence such as hunting, honey collection,
 
bamboo shoot collection and etc.
 

- Huge amount of siltation in river bed or reservoir due to
 
careless engineerinc york such as road construction or other public works.
 
An engineer can construct a very good road from engineering view point
 
but not a good conservationist. Improper agricultural techniques also
 
contribute to considerable amount of sediment.
 

- Flood, drcught and pollution. Flood often occurs during rainy
 
season due to ,tatershed degradation. This is because forest vegetation
 
which acts as natural barrier as rain interception and flood detention
 
become deteriorated. In connection with degraded watershed, drought
 
will follow during dry season.
 

Pollution cculd result from many human activities within a
 
watershed such as improper use of insecticide and fungicide, disposition
 
of waste material from industrial plant, domestic waste and sewage
 
disposal and etc.
 

2. Ceneral situation
 

Thalland is an agricultural country with the local area about
 
.
519 53 km.c Mof the population live on farms. Rice is the main
 

product and also main export of the nation. Next to rice are maize,
 
mungbean, cassava, sugar canes, sorghum and others. The following
 
figures indicate that agricultural product export is about 2/3 the
 
total export.
 

TLble - 1 . Pgricultural products expcrt 

Year Total value of Total domestic Percentage 
7 gricutura I ,T-Forestry 
and Fisherycports exports. 
Unit million hamt. 

1974 36,846.1 49,164.4 74.94
 

1975 31,i07.r 47,504.5 71.80
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Year Total value of 
 Total domestic Percentage
 
Agricultural, Forestry
 
and FisherZ exports exports
Unit : million baht
 

17C 46,505.7 60,188.6 77.27
 
1977 50,792.1 70,397.5 72.15
 
1978 53,353.7 81,251.8 
 65.66
 

Source : ipricultural Statistics of Thailand crop year 1907/79.
 

Needless to say that water is an important factor for agricul
ture especially during dry period. If water is available in dry season,

second crop or 
third crop could be produced from the same agricultural

land. That means 
intensive land use could be practiced, agricultural

production iould increase in the same unit area. 
 Eventhough this prac
tice may involve the use of fertilizeri certified seed and modern
 
technique, it is worthvihile. situation now is that the people

attempt to incease their productivity through the expansion of their

agricultural area. 
This is the pr6blem of forest destruction. In the
 
north, thevillagers are trying to move upland and highland, on the
 
other hand the Hill Thais (Oaeo,Lahu, Lisu, and others approximately

500,000 peoples) living on highland tend to move down because they

have destroyed forest fcr shifting cultivation. In the northeast, the
 
east and the south, shifting cultivation,forest destruction, encroach
ment of forest land and illegal cutting are also prevalent. This
 
pressure on land requirerent may arise from the increase of population.
Aside from that water neee for every day use also increases. The
 
follot-ing table show.'s "opulation growth from 1963 to 1978 and water
 
consumption. 

Table - 2 Population growth and Hlater Consumption 

Year Population !later
(1,GOC)'Cons'~humption
 

,000 m )3 

1963 2f,5P0 11,4rO
 
1M4 30,080 12,C32
 
1965 31,030 12,412
 

196 32,000 12,800
 
197 33,000 13,200
 
19Cc 34,040 13,616
 
196 35,110 14,044
 
17 36,370 14,548
 
1971 37,490 14,996
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WaterPcpulation
Year Coniumption 
(1,000 m )

(1,000) 


15,436
3',590
1972 

15,876
39,690
1973 

16,312
40,780
1974 

16,748
41,070
1975 

17,184
42,9G0
1976 

17,709.2
44,273
1977 

18,088.8
45,222
1978 


Source : National Statistics Office 

Naturally, the population increases 
the need for agricutural
 

area is in great demand,:the rate of 
forest destruction varies direct

ly with numter of population. The following table shows the rate of
 

forest depletion.
 

- 1973)
3 Forest destruction (1961
Table -


Percent
Forest

Total Forest area km

2 


Depletion of depleting

SLnSt km2
Land Sat.
Region Aerial photo
Area 

km2 1961 1973
 

North 

East 

North-

171,775 

3r,3914 

174,407 

1i6,275 

21,13 

70,9C4 

95,142 

15,036 

47,466 

20,433 

6,127 

23,438 

- 2.2 

2.3 

3.2 

east 

Central 

South 

67,189 

7C,188 

35,6(C0 

29,626 

23,970 

18,435 

11,690 

11,191 

3.8 

3.8 

3.2
72,880
20C,749
273,629
Total 519,953 


Source : Royal Forest Dept.
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Twelve - year reriod the forest was destroyed averaging 6,073.33 
k 2/year. [vcnthounh the government put all effort to stop it but it was in 
in vain. !ve year; 1 ter (1073 - 1977) there lad been another forest 
resource survey. The results were as the followings. 

Table- , Forest destruction (1973- 177) 

Forest
Forest area from Land sat.
Region Total Area 	 2 
____ 2Depletion_ _ ___ __	 km 2 

073 1 77 

North 171,775 	 5E,-2 at,58 27,254
 

East 36,3r?* 	 15,036 6,524 8,514
 

47,46G 19,947
Northeast 174,407 	 27,519 

Central 67, 18 23,970 12 ,3%8 11,572
 

South 70,1G 1&,435 16,756 1,679
 

Total 5.,%3 20C,7 ? 131,785 6,964 

Source 	 fRoyal Forest Dept.
 

From the above twe tables o;ie can visualize a big different of 

forest destruction bet-,-,eer i.%61 - 173, and 1973 - 1977. The twelve 
-
year period rate of destruction is less than that of the five year 

period. This neans the aSricultural area has increased as the popula

tion incresed but the prcductivity was not satisfactory as comparing 
to other countries suchi as Korea, Japan, China. 

The following figures show avera'c productivity of rice in
 

Thailand as compare te selected countries.
 

Country 	 Yield / rai (kg) 

1,048
Korea Rep. 

309
Thailand 

323
Purma 
404Fed. Malasia 

S65China 
Japan 	 . 

574
Iran 

Indonesia 
 467
 

Source : 	Office of Agricultural Economics, Ministry of
 
Agriculture and Cooperatives
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As a result of wide range of forest de.struction, Thailand is
 
now facing with thrce serious problems.
 

- Frod 
Erosion 

- Drourht 

Flood f[rings about a groat damage tc .iricult~ural area, public 
and private propertics including lives of people. The govcrnmcnt spent
 
a lt.L of money tr repair roads, public buildings, aside from that medi
cal treat"ment ind :ill
.!-ix! of aid must bc given to those w'ho suffer
 
from flood. Frosion,from highlar.d and upland increase the sediment in
 
stream bed and river ed, finally in the reservcirs. The following
 
table shows sediment in selected rivers in the north.
 

Tibie - 5 Sediripntatior cf selected rivers in the north
 

Mae Nam Pin. 11ae Nam Yomei ae Nam Chao 

Year at Chomt orig
Chiang Mai 
Ton/year 

,t S ichatchanalai 
Sukothai 

Ton/year 

Phya at 
Nakernswan 
Ton/year 

11%0 54 ,1to1 21,427,160 

1?61 77C,21 62,806,752 

19t'2 590,n ; 35,543,688 

1963 625,785 - 24,004,500 

1964 627,,9 876,358 33,907,872 

1965 45,,05 1,074,664 0,188,746 

196.6 A50,111 84C,566 21945b,944 

1967 686,519 1,440,508 14,183,622 

1968 268,712 317,281 5,568,548 

19i'- 5C ,577 61Z',2111 17,879,c.C 

l770 1,133,726 4,774,171 57,630,920 

1971 1,175,061 3,048,550 19,583,6C4 

1972 427, -2..2C 735,782 3,095,777 

1973 1,f53,f19 7,61,,r92 7,391,632 

1974 679,527 2,479,793 6,255,967 

1975 1,399,:67 4,039,736 20,491,291 

17 479,34 1,565,528 12,151,666 

1977 rlf,008 1,302,337 5,730,644 

1978 6F2,332 - 2,900,;8 -

Averagei 73-,389.11 ,241,81-?. 7 30,961.125.16 

Source : Royal IrriCation Dcpartment. 
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In t~e northeastcrn region and eastern region, the destruction
 
of forest areas are alsn great. Thus, the following table shows sediment
 
in some selected rivers.
 

Table - Sedimentaticn of selected rivers in the east and northeast
 

Lam Dom Yai I Lar Chi Klong Pra lKlong Pra Plong

Year Ubol Chaiyanhum Satunq Prachinburi
 

Ton/year Ton/year Frachinburi Ton/year
 
Ton/year
 

1 63 172-

1964 2&b,41 4 

1965 -5UO'9 

16 308,372 12,098. 

1967 145,4G9 - 44,815 37,470 
1968 16E,555 38,474 26,532 21,882 
1969 141,120 30C,33( 64,869 40,505 
1970 141,792 11,370 .7,38k 30,758 
1971 182,881 95,66883,615 36,768
 
1972 555,0,1 49,499
49,621 32,286
 
1973 43,348 4C,500 76.261 39,808
 
1974 111,965 4.7,327 107,586 32,562
 
1975 195,605 138,581 8C4516 28,927
 
1976 181.181 199,334 79,770 41,227
 
1977 139,661 96,872 49,371 12,518
 
1978 280,445 437,845 89,403 
 38,816 
1979  10,261
 

Average 207,713.46 135,115.33 63,224.08 32,793.92
 

Source : Royal Irrigation Department.
 

After studying problems in waterhsed area over the country,
 
a decision can be rriade that a system which is suitable at the present
 
is the Integrated latershed 1.anagenent.
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The system is to develop both natural resources and community 
simultaneously accordinr to individual watershed. By and large the 
structure of the activity will be as follows -

Diagram - 2 Shovirg Jatershed Manacgemert Strategies 

1atershed Management Strategies
i 

I.'atershed Analysis
 

i4atural Resources Develcnment 	 Socio-Economic Development
 

- Land classification - Resettlement
 
- Rehabilitation of derraged area - Road access
 
- ?anarement of existir.c forest - Agriculture, Horticulture 

fire protection - Irrigation
 
- Agro-forestry - Education
 
- Extension and puhlic relation - Hygiene
 

- iarketingetc. 

- Other welfare activities 

etc.
 
3. Steps of work 

Ilatershed Analysis of a watershed nust be done prior to any 
activity. Every detail slould ?ie recorded both natural resources and 
human elements. Land classification is then conducted to avoid cunflict 
between forest land and acricultural land uses. Eac0 watershed possesses 
its own characteristic, in general, the land has been classified according 
to steepness or slope. The following restrictions are set as guideline
 
for practice.
 

Class 	 .Slope Description for uses
 

1 12 	 agricultural land, no need for
 
soil ,and water conservation
 
practice.
 

II 12 - 35 	 agricultural land, Lut soil and 
water conservation practice is 
needed ; range land. 

Il1 35 - 5f0 	 agricultural land with soil and 
Pater conservation practice ; 
range land and fruit trees. 

IV 50 - UM5 	 Fruit trees/woodlots and
 
vetershed area.
 

V . 85 	 Vatershed area. 
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The above land classification car not he applied to northeastern 
region due to the fact that this region is a oreat plateau and rolling 
area. Special measure will he applied according to circumstance. 
Protection function of forest, utilization of wcod and other forest 
produce must Lo taken irT dcALunt. 

3.1 Resettlement
 

Resettlerent of toe villagers living intratershed area 
is a policy adopted. This resettlement is soretifl called "forest 
village" or in case )f 'illtriLes or hill Thais it is caif'ed "Hill Thai 
village". The idea is to group those villagers scattering in watershed 
area together in form of village, so that it is easy to manage for 
example housing project, agricultural area, meical care, irrigation 
system etc. ' nuriber o." vatershed rehaFilitation units both in upland and 
highland are following this policy. iew houses, schools, medical care, 
road access, anricultural land, range land, reservoir, fish pond, wood
lot and other welfares have been set up. ?Uini-hydroelectric power plants 
are put up (10-50 kw) for light and small industry such as canning of 
vegetables, furniture plart, oil seed extraction equipment and others. 

It is a privilene to think that man stays permanently
 
in one place if he has a job as forest worker or he stays in good house
 
and works in the land set aside for agriculture or in form of agro
forestry. There is a school for his children; there ismedical care
 
for him and his family. Road access is available for communication and
 
transportation of agricultural products. Again, he may sell his crops
 
individually or in form of co-oreratives in order to maintain fair
 
price. Other welfare activities are provided including new technologies
 
for agriculture. The old cultivated land is reforested. The combina
tion of forestry programme and community development so far work out
 
smoothly. This strategy should-be supported and extended through out
 
the country.
 

3.2 Implementaticn
 

During the course of the development there should be no
 
delay or stop working. 5udget is usually the main problem that changes
 
the course to a negative condition. The villagers will have no confi
dence i- novernmPrt official, Once thevy are convinced, work has to be
 
done riaht away. Extension officer should be chosen carefully because
 
%.,orkinnwith villagers in a remote area, one has to he active, well
 
trained, patient, dalcttd and creative minded. The result of any ex
periment to be introduced to the villagers niust be rechecked and
 
followed up.
 

3.3 Assessment of the vworl"
 

Asscssment has to be done after a period of time say
 
one year, two-years or five years in order to findout wiether the work
 
has been proceeded as r,lar.ned. There are things that need to be
 
changed as time passes. Especially social changes, the requirement for
 
community tends to be changed. Revision of watershed activity may have
 
to be conducted after an assessment.
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"4. Conclusion
 

The strategy in planning for a woatershed management is to manage
 
both natural resources and human elements. These two must be developed
 
simultaneously tn suit the need of the locality, for example, water
 
quality, water quantity, flood retention, erosion control, drought
 
control, streami flow etc. The measure for solving] pr.Dlens does not 
need to follo.' the structure of activity and step of work given herein. 
It depends on technical-know-how to deal with the prohlem and the 
ability of the management.
 

The management must follow and attend to the problem closely. 
Should anythini goes wrong, it should be corrected immediately.
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V-3 THF LEGAL ASPECTS 

OMEB REfIOiiAL ','.TERSID M/W'GEiEN F "RAINIrc. COURSE 

Chian- fr.ai, Thai I 

May, 1S i 

5,y 

JL.dh Krishnamra 

and
 

*O.L.Prachaksilp Tongyai 
-

1. Introdution
 

Honoured Colloques, Ielcomed Guests , Ladies and Gentlemen .; 

It is with a mi),ture of exciteinent and boredom that brings us
 
together today ,basical", 1ecause Watershed Management is a topic which
 
is easy to talk a',ut, 1:,ut nuclh more difficult to actually carry out in
 
an ecologi'aily acctpta,.le manner which will reflect upon our technolo.
gical intellioionce, e-oitical acumen, business morals, social ccnscious
ness; environmental &waroness, financial wisdom, and, most important of
 
all, ouryractical and prcmatic attitudes and activities in Watershed
 
Manageent .hicl
displays and continues to affirm our covenant with 
the spiritual side of our earth hound existance. 

Please pause a mcent to reflect upon tVie deep meanings behind 
the religious philosorhies and teachinq %,hicha:.nears within the reli
gion which y:.ou profess to hold covenant with. 

,ecannot deny t,,at all rolioions would like all of us to actua
ly-livr- in a dynamic, hum.hle, harmonious, and cormensal manner where the 
a,.ressive survival instincts of mankind is transformed into a productive 
creativeness which harmcnizes with the natural resources and environments 
contributinq tp the, nhysical, psychological and spiritual well-being of 
man and his environment. 

1/ Mr. Jui'ha Krishnamra, Land .evelopmcrt Srecialist, Project I.anager,
 
Thai-,.. "ank Land Development Project Land
ustralia and !'Irrld , 

Development Deprartrpent, Pangken, Bangikok ,Thailand.
 

2/ M.L. Prachaksil. Toncyai. Fellr>.' • International Academy of Fisheries
 
Scientists:, Natural Fescurces Management Specialist, Projects Di
rector, Mitraparb Concrete Company Limited, 16/1 Soi Areesumphun 12,
 
Phayathai, Bangkok 4, Thailand.
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Mhat watershed manacement deals with, therefore, must take into
 

account these norh-ysical ard non-material aspects which developing
 
countries like Thailand cften rEluctant to incorporate into development
 

planning and activities for expediency purposes or because of the em

phasis upon over simplified Benefits/Costs ratios which economists and
 

financing institutions consider to be conventionally adequate.
 

However, lik. many other developing countries, Thailand faces
 

two closely related pro tlems : over-population or over-rapid population
 

oronth and under evelo!"rent cr uns stematic and counter-productive 
lhile T rre.lems are ,ein; t'ckled by the Gvernmentdevelopment. 


and a,-fei,,, private institutions, much of their efforts and programmes are
 

unrelated and uncoordinate and the results, in coventional Benefits/
 
terms, have been failures and negatives. There
Costs and Socio-logicai 


are even instances where activities of one sector arc counter-productive
 

to another sector within the same plan.
 

Collective experiences from various sources and our own indicates
 

that failures of development efforts have their basic weaknesses rooted
 

in the type of understanding or concepts one has of the term "Development".
 

a
He need to understand that "development'" means that there is 


disturbance cf the socio..economic patterns and of the lives of people,
 
such, should be introduced gently....on
as well as, communities, and as 


a small scale...and strive to create trust, credibility, and tangible
 

benefits to individuals nd communities.
 

ff the initial step is accepted, it will generate momentum for
 

the introduction of Vigger changes...at a faster pace and with greater
 

cooperation.
 

In the past, these initial changes have often been far too big,
 

too incomnrehensible, far too expensive for people and sometimes lacked
 

credibility....or did nnt have sufficient guarantee of benefit,
 

'
 "Development ' prrgrammes or projects are more likely to succeed
 

if opportunities and resources reach individuals and communities and
 

Vhen community personnel actively participate in the implementation of
 

activities in their own comunities on a community self-help basis.
 

Peqional, Natinnal and smaller scales of development programmes
 

ill always have to deal with tWo asic resources...land and water... 

with the most critical heinq the comiination of the two within sloped
 

areas which we technically call "watershed" areas.
 

have now rached a basic understanding of the complexities
e 

and subtleties of the concepts confronting watershed management decision
 

makers, lanners, designer,, users and, most challengingly , the full-time
 

micro ,atershed programmes.
managers of macro an 


should now"escape from this watershed manage-
Instinctively, w;e 

are draqged into the depths which are associated
ment course before t'e 


However, we cannot escape
with full..time responsibilities inmanagement. 
 a high honour
realities and responsit-ilities, thus, we should Seem it 
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tat we are, r-rparcc such an essential and critical foundationr.eing ,or 
construction task.,J".: fcund.tion for cur nationai social and economic"ati,: , .security 'ihic i. er.anatc from our aTility r: manage the utiliz .cf I Irw..... \.a ,- s.,. ar as anner1 

of our land and watr r.csurccs, of ill areas_ in a ranner 
which maxirnizc. an:. nutains thie berefits of o- ' individual ,ruu-Lan, 
tambon. amphur, c.,,an'',±t, national and regional level develorrcint 
proorammes. 

.. Frustrations nr: '-sacks 

Pa tho,inh t.,e ri,, [ecr.rie ixli ,;prepared technically and 'herwise 
there will he frustrtio, s and o!.stacles arising from conflicting con-. 
cepts, disciplincs and ,'clicies or policy int.-.rr:rctations. These 
frustrations an.d ohst.cles arc relevant and -to the ob
jectives of watershe develc.q-ment, 

3. 1 'atershed revjIlc1,q.ient Objects 

''hat aro ,.'e s-ekir,- thrcu'h the wise and comprehensive management 
of watershed developmrit ? 

Ideal iy, the cbjectives of ,.'atershed developriert are to provide 
the fullest nrotecti'n., Oevelcpnent, andma,-.cimrnt of thc land and water 
resources to maximri,;E the net cconomic return, coozistcnt with ot:jectives 
ad values that cmnr€t !c measured in eccromic terms either by the m-m. 
i-nit,! or hy the nviCno 

Included in the '3eci!ic Feasuro to att:.in these objectives are 
land stabiliZation. s ,il imrrover,.nt, irrigation and drainage flood 
prevention, develomeni. rf runicipal and industrial water supplies, 
pollution alater:m..t, an.d the enhancement (-f Fish and! vildlife and re
creational opportunitios. 

Theu c-lctives f th watershed proarnmms for Thailand and other 
nations.. therTefor are to 4tain the develir.mcnt and improved manag
ment oi the lan, ,-n-tcrresources in sm:-.Il ,.fatSus through pro-. 

T, type 57 carriod oui; jointly ly Ta.mbon,Amphur, 
Changwat and Centr,- 'rucils and ,"-encies ... wich combines the full 
understandin-: and s,,-'.r, mf a large rijrifv ofl I. pullic and private 
land oners oerr:rs ithin a ,rea.m.nc ;:.crshpd 

Sich joinli,iir, e rIn. jcirt r'nr.q'tions .:iust FC rranized and 
carried thrTiFr,,7iti jjcctr rFat-ted t; wat i rseds. Fasicaly, because 

r ,t , ana ent is nt ,. now concept... it clearly 

defines the reiatinshir, of Forest cover tr, sitreamilov: and the inter
relktionship betv.een the .useof lenu in the i'atershed and the run-off 
an. streamfl ow. 

Su...rlaticnips -. to, hydrologists engineers,re apparent and 
v'here mathematic.:l arri erinc.erinn models )nd ;esiqns for control are 
availatl, while t frmcrs Io()not have such thec retical and high engi.
neerin. lnowlekr-Le, the: ar. also well aware ",f tie effects of water 
run-offs on their lan, arT(ccror.,
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Thus, nothing very effective car be '"c.:e aLtout it without the
 
organized joint efforts (f the majority of landowners and other interests
 
in the watershed comm.unity. Nothing can he very effective in obliviatinq 
frustrations and obstacles if tile basic structures fcr effective and 
constructive developront of 'Zatersheds arc no created. 

4. The Patien2le 

IfThailand and Ner .ister nations look ahead to the year 2COO
 
A.D.it is nnt lifficult tc visualize a population size approximately
 
deLLle that of 11ht or have at present. This would rean that all the 
basic requirements for human existance would have to be doubled in ord1er
 
to cone with the ,lem-!ni'. 

Viewcd fror a salesman's position, this means a tetter marketing 
oi-,nertunity. Vie ,cd fror an indu-trialist's position, it becomes one ofthe a!:ility t. man'ulatc raw materials and production overheads in a
 
manner which keeps t!:r per unit of product's real cost, as low as possi
ble, in r.r;!er to allow for marketing and distribution costs to be ab
sorbed and end Ur %,itha retail price vhichi is acceptable to consumers 
and competitive to rther alternatives.
 

View.ed from a corsumer's position, this means that there will
 
be greater competition fcr the same absolute amount of resources...
 
especially when that rescurce is land and potable water.
 

Thus, the manaqer of a family, community, or nation is confronted
 
with the need to er"rov,l The manager
T,-lefensille and realistic policies. 

must always keer i- mind that efforts towardis watershed resource deve
lopment nrojects to t,,e exclusion or neglect of resources conservation
 
pronra..mes ainied at maiaining and protccting the prcductivity of
 
resources already dovlor <d could not !-e a realistic and defensible policy.
 

Therefore. the activities related to resources development
E j__ts which is inte7irated with resources conservation programs 
constitutes comnrehensiv, mnaraement of resources nana ement... specifi
cally anrl mast critically...the ianagement of ,!,atershed evelopment.
 

It should Lc. rmv'-.eree. that our management efforts are future
 
rriented...t!at is., effects or results will be felt in the future. 
This mreans that we si ail atteript to input as muc, science and technology 
into the improved use and development o and and water resources. 

Iowever, -. not amount broughte must forget that the of land into 
cultivation throuqh imnrcved irrigation and drainage is likely to be more 
than offest F-Y the, amount ef farmland taken up Ly urban, industrial, 
recreational ancl other ncn.-aricultural uses. 

lith such an outlook, resource censervtion and resource deve
lopment must he riven first rriority. Froductive land will become more 
and more important...not lThssImportant...in our total economy. Those 
who would advise rejrlect of the conscrvation of productive soils because 
they rest th-eir hopc upon technological advancement in machinery, fer
tili-ers, or hiolorical improvements...v-4ould be oy))!.bling with their 
nation's securit. 
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Thailand's experierces in the river basin portion of watershed
 
management planninj has .lread, clearly demostrated its oreatest use
fulness rnly as a ieneral r!uido fcr future dcwViopmOnt. There is no 
"comprehensive" river _,-sin plan whic',h can serve as a bluerint for 
aTl-ater and land rescurcs development. 

There are many reasons for not attempting a 'comprehensive"
 
blueprint develoir.ent rflan for a rver basin, L:ut OE PPIMCIPAL reason is the 
TIME LAG between-overall _lanniraq and the actual installation of all
 
the-f-eatures. 

'!r, airou- of nlafiners can frcsee the technical ,social, and other 
changes wh!ich ,vil be jprsnt over a period f;f five decades or more-
tePeriod "ovr ,ich installation must extend. 

Hovever, t perulation other changes wihich occurs overr size and 
a period of time and the comrctition for the use of rater and land makes 
it an economic and pcliticai factor...and often a limiting factor to 
economic development....sreciaily where public opinion is not allowed to 
be utilized as an effective coordinatinr Force and an important factor 
in planning and mana.inq watersheds and river basins. 

As ir the case of Thailand there arE many legally established
 
COHITTEES assigned the tasks dealing with "he allocation and distribution 
bT; land .d vater resources.., and these CO0,1ITTES tiecome keenly aware 
of how critical these nrc!-lems can !:ecomc-Fh erc. is a drought,flood 
or pollution condition, 

A Part' f the resronsifilit for finding solutions for meeting 
expandinp needs rests cn t,;( Centrl Cvernment, ,hecause the problems 
have !,ecrme lar e-Fi-the- individual community, and may involve many 
communities or many provinces.. .however, communities must continue to 
particirate activel.. 

The inter-.relationshios of watershed or river basin developments,
 
therefore, must ho resolvd in a clirmate of extreme competition for the 
use of land and water. Patershed planning and management throughout 
Thailand cannot esca.r ..is environment or competition, because socio

activities ill competition.economic I.vei1?ment !-ring albout 

However, crmetition can Ibecome a constructivc influence and 
force if managed wisely. The . isic conceptual need here would be for 
awatershed proorai;r4- which vculd assist in closing the gap -etvween the 
w-orl, ef individual land owners and operatrrs, on thf one hand, and of 
the Central Government pul,lic w4,ork- on our maior rivers on the other. 

.Community Vatershed Protection Program might be an appropriate 
movement for hridging thc ap :,et,,een the mana,.ement of water where it 
fls,.that is, on the farr, orchardi, forest or ranch.. .and the control 

of vater in the majir rivers. 

Such , rnv-m.nt ,'ould aim at conservino and improving our land 
an. I water resources in accordance ,ith a technically and eccnomically 
sound nlan, subscribed to and Ielioved in !y most ci the affected people. 
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A plan which reletes ,-ork on one farm to that on the nextlwith
 
a recocnition of the needs not only of the farmers, Lut also, of all
 
members of the comnunity...includini the urban people the industries
 
downstream and the recreationists.
 

The tern " CO'1U-VUITY !.rfTEP.SHED ' seem.s to be appropriate since 
it indicates a community nf interest. If there is not a community of
 
interest tietween most serments of scciety, within a watershed, there is
 
little likelihcv'd that a successful conservation and development job
 
can be done.
 

The watershed crrrunity is not necessarily coincident with any
 
other tyre of social' conuniity. Itmay embrace several urban communities
 
and several rural communities or it may straddle coiunities which are
 
centered on divides between
catersheds.
 

!%t the same irstant, tko watershed community must originate and
 
have its qrovth in an understarnding of land and water development
 
roT especially the latter... water. Itmust be based on sound and 

often Fprloned irformational efforts. In many parts of Thailand this 
vTI create a strictly new type of community and bring about new social 
and political alliances. 

However, it should already be apparent that the Community Water

shed is the natural Planninn unit through which the gap between the
 
clder land and water resouLrce programs can be Filled. 

Community !!atcrsl'eds, we believe, are the KEY to total river 
basin development. Since a river basin is too large a unit fcr really 
effective coordination of the agricultural ard industrial interests in 
each tributary watershed, the practical approach to cimplete river basin 
development is tr start ii- panning ana treatment of its indi-vidual
 
watersheds.
 

Community Waters'eds ,,ill be multiplh,-purpose in nature. It will 
apnly the required scil conservation measures and form conservation plans 
on the farms of the w!atershed, as well as, minimum requirements for con
servation practices on the forest lands and range lands, either public 
or private. 

Community Watersheds will assist inflood prevention or the re
duction of damages from floodO. anThent in the flood plain. The re
duction of flood dalanes w;ill not be confined tc agricultural values
 
alone, the rro-tectinn of u',-'an values is equally eligit'le.
 

Another principal purnose of the the Community Waters,-ed Pro
gramme is the development of !benefitsfrom agricultural water manage
ment. This involves improvements which serve two or mcre farms, in
cludirg drainage, irriflation, and measures to provide a mere uniform
 
supply and distribution cf water.
 

Wort-, of ir-'roverent for municipal or industrial water supply,
 
for recrealion, power generation, pollution aiatemn:t ty streamflow 
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regulation, and saltwater intrusion control ... all,o.may be included in 
the Community 1fatershed ,ork Plans, provided they are integral parts of
 
the plans for the protectien and improvement of the entire watershed.
 

5. The Sasic .ananem-nt Needs 

5.1 Need for Education and Understandina 

No sinqle factor can %e more important than a broad base of 
undersann.q monq a T--eents of the Community before a watershed 
imvroveripnt nrinct 4s urderteken. In fact. until there is such a 
widespnread unders ta ino, there can he no community of interest and, 
hence, no true Communit, 1.1atershed Project. 

Agreement on obectives and understandin.,q of potentialities
 
cannot hP confined to farmers and ranchers, alone, or to business in
terests, or to sportsien's interests, or to any other group. They must
 
be mutually understood and agreed upon by all oF these components of
 
5e coimunity.
 

5.2 Need for Sound Technical Planning
 

There is a need tc provide sound and adequate technical help
 
to local crganizatir.ns in developin, a rlan for their Community Water
shed Improvement.
 

5.3 Need for Tanqjble and W,.idespread Benefits 

The basic concert cf a Community Watershed Project is the pro
tection, improvement a-1.-manarementrf ALL of the land and water re
sources of that area. 

o'o project can le successful if it is motivated by the desire 
for carrying out a sinqle-purpose objective to 'the excTusion of other 
watershed needs. 

•oreover, the enefits must he real and tangiVle and. in excess 
of what ~t wil l;st toc ieve them. Often the cost of achieving cer.. 

aT-- , that sound in principle may far exceed theetivs are so 
tangible benefits that can he realized that the time, effort, and money 
required might ' etter he expended elsewhere. 

5.4 Need of ,'.cqLuate Legal k'.uthority for Local Organizations 

Local units of government to carry out the vill of the majority
 
of the local peorle to accomplish local .. Such as, law enojectives. 
frcement, fire protectir.n, and all of the elements of community life 
which are of Primary concern to the community are needed...and have been 
the form of ancient Thai novernment during and prior tc the Sukhothai and
 
f.yudhaya Periods .oF "istery. 

Similirly, with -atershed Protectior Projects..if the tasks 
are too bio for the sinnle individual to do, and too limited in sccpe 
to be a Central Govirnmert rublic works project, then, there must be 
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a mechanism whereby local organizations can Le empooerod with the autho
ri ty and responsibility_ needed to achieve their ot-jectives. 

Many local units of ocvernment have certain autihorities to 
achieve certain of thc objectives of a complete watershcd improvement 
rrogram. But experience, to date, has shown the desirat*%ility in most 

situations of havinq secial-j,urpose legal districts through whichl ocal 
powers as are customareople can exercise by majcritv vcte, such lenal 

rily exercised Ly local unifts r.f government..-including the condemnation 

ff land, the raising cf tax revenues, the issuance :7f bonds, the opera
maintenance and, if necessary,, the rolicing of improvemcnts.tion and 

While these needs can sometimes he adequately met :.y a combi
existing authorities of several kinds of units of government,nation e-f 

it should t'e pin*:.d out' d seen that there is qreat t,isdom in :ro

vId.inq, throu h NEW LEGISLATION, a. asis for the creation of Watershed 
Improvement Districts cr similar forms of locaI.pcial-purrose districts 
to carry out the over-all eotjectives of watershed improvement, work. 

5.5 Need for Improved Changwat Legislation
 

A read need exists in the continuing nee, for ' oved Chanswat 
and Amhur level l6cal organizzations tolegislation to enable Tambon 

carry out their watershed improvement objectives..,as in many other 

spheres of Thailand.'s n-ational eccnnmy,..for the Changwat to better equip 
responsibility, both administrathemselves tc carry their share of the 


sclely to thetively and financially, rather than leaving this taOk 
agencies of the Centrl (overnment. 

Charigwats, rarticularly,need to improve their water rights
 

legislation, their ndministratiorn of state conservation agencies, and 

to provide greater financial support to local organizations in planning 

and carrying cut watershed improvements. 

ater Resource Development5.6 Need for a Natinal Inventory of Land and 

There is a cc,ntinuing rieed for develooing the framework of 

total national needs, within vihich individual watershed improvement 

undertakin s can be accomplished. 

6. The Present Lenal ;'.,snects 

.,!atersheds and th Ian, and iwater resources of river basins 
-Vlinistere,.d through many separate piecs of leislacf Thailand arc 

of natinnal evolution. The
tion which have a.'ieared duringc the course 
more inportant l&egisl ns includcs the folloing 

is the result1. The Frest Reserve Act. B.E..507 ( .. 64. 

ade to the original Forest Protection andof amenments 


B.E. 2481 (k.D.193 1.E.2496 (A.D.Reservation Pcts of 

1953) and 6,.E.2697 (A.D.195P.).
 

is the fifth amendm.nt
2. The Frest Act, B.E.2518.(A.D.1975) 
which was first enacted in F,.E.24847f.t..oiqinal Act 

"ildlife Preservtion and Protectionct , B.E.25033. The 

t 190D. 
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4. 	 The Land Code, B.E.2427 (,.D.1954.) 

5. 	 The Minerals ..ct, [.E.25,22 (; P..13,7) is the resilt of 
aendments t.o the ilinerals'Act, B.F.253.r (A.D. 1967) and 
B.E.2516 (A.D.1972) 

ational
r. 	The Enhapcer'ent and Conservation of i' Environmental
 
Quality Act, P.I. 2518 (A,.9T.;i 

7. 	The Aqricultural Land ;eform Act, F>E,2F,1G (A.D.1175) 

8. 	 The Arnriculturnl Land Consolidation 'ct, 6.E.2517 (A..D.1974) 

9. 	 The Act Controlling the Hire of Paddy Land, B.E.2517 (A.D 

These main Arts and Codes have to be systematically analysed 
in order to unders.,ind the- Legal ?srects which confronts the Management 
and tanagers of Thai Vatcrsheds and iver Basins. 

7. 	The Key Loenal Officials of the Acts and Codes 

7.1 	The Forestry Reserve Act
 

This 	ALt has deterrined two types of Law Enforcement Officers,
 

i. 	 P Comnittee. consisting of a representative of the Royal 
orest Department, Department of Provincial Administration 

De,).rtr1ont of Lands and two other, persons appointed by 
the Minister of Agriculture and Cooperatives. 

Th. Committee has powers and functions which includes con
trollinr c(. mpetent officials, investigating and considering 
corplaints of any person who clair.s the right or benefits 
in the reserved forest . but is not -impowered to arrest or 
suppress offondqrs in any respect. 

2. 	Competent Offici Is, are appointed by the Minister of Agri
culture nd" Coorperatives, as follows,
 

the Directcr-General of the Royal Forcst Department,
 
the Deputy Pirector-General of the Royal Forest Department,
 
the Ex'!ert cf thc Forest Products of The Royal Forest
 
Department.
 
the Prr.vincial Governors,
 
the NDi:.'trict Officers and the Deputy District Officers
 
attached tr. the Sub-Districts. and
 
the various officials of the Royal Forest Department.
 

7.2 	The Forest Act 

1r. this Act the Law Enforcement- Officials are the Competent
 
Officials a.nointed by the ,inister of Agricult,'r and Ccoperatives,they
 
are, in fact the same Competent Officials as that appointed under the
 

Forestry Resprve nct...with the inclusion of Forest Police.
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The Forest Pr.lice are attached to the Police Department at the 
Headquarters levol (Central Investigation Bureau) and have powers under 
the Criminal Procedure Cede and the Territorial powers of the Forest 
,,tad relateFdcls..,and they are under the Command of the Director-
General of the Royal Forest Department. 

7.3 	The Wlildlife -reservation and Protection Act
 

Under this Fct. there are two specifications of the Competent 
Officials who take care of and protect ;ildlife : 

1. 	The Committee, called "the Committee for the HWildlife" 
Freservation and Protection', consists-of : 

1.1 	 A Permanent Committee or the Ex.-Officio Comittee, 
nImely:
the Lnder-Secretary of the r'inistry of Agriculture
 
and Cooperatives,
 
the DirEctcr-General of the Royal Forest Department,
 
the Directcr- General of the Local Administration Department,
 
and
 
the 	Directcr-General of the Departnent of Land.
 

1.2 A Temncrary Appointed Corlmittee numering five per
sons and not exceeding eleven persons appointed by 
the Lirister of Ar.riculture and Cooperatives, it has 
advisory capacity on tvo-year terr basis. 

2. The Competent fficials, these officials are the same per

sons as those who ar, appointed under the Forest Reserve 
Act, F..E,2i507 and the Forest Act, B.E.2518. They are em.. 
.no,,erpd as lav enforcement officials under the Criminal 
Procedure Cole. 

7.4 	 The LanJ Code 

In this Code there is a "National Land "illocation Commissions" 
Iinister of Interior and having the Director-General Of
Chaired by the 


the 	Land Department as Ex-Officio Secretary of the ConMiss" "n, along 
with not less than " and not rrore than 20 qualified members appointed 
by the Council of 1iinistcrs. 

be reappointed.Commission members hold crf-ice for 4years and rrzy 

7.5 	 The Minerals ct 

In this Pct there is a Commrission consistinc of
 

the Under-Secretary of the Ministry of Industry, (Chairman), 
the Direcior-,General of tie Royal Irrigation Department, 
the Director-General of the Mineral Rescurces Department, 
the Director-General of the Departr.ent of Lands,
 
the Director..General of the Royal Forest Department, and
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not more than 3 other persons appointed ty the Mlinister,with 
the Chief, -:inirg roncessirn Division, as Menber and Secretary. 

This C,rrissicn is resnonsible for qivin' advice and recom
,,endations to the jni .:ter..on -uhjects r ng- to th. enforcenent of 
this Act. The Oinist,r .iprints Commission mcmmers to two-year terms. 

7.5 	 The [nI,,,7;cewflt ,ni; Conservation of National Environmental 
a-,MitV *"ct 

.q rxlleoi 
BoarO" CI7ired by the PC'Lutv Prine finister and inrludes the following 
ne-m rs 

Tn th ,"c. thj-e i 	 11ird the ' ,National Environment 

th-- Under.-Secrntiry of State f(.r Defence,.. 
the Under-Secretary of State f-Ir Interior,
 
the Undr!r-.Secretary f State fnr .griculture and Cooperatives,
 
the Under- ecrrtary of .tate For Industry,
 
the Und.r.Secretary of State for PuLiic Health,
 
the Secretary-Coneral of the National Fconomic and Social
 
nevelonrqent anrd,and 
not more than : nersons rualified in ,colngy, and not more 
than 5 representatives o- inep:endert institutions or organiza
tions or other rersons ar..intcd by the Council of Ministers, 
with 
the Secretry__reneral ef the tlatiinal Environment Board as a 
!!erber 	and Secretary. 

The representatives of independent institutions or organizations 
or other nersons aprointed as members shall noL Le .overnment officials,
 
officials of state enterrrises, or officials i a liEcal government who
 
hold permanent nrsitions or receive salaries,
 

"embers rf thi Ccr'ission remain in office for 3 years and 

may be rea.pointed fUr nct more than one consecutive term. 

The Prime .inister is in charge ind ,;ontrol of this Act. 

7.7 _.oricultur:)l 1..rd Reform A_c-

In this ';.ct there is . Committee ci ieJ -th Agricultural Land 
Reform Cormittee' -.,ith tIe 'inister of [rjriculture and Cooperatives as 
'L,-air-an anT-nhn- .! es 

the Under..Secretary of State for Commerce,
 
the Under-,Secretary of tate for [ntericr.
 
the Under-c*rretary of tate for Industry,
 
the Director--Genral of the !)eart-,ent of Land Develcpment, 
the Director.-Ceneral of the Pepartment of !'ricultural Extension, 
the nirectrr-e eril of the Departiaent of Local Administration, 
the Directr--Yneral of the Dnp,-rtment -f Lands, 
the !ana-:r rf the Bank for foriculture -.rr Agricultural Coope-.-. 
ratives,nlus 7 othcr members to he Tv,'inted Cy the Minister, 
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cens isting of 4 qualified persons, and
 
3 representatives of agricultural workers,with
 

the Secretary.,General rnF the Agricultural Land r.eform Office
 
as a Member and Secretary.
 

The 'Minister of Pgriculture and Cooperatives and the Mihister
 
of Interior shall be in charne ane; control of the execution of this Act
 
while the 1,inistry of Finance shall fe in charge of the Agricultural
 
Land Refor Fund and shall effect dishursemint of such funds for ex
penoltres in connection with this [ct.
 

7.8 Aqriculturai Lari Corsolidaticn Act
 

In this Act the,-- is a Committee called "the Central Land Con
solidation Committec' witi the 'linisterof Agriculture and Cooperatives 
as Chairman, 

the Under.Secretary of State for Ag. & Coops as Vice-Chairman,
 
the Under-Secretary of State for Interior as Vice-Chairman,
 
the Director-General of the Royal Irrigation Department,
 
the Director-General of the .g.Extension Dept.,
 
the Director-General of the Land Oeviopment Dept.,

the Director-General of the Agricultural Technics Dept.,
 
the Director.General of the Coons. Promotion Dept.,
 
the Director-General of tFe Local Administration Dept.,
 
the Director-General of the public Prosecution Dept.,
 
the Director-General of the Land "Dept.,
 
the Director-Gtneral of the Highways Dept,
 
the Director of the Pudget .Ereau,
 
the Secretary.-General of 4he National Economicand Social
 
Devel opment Board,
 
the Manager of the nk for- griculture and Agricultural Coope
ratives, plus nct im,'e than-$ other memters appointed by the
 
Cruncil of H1inister ., with 
tne Head of the Cenc .al Land Consolidation Office as Member 
and Secrr. tary. 

T'rn "inister of rcricultur,; and Cooperatives and the Minister 
of Interi.rr are in charve'and control of executi'n of this Act. 

7.- .n cf .hc Local Officinls Duties 

The Chairmen t'th powers ofand "!embers alcn5 t,- duties and 
the Commissions and Cor:;ittees mentioned under 7.1 throuh 7.8 serves 
to illustrate the ,idc ranje cf differences and similarities along
 
%..ith the mixture cf the levris of activities expected to be resulting
 
from them.
 

The l'aticnal Environment Board (7.6) is Chaired by a Deputy

Prime 'tinesterwhilc the Primc ,1inister is in charoe and contrcl of the
 
Enhancement and Censervation of Naticnal Environmental Quality Act.
 
usi-tweuld apnear tiat this Board sheuld be of National Policy


Formulation Level with c,pabilitics towards pushing through necessary
 
sionT-re 7 tow.ards the Conservation of National Environmental
 

Qual ity.
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Such a f:nard, tferefere, is expected to he composed of key

Ministers or Deputy ,'inistcrs who are of Cabinet rank and able tU-or
i ulate policies f ";i, icn and approval y thcCouncil of Minis
 
ters before action '!. thc Prime Minister.
 

Hoi,,!ever, the Ficard Members are of Under-Secretary or non-Cabinet 
rank whose duties and auth-orities differ to a very large extent and in
cludes non-governmental reresc.ntatives ithose roles tould be thot of
 
technical experts or ,pinion representatives whcsc functions should be 
at the Ad. l-rc , 14rorkino, or Technical Comnnitt s cr Sub-Committees level. 

If view,!ed agaiost the IgriculLural Land kefor Committee of the 
Poricultural Land Reform Act (7.7) and the Central La--Consolidation 
C-mmttee of the ictura Land Consolidatirn Act (7.8) there is the 
feeling that these Agricultural Lands rclaTed Committees are given less 
status by name and the lack of a Deputy Prime 111inister as Chairman. 

Hr-.mever, these- two Committees appear to be attempting to bring 
about conperation and coordination of multi-disoiplinary inputs through

joint responsibilities fer these twe I',cts by two Ministers, the Minister 
of Pgriculture and Cooperatives and the M-inister of Interior. However,
 
it becomes apparent that the responsi.ilitic-s of the Minister of Interior 
is cosmetic t-ccause he does not share in the Chairmanship of these two
 
Commi ttees.
 

After revicwim ; the list of Committee meri'ers, it will be seen 
that the Aqricultural Land Reform Committee has been given less emphasis 
because it does net spell out the Vice-Chairmanshil; in the manner of the 
Central Lan(' Consolidation Committee. 

However, !-;.causc it is spelled rut that there are two Vice-
Chairman, the !Jnder-Secrctarv of State for ad CriultureCcopnratives 
and the Under.-Secret3ry of Statc. for Interior it appears that the Chair-, 
man (tp "inister of Agriculturc and Cooperatives) -isjust a figure-head 
while the .!inistcr cof Interior is not expected t0 actually become
 
directly involved. 

On the other hard, the National Land nllocation Commission of 
the Land Use Cede (7.) sounds impressive and high powercd, but the use 
of the term Criiirssion is mis,.leading becausc it is Chaired by the 
?'inister of Intericr and vi1i consist 6F 2i .i;;;ed members appointed 
by the Council of ',",inisters. 

The weaknessclf the Commissi,.n's technical, sociological, and 
other meaninful rlos relatAd to land resources management is in-built 
thrOugh the loose ar.'Fl ication of "qualified members... without any des
crintion, of the constraints vhich constitutes becoming qualified. There 
is a similarity within the Anricultural Land Reform Committee and the 
National Environment Goard, ho,ever, this is partly narrowed down throughthe "couplin rosult in oualified in ecoloy for the NEP, case. 

Thus, the role cf the National Land I'llocation Commission re
mains weak and susceptable to credib-ility gaps, espciall where water-, 
shed and river basin maragement insists that land and water resources 
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are -the key -components-cr- productive development and uti lizatIon for 
the future security of Thailand. 

Ifwe now consider the Forest Reserve Act (7.1) ,the Forest Act 
(7.2) and the Wildlife Freservation and Prc,tection Act (7.3) we w'ill 
find that Competent Officials are the same officials throughout, with
 
.variations, in mrn details involving being empowered as
-r law enforce-.
 
ment officials under th:., Criminal Procedure Code and having the assis.
tance of Forestry 2'bice. 

These three Acts, within themselves, cause considerable con
fusion and frusL-ctiori , aL i Tohed Mianicgcr. because of their similari
ties and differencoe.. -especially vhen addressing the appointed ompe
tent Officials w:,ith and without.law enforcem.ent powers under the 
Criminal Code. 

8. Summinq Up 

This very Lrief exampleanalysis of the leg.l officials duties 
indicate that Thailanimay actually have an over-ahundance of laws and 
committees dealing with land and rater resources...and the organic and 
inorganic resources on th~e surface cr under the surface of the land ,nd 
water resources which must be wiselv and pragmatically shared and 
utilized for maximur andi lon;-term,benefits. 

Therc are other problems with the legal Aspects which presently 
confronts the '!atershed !anaoer and Planner. The most obvious being
the monopolistic trend tc..wards keening all Codes and ,Acts in the Control 
of th.e CentralI C.,vernmont and Governmeit Offi ci hs. 

There is no-allowance for Changwats or Provin, . to Legislate 
and Supervise their specific needs, within the framewor, of a Central
 
er Federal Code or Act, 
oovernmont to carry out the I oFE, majori*y of the local people to 
accompnlish local objectives, suct, as that which nxisted i:n' Thai govern
ment during and prior to te ukhothai and.AIyadhaYva Periods*. 

o There is also a limitation of local units of
 

These leal cct;straints have to be modified in order to allow
 
the basic concept of a.Cvuftlunity latershd Pro.ject to becbme a viable 
success. The pilot projects are available and vial:,le from the pragma.
tic and practicai is Populv l ;-, ,amiunity Developmentoffc-rt of 
Association (,DA) ; the community fish ponds funded :y USAID and given 
sound technical assistance by the Fisheries Department;,and the various 
self-help projects under Royal P'atronage. 

Such ilot proram successes confirms that the Thai peoples are 
willingrand aTe carry out and male a success of pro.jccts in which they
participate in as joint Leneficiaries.,.or where they are a part of a 
community of interest. 

It should be rerrembered that it is always difficult to carry 
out adjustments and chances, however, it was also difficult for 
Thai and's fotmer .'ion'archs to institute the necessary changes which 
carried Thailand throu,;h many stressful situations. 
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The &0-jectiveof the Legal Aspects ;nalysis, however brief and 
while skimmin(Tny the surfacce, i. to indicate that there are changes
and innovations rnee",ed in thc Lctal 'snects in orrior to allo%: for the 
succTessful and wi*(!-' y .enOfici'Il crlpletic:n i~f Community V'atershed 
rrovrammes. 

''ith ch.rxces in the legal Constriinin the Community atershed 
ana ;er ,iATT ae t-edivcr the-T, eve-lerm;nt anc i l!roved management

7 te-land andat r sources in small_,,r.,trshed tl-rough project-type 
- -nert-..r..fl anned carri( J out j intly' the Tanbon, ;,mphur,ard ,
Chann,.at and Central Councils and i.gencics.. and comt-ines the full 
understanding anc! suprt oi a larqe majority of ic public and private
land owners and n,-.racrs w,,,ithin a watershed area. 

9. Concludine Remar!ks 

With the conclusion c.f this Iatershedc ianagement Training Course,
especially this srction on the Legal ,srects, P c that it will only
be the becinnin.__f ;: ., ries of developments wn~cn will assist in the 
rreparation of ..... arkers for their hioly important and widely,rat.rshod 
r22L.ns iT.e tasks. 

Please rcmember that, l"atershed M1anagement is a development
pctivitv which will disturb the socio-eccnomic patterns of the people
iho are supposed to benefit from our actions. Thus, all ideas, plans

and pr.rjocts should e irtrxiuced gently...r;,n a small sca'e..and strive 
to earn their trus. n the credii'ilitv and tan itle benefits to them 
s ind-v-iduals and cormunities. 

Rcrcmer that a small seed has to L nurtured... and. ..in time
will -. rvinto a tigan! Neuntiful trce. Thus, if the initial step is 
n,.coted., itvill ier)r.ratc- mrrentum for the introduction of bigger and
 
m,o-r icial, cha3. 
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V-4 ECOLOGICAL ASPECTS OF YTERSHED RESOURCES
 
1/
 

MANAGEMENT It.:
HIPID TROPICAL ECOSYSTEMS
 

by
 

Nipon Tangtham ._
 

1. 	INrTRODUCTIOJi 

1.1 The Need for Resource Manaqement Plannin 

In recent world situation, the demand for land as a base
 
for producing food for the wcrld's population has been rapidly increas
inq. As a consequence, the governments of almost every country are pre
paring plans for providing land for people for living and farming. In
 
countries where lowlands are adequate for food production, the problems
 
of environmental deterioration due to misuse and abuse of land is not
 
significant. However; mary countries lack adequate lowland area and
 
they cannot possibly keep the people living and cultivating only on
 
such land, large acres of upland watersheds must necessarily be opened
 
for supplying the people's needs. This leads to serious problems of land
 
use conflicts, water polution., soil erosion and sedimentation, and the
 
change of microclinate. These mentioned problems could results in signi
ficant deterioration of the watershed ecosystems, especially the land's
 
long-term nroductive caoacities z.ndthe water yield potential.
 

Iow can this kind of situation be resolved to satisfy
 
the needs and desires of an ever more demanding society with limited
 
supply of land resource ? Furthermore, how should the watershed re
sources be allocated to its alternative uses without damaging fragile
 
environnents ? In this day of resource shortage, numerous ecologists.
 
and the land use planners similarly suggested that, we cannot achieve
 
environmental responsibility, balance aiainst the needs of a dynamic
 
economy, without a rational land use policy (Harvard and Henderson,1974 ;
 
Butz, 1974, and Vink, 197E). Academically speaking, conflicts and the
 
minimization of environmental impai'rments can be partially resolved
 

I_ 	Prepared for the NIA!:/ICEB/USAID Regional Training Course on Watershed
 
Resources Panagement and Environnental :1onitoring in Humid Tropical
 
Ecosystems. Chiangmai, Thailand. fay 25 - June 8, 1981.
 

,2/ "atershed Scientist, C.epartment of Conservation , Faculiy of 
Forestry, Kasetsart University, Bangkok. 
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by the knnv.rlodge rf liand char.,:cteristics from .iich various land use 
opportunities and constraints ,ithin a watershed can 12e intcrpreted.
That is the resolutirn san Fe radce possiblc on the basis of a compre..
hensive aprraisal in the inter-relationships lheeer ecological condi
tion, types and inte'nsities of land use and manarqerent practices, and 
pro lems of environme,-otal deraeaticn. 

In humid tropical ccosystems- :specially riountai.nous
 
watersheds irhere shiftin, cultivation is becomi~g mre and more marked
 
ar ponulation increi'ses, there is special nee' tc prctect the enviren
r,.'ts frn all <s srticuiary;
f-r-.1 .tcrioration, soil degradation,
 
deforrstation an-i thr- treatenin: spread of desertification, This is 
because nearly (,l
oF the !,orld's tropical forests have degenerated,
 
thereby affectinn climatic stability and its 7enetic opportunity. Large
 
segments of ati:oshere., scils, rivers and seas have been polluted in
 
some ways. Therefore, nev enterprise and confisticate technologies are
 
needed to resclve those problems.
 

1.2 An Ecological fpnroach to Intrrated Resources Management.
 

In che past, developrment on the wiatershed resources was
 
generally based on intuition, although that in turn rested on experiences,
 
some of it learned painfully through mistakes that wasted natural 
re
sources. In recent years, confronted with the evidenrc of past fallacy,

and the realization that v e can io longer move to new frontier to escape

from those we have de.aged, interest in the environmental aspects of the 
natural resources consume and management has, consequently, reached 
major national and intcrnatioral levels. 'tost developed and developing 
countries now pay mere attention to ti-c efficiency and long-term stabi
lity of ,odern agricultural and silvicultural systems as ecosystems,
particularly in relation to. the dertletion of resources and deterioration 
of the environment. This is "-,ecause. the concept of the ecosystem ap-,
proach to resources management is derived from the recognition of the 
interaction of the uncountale4 rarts and their functions in any natural 
system. Alsc.. an ecosystcm,can !;c small or large - and is made up of
 
living and nen-.livinri conironents. Iithin each ecosystem, there is a 
finite life-surportine carafilitv- a finite natural carrving capacity
for living things which con be increased by application of technologies, 

A, ,tersrd, as well, is an intedrated systems that 
tranfnms rrecinitation- solar radiation, other environment variables, 
labor and canital into word and agricultural prod.cts, livestock pro
ducts, wildlife, recreational and esthetic satisfaction and water, The 
forest ranagement subsystem, the grazing subsystem, the recreational 
use and developrment subsystems and also the water management subsystem
 
interact to prrduce the vegetation, animal and soil conditions that
 
govern the yield and oualitV of its products and services. Any action
 
of resource utilization ir, :atershed area may iead to loss of land ca
pal'ility, disruption or roatcr Lialance, in;reased desication which con
sequently create multituinris environmental problems. These inter
relationships and their iiteraction can be illustrated as a macrosystem 
view; 1 and aisc 11 an ',tershedecosystematic view

, in Figure , 
subject to develo-:mont in Figur- . 



LAND
WATER 


AQUATIC BIOTA TERRESTRIAL BIOTA
 

Fioure ! ,acrcsystem view of environment components and their 
I!asic interrelaticnships, as in a river basin ecosy.s'.--subjected 

to development... the linkages for each component j:.' , with all 

other components and show interdependence. (from F:.i 1.1 in 
"
 Nar Pong Environmental -lanagementResearch Project, 
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General and specific investigation in many developed 
countries have reached t~e wiOely excepted conclusir-n that understanding 
of ecosystem conce!,ts and the environment can aid in developing plans 
for wiser and even more intensive use oV the natural resources. There
fore, at present situaticn, a theory of ecosystem seems to be the only 
appropriate tool toward a more careful and systematic approach that can 
effectively nuide managernont for such a complex humiid tropical ecosystem. 

The intention of this raper is to present, in general
 
view, an ecesystematic consideration in watershed management. Humid
 
tropical ecesystems are described lEasing on the available information.
 
The possible ecological and environmental effects of forest destruc
tion and conversion in tl.e humid tropics are also denoted. Finally,
 
ecololical outlooks of watershed management for the tropical ecosystems,
 
which is.the main purpose of this paper, are also discussed.
 

2. ECOSYSTEMATIC CO'SIrDERATInN INI WATERSHED IiN.GEMENT 

2.1 The Nature and Behaviors of EcQsystems 

ecosystem is 

includes brth orcanisms and their nonliving environments, each interac
ting with the other and influencing each other's properties and both
 
necessary for the maintenance and development of the system (Odum,1963).
 
It possesses its own organization vhich is represented by plant-animal
 
proups in continual interaction and existing in a physico-chemical
 
environment vihere exchance occurs (Vaissiere, 1972).
 

01.n a basic functional unit of nature which
 

Ecosystems can exist on many levels and in many sizes 
a small pond, a vast river basin transcending national boundaries, the 
biosrhore itself. Each has its ovin equilibrium and interdeFendencies 
within which energy and matters are circulated. Photosynthesis, decom
position, herbivory, are arong the rrincinal 1ioloqical processes res
ponsible for the transport and toraqe of materials and energy. In 
the nonliving part of the ecosystem, circulation of energy and matter 
is completed by such physicRl processes as evaporation, precipitation, 
erosion and deposition (Tansley, 1935). All of these activities take 
place at varying rates ard in difforent quantities. The principles of 
carrying capacity,survivwl threshold, biolovical succession and resilence 
can be ohsorve. to aissure the sustaircd yield cf a particular resources 
(Inter-agency Committee cn Fcological Studiss IS7b). 

fithounh f.C. Tansley, who originated the term ecosystem,
 
restricted its arnplica'icr primarily to the community level, in recent
 
years, the concept ha,: been extended to the levels of population and
 
organism. Heywever, major emphasis is still cr the cycling of elements;
 
the transfer, utilization, and dissipaticr of energy; and the rates at
 
which this processes occur, as sane as those mentioned in above paragraph.
 

It ,,as stated by Holdgate (see Holing, 1978) that while
 
links exist between ecosystems, it is, hy no -loans always necessary to
 
possible to trace these bd'.aviors to their ultimate tcrminations in
 
order to understind the furcticnin ;s of systems. Moreover, ecosystems,
 
like species, liave r,'ilencc. They are in a state of dynamic equi
librium, the balance of nniture is thr result 3f continuing change.
 



They have evolved in such a manner as tc be atble to withstand conside

rable stress before their structure and integrity are damaged. The
 

natural linkanes of energy and/or matter transfer in an ecosystem can
 

be partially or grossly changed by such major environmental alterations
 

for development as take place in watershed maiw,.tgement schemes including
 

those that involve man-made activities.
 

For convenience, ecosystem is usually divided into four 

separated entities, i.e., agricultural ecosyste:., forest ecosystem, 
aquatic ecosystem, and urban ecosystem. They are, however, isolated 
onl,' for stud,' or rf.ze:.rch In particular field. In the actual world 
there is frequentl.y some movement from one ecosystem to another , whether 

imrediately adjacent or thousands of miles dist3nt. 

In searching for the ecological outlooks of watershed
 
resources management in humid tropic ecosysten, the author would like
 

to convey all narticipants looking at all terrestrial ecosystems as they
 

originated from the primative-humid forest ecosystem. The existing
 

agricultural ecosystem, urban ecosystem and forest ecosystem at the
 
nresent are the results of the conversion and transformation of primitive
 

forest ecosystem by !,oth the natural events and human activities. The
 

environmental deterioration Pf all forms that have happened and are
 

happening, are the censequences of those actions.
 

2.2 Ecological Consideration in !,,atershed Management
 

It has been recognized by the watershed scientists and 
the people involve in rater resource development that watershed manage

ment is simply an activity of the overall management plan any system to
 

the wildland administrator actively pursuing a multiple land use manage-


By this rultirle use, it refers to production and management of
ment. 

various resource ;products or resource product combinations on a parti
cular land management unit. The basic objective 7f multiple land use
 

management is to ianage the water resource prcoduct complex for the most
 

beneficial corhination of present and future uses.
 

To meet such favorable objective without impairing physi
basingcal environment, watershed rescources must he carefully managed 

on tl-e nature and behaviors of particular watershed ecosystem and envi

ronmental constriints. Although, srecific criteria for land use planning
 

or for watershed management to serve multiple purposes, and at the some

time, to sustain the ecoloqical Valance have not yet been proposed, the
 

following suggestion mentioned in Vink (1975)'s publication, perhaps,
 

could be a principle that one shcould keep in mind. They are :

1) Land must 1e used accordirg to its capacity and its
 

potertial, i.e., land of hinh potential for agri

culture should he used to meet this potential through
 

the production of crops. All thcse lands of low
 
terms
potential for a'riculture should be assessed in 


of their possible usage for ranching, forest and
 

wildlife management or multiple land use purposes,
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2) Environmental consideration is necessarily -introduced 
into the planning and development. Local environment 
should be regarded as a functioning ecosystem within 
whic agricultural and other land. use development
 
take place and to i*hich those should adapt themselves 

3) 	!ore attention to the efficiency and longterm stabi
lity of modern agricultural and silvicultural systems 
as ecosystems must hc paid, particularly in relation 
to the depletion of resources and deterioration of 
t.. 	 cnvironrent. 

4) 	Planning for hetter forms of land use must involve
 
t'o 	related objectives : the first is to raise pro
ductivity, and the second is to safeguard the high
 
levels of production attained by adopting appropriate
 
techniques to conserve soil. and water. In deve
loping countries, however, form of land use can be
 
chanced in time. This is the fact that, as a coun
try develops, patterns of land use are apt to become
 
more varied and intricate.
 

5) An ecological sound watershed management plan should
 
begir,with a comprehensive ecosystem analysis, in
cluding an understanding of energy flow, nutrient
 
cycling, population dynamics and other species
 
crucial to successful land management.
 

6) 	Industrial developrient in the tropics has adverse 
influence on the renewable resources and will even
tually cause many problem.s, such as soil and water 
poIUtion , comparable t1- those not being faced 
by the more developed part of the world. 

3. 	 HUMID TROPIC.L ECOSYSTErIS 

3.1 Critical Situation of Tropical Ecosystems
 

In the former day, the humid tropical region is endowed
 

with a well '.fl-hnced err.sstems. t!hen one speak of tropical ecosystems,
 

one usually refers to the land's rich and distinct natural resources
 

that are rade up mostly of virgin forest, ',iildlife, flora and fauna as 
well as vast coastal vatcrs and unlirited fishing ground that remained
 

for several years uncxploited.The roles of tropical forests in the
 

conservation of soil and iater an'. in mitigating the destructive effects
 
in the amelioration of the microclimate, are too
of floods as well as 


well known. Unfortunately, i,hen man and the so called "civilization"
 
ith 	then, it's nnture and behaviors have teen progressively
caught up 


deteriorated since then. 

According to Richards(1973), the tropical forest'cosys
tems will virtually disappcar from the face rf the earth ty the end'of
 

the 20th century. Lanly and Clenent (1979) also reported that the
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Psian countries, in which encroachment for agricu1ure resettlement is
 
likely to result in the (isarFpearance rf the tropical forest by the year
 
2,000 are Malaysia, Thailand, Indonesia, Philippines, Vietnam,, India,
 
Burma and Nepal. Guestinlation basing on his cemion sense as well as
 
using a mathematical modcl, Spears (1979) indicated that "... by the
 
year 2050 the nurn.er of countries containing a significant areas of wet
 
tropical forest mir'ht have declined from 36 to 20. It seems highly
 
possible that if nothing is done to control world population and to delay
 
trppical deforestation, there will be about 500 million ha of wet tropi
cal forest by then, and may disappear altogether before the end of the
 
next century."
 

As has been stated in the previous section that "an 
ecological sound watershed management plan should begin with a compre
hensive ecosystem analysis" , this part is, therefore, prepared for one 
who lacks of basic knowledge in humid tropical ecosystems. The following
 
sections will he a brief information on geographic distribution, ecolo
gical evolution, soil conditions, hydro-ecological balance, biota cha
racteristics, mineral transport systems, and energy flow through the
 
ecosystem of the tropics. All information will provide a crucial
 
fundamental for creating possibility of successful management for the
 
tropical ecosystems which will be discussed later in the last part of
 
this paner.
 

3.2 Ecological Evolution and Geographic Distribution
 

Itwas reported in Esteban (1930)'s article that the
 
tropical rain forest (TkF) is one cf the most ancient (30O million year
 
old) ecosystem in the world. Fossil evidence indicates that it has
 
existed continuously since Cretaceous period, fbout 150 to 200 years
 
ago, a great belt of TRF stretch almost unbroken over the lowland of
 
the humid tropics of C-ntra. and South America, .frica, Southeast Asia 
and the islands of Indonesia. It geographic distribution was shown in
 
Figure 3.
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3.3 its .'acrcclimate and Classificati'n 

Due to t:e narticular distrilution of continents and 
oceans, and the circuIhtion of air -mssesand soa currents, there is widie 
variation in rainfall, air humidity, temFeraturn, wind and other. Such 
chanies in macrccl-i*ratc Pre res-onsible for the large-scale pattern
districutior! as illustrated in Finure 3. These characteristics also 
effect their composition and structure.
 

'her. iisirc t c- "hase 'treical ecosystems" we are con
riftrinr! all ocCs,";tenr ,Jat occuPY in thc intcriropical zone, between 
the Tropic cF Cancer and Capricorn. According to the diagran designated 
[y Hol(dride (Y'67) the "humid tropical ecosystems" refer to the eccsys-
toms in the Trorics Lut strictly concentrate on the areas of h.ving ave
rage annual rainfall r-eater than 2,000 mm. with mean annual potential 
evapotranspiration hiher than 1,400 mm. but potential evapotranspiration 
ratio loer than 1.0, and also mean annual bictemperature higher than 
4,C. Huch ef tropica! Sottheast Asia have rainfall totals surpassing 

2,000 or 3,000 r.im,.hich are distri!-:uted more or less equally over the 
year. This is the one of the most pewerful factors controlling the
 
nature and behaviors r:f humid trnpical ecosystems. 

3.4 Soil Conditions
 

3.4.1 Soil depth an(! Fertilit.y 

Over lare area of tronical ecosystems, the reddish 
soils; 1,,hich have been given various names including la
tasols, ferallitic soils • kaolisels, oxisols and incep
tisols, usually occur. These soils represent the soil 
clirax of the humid tropical under freely drained conditions. 
The w,,eathering of the rocks to ftr,. soil may invclve both 
physica! and chemical chanles, Lut ir the wet tropics
vleatherin? is tlmrst entirely a chelicl procrtss. The high 
temperature and hunidity of this ren!ion al-) -lay important
r,,le in a.ctivatinr, the rapid rate o'f rock decomposition.
The deprth ,.f ,ieat:erinq is extremely deep due to the ab
sence nf ruriternary glaciations ard the protection of the 
dense forest. In some certain places, it can be deeper 
th3n 9C. metr:rs. 

!In their deeply wcc.thered profilc,Felspathic mate
rials, are decomr. sed sle,;ly but completely, leaving behind 
simpl, clay minerals. Tile mineral nutrient content is very
limit', since teathering and leachinfi lhave removed nearly
all '.as,,s, so that only free F'e ,r:d )',I oxides, together
with -soallamount of oxides of Tj Cr and Ni along with 
fine qu,rt;: and kaolinite are lfft t(. form the scils 
(Nichards, 1952, Lonr.man ane Jenik, 1974). These soils
 
are -ncrally acid and poor in macro-nutrints. Neverthe
less, the presence of the fcrest modifies this; the upper
 
horizt-,n is enriced with organic matter and base through 
the decr',nesition of plant litter Finally, they are
 



generally well drained and their structure involves good

aeration, but once the forest disappears they are very

susceptible to leaching (Unesco, 1978).
 

3.4.2 cDil-hyd:o'ogic Propertiee 

1) Soil Porosity
 

Among various types of tropical soils, a lateritic'
 
soils now called "oxisols" seem to be the first one
 
that it po-osity vas measured (Robert, 1933). Its total
 
porosity equalled 57 percpnt inthe first 12 cm and 47 per
cent between 75 and 1E. cm depth; hence a satisfactory per
meability. Eulk derisity and total porosity of the other
 
soil types occupying inthe tropics were shown inTable 1.
 
This high permeability is rrincipally due to a large number
 
of micropores which do not close even when the profile is
 
moistened
 

Table I. Bulk density and total porosity of 
forest soils within the humic tropics 

Soils Bulk density, gm/cc Total porosity,
 
Area Depth Area Depth


-pV 

Oxisols (Hawaii).1 /  1.1 1.2 62 59
 
(Low humic latosOls)
 

Inceptisols (Hawaii) 0.8 0.8 70 70
 
(Humic latosols)
 

Ultisols (Hawaii)1J  1,2 2.0 60 
(Humic ferruginous latoscls) 

Ultisols (Thailand)2/  0.8 1.1 64 54
 
(Tropohumults beneath humid
 
forest)
 

Soil under 3_ 1.1 1.3 46 43 
dry-evergreen forest
 

_/ From Unesco (1978) Chapt. 12 - Water balance and soils 

From Udomchock (1981) 

3_/ From Niyom (1980). 

Finally, more intensive analysis made in northern
 
Thailand by Udomchock (1981) indicated that total porosity
 
inA,B1,B2 and B3 horizons of ultisols under hill-evergreen

forest ini-crthern Thailand were 64,59,54 and 49 percent

respectively, Quick dra-nage pore (the pores that have
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Soil depth,
cm 


5-15 

15-30 

30-45 

45-60 

60-100 

100-150 


1r',O+ 


diameter> 3tm.) of 'this soil 
was approximately 18 and 10

percentin A and BI 
-.horizons, and its slow-drainage pore

(port,..that have diameter between 9-30,Jm).,oas about 14
 
and 16 percent for A and Bi 
- soil horizons respectively.
 

2) -oil-hydrologic Capacities
 

Soil moisture ccnstants in terms of maximum water

holding capacity (M'1HC), field capacity (FC), available
 
water capacity (fdC) and the permanent wilting point (PWP)

play an important role in determining water availability

for plant and the poential of subsurface flow. Unfortu
nately, these kinds of parameter for tropical soils and

especially the forest soils arc rarely found in the lite
ratures. These soil-hydrologic capacities, certainly,vary

with soil texture,- organic matter contents and other soil

properties. Rough estimation for these hydrologic capaci
ties of soil basing cn soil texture classes can be drawn
 
from information published by England (1970) and from Toebes
 
and Ouryvaev (1970).
 

One of the investination involving soil moisture
 
constant in the humid tropical forest which the author has

in-hand is that from the Kog-Ma W4atershed Research Station
 
shown in Table L. the average yalues of MWHC,FC and PWP
in this ultiscls profile under hill-evergreen forest are

67,30 and 1F percent (by weight) respectively. From these
 
figures, the water freely drained by gravity is therefore
 
about 37 percent vhich is rather a large capacity. The
 
average AWC is very narrow (equals 30-18 
= 12 percent by

%,,eight) indicating lov, capacity of soil water for plant

consumption. Fortunately, soil moisture of soil in the
 
humid tropics usually above the P!AIP 
since rainfall is.ample
and almt ~.- . throughout the year.Tt 

Table 2 
 :Average moisture constants of hill
evergreen soil at Kog-a Hatershed Research Station,
 
Northern Thailand.
 

Soil moistUre at different atmospheric pressure
(percentbyweight)
 

0 0.3 1 2 3 5 15 atmosphere 

86 41 38 33 30 28 17 
80 33 30 27 25 23 20 
71 30 26 ?' 24 23 19 
67 28 25 23 22 21 19 
62 
57 

25 
26. 

23 
23 

-22. 
22 

21 
21 

20 
20 

18 
18 

533 26 24 23 22 21 20 
58 31 29.. 28 26 23 16 

• From Table 4 of alkarabhirom (1979) 
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3) Soil-hydrodynamic Properties
 

It has I'ccn reconnizc<d that the high rate of permeability
 
or percolation rate of the humid-tropical soils is usually

resulted from thcir favorale structure and g eat stability of
 
aggregates. The mean permeability for lateritic soils in Africa
 
rises to 140 rm/hr at; the surface and remains 65 mm/hr at depth

(Unesco, 979). F-onnet (1968), in Pueto Rico, observed infil
tration rates of 133,154 and 237 mm/hr for the upper horizons
 
of incentisols, oxisols and ult'isols respectively. Initial
 
infiltration rate of 1,112 mm/hr with a constant rate of 280
 
mm/hr were measured in the urpr horizon of Tropohumults under
 
hill-evergreen of northern Thailand (Chunkao and Naksiri, 1976).

The higher values of the final infiltration rate of 480,320 and
 
264 mm/hr were ottained from field observation of ultisols
 
covered by evergreen forest, Pinus kesiya plantation, mixed
 
deciduous forest and tea plantation,i northern Thailand, res
pectively. Incertisols under dry dipterocarp forest gave the lower
 
value of aproxirately 197 mm/hr as its final infiltration rate
 
(Inthasothi and (hunkao, 197).
 

3.4.3 Soil Erosior
 

It was stated b-y Richards (1952) that, erosion as well as
 
weathering is rapid, and on steep slope the soil may be very

shallow even under a forest cover ina wet trorical climate.
 
This seems to ie contrary to that view mentioned Ly Walter
 
(1971), who described that 'under forcst, there is no soil
 
erosion oven on rather steer slotles, and thus, the weathering
 
nroducts remain in situ".
 

The nature and lehaviors of soil erosion in tropical
humid region is now much better understood since the Universal 
Soil Loss Equiltion, USLE, of Iischmeier aod Smith (1960), and 
the m.odified USLE of Foster and Onstad (1973) have Feen applied
to the pr,.dictio of scil erosion. The cquation gives a better 
definition of the: rcle of !ifftrent factors in erosion. The
 
equation state s that
 

A = D.K.C.P.SL 

and means that te lss of soil (A)is a function of; R-the 
rainfall factor deriving from the total kinetic energy of 
annual rainstorms, the crodiility of the soil (K), the vegeta
tive cover (C), the anti-erosion as conservation measures (P),

and topograprhy (SL).
 

K-values for temperate soils, such as in the United
 
States, vary fror 0.30 to 0.60 indicating that they are more
 
susceptible to erosion than those soils namely ferralitic soil
 
in the Ivory Coast inwhich their K-values vary from 0.50 to
 
0.18 (Unesco, 1976). K-values for tropical soil in northern
 
Thailand (classified as Tropohumults) that vary from 0.01 to 0.36
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with its average cf 0.19 (Thaprifi4dh,1M,1), 
and also in Hawaii
 

vwhich their values rang-ed from a loW,, of 0.0 to a high of 0.55
 

and I1-Svaify, 1976) confirm the above 
statement. It
 

(anqler 
 - water balance and 
was su'marize,'& in Unesco (1978, section 12 


soils) that, "This conclusion should 
not be surprising if one
 

looks at the fact soils formed on basic 
rock are generally very
 

vwell structured and mere resistant and also 
that the more acid soils
 

lumina to ensure flocculation of
 always contain sufficient &, 


their clay fracticn."
 

In conclusion, soils under tropical 
forest are relatively
 

poor in nutrients. The wilderness and vigor of the 
forest is no
 

assumed by the first
fertility, as teas 
indication of great scil 

The living plant mass is a function 

of the humidity
 
planters. 

of the climate ane seems to associated 

with intermediate, deep
 

ith its soil fertility. Although'its ero
soils, rather thar 

dibility hAs been prowd to [c lower 

than those in the tem

perate reqion, th( vigor cf the dense 
forest is the only compo-


It is only

factors in erosion control. 


nent that dominates all 


when the fcrest ecosystem is destroyed that erosion intensifies
 
Furthermore, since the
 

and can reach catastrophic values. 
 is
 
lushness of the vegetation on deeply 

yeathered, mature soil 

it is
 

inversely related to the nutrient 
budget in the soil, 


found that cultivated soils degrade 
most rapidly in humid areas.
 

soils can seldom support a continuous
 Therefore, the tropical 

type of farming.
 

However the young soils with their 
permanent source of 

nutrients from slightly-weathered minerals, 
such as soils on
 

alluvial zone, swamp forest soils, 
and volcanic sediment de

positr'd soils, car support successful 
permanent cultivation
 

(Longman and ,Icnik, 1974).
 

3.E Biota CharactettitiGs 

Dinta characteristics refer to 
the inter-relationships


The
 
among plants, animals and ricro-organisms 

living within one site. 


following paragraphs are the 
concise description of all biota 

consisting
 

in the humid tropical ecosystems.
 

3..r.1 Th. Flora and Fauna
 

It has heen recognized that the 
tropical ecosys-


No
 
an outstanding of a complex 

biocoenosis. 

tem is 

other 'csystem has a larner 

number of plant and animal
 

than this type of forest ecosystem, The 
flora of TRF,
 

for example, is roughly estimated 
to comprise 25,000
 

species of floi.,ering plant which 
is about 10 percent
 

The lowland rainforest often
 of the world's flora. 

50 species
contains more than 


i'a y f'oninsular, more than 
100
 

in one-hectare. In the 


tree species have tbeen recorded 
in one-hectare plot.
 

(Estc-hn, "l-e). The stand composition 
of the undisturbed
 

hill-evergrecn forest occupying 
on highland
 

Thailand
cf northern
watersheds 
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consists cf about 159 species with a four canopy story.
The stand density is about 2!00 trco.'s with volume of more 
than 120 cu.m. per hectare. The crown cover isapproxi
mately ovr f: percent ('Yasuwanich , 1968). 

Anim~l lifc isequally abundant and divcrse 
in the trcrical F17rest. InPanama and Costa Rica, about 
77,,"V , h of rairforest harhcd :00 to &';0indigencus
species cf !irds, more than that found in temperate 
for'st. it ias also com.nented by E.steban (1P80) that, 
the !:alt[ ,f species of the TRF is a product 6' tvio 
facters a)Environm.ental stabiiitv and b) The Groat 
Aqe. of he TrF. 

3.5.? Ha. - the Ecosystem Converter 

.,ccordinl tc Leakey (1:§C4), the evolution of Homo 
sarier, took1, plce somewhere near the margins of the 
tropical or sultropical forest, Presumably near rivers 
and lal'es in open savanna. Much later, man turned to 
the closed forest cither temporarily as a hunter for 
food eat{€h.rcr, or he was forced by inter-tribal conflicts 
to live pcranently. The tropical forest was therefore 
not a cradle "fut a refugue. Later, however, sophisti
cated societies formed within the closed tropical forest 
are-ls, for example the Mayan Civilization inSouth 
America, vicll-organized kingdom -in Africa and highly
devel, ped communities inTropical Asia. Through his 
sociol systcms, marl t-as able temporarily or permanently 
to overcor. some of adversities of life in the humid 
tropics. 

ThE: rap showed in Figure 3 , therefore, indi.. 
cates a kind of vegetation which might occur before 
man's intcrference'. Tropical foresters and environ
nntalist-:, hoever, have recognized that, the agricul
tural practices so-called "shifting cultivation or 
st.idder, cultivation" has beei, tidely profound in many 
part of tle humid tropics. 

Recently, th. den.sity of population has been
 
increasinc rapidly, due to change inagriculture and
 
transport and the infrastructurc developments in the
 
tropics. Ithas beer, Expected that, nore than 600
 
million p(ople w.,ill be farming and living inthis fra
gile ecosyste: in the coming century. This trend are,
 
certainly, causing nevi problems to arise in the land
 
and watershed management of this regicn.
 

3.6 Hydro-ecolo'icl Balance
 

3.6.1 Rainfall 
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Rairfal, v,it:in thr tropiCal zcr( varies greatly 

amount and 4r, seasonal distribution. Over large area,in 

therc arc annual totals of betwern 2500 and 4('00 mm. 

ith a rainy
(Riclards, 1952). The principal regions 
tropical cli~ate including Tropical Southeast Asia have 

rainfall totals surpassing 200C or 3000 mm., vhich are
 

distributed more or less equally over the year (Longman
 
and jenik, 1974).
 

3.6.2 Throughfall
 

Estimates of the amount of rainfall reaching the
 
-
around as throughfall are inthe order of 70 G0 percent
 

of annual preciritation inthe semi-deciduous forest of
 
A study carried
Indonesia (tlorh and Van Baren, 1954). 


out ina lowland tropical rainforest at Pasoh Forest
 
Reserve, Ialaysia by r'anokaran (197) indicated that
 
with annual rainfall of 2381 mm, throughfall varies from
 

O to 99 percent on single storm and 65 to 96 percent on
 
rate was found to be about
monthly basis. The annual 


76 percent. The measurement of throughfall of early wet
 

season in 4 forest types of Thailand : hill-evergreen
 
forest in northcrn highland; dry-evergreen forest in
 

northeastern plateau; natural teak forest, and the dry
 

dipterocarp forest in the north; were found their values
 

to be about 25; 21; 39 and 37 percent respectively
 
(Chunkao et al, 1971).
 

3.6.3 Stemflow
 

The amount of stemflow depends largely upon the
 

roughness of the bark. Itmay vary from as low as 0.01
 

in.for smooth tark species (vary from 11% to 15% of
 

individual rain storm) or as high as 0.07 in.for rough
 
to 3% of storm rainfall). Annual
bark (varying from 2 


rate of stemflovw measured inthe lowland tropical rain

forest was about 0.64 percent (r.anokaran, 1979). Chunkao,
 

(1971) found, for the forest inThailand that the
et al 

value of stemflow for the dry evergreen trees with
 

percent of
moderately rough stem barks was about ".97 

annual rainfall, 0.52 percent for the hill-evergreen
 

For the very rough barks of natural teak and dry
forest. 

dipterocirp forests more or less of values 0.02 and 0.01
 

percent were estimated respectively. Intermediate values
 

of 3.3 and 7.1 percent were found in India under Pinus
 

roxburghii and Tectona grandis (Dabral and Pao, 1 F.
 

3.C.4 Interception
 

The propcrtion of rainfall intercepted by tropi

cal forests isvery variable. In tropical Southeast
 

Asia, interception measurement inThailand indicated
 
high values of Q percent of gross annual rainfall for
 

the natural teak forest;C1 percent for dry dipterocarp;
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9 percent for hill-evergreen forest; and only 4 percent

for the dry-evergreen forest. (Chunkao, et al, 1971).

This kind of investigation in the lowland rainforest
 
of lalaysia gave a value of 22 percent. (Manokarn,

1979). Itwas also stated by Raros (1979) that inter
cepted water may exceed 60 percent of gross rainfall
 
for the humid tropical forest in the Philippines.
 

3.r*.5 Evapotranspiration
 

Very few tropical countries have undertaken
 
evapotranspiration studies within the forest. 
Naturally

itcan be assumed that there isconsiderable variation
 
between sites, forests of different structure and species.
 

Average figures of evapotranspiration from humid
 
tropical forests are between 1200 and 1500 mm (Peuman,

1970). The Figures, however, are deduced from very few
 
meteorological measurement. The real figures, surely,

are very hard to measure, but seem to be lower than those
 
figures mentioned above. The followings are the esti
mated actual annual evapotranspiration of a number of
 
tropical forest:

- Dry-evergreen forest at Sakaerat(North-easteriV 
Thailand):ca. 948 mm (Sabhasri et al, 1910).

- Rainforest (98%) and 2% rubber plantation
(Selangor, Rest Malaysia): ca. 1062 mm (Low 
and GoV, 1972).
 

- Combination of 43% rainforest, 44% rubber
 
plantation and 13% settlement area (Selangor,

West r,alaysia): ca. 993 mm (Low.and Goh, 1972).
 

- Combination of 41% pine forest plus small por
tion of montane forest, 34% agricultural area,
 
and 23% grazing Land (Agno River Basin, Pan
gasinan, Philippines ; figures are obtained
 
from Esteban, 1979): ca. 847 mm (Saddam, 1959).
 

- Hill evergreen forest at Chiang Wai, Northern
 
Thailand: ca. 1037 mm or about 50 percent of
 
rainfall (Suwanarat, 1981).
 

3.6.6 Surface Runoff and Streamflow
 

Itwas stated in the UNESCO (1978) that runoff

is probably one of the elements in the water balance
 
of tropical ecosystems for which information is the
 
least well developed and least precise. Among those
 
studies in Southeast Asia, study of Ruangpanit (1971)

is the one that shows the importance of 60 - 70 percent

vegetative crown cover as well as the role of the in
tensity and duration of the rainfall on the volume of
 
surface runoff (Figure "4a, 4b and 4c)
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1) Surface Runoff
 

Studies of soil and water losses immediately beneath
 a forest cover on various slopes undertaken by Chunkao et
 
al (1976) at Lampang, northern Thailand using plots of
2 x 10 meters showed that surface runoff from 31-year old

teak plantation, mixeu deciduous forest with teak hill
 
slope mixed deciduous with teaK and the dry dipterocarp

forest were about ".32, 
3.02, 3.60 and 2.44 percent of

annual rainfall respectively. Study of Ruangpanit (1971)
 
on the effect of crown cover on surface runoff and erosion

in the hill-evergreen forest, northern Thailand, using

plots of 4xG meters indicated that surface runoff varied
 
inversely with percent crovwn cover. 
 It increased rapidly
when the percentages of crown cover were below 7U percent.

When percent crown cover was 70 percent or greater, the 
rates of surface runoff were nearly constant. The annual 
percc-tage of surface runoff from the plots having perceQcrown cover greater than 30 never exceeaea 1 percent.
This could be an evidenc4 that rain water probably -reaJchethe streams in the dense tropical forest winly tOughverticaI or lateral flow rather than by surface runoff. 

It was also discussed by Ruangpait that the prOsence 
of litter at the ground surface, the high organic

matter ,Qntenrt and low bulk density of surface sPl1 
 play
more import-int role th4n crown cover. 
The crown cover

had litte ffect on the total volume of surface runoff
 
and amount of eroded sQil as well. Therefore, the
 
specific crown cover needed for minimizing surface runoff
and erosion and for forest management l the protection

watershed should be at least 70 percent.
 

2) Stre~mflow 

The conclusion that can be made from many surfA%
 
flow investigation is that, 
 under dense forest, surf iirunoff 44 negligible or absent and seepage quick, A~d 
sturm flow in stream will moderate, except iAn ex1_
thunderstorm. High rates of lateral water fJw In humid

trQpical forest ecosystem have been frequently reported

by many authors, but few quantitative express4ork have
 
been made.
 

The study on soil hydrological characteristics ofhill evergreen forest in northern Thailand by NakarabhiifW

(1979) indicated that ultisols under this forest has
high absorption especially at the ground surface and 

vary 

tending to decrease with depth due to decreasing in amQuaM
of orgapic matter. Soil also drained water into straem
channels rapidly after reaching saturated conditiOnflTbe 
rate of reI-ase was then slowly decrease when soi} waterclose to fied capacity. In quantity point of viW, the 
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am.un't of totl .xanual flo,Izi ,:,s 2;pproxmately parcent.
 
Jf this , J( rc ,, rle.se. as surmier flw. in
 
sumr--r, rainfall thnt higher tila-n 10 . c:ul, off;ci; to
 

sra Iux chzArc'cer'i s tci s. 

In nrUh._.as.err i#i i .!nc re tmlr -eclu~ic frma
ti..-ri ( ,ndscomn4 is (Ai'ff*1ront ±o that in vie nurti,
 

rani)tic rcck). zhc pr ti , ,i-,nual streamfl.w is
 
qi ti sfraL ". Gnly prcn a rlulsraiic
 

nvrt.i frrCni,, f cLr s maix I t .NS Ich." cuvcreu i. '
 
Lverr'ceo, ory uipt.Lorcarp Uu,-.is .; rixu ve ,;et.,"tive ,uv,r,
 
.... t"' sh~i fci n, cul U i lk ill thu rou
 
year. rkuci hi her anfu. l strJ6.. w ,A i.6.4 percent, hcw
aver. Usstii,atec t;- i Thu i
i;. i.,r r.', qui cof
fer(nt purcent(A, s of annual . .r., 1t' ub,UljirlC 1'r)!.i th-, 
noriher'n and northeastern fr' stea Hc.crshec, ptrhapsjcu,
to te ,j ff;rncu i,-i tI=e . ..,ic formatio n rathkar that 
cliimatic condition. i-si.. .-oil prbiertius of north.
easturn watersheu larqtly consist c-f stonu, jrvcl, an 
sarnd, bux lcw quantity.of silt anc. clay. A lot of cracks between 
rocksihigh 1-Kmuunt of ri,!croporus aci;;- rock uutcrop in the 
northeast cause luss cmrount of struonifl6w. i.;uch of rain
water-.ana strc;iwater..Iss by ieKa.e as well as soaae 
:evapo-rate to GEusky. 

Naturally, [lust iowil.nu fcrst*which receive less
 
rainfall (1OU -dtuO xin), usually yields annual runoff
 
beiow 50 percent (Unesco, 1913). In India, Rao et al
 
(Lj7) iiie.isured " strEaiflowo f 41 percent of rainfall
 
und&rShorea rubusta wnere th% ricAn unnuLAl precipitation
 
is 24'e7 mm.
 

J.3./ Variation in sil water 

Generally, variation OF scil water of the profile
 
decreases reqularly with dapth for the soils that have


.homiogenuous texture, It is igher in horizons where 

.root :cti.vity is present. If the lower tiorizons arc 
•'cl'ayey, 	 this decrease is less evicient. Avenar ( in 
UNESCO, 'jho) statee 'chat the processes of soil moisture 
change are slower beneath forest tdan Uieneath savanna and 
prcgress uoawnwards, because tiQn r v sysLems sluwuown 
infil tratien -rie ater dces nct -,enetratL in tn ueap
hoizns until Jtdrtnu retentio, capacity of the 

surTce one ,eas beon exceoded. 

Three y;ears of s,,il inoisturc, measurmenvxt in ulti. 
suls inder hill-evur,,rn .r'est :f ocrthurn Thailana
 
iidicattd that sci imuisture Nluctuatiun is oepenuin 9
 
upoi amunt cf monthnly raifali, soil pr-optrtius~runolff
 
evpo1rhnspiratien and topogrmph.i.visture stor.e tended
 
to increase in the railny nonth. an.. approximately oU -L'.
 
porcenit of rainf.:Al punetr i;c irate 6,eper layer. There
 
were no uiffer.;rnt i n soil m(isturc amori soil horizons and
 
amren, altitudinal lt..cVmui :iti ,u stUcy a.rea
 
(Cl'-;charus ;nc Cnurika,, I.72).
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nerzil3.7 ,ii (',lutrient Transport System_ 

i tsOJrpi c: vi ri n-ecosystesI.S set up processes tendinr;
to conteract suil ir,poverishmTunt a;nt. onc,r unuisturbioL c,',i.
tions .ther: iS .zclosei cyce f p"-nt iniutrients. In such 
circu,,,,,tance, tr:pic.,.i reoicn is , *:f-,sustained ecosystemi.
The soil boneach its riatural cvr us reache.s ,..stae cf ,qu
1ibruim ir vihich its ipuerishient prc'.,s extreriely slowly.
The s-il nutriernts rec absorx.3.; by th, pl.ints frm t;"e sc;i I arni 
are return o.in to SJ1i thrcuglt .cyu, or.nic. matter (Ri charc,
D52;WItar, 1W1), !earn ut;ri z its, ,harefarc ar,- ti. 
within t,..w yst;a: resultin; i n t,,u vigorous veytaticn and 
superative stream-,water qu& ity. 

Este&).n (l194)describeL nu'ricnt tran'Sport system of "he 
numid tropical ecosystem as feliow'; :.. 

"The luxuriance of the rain fo-rest is no, measure of the 
fertility of the soil on which it stanus. The majority
of nutricnts are tied up in the forest vegetation and 
not in the suil. Thus, the rainforest exists only on 
a very merger nutrient bu;dget and survives only by a 
near closed nutrient cycle. 

The mineral transport system is efficient. Very little 
is lost from the systen due to the root location. The 
root of tropical trers are qnerally shallvw usually

within the top 1.0 to 1.3 meter of soil, and the fine 
roots where most absorption takes place are just below 
thin layer of litter in the soil. Because the fungal
hWhae(the agents of decomposition) are also in the 
.litter, the nutrients are carried 'door to door' so that 

1i,,ost nothing escapes. ".,itionalmirial nutrients 
mfay also come- fromr tlh* weathering uf rocks and rainfaill". 

Preliinary study of undisturbed hill-everureen forest 
ecosystem in northern Thailalid by Thnngthmi (I'74) indicated that

the amount of N and P -in the rain-watcr, thruughfall, steniflew
 
and in the stream-datur in this area, are barely observable. The
 

.rate of output K, Ca, iwg, Fe and iIn lost from this ecosyste.l is 
a little greater thAn the rate of those irmiputs gain from rain
fall. ..oriover, te annual ,s of plius soil particle
from this type of ecosystem seems to be insil.mificant uifference 
during a decade of investigation. This is the one of exam.ple
showing that tropical ecosystem is usu-ly characterizeu as the 
near closed nutrient transport systeri. 
3.3 Energy Flow Through fumiuTropica'Icosystens 

Generally, forests are very efficient absorbents of
visible and infra-red radiation. The r,'lectivity of forests 
is 5-16 percent luwer .thaan that of other soil covers. The low 
.ffective radiative temperaturu of forests "amps infra-red 
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em ission, Theohl ra, of.or-stse uery -priariy 
ti on Cunsequently water vaporin the evapotrarnsPiir process. 

flow to tle *ir ab.ove the stanis is jnCi;sive, anc evaporrticn 

coOlinlg avoi 's overneati of arosted, c tianJ 0s re 
tendency to convective air exchan-,.es. t,-istenirng of air without 

destructicii cf tha atmospheric stratification steriis to be 
aros (Tabhl 3).characteristics fur moist forest 

Table 3* 	 Ener(jy balance terms in tropical retions 
(baumgiartner ant- Reich;'l,975) 

South(') 	 NorthLatitude 
1 5 5 16 2525 

Land surface 	-onlykcal/cm'/annurdl 
72 	 7C.Q, .t radition 69 71 72 	 73 

21H, sensible heat 4- 3b 9 4 


L, laetn hejat flux !3 63 82
 

*from table 4 in UNESCO (Ibu) 

As has been realized that the net radiation input at 

the earth surface of tropical zone is rigih. This is due to the 
round,near zenith at noon all yearsun's elevation being ator 

low effective temperaturetc the lov albedo of forests and t}h 
between high 	net raciiaticriof forest canopies. The discrepancy 


effective temperature is not a contradiction as the

and low 
absorbed radiation is used fur the vaporization of " 'i 

the inten. 
can be, therefore, said that the tropical forest are 

anc ci; water 	anu thus, an i. portant
sive converters of energy 

the atmosphere (UNSCOI'.%0).
link in the thermodynamic system oif 

There are, however, region;l uifference of the energy 

exchanges and heat flow conmponents, overned by the atMospheric 

systems (trae-wi nds ,mnsoonsci cuci ness, preci
circulation 

of soil covers. For example,th,:pitatio) .or by the rproperties 
fora;t in northeasternnet radiation of the 6ry..evrgreen 


Thailand, where situated at cpproximately latitude i4i'.3 N is
 
season. The 	 reflectedabout. i16-467 langleys/day in the wet 

approximatelyincoming short-.wave radiation by forest canopy is 	
by

11 - 13 percent. The incoming shurt-.wave radfiation absorbed 

forest stald is about 0-3 - 95 percent. With higher in both the 

latitvui -a elevatioi,-the solar ra6iation measured aujacent 
atituue lo -	 19N

to the hill-uvergreen forest locatod between 
fr;m '9U t b2/

at t* altitlde of above 12OU meters, ranjcs 


iangleys/day in sumrier (Chunkao, Ii;71).
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3.9Infuences of roiciIo~ Lc Stm 

The influu,nc!s of tro ical f,.urest ecosystem on the re. 
gional anui 'lba'envl ronments has beern intensively uiscussOU 
in terms of stte-uf-knA1vledye in Hatural. Resource kosearch ,,V 
PublisheJ by UN4ILSCO (It7/4. is irifiuenccs, huvever, can be 
summarize, s fol iows: 

3. .I Influence on glcal ciimaic conic;i 

Alth~uun -hierivor .asins in the trupicl zun 
.,"viy. r'u.ve very hi ai sustains therAi. f mnk 

ert..rm".us tru ,i;al river systai:is, not all cf them dis
chariae intu. thz%)cuans withlin :.,e hur;iu trupi cs but sof':e 
drai r the surface .atir iritc 01L arid zuvie. The ;rjur 
inflence of die humid tropics on the giloLal hyurolog.Jical 
ba'lance, hence is nut by th,; rivers, but through thi 
water vapcur transported -withi the atisphere. 

The tropical regions which represent 40 percent 
,.f tut.al earth surface ccontribute bb percent of water 
vapour into the ylobal cycle. The share of the tropical 
ocean surface to the eva,;orati-in volume vf the globe is 
4i percent and that of the trcpical lanu surfaces 9 
percent. Tropical forests occupy about une thiro of 
tropical lanu surfaces, so tropic-l forests influence 
the global water cycle by the order of 3 percent. 

t is assumd that fossil fuel burnin% increases 
the CO concentration of the atmocsphere by 0.64 ppm/annum.2 
This is partly in the oceans, but partly also fixed by 
photosynthesis in forests. Accordingly the highly pru.
ductive forest will serve as effective regulator of the 

2 bal&nce of the atmospiere.CO

Aerosol particles fr-.Ithe tropical regions are 
polluting factors -in the atrisphere o)ri ginate above all 
fr.r~ shifting cultivation arid savanna burning. Sm,1
aiiounts are releasee by thk exp.uitation of the forest
permnent aijriculture, and by" tha release of hyuro-
O )..,' rains Of the world total..... l or 
aerosol of 1670 million tonis per year, agriculture and 

con.forestry proeuce 13 percent, of this forest fires 
tribute less than "J.1 perct. 

Thie importance of trui cal forest for the mainte
rnance o,climate cannot yet be quantifieG with any oegree 
of reliance, because neither tha changes of climate 
following charges in the atmosphuric ccriposition can 
be ,,)rlictee, nor can intensity of thle fores.t influences 
be related to structural or site properties or to the 
productivity of the various natural or riiodifiei forest 
types, 



k&'jiunial inflIuk.nc. s of tpicalforest -

It has beon realizu by the micrometeorcs1,; 
that each type of lane-cover has its typical enrL-r6y an? 

mass exchanges and balances, and its effe(Ls extend for 
some distance in horizontal or vertical 6irections. The 
range of the environmental effects of forests increases 
with the size of the source area and uepending on the 
kind f the transported factors. Atmospheric contents 
suc6t as water vapour, Co-, pollen rai rs or spore may 

affect the biosplhare at ccntinental scale. Water 
ianc' irnfluoynce the funct'oni of watershes a, 

the properties of the river sources through overl.nd 
flow, cquick seepage flow, erosion and ieacrin. 

Regional studiies of the range to which forest 
themselve felt, such as precipitationinfluences make 

changes after ruforestation or forest depletion, are 
mainly available froma the European countries or from 

in tropitemperate regions. The few studies conducted 
cal 	countries have been much less successful because
 

it is very difficult to separate the effects of clima
from the effects of changes of land use.tic 	fluctuations 

From the hydrological consideration, precipita
moretion in the equatorial rain belt is than 3 times 

Global
as large as the global averae of 746 mm. 

for 	the land sur.averaje evapotranspiration is 460 ra.r, 

f-aces, but in the moist tropics it is at least 1200 mm. 

Global runoff from the land surface average 266 mm or 

less than 20 percent of annual rainfall but in the 

equatorial region it is equal to 879 mm or about 40 

percent of annual rainfall. This causes the huge tro

pical rain forest rivers. In the perhumid regions, 

however, the influence of forest on the water yield is 
on the runoff pattern.generally less important than 

and 	 highThe 	 humid tropical forest can prevent floco 
sediment loads.
 

4. 	 PROBABLE ECOLOGICAL AND ENVIRONMENTAL EFFECTS 
OF FOREST DESTRUCTION ANr'MODIFICATION, AND 

LAND USE EVOLUTION IN THE HUHID TROPICAL ECOSYSTEH 

the 	most productive
Naturally, the tropical ecosyst,.m are 

region of-the world. The forest ecosystem, t4hich occupies a great 

varieties of edaphically and cl imatologically heterogeneous sites, 

exhibits a great diversity of architechtural structure and of species The 	 high degree of diversity is a major 
and chemical compostion. 

condition for the sustained functioning of the tropical ecosystem.
 
With these factors :which cause high ,prcductivity, however, make this
 

, sensitive whenever structuralterrestrial ecosystei extremely 	 the 
diversity and complexity of this ecosystem i's Jisturbeu ,or impaired, 

modifications occur in circulation in the boundary layers between 

atmosphere, vegetation and soil. 
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In tro,)ical c!untrics weru iarje arca :if moist averjr.een forosts• 
have been ,cstroy;, 6y stibfti ng ultivati. ,-i y ag ri cul ture1".m or 
development, it has -to unbalance of the. functicninj Cf tie ecosyst1c.m. 
As the arez uf hu;u t'r cic-ai forest is r:idiy rduce:.4 th a..fct.. i. 
bo fel at --th rociunal au fihally. atth. -obL~i scale -(UESCU,-7) .. 
Hov.lever, investi,.tiors into tho impac'ts of f,.,resGt uus.ructin, plaint 
cover modifice tion; and lAnd use OVClU)idiOri, .r, the soil , on iaicro annd 
macrocinate, an... on t, ecosystef-1n1 its .s a whole are"avir.ent 
very rare in the tropics. The fJiloiing ar.- the _colotical atr- eivi
rc;nmientol irpacts causzec by c;nv,=rsion (..f tvcpic,l fo'rest ecksysteIl, 

'the autr as i frcmi avail abi ! i formiiiatin wi thi n a 1i;ai ,: 

4.1 	 Effects rf Siiftinq CutiviononCil
 
etericr..VC1in ,.fni,'ater Loss
 

:3y nat'Lure, the hu:i trc.ical ecosystom typically ex
poses t; thu, hvy r ,infil a;-U nihtempraturo. This ccn,i. 
tioin hns acck,'Erated the weatherin rCOz3s3 nnL thie dcCOmposi... 
tic n f oraric detritus an6 resui'hcing -it- easily ieacheu soils. 
The cunsequence is that soil ru low in nutrients. 

It sems generally accepted; that the tropical forest 
soils are frequently so highly ieache ifertile ane so fr:,gife, 
that curver in. them to sustcain agricult ure is ia lot mure diffi 
cult than ccvertin; those sils, winic1 untierlay temperate 
forests into ,r-.uucive cigricuitural fie..s (Spears, 1 79). 
Forest destruction in the huriid tripics by ,eans of "shifting 
cultivation" causus a suueen iinera ilztion uf tho entire ca. 
piti I. Since suci-i cleared and burnuc areas are UerjeQ of 
vegetation tha;t could absorb the su,..Jeny .- release nutrient 
capit;l, it is leached uut instead Oy heavy intensity rainstorms. 
Only a s remmailainin propur-icA is hel. by cultivate, plants 
arid weeds (!a ter, 1,371). 

Available 6ata for whole wtZr-sheJs show that erosion 
under dense natural porhuriu ar, es.sonrl humiu forest is 
usually less than I ton/ha/annu;:i. The rate increases up to 

- 30 tons/ha/annum if the lan. is cultivatu (UNHSCO, i976). 
Keliman (16901) stuied surface runoff characteristics uuring 

27 days in upland 1i;iJdanao. Rates in a i0 - year - old abaca 
planitati-,n .re x,,4wce as hijh a5 i,, ,'aturol. rixed Jpterocar 
forest, . i', tli'gh in young rica fialu, and about b times 
in a 12 year - old rice fieki. Cxmxri.ent in northern 'rhailanc 
indicnteu thct soil ioss fromi cn goi iI cul tivate," area with 
cash crop ii!. mise rice, rmaaize, bean and sesa-m was fc;uni tu 
Le abu~t J . times biger than that or.JeU soil from natural 
forest. or;.-;-,ic matter content .nis reducu( rapidily frem auout 10 
to 	 lrcInt in thc ii rst tao ye.r a1t,.r the hill - everg-rean 
forest has been ciearmd-, onJ shvly ,ucre.ased in the third year. 
It will, h.ever, .jra#u,-lly incre-saft.r it has been.*left :.s 
old cir'in area. 



In almost tropica couirtries, shifting cultivation has 

frequeantly p,;oveJ t oe a too exp-knsive form, of agriculturk'e t,; 
prvide , j iticall1 acceptable suuiua. In 2:.iti)n as a 

resul t of pr.ulation p)ressure, it often lives wiy to intensive 
C'",.food- cru;ppi:; ,eCl iTO n-.yi el 6SeCi,IiC Ueteri orati on a. 

3nd'H., nd r.su,,lts re widely evident
abundance of the l 

., thousi:nu of acros of er..),oded
are w1ll kniclli tc ,.ill frsters,i 

stor . al8 full of ero,]c, miaterials., :ri t]cup p:-ren.
hillsi.es, ae 

agricul ture .1isrupte(I by flocin, in an,.
nial strearFs, iow i:: 
wet soas,- (:ipiars, IDT)). 

",I-lnu si-iftin.j cul iv:.ti ohas estroye 1are 

of natu,l forests which have.b('eir duvklopinq for thousanLc 
area . Shiftinj cultivaticQnuf ye:trs tc: reo.ch their climac 


niiii )nacres of these magnifi.
ccu;,lod wi ,t fire has reuuced 
forests to useless scrubs and urasslaio or 

cent ., tropxical 
may 'nutbe as eccncmical in valuesecondary rowth which or may 

of
 
as the original forests. The most suri,)us after effects 


environment anJ the
shifting cu&,tivi.tion are the denjradatiun 

1971).
conscquonc ;s s ientioned above (Komkris, 

of Converting.Tropical Forest to Plantation
 

and 'Aricultural Ecosystem
 
4.2 I 'acts 

- poor tropical soils can
Cultivation of the nutrient 
cause severe soil erosion so that un.eathrin parent rock may 

at 'the surface. The whole ,;pro:)cess of nutrient, accumu
appear 
lation can start over egain provi,,ed there is no further inter

slow process
ference by man. However, tnis must involve a very 

under the rapid weathLring c,nditi;ons of the tropics. 1;e
even manner is
establishment of the primary virgin forest in this 


conceivabl.;. Cunvertin9 the trpical ,,,oist forest (TF) in
 
in severalcaribaea plantatiotn resulteaTrini.rdd to Pinus 

short - live effects on soil nutrients, but phospurus ilsses 
rain

were not reain-d in 1Z years. On steep slopes with high 
forestreserves of the natural

fal 1, 74 tpercent of the nutrient 
in 6 years (Ccrnforth, 1.E'T). ibestructiLn of the were l.o;st 

.d t,.ak plc'ntatioi by repeated
under,,crowh in the i1-y!ar 

soil er(,sion comp;areu to that ai;iount
fire causes d times :::f 

forast in Trinidad 
ero. eu from secondary everreern seasonal 
(Bel 1 '.Lii) 

anu' water losses in relatioin to forestStuJ!' cf soil 
a nd. Ly C(iunkac et al

fire at l.xraI2pag province, nruthur;: Ti 
the !.*yoa. I.l teak ,lantation lost

(i976) indict.d that, 
n lethe r.ixeo 6.ecic.,us

about 3.'"S, ku/ha/anuui o)f soil ;,ia,;hi 
foo deciuous forest withforest it" t ak "t th hill, mixed 

*forest at bcdt.c-m lan. prL,..uce. ab(I
Leak, and dry-lipterucar) 

an.J 471 ktj/ha/annum res-ectively. The results i,-
II07, 3U8 
plied that conversion of navtur l rcpi'z'i f,,rest to forest
 

! siI crsion. However, s il
 
plantation iioru ur less accelerate 
an" (.,thor obsurved soil degradatictir are n~t entirely
erosion 1 onctdwtOf the 'Alaritat-Sn tMth~e directc results 

t ui fut are connected with 
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tie oriijira a... . a. type of so-i",. silvicultural practices 
incluJingJ fi re. 

La. Ijol in . r.- cia i y T;heuti on nort ie i an,., 
cunvursio, ;If iri;itive - forest l, ",o ajricultural an the 
tribai sa tl r_-r a1so con . fai 6Criical P.-,iH oj-"2Y: .r'xas 
cal pollutants into strezrmC-watcro, iro in strc-am-water 
drains fro!z, :.ricultural area an, iHu.e wila (: ramL of triLal 
settlmrt -. V..! fOLId "0-e :. 1n) times than) as to n_ 3.6 hiyr 
that of .evarjreun forst. - As for bacteri.o 'i-. 
cal qual tj Cot.al cli foru. 1'vn i;& i i n streri-wa turfoca 
from fi'(,: vi i - !. ,.c or 1,1. J ,.nd 12.'- times greater 
than those ,(;f i i-ever~r . f;orus-. Alse,, tozaI bactfriai count of 
2fr,C -nd 3'C of str -m,-w ter .,r:a-ins from .i riculIural waters;e.. 
was :'n. 3.,. tires 5reater h., ;nose c, !i i everyreen 
f.-rest wa~irzshtl (hun-cz pVi, Ltcn, ;i 

The imr-'<ct study of hig1hlan,: agriculture cn bacterial 

content in stre n,- -A-er urains from; tea plantation mixing with 
natural hil",c.ver':recn frst in rorthern Thailand indicated 
that the tt.l viabik, counts incr:isi at the -early part of the 
rainy s-nas;n i;ut ;ecrease later by te en, of th,.. season. The 
increase couli be attriut&e t, th.) ;highianu agricultural 
activities ar.,uniL thuse watershe:s. Thie t,tal coliform count 
w ich were ,'!u CL fluctuate throujhcut the year, are over the 
stanJard 1evl of -,2utable water (Pktchainnapasiri, 19b). 

Too s-tuy un bacterial flora in streariflow and spring 
water r..ins from the man-iiaUe plantation rmixec with natural 
forest an," friJ the vrious landuse activities at the adjacent 
aturs!;ejs in nrthorn Thailan. also- oui that t.;tal viable 

c :unts of micrucranisim ir: strea-water rf each site increase 
anc decreasa in the sae m.anner as tlhno.'se stuci" by Putchana
nwsiri ("".,.. but, tne tot'al coliform counts are higher tlan 
the stan.ar:1 level for put-able water. 1K;.wever, streram-water 
frci b ,-h sites gave excAIlent water qu.lity cam coulu be uso,'I 
as rater s.y for any .unerol pur;oeseso but before use it 
directlv as !,.-tablE water, , lin..- is recommenued.. Tne author, 
therefore, Khlieve th.-t th.-. cihinging of thd natural forest into 
[an-mii2e forest wiill no, affect the waL.-r quality especially in 
the bioIlcicaL aspect (S .taksii jn Ru Unt.anit , I 0). 
,'i.i ~ts ,,f h-i-id Troical Forest Cnversi,.n un 

Hycr,:....ecoiljical balance 

I ',lsbeen realized for all foresters in the tropics 
of ho; r;uch i crtance in pruducing ,,ator yieldu .f the tropical.
virgin fThr,,-, This was sudpurte., by the warniny of Pereira 
(197J) that "forests should nither be felleu nur plane( on na 
i.art scale withu. a su.ly of th -,jotntir-l hyurological changes 
which may :,e c(xpected". Lffect of c(nverting tropical forests 
on hydr.ecl:.ical charnges hav- ben rec.gnize. an, noteu. 
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Circunstnti,-n1l eviece oif iwti il ano profound cnajg

being iritiat by forexst clearin, is prviAeu by long.trm,

Ubservati)ns .:f rainfall -in priva.e , Acntations in

iliaIaysia. . fost cl-ria wc.io
ch nqos .. follw byv suL,st7ntial...... ef....rainfall .intensi tb .... ,fhi le .asthe total -annual rarn .. ... 
fall -)eare: to remaix ureffoctc.i umbuer of rainfall

incidents ,.,crcasej anu tie ntens i ,ty , rainfall increased.
 

Shif n5 !cu!.Iv-tion which h:,.ve Leen ,.racticini on th
miuuntai ncus ,t'ershJ of nurtharn Th:iilal.;.i cause:. i nfi 1tration
ca1.:1city t(. e chn'eo2 frun, 260Q mw/hr t%. 19/ mm/hr afwier LIh
 
natura hil", i..IVOrreen forest has zi.on c,:,nvcrte , to shifting

area ijui L ,ej e (Lnthas ,xri anm Chunkau, i76). Thi s
i.,plios , rceta, , c-f .veri:n runoff could be pruLucEJen sh fi cultiv-ti,.;r. r'eas. 

A radical ch!o.ne -s thc cuv-rsiun of tropical moist

forest to tea tjarU.ens with sha~ie trc-s in_'icateu ro chan k. in

annual va,,otranspiratiun ;f 1300 rmr./nnn. (Pereira, 1973).
 
hfs plot x;,urimntS where ... bo cr. , uncer an annual 
 rain

f fI; r. wos c jvertedto Cupressus nacrcarpa or Pinusradiata gave al.:st identical -moun ,.f ev)cranispi rationTrm_ lrl tree covers. ConvErsion uf . whole atersheu from
 
bamboo to pine, however, show that aft-r four years when the
 
pine ,.pproadint, 2/3 height of the bamb,.;e, watur loss from th
man-made forest had caught up witk that from the .ri.inal 
vegetati on, 

Ciancre in Iagj tine tof flow due to converting natural 
hill-everjreen forest to shifting cultivateo areas has been

nroted by 'rZesorbut (1972) and Inthaso-thi an Chunkao (1976).

Lag time, which usually takes i8 hours whn watershed was

covered by naturr! con.-ition of veat.tive cover rL..ucedi to

only 4 hours when watershed w s converted to old clearing area.
Rec~jnt finiind by Ctunkao (179) dnctd that the peak of annual
hyuroagrayh of miany tributaries in northern Thailand has been
shifted froilO SepteraLer tc August, one ;v,;nth aheaJ. This can
be interpreted2 that time Jelc.y which was usually controlled by
i nterce';ti op process, infiltr tir 1 .. and ;.crcolati on processes,
has U~ short,.nud by heavy destruction,f forest and shifting
cul tivaiu. Jurirnj thu Past Jeci",.

..,ip.'C .. f rpical Crirsin on Climate 

lit " s s ,iJ in UNESCO (ih) ",' chan-s in the fu.. 
turts of' thu, aarth's -urfocL will cz.s: chariues of meteurol-.,.
gical ano climatic j;rucesse!; tt various scaius cf space and
time. Chnrn.jes -fter forest clearin,; fcr .riculture with 
annual fiol,I crops ,.r fur eminuurin(. works Khve been suvre.
Less destructive on -oAii anI clin-t seem to hiavt. been natur,J 
or plantation silviculture, .>r'nni 'i fi.-d ! crops or rou9h
grazing. Supplemuntary acti itis, such as i r ri:,ti o n 
urai nate, ferdlization and pest control aff6.ct the e~nvirunmen,:
directiy arid indirectly and usually accentu.te the aUverse 
effect of ,orzst destruction. 
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initiates ch.an,;j. 	 ScmIT,l 	 'frastation towaros ,ariuity. 
cli atl .- ;;s the C;piii on that c"E: s l.nd us iay 
als', effect th;o dynamics Cif atouspheric ci rcul.ti on systirs. 
Ar. e c!, Ihu ur "un . 

,ji are Li: 	 i 

x in vnouratiWI tii:ti': ii 
easterly waves-urcf loc,..l i;nt-..ve -bsenc........,awl -a;rest~ind 
a'uve clwa.ri nis of convective clouds. These effects are due tu, 
the changje of aerukynmric surface ruuhhess, albeuu, wai;er vapuiur 
f'oW FAnd s a-i Ii i;y of thfi 1.! air' s rati 'iio as a res ," 
of tho chan je uf surface cover typ.; 

CLntrasts in the enerjy balanccs of differenc vegetative 
cover iuu t, cl ciri n, dry-evertreen forLt at the, Sakaerat 
jEnvi rurwmeni hesear'cal 5tation, in nct,,zastern Thail in.as 
studi' 1,,/ unkau ( .71,) ,.,the onliz of essietial evidi~;nfC
tif ,.iff~r~nco:s i:n mifcrc-climate re'iaiicn. 

In aiiion, higher surface-soil temperature after tr.:> 
ical forest has been changec int'; bare soil or annual crops 

incret.se the rato of raineralization of the organic matter. This 
imPairs the stability of soil crumb structure. As a result the 
shear resistan-e of the soil surface is r:'cuce6 an the soil 
becumes morz easily erOd(ile. Hard'ninij of the surface of some 
soil types -,n exposure also reduces infiltration which increase 
runoff an .ercsiun (Hill, ob()). 

The mst controversial issue :,:out the effect of forest 
cestruction on climate is the chnge in amount of rainfall. 
No inconvenrtilk evi(ence has ever buen -rouucee that clearing 
or converting trcpical forests has mterially altar rainfall. 
Pereira (i273) revealkd that even clearing hiwh forest from /6t0 
square kiolmeters of the Mufundi escarpment in Tanzania indicated 
no measurab)]E change in the annual total rainfal although thc 
numbw-r of occ, sions on which slight rain fell was halv,:. 
Observation of rainfall measurement in northern Thailand by
P. Wra..asa~ivs (personl communicati,.n) during the past, ten-year 

period alsc. no signiificanit chan..;e in annuallrouce rainfall 
eventh'rujji tousand acres of mountainous watershed have been 
denudd Ly shi fti no cul tivatior. 

.iithou,,;, it has been cunclu".;d tha't the disappearance 
of a forest has no local effect on rainfail, there is, howaver. 
.jr,.i, vi enc tIt rany instances of large scale ueforesta* 
tion could have cumulative effects on globol atmospheric cycles 
of water and erarjy(Adeyoju, 1JU). At tne local level, forest 
influence cn iowerinc air tenperatore in hot weather, raising 
humidity an, reducing wind speeds at surface level. These 
effects can m.,-an a substantial irrovement in the rate of water 

crops and ienccloss from Field I a incrae in aVJricultural 
producti vi ty. 

4.5 	 Effect of beforestation of the Huiid Tropical Forust 
on thae Am:ospheric Carbon dic.xiku, BaIance. 
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One of the environrmuntal quest'iot, stere frob the .es
truction (if the wet tr-.ical forest is carbon J xioe issue. 

hisi s pri,. not relly importart issuo, from the witmrshed 
.............. .. management .-int- of-vi w but it. has. rece.itly.. evokot u,,s ,ikr. . . 

-le attenti r by the environrentalists, The foilowin is briviF 
ons.Spears (I-7t, articd*(s.exprcssin xrv.wr from Stewart (197) 

The scientific investigationjinicateo that t.i-e atos
pheric cuncentrotion of CO,, rleas.--3s r sult of def restati' 
is - /,% : ,toe fcssil'fuel c ,n1ri ution. It cane be. ho;.. 
ever, ,As hl a;s 6- 160 o in s),ilm. places. One ru,.icertain 
,reject"; i.- ,*,uc,1iract of CO., concuntrationt ,tskric 
n,,Lr ,.uLli ny by the miiuic of the next c('nt ry imiplyi ng a , of 
loba l teiiYxyrature uf aifiut 0n1C.unL;e'lievale scenariuj 
sugests tIc't this .,Uldhave i,l,.ts huiu. welfare,Leni.. on 
A hijher CO, concentration iicreasts th efficiency of phcto 
synthesis a d raises povential fc, re prouuctic.n. hila 
change in rainfall pattarns fullowinu froii mdorately hi~her. 
global tenin.:rature would have 1i fferin, recional effects on 
a;riculturl productivity; the net ,ffect 1-n the worl's fo," 
supply might be pcsitive, although co,,tr.vorsy exists on this 
point. Alsc,, if the earth is entering a natural long-ter 
cool1in. treL; Cue t, gaining less incomin.4 irradiation, then 
thie s,-callj 'greenhouse' effect cul, bre a valuable compensatic n, 

There are a Ilt more plausible scenarios about this 

impact, but one whc, interested in should r-aJ more detail from 

articles mentioned above. One research worker, however, has 
recently ale.rtrd that : 

"If this process continued until much polar regions no 
lo,:r feel the deep cold layers of the oceans,enormous 
quantities of CO2 would b renle;sed. It has bLen hypo-, 
th. sized that such a positive feedback process caused, 
a catastrophic abrupt inceae in planetary tempera"ures 
at the transition from the m.ozoic anu to the cenozoic 
,eolo ical period, a time in which an estimated 1/3 or 

,the e.arth's species ui .4 43re., 

*.A3 	 Impact of Tropical Forest Eiiminati,jn anuuOr,Conversion 
on the Losses W-Flora nd fauna" 

Ridch-r'ds (1 71) statei fcr rasons for reserving trcpi-. 
cal fcres t zspeci-liy wet tro,)ica f,,.re3t, that :- I) inmirect 
economic uses, i .e. water conservation, tourism, etc. ,") un. 
foreseen future value (us(eful prLucts and erietic resources), 
3) sdcnti'fic value (for research)., ancJ ) aesthetic valu. 
;,ers 1-,) co ..ente. e the c,rld Forestry Conress that 

liminatior ,fw;t tropical forest vould ,,utomatically mean 
r irreversi-.elimination of many species which would 'presemtan 

ble loss of new unique resources which could offer pragmatic 
benefits of society, parti cularly pharmacuutical prcducts. The 
US National Ccincer Institute, for example, believes that if th 
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tropical forests disappear, this could represent a m~ajcr setback
 
to its anti-cancer campaign an the grounds that they are a
 
principal repository of anti-cancer drugs.
 

The detericratien cf the fauna when multistcry forest 
is replaced by monocultures has been reported. Chcudhury (197,) 
has criticized the planting of Eucalyptus because of the low 
value for browse of such stand for cattle and elephant in 
India. 

5. 	ECOLOGICAL OUTLOOKS C:R ITTERSHEO rANAGErENT
 
FOR HUMID TROPICAL ECOSYSTEIS
 

Generally, the aim of ecological planning is to arrive at
 
well-balanced, sensible decisions and to avoid the mistakes which
 
can be caused by concentrating on only one aspect of a problem to
 
exclusion of all others (Vink, 1975). The main objective cf water
shed managemnnt, as well , is to obtain the supertive yield cf
 
stream-water by a w:ll-balanced management cf all resources in the
 
catchment area. Furthermore, impacts caused by the management actions
 
on physical environment, ecrnomical and human secio-cultural aspects
 
must b positive not c;nly within the watershed boundaries but also
 
the downstream areas. The ultimate goal of the watershed management
 
in ecological aspects is therefore to help increasing and/or pre
serving useful and stable ecosystems, in support of the human en
dcavour which shruld be to live as well as possible on a sustained
yield basis.
 

A self-maintaining wet tropical forest which safeguards the
 
fertility f its soil, its genetic composition and its excellent
 
water-yield regulaticn, is a stable ecosystem. An area of farmland
 
supprrting a well balance rctation of crops and livestock maintain
ing the fertility of its soil with fertilizers and other techniques
 
and preventing erosion also can be stable. Based upon current
 
available information and the ways which the denuded watersheds in
 
Thailand have been and being rehabilitated, the following ecological
 
approaches should be taken into consideration as guidelines for
 
watershed management in tropical eco;systems.
 

5.1 Preserve High AIltitude-Mountaincus Watersheds.
 

As has been repeatedly emphasized, the watershed
 
that covers with the humid tropical forest is an excellent
 
example of an ecosystem in which climate, soil, plant and
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animal rcrut'ces arc components in an ;xtremely cr;-I .x 
,f higher than 2000 nm

equilibrium. ith annual rainfall 
nnd the relatively small 	 3mcunt .clf evapctransp iration,, the 

thus yields adequote amount f gccd
humid trcnic.)l uccsyst-m 

with pro-,r timing. Additinally, the
quality streanrflr! 
nutricnts in stream-water including in the debris and also
 

the s,-:dimcnt lcss from thes,,e :c('systems seem to bc very 
in undisturbed crondition. Therc is,

small .cr:c:vor tinny ;,rr: 
du!:t that thi- r,r,.r.feriblo hydro-ecologicalthrrf-r, ro 

this ecosystembalance and the stal-ility c.f nutrient flcw in 
a Functin ,, its bit.lgical and soilare it:nr-crart 

mi crocliti at,,o ical crndition alse playsccmr nents. The 	 an 

rr-le in regulatin2 stre.m-.water and limiting eva
essent'iF-l 	 Tro-ical plant ccmmunity and organictrans-iratirn less. 

layers that influence the abserrticn cf rainfall energy and
 
keerin- this eccsystcm to produce very


surfac: runcff thus 
seil and ch-mical losses. Accordingly, from

small fraction c.f 

the watcr yield considcratiofn ant' thie eco-logical pcint of
 

especially thcse
view, the undisturbed tr,.oical ecrsystem 

which situated in high altitude should be, if possibic,
 
Eecause this
 

preserved ,,ermancntlyas 	a rrctection forest. 
for steepseems tc be the only proper form f land use 

mountai.-us regicn tc keep the condition of this 
fragile
 

cover or severeAny marked re::uction of vegetativeecosystm. 

disturbance of soil surface conditicn would not only lead to
 

, but also acceleratedgreatly imPaire hydrrIoric'l balance, 
losses rf soil and nutrients.
 

5.2 Prrvide Lcwland fr 	Farming and LivinQ
 

Under rresent situation, there is no way to keep 

large acres of such eccsystem for serving the 
purpose mentioned
 

are at this point in time that over 700
above. The facts 

living in absolutemillion r',ccplc in dcvelc"inr; world are 
. condition ef life so chLracterized by malnutrition,

prverty. 
infant mortality -and low 	 life ex

illiteracy, disease, high 
tc be beneath any re,sonable definition of 

human
 
pectancy, as 


Tking a realistic cx9ectAticn of future 
growth,


deccncy. 

l ikiy Uwlt at 1:.s IL.,, u;ili icn people vill still 

it rIS o.f this century-livin in that condition by the Lnd 

(,cN.enara, I78). Consequently, the watershed management
 

unavoidably, must

in tropic esecially in Southeast Asia, 

development, more specifically, a
he a strot(:;y for rural 

rty of the landless rural
strateiy (irccted arjainst v-.-. 


stated by Parns (1979).
poor :s has becn 
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S., tropical 'evelopincc ris Solve such 
probluws -withotAi riin; thuse fi5 1u icosystens . This wi ,1 
be,cf--courtse, fJar from easy k. causa shi ftin:_ culti ,atn wil-.. 
StilILU a ,,rm,of ariculture a, Isto provie fwoo_ 'wll a: 
pclitic-ly acceptable s,.lution. In this case, inwhich tha 

, r :od i s hi gh and ever i ncreasirnj the 1..nd of hi h 
potuntial for agriculture should usa', ti2 this objectivG;.,.,c meet 
All th "; of luw iotan'il for .jriculture should be 
apraisd in.terms of thuir possible usa,. u for r,,e man - !uEiut 

forest man eq;.i i t, wi i dli fe manaement or tul ti p1 e anU use 
)Ur""ses. 5inc I at hi..i i ospecially on mountaincus 

, awatersle..is aru usually subject<t ' to "'it*,i;C ernsic-n also 
l.:V fertiliy ,]ue to hi.h leachin,, thuy cre nut suitable f.r 
ajri culturo. Thu, yuun-er siiIs of l,.mns or at thz foot-.hil 

where .:rman suppuseu toara s their n surc, of rnutriLnts 

su;.y,,)ort su;cess ful orranenrt cultivation, therefore, shoulu be 
used s land, i aso for producirig f,;od for the people in this 
re._ji on, 

5.3 inteyratc:d Land Use ar,: Conservation Farminri for Highland 
L-itershU s 

As i has been said before that in the tropical countries 
where lcwiands ai,adequatw fcr farminj .nrid livin., the problem 
of ecological ii ibalince seums to be e iibl and any mana,:je
ment action can be approached. How ,about those countries laclk 
adequate lowland, could the man jageent system mentioned above 
be possibly applied. Certainly not, and surely many acres of 
uplan.d watershed areas must be o.o...fir serving agricultural 
purpose. Inthis circumstance, Korkris (197 ) suggested that, 
these areas should not be allowed over to cultivation, perma
nent or shiftin . by the tribal, the local or other peuple, but 
should be ciassified,accordinj to their capabilities int., nyri
cultural and forest areas, in the wat-rshed mflanagement plans. 
The ltter should include ri4rte tops, hillside areas of over 
2U percent jr'aiient and area along' the stream banks. These 
ar a s su.! bi afforesteli, if they have already been denuded, 
fire protected ad kept under perpetual forest or some form of 
vegetative cover, including Qrass. This may entail investment 
in more men and money: but it is the only suitable form of land 
that can be prescribeo for, these areas arid to conserve the 
c,.,untries' precious s,,-il and wiqtar su"pply it is an investment 
that is truely imperative and wurthwhile. 

Hij.:2-xr, with ever incruasin, pressurc of population 
;rowth, kiepnc g hillslope of over 20 percent radiient for 
forest area forever is hardly possile any tropical countries 
badly need much of these, areas for ay,.ricuiture. In this case, 

are really needel -in watershedccnservatitn farming activities 
manaj trent, As a yaneral :jui%., !an, under 3b percent slope 
can. ba useo for annual crops, with soil conservation measures 
where necessary. Slope betwCn 3.1 an 46 percent can be used 
for tree cash crops or pasture. Thoe, slopes over 50 percent 
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should be us-d for forest :.lantation. Very.steep slopes, over 
85 perc~ent. should be kept permanhtiy under protection forest. 
Thse uidiinshowuvor,, mzy local ly be chanqed .Slibhtly 'Co taku-~ 

account of soil types, cemand for hnudi and sc in. 

A number of soil ccnservation mieasures have been use:_ 
in northe inihailn;1 as activities f de f*iae So Integrated
Waters,'e&' ani-, Use Project. Th racst effectivw, but by far 
the most axpnsive, is ci:pleto bunch terracing. To reduce 
costs and .:, zdia1ob ur nunber of simpler methus have been 
i ntroduced, i ncl uUI n6I nteri ttent turrc.cis,, hill -si Je Wi tchcs, 
contour bundi n and fur t.eo cr.ips, orclhar,j terracipnj. These 
measures are considereJ to be about 80 percent as uffective in 
reducin'j sil erosiun as Lbench terr;.ces are, but only cost 
betviaen one quarter and otie third .s much. 

Toether with thcse conservation farming activities, 
rr)nculture t:f hurticultural species which can be plantec on 
steep sloes, an' at the sci2 time will eventually proviue a 
cach income for farmer, such as fruit and nut trees could be 
introduced. Surely, not all the trials be successful. Some -oo-Y? 
those varieties which may fail in some countries or some 
altitudes may be successful at some other countries or altitues 
where cliratic an edaphic condition are more suitable. Lxperi.
ment at the HaVe Sa Project, northern Thai lanu showed that coffee 
seems to b e ,ne of the crops that the local villaers are very 
interest.'d in at the moment cwing to the present ar perhaps 
future high .rces. Other fruit trees shewing promise are 
loquats, passion fruit, and litchi. Nut trees which so far are 
promising are Hacadeia, Mlalabar chesnut and Chinese chestnut. 
The results also agree with those experiments carried out at Ang-
Kang Reyal Highland Agricultural Research Station (Highland
mgricultural Project, 1977). It was also suggesteu by the £1oa 
Sa Project that nut trees seeim to "emore attractive for remote 
mountain:us areas, since they can we easily handled and 
store nd transported on mule back without being damaged. 

Thore ',ave been recently intrciLuce varieties of exotic 
flower into many Highiiono AHricultur:1l iproject. They are very 
impressive an.i are promising compare t, thosv cash cr.cps which 
have been tried out. The problem is that they need very much 
care ian mvre .ouviiona' artificial fertiizer and pesticide
opplication, whichn perhaps will croetra serious problem in 
ecluiical d,egradation in the future. 

5.4 'iana._ement by Agroforestry Systoms 

The monoculture with conservo tion farmings as mentione. 
-in the previous section hove inJicated very high potential 
prospect .hen consider only in sucio-.eci;nomic aspect. Unfortu
nately, th.re are at ieast two problems about that solution. The 
first is that most wet tropical soiis in many Southeast Asian 
countries such as southern and eastern Thailand,Ialaysia and 
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soIie rts ,f Indonesia ar . hi ;ly weathereu leacheu oxiso1s 
-as(f.... ry kn.*n as -tcso1s)or ul.tis,l s (_f,:)rmerly. known -

yelioatjv..&±olic s.ils) .hich are unsuitable for some , perennial 
tree cr,, ps such as cucu'a, coffee 4nJu.i alm. Suconuly, there 
are me-ark~iing constraints for most of those horticultural crops 

nd ex(lti: f,1'.er plants. fbesides, thus,_ lanj use alternatives
 
suitable -?-or small farmer se -tle.ents such as integrating
 
perc.nnial tree crops ith fo,.,d cry.)ps in a iiixeJ farming syster;,

an& livest~cc risinj in assc)ciatiun with production of antur.'
 

focd cros have ,nly been trie, iut ini research plots or very
 
srmall sce~i lot They have ;', t yet been proveU on
Icroject. 

n.ufficd. .?.':.; i, ry sczle in ,el mn,-..&small farmer settle-.
 

tIhat th-Oy can be sustainedrent schL,,"r: , for Lis to be certain 

veithuut risk ;uf dirinishing cro,, yie'Lcs wi' serious ecolo,ical
 
ieotrierav.On on eithor the red :nid yel low podJzl ic soil
 
tyical off muci of th South Asiafl trrpical fercst or on the 
,duorer scils (Sljers5 1;7'). 

Evi.d.,once fr ,mrsu;ie areas in. cat.ote such program of 
fr.in,.g systeros "may" be possible "v,c:isure a sustained, but
 
rulatively .,low family income, proviueu adequate soil conser
vation measures, roatiaon cro,., patterns anc. appropriate ferti
l izer apulicatic;ns are maintained. These imply a high level 
uf extension input and intensive iaca-.gment are needed and how
 
much ex.lecta~ien %iecan ensure of successful in case the
 
farmers have no previous experience of that type of agriculture
 
anj inadequae capital for those l techniques is still
Zc:.dition 

a question. 

Aur-of-Crestry which has gained credence in the last five
 
years is recenvtly a new dimension of systeA that seems to be
 
very )rumising action for tropical Losystari managemient. It is
 
hoped to be a new concept because it is a sustainauDle lani
 

anLgaienit system which increases the overall yielu of the lanj, 
COrWnaes '"he .roducicin of crops and forest plant and/or 
animals simultaneously or sequentially. on che same unit of 
land, and a;,.1ied ianayement practices that are compatible with 
the cultural practices of local population (Kin y and Chandler, 

vJ/ Fr.,m ithe ecutiogical outlook, :jroforest"ry systems will 
'e very bene-Vicial for environmentaIi conservation since lanu 
deterioration ii terns of soil erosion ank. nutrient leaching 
is exctd to, be doecreaseu com.;)arinr,: t those forms of forest 
lnu uti1izotion that have been, practices in the tropics. 
Besides it 'is not only a bio-ecoiojical mix per se, it is 
rather. a series of mnrragement techniques intenue,.1 to sustain 
the ecosystemV with the 1ctest socio-ecuriomi c an technological 
concep;ts of' resources use. 
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. INTROU"JT ION 

1.1 urp, sc- cf C.sStudy 

The general purpose of this study is to exemplify environmental
 
or ecological aspects which should be tak..n into consideration while
 
preparing and implementing a watershed mancc.:mont plan. This plannin.

consideration includes (i) controlling factrs of the nvironnent 
on
 
watershed manar .,rment and (ii) effects of watershed monagcient on the
envircnment. cr many cf Thailand's tosheds, , tershed managoment 
planning and unviron-..ntal rrnangument pl,.nnino c:re one 3nd the sarai. 
Becaust. of increased population pressUr, i.:! unsuitable expllo1t.tion of 
watershed resources, many of Thailand's tatcrshc-ds have been or will 
soon be envir,;onmcntally degr"-d ; t'o the p. int ,htt without environErntl 
management the watershed and downstream populations may not *ven be abI.l 
to support thorsselves at the subsistance level. Such a dilnima is eminant 
for northeast.rn Thailand where upland soils aro already infortile and arc 
not supporting stable agricultural systems. 

The watershed of the Lam Nam Oon Reservoir (LNO watershed) is a
good example Cf one which requires a coupling of environmental managcrient
and watershed management planning. The cnvironnientil rmanagment of this 
watershed is critical for the well-being of ",- watrshed residents, V 
managqement of the LNO reservoir and the successful operation of the LNO 
downstream irrigation area.
 

After the selection and initial assessment of this watershed was 
made for a case study, a number of very impcrtant secondary purposes
evolved. The secondary purposes of the case study are to exemplify that 

m,nagement objectives must Cto 

the watershed residents as well as downstream water users, (ii) to ac

(i) watershed be balanced ensure benefits t 

complish the balance , natural and human resourccs must be developed in 
an
 
integrated or multiple use fashion and th economic.organization of vwat-rshed 
management must be such that it ensures environmental stability and cont.ins 
the capacity for economic growth, and (iii) intograted rural developm:nt
project plannin based on dam/reservoir/irrigaticn development should 
include the watersh'.2J in the project planning area and should incorporate
environmental manag;ment of the total water system area of influence as 
a planning parameter. 

1.2 Approach to LU1O Votershed Case S.ud 

A description of ecological c-nsidratins in watershed manage
ment may take several forms. Traditionally such a description wruld be":fundamental ecology" oriented and would include descriptions such as 
energy flows in naturil systems, carbon cycling, soils ecosystems, nutrient 
cycI in a8n" so on. In recoi times. f.cological evaluation has been modi
fied to incorporate more of the 'human factor", especially fqr project
planning, and moay now be classified as cnvironr:iental evaluatien. Environ
mental consifderations make for the LNO watershed management are mostly
restricted to the ecological relationships between population, natural 
resources and a ricultural technologies, i.c. natural resource mana ment,. ,
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including cmserv.ti;n and .evloment to supiport 4ustaijed explkitation 
by Ievaluationsre 
norally l i - to the cdetail n-cessary to develop snoun.. management 
practices and evalua.tc the interrulationshi .. the stabilityno effccts ,n 
of other natur,-al systcms as wll as the socio-.k.c.n-mic systems, For thu 
LNO watershed, .. of the qualntitative ocolcr.ical evaluations and systems,)'y

nnalyses which hould. be made for .ptimu-m rescurce use planning were not 
within the sccpe of thL c:s ,.,y,hovr, t ov,-fluatilns which would. 
need to be -. ...such plannini :r'E s-. - Due to the nrn-existencce.r'o. 
of recent an,.! rll . a.rs f::r 1h,., L.o t~v.he, severll estilnations and 

"rough :Of r f-.aturis Many of thc data 
',eneratd v ,-: from tiat"s re ;..din LNO o.c...t rpors.si:;nFicantly 
Consequently tie dat ge-nerated shoul- be ccnsiderc.d as representative 
approxi m tion:. until sufficievnt fie!,1 survcys arc c3rriod out. 

1.3 	 Consi drati',ns in Environmental /Wter i anan,,lement Planning 

During the past several years, incro.sed attention has been given 
and 	eccnomic benefits of watershed managcement espec-to 	te c.nvironmrntal 

ally for watersh d forests. The very first consideration of the role of 
forestry inJevelopmcnt in the Forestry Sector Polic Paper of the W;r, 
Bank (1978) is given to "ecoloqical effects." In the scctrr policy aper 
several ecological effects of forestry on dovelopment are described in.. 
cluding 

i) microclieaic offects through reduction of the range of daily 
temperature variation , 

ii)effect on wat-r catchments and regulition,of streamflows by 
retaining water inthe roots ani humus layers and releasing it as a 
sustained flow to streams and ?,quifers over a long period of time and 
subsequent protection of land frcr erosion, reduction of flooding and, 
erosion in adjacent areas ana, in turn, minimization of siltin. of rivers, 
canals and reservoirs
 

iii) the combination of ecological irmFracts in (ii) abov;e contrihbute 
to a stable hydrology cessential to dovvnstrarni irrigated agriculture ;and 

iv) habit:.t f.,or wildlife and recreationl outlet for city dwellors 
as well as plac:ces tc live fer th.se;whose liv.!ihood comes fro;r. forests. 

Th- seccnt. and third roles of Forstry in oovopment listed in -tn 
Vorl,:' Bank policy p,..ipor .re i ndi eenous c,,Asurptien arid industrial uses. 
When one consi ers tho.: manngef,-MIi of a forest. rr partially foreste'. 
w-:.tershe th: cerip.tabili ty of the ecoic: icl clf!cts role cf hcfforss 
an the indincus consumption and industrial us..'.s must be -valuated. The 
benefits ,ttriLbute for ecological effects ari predorina"tly to"... 
.griculturi .ind non-forest residents. %- w:Ittcrshead management plan is of .,n 
'eared to- rea" these benefitr. and mr.iy not take into consideration the i;
&:i.enous and iridiistrial dem'r-nds. Becausc of this lack of considertio'm, 
especially -for the in:digenous populotion, ,a v;ny "pr..tected, forcsts"of the 
..,re being rapi,.ly *eraded to ;.non-pr(riuciiv- level. Thus, when taking 
into account the "ecIcgical effects" rl.. of forests in watershed ranrje-u 
ment the "mannagenrt" of indigenous populations must be taken into account 
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so that they benefi t mor& from sup.rti n mago-f;ent th 'h destructive
 
exploijtation. .
 

The role..of ecc..i iaI and "scic'il-'eccncmic factors in rural Jevelop.ment plannini (which "encompasses watershed manigement planning) arebecominr, increasingly sighificant as availbilb y of resources decreases.In the evalu,tion "Ecological Relationships in a Hmong Economy" Keen(1978) identifies several questions which are relevant in consideringecological asFects of watershed ma-iagement planning especially as theyrelate to the indii:cenc,us population, Similarly important questions which
,;hall be considered in the LHO watershed casc; study includes 

i) H-;vo the '-onplo nchieved balanccd harronricus and rhythmic sub.
sistence pattern within the watershed ?
 

ii) Does the system contain within itself elements that could leadto economic grwth which might satisfy a 
population increase (or relocation)
or higher expectation of income ? 

iii) Is there cC:metiticn between cash crcer and subsistence crop ? 
iv)What activity restricts or hinders another ? 
v) What role .o the frrests play ? 

vi) Is forest rec:nerating ? Why .orwhy not ? 
vii) W4hat is the role of animal h sbandry and does it compete with
 

fooi crop production ?
 
viii) What isthe capacity for grow th (underused land, labor, under..Ueveloped markdt, etc.)
 
ix)What are the current or potential environmental instabilities
and how are they linked to land use tuchnitues ? 

1.4 Background Information on Lam Nam,jOon Project
 

The Lam Nan Oon project, located in Sakon Nakon Province inNortheast Thailand, was initially designed as a Royal Irrigation Department (RID) irrigation and flood control project in 1963. 
The Lam Halm Oon
dam which is located about 45 Km. west of Sakon Hakon near Ban Nong Bua was
completed in .973 (see Figure I Fi.,ure 2).an. The original project
feasibility was based on the development of irriqated aoriculture for
approxit yll170',o00 rai and reduction ,f c'tcnstream ff: Od damage. Theaverage annual loss in farm production due to flooding was 10.9% from 1951to 1960 with thc: most severe damage recorded in 1959 when floods eff*cted a loss of 17.7 %to the total farm area. The estimated flood surchar,?estorage of the reservoir is 280 million cubic meters. Pertinent data forthe Lam Nam Oon Irri.iation Project is displayed in Table 1 (RID, 19566'and ECI, 1973) including updated figures for the reservoir and watershJ.The inundation of the reservir caused the displacer.ent of approximately
10)000 people. A resettlement area, King Amphoe Nikom Nam Oon was
tablished in 19G9 on the west bank of the reservoir, 
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TABLE i : PERTINENT D;ATA FOR LA, NAM OON IRFFG.TION PROJECT (ECX, 1973) 
Dam Location , On the Lan Nal Gun aplroxinately 12C K. east cf Udornand 6(0' Kni. VCEt ^f '.akon Nakon at Ban Nong Gua.
 
Project Purpcse : Irriation, 
fhod contrc)l, domes ic water supply and 

fish ,rcd.uctir'n, 
Constructed By the .oyal irri:ation; jpartpIt Construction z.oin:nced 

Drainage 'rei :t,!G K (%0 Km as reported in this study base,' onmeasurements of :50,0C cntfcur maps).
 
Reservoir • ,rea-8. r 2 . 
 of water surface at s.levation iE5.0 MSL
(96 Kme. as reported in this stu(!r based 
en sttelitciJT2agery masurement).

Capacity-520 MCM at rormt I Fc' cl.vation of 185.0 ..SL 
Reservoir Storage Aliccations 

Puuse Elevaticn Storaqe, CM 
F',)oC Control 185.0. I8 .3 20Irrigation 173.r-185.0 475Dead Storaje iV-.0.175.0 45 

'Estimated flood surcharge storge 
Service Arp~a : Gross area 477.4 Km2 

Miscellaneous and high ln(.i
h; a'le arec 75.8 ,Km-. 

345.8. 
Nt irrigablc! areci 313.8 Km2" 

Maximum Discharno , Service spillway .cms 
EHergency spillway 1:61 cms 
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Because ff intttenticn t; cn-farm us, of irrigation waterdesire an.by the RTG to quicken
criginal scoeo 

the p.-c , r.,a uricultural development, the 
1977into 

cf th i. am cnrr - ' Project was broadrne iian inte 1rtc rural devclopment. pro.ject. The six-year USMIIssistance jprc.jL. is uffort increaseproximately r 
an to the quality of lifc of;oj'r'o far famii-s in.J ircleSof ccnstructi.rn of thi irriation system 

()hc cmpltiC 
ci,nstructi,,n !f:a 

in thi. L.ai N.'rr Oon rroject a'..rC. network for thK irriation system o-pcratimainzenance -id Jc.utli ner as fecder r:< ,- f (iii) 
t 

tion of an .. armers, per&..n.--rm ater surply sys
comunity -. vciuj .mcnt. 

fiOn integrme: ripr.,ra, 
farm inputs, 

-,ricul turll rosc.,ch -nr Extunsion, pr:visisn ,.f:.-p u 
 f"r,l -rlanning services,nd aduIt educ.,tior. A separate elcmcn,'- -.f t>l, project is the-f modern introductionscricul tur: FracticLs 
area to the upstre~i 

t. far:ilis resettied from thc rescrv"'rrescttlcment area . Thir 
program for the 

is alsc, a fish productionLNO rcserveir an'irrigation pr,:jcct has 
fish culturinr dc ebecn initiate:i n . 

.r. 

NO rsettl ement usnareathe LNO reservoir -s water suprly. Tho intc:;ratcdticipation of project involvcs narover 12 Rnyal Thai Governme'nt encics as well as local and
Provincial authorities (.ID, 1977). 
2. LNO WATERSHED : PHYSICAL E.VIPONFIEffT',L SETTING 

2.1 General 
The L-O Watershe, is comprised cf a!Ppr,ximately 950 square


kilometers 
 lying within Sakcn rNakcn Province in Northeast Thailand.-! 

2.2 Physiography and Drainanc 

The oval sh.per; watersh-ed is aproximately 45 kilometers(northwest-s,)utheast) longand h,.s a maximum wi,'th of 44 kilometers and a"totalrelief of 506 meters. The upland topo-raphy of the Phu Phan Uplandsvaries from ro:liin t-, steeply rcllin; hills withcrests 150 to 475 meters :,v wt rounded to flat-topne,:ll rude t la-op .
ccjaccnt valley bc.ttoms.from 10% to 30% on thc west ridfe, 7% tc 
Ridge slopes v.,y

25% on 25% on the south ridge anJ5% tothe east ridge. The watershec vallay i , %Lowlands with intcrstrean rtion of the Sakn '!.konareas of rolling and dissectcU plains between30 and 50 meters bove adjcent valla b,-ttms . Lowlanc"slopes are lar:,elybetween 2%a1n) 10%. Lt 


The Lami I.ar 0,-n river system scurc%; is in thc Phuridges which forrn Phan "-untainelevatecd hc;rscshc c sha&,! pc.rireterand east with the rpening a t the north. The 
on the west, s'uth 

source of the two main branches 

RID reports the drainace Vasin is 1150 square kilometers based on1:250,000 t....ograkilometers hic rmps. The abvhve 2,prxinationis from planimetric cf 950 squarenrmsurcr...nt of 1:50,000 top r h r maps, 
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cf drainage syst.'mnamely Huai Nam Ocn and Huai I Don, is at the southern 
most ridge in the watershcd. W.,ter flow in these meandering tributarics 
is generally northern until ischarginj into the Lam Nam Oon Reservoir. 
A large number of smaller tributaries with sources in thL eastern and
 
western ridges flow into the rcservcir. The ccntrolled reservoir rela.se 
to the Lam Nam On River meanders thrcuGh Panna Nikom District to its 
confluence with the Hucy Pra Hlrng River. The river then meanders north 
through the Sakol Nakon Lowlands to its confluence with the Nam Songkhr.-m 
River which .iischarges into the !,Iekcng Rivor s-me 50 K,. downstream. 

2.4 Climrat 

The LNO Watershed climate shows two distinct seasons, namely (i)
 
the southwest r,;nsoon cr rainy season, mainly between wid-May and mi6-. 
September and (ii) the northeast monsccn cr dry season, mainly between 
mid-October and Narch. Short autuirn an.: spring transition periods 
separate the twG sesons. The s.uthwest nons.'osn starts with severe 
thunderstorms in fay and a rainfall pattern of almcst daily local showers, 
occasionally t(;rrential, is established by June. Diring August and 
September, de.elcping tropical storms enter the area infrequently with 
longer lastinv and heavy rainfall (ASRCT, 971). Apprcximately 80 percent 
of the annual rainf.ll occurs during the southwest mcnsocn. LNO atershe<] 
mEan monthly temperatures range from a hi:,h o-f 29.3"C in Apri l during the 
spring transiti., n pericd arid a low of 21.3C in January dcuring the northeast 
monsoon season. Selecte, climatic data is -resented in Table 2. 

3. ENVIRONMENTAL iANAGEMErTF FACTORS 

31 Land Resources 

The quality of land, its ownership, use, and manarement, are prinme 
contributing resource factors vhich affect the environment. Poor lanJ 
management depreciftes the value cF the land rescurce ane can be detrimental 
to environmental values such as the water quality ond aquatic habitat ,f 
receiving waters. Likrewise, social an,- cc-nitic changes result from i.or land 
management. Non-productive 6egraded forest and depleted agricultural 
lands in hortneast Thailan. 11re common exampies of 'his phenomenon. Lane 
and its use can be related to nearly cv.-,r. environmental resource or va'ua 
from wilJ.-life habitat to the economic wllel in of a community. W,i thin 
this matrix of rJl.tioriships between landuse and other factors are con
flicts which must 5e resolved to ensure a healty life-supporting environ
ment.
 

3.1.1 Land ownership Public landownersbi. in the LHO WatershE' is 
estimated to b"etween 75 to 85 percent including the eastern and scuthern 
portions of the watershed which are in the Phu Phan National Park, wcstern 
forest believed to be forest resrve the LN'O reservoir perimeter, part _f 
the LNO resettlement area, anu administrtiv., areas in villages. Av ral. 
private land holdings in and around the resettlement area is 15 rai per 
family. Theru .re numerous cases of illecga land encroachment and settle.
ment which shall be discussed in 3.1.3, ,.Icate6 Landuse. 
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3.1.2 Larn!usL; The first; phasL. of -', stJrratic arpPrc.ach to proer 
l and imanaceimrt an relfztd resource ccriservati.,n is to dutermine its 
presont usu and Co1, iy. LNO 1.tershd 1nan..,dus. was primlarily cb Lai nt'. 
from the De, rtti.it f Lan.! Di;v ..l_,.men t lanU.s- Inaps ()LUI, 197.,) wi th 

1~.i ir~i 1 satuflii;L, rr (NR('i979), .2eri l~usi rto iow-lovel 
s .n,i f i cJ , - h l ar,:.ho t C,,.,ra ,i,) fie c , v ,tic.ns. .basic ndu%,'s 

idcn.iI , U.u ' a.n cros,.)s L,00 rosoirw r.r non-cul ti voti .jn aroas 
cue tc tony oi is or rck outcrops fr,.,st .nc mi xtures of p, dy-uplani 
crop, cro,.,-rocky" r sc ils, cro.p ,y-ft.rebt ui.lar. ,, ,': a u~lenuplar;. cr.,crest, unlanL
 
crrp-crhard, i:-.nd crch~r6, forest. tsesh1 ,.nduse i is,l - on
 
Figure U. arrcximatend perc,;;At cf total
The ara " ' th watc-rshe-.1 for 

asiC ..; :,'.: IT.a ", ,an:, crops aceeach ea h c .u i. . e in ,::." 3.t.. ,I,iT which 

knaf,roporteily1 rcwn in the watorshicd 1.)79inc1.,.nd. Sanrsi ncko, " 97 5),chili , ..
s eso~e,J {.uiupki ' a;:,. t,:.;hcco (BLD., 

'rhe soil nd ,.re .rined surv',w2y,','th:lr aras ,ot from soil 
maps ,Ieveoped by th,, Dept. of Lanid Devolz,...?nt (1972). Each soil ty> 
is asscc.iate, wlith ;wc landi capability ',nits o;. unit LcSinniri, wit. 

P " fcr paddy anrd orn; unit beginnin ,with ":U " for upland crops. LW.n' 
.capabil ity units are :.,as& upn.n the use liitaticn or hazards that thi,
land hs .'ue to its toposrr.phy an,' water cHaricteristics irrespective of 
its prosent use. A land capa,.ility unit 'is crmposed oF a class designation 
anJ sutsclasses to indicate tho -ajor limitinj fnctor (s). In the L C, 

ed the soils have bcen grouped according to similarities in land
Wh.ters 

capabil ities. Th,:. class esinations for pady are either P-Iil meanin,
 
soils grz fairly well suited to paddy land or P-V meinino soils are
 
grenorally not suite, to paddy land. The class ,desijnations for upland
 
crops are frmri U-.III trn U-VI. Each class designaticn from I through IV
 
demands progressivedy ,,re careful use f*kr successful crop production. 
Where-as Class .1II 'hnnd is fairly teli suited to growing upland crops,
class U-iV !,.L1, whic;', is poorly suited to growing upl'and crops, must be
 

to -revermt serious erosion .r other dama.irg processes
careful.ly mana,-",d 

from occurrinr, Clas :.rcsignation VI is not suited to cultivation.
 
Subclass design,Aicns for liimitaitions cf LN AOtershed soils irclu;':.
 
" ' " for -ro0; in susccrptibility. 1:s "fo sc.il 1imitations in the root
 
zone duo t6 lc,,: soii fertility which ar...-iifiu'It to correct. " m "
 
for la.ck of mciistare f,:r nlant growth after shrt pericds of little r,.in
 
due eithor to inability cf soils to linld. sufficient water t... maintail
 
plant growth durin, dry -criods, or to lack of water for plants in dry
 
sa,sans or b:.th fur' i..ed .. thna,:e -stly due to slow porr....

t gr, 

limita.tions are o,' examples of controlli;.iq factors of the environmert
 
on wat'ershed planninlni ;anacemcnt.
 

bility; and fcr unfavorable toprr hy. ,,il class and subclass 

type;and capaii'i uits f.r the wAtershed h,awv,
Land use by s4,il 


been determine, and are pres.nt,:, in Table 4. The major w-atershed sci-,
 
are : ii)Raoi Et Series which are utili,-d tr', "rilyin producing 
or irrigated rice ; ( ii) Khtorat Series which are utiliZed for shiftin.
cultivation and/or upland crop, fruit ,or ve, utarl ,roductioni w.ith some: arcas 
still occupied by dry dipFterocar- forest 1 ifl) Borabu Series which ,ure 

v"rad r di,terocarp HiPm Phong Series which arcmainly c 'it f-orest , v) 

;,m~inerey ..co iT '; -: - 5 -"11, ( ) , : r , 

http:controlli;.iq
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TABLE 3 : LAM NAM OON WATERSHED LANDUSE CHARACTERISTICS
 

Landuse I/ Approximate Aroa Percent of total 

(sri.Km.) area (%) 

Paddy 
Upland cro.' 

LNO resQrv,i r 
Forest 

122 

12 

95 

5 

12.8 
1.2 

10.1 

61.1 
Non-vegetated ar.a due to stony 

soils or rock c:utcrop 38 4.1 
U;land crop in S',,cny soils 
Upland crop-forest mix 

.2 
57 6.0 

paddy-uplan, crop mix 
paddy-forest mix 

7 
3 C r,tned 1.3 

Upland crop-orchar, mix 2 
Orchard-forest mix 3. 

Tc.tal 
 5,r 
 100
 

I_ From Dept. cf Lari Development (1979) with limited aerial and fifld
 
chock by author inApril, 1981. 

2 LfHO reservoir surface area taken fr~m Oct. i79 i 250,0C0 satelite 
photo when reservoir elevation was 
 ;3-! 5 m lSL-equivalent to dsign
 
operation elevation.
 

See text for forest descriptions western ridge -nd Valley forests 
are generally non-productive while eastern and southern ridge and
valley forests 2re relatively productiv: (Kasetsart, 180 and Boonnorm, 
1979).
 

Orchards are predominantly ccccnut, ban.a na 
.nd papaya.
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T.3LZ A i= WATERSHED Lk= CAPAUI.LI? T AND LAI USA COKPARSO" 

(DLO, 1971 and 	 1978 ; Table 7. 3) 

Watqsd Arca Capeblity Orops Limitations, Land Use in Lsnd oao-Capability 
"- leacet AsocLiatr Solls lianagint Ca, ability Commett 

-

-Land Capabilt- "liries and Lend DO l e I Prblawa Leaid Potential lgrant, faq~km.)
 
ty (sq.ho.) Capability Ulitsi
 

- (cell sleies

6 1. Rolet aris 'Is1 n';.-rately Low scoil fertility, - . 
69 Beutted lot p1:':d inabili ty of soil to 'h potential of this *oil Is such
 

U-11t an 	 crops or paddy. ouabwater durig s h.=t csbtantial yield Ilnrtess 
could be reslisd throu;h intensive
 

Aeraie rLice yields periode of little rait managefent practices such as the use 
P-il1 do are edi&L a. drought in dry *@&Oac, of proper rates and appllc tion s of 

slow poareability in- ftrtillar, line where needed, 1&- d.Ua-J r p co be .as 
pad*& dtaine@ for up- proved sae end plent variatier LipIsod.(3) from upland crop or Va4 
adl crop!.n - rodUp and crop- up.'.and crop mix ta p7:d

land crops. nesectlcides, cultivatien method, i dy m.-2 
ead irrigation eadler drainage aye
'a". The ars, normally too Ary 

for crops during tha dry season, 
could with supplemetael water sujplyl 
be uad for additional vice or vegt, 

4e.43 	 T tndi, 
otablaother coltivshed eropi,
 

$791.ia. 2. rorat series Soil ratsly Low soil firtility ,t The ptntll 1, such th * cuitive.d 
(373) 	 ited f ir ipland azOsi~ and dreught ties could be wxeended several ye'rz. ::p~ead crop- )
 

a -I11 so cropo, rinrally during dry season., in succesltow by ferttlisie maic- pordd-forest
 
not au for Ufavorable topogra taiing organic matter and 2;%nu-:trr 2! )
 

P-V 	 tc paddy. :: .oorly bhy for paddy, of serface layero, by erosin protaoe- p ddF-uPlAnd 
rutted for upland %i** sad ueed control. Ir-itgatno crop Mix-() Many areas in ahifting 
crops. would increase yields but cost of upl-id cecp- cultivatien withPie- kelf 

()I Korat hih ping water and preparation of land forest l,(5g1 as the msjor crop. 
phase would be high. up'.nd crop

or.-ard =,tx )
 
a-IT sc upland cr6p
 

P-V ta 	 in rocky 

1o16-32) 
orcherd
forest mix-(2
 
forest-4217)
 

47,3% 

406 s".km Sals hve severe .110aitnt law soil rho potential of these soils is such 4 Sq.Wm. of paddy vibii
 
020) 3a. Slope Complex llmiits.one that fertility and low that they are best suited to forest, Pad Y-(-) *3 capaility group
 
(17) 	 3b. Pen Phong make tho generally water holding wildlife habitat, water supply. upland crop- ISq,Km. of paddy-forcl

Series nsulited to cultLcapacity. (I) nix in& cpabillity 

(4) 	 3c. thon Phimil ties. Upland crop- group. 

Series 3a.-bouldars and forest mix-(I) I Sq.Ka. of upland cra 
• 


U O 	 rock out crop non-agitcul withinal capability gr 
c-N"n ture due to I Sq.Ki. of upland creo 

P-V to 	 3b.-some sandstone rock-(308) forest mix Wirhing3 
(37) 	 3d. Borabu Series outcrop and forost-(361) capability group. 

or camplex poor responase' paddy-forast 
to fartilizera six-el)

a-Vt *en 3c.-latertlc gravae
 
P-V to 
 3d.-stony sells
 

ta
 

http:CAPAUI.LI


mostly in open forest with grass understory an*' 
some shifting cultivation
with kenaf; (v)Phon Phisai Series which is mostly covered with open
.ipterocarp forest with small areas cleared for ctiVation but. abandoned ,dafter 2 to 3 years due t. poor soil fertility; ai) Slope Complexwhch is covere-d in most areas with open dipto . oet with patchesof mixed deciduous and scrub forests and unve.t'. Rocky areas as displayed in Figure -. An attempt was made to subdi .e upland crop intotreated land, that is,land upon which some conservation measures assuchterracing or bedding havc been practiced, and untreated land thathas received no conservation measures. 
Time and lack of recent aerial
photographs prevented analysis ef land treatmcnt but such an analysis willbe very important for the establishment of n monitoring system designedto determine optimum lan, 
uses and treatments for watershed management.
 

3.1.3 Dodicated Land Use Areas with dedicated landuse aredesignated areas 
for which resource utilization is specified 3nd regul.ted.
Dedicated land uses in the watershed includu the Phu Phan National Park.LNO reservoir and LNO resettlement area. 
 Phu Phan National Park, established in June 1973, is legally protected by the National Parks ActB.E. 2504 (1961) which prohibits acts within the parks including ownership or cultivaticon of land, burning, collection of or damage to vegetation,endangering animals and the removal of them or their products, the removalof minerals, danniing or interfering with natural flow of water courses,the carrying of weapons and other acts which inhibit preservation of thearea in its natural state. Phu Phan National Park cover 699 sq.km.which 336 sq.km. are within the Lam lNam 
of 

Oon Watershed or about 39 percentof the total watershed 
Phan 

land area as displayed in Figure 5. If the Phu
National 'ark received the protection lgaoally due, the need for a
watershed management plan would be reduced significantly. Unfortunatelythe park receives a ,reat deal of human pressure. While making a one..dayhike through a portion of the park in the watershed, the author sightedsigns of every illegal act listed above. 3ocnnorm (1979) reports thatforest encroachment has resuled, in non-aroductive forest over 2% of theforest, Types of encroachment include forest products poaching, paddyand upland crop cultivation, land settlement, laterite mininr, and ro.dconstruction. A survey of illegal inhab!itants and. poachers, estimatedat 9,744 pers:.ns, sh.;wed that they were from 19 provinces and the ransonsgiven 1or m:)ving to the area an6 for their ill gal actions included;many had come 'to fishermen at ['am Phung 
i)e Reservoir ard engage in agricultural activities for supplemental foci and income; (ii) easy accessfor profitabi, poachint;';a area Jtrolinfrequently chanieo because of political sensitivity; (iii) Fertile soil flovng 

where is inadequate and policies 
the road (which forms part of the east e._'.je tf the w'atershed) (iv) forcedto move out of reservoir areas-, (v) dam constructors out of work and (i)increased land an'Jn food requirements (due t(; family expansion. The nature ofand ecological effects of forest destruction in the Phu Phan Nationmalarc discussed further in PrkSection ,. lkgai 0cupationof the LNO resettle.ment is also a r.oblem resulting from cc ',tition for land and water re
sources.
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3.1.4 Miner.-
;.:." "to0sits-ConstructionMaterials,:.The removal of
s auW~bs.~u~r~,;m~ 59i,,,.ic:nt

of a watershc.as wL,,as 

,ffct the enyir'onmental qualityw;a rshe,: managcment efforts.,' The, LNOdoes Watershed 
9" •Ocra,iv q°c 

not have, any.. koqno ,s mineral .eposits. itor spent.laterite pitL.as well 
ItCoos have severa" operating! ~~~•.", 

s, 

tr..... :as~8untapped 0-80 Cplcm. tikthick 'Iater tid':6raveldeposits which occur 2040'cm, below the surface (ASRCT, 171)..Latgravcl is used extensively' fbr ra 
.tic

building in the watqrshed viclfiity.During field' reccnnaissance' in Ph*untreated -laterit 
lPhan Natippal Park large abandoned andpit were 'viewed alon-,-With obvious goullye 'rsion'.

3.1.5 Water .'-nacerment 'Taken ,within the context of landmanagement, w7012r resourcemanagement involves' the additionfacilitate increased or removal of water 't,,aegricultural production.limitations which may 
The only land capabilityrequire crov:ik,.F w.ater as a management practico(ie. drainage measures) exists in the [:oi Et soil series ifupland crop. However, used for" 

for paddy with 92 
these soils are.:the only suitable watershed soilspercent presen'tly in pad ,; It-is unlikely that the Roi Etsoils will be used for upland crops and consequently soil drainageare unlikely to be an measuresimportant part of watershed management until irri ationwater supply is available ,nU used fcr moro intense cropping. 

The other as ect of water management involves the addition ofwater to facilitat.'inTcreased a.gricultural production,,ost of the c i.e. irrigation.tt wtershed lancs rainfed;are There is reportedlyC.pump irrigation ,prdjeict dev opment- i PAphoeresc-ttlers with wet n Nikom'Nam Ocn for 0NOSeason irrilgatipn for 26.8 sq.km. and dry season':for8 sq.km. but lack of water supply for agriculture is stil,l problem' .
(Sangsingkeo, 1975). athe;otential of.Roi Et soils issu.h thi .tsubsantial yield increases could be realizidtro
trh, intensive management prac
tices includincantly .uSUplpemental watbr..bpply,increase yields of Irrigation would,also signifithe Koraf-,soils.. , Intensivo management practicesinclude application cf fertilizers an~ pes.t.icides asconsequently water well as water, andmriaaemdnt such as irriga.,rin drainage mustincreasingly imiportant coniponent become anof lan. resc-ce management.AII" (1978) concluldes that the only way 

A study bytho future year round foodwater requirements will be met antwill be throu h small-scaledcvelopments. wter resourceIn ord;.er to maximize producti, n using small-scale irriia.tion and enhance the cconnaic viability cf such projects,be included in planning efforts sholdlia watershed mina;einient program to identify effactive water ranagenent for bothF~enalmenta protection ,r.uto increased a-iculturalrotctin, uch aPY'sa production an,,'. rvirnis disruss.- i further anroevionin Se'ction 4,

Watershed Managemcnt r4ceds.
 

3.1.6 Uz)Ia ndErosionSodJjmontai-,'iiandkdn Dama, s :Teu';soils of tho 1LNO Watprshedl are hil"hly erdL.The qua-Vity of soils lostdue to erosion, the s'vcrity of orosionroads, floodplain scour) typ;s het, strambank, gully,or soil losses rulative b varicus landuses havenet been cstablished for the watershed. Because of thelonj-tcrm environmontal very significintuffects of erosion and sedimentation on resources,it is very important to identify, quantifty, tpify and miap sedimentsources so that watershed management measures can be desi,-ned to r.liminate 
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Emphasis must be placed on soils conservation
 
or control the sources. pre

contour banking for cultivation of the Korat series which 
such as Middle terrace Korat 
viously was described as suitable for upland crops. 

used for shifting cultivation andareassoils have traditionally been the 
future. Because of the 

will likely be more intensively cultivated ih the 

dispersive soil surface, massive subsurface 
material and restricted in

filtration, heavy rains can result in significant 
soil loss and damage if
 

the soil has been disturbed by cultivation 
even if the area is fairly level
 

(Charley, 1978). Surprisingly, water in the LiO reservoir is quite clear
 

(not turbid) and relatively weedless 	indicating 
insignificant sedimenta

taking its toll of damanges to crop production 
tion. Sedimentation may be 

Flood damage does not appear to be significant 
upstream of the reservoir. 

Some low lying areas in the floodplain 
are flooded
 

in the watershed. 

periodically and farmers surveyed in the lowlands listed flooding as one
 

of six problems inhibiting agricultu, al. production and marketing (Sang-

singkeo, 1975).
 

3.2 Water
 

3.2.1 Streams
 

are important
Streamflow characteristics
3.2.1.1 Discharge : 
study of water problems and requirements 

for an
 
for consideration in a 

Average flow and seasonal variations 	of
 
area like the LNO Watershed. 
 The effects of altera
flow indicate the availability of surface 

water. 


tiois in stream-flow due to the presence or lack of watershed 
management
 

may be far-reaching economically and 	ecologically. 
Detailed runoff
 

Streamflow
 
evaluations are available for tha watershed 

(USAID, 1977). 


data f'rthe watershed is presented in Table 5.
 

For watershed management planning itwill be 
important to un

derstand the subwatershed drainage characteristics. 
Methodologies are
 

However,
 
available for estimation of reach runoff 

based on data available. 


to enable runoff characterization with upstream 
land use and other charac

and to facilitate correction and correlation 
of erosion-sedimen

teristics 
tation information to runoff and land use, 

monitoring stations need to be
 

at sites identified on Figure 6.established 

3.2.1.2 	Seasonal Variations in Streamflow:Figure 7 displays 
rainfall and runoff.

variations and relationships betweenthe seasonal 

the process of developing a management
3.2.i.J egimen: In 

scheme to supply upper watershed water 
requirements, it is important to 

regimen.
understand subwatershed characteristics, especially the stream 

usually includes perennial and intermittent and sometimes 
Classification 	 at the peakto the LNO Watershedfield reconnaissanceephemeral. During 
of the dry season, several streams were flowing in the ridge areas but 

50,000 contour maps
 
not in the valleys. The classifications of the 1965 : 

are not accurate enough to rely on for 
any level of planning where stream 

a disign or management factor. Consequently, dry season field 
regimen is 	 are

made. The author has found that stream walks 
classification should be 

as as evaluation of bank
for regimen classification, well

extremely useful 
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Stability, bed gradation changes, aquatic habitat, potential grade-stabi
lization flood control or other structure sites, and reparian land use. 

3.2.2 Lakes and Reservoirs : Several small permanent and intermit
tant lakes and reservoirs exist in the lowlands of the watershed. These 
natural impoundments are now recognized as valuable assets for water re
source development but descriptive information will be necessary to utilize 
them in a rural development or watershed management scheme. The potential
 
is very good that small structures could be built for sediment-erosion 
flood control and the resulting impoundments used for various water supplies. 
Hydrologic information adequate for watershed management planning is limited 
to LO reservoir. Thc pertinent storaof:%ind yiold data is displayed in 
Table 1; Monthly discharge from LNO reservoir is presented in TaLle 6. 

3.2.3 Groundwater : The majority of the LNO Watershed has good 
quality groundwater with small water yielding capacity from shale, silt
stone and which ranges from 54,500 to 545,000 liters per day. The west 
ridge and portions of the east ridge yield is very small, from 5,450 to 
54,500 liters per day. Small pockets of moderate yields, 545,000 to 
5,450,000 liters per day, can be obtained from unconsolidated materials in 
the lowland along stream courses. Most of the drilled wells are between 
20-50 meters in depth(ASRCT, 1971). Locations and descriptions of 
groundwater resources are displayed in Figure 7. 

3.2.4 Water Quality Water quality is a complex environmental 
parameter. The chemical composition of water varies geographically, sea
sonally, and diurnally and is influenced by such natural factors as flow 
rate, ambient air conditions, and surrounding terrestrial conditions to 
name but a few. Obviously all of these factors are interrelated. Because 
of the complexity of influential factors it is impossible to establish a 
universal "good" water quality. For purposes of this report, good water 
quality is defined as that composition of water that contains no pollutants 
to a specific environment. Pollutant is defined as a substance in excess, 
damageable, or foreign to a specific environment. Very little data is 
available which allows one to assess the water composition and related 
quality within the LNO Watershed. The surface water quality data available 
for the watershed is limited to parameters which indicate suitability of 
water for irrigation. This data is presented in Table 8. Additional 
water quality analysis should be made for other water uses including 
domestic water supply, partial or full body contact, aquatic habitat 
(both reservoir and stream) and other agricultural uses. Many of the 
parameters which should be measured are the same for at least two of the 
uses (or classifications). The results of the water quality analysis can 
be compared to water quality criteria, when available, or other similar 
watershed developments to determine suitability. Water quality monitoring 
should be carried out to determine and manage changes in water quality
caused by the watershed management projects. Some of the parameters com.
monly evaluated in a systematic sampling program in addition to those in 
Table 8 include ; dissolved oxygen, temperature, total dissolved solid, 
suspended solid, nitrates, phosphates, and, depending on the degree of 
agricultural development and reservoir use, sampling parameters in cer
tain areas may include E.O.D. fecal coliform, and residual pesticides.
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TA,,LE. 6 ,:HIONTHLY DISCHARGE FROM L01 RESERVOIR (RID) 1981) 

• ' "",, I -i ,-199 

Month. 1, 1975 It 

Pr. -1 5.3 
Y6' 

Jun. 1 63 5IC 

Jui. 1 55 55 

Aug. . 62 30 

Sept. 1 35 3 

Oct. i 18 2 

Iov. 0 0.4 0.S 

Dec. 3 2 : 

Ja , .21 6. I 

FE. 2, 12 1 

Mar .. 33 . 49 2. 

"Ahnual ,6 -310." 2r4, 

I.!. 

7 

'I7r 

3 • 

I" 


4 

14. 

7 
5 
C, 


4 

73 

1078. 


55 
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23 
12e11, 

25 
.9 
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.15. 
45,. 
63 

22 

197 ",c' 

........ 

51 

33 
47 
67" 

63 

24 
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56 

20 

22 

19 

32 
49 
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General descriptions of some of the key parameters indicative of
 
suitability of water for differeiit use. are cescribed below. 

i)	Temperature : Temperature of surface water is a major 
determinin factor of the aquatic biota present and the rate 
of chemical reactions. A rough ai..:roximation coirmonly make is 
that a 10%~C &iarige in tempii.ture chanqes the rate of reaction 
by a factor of 2 This ap: '.iriation includes biochemical 
processes as well as inorgnic rer..ctions. 

ii) Dissolved: Oxygen .The sCi Uu • ty of oxygen inwater is 
mai;,ly ara,.ci, cf mpe"117.. s ure. Oxygenis 	 available to water bcti: f,'r,,ox .ur; ti ai r and as.!'r,. to, the 
a by. producL of phctosynthei s. Di s;oi ved oxygen levels instreams fluctuate due to daily, ter<;,orature fluctuation, 
biological oxygen demand.. velocity, aild photosynthetic 
production.
 

iii) 	pH oH is a logarithmic express-n of hydrogen-ion activity.
The pH of natural water is re72ted in one way or another to 
many other equilibria and man'v nonequilibrium reactions which 
occur in natural water among solute, solid and gaseous, or other 
liquid species. 

iv)	Turbidity : Turbidity is caused Ly the presence in the water 
of suspended matter such as clay, silt, finely divided organic 
matter, bacteria, plankton, and other microscopic organisms. 

v) 	 B'carbonate Alkalinity : Alkalinity is defined as the capacity
of.water to neutralize acid. Alkalinity is primarily producedby 	anions or molecular species of weak acids which are not fully 
dissociated above a pH of , '. ie L c,rnate content of 
water is dependent on the cal, iu cuiittnt of the earth and on 
the carbon dioxide content of the water. It is very seldom 
that 	alkalinity in the form of hydroxide calcium carbonate 
occurs in natural waters because it requires a pH of9.5 or 
above for stability. Carbonate alkalinity occurs when the pH
is above 8.2, however it is difficult to detect until the pH 
raises to 8.7 or above. Bicarbonate content is important due 
to its effect on p.H, and therefore is linked to the species
composiItion q!, *4c. c "- +' rIflife processes, 
Bicarbonate is actively broken down by plants in the assimilation 
process of photosynthesis and is consequently the source of the 
most important nutrient. 

vi) Nitrogen - Nitrogen occurs insurface waters as ammonical
 
4t 	 C ntrt Initrogen, organic nitrugen, nitrite and nitrate. Nitrogen in thc 

form 	of dissolved nitrate is e major nutrient for vegetation 
and 	isessential to all life. Nitrate is available to streains 
via 	soil leaching and surf'.ce runoff, High nitrate concentrations 

V-5-26 

http:surf'.ce


rcsul ti ,Ilg a-. !c-lic !ly harmful tru.tc.blocms cr Iin 
nitr~en in general, is the most sinificant form of nir;rre 
in surf.:cc viater K..th in inrn'rt.nc- 1nd quantity. 

.nt
hsr l.rcus 'ncss-ntial nutrient fcr r.i.vii) 	 rhsch:tc is 
'.
,
rth,-. te av;iI fcr solution in watcris made i..1 

from several kin-s .-f cultural ac.; 1ications (:f phcs, hates '.:y
srurcos are 

caus.e f hi.,h cncentritiens : f .hat in surfnce v,.,:,xr. 
man, These Fol1ution 	 YrcL.lythu mrst im)ortant 

,ji th ThHi j, h;:hrltc Ievel s in conjunci on hii ni trtc 1eve!s 

,1;l,.l<
c."m rost, L in ' 'r,, 

viii) Tot-i Di sscl v,(I - li-s • AlU ntur.,i surface .: ters carry 
,c-rt.i n :m.".unt :f dissC, Vlw_ sli''s in th,. i.rnic form which 

ny c.r rm.: , t ie elcctricn., r Thc ccncentr,ti on,v 
.i s:l!-) sIli s in thu viater f :ari is r0l. ted to*.i 
fact-:rs such s ionic anicn-c-tien cxchanr-e.-. sriutiLity 

st dirt~ct ,,ffecv is 
-' 

t*, vclum- 'f water ev: -ili..howeo-ver tl:; ',ssoIv,.i s i s cencentrati or i s an ive.fc;r 	 d'il1uti(,n, Th the ro.,function oF th r ;f disch r .- 7 w .trcvcr al of 

CJ.C.x r:nrwL:.I 

mr...2 S l s , 1/" , The susr~CndC!" six) 5', .,,,.., 2 (fi xed .nd ,.vc.-" 	 l!.. 

onin suprf..cc wp.tars :.rc im'rtm cysc f their effect 
1 i C..",i:n rti",n, tem;eratur;, scl u'JiI i ty ;r-educts, an," '.aic 
Ii Sf.sF.nde Farticls as': sarv:.. as transrcrt mchk..; 
f.'r resticiJs and -.ther toxic su-stances which are rea.i ly 
rervIiy sor.c, inte -r cnt,, c Ia rti clcs. 

x) Elcctrical Cc.nductivity :Electrical cc,nductivity er spacific 
istCth -lAiiity of ,'r ttc cen.duct .nelectric 

currenL mieasured in micrcmhcs rcr co-timeter at 25 C The 
prosonce of ionic s,is solution mkes the stlucharged i.-, 
ti-.ni c::nductive. As icn, conc.o.ntrations increase, conductancc..: 
of -"h. &olution increases; ther .fJrer th, conductanco measure
mrnnt Frovides an indicaticn 1f-P.concentration. 

xi) Five, Doiy Bircheiuical Oxygen %man '%BOD) . BOD is the 
qunntity !)f cxy-en utilized in the i.io chemical oxidation ;of 
organiL ',.tt~r in five days at 20 C, It is generAlly consideredi 
thi ".,L.st useful way ::f ex ressin. stramr-r.illuticn loads anm 
for ciiparing ,nc set of conditions vith another. Chemical 

This)Ds.F,.:n,. CODr; ,,i;
n ,,; COD quantity 
quiret tI oxidize the criianic mtter in a sample. This is 
much rquicker meth c,o .hc .xidi zal, loa.ds 

Oxy , Oxy~~i (COD): -jtcrr the cf oxygen re

",f dotcrminin material 
th:- . a:. is an ?id in estiimatin- rxranic pollution lcds 

xii) 	Fec"l C. iifrm F3cl cnlifr' is rep'.rtLd i
 
th;. rum!, r cf nr-rz.ism. pcr iO ml . The fecal cclif-rrm cotint is
 
iniA " "tiv the organic p.llutin l a stream. Th"ririry:.'f 
s'_urce.s : colif,. r , livestock have.ffecal ..... whc.r 
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access to streams cr village wstes arc" discharge untreated to streams. 

Ground-watcr tLality in the wnte,'shed is classifiec,,as "gcntcrally

good according to (!71) Tabla 7).
1,S:C (see 

can3.3 Aquatic laj.ititstreamis,end Fisheries nc;,sAquatic;,nbe divideJ in to smP71 A . habiitat in the LNO Watersh,.,'; 
csra s. ns one reservcir. Aquatic


habitats can .be classified as to their r-lative degree of importance as
 
fisheries rescurces. One possible classification system is displayed(
 
in Table 9.
 

The only si,,ificant fishery res,;urco inth LNO watershed is ;thc
LNO reservoir,"s is tpicai of other im.oi:,..,s (dams, tanks) constr uct,..o'
in N.E. *rh.ail. the Oon reserveir wi.s n, clereu .f-;d Lam Na n vegetative
growth prior to fl-o..n.. . As a rcsult the nutricnts ,'nrived fr m sulb>
 
merged vegetation isotxplectod to sunpcri.Lioliixcal activity and aquatic

plant growth which inturniwill support a hiJh fish density. Thu fish 
density and harvest re;,orti.d in P977 for the r.s.rvoir was 8 kg./rai .nd
 
3 kg./rai, res"ectively. Under the LNO integrated devel opment preject, ',Ch
target reservoir fish density is 30 kgo/rai, t.be accomnplishi-d by nnnuai 
stocking of on. million fingerliris. 

Fish farminr, iscarried out to a linitcd extent in small artifi
cial ponds in the w.atershed. Subsistence fishin: is fairiy inttense in
 
streams capabl. of supporting even small fish populations. ,%great deal
 
of potential exists for fishery devolopmnt as one component of a rural
 
development oriented watershed ranagement prc.ject as. shall bu discussed
 
in Section 4.
 

3.4 Forests and Wildlife In 1963 Gartner and Beuschel reported that
 
46 percent of N.E. Thailend was covered wit.h forest and 11.3 percent in
shifting cultivatioln. Based cn the avrage gro-wing stock charr.cteristics 
they concluded the forests wcre, already dcpnlo2tod. One of the main nre
blems was the lack of small trees (due to cutting preference -for firewood 
and charcoal) rosultin; in unsatisfactory re'rowth. The 153 annual cut 
cf approximately 2.2 percent was considered ti-h sustainable ox.jmaximum
traction. In S16" the forests in the U.(.,Cn Thani Forest Division includ
in. the LNO Watershed were in much better condition, covering 59 per cent
of the district with valuable species account;inc for 53 percent of the
total stock. The authors stated that a 60 n-crcent increase over the 19 1 
remuval of 187,(00 Cubic meuters couid bie sustained (Gartner and Beuschi., 
1963).
 

Forests in thic LNO Watershed are dry evergreen, mixed deciduoUs,
dry dipterocarp, scrub and .isturbed non,.productive. The Cstimated ,.'rcs
within the tOal wltershed and Phu Phan JT'h.tional P,.rk and descriptions 
are provided in Table 10. 

The estimated LNO watershed frest coveTage of 61.1 percent is
strikingly high as compared to th crnvra,.reprt& in 1963 and the
general deforestation trend throughout the c,.ountry, The hicih percentz.,e. 

" :, r "' ...
& )
 



TABLE 7 .nO WATIMHEP 0U'fA- TEI~ RESOURCES (CARCT, L171 

OF
 

I SOURCE D!PTH (.UALITY EVELOI aIF9T FR'O'Lf-

Wter eccurs in pore spacs in legntiu- hu!ters in drilled -el& rnge free Meetle Riod "&lily water but high In dis- Is elsle s .sit. canStTted by dlgg

::•aid 0
i bedsl 2oeT)t:645 c. in death. -41et Common- s-ed iron; toa dissolved %isds lone- Lot. ddrn- Point, 'Ittint trd lic.. :.sIM 
roe b d e tk/ u P * ! a c t % vC I y e ar V I l& I e a o v tn * sa u . f e r . A, . a - - it- le s s h e . 5 0U P . P .. . ( p a r t s V r Otil l - I t d s c r e e~t, r ali * .e ',ar: th3 M 9 ( 

of silt and clayv 1. moany areas, sem.1 -o in .&ter Laval in sballow Ion;. .. ter generally ieftil.but isoder~l,ey s e 1 ,•sf; ¢ ed. -
Sere t!ea exist Aug ha a ranged free I to 3 a. hard to bard a e15 rate a:n .1:t~ orac :scultert at we:19 very and ! i2! torAl d .. a fnv 

abl, dariag be several carts ofrecord. -. 1As.R! inn e. " ac- c*.lids 
 -rrencrw ernee adseeded; tsule~steIl e~oe tst 

but vater ies .not fiow at the eurtace. 


• eoo~ wel. ea 8 ctaie~e ethIeehhlew eui . trrli-s sj r: e1l ,:aced frti! * site 

I m t o
 
Some area. toe ;mall a be shown at
 

the stak. f this . etedy. 

Water eocurs in~tdding planes and v.- .. 't dz,|i!, wells be celeean AO ad sestlv Red .u.altv .a.tgr but hitit I, We1 . i. .ieivit site1 t atss¢ 

riu0 1 ld eT4f rnecta Va.iM alto %atiog C' dezotlz. Lrzoi date to- roal d!**iled solids. are aerert.'-v less lo~I tC 5 c ttz e e,,~rz
h and dltea -s-ena: 6ev atdof inaje, iLitsam iceTr * ator i.- than b."-, .7e.. 
 1,, 

sandatoas; QuantitV of s.tar available -el be -or. i and 7 .. to ug -*I..; $ s.Ir1 -. ,r7*f.7 -v.depeuds n the number at espaings, size greater seasoal drop .reb4ble iC I dase, rort ee.," S'*C,~5iUt,.t 5I.ltI 
ot opening, aSd degree of itstarcounec- *tchdra.-al rte, Lrr.se. I a lA . ''- tr'g e :,,r t re- :ce
lan. Same asIuer9 under hgh, bIydT- rtier.* everr - -r0 ate-. Cntrsl; "_i.

:tetle preSSe, when first tapped lose dr..-- n-. -v..e .r f VI
 
Cressure, rapidly. r. i e.5tr. ntti * 

water occurs is bedding planes Shall*. ,aeltr in IOrl atrand due zessibl small one salvlis .vsilztbe. t;ed VeTy l!i!'f.>v '* . -. &I oreIs. 
fractures if Of sieUV:; 'err luailt, -er uIth tatel dIrsclved reids I :ll ' !the patticles .1 sandstene and tingle- 5,-ret In zc':'tt;ns. Mitt precut- 01 Ir5, doer. 5. t'.u-ow. oreaale. In acorn; rst -a- Or e;esrv" ts-a:v. AtiU~di t 
met. a, In general. pete pbetialI} ta;et-n'.-c--e eenerall7 ultbiu AU m. if a; valcse"eu u- ter roe*t t et cc. ;.se.,.are.n. teCeranry rfg..t"e cengleserate, 

filled wIth mineral metier o7,I~eu- auriac-: 'as In death rtearally :Lrd Ce wer, hard. I places, 1oZer I asy -e ar-C I Jei3t.ed . utah. z-Mps
tlerely idtettennected wcii i ters vat !le1 zrre:t r s. ies. hiLh I, iron csmioeinds. |pIe-..I1 -n" telatI.
 
centelicd ett|r e¢l e
 
Saunca ra be aericzs . 

Water orcur is bedding places, Crates Teotha car.go ITO* I' to aL , Dee drllttiing exec:ed to tpi. :rs -er I 1s.e.'-yo,,2. :or.uire:d te- pedtr pr.
and fracture. In aiternatieg leds of .iosib.e rredacrlen free ailit in eiitsten-:siie-gstoet a-er ,e-.'aene . snt"tnattnc ntnttau et IIreste 
illist-se, shle, staor ca~eti-. levei dug bractishi Iahtv.ater ae~e iCeTDCele ectiS 1 ; watt: ?.e t re-ert Casandstone, gyp Water in oLe r. d Zt .S . 

ti l. sal ad anhynrita; km add iir., ranges fret. I go u It. selasoel| vi MpSu, sa t, ior *nnsoarite beds. rtp rpoc!a. - e:1S t4 pa-ina
water may be in alutien cavities In drop o nsote then 7 a. in soe weIls Vater from drilled wrils itativ t. ca--rot i'c5t clt. L. -..:; ?a|'l.Ipt z+Ivzlties 
gypsum, alt. and sovhyncts. ere thuz 250 rh;erid, 'et , I:.rm. aI de t.i'to a, i r, ti-tld t.v ied arv,"ot 

or bdof; etsl disnolied s1icd5 Co i-r eI r cv TAtirieeLj r. .te' 

I .Is .,- ba:t; l-ne- s. aola-ce ls to shr C onurrehiw1.00 maderatelcmo . .hard Cr Ce:. h ade b3be -i't. tO . rur t-u u' ibiectlenable,.li.i lsbiuet 

Prable in many area-. l;ot Ce!ls. ee 
dint e rain .&ter itc recsr..rr-e e'teiey 
of fair aualt. P ulnoia t uhr*': Ct 
bacterial containoatle.. 

*hardness Terunology t itrullrativa terms 

Soft - 0-5 patis per siltleon racklsh - ContaIn mere than 750 p.prI. either
 
(.p m.) li disselved chlorides or sultares: can-


Slightly hard - 6-100 p.m. of Car tain le- ,, pn to tal dI -

Mderstely hard - 101-200 p;r*s. o!f 
 islved .6ias: taste 2o eu. t u re.art
 

Ver- hard - Nore thes 200 pzp.a. e CaCO t. east -e.ie.
3 


I' Slty - Centatns mr- than 2.00 p.P.:. to:; 

dieselvad solids; ecrerel!- lmptame.Three if the ' erxstiag drilled vell, were sited 

4a unpreductive layers er allvwium and produce 
from the underlyimg bed ack. 



TALP.E £ : AQUATIC HABITAT CL,ASSI F1CiTIONS 

Class f ImlrortencC 	 Ori iin cf Use (inLNO wat.rshed) 

I "atic&a Thruu,,-o.u Thaianud (no w:aters in 
this class in LNO watershed) 

2 Rcgicn.l Throuhcut Nertheast Thailand 
(F;c.ssibly LNO reservoir) 

3 Prcvinci,-l Sakon ,akon (possibly some fish farms) 

4 Local 	 Tamiben, or boardering Tambons (mst 
pernnial streams and ponds, some 
pools irnmintermittent streams) 

5 Degraded 	 Waters of potentially higher class 

but presently little used because 

cf water withdrawal or pollution. 
(no known waters in this class in 

LNO ,,atershed) 
1. NcnproductiveI Waters not supporting 6 fish popula

tion because of natural factors such
 

as intermittence or water chemistry. 
(most of intermittent and ephemeral
 

strews) 
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T11. 10 FOREST flAT|IE IN LU 84TUSHED (ASICT. 1971 sad boesaau, 1079) 

"_eZ=0 I Ate*Inl Phu Pkas 

Forest
class 

Descrirtion ZIation Vstershad 
NeIAaia
WetaiPr 

Park to 

close Watershe- Vattraied 

Dry 

lear-

Conslsting of a two-er 

=atly compo2*d of trees of s*nal 

(t1eesor*?.la-n cenopy. The forest ptrffle is oar-

to mediml isza with straight *egs. 1tbouigh 

AuualAnt hardwood timtber af 

coasLructI n. aased or i211 

toce au-1t, 

~tOtv 
fs.it 

.3 

20 sq.ka. i s.im. 

green larger trees occor, tbe median V21ght I- from 9-1l .. with diamctaer cf 12 cr. the valuae of timober In this foteat. TPe, It C!.-

Forest I at breast height (dbh;. Average sta:U .- of the asi 

3 i3 
greater, is 54.2 u. (43.a a., ,iopr.-cs)7,x heat.. 

atratEa 

A-arapts 

28 *. Cdhb) 

tree density, 

and 

5 ca. 

and puAter ic 

1.ldli,3C oi 

disateter. 13 6v 

3 
U.) 

V'tl 

H4 

dbt. and larger, Is 371 par hectarat. Ur'eargrow'dh Is gazerlily donor, 3-4.5 a. Agidt frc.n SguM %M, .cr031 7-.-CU' ti ?..ti

hijh, anidcoapocled a:Z saedlig. of tb. v'gIzary splecies-, jzIlsytes, ad some wood-ol actatt'.8 frt.% tie* Dc'J5 -;. 

cliftbers also com;rioe zte Didrt~vOSjAU.t species ale 222so fart. ad This oil or olco-:4,tn 1% n,~ ....s lo-. 

Dlptro~rit &!&'crS; the tallest tU1g do not exceead 46.w. hilt, Avi the DICteAX- m.kitg cv.n c r at', !or b';-

U. .5 z. Nulru oth~t s-oerIs *ccur, the wost .amen of vhZ'h fr proofing basketu,4ve. ;4, l tt-e primci,-%_ 

d~ucorpus l1ltifoliaa umlsure 1richosLsan, ad Neascrln epecles. Additioral- srzries t- ice~rouate to replc.c;, r' Lzrqc 

ly, because mote kiture to available. Shores cbus amo teutatneaLtacasi: under correct Lotglt. t, iet.!-vs .1rlct10 

occur !tailly over a zzoll ares lo the soutbern tip of the wateraed. cut.ing in 0.. Oir r4t s.:nitinrl 

hias 74d:ce tht, forest ton.- to a rcona.t.c a 

I~i onze luxurierht sc4 e.o-nte v-it. 

* WiMad- Stands ranga froi open to =dazatqly mnos with a generally opto canopy coapnoed TIthec ai rov. cualiL7 f coo ta od v rer.V. 

Deeldeas of one or two stories. klost complete disappaerance of :he lav?% OuOurg :he for pJiyood manuacAuriu&. %.,! nn r. vr.itL t aq.ba. sq4.1n. 

Faist t dry season and lust. foliage ia the rainy season. Often tbeze forest are Conti- "o 1,431, t'o "olu'.e .f :i'-r t, thtm fo rt t. 

gueas to the Dry Diptertarp farest. aicd ttansitional type# exist in msay 2A c. and Sieata la d!!.eta7. is o estilate' 

pieces. Tae adnigroaleh Is generally casrse. consasting primarily of greasie, 3,610,24 . .',t75 a.. 1,icous). hicior 

berba, basbo an.. sowe cltneys. Saenps of the primary species are lilteod tost rr c-c:ts lacl-4o taaeiiaa -.. Ovef ttid tru&e 

in occurrence. The dostA&Mt species Ir I.grtoii caLycclato which resthes druas ut04t~ ca-ribur t t O .CilC n. hr 

heiehts of 30-35 a. Assaci.ted speies liclude lylis kertLA. Ftarocerul -E' Wrei ec Rrott at the -s iPzctuL species 

carpo . Aftehia sylocarpe, It.o %q2L4jfrflI. as Dgjljxg~ja cocjh'oej32Usli. is ixsde~unt* ?'. re'V.Ptst cuttint. ±~*-

Average tree density, i c. ebh sd larger.. if 466.6 pal h tere. Tre vrdioa tree althougtr not eenstve, lo tlne sinti)Qwnt Im the 

heitht Is 9 a.; the median ilL .ar Idbh) is 1 ca. &verag* stocking for trecs, farmers daily lIfe. It Is widtl vsed f;t 

24 dhh. and reaLta.j_ _ 57.6.. (. .. Hoppus) per %actart. ocistag ovd a lerte 'iscr -( ert¢les and Imrle

%ats Bush as .tt.aoe fishing :ides. rafts 

fish crave. aniv~i stares, gae fooe cotxiners. 

SFIt, the '.snhoz Is sred as tcoughs or ioaflrg 

asterials. 



l a o s 

Diptera. 


Carr 


Forest I 


Scrub t 

()comon 


Disturbed. 


Leapt.-


ductive 


Forest I 


cNINEs 

tomin rlut,-f onifoTouay slaced trees
W forest$& oven. Ineraly cousist ne rstory ranges tirtr 10 to 23

*tA.
story caThpie coyarlpO A0 ,f t lh. 'rp 

season. On
7Tee2 dro th-bs lesvs durnA the drt 

in height; Lpe timer, 7 a. 


very dry sandy soils r.:Ich are vi~::e,. to ev~rae lectift sad erosion, trte3 
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crf forcst in twe watrshe%- is unF,,rtunately nct indicative of its prro
ductivi ty or val u,C. NIuch cf thr a;rea classificc,.' as fcrest is highly 
d'isturbed an, unrFrcductive. The forests in "hu Phan Niati ,nal Pnirk ,-re
of the Lest qu !itY f the watershed bu,t even in this lcgal ly prot.i-'-cteJarea ,degrad'i, ~n.,i J.estruction due to pcaching and shifting agricult;ure 
arc si,nificanto "Thc -roblims facing frostry management are even morc 
intense in thre.,ir,cr f the watcrshe. where most of the' fcr.st is

.radc.tcd CC r), nt c:f bhine nonprcductive (K..sotsart, circa 1.980), Th
succesi,.,al ii r qired"f"or a seccnd oL-rcwth forest to have 3 similr 
npyccies richn:.s. -'ndrad,. naturei fcr.rt is estimatod at 100 ycars 
for thc dry ..wcrgr~cn fcr.st (Drew, ,t.ni, 1F7C). In the early 1960's the 
shif : Fr, cu folo-Wi- I f cul ti vation for 2 1:C,ti,v.ti:.-Iwci. ,r;c,,ii cyre 

3 ycars fol l-v 5 years sci s lcr, prciucin(. cror,
for ,The limitod to 
yields for only 2 t, y:rs after which thc. Aiant nutrint content could 
not e restored in the Pocrcr quality soils -Cuiti ng in scc, 'ary grcwth
of non)roductivoy dry lipterccarp, dr/ e -ir;ren,mixed deciduous or scrub 
f-,rest. Such c.g.-icuo I(.ural Practiccs are ti II carried out as >serve 
durin.; ficld rec.onnissance b:y the author. R)tailed forest inventories 
are nededl t'. .trrne ':terntial dvelopm.nt -rd manaaeicrnt altern.tivwas 
as well as to .. tcrmidnc qual ity and intn:-t ' cf use of wildlife habia. 
In 1979 appro.ximately 9.5 sq.krn. of forest was illorially cleared in th
L.io rsettia, cnt cven thush it has a desi ;natzd land use of fcrest. 

The roles ".,ncd values cf wildlife in r-Aeution to watershed manae-
ment are not really voil understoo.d. ;-any weulC'u argue that wildlife is 
not a factor a,., Athoujh it is tcyond the sr-tpc of this paper to argu,. 
against this point, the fact is that th- Phu 'han National Park and its 
wild inhabitants are .rctected lawfyan. thus a sir!nficant factor for LiOWatershed mana ent p;lannin; . Several !,;oie are currently attemptin3 to 
identify and quantify some lesser appreciated values of wildlife and ho'.e-. 
fully in the future such values will be incorporated -in planning and manag
ment. Spectacular mfacirxls reported in Phu Phar National Park by SriKhosa.. 
mart (1981) are listed in Table 11. Numerous specics of spectacular birds, 
reptiles and a ,rfhibians also inhabit the park.. All of the wildlife ar 
seriously threatened ,'ue to poaching and haLitat destruction throughcut 
the p,-ark which is the last area inhabited t,any measurable degree by a 

l ,div rse population within LNO watershe- . Even in certain areas of the 
park such as the northern porticn, poaching, and habitat destruction has 
all but wiped out the local wildlife poulatios (Nethin, 1981). 

35 Social an, Ec.neric Factors : For the 2urroses cf this case study, 
social anc, economic data collection was limited to enable -.eneral descrip,
ticens of topulation an socio-eccnomic characteristics and relationshin to 
land and ,...,ater use as well as development needs. The data presented is 
indicative at least., A survey and mcnitorin,, :r'.1cram similar to thre I,0
resettlement survy(.'angsin,keo and Pinutail 1 75, is needed, for the entir" 
watershed. Selected relevant dat, are presented in Table,12. It isvery
difficult to eOstimat,.e the popuiation chang,s of the watershed -ecause o,
the numerous physical and i.plitical changces which have occurred over th 
past 10 to 15 years. A,gross estimation based on data from 1970 t,.o 1.1;77 in 
Kut Bak District, c:.nsidere' indicativc of ,atershed ppulatin chan-es -s 
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TABWLE 11 :SOMiE MiA.MNUIiS OF PHU PHIAN NATIONiAFL PhRK (Srikhosa.mart, I;M)
 

1Ordi*or Commnon namne I Gcmus, srpecies 

Pri mates i Sl.'w loris Iyctico.,us ccucanci 
Rhosus munkey i'laca ci- u t 
P ii -t ai 1e, r.- ,nkcy macaca noiestrina 
Silvcred limngur Prces-ytis cri stata 

Phol iiotfl Ma~layan N:'~~1iicnis 4avani c~a 
Rcdntia Porcupine ~ ~ rxs 
Insectivc'ra Tree shrew Tu;-,ia glis 
Carrnivora PAsiii111-ci dJog Cuyon al1inu~s 

-Asiatic black ~erSolonarctos thibetanus 
I lIalayan Sun hear Helarctos ~inalawinus 

Javan Miongoc'sc Horpestes aniu 

Commfron Fa~hci vet. Para('oxur~us 

Leo~pard cat Folis ben lpnsis 

g.",,r Panthera -- rjl 
Proboscidoi Wild elephant Ele has naximus 
Artiodactyle. WilId pizj Sus scrofa 

B3arking Deer Munti,-cus muntjak 
Sarbar Cemvs unicolor 
IFcfltafg FItls jaIvanicus 
Gaur [sos !.rus 
House dery T i us jovani cus 
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TAGLE .12 SELECTE INDICATIVE SOCIO-ECONOMIC CHARACTERISTICS-1979-&
 

I w 
Szkcr'n Nkcn ,,mrhc Kut [:,hce Nikcm W tershc 
Prcvincei/2/ Bak 1/2/ Lari ,lNamOcn c(extrap o I vi ,. 

.LIN rcsettlce-
• •3/4;) /34/ 

cestimato)
I 

Poplulation 7."? i 25,5i01 552 40,0-

Populati1i , 

densi ty 

(porscns/ 
sq.krn.) 7e.3 1. 52.8 

' 
47 .7 

(79.2 Jr,,.jus

ted) 

..Average 

family. size 5.6 5.4 5.2 

t.lding (rai 1. 2 15 

-Percent income
 

derpindi nn oi 

rai nfed ajriP 

culture 20.5 

AVra, e ,',a 


crop produc

tion (kg/rai)! 30 30* 

(18-.22 in 197-:) 
.- Averagc atinual 

income per 

family (baht): 15'000 Q"G,3,0 12 990 
Ii(7,55S,_' in 17?74) 

Total income includes cash i nccomie and iaccr:. i kind (consumption) 

I/Panpi emrs, 191,1 
Cansus Bureau, '?79 

3_/Sangsingkee, 1975 
.4I DPW, 1383 
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3 percent per increase year. This compares to an estimated annual rate 
of increase in Sakon Nakon Province of 2.8 percent from 1960 to 1979. 
The LNO Watershed population in 1979 was approxirately 40,300. This 
results in an overall watershed population density of 47.7 persons per 
sq.km. (40,300 people in 845 sq.km.). This figure is relatively low 
when compared to pooulation densities elsewhere in N.E. Thailand. It 
is also inaccurate f consideration is made that "legally" no one can 
reside in Phu Phan National Park, the available2 land is reduced to 
509 sq.km. and the calculated population densicy is 79.2 persons per sq.km. 
Since it is kntiwn..that s 1m ille.lly Iark, the actual:ersG;-is inhabit the 
population density is probably between 47.7 and 79.2 persons per sq.km.,
 
most likely c 1o.- 's. thn higher value. 

The population is dispersed throughout t.,e watershed in three
 
districts includ'in, about 35 villages (see Table 13). The average family
 
size is 6.6 and average land holding ranges from 9.2 rai per family to
 
15.3 rai per family in Kut Bak and King Amphoe Nikom Lam Nam Oon (LNO
 
resettlement), respectively, as compared to an overall average land
 
holding of 30 rai per family in N.E. Thailand.
 

Kosit Panpicmras (1981) has developed a formula to determine the
 
degree and density of poverty in N.E. Thailand. The key variables are
 
(i)average production of rice per family and (ii)degree of dependence on 
rainfed rice farming. Based on the evaluation by Panpiemras, the severity 
of poverty in LINO Watershed is classifiel as medium relative to the rest 
of N.E. Thailand. This may not actually reflect the actual severity of 
impoverishment in most of the watershed since density is an evaluation 
factor. As previously mentioned the population density may actually be 
much higher than supposedly representative district calculations. Also 
one must take into account that practically all of the paddy in the water
shed is rainfed. Panpiemras also identified a direct correlation of in
creased poverty density to increased ratios of paddy to upland crop in 
rainfed agricultural areas. Th, ratio is very high, 0:1 ii the totally 
cultivated land and about 1.4:1 for total crop land including mixtures 
(see Table 3), 1,ithin the LNO resettlement are;. the ratio of paddy to 
non-paddy cultivation is approximately 7.1 but the rainfed ratio is not 
known. For upland paddy and other upland crops the ratio is 1.6:1 

For the sake of water and land manayoment planning, it is important
 
to understand the local agricultural and other labor patterns and pro.
ductivity. Paddy is transplanted in the lro';:lands and broadcast in the
 
uplands in May followed by upland crop planting in June. Paddy is harvested
 
in October with reported 1974 yields of 18 tang per rai for upland and 22
 
tang per rai for lowland paddy in the resettlement area. Upland crop harvest
 
follows in November. After harvesting paddy and upland crops there is
 
back-gardening of vegetables and about 3 to 4 rai of upland paddy for daily
 
consumption until the next season. Single cropping of paddy leaves farmers
 
a great deal of time to participate in other occupations including land
 
clearings, wood saw-ng, firewood cutting, charcoal production, carpentry,
 
gathering miscellaneous forest products and fishing. The non-farm occu.
pations account for about 70-75 percent of the farmers cash income
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TABLE 13 : DISTRICTS AND VILLAGES IN LNO WATERSHED
 

District (Tartc.m) Vylae (Can) 

Phana Nikon 
 Kut Najm Sai, Un Khck, Pak Kham Phu 
Un ,cng, ham Was, Na Lao, Huai Eu 
Nong Phu, Na Nai, Nong Bua Can

Nikom Nam Oon 
 Nong linj, Ta Mo, Tat Phon Phail
 

Kut Tkap
 
Muang Sakon Nakon 
 Lat Krac-e! 
Phang Khon. 
 Suwann.khan
 

Kut Eak Non- Sa Nai, Choeng Doi, Phon Ngam,
 

Na lieng, Yano Lon, Dong Nimit, 
Nongk. I Thong, Ncng San, Kut aL,
 
Yang on, Kut Hai, Ngin, Kang 
Kho Yai, Khc Noi, Dua, Kut Haet, 
Khok Phu ,ai, Khok Phu. 
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and planting of paddy,(Sangsingkeo,1 75). The time between 	 harv ,stinr 
is pr:baly when most intensi forest degradation occurs.October to May, 

Livestock raised in t:ie watershed includes cattle, water bufflIc, 
are uscd mainly aschickens, ducks and pigs. Cattle and water buffalo 

draft animals while chickens, ducks and i.:s arL, used Loth for ccnsum;-, 

tion and sale. In the LNO resettlement, 75-80 Cc-rcent cf the families own 

livestock. 

cement Needs and Associated Environmental Effects4. LNO Watershe, .1ana 

Three somowhat related but independent4.1 Nanagement Strategies 
of this casemanagement strategies have been reviewed durin'- the course 

study which are directly associated with th: LNO Watershed. Gartnar and 

Beuschel in the 1963 FAO sponsored forest inventory of N.E. Thailand re.

commend forest ind watershed management e established for economic deve
and increase in vwluable lumber production in -Jartilopment in genzrai an 

cular (Gartner and B~euschel, 1963). USlI, in the 1981 Country Devulcm.irrnt 
Strategy Paper, refers to watershed resource degradation as the koy environ

mental problem in N.E. Thailand and pro,,,:ses -%1,-,tersheU management as an 

integral portion cf the high pricrity assistnce rogram for integrated 
Thailand. Thi Conservaticn for Thailand-Pclicyrural development in N.E. 

rescurce 	 scopeGuidelines (IUCN. 1979) presents a broad natural management 
of watershed management strategies which: is justified because the national 

c.fn 	 of livingdevelopment strategy zf Thailand rElies sustained development 
The policy uidelines orge management 	 cf significantnatural resources. 


watershed areas .on a unit watershed basis an," include land outside forest
 
catchment of rivers. Management activitiesreserves that forrns the upper 

emphasised by !UCN include forest protection, the rehabilitation of degraded 

areas , and th implementation cf the necessary soil conservation measures 
on land allccated on the basis cf land capability, for agricultural -r tree 

crops. Guidelines are recorfm-anded as well for protection and rehabilitation 
of water catchme-nt forests and for cooperation of lccal people to help
minimize poaching and encroachment. 

A watershed management strategy for the LNO Watershed would depend 

on the primary objectives or target area. Once the target area is identi

fied, alternative man:icement measures can ';e scrutinized to develop the 
most environmentally sound watershed mana: em;ont plan. 

LMO
4.2 	Target r fci ;ianagement :anagjement planning for the 
target areas (i) protection ofWatershed would m,.st likely be for three 

roservoi r/i rrigati cn an,/,r (ii) rural devel opment/pcvertydownstream LNO 

eradication of watershed residents. In add!kition the nanagement plan
 
should include measures to improve ecolo-ical conditions in Phu Phan 
National Park. [ll three objectives are justified below. 

. lar-c vmount of investment has4.2.1 LNO Reservoir/Irrivation 
been made in time and money to develop the LNO reservoir and irrigation 
system. In the LNO integrated rural development ,-,roject paper (USAID, '77) 

that the Lalm Oon -.f every of theit states 	 Nam is short ,,ater and use 
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",scurc: 

LHO at.rshed wil ! an effect on tha lMi'O irrigation water supply a;
 
cavailalo rescrca Wil ,ultimately to n.c,.s.ry. use in the
 

veo.',r t i a n i 	 w ,terh".., .,4 n tw	e ll; res er vi r ns c ons equently ,a, 


rp-0r should to signe6 t maximize watcr available fWr dAr
-	 SrSem
 
irrigation. , h, a prcyram would roquirc catchmont prcitecticn and sil 
c-nsorvaticn to co.,rol runciff a&nsi ltatio,3nd provide st,le rri t.-v, 
water upply. Thus the ,:rimiry management ,iaasurns 1rulA prcbably V
 
forest prctctin .r-.rehabilitation es..a ci 1', fo'r ,areahs with hig'hl.y
 
erosive soils and in.,.llatin or use.& sii "n t.u con,"rv-,ion &
 

surcs in cultiwato, .ruas in the watershk;..
 

M. L .... .....t Pov rty'... . .. i. : he L.O Wktershe.,
 
is vwi thin thJq tiu.t res ,f 'R cFT. f th, Prime iHnist rr
 
Office .onD .ormin',,, the Tar,. is ",-fr
Rural DeOvopment uncr th,
 
Fifth National Lcmic and Sccial De. ,"v":., 1tn (Pla Thasc
 
rarulati.ns ,,oct the Naiionnl Econcmic nn becial Developent Ba.rd 
(NESUB), buiu.t.Lur:,iu Civil Service m-nsicn and all othcr g;vernme',n.t 
Offices to, nllMc.tc .s much Mo"nt ,andQ. :.jc as possi l".J,ra.,. 	 ,
 
the target ar,s for rural cv.lo!nt, ,, ;.scribed previously, th. 
natural rsnurzs , LN0O Vatcrshed n.v,, few altciativcs for sust=inm'W 
rural ,,evlopr.,t unles.<s an unvire'nmcr.ntnly souk r.o.urc cum wtarshc. 
mannement pr'cram is implemented. Such arnrygram would inciu.de lane n... 
water us .. employ a vL ricth ajriculruralplannin ,n~y ,' ,.nament 
methods to sustain and maximi ze yields f cts mcst M activ in rv 
ducing pcvarty, A stated earlier Pan i rwas (C. has shown that in 
S.E. Milani, raimf, po.ky cultivation is ,ssu.ciatcl with pev-;rty and 
the strategy to reduczcwrty should b to shift prcduction away from 
rainfed upland csh crop. In the t.,O Wters aLout on-half of the 
paddy cultiv'tien is in Korat soils which are ',t generally suited to 
paddy. Upland cr cultivation covers less than cne-tenth the area of 
pa.y. Appr ,tly prcent cf tho watershed is capabl e of iu'portil,uxi ,. 
uplanc cropping ax.te,.cd sevural years in succcssion with ap"icatio of 
on-farm water..w management measures such a4s furti 1i zin5, mai ntai ni ng 
o ranic matter aK.structure of surfaco Ters, erosion protection and 
weed control. 

The main "a', farmors in N,.C., Th.ilanid hMve been reluctant to 
swi.tch from ,..nd is due to uncertai_'ty raardin.,p.d; t crop pr.roduction
the amount ak timin f rainfal.t The farr's frfer to usk thcir land" 
for paC&y to ensure ansu;gh stap.c fd for huir own consumptlicn in ..,4 
yoas hOwcvu~r;n jot y.ars this results in i surnlus of 1aIincomd 
yielding rico is com..red to prfita:.la ui.nI crv.:s, rRduoticn ofe ,farmo: 
reluctance canyp;1f.ly .e accomplishud w,th an integrate. on-farm wate.u
shed manPcm. "c which includs w.tention and research efforts 
geared tcwards icreased rdinfed paddy productivity and ostblishinC sup.
plementary sources ,:fstaple food, such as fish firming. ProVision of a 
relile,l omesti ,watcr supply flr vilIcs in p:arts of the watersho. could. 
also be inc'orytey in thE manaociEnt Mccme. Utilization of intorfnce 
teams for extAn , proposed the Koo Cia.m Watershe.d Developm.,ntas in 
Froject in4iorthorn Thai 1and voul d hol p prorr. ccrations. 
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4,2.3 Phu Phan National Park : Consideration of management needs
 
of this national park arc! justified because of its protected status and 
the inclusion cf poi,- ,-%:.relines for conservation in the Fifth Five Year 
P.lan. Conservaticr, for Iniland-Policy Guideiines (IUCN, 19/9) identifies 
the following general management measures as necessary for the national 
park : 

i) 	 increase ir: perscn:le".. LDuildings, communications and equipment 
to improvce prov.ection 

ii) preparation cf man&gementf....' 	 p n taking into account needs for ...... 	. " ... J~ca t i .,-.F,Ivnf-iir , etc ;.	 pe cie s 

iii) 	promot;ion of cooperaticn from settlements that are adjacent 
to the park, through the provision of employment and rural 
developjment schemes and public education; 

iv) 	reafforestation of degraded areas especially where erosion has 
occurred; 

v) initiate inventories of animal and plant communities and
 
monitor changes i, vegetation types and species populations' and 

vi) 	undertake s .dies of ecological succession and habif,at 
manipulation by man, including fire ecology; population
siz-s, dynamics and trends of selected animal and plant popu.
latiors, inciuding identification of limitin, factors. 

There is some doubt whether the past efforts made to obtain local
 
populations cooperatioo (as cory,,-.ared tu protection efforts) in national
 
park management are sufficient to prevent irreversible damage to plant

communities and wildlife through encroachment and poaching (Brockelman,
1981). The probleo ",-*;ry eivident in Phu -uaii where i40 of the total 
699 	 sq.km. is non-productive (20 percent of tile park) including paddy 
and 	upland ctop cultivation, one village and several homestead sq6atters,
 
as 	 well as d"sturbed non-:roductive forest. These local residents become 
hostile when denied this traditionally free source of fuelwood, wildlife,
 
and 	other forest products as well as an area fr agricultural expansion,

Intensive management eiforts in te form of integrated rural development

need to be designed which allow the potentiai poacher/encroacher to benefit 
more from preFP,.tiv(-no n;,k th-n -- rm drir+.ive illegal exploita
tion. Several pocenthal forms of integrated rural development need to be
 
examined and tested to desiqn an effective management scheme.
 

4.3 Selection of Develbpent and hanagement Components . A single
watershed managemient plan designed to enchpss r strategies and 
target areas described above would most likely invlve integrated planning 
since the optimum resource uses for each target area are not necessarily 
compatible. In order to evaluate the compataiilitv of some potential 
resource use and management alternatives; n "interaction matrix was 
developed (see Figure 9). While the interaction matrix allows one to 
eliminate non-managable conifliots in resource allocations, the planner 
must still make several rosourcu deveiopmeot and environmental management 

V-5-l";i 



___________ 

1. A, 1A 

PIGURt 9 ,C("MAIA31LZT O? SOME I3SOURCR VSE AM KANACENI? OPTIOWS-LMO WAURASRZD 

Poverty I. lacrosse cash iscosi oppavko~ftv
 

2. WINcy .riace rairJpa" 
 S 2~ 
LA4ne of 3. lritln; +4 (nzzbers c.rrasFeed L* rouset nos)go* .u ajs~ r ( in fo* Paddy) C: CSIt It sola A.zcl vsLl -W, 'ct~ Q( Tr _td/ 15. J. 

spi anal o m uu e tI 
. C~zP~l r:a .q- C.rfS~ckua A.-UI no.T-a 
 / Cal.i 5Irgtd 

e. fthaTI7ranTj 
 ofms S .o-T~c c SI 

t1. farest 
L.

5. rltewEpredcrt-2 ergot 
 - C "-Ic,/c 

'*es 
1 S1'rd7 Sc Si5 

ara
c lateal.a tri t C~apeu.C C-T 

IS. r. a~b~.zg a -- d adtrel strutruras S - S 3 S c jjS/si 
*b .*sga~.,. c-.f~r.:-&t 4or prosttc-*d are, ~ C 7t1?Ci - fsfcs ____r 

= =l3---- t-loas PIC 
 1r' 

_ _s-7 

Lb ."!icrd area* 

u.rev.2 Jui.ct y and pirae crItjt "t IsDa C SI sic S C S S C C S iS 

tre fsLat i~ -Dark 
 _... -s 1
! - .- CsC S C:S/C 

d/Cra/ pas ru s-C. - L Lt si SP Cd CC S s c S/ CS ji
!---
cj 

-
Ci 

s Sj __2 

S - Ci':~i -- F. 
s~ 3 Cc 


forest13niLn~ae. fmrmiog-vill&Agm 9I3 4c S Csisi 5C cstZ C 3 -S S I 

- Agricultural d wuloPsest C S C S C S S IC Ci S C C C/ C 

10 . ater AVPPLY -sI 5 
PsC S S S 

I 



a watershed mainagement plan for thedecisions. prbable components of 
LNO Watershed are presented in T;)le 14. A review of the interaction
 
matrix shows th.at conflicting resource use may result frmr (i.) inton si
fication of agricultural development on class VI soils and rid(es
 

clearing of degraded(conflict between 1.3.1.1 and 3.1.2.2) an-, (ii)cn .2..forest Krat soils (conflict between and 3.1.2.2). 

Several resource and envi ronrental .cisions are required fcr 
conservation ,r;.devclopment planning. When conflicts in resource USC
 

eveloped, fr th, optimum dovelopment or,

crise alternatives ;hculd be 
 there isaTale I.. For sustained resource usemanaVer ennt jcaIs 'in 


.,:f ,,,:-,ich must ",rmnt. The cri tical level cfcriticl-1 lcca 
 resource use-managern.ntmanagement should Lc evaluated and incluld .s1, 
option. Altcrn'.ativ. d1cveOn,.cn'"6 or ni.nr.--emont goals can then b rewbi ..... 

use mentic.neci o ve the establishment alndFor the conflicts in resource 
"'n. us,: based on land capa .enforcement of ernvirhmwiental standards for 

ccnflict decisions mustbi1i.ty xul resolvo the first. For the soc:o,' 
for the choice of n.aw f.rmni:' r-as an, selaclion .frermissbC.:.bemade 

forest uses hy f.,rr:st type. 

4,.4 Signi ficant Envirronmental Cnsideratic;ns for I-NO Watershed 

on usp and management willSever-,'l of the decisions resource 
on the onvir nment. Some of the morGhave potentially profound effects 

should,:be consi'iered in
significant potntinl environntol .3ff,-.,cts w.hich 

use a;d management are describedA
the selection of alternative resource 
below.
 

Assuming the decision is 
1ad1 Uipland cropping on Korat soils 

made to limitintensification of upland cropping to Korat soils several 

managementi considerations must be made in erd.ir to develop a stable a,'r'i

cultural economy on normally infertile end erosive scils. First the 

and sites of crop., expansion must be determined. The agricultural
area 
areas b limited to nonproductive ar1.expansion into forested should 
Korat soils in the w;st side of the watershed.which are conmon on. the 

The clearing of fcrest vegetatio, and upland cropping of middlia 
in "the LNO .!atrshed wi s igni terrace soils such ras the Korat series 

ficantly effect erosion, soil hiolof anCl soil nutrient status. Because
 

of .isprsiv- s'i surfaces. massive su!)r.urface naterial, and restricted
 
rains (,f the wet season can cause
infiltration, the infrequent heav'y 

serious erosive dam-eo. Cons,,rvaticon crcprin, includin, timing of fors 
ini ial-,Ic;utivati(on Wi th IdL(uEtC grjud cover.. and soilI concari ng 

are essential for protection .)f these soils. Thisservation measures 
al I trees and tree re:,;rowth potential fro2*

landuse chane.-rer:ioval of 
shifting cul-tivation aridj nonproductivu fcrcst cc-nstitutes P.funeanit,-i 
ec!c icaI modification with for rcachin imrlicaticns for subsequent
 

of thc larger dee rocCtd trLOes and shrubs whic
cropping. Destruction 
were essential for fertility restoratiion, elimiato ocF the chenmical 
inputs of bush fallow, and eliminatior o-1 nutrient redistributiocn fr.,m
 

for vther nowtns of maintaining soil
litter turn.vcr demands a search 
fertility. 
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rhe initial cropping may provide a surprising yield of upland
rice without addition of fertilizers. Physical disturbance, lang-con..
tinued drying, and high temperature influence the promotion of biological
activity when the soil iswetted. 
The biological activity of the first
physical breakup of the Korat soils may result in enhancement of mineralnitrogen production early in the rainy season with excellent first year
rice yields. The next year willbe purchased with the cash 
require addition of fertilizers which maysurplus generated as a short-term reward of thefirst yea, (Charley and McGarity, 1978).. There are three main methods bywhich man adds nutrient fertilizers to soils : (i) by animal manures whichis feasible only on small plots because of the large amount of manure required per unit of land; (ii)' chemical fertilizers which requirecash input (thus a highfor upland cropping schemes in N,E, Thailand based oncontinuous cash-cropping with high fertilizer inputs have not met withsuccess): and (iii) symbiotic fixation of atmospheric nitrogen by croplegumes. Consideration shouid be given to ley farming as an applicableapproach to symbiotic fixation of nitrogen. Ley farming involves inclusion of a legume-based ley (possibly pasture legumes, fodder legumeson legume shrubs) in a definite rotation with crops and usually involvesthe integration of crops, pastures and livestock. Ley farming is alsouseful for protection of Korat soils in that it provides ground coverand addition of organic matter to the soil. Ley farming may allow a diversification to soil depleting cash crops such as cassava and kenaf (Mekong,

1970).
 

4.4.2 Lowland Irrigated Cropping : Even though the irrigated aa!,iculture potential in thewatershed7s1 imited to small pump irrigation inthe LNO resettlemert area, the potential effects and environmental manage.ment alternatives are worthy of short discussion. Irrigation water supplyin the watershed allows a cultivation change to double cropping resultingin increased potential for plant disease and pest infestation thus requiring increased application of pesticides and fungicides. The LNO irrigationproject environmental assessment identifies several low toxicity insecticides and fungicides which may be used in the watershed irrigation areatogether with fertilizers and other agricultural chemicals to optimize cropyields. The environmental impacts of this land-water use change will bevery dependent on on-farm management and water management.
Bank Irrigation Sector Policy Paper states 
The 1975 World

that insect damage in Thailandis not a serious problem for rice (comparatively) because the combinationof relatively low use of fertilizer, a wide spectrum of plant varietiesused in wet seasons, small areas of dry season cropping and limited useof pesticides has allowed natural pupulation dynamics of predatorsparasites to maintain a reasonable balance. An integrated approach 
and 

pest control will require monitoring and 
to 

research for development ofresistarnt seed varieties as well as studies of life cycles and strategicspraying and studies 
the of 

of predator parasite relationships. In the meantimea broader spectrum of varieties, moderateuse use of fertilizer,restriction of wide spread use of powerful broad spectrum pesticides andstrategic spraying may be a better policy than blindly following highyield technology(World Bank, 1975). 
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Water quaiity dcradaticn frcm irri-ati'n may effect scveral water 
uses in the res,-ttli.mnt iocludiog deterioration ,f the ground water (which 
is tjU ,mest.ic. ter su;.'ply), decrese,,'aquatic productivity locally in
the'. resurvoirs : danaijc t.:ther systems. Pollutants 'from 
surface runoff (taihttcr runr Ff jfrompaddy fields)'.are usually:sedints, 
crop residua, :.hcsphates and ,iocides, Subsurface flows frbm seepage 
Ios se oca.ias ;and pcrcol atin..loss from ,cdy fiel'd rfiay pollute grcund
water with mineral ;s-l-ts, nitrtes frcrifertilizer, and other wd'ter sclu.
ble constituents. Pr,-.per Icca2I wator..managment, proper land useoand 
propqr ap.plicatic.n of; agri cultural chcmica'ls are-neccssary for an influent 
ccntr I approach. to water qucl i ty. nanacrcnt, i.e. irrigation return 'flcw 
qua.lity contr&l.. 

4.5 An Exam-le of.Optimum Resource Nncien, Plannin Water re
source management is very1 mr. ortant for ;,:ETh.i nd. In areas
! many

remote, from availa-le water, rescurces, water is insufficient frr meetinr
 
the, minimum reouirenmcnts of. domestic su,7ply f1,r pecple and animals, sub
sistence agriculture rid rel.t !, nctiviti i.: "his case exists to some
 
degree- in the up;r rcaches- f the LNO :Vatrshzd. There are o'n-going 
programs for waatcr res.urcc .,- ,, in around the Watershed.Tk 
following concetual integraticn of - i-!cv;cnments prose''ts an ln
teresting case fc-r onvironnentally sound intgrAted and multiple USk. re,
source development..
 

Several agencies are zevAc,rPin vi1l,.e water supplies, i ncl u.li nc 
well dri111 nc:, sm-. 1 reservoir and tanks, -uc.nds, cike,. natural nonds 
and various stream diversions. The LNO ,'am/.r(;servcir is one of the lare 
water resource devcloprmznts in the Ncrth . st. LNO reservoir:water, isbeinij
used for irriqatir-n, some domesti.c water .u.-ly and some fisheries pro

'
duction. Ona !,aterdu'mand which :needs' t,. L,e mot is as supplemental si 
public water su:ply fc.r Amphoe Sakon Nakcrn 'Tecause the public water suyrly 
of Nong Harn Lake is inadequate and taste an. ' cor problems 'prevail'.' 

V1atershe are 
courses at tl;e 3SQ o' th- WCsC, east and suth ridges, .The runoff at 
these points (though not ,agc'd) prcably fluctuates significantly and 
depending on landuse and forest quality u7strornl ff the villages,, may
contain heavy suspen.-d sediment lcads. In tho ,previous (escripticn.,;f
watershed mana jment needs, provision wla m.d for grade stabilization.
flood control structures which if locateJ ne.r village sites wculd serve 
soil Ind cc:nscrv.tion purposes flcw fluctuations, prevent 

Severi1 LNO. vil 1lages l ,cate.! on intermittent strearn 

water (dompern
down-stream ficodin :,nd trap susp,.ndcl sJirents) and the structure re
servoirs coul. alsc; be utilized as dem,,stic, in(' limited agricultural waterGupI-ly, 

Another aonsing watCr rescurca devAlopmcnt-prcject in the LriO 
Watershed vicinityl is the USAID-Dept. (, FishcerIls (DOF) Village Fish 
rdn. Development Project (USAID, 197D). tNatural sviarnp depressions 
near villages rL being, diked to provide ccuriunity operated and community
determincc. Water ,csi usually do,.-stic .nd nmal water supply, p:*run
nial fish pr'_uction, and supplenental. agricu:ltural water supply.' Seed. 
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fish are normally Tilapia or Puntius. The Ban None: Dear, (A Phannj
Nikom) village fish pond has a surface area of 110 rai (17.6 ha) and 
storage capacity of approximately 140,000 cu.m. and serves 800 pcoplc
from tv*o vill. ys. This fish pond, which is very close to the LNJO
,atershed is a possible project site for introduction of integrated 
systems of multiple use. The most promising opportunity of this type
which could be readily applied in LiO !,)atershed small water resource 
developments including grade stabilization-flood control reservoirs is
 
an integrated fish-livestock system whereby poultry or pins are raised 
in pens built. over the pond and their druppings fertilize tiiL pond for 
fish feeding. 

Another related water dovelopment project which could be adopted
at the LNO eservoir is a preliminary scheme developed by the Mekong
Committee for development of fish seed production and research facility
next to Lam Pao Reservoir using the reservoir as water supply. The seed 
production will be used to stock village fish ponds and fish farms. At 
the same time cage culture development is planned in the reservoir. The 
corbination of these vater development projects gives hope for alleviation 
of critical water shortage, money shortage and protein shortage in North
east Thailand, especially if they are managed as integrated developments
 
with multiple use. 

5. Conclusions 

The overall environmental effects of watershed management are 
beneficial if management planning is based on sustained use of natural 
resources. In the L1!O Watershed- and many similar watersheds in Northeast 
Thailand, one of the objectives of watershed management should be to 
enhance and protect ervironmental quality. However, the ultimate objec.
tive should be to alleviate the severe poverty. In fact one of the rea.
sons the Northeast is so impoverished is due to mis-mana0ed exploitation
of water catchment resources. Resoreces problems of deforestation, erosion, 
soil nutrient depletion, and so on, should be managed from a unit water-.
 
shed basis. Once a grasp is made on the watershed management measures
 
required for a given area, integration of rural development can be made to
 
maximize long term benefits of sustained exploitation of natural resources.
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1. Introuctipn 

As a consenuenc. )f forest !estruction in the past, as much as 
p.a. for the period 1 73-1177, now orlly'..35%of the national forest ,, 

remains. This has an ,,ievrse effect or the ervironmental conditions of 

the watershe," areas. d'iorenver, inthe dry season ef evry year, the
 

dwellers cf these h,. deliteratcly set fire to tho forestrs.. areas 
in nrcler tr. .-lear the lar.i for cultivation. This practice destroys 

most Of the sodlings .,r.uted during thc rainy season. It is beyond 

hope that t'.e irrst c"n '-.store itself and tma the (:nvirenmental can 
1tate of 'cuilihri'vc:ver ,.Iturnto its . s.,"t . 

lyal F,'c-.st Pepart-Nany rovernnent de.aVrtr cnts, especially the 
tackl, the problen by reaffc,-";staticn and by making

rcnt, have tried to 
in such thatef the vatershed .reas a wayarranoe:rent for the dwllers 

they d not have to disturb or endanner the environment. However, the 
towaris providing a perma

main effort of thesc Ievirtments is directed 
the hills and this involves not only

nent settlement for tllw neoples on 

of education, health care andeP.riculturc but also development 


comruni cation.
 

of te site, en which personnels fromHuai Thunq Ch(a is cne 
the Royal Forest Department have been ,.orking jointly with personnels
 

in ar'atterpt to solvc the environmental
from Chianamai UniverFity 

problem. This work started in 1f75.
 

2. Location
 

Huai Th,.o,' Chr, i. situated Iorth-V'est of Chiang ,'ai City, at 
distance of about 90 km.01O'M and ennntitude .'£3-tE, at a
latitude 10


City. Te area under the responsibility of this project
from ! .'iaPfi 

is arproximate.y 220 iX.*".
 

?.reoraphical Characteristics
 

area ha,.; an altitude betweenThe ra.c1rity of t>rHuai Thung Choa 
m.,P,"ximum 1,45C, m and a minirrium of 801,000 nd 1,1vo ,m, vtit!, ri of 

i chosen t,'ical slope covering about 10 km4
From . (,etailed study er 
it has been found tat 1...o rf the lard has an inclination of !0%or 

13.0 for an inclination of
less, FJ,% -'rran inclinatirn of 10-15%, 

anFcr inclination.5-,CYq 1. ftl ff~r r inclinaticn of 20-40%, and ,.O% 


rf rore than " °%
 

The rain watrr fr-rim this area collects .r-' f! ws down south

eastward pass Chi-.n. i.;ity.
 

4,. Demoaraphic Charactristics 

I'7, a preliminary survey was
When tho nrrj.-,ci: started in 

afbosut population. A deter.ilea study followed
carried out to find rout 

about the dwellers withintr pain Fu'l understan6ingin 197"' in order be summarized
the area of this r..rojcct. The result of this study can 

as follows 
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. 4.1 Trihal composition 

In th Huai Thung Choa area, there were 23 villages of 
many different, tbes, viz : 2 Lisu villages, 6 local Thai 
villages, 14 Karen villages, and 1 Chinese village. Table I 
and 2 sh*Ow the distribution of ethnic groups in these villages. 
At the time the, survey %.,as made there ,ere 254 households in 
the area, 27 being Lisu, 173 Kar('n, 5 Chin.sL and 49 Thai, or in 
term of percentage forhcuseholds there wore 68.1% Karen, 
19.3% Thai, and I.0.6% Lisu. 

(51.5%) 
Th. 
and 

toal population amounted.to 
60f.; foniale (4 .. %). 

.,438 Vith 740 male 

4.2 A e Distribulion 

Nearly a third of the population (31.' percent) being
children ,.%,d:hr the ago of 10, while more than half of the 
population (-.*.9 percent) being persons under 20 years of age. 
If lahur forcerxi .Lfi... heire as 1erscnsLutwCen 13-54, .thore 
was 57.9 percent i.bour force and 39.2 percent of the popula
tion being youno dr.rpendents 'and about 2.6 percent being elder 
dependents. 

26.,3 pe.rcent of the heads of the"hcuseholds were 
betwveen 30-39 of age 24 percent were between VC-49 , 20.4 
percent bet.'eon 50-!:. years cf age riespectively. Most heads 
of households were male (8..2 norcent) and married(97.2 percent) 

P clo-;er exarination of the profile of the population 
found the meneral fertility rate inthe surveyed area during
971'-1979 beinq 2 ..7 per thousand of female population aged

betwPen 15-44 years. .lIthough it is expect-d that the birth 
rate inthe area ishigh seeing from the high proportion of 
children intotal population, the irth rate cannot be ascer
tained In -this stur.K recaiseinformation on infant deaths was 
unknovwn. In a sir iilar manner, the rate of population growth 
cannot he esl.im'atec sirce infor.ation on migration islacking.
Admi ttecdlv, !opulition studv isnot planned when this project
istaken up. (see Ta.e 3-4-). 

4.3 Fize ff Household 

On the averaco.e, the household size in thc surveyed area 
is5.57 persons per household. The Lisu were found to have 
1i~ger size!' household than the Karen and Thai. The average
household size for the Lisu, the Karen and the Thai i..ere 6.24, 
54 and * n-rsrns per household res-pect;ively. From field 

obsservati-ns, i ,was found that the Lisu and the Karen had 
strnnc-er systm rF extended family than the Thai. During the 
first fet ',yearsrf any younc ccUPle's marriage in the Lisu and 
the Karen villaqes, the husband would c;ome to. live with his 
v:ife's oarens.(Sce!Tale " 
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4* Educati n
 

It 'was found that most heads of households could com-

Only about percentmunicate 'in !Mrrthern Thai dialect. 	 10-12 

of the heads of houscholds had difficul-ty in communicating in 

-r'er,thirn Thai ia1.lect. Very fcv" heads of households of' Karen, 

,n< Lisu, hro-wever, received any kind of education. 100 percent 
heads didf Lisu heads of 1,ousehold and 95.4 percent of Karen 

not have any education. As for the Local Thai heads of housE
percent of them received 1-4 years of education.'holds,, 45. 

For ,orn'er cr 1-4 years education was mere common.o 	 1eratic: 
3.3 	percent o.f the Lisu households, 36.2 percent of the Karen 

their members in '-4and 73.5 nercent of the Local Thai hail 

years of education. (See Table ,-7 - 8)
 

4.5 Settlbr.ent 

in the- village of the householdsThe settlemcnt period 
households reportedhave been investigated. 63.4 percent of the 

to have settled in their villages for 10 years or rore 16.5 

percent of the households were those newly settled within 1-3 
to be the rost newly settled groupyears. Th; Lisu werr shown 

in the area with only 4 .4 percent reported to have settled in 

their villages for 1r years or mere while, as much as 29.6 
years ago. (See Table 9)percent of them had settled 1-;3 

4,6 rarrige Custoo 

A lisu wife costs some Raht 30,000 to a Lisu man who 

ha s to, pay 'th. marriage due in cash and silver coins to the 
costs a Karenw.ife's parents., Orthe contary, a Karen wife 

a fl-w, hen!", ;.nd pigs: which %,,illbe- used 	 in the n~arriage andmain' 
celebration ceremtonv. After :staying in the wife's parents' 

them with their work for a period of time,house and helpin. 

the cuIle vould then get the approval of the parents to build
 

their ovwn land. This ustm supportstheir oin house -nd 'farm 
and the Karen villagesthe extended famcily system in the Lisu 

in.the Thai villeges.to a ;reater extent than 

E. Resources Utiliz?.tiern 

on
The pattern of resources utilization ha' significant 'impact 

of the ar . Detailed study have providI an under
the environment 
standino in this issue.
 

1 aterials for ,-ellings 

houses iiere one-storeyin the area, 7'.1 percent of the 
of them were one-storey• uilt*. n -tilts, wA ile 18. percent 

the round. tost of thE" Lisu houses were foundhou sr ilt on 
the, Thai houses usuallybuilt -n the -round. The Karen and 

buIlt on -the ground wera 
were Nilt on stilts. Those houses 

The floor wouldbe hard earth
also thosec-with earthy floor. 



ne-tly sviept. 61.4 percent of the houses"used bamboo stalks 
.a, flooring material and 14,6 percent used wooden pl.inks.G3.8 
rercent of the houses used flattened bamboo stalks for walls,
 

18.513.8 	 rercent used sheets of %,'vonbamboo strips and 
r anks. aost houses were roofed with Tongpercent used vooden 

Tun .LeaVes :Pt., while some 28.3 percent of them,. percent) 
i.,erf roefed tiith lrnperata Ir..ves. !:'V.9 percent of the houses 
were not divided ilnto'rooms. (See Table 10,11,12-3) 

5.2 FirMod Consurptir-n 

The mp.joril.y of thk: population ( 7%) obtained their 
fire inod fr.nr f21c:n trees, Only 1.2"% cut down live tros 
for this nurpor;e. Firc.,oC is used frr cocking, house warming, 
keepi ;g away insects, steaning Miang leaves (fcr fermented 
tea), brilin o!iur, and sugar syrup. !ciong the three ethnic 
groups f this area, Lisu consumes more firewood than others, 
amounting to 24.4', m per family per year. (see Table 14) 

5.3 Land Use for AM:ricult'r' 

It was found that among the 254. households in the 
surveyed area in 1979, C3.5 'percentwere rice farmers 3.9 

percent of the households engaged fully in wage employment. 
Other 2.9 percent enganed in fermented tea (Miang) production.
 

Exotic flower gr.i w.;as- found among 4.3 percent of the house
householdsholds ie. iI houscholds. 89 percent of the Karen 

were rice farmers comae~red to 65.6 percent for the Lisu house
holds. The 'Lisu hcusehclds grev flowers to greater extent 
than the Karen households. Piang production was an important 
cccupation among thc Thai households in the area while wage 

not available occupationsemployment and flower arr,.,,ing viere 

for them.
 

Thc r.:ninq rpattern in the surveyed area 'can be sum
anarizpd as folilov..s Lisu househclds planted upland rice to 

the Karen or the Th. i households. Maizegreater exten)r iJ than 
andl opium were qroi.n mainly !y the .iiu whereasMiang produc

the households.tion ,as an occ;.ation for the Karen nd Thai 
one plot o, land for cultivaticon.v;es1i iseholds hid 	more than 

wasThe average number of plots cultivated per household 1.5. 

There i-".ro rourhly 2 types of land utilization. One 

kas perranent a, d the other swiddon. flearly a third of the 
in in this swidden farm land havigAnlts of land use area was 

been used I-' vars 	and vould be deserted. With the presr.iit 
not
level of technnlo,y, most swvidden farmers thought it is 

tr us. the f,.rm land more than 1-2 years.possible or rational 
to be decrease(! enormously ifThe yield of crops was renorted 


the sare piece of land ,%-as repeated. However, at least half
 

rf the land in use in this area was permanent farm land.
 
(See Tat-le 15 , 16, 17)
 

V- -55 




G. The Population's Needs 

It was found thmI; mcst rf the highland,-rs spend mcre of their
income on rice than on ote!,r frodstuff and clothing. Th-, indicates 
the Ioi, yield of rice :irrduction. 

The average yield -f rice Per household was 12C.8 tang per
nlanting season. 
Since it vas not possible to obtain relia-ble informa
tion on ;veraae area nlante! ner housoheld, average yipld of rice per

rai could not he obtained. The Lisu as 
noted above obtained their

house,4d rice r ,tirn,rinly from urland rice production. They
coulu produces as ruch as 
129 tang of upland rice on average compared

to 56 taa for tho Karens end 2tan 
 for the Thais. ,sfor paddy

rice prodLction, the Thais reduce IT3 tang on average, the Karens 109
 
tang and the .i- 3r-. tan-:. 

This studyl" has tterpted tr make estimates cf average rice adequacy for the househ, lds in the surveyed area. On the whole whether bythe estimation method I or 11, the households in the surveyed area 
rreduced El -rcent 
of their home rice crnsumDticn. In this respect,
self-sufficicncy in terms of rice consumption on 
the part of the house
holds in the surveyed area t as nct attained. The estimation method Idefined rice adequacy as i',cusehold milled rice production divided by
the househcld milled rice !,rcduction plus annual hcuseheld reported
purchase rf milled rice. T!e estimation method IIdefined rice adequacy
as housnhold milled ric- rrc'duction dcvided by household reported con
sumpticn ner annuri. 
 ,ou-h errors of the estimation were possible,

it is believed that the 
 os.imat-
of rice adequacy obtained can be use,
ful for policy forriuhtir. " !,oth methodsmec ofo stimation, the Karen 
households are show'n 1,; be thi"cst self-sufficirnt in terms of their
rice ,roluction %,ithric. ac'ec.,acy u.einq 74 percent by Estimates I and,:,nercent byY [stirm' ,sT1 . TheI Thais grewrv70pre offW ir riceI 70 percent , tl.c 
requirement by Est-: tes 7V'T and percent by Estimates .11. The Lisu ore6 f4 nercent of L,,eir ricc recuirement by Estimates I and 49 percent
by Estimates IT. Thc ! i,Ps 'ere thc least self-sufficiernt in terms ofrice production. From the observatinn in the field survey, the Lisus 
were norp corercial-minded * nd engagcd theriselves m;ere trade.in This 
may be becau%,c thei crininal",1 vE.re the etnic group which actively
particinato in olium Droducing while the Karois and the Thais have been rore of cutsistrnce :armers. "illed ric.: production was estimated 
rouryhly by 'einhtinq tie nacey cr u'?land unmii led ricc production by
the proportion renortr,' by the households being r-illed rice from a tang
of unmilled rice. 3-In litres v.as rororted as being milled rice fromr 
a tnn rf unrilled rire and the averaqo, c.f 9.litres in 22 litres of

unmilled rice vas used in this study. 
Also note that'nilled rice'here

is loosely referred A(. tho rice treated by the hcuseholds both by means
 
cf millinq and oundJinr in rice nounders.
 

7. Effrnrts for restoring the envirornment 

/\tte-r'ts hav ree.made in various ways as detailed below 

7.1 Reafforestati.on The Royal Forest Departrient have been 
repI~ntinc ar'e.s of forcst per year from P75. 
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7.2 	 T' Reduce Forest Pestructicn and Swiddenina. The hill tribes 
in this area have row stopped these destructive practices 
compil etely. 

7.3 	 To Introduce Permanent Farmino !"ethods An agro-forestry
 
system have been introduced at the experimental level. This
 
system is mone up ff 3 main components : a food crop, a cash 
cronr, and forest trees, intermingled in such a way as to
 
re.'kuc, soil crcsicn. 

7.4 	 Ti P.dc," i,. . cf t ricultural Lind This is done by in
trr-,duciH hiIch-r.riced crcn such as flo,,ers (Statice, 
rladinlus and >i-,ntion). 

8. Conclusion
 

Once the natural equilibrium. in the environment has been upset 
it cannot be satisfactcrily resterd within a shcrt period of 5-10 years. 
It is necessary to use various mrcsures both direct and indirect in 
rrder tr !'rino about any improvenent. Direct -iei.sures are ex.emplified
by reafforestation, prventien rf forest fires, and r~d'ictien cf land 
use for aoriculture. Indirect measures include porsuation to stop 
further destruction. Such a development scheme vust necessarily have 
many obstacles of al i kinds and it is essential t!: bring in high tech
r1oey fcr solving some of tlc probles. This in turn implies that the 
Fonulatirnn rust be given basic educ,-.tion up to the level that they can 
aopreciate and accept the:;e teclinc,lovy. Such a task wil take gene
ratirns to fulfil and vill require much endurance and self-sacrifice on 
the part of the researciers and devclopers. 

fTclno1,l edgement 

The data res.:nted i r this paper were surveyed and collected by 
t:r. T'.nnaronc Vir.onnsanti, F,;r. Prasert Vongbham, iss Benchaphun 
Chinawatra, and "'r. Chr-;sa!,kdi Vidhyabhak under the UNU-CMU Joint 
Pesearch Project. 

The -'uthr 'We. tr express his gratitud., to be permitted 
to use these yet unpuhlished data. 
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Ta ..le 1 Distribution of Ethnic Group by Village in Huai Thung Choa 

Area in 1979.
 

gNo.of Households being	 TotalVilIlIage 

Lisu Karen Chinese 	 Thai
 

-1. Lisu '.1a.e !Iuan, Luhq 13 I - - 3 

14 1 1I IC2.Lisu Lure 

. Klanq (Chinese) _ - 4 4 

i 	 13 134,. Kec Leke 
- 10- 1
5. Lai Tung 

- 10 11C. Huey ai 	 -1 

- 3 3 _
7. Hua Ponc 

- 5- 5*. Pani Kam Pr 

7 -, - 7
9. Kum Sa 

10. Pra Jesus 7 - 1 8 

- - 2 7
11. 	Pong sa 


22
22 - 12. Pang Tong 

-	 17- 17
13, Pong Tag 


14. Kun Hicy .on - 12 - -	 12 

1 3
UE. Huey !on Pano Mai 

2 2 
16. Huey Nn Pang !oi 	 .
 

17. Huey Pra Chap - -	 26 

_ - 6
:13. l!uey "ac, 

- 1 16-1
1. Huc Loa 
4 - - 420. 	 rang Ton 

- i 2 - 221.ran ;ue 	 

22. 	 Karen Mlae Muarg Luang -O -, 1 30 

16 - 1 1723. Ban 11pi 

27 173 5 	 49 254 
Total 

recn C.f, 66.1 1 2.0G93 100eI 


Source : Field Survey, ..... 
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Table 2 Ace distributinn arc sex rf the 	Populaticn in 

Huai Thung Chor Area in 11.79.
 

Number
 

16.5
 

5 -9 '17 15.1
 

9 13.1
c: 1 
.5- 19 	 ].47 10.0 

107 7.42C . 2,1 


123 	 8.5
25 2.-
5.7
30- 34 


71 	 4.9
3f - 3? 
53 	 3.7
me
.- 44 

4c. 4	 4.3
45 - 69 

-	
* 

,15 	 3.150 - 54 
2.6
55 - 59 	 34 

31 	 2.260 
37 	 2.6
65 and over 


No ansvier 

1,43i !00.0
Total 


Sex
 
- . l e 	 4'651.6
 

- F el d SurveyI.5 

Sources :Field Survey, ]979.
 



Table 3 Distribution of Age of the Population in
 
Huai Thung Choa Area in 1979.
 

Age 


•-10 

10 - 19 

90- 2P 

30 - 39 
0- ,o 

50- 59 

60 and over 

Me answer 

Total 

Sources : Field Survey , 1979. 

Number % 

453 31.6 

336 23.3 

230 16.0 

153 IQ.6 

115 8.0 

79 5.5 

68 4.8 

4 0.3 

15438 100.0 

Ttble 4 Distribution of Ace of the Heads of Househclds in 

Huai Thung Choa Area in 1979. 

Age Number of Households % 

15- 19 

20 -24 

25 - 29 

30  34 

35 - 39 

40- 44 

45 - 49 

50 - 54 

55 - 59 

60 - 64 

Over F5 

1 

6 

35 

30 

K! 

25 

36 

26 

26 

13 

18 

0.4 

2.4 

13.8 

11.8 

15.0 

9.8 

14.2 

10.2 

10.2 

5.1 

7.1 

Total 254 100.0 

Source : Field Survey, 1979. 
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Table 5 	 Distribution of the Household Size and the Average
 
Household size in Huai Thung Choa Area in 1979.
 

% of the grcupHousehold Size 

Lisu 'Karen Thai Total* 

1-2 memners/llousehold 7.4 6.9 it',.2 9.0 

3-4 members/household 22.2 28.3 ,,.5 27.6 

5-6 members/hcusehold 22 2 28.9 2.6 .3 

7-3 membnrs/household 25.9 23.7 10.3 22.4 

.-10 memr ers/househnld .4.8 9.2 6.1 9.4 

Over 10 members/heo;xehold 7.4 2.9 2.0 ,3.1 

100 	 100
Total 	 00 100 


fNo of cases 	 27 173 I 9 254 

Average size/househlrd 6.24 5.64 5.03 5.57
 

sD 	 I 2.597 2.32 2.29 2.37
 

'
 Source : Field Survey, 10.7
 

• Ircluding 5 Chinese hcuseld.
 

Table E 	 Ability of Cormunicate in Northern Thai Dialect of the 
Head cF the HOusehold in Huai Thung Choa ,.rea in 1979. 

Cannot communicate in northern Thai 3.9
 

Dialect
 

1.2 

Can crronunicate in North-rn Thai 8i.3lct 

with some difficulty
 

Can communicate in 'orthnmrn Thai Dialect C6.6
 

Understand 	 sirrle Northern Thai 

Total 	 100
 

Source : Field Survey, 197.
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Table 7 Education "f the Head of the Households in Huai Thung Chca 

Area in 171. 

No cducation 


1-4 year education 


t"ore than P ycrr ee'c',tirm 

Total 


Source : Field Survey, 1979.
 

% of thc Group 

Lisu Karen Thai Total 

I1§ 85!4.5 54.2 


0 3.5 45.9 11.2
 

0 1.2 0 0.8 

i00 10) 100 100 

Tatle 5 Highest Level of Education of the Memherrs in the 
Househfld in Fuai Thun Chea frea in 1979. 

List' Karen 

No education 

1-4 year educatinn 

11ore then 4 year educaticn 

Tctal j 
I 

33.3 

7.4 

100 

559.37.3 

36.2 

6.4 

100 

Source : Field Survey, 197. 

% of the Group 

Thai Total
 

2.0 46.4
 

73.5 43.2
 

24.5 10.1 

1-0100-
__________. 

Table 9 Settl.i,!ent neriod in the Village of the Households 

in Huai Thung Chna f rea in 1.70. 

flerir- of Settlement 

i 

-3years 

4 - G yearsi 

7- 9 years 

10 years and over 

N( answer 

TotJ i 

,
Source : Field Survey, 1979


Z of th up 

Lisu Karen Thai Total* 

29 15.0 1G.3 16. 

14.5 4.0 8.1 5.9
 

3.7 3.5 4.1 3,5
 

41.4 66.5 63.3 63.4 

A0.1 10.9 8.2 10.6 

1 f 10 1{.0 100 

* Including 5 Chinese households. 
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Table 10 Type of the Houses in Huai Thung Choa Area in 1979.
 

One story built on the ground 


One story built on stills 


Two stories 


ro answer 

Total 


Source : 	Field Survey, 1979.
 

Frequency 

47 18.5 

201 79.1 

1 0.4 

5 2.0 

254 100.0 

Table 11 	 Type of the Poofs of the Houses in Huai Thung Choa
 
Area in P-79.
 

Frequency 	 %
 

Irnerata Cyl indica 	 72 28.3 

Tc -p Tung 	 1G4 64.6 

alvanized iron 5 2.0
 

Tiles 8 3.1
 

,other matcrrials 2 0.8
 

No answer 3 1.2
 

Total 	 254 100
 

Source : 	Field Survey, 1079.
 

Tab*±ic Tyje c, .;,w Palls of the Houses in Huai Thung Choa Area in 1979. 

Besten Ram{ oo 

Woven bamboo strips 

Wooden planks 

Bricks 

Other meterials 

No answer 

Total 


Source : Field Survey, 197r.
 

Frequency 

12 63.8 
35 13.8 
47 18.5 
5 2.0 
1 0.4 
4 1.6 

254 100.0 
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Table 13 T5,pe cf thle Flcers of the Houses in Huii Thung Choa 

Area in 1979.
 

Frequency %I
 

25 9.8Earth. 


Some Part being earthy and Z3 9.1
 
srme bein bar!-,nc.
 

Bamoo 1.56 
 61.4
 

I'oodn ,'larks 37 14.6
 

Other! materi al s 3.1
. 

No ans ,cr 5 2.0 

Total 2,14 100 

Source Field Survey, .979. 

Tahle 14 Fire wood used by ethnics Prrun in Nu,.i Thung Chea fArea in 1981. 

Tribes Volume (m3)/household/year
 

Karen 17.12
 

Lisu 24.40
 

Thai 11.94
 

Source : Field Survey, 1.31.
 

Table 15 iain Cccupation f the Households in Huai Thunr Choa Area in 1979. 

1 of the Group
31-
Occupation 
Lisu I Karen i Thai Total 

Rice faring 66.6 8..0 79,.6 83.5
 

Vage employment 7.4 4.I 0.0 3.9
 

Flover orciinq 14.8 4.0 0.0 4.3
 

.1iandnroductiCn G.0 0.6 I.4 3.9
 

Others 11.2 1.8 2.0 4.4
 

Tota " 100 100 100 100
 

io.of cases 27 173 119 254
 

Scurce : Field 'urvey, iP79.
 
*Includinr ' cases ef Chirese hcusehrlds.
 



Table 16 Croppinq Pattcrn in the Surveyed Area in 1979.
 

CVof the Plots Cultivated 

Cropin Pttern Lisu Karen Thai Total* 

Upland rice only 21.3 19.9 22.5 , 20.6 

Paddy rice c.nly 8.5 51.7 55 47.3 

IMaize only 12.8 0 0 1.5 

Upland rice + Maize 14. 1.F 0 3.1 

Upland rice + Garden 2.1 6,9 0 4.9 
cors 

Upland rice + "aize 
+ garden crops 

.1.2 5.0 1.3 4.1 

Flowers 23.4 3.1 0 4.9 

rMang 0 8.0 15.0 8.5 

Opium G.4 0 0 0.8 

Others 6.4 3.5 6.2 4.3 

Total 100 100 100 100 

N.o of plots cultivated 47 261 0 389 

Ho of Pruseholds 27 173 49 254 

Averave No. of 1.7 1.5 1i5 1.5 
plots cultivated 
per household 

Fource : Field Survey9 1079. 

*Including Iplot cultivated by a rIhinese household 
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Table 17 Pericds of Present Lend Utilization in Huai Thung Choa
 
Area in 1979.
 

.'Years that Present 

Piece of Land Have 

Been in Use 

Frequency% 

1-2 

3-4 

5-6 

7-0 

.10 

11-12 

Over 12 

115 

26 

23 

12 

20 

5 

193 

29.2 

6.5 

5.8 

3.0 

5.1 

1.3 

49.0 

Total 394 100 

Source : Field Survey, 1979. 

Table 18 Distribution of Total Household Expenditure by 

Ethnic (rmn in Huai Thung Choa Area in 1979. 

Total household 
expenditure (baht) 

C- 6,0C0 

6,001-12,000 

Over 12,000 

No answer 

Total 

u 
Lisu 

29.5 

4(.7 

29.6 

0 

100 

Karen 

71.C 

20.2 

5 

2.3 

100 

Thai 

55.1 

30.C 

14.3 

0 

10n 

Total 

63.9 

24.5 

10.0 

1.6 

100 

Average 
expend iture/househol d 11,177., 4,P.19.3 7,109.0 6,081.5 

Source : Field Survey, l79. 

*Mot Includinq 5 Chinese bruseholds 
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T b2L i Pattern of I-usehold Expenditure in Huai Thung Choa Area by Ethnic Group in 1979. 

Average 
Experi-
ture 
on Mil1ed 
Rice p~r 
anmx 

Averane 
Expendi-
ture 
on other 
food per 
annum 

Average 
Expendi-

, ture 
on 
clting 
per annun 

Average 
Expendi-
ture 
en 
medical 
care 
per annur 

Average 
Exrendi-
Ture 
en 
cere-
monial 
junction 
per annum 

Average 
Expendi-
ture 
on 
Liquor, 
gambling, 
cifa
rettes etc 
per annum 

Average 
Other 
Exnendi-
ture 
per annum 

Average 
Expendi-
ture 
on Fixed 
Assets 
per annum 

Average 
Total 
Lxpendi
ture 
per annum 

Liso I, . 3,443.0 1,F1.7 195.0 1,577.4 73.0 1$U:.8 1,421 11,177.8 

Karen 1,3 ., 1,232.4 5 3.5 207.0 297.0 651.fC 51.2 562.2 4,819.3 

Thai 7 I,27.7 0.8 167.0 3.0 7GG.O 137.5 1,380.9 7,109.0 

T tcl 1,4V".8 1,537.4 607.0 1-%.0 450.1 6C7.0 81C.4 6,081.5 

Scurce : Fisle Survey, 1979. 
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Table 20 Averace Rice Production (tang) per household for the
 
Househorlds in Nuai Thung Choa Prea in -1979. 

Unland Rice Paddy Rice 
 Total Rice
 
PFroduction Producticn I Procuction 

(tann/househicle) (tang/household) (tang/household) 

Lisu 13 .O 36.67 
Karen 5,. 13 109.75 i 118.67 

Thai 2.W14-31.23 1335. 95
 

Total 74.f
1 ;..G55 	 126.80 

Source Field Survey, 1?79.
 

Table 21 
 EstimaLes of Av ranr Rice Adequacy for the Households in Huai
 
Thune Choa Prpa in 1979.
 

(Per cent)
 

I Estimate 1 1 Estimates 11 

Lisu 64.C 49.0
 
Karen 
 74.0 82.0
 
Thai 70.0 76.0
 

Total 
 69.0 	 69.0
 

Source 	 Field Survey , 197.
 
I ' ;r ... : j ' "ci+'
11lzd Pic 

,illed Rice Production + 

Reported Purchase of Milled Rice 

2 Rice Adequacy 	 villed ice Production
 

Reported Pice Cc:;sumption
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.hle 2 1rateriil Pslss,,inr' (Standard of livini) 
fI 

.ssets 	 I Freruencies 


1. Mankets 	 247 

2. ,Aluminum Pots 	 2Vi i• 

.3. Clearing kni ves 242
 
A Galvanized iron rbate/bowls/ 23:, 


curs
 
5. lHcoc~on r'crtars arr* p'stles 	 4 


G. Hens/cooks 	 201 


7. Silos 	 187 


,. Pigs 	 177 


9. Threshing rats 	 17( 


10. 	(Sleepinc,) mts 2G4.5 

11. uffaloes 	 12! 

12. 	Home-made iuns 12? 

(slack Po%,der loader)
 

13. 	 Pakes 126 

1 . pillcs 	 24 


15. 	Radios 117 


16. 	Matr sses IC7 

17. 	Small cannr6 larm;' 92 

1F. 	 PorcJ.1ir, ,lates/noils/cuis 90 


lt,. 	'osnuitc nets 
20. 	Cows/,ul s 45 

21. 	 ''atcles 36 


22. 	"cvlvers 34 

.3.~ Lcnc mortars an .,tlcs 	 ,0 

2I. 	 Horses L, 


25. 	Sewinn nachines 16 

.G. 	"otor '-icyclers 1 


Sources : eur, ,- , 1i7 '. 

v-r-I 

Percentages
 

'.. 4
 
97.2
 

9..F 

89.2 

12O.0
 

74.5
 

70.5
 

70.1
 

53.8
 

51.4
 

50.2
 

"9.4 

46.6
 

42.G
 

36.7 

35.9 

I23.1 
17.. 

14.3 

13.5 
11.,0
 

7.9 
6.4
 

0.4 



V-7 HIGHLP.rD AGRICULTURAL 1JND COMU'MITY DEVELOPMENT 

by 

Suradej Puranapun
 

"Caejo Institute of Agricultural
 

Technology , Chiangmai
 

1. Introduction.
 

An upland oatershed in remote northern Thailand has long known as
 
critical area reflecting the national agricultures, socio economic and
 
national security. The basic objective of the watershed management is
 
thus, t Keep or maintain trose areas as permanent completed watershed
 
as possile. This vwould te included a maintenance of optimum quantity
 
and quality 6f 'waterregime and protection of soil erosion.
 

Cenerally, the area of good watershed has to have sufficient
 
plants covered with density of 7(% or more in the area. Varieties of
 
plant could te any kinds ; forest, agricultural fruit trees or even
 
grasses. The forest hciever, is considered as the best for good water
shed, though such comrleted ilatershed may find with difficulty in this
 

rart of the country. This is just not only because of problem on defo
restration for illicit timbers, but also the problem on rapid growth in 

ninor group of peoplp known as 'hilltribes' , %ho have in tJ main 
irrated south from China and eastwards from Burma. The ncrthern hill

tribes population also live from all kinds cf agriculture include a
 
swidden opium po,.y cultivation- They would cultivate all unoccupied
 
land that it was canable of using for as long a period as it desired.
 
Phen the fertility of the lend has been exhausted after a number of crops
 

more
had been cultiated on it, the tribal growers would move to a 
fertile areas for their cultivations. Such typical move in the hill

tribe people would lead to the problems not only on reduction of land 

fertility and erosior of the soil surface, but also on vatershed:"and 
national resources destruction as a whole. Itcomes to the question 
of how to step those people doing so akid bring them together to live 
in one partirular area farming on whatsoever the states recommendation 
to implenent a programme on watershed management. These would be
 

included the development of iUdividual villages land and their socio
economic pattern. Oodern tcchnical-koovledge on agricultural extension
 
cotild he used as a tool applyinS to the areas urgently and seriously in
 

hope of to stop deforestration and watershed destruction.
 

2. General conditions of ncrthern Thailand.
 

2.1 qeopraphical conditions.
 

The northerr area of Thailand lies between 15-21 ON.
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Sq.Km.

latitude and 97-102!E longitude covered the 

area of 170,000 


area of the country.
which is accounted for one-third of total 


The specific boundary is as follows :
 

and.
 
The north boundalies along the River Khong, 

Petcha Boon 


Thanon Thonq rhai mountain ranges are the east 
and west bcundrspec

south bound reaches the area of Chainat Province.
 tively, whili the 


2
 
The north-rn area may further be devided physically 

into 

be
 

rarts ; lower north and unner north, in which only the 	latter will 


concerned in this paper.
 

The covered area of the upper north comprises 
9 provinces
 

namely ; Chiangrai, Chiangrai, M'ae Hong Sorn, Tak, Lum Poon, Phrae,Nan,
 

The tctal area of all 9 provinces is about
 Lum Pana and Phayow. 

105,000 Sq.Km. or 62% of the total area in the whole northern part.
 

The area may be devided into 3 different parts 
; Low land,Upland


2
 

an estimated area of 9,3G5 Sq.K. for Lowland,31,43

and Highland, with 

Sq.Km. for Upland and (4,2'9C Sq.Km. for Highland. It is cleared that
 

of the
 
majority of the land area is in Highland part, inwhich most 


Usually those Highland has an altimountainous watershed located in. 	
mostly

tude of more than 7CO metre with degree of 
slope above 	20 and 


and
 uses of the land-are orchard, pasture 
are rolling. The principal 

economic forest unless effective structure 

of soil and water conserva

tion being applied. The higher elevation area would be left as 
water

shed and/or economic forest, national park and wild life conserving
 

area.
 
most
 

flost of the highland in this part is considered 
as the 


Ping,
 
important watershed particularly for major 

rivers in Thailand; 


Wann, Yon, Man, Kok, Khong, Khum, Lao, Salwin, Lamard, 	Pye 
and Youm.The
 

upper north.
 
total area of such watershed is about 40% 

of the total 


.2 'leather conditions. 

area of the upper north com-
Because the mountainous 


prises of many mountain ranges lie in a north-south 
direction which are
 

barriers to block the path way of the south-west 
monsoon originated in
 

southern China
 !orc.cvi, a fepression fron Tungkia,
Indian Ocean. 
 Consequently to become
 
would tring in a continuous rain to the Prea. 


high rainfall prevailing over the whole area.
 

more than 50 mm. during April

In general, the rain is 


and October vith a monthly average of more 
than 250 mm. during May and
 

The average annual rainfall would be 1,550-2,600 mm.ln 	which
 
September. 


500 mm. higher than those in adjacent southern
 of
approximately 

area. 

average n.onthly temperature is 9C in 
December and
 

1.n 


13C in February which are t1oth considered 
lower than those in other
 

part of the country. The temperature however, may go down to zero 
or
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even under zero in some spots particularly in the bottom of the valley

having no wind. An average temperature during 1hvarch and May is under
 
24"C with maximum daily undEr 35"C, while those in other parts of the 
country, the monthly averaac is 30'C and 4."C for maximum daily
 
temperature.
 

2.3 Population in the upper northcrn area.
 

The ponpjulktion of the upper northern was 4,730,855 recorded 
in 1979 with birth rat . cf 2.4 per annur and the population density
 

was 4 rer eStY'r".
 

In regari ft thc population of the highland which are 
mostly idertified as hilltribcs; Ilae, Yao, Lisu, Lahu, Egor and Karen. 
These tribesmerp may be consicered as the most six major tribcs with 
total population as large as 8C% of all hilltribes in Thailand. A
 
rerport madc by the Hilltrihc Pesearch Centre in 175, concludes a total
 
population of 26,448 ; 'W,.74 households and 2,048 villages. Which of
 
those, Karen was the biogest group with its population of 159,092, the 
other were 'lae, Thin and Yao with their population of 30,519 , 23,397 
and 21,074 respectively.
 

The provinces that have largest number of hilltribes
 
are Chiangrai, "ae Hcnt, Sorr. and Chiangmai. In faot, the hilltribe 
peeple arc heirr! scattered ever 58 different districts ; t'ae Chan 
district of Chiangrai, , ac Earicng of [;:ac Hong Sorn and Om-Koy in 
Chian'mai ir which ea,,ch of these having tribal population over 25,000. 
The areas that have hilltriles population hetw;een 10,00C and 25,000 are; 
ruang district of Chiannrai, Mae Jam (Chiangmai), Pou (t'an), Muang and 
Fye (tac Honq Sorn> The Sorg Yang (Tak) and Lee (Lampoon), 

It is not urusaul that the move in many hilltri!,es 
oftenly occurs both within Fnd from outside country, making difficulty

in surveys for precise number of ropulation. However, the Hilltribe
 
Welfare Centre in Cianomai has recently reported a total population of
 
6 tribes ir !;.rcvinces of the Lpper north as shown in table below.
 

Table - 1 Number of villages and population of six major
hilltribes in northern Thailand recorded in 1979. 

Tribes No. of Villane Total population Percentage
 

Karen 1,3:5 161,664 64,25
 
M!ae 134 30,519 12.13
 
Yao 144 21,074 8.38
 
Lahu 140 16,9E., 6.74 
Lisu 31 11,2 C 4.47
 
Egor 20 10,152 4.03
 

Total 1,.34 251,629 100.00
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Since a larre number of hilItri'e population lives 
scatterly cvr the remote Iurtainous area with a low standard ofiC 

living. ; pcverty, poor heaith, lack of education, etc. which is there
.nrcklimson national resources destruction,fore leadin to the 

national securit', and illicit opium pepry prccluction. These problems 

are indee necde' to ie raccvered urc.ently and seriously by states 
authorities.
 

Pnc cfan ir-:,&inc that with a lar,. number of as many as 
kinds of300C hilli:.ries in the ,..atershed area living from all 

anri.ulture incl,,,4.iIr.,if -inQ Opiuri cultivation .oculd lead to a land 
that have biggest problem onresources ruination. The provinces 


shiftin' cultivation !ehaic6 !y the ilitribes are "ae Hong Sorn,
 
The use of shiftinc cultivation method
Chiangmai, Chi.n.rai and ipar. 


however, tended to 1,e incrased 	 in the area of other provinces; Lumpoon, 
P rerort inLumpang, Phrae and 	 A:le.cc.made 1.969 by the Rcyal 

Department ha:; pn rtcd out that the ,Juforestrationfor agri-Forest 
cultural purnosc i-as as ,i s 2.3 millioni rais (I.rai equal 0.395 

acre or r..li7 hectare) r.r.r arnur i.,ith taste cost of 200 million 1aht. 

It has been knce.n that a consequence of watershed
 
of water anddestruction always follo .;ed by 	 reduction in total amount 

its quality. This is vident frori deficicncy of water regime during 
dry season,while excessive 'ater Trcvails in wet seson. The amount 

of water from Pine, 'Yn-,Ycr aid Na, that flown irto the Chao Phaya 
Fillion cubic metre w'hich is compatible
Fiver recorded iv. R'71U.as 2i 

to the averaoe of 22 Pillior cubic retre recorded at Chainat Pair. during
 

19U7-1.,. It is boiived that th,- reducticn in the water quartity
 

.eing suffered from ha-Zjrd deforestration as the main. Flood is 

another -rohler .ttackin- acricultural growinq crops, physical land 

status and socio-econori," net only in the region but also in other 

parts of the country. the .xcessive water and soil erosion that 

basically cauecd i'y 14.Forestration alse induce water pollution with 

low water quality, a refcicncy of oxygen. Consequently to make 

troublesome ovr in lano a'cuatic lives. 

3. Programrm for in-ividual -iatershed development based agriculture. 

remote
Perhans a dforns,.retion and watershed destruction in 

northern Thailand that caused by hilltribes may seriously induce 
protlems not oniy on lawd rcsources ruination, but also on the nation

vwide scric-econoric dj;.:;er. The hilltribs -;ho live in such remote 

area have been knot'n as und,-r developed minor group people. They. are 
he,ith;, hungers and easily encouraged, to (10lo." in educati.n, !oor 

i:clu,e" -rcducin, opium roppy 	 (Papaver somniferum ).things illegAll., 

Indeed, in the opium rnoducir.' vill, 'es, opium is kept in the house

holds for 'heir ofn cc.r.mptic~j or to .e used as ',aoes for addicted
 
opium as a drug forlabourers. The hilltri:<. cople often use 

treatment of illncr-es ,nd , . ,sychoactive drug fr anxiety and
 
for recreation of irdividuals on their
depression. Tt is als? u!.s: 

own and for social aciivitv of r'roups. !,oreover, t:;- political fight
 

of the minor group of i)eq-ie aqainst the crown -:iovrnnent and among
 

the minor c-roups themselves arouej Thai border is apparently to be
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related to an -rium .r . The produce of opium may be sold for cash 
to buying focd and nrr !-caTcns, or use as : budoet for arms grour 
estaLlishreni. It !'ay f,.n use as a direct exchange between opium 
and kinrds of ',anon. IL is also believed that the production of the 
opiun r.o'.y will never be wirec out from this part of the world as long 
as the political movement around the Thai border still Le in action. 

%cstof the '-illtriLe groi.:rrs may Lo considered as true' shif
tinr. cu'ltivaters' ti h tme aim of just not only the production of rice 
and ether crors w!hic; ve their subsistence neer's Itut rether cf opium
i.o ,y-roducvicn. .:ulC -.ultivate the cl.:r," fertile lands for 
some periocr, then rove. te cther places after Ths fertility of the old 
ones h ,asi exha.!t.v rereated cultivatiorn. They ray shift a 
!.un(dred or 

. 

more square ki(ier.tro in onE. move'ient particularly, to highlano-s 
above .1,000 mctre arz! .s Hi,: as 1,60CQ metrf al"bove mean sea level. 
Such movement ray start frer. in<ividual local v Ilaaes. The villagers 
may firstly shift the !nv end farn in approximity to their village 
site. If th-. penulation ii,-rlhich a croup settled is large., they will 
later farm furt:.,r away. Their secondary houses may be needed in the 
fields where tVeywc.rk, hui. the. First.ores still eing raintained 
during slack peried and t times of festivals. ,1s t!,h: distance from 
villanr to cultivating ar,-a increases, the seconid'ary houses will be 
built to a better standard and may often.become the only houses. The 
original ones may leave behind for e.erations .,r others. After a full 
nrowtl, of houses over t,';, villace territory, the next step is that a 
Sroun of villagers will bc, .ay from the village searching for a new 
land to settlr. New,, cor,-,,r7thcns v-I then he gathered in new places, 
and the process of such -'vcmcnt rill be repeated endlessly in hill
tribe population. .Tn ccnsr.:cuence, the foriest l.2nds and/or watersheds 
wculk be ruined to hc ,stdiminishing as so far experienced. The 
rrorramc for individual i'atrrheds devopment and others have had to 
end the process :f tok tribal rcvement before more problems on water
shed destruction will never bc ccntrolled.
 

However, the uncultivated tracts of land that were cncc found 
sc easily no lonner exist. The problem of a iand shortage is beginning 
to he rccogiized )ythe i iiltribcs, who are graduaily evolving a rota
tional systemr of cultivatiorn that enables them tc stay inone place. 

it is 1!1,- nrr 'uction of -11,nl-.e ic ,t the opium poppy 
anon(,, hilltrihe rerple imu;lh he the main cause of serious deforestra
tion and watershed dest, ticn. The major compenents of the programme 
for individual 'catershcs dE.vlonment bascd a-riculturc would include 
a progrlrme for cro ,-,placcrcnt nd community development ; new intro
duced crops rcsoarch, cultivation of premising cash crops, extension 
activities, pasture: and livestock improvement, etc. 

Elimination cf opi,;r poppy cultivation and introduction of 
modern aricultural t,,cn,.1cgy and alternative crops into the remote 
northern highlind ,culk : xtrer:.ly beneficial not only tc the 
northern hilltribcs and of -crairder of Th:. iniland, Lut also to the 
tern.aticnal corunity, ELronc and to the Unite' States of America. 

\'V-7-5
 

http:xtrer:.ly
http:tVeywc.rk


Since a firm basis cf agre-technical kini,IlIne and experience 
zbout the highlani is a -r:reo-uisite rF thc sjcces-rlI ini-Icmcntation 
cf a pronrarre designed to zc-ieve those oDjcctives~concerning agencies 
urdrr the .eyal Iort'ern Prc'gra.ne have included the setting-up of 
seyeral research, projects. There have been established with the assis
tance of national ard international aoencies and arc directed by the 
righland '.-ricultural lesearch Cocordinating Committee (12PRCC). A wide 
ran.e of crors ierc tried cut at varying altitudes in order to 
estahlish which crops w.r: rost svited to each altitude. 

The a' ount of agjrc-teclrnical knck.edge ta - has beer, accumulated 
fro-i these researchos is "i,sufficient te permit the implementation of 
farming -ethods in a syste!:?tic manner. The Jetailed information about 
the t zpes of crops and methcds of cultivations w,:hich would be ap'pro
rriate in the Royal f:- Kharr! Pesearch tatior.and clsA.,here-vould be 
used as the basis for Gle 'ronramme on cror, r,-:,acement and community 
development. 

3.1 The 	 Hi,'-.land PAcricultural Develcement Programme to Replace
OpiQr. Iased fgricuiture. 

P.so-called 'The Highland Agricultural Development 
Prrgra~mre to Perlace tpium Paied Agriculture' is one of the r:ost effec
tive prograrres in extendin('the results of the highland agricultural 
researches and ethrr improved agricultural prtices itIto individual 
V'atersheds to eliw.nate oriur, opp * Wnd to irprove the 
standard of livino in hilltribe noPl)aLion. 

The detailed statement of work in the programme may

i ncl tide. 3.i.1 Estaf.lish extension project headquarters in the 

individual key village area, employ rer'onel and collect necessary 
raterials and surnlies as needs to accomplish project cjectives. 

3.1.2 ,,ake a socio-econ.ic and soil survey of the 
extension project area as a base for effective planning and evaluation.
 

3.1.3 ,- .I triba.l eople to define thirprotlens and 
needs and then jrintly det'rnine goals for the extension project. 

3.l.I :'rcvide in-service training for village exten
sion aqcnts ,n exteni.ioi -thods, soil,.crop and animal technology and 
far manzf-em.ent skills P, needed. 

3.].E Fstablish denonstratirn areas on tribal farmers 
fields consistini of the following : 

3.1.51 imrrovw._cultural practicr, rf basic 
food crop s (cereals,leguumes and 
vegetO 1cs) 

3.1.E.2 	 estahl-ish cash crr rs an6 demonstrate 
their culture with e.rrhasis eh'high 
return cash crops such as coffee,deci
duous fruits, pyrethrum, chrysanthemum
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tea, flower seeds, vegetable seeds and
 
strawberries.
 

3.1.E.3 	 rovide systomatic farm plafining, farm 
layout and cropping systems (conserva
tion, rotation,multiple and inter-_ 
cropping 	systems).
 

3.1.6 Provizle for various kinds of effective training 
rroirarmes for tribal farmers to complement the farm demonstration 
plot training. 

3.1./ " ultiply ov and/or imprcdvw crops nct available 

locally on tribal growers fields as needed.
 

3.1.8 'velo, a marketing system, involving tribal
 

reople, to handlc arricultural commodities to be sold from the cluster
 

village area.
 

3.1.9 Promote the followling activities-:
 

3.1..E.1 	 adult leadership. 
3.1.S.2 adult literacy. 
3.1...3 Youth group. 
:3.1.f.4 Cooperatives. 
3.1. .M; 	home handicraft industries. 
3.1.f.C 	Conunity healths and farmity planning 
3.1.9.Y 	 treatment and rehabilitation of
 

narcotic addiction.
 

3.1.10 Evaluate with trilial peo ile and project staff 

rrocress tovard established joint goals. 

In regare. tr the "aejo Institude of Agricultural Technology,the
 

Hihland 	Agricultural ' evelcpnent Project to Replace Opium Based Agri
; Can Thung Luangculture has been conducted it two different locations 

in Chianamai and Ban Pae Pun Luang of Chiangrai. 

The prcject has for rly:d'esined as a follow up subproject to 
the royal "orthern nevniopment Programme, which is aime,d to improve 
arricultural pnrilduction, socio-economic ard finrly to promote the well-
Wino in the inhatitants of the northern hilltribes. 

Until June, If7 r' , the project has [,een continued with major 
It vould be convenient to takefinancial assistance from tbe USDf.. 

to describe theactivities dcne only at Ban ;1ae Pun Luang fo:r oxample 
rroject pattern.
 

T!he project site of Pan ,'ae Fun Luang lies approximately 135 
among the mountain range at an altiilometers northeast o" Chianqrai 

4C degrees ortude of 3,C('0 ft. to 4,600 ft. Navinn slop:s of up to 
it,3 different
rwore. The 'project area comprises 3 villages ..


Pun Luang with, its population of 350
triboemn. The Lahu is in Ear ?Iae 
Chinese Hau and Lisu arc the local inhabitants ofin 5r hnuseheld. 
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Ean Khun Chae and Bian San Khula with their population of 25C in 40 
households and P' in i -uehlIds respectively. The walking distances 
frc, rne villane t c !r.r an oxirately 5-7 ks. %ith earth track 
Plong the !hillsie.s. T.c CLUltivatinr arc in er.ch villanc beine 800 rai 

nr "ae -un Luang, 4C0) rai at Pan Khun Chae and 200 rai at Ban San
 
Khula.
 

The si;.c nf -1.. nr-'jcct Neadquater however vas selected at Ban
 
Fe Fun Luang i.,hich s once consi-ercd as the largest area for a

sv'iddon ,rium cultivatior. ;1ronn thcsc villages. Cf which the majority 
of n, is considered ;( steep slope and the soil is derived mostly
from canite -arent nater;-1 having light textur ,)n-! porous. Climaticconditions is nor.nally sul-trcpical ith tornperature during some pericd
noes do;,n to "C or iess an,' often riaintains at 7"C in cool season.
 
Frevaiiirr 
of" frost ,Ta' r.cctr durino iinter but r,ther in short period,
in places %,itthotit,,inri ac t:e lreas at the dce, bottom of the valleys.
The Drca is nften prevail. '..'ith !irih rainfall durinj v,;ct season. 

The deft-restration -rd i-atershed destruction caused by the hill
tribe population, lun a ,high denree of slcoes, a porrus cf the soil
and hin. rainfall coul" . the main causes of soil erosion, reduction
in soii Fertility an" ruination of watershcd ecosystems. The project
is thus, set for elii't r. of such sericos prollems and help the local
people to reach a better standard of living ; earning high income,having

good health, attendinr, co;urses -r literacy, etc. The project activi
ties however, ray he siw-marized as fol' vs :
 

1,t the start of the project, a land of about 12 rais at

Fan ;ae Fun Luan- k,'s off-rcd htL villagers for estaLlishment of the

rroject hcadruarter and demonstration plots. Fiv units of cottage

have alrc.-.x', heen built in, the riven 
area. Of 1..hich three of thc:.,c

h-ave been used as stiff accommodation with capacity of 15 persons, one
 
store housf nf x one 6
- metr,:, ard x ( metre temporary office. A
reddish. lrr,,,n lateritic i- e soil characteristic typical to the area.
Obsr.rvation made )roa- alsc indicatedon plants a severe deficiency
symtnm of ,hosrhorus . other trace .'lemurts. ater condition is not
really problem in the orca. The three i!chcs *';mter of PVC pipes have 
treen laid from a sm,.ll Cnstructed weir, a few huttired Iretres in distancefrom the land. The w.,atrr srp!', ',ould [e usedJl r'i,, village ccnsuirp
tioe: and irrifatien u " ;,s. 

it wev; deciecd to use this area as for introduced cropstrial and dcronstr:tie purposes. trodern technrie'y on soil and .;aterconservation for examrle, has firstly been put into the area. Hethod
of intensive cropning eing conducted on bench terracing and hillside
ditch constructed lan,' usirr some basic fee.d crops (rice, cc.rn.and
venetbl es) and/or irre ,nrorising cash crops (coffee, deci.:uous fruits,
v-eqctnhle sceds and str-t.+erries). It is riot only because of an in
creased problem on land shrrt.ice as recognized .i tie hilltribes, but
intensive cropping also givs hi'h rct(irn and rakes more income to theCrowers. This ;.'culd lea;i tc the change in tribl attitudes from their
typical shifting c'uIlivatior practice and turn into a rodern farming
method demonstrated. 
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The successful crcps developed 5t -the site also include 
peaches, rears, persi-n, -irricot, Lidney bean and vegetables (carrot,
chinese raddish, etc.) could Fe usce as replacerent crops in the pro
fr'rn. -. r.riv',r, orn demcnstr.tirn of cropirg systems and modern 
soil conservation rctic las alsr- been initiated in the farmers
 
fields. The trial, ner,-VJf alays encour.q9d to believe that all 
activities .,ere "-art rf ,le 'village activity.. The individual 
crovers ,ere ilso encrace.' tr try nut new introduncd crops and lives
trl'k i r t!-ir ow.rn r f ,'i2! any lcsses ein.S;-rrnc by the Pro
ject ut onefits going- to frrmers. In aduiticn, project-w f,- the 
,.Isrr prrrlided -r'e sr"i-ic .r~eunt oF nocessary agricu' tural facilities; 
Flant serdlings, ,er V-zr , etc. tc; the villa'rs wr' keen follow the 
rrrject activi ties .nd r,' th,.eives l:usy in e , l,.nds. The 

,vi1lager. . worr oncp toP) tb. t such -pople woul. he ,u. in prior lists 
for !cll. 7:.nse!! nIv, .rr1 anrc, 'crc request, for theI project demon
stration -ctiv iti s hi. 'ut n cther trihal lencs as sc far 
(xperienc~c.. 

fAs ones 1.n ctev-r, mr.st of the hilltribes are less 
in education nd alw:.!ays sic'" ther,selvcs to thn r'nffashion of living
1,hich is not easy to r"_:e ch-ange in their attitudes and turn into a new 
su-rundin.. The .r.joct tl-vrefore has set up lan fcr 4-5 years 

t !erirr the ,rngrame.comrete 

The devel"--, rnt of viable aricu2turai economy that is 
rot dep.:ndent on opium has Icon practiced or. thc basis of improvement 
cl " ccrin:riceticin, transrnrtation, anr, ri retinq system. On the otherhand, t;. marketinq sect';. under the royal .orthern Programe will 

,-lay a mrli on srlli", .st acricultural items nroduc. fr, the site. 

Tn r.roi(ing a .more static income to th villagers has 
teen made on tie mfnner of irrrvr..nt of villa,.e roads and marketing 
system ir ton.. 

DeveInpment ,-F village :cio-economic status ad promo
tion of tril.,al educ.2tio.n arc considered as prier ster Lu. approach im
rrovcd standard of livir- ir,hilltribe population. ,t. tVo-roomed schocl 
for children ;".s Lat,!ishe at 'an Mae Pun Luang in which all facili
ties and :xpenditures had bcen supported from the Royal 'orthern 
Project a:); rt!wr ;,'irmci C. It is Frrtt.nato that in cooperation with 
thl e rrcject, iThe sc~ioel is not-, .rar,-.fr'red to :-,e un~i:.v taken by the 
Chianqrai Provinci! ut,,oritv. 

in aoinr to complement a procrar.e for treatment and 
rehabilitation cf narcotic .ddiction, a number (f opium addicts were 
sent fron' th; site f.r to the iospital in Chiangmai.
The accomplishrent .i,,e; from such treatment is evident from a 
rnarkedc decre.se in numher e,,f iddicticns ir, hilltribe pcpulation in the 
project area. Pcrhaps t-,e tse of opium for illness treatment among 
billtrit~es m,- he cri, of i;: reasns for addicl.io.,n problem. Two young 
villaecrs frci. Pan llir Fur! Iuann were selected e; larticipants for 
t'asic nurse i;raini in ",;ian-rpai. 'The trained: p.: ricipants are 

-ercifictien 
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supposed to learn the general know-how of some basic illnesses and
 
their medical treatnents after the course is over. Also, the trained
 
boys could beriefit from th-ir newly acqui red medical knowledge when 
they return home. It isalso believed that any serious problems on
 
opium addiction will certainly be recovered in the near future.
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Section VI
 

CASE STUDY COUNTRY REPORT 



VI-1 CASE STUDY REPORT - SRI LANKL. THE UPPER MAHAWELI CATCHMENT.
 

Mr. Malcolm A.B. Jansen
 

Watershed Management Training Course, Chiang Mai, Thailand.
 
May 25 - June 8, 1981. 

In Sri Lanka, like in most South East Nations, the socioeconomic 
dimands of an expanding population are generating basic needs for additional
empl.8ymnt and increased agricultural production. The present agricultural
activities ha,, continued to he insufficient to meet the food requirements
of the growing population. Recognizing these problems the Government has
 
in recent years sponsored a series of studies for planning and promotion 
of socioeconomic development in the country.
 

To increase agricultural output it is concluded that the chief
 
limiting factor was a reliable water supply. Further, the fact that there
 
is comparatively small amounts of land suitable for further agricultural

development in the wet zone of the country made it necessary to focus
 
attention to the Northern and Eastern dry zone areas where considerable land
 
resources are still available for agricultural extensification. However,
 
neither rainfall nor ground water supplies are believed to be adequate to
 
support a substantial programme of additional cropping in the dry zone.
 

Consequently, in order to accomplish agricultural expansion in
 
the dry zone, new irrigation schemes have to be developed. Thus logically
because of its size, the Mahaweli Ganga has become in recent times the focus 
for the planning effort that had been directed towards increasing agri
cultural production. 

The Mahaweli diversion programme includes a scheme to provide irri
gation from the Mahaweli Ganga which will enable the development of 360,000
hectares of new and existing agricultural lands in the dry zone, the con
struction of about a dozen large reservoirs to generate 460 megawatts
hydropower and the settlement of over a million persons. The entire scheme 
encompasses about 39 percent of the island and 55 percent of the dry zone 
and was started in 19V2.
 

The lahaweli Ganga drainage basin has a total area of over 4,000 
square miles and.i$ the largest basin in Sri Lanka covering about one sixth
 
of the area of the island. Almost all the important tributaries and the
 
headwaters of the Mahaweli Ganga rise in the core of the central highlands,

the latter rising in the vicinity of Nuwara Eliya with elevations ranging
from 1,200 m. to over 2,000 m. The river itself rises in the Hatton Plateau, 
a formation to the south west with elevations ranging around 1,400 m. The
river then flows north from this plateau until it curves around the town of
Kandy in the Kandian Plateau at an elevation of 500 m., it turns and flows in 
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an easterly direction before crrssing the wt zone boundaryat elevation 
of approximately 100 m. and then flows northwards for the remainder of 
its course.
 

The Highland Catchment which lies in the southern and central 
part of the basin contributes a large proportion of the tctal run-off 
from the basin in relation to its size. As such, it remains the prin
cipal source of water for the numerous hydropower and irrigation schmes 
in the ahawcli Programme. It therefore is vital that these multi-million 
dollar investments must be safeguarded by a regulated supply of acceptable 
sediment free water. 

The area of the Upper Catchment isapproximately 316,000 hectares 
with a topography that is both steep an mountainous. 7.2 percent of the 
Upper Catchment lies above 1,800 m. 26 percent between 1,200 and 1,800 m. 
and the balance above 600 m. The higher elevations have a very high
 
rainfall (over 5,000 mm. inplaces), rugged topography and the land use
 
is dominated by tea plantations and areas of natural vegetation. The
 
lower parts of the hill country have high rainfall inthe west around
 
Kandy, with dense agricultural settlement of lofg standing, but the rainfall
 
decreases inan easterly direction as. the range of crops becomes more 
Iimi ted. 

Although the Upper Mahaweli Catchment has a large variety of land
 
forms and covers a number of agro-ecological zones the dominant feature
 
affecting run-off and erosion is the very steep, often mountainous 
terrain. However, the extent of soil erosion overall inthe Upper Catchment
 
can be described as moderate, but becoming severe insome parts. Itdoes
 
seemR, however, that inthe absence of a considerable improvement in'the
 
standard of land management the situation is likely to deteriorate rapidly.
 

About 70 percent Qf the Upper Catchment isunder some form of 
agricultural usage, the remainder being natural forests, grasslands and 
forest plantations. Perennial crops, inthis case almost entirely tea, 
occupy by far the largest proportion of the area accounting for 35 pcrcent 
of the total. There has been no significant changes inthe area under tera 
in the past 20 years although a deterioration inthe crop over fairly large 
areas isevident. 

Well managed tea provides an almost complete soil cover, and under
 
these circumstances isthe best erosion control measure known. Unfortu
nately inthe Upper Catchment much of the acreage under tea isina.degraded 
state and often provides no more than 30 percent soil cover. Here moderate 
to severe erosion has taken place over the past few years and considerable 
soil loss is evident from exposed roots and other signs. This situation in 
the mid country ismuch more serious than inthe up-country tea areas, due 
to the unfavourable growing conditions inthe former. 

Tea managed to a high standard can be regarded as a very sound
 
Upper Catchment protection measure as well as producing a crop of major
 
economic importance. However effective the mature tea isincontrolling 
erosion there is always a very high hazard when new tea is planted out. 
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The Tea Rese.arch Institute has obtainejgood results with Guatema'l'a grass 
during the plantinj periods, which are cut :nd the cuttings left on the 
groun&-as-a-cover.-.-.....-.--..--,. . -

In the drier -reas at the lower elevations particularly in th 
eastern sector much ,.f the land is being used for the production of sc(asona'i 

crops qnder the system of shiftin. cultivation. Approximately 7 perco'lZ or 

the ar;a Is under, this wasteful land use practise and in recent times ..O

meCnt and cul tivtio' 'of mountainous terrain is increasing at an alarming 
rate. This is ,u to such Projects as village cxpnsion schemas, food 
production drives an' iilea'l occupation whore(1ven forest -,reas, stre'ip 
reservations -n lanu, over 30hav Len alienated. 

The U*;per COtchmrit area contains a;'out 10 - 15 percent of r.,, 
dry land cruptpin., in which crain crops, I..bacco, chilies and vegetabkles 
are grown. Those areas usually occupy tihe slopes and hills and hence have 
high erosion h~zard. The area under this type of land use has incrense' 2 
to 3 fold within the past 20 years. 

in this region which is today an important econonmiGTobacco growing 
the steep hillsides borderactivity makes use of about 5,000 hectares :on 

reing thu Mahawel'i Ganga adjacent to the sitQ of the proposed Victoria 
servoir and in the vicinity of stream tributaries to the river. There has 

whichbeen much criticism of tobacco growing in relation to soil erosion, 
also causes a depletion of the soil fertiliy.Tobacco is a short season.crop 

giving az poor soil cover in which a moderately high degree of erosion has 
part of the economic package of tobacco production. Itto be accepted as 

is believed that tobacco cultivationis one of the most serious problems in 
who buy the leaf have introducedthe watershed. The Ceylon Tobacco Company 


incentive to construct soil conservation
a subsidy payment to growers as 

measures. 

A large are(.a (10%) of the upper watershed is under horticulture 
which includes the familiar homestead gardens as well as market garden' 
types, The liomestead ,ardens occur at lower elevations in the north west 

trees.-and usually contains a rather dense growth of fruit and other In 

the best gardens a good cover is provided and erosion is limlitedi but'. the 

position is often less satisfactory where the rainfall is less and areas
 

of bare ground give rise to- eomsoil Icss. 

The market garden category comprises those areas which are in-, 
tensively Gui ivated for' the production of. vegetables throughout the year.
Nost of it is concentrated in the north central part of the Catchmont and 

also at high altitudes around Nuwara Eliya. The conservation measures used 
are very poor3 yet onIly slight erosion is evident probably dur. to the 

generally low intensity of the rainfall and the nature of the soils, 

Coconut, Rubber and Cocoa plantaticns are also formUd her . Some 
are un steep siopes with little ground cover under the trees and erosion is 
often evident however in most cases grass or ,ther crops provide adequate 

protection.
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Pady is cultivatoed in valley bottoms or on terraced slopes
throughout theCatchment and includes both rainfed and irrigated types.

i Th is As-of -littP. enros ionthreat~ 

Two main types of grassland or as they are referred to Patanas are found; the dry anki the wet Patana typFes, the latter found on the 
uplan. plains. The patanas have a natural growth of coarse grasses that are marginal for grazing and specially the dry patanas are burnt during
the dry season. 

Undisturbed Orasslands provide comletc protection against
xc.,v.o run-..:Ff ,n' rosin, hut wih n rass is burnt onil a regular

basis this is not always the casc. In somn places the wet patanas havebeen developed for livestock production which however is fortunately oflow livestock stocking. Overgrazing on steep slopes may result in erosion
problems, which is 5huwing up in certain areas. About 10 percent of theCatchment is in scrub with a scattered to growth of..boshes,,ense a feature
that has shown up only in the recent decade It is usual.ly found after
clearfelling in the forest or after shifting cultivation. 

There are a number of different types of natural woodland in the 
upper Catchment, now remanants forestmostly of the former ccver. Thenatural forest which about 23was percent in 1961 has becn badly fragmented
over the years because of the requirement for fuelwocd by the villagers,
tea factories and tobacco kilns. 
 Construction timber has also been takenout from the forest on the Reserves and other state lands. In the upper
Catchment there-are about 100 patches of timber of less than 100 hectares,eight from 100 to 1,000 hectares and only four larger than 1,000 hectares.
The last mentionc-d are Forest Reserves which are found mostly in the wetterparts. Trees c;rcwn are mainly Pines and Eucalyptus species - both exotics.
Most of the remaininj timber inthe Catchment isabove an elevation of1,525 metres (5,00 feet) and in many places the timber has ,een cut to above
the 1 25 m. elevation level. 

Where the natural forests are undisturbed and not subject to any
burning they provide one of the best possible measures for regulation of
the hydrological regime of the Catchment. Plantation fcrests however
particularly Eucalyptus grown steep slopes with poor ground
on cover offer very little resistance to erosion, intho very recent times, fortunately
the thinking is mor oriented towards soil conservation rather than solelytimber and indien,s species as opposed tc exotics. This argues well for

forestry inSri Lanka.
 

In summary it r.m;ay be stated that the upper Catchment has fourmajor land use .(groups, intensively managed lan(d comprising 51 percent of
the area, unmanaged agricultural lanC of 15%, nine percent iscovered by
forest or forest plantations which is wel' blow the permissible limit forensuring protection of the upper Catchmentand 24 percent is unused ormisused landmostly scrub, shifting cuitivation, grassland and abandonedtea. Hence 39 percent of the area of the Upper Catchment are sufferingextreme erosion, all well above the tentitive standard of acceptable loss. 
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The highest priority area for soil conservation rmeasures are the umlanacln d 
agricultural land comprising 15 percent of the Catchment, Fortunately the--:fcsi 1Ortho~j e t-the-upper e a s r;atchcons t i tutc s -,a-Iow P.ero s i on ............
 

~soil fac-'or tWhrohut t~upperCtcmn'rs 
hazard than other soils. They are deep well drained, well structured with 
good infiltration and permeability. Vet, controlled erosion can only be 
sustained under good management practices. 

The Upper Catchment is one of the most productive anJ economically
 
important areas in thc. Island and about 70 per cent of it is under somc'form
 
of agriculture. Whatever may be considered desirable from tho toint of

view of the hydrological regime the lan use situation is unlikely to chan . 

.. for improved have to reco.gnizend hence any proposal, catchment rianagement 

this.
 

Present management practices although a!-le to control erosion to
 
0 limited extent, are inadequate to safetjurd ajainst the d eri raticn f
 
the Watershed, This has been further agravate in the past by the un
controlled clearing of the forests for shiftinq cultivation and village
 
expansions and the incrLasing iutertcraticn cf a great extnt under tea.
 

The erosion control measures that have been employed in the Upper
 
Watershed have b.en by far confined to 6he tea lands, elsewhere itis not
 
truely the case. Tlhe traditional physical rrotection measure used on tea
 
lands is the "lc. anp sill" drain designed to hole the maximum amount oi
 
run-off, but llwMhg the surq1Tus to discharge i nto a protected, waterway.
 
Ltk," +I,- "lock and spill" drain many physical soil conservation measures
 
are specifically designed to store water until it has. time to infiltrte.
 
On steer, slopes the possibilities for natural surface storage are obviously
 
limited, and therefore land management practices, which artificlally increase
 
storage are more important.
 

Conservation measures employed are not .universal throughout the
 
estates in the Upper Catchment and unfortunately less common in the mid
country areas where the erosion hazard is greater since the rainfall is
 
assumed to have a higher erosivity.
 

On slop's Idss than about 15 percent, mechanical protection moasures
 
often take the form of graded or contour bunds (channel terraces) usually
 
in combination with contour cultivation. On land slopes in excess of 15 
percent in some of the better managed estates, some form of bench terracing
 
is evident. In these iinds, stone terracing, !rass hedge filters and stone
 
paving for down drains are measures employed for erosion control. However,
 
this is not aiways the case, much ofthe acreage under ten is ill managed
 
and splash erosion has resulted in considerabL soil losses. The maintenance
 
of contcur drains has been neglected and many have become ineffective through
 
siltation. Gully formation is al so not uncomicrn.
 

In thL case of agricultural lands other than in tea, the situation 
is more alarming, especially in tobacco lands where special conservation 
measures are generally absent or rudimentary. This is even so, for the 
miarket gardens which are intensively cultivated throughout the year. The 

VI-1-7
 



standard of !2yct of thc ,-!ardens is p.:,r frc-m the consqrvation an-i]::. 
very little tcrracinc can bc cbservec. Grow-rs seem mainly concerned with 
surface "'rainage and many drains between i :ds arc rut in -it very steep 
graCients. 

Various othaiv agjronomic ani conservation rniLasur's are ealplC.ytcC 
in a fuw situ,:-tic.n. These incluci practices as cover cr.ps 'r overh!.,c! 
shade, mulchLs, cultural practices such -,s we.'in: ,-.d intercrorpirnq. 
Aditional m',lures .ncountercd inclu ' -,i .nk urcsicn ccntr.l n:.,stabilizatior road ier-sicn ccntr'1 anmon others. But thise me.sures ,ro 
1imi ted in a,;l i c.tion. 

Und.r the $11 ConservatK, Act f 1951 rcsulaticns havc- 'leen f-oad: 
to protect cr.ii,! .eas which requires cho Freventicn r.f riccianical dami-age 
tc the soil, Frovw.nti, cff oultivati,.-n of erss,;n suscuptiile lands nnd: the 
employment o)f soil ccnservation practices iin cultivoted lands, the prvena.ion 
of fire and the -. Fforest;ation of egra:.cd lans. In -A,.dition the total 
banning of cl-rin.2 cF forests aLove ,525 -Uls the entire aters...7 to 
Tobacco cultivation has bC~n restricted, in rcsion hazard areas whicri 
account for 2ut 50 ierce:nt of the hin]s in the UrFer Mahawcl ic nbcr. 
Catchrent.
 

The 'effect af Lrosion in the Uprer ,l.tLrShedcf the .i'ahaweli is 
no more obvirus than in the case of the La'ke Creory at iiuwara Eliy,-.
The once clc;ar .t.iai:.r-hed lake is today subjected to. extonsivesilting. This 
is mainly duo tc th. cultivation of lar,.I 1n its catchment without a 'op
tincj proper soil conservation methods, th.e clcaring of lands in steep 
valleys, the chanin7 of crop patterns from ncrmanent to seasonal crops 
and the cultivation of seasonal crops withCut rrc.per soil conservation 
measures. 

The lEson fro;- Lake Gregory is to, a certain extent 3 fortunate 
experience, fr, it h.--s resulted in an incrcaz., imprrt, nc- , i' placed 
on conservaticr, re-asures -for the three large upstream storage reservoirs 
being built or, the Viahaweli. ExtensiVw si tin cf tnese reservoirs will 
greatly affect the irrit,ation and hydroo-wer potLntial of the Mh,aweli 
schLme. The ncw, menasures that have ben drnwn up for the p 'otection of 
the catchment of these reservoirs include the following 

i'iainta.inin2 existino Forest Rescrvs 1nd the creation of a 
buffer zone around them.
 

- The clesing3 of erosion hazard areas to cultiv.ation. 

- Reaffcrestation of nll steep and unstl;le lands and those lCnds 
with limitations. 

lhn -a- Chanjini use a more economic type of cultivation. 

- The adoptior, of conservation re-asures in to.baccc, and
 
seasonal crop lands.
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- The crzation of 2 reservoir oeri !lter of trees just above 

F.S.L. and upto 10 chains ,b,)vi it. 

- The .rotecticn of reservoir shrelin,, with grasscs, 

- Stream rcservations, silt traps etc.
 

Recent studies shcvis tha:t 71,000 nect:.rcs of the Upper Mlahaweli 
state and nou:" fcr rehabilitation. VariousWatershed ar, in a e:ra':e, in, 


Projects have conemncud or cre propose, in r.ricr to maintain and improve
 
watershed value.,
 

mnged te'a, 
grasslan,- an.- scrL, trLc crrr diversifictic.n is shcwing iood results. 
A recent'stLuy (UDP/FAO 19795 has resultcd in the creati'n of the. 

National Agr1cultural Diversification and Settlcrent Autho rity (NADS4",4)j 
" ,' tfe Worl ,.,nk The puripse rf this bcdy 

For the lare are:s of band,.ne. , I,.,-rly 

with funds nc. tiAtt.. thruush 
is to broaden the vricultural ba-se Ly incruas, c,.iiversifie, total value 
of a-ricultural Dra-dUt1on whi le simultaneous]y improving land use techni-, 

ques, soil fertility o' soil conservation. This scheme involves s.ttlin( 
1.0 hLctarks of Cegr,-Led tea la.nd] for the purpose of .r.owinL;families on 

minor export craps of pepper,mixed crops of jzAk onc fruit trees and 
cardamons, nutme, cloves etc. An afforestation component with Pinus n.nd 

the cxtecnt of 4,960 hectares ,vcr three year period isEucalyptus to 
also incorporated under this schme. It appe( rs that this type of 

requiring rehabilitationredevelopment would b& use,. on suitable iandls 
throughout the catchment.
 

ThL Forest Department in cooperationn with the USAID are programied 

to the creation of timber plantations that specifics that 1,215 hectares 
are to be plante every year for 5 years cn degraded and poerly nanagcd tca 

lands and a laroe ari:.n under scrub. The S';,ate Plantation Ccrporati.n has 

also a programme for reafforestation with e,:otics in small extents of 
degraded tea lands. 

aThe Mlinistry of Lands and Land Development is to undertake 
Food Programme (WEP) assistance overre-afforestati,-,n project with World 

a four year period fcr afforestation of 80C hectares in t,,e Upper Mahawoli 

Catchment and 400 hectares of abandoned seascnal crop lands annually. The 

emphasis will on th, re-afforestatinr c)f all steep or eroded montane 

lands to protect water catchments and coiserve water 'nd soil . The planting 

of fast growin :fu~wood sr.ecics and th cev-lcFmcnt of forestry plantations 
are envisagedi. In ,.dition the affc.restation ,fabout 800 hectares of 

srasslanu;s annually is also visualized by providing additional incentives 

in the form ,f fto,6 PiC to attract labour from the surrounding villages. 

Thu Asian Development Bank loan will finance a major community 
forestry develc,ment !iroject ccverin,-, villages in certain parts of the 

0.8 hectares of land will be provided to eachCatchment and!outsidle. 

and f-cod crop[s and fu,"luo2 as well as to stabilize
family for forestry 
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village. In adllition tC small villaethe ecological conditions of the 
-
r1 O tres of
1.1ots-th6 ik,-Joct' tb indls th 

degraded lanJs with ful'.ood species. 

In a'kition other Governments ;are pln.'ning out projects irn the 
have an i.tugrated rural dcveloeritUpper C.atchment. Thu: Netherlands 

project fc r 14uwari. Eliy an,'nth: Canadian International Development 

Agency for the Twor Uva region. 

Various subsilies pre as incentives for soil conservnrovided 
includes the Tea Reohilitatiolr ane. thi. New Plantin(tion measures. This . ...i si'. n, " . Scheme a schcm:Sch,underu.m rK -o,'n, the 1toL,.cc,.,'L..,......"sidy and '01i"derV.1 T'e,.S


for [1'iinor Crop planting. Voluntary particiradikn fc.r c'..r.unity an.' scci2l 

forestry may nIso become a reality in the r'utur,-. 

The numerous p.,rojects to maintain watershed value may seem 
next few years fairly large acroages of teaadequate, however in the 

lands will bQ r.el.anto, but many areas of degraded tea will not be 

replanted with this crop, since i.t would bc uneconomic to replant the 
'that iri the future the large areas ofmore marginal areas. This means 

marginal tea lan-'s will beconme available for other uses, the nature of 

these uses will have an important influence cn run-off and erosion in the 
to revert to natural
Upper ilahaweli Catchment. Allowing old tea lands 

ve'jetation would be the satisfactory solution. 

*0
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111-2 THE WAER-QUALITY MONITORING WORK
 

AND THE WATER-QUALITY CONTROL IN PEARL-RIVER
 

GuangDong, China
 

S.N.Liu & J.H.Chang
 
The G,,.ngDong Provincial Environmental Protection Agency
 

Thc' Peole's Republic of China 

Abstract
 

The Pearl.-River is the largest river in GuangDong province, and
 
it is also the largest river in South-China. Inthe past thirty years,

since the people"; ;'.epublic of China has been found, as a consequence of 
rapidly improvem'.)nt of indistry and agriculture, promotion of urbanization,
 
the waste-water and sewage coming ;rom different sources are increasing
 
seriously in rccent years. Accordingly, the pollution of Pearl-River is
 
one of the problems which we are facinS. 

This report presents the hydrologic features and current pollution
 
problems and some water-quality control measures in Pearl-River watershed.
 

Hydrologic Feature and Current Pollution
 

Situation
 

The major branches of Pear-River inGuangDong are namely

West-River, East-River and North-River. The total basin area of
 
Pearl-River covers about 4.7% of the are2 of China, and in GuangDong
 
province, has a basin area of 104,838 Km covering about 45.2% of the 9
 

The mean annual stream flow is 3,412 x 10 m3
total area of this province. . 
It is more than one tHbr-' tht nf Yourt7e-River and seven times that of 
Yellow-River. 

Some hydrologic parameters of the branches are
 

1)West-River It s the largest branch of Pearl-River,9ad has 
a basin area about "',717 Km , annual mean stream-flow 2,540 x 10 m , about 
74% of the Pearl-River. 
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2) North-River -Basin area ab..t 42,135 Km% and an annual mean 
x iO m , about 17% of the Pearl-Pivor.stream-flow of 661 3 

3) East.-River It h~s a ,.;aatershed are:_"2S' 17 Km-, an annual 
mean stream-fl"kv! 346.6 x 109r,.), it is aut 9% rf the Pearl-River. 

All ,,F thk- t?'rce ;ranchles are joined in the vicinity 'f Guangchow 
(a city .-if 3 iii.,n eoplc), at which locoti;T, it is named the uc'C'w 
section f PLNrk-iver and empties into tK -u(h-Chin1 sca. 

t i.3 show that, as 3 whole, theThe 	 monit -rin-: U-ta froim 2971 
h_%snL b e luted exc.pt f( it's sectinns in the vicinityPearl-River 

of citius an:. inaustry -!ants, :Inc the ,aturqual ity .;f East-River is the 
best among the thrck2 Lranches. ; watcrborne diseases have been reported 

throughout the whole Pearl-Rivur basin for recent decc.dcs. In West-Rivur., 
the amount of inccmirng; wastowater is 57i tho'usand' tons per day, the rvj,'.,r 

pollutants are organic materials, sulfides, phenol hcanvy metals, etc. In 
is 410the North-Ri'wr The am.unt of incomins astewater thousand tons 

per day. The princirle pollutants are heavy mtals, rhenol, arsenic: etc. 

In the East-River, the incoming wastewater is ,.nly 70,000 tons each day. 

The pollutants are : or(aoic material, phenol, and arsenic. In the 

Guangchow section, the wastewater discharged 9r.iunts t, .25.rillion tons 

each day. The prllutants are : petroleum. phenol and organic material . 

The 	N'atr-quality 1onitoring Work in Pearl-RiVer 

basin
 

uegan tc proceed with this work step by step.' It
 

consists of the following •
 
Since 197b, vw'e 


1)The establishment o-f a water-quality nalysis lab. and samplin, 

stations : 

is compcsed of 62 samplingThe 	wter-quality monitoring net-work 
branches of Pearl-River,stations. They are distributed along the major 

that is West-River 13, North-River 18, East-Rivar 12, Guangchow section
 

19. Most of these sampling stations are located in 

an,.l 	urbanizd -Irea.A). Industry concentrated area Z 

B) The drinkinj water ros..urce clf thie learge cities and rivers 

harvest area.
 

C) The major scenic spots for Sight-secinrl. 

D) The area which shows the hyUrolc<ic features which begin 
the joint point of the major branch, the entrahce ef thcto change such as 

the 	river mouth from, where the river empties intomajor irrigation arca, 

the sea, etc. Not all of these samplin( staticns could be situated in the
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.1 enti c-area orthe: -end-poin -of th --di sch,%rge.- pi peline... .. rally,-they 
must be placed in the mixing.-zcne ,,-r" of the pollution scurces. 
If the. rivr-width is more than 50 in, three sampling statins are set up, 
one at the left, ri,.ht cind middle of the river cress-section. If the
 
depth of the sarplin- area is greater than 10.m, samples are taken from
 
different lIay(,rs.
 

2) Parameters 6 frequuncy of samwling 

According to the iational water-quality Mnitoring Rcculatien the
 
basic parameters for Cach water sample are ; lpf, TSP, total hardness;
 

HH N ph,:enol, A, Cr, .and bacterial concentration,110, BCD, 1j, ,O, Cn, H, 
etc. Generafly, samping.' and ana iysing -is done 6-8 times annually and at 
le.st 2 times during, pcriods of low-water, high-water, and normal water of
 

the river.
 

3) ronitorin: (f water-quality accidcnts 

In adition to the normal monitoring program, the monitoringnet-work also includes water polluticn accident: supervision. It is 
discharges,demanded 	 to find out the kind of pollutants coming from accidental 

anj the border of the impact area. Thethe concentration of Eol'1utants, 
out 3s soon as possible and sent to theassessment report must be worked 

or central government (accordingenvironment protection agency of the local 
to the harmfulness of the accident). 

In recent years, we have finished several investigation projects
 
i.e. The back-groundin thd field of water-quality control of Pearl-River : 

imformation of water-quality inPearl-River. The evaluation of the water

quality in the polluted section (for example, Guangchow section). The survey 
of water-quality in the off-shocre area of Pearl-River mouth, and it's impact 

are very 	helpfulon marine orjanisms, All of the results of those studies 

Some Measures of Cntrol and Mninaement 

In China, the Lnvironment protection agency implement the water
quality protection program in conjunction with the Department of water
 
conservation. The Pearl-River water conservancy has established a water-


In accordance with the Environmentresource 	protecti,,,n office recently. 
I'he Fepe'le's Republic of China (Adopted on 13 Sept.1979)Protection Law of 

and also 	as a result of wter-quality mcnitoring, we are now taking several 
to prevent end rcduce the pclluticn of Pearl-River :e emesures 

1) Proulgaticn cf an Act fnr water-quaiity Management in East-Rtver 
watershed 

Though the pollution of East.-River is very slight and the water.
quality still good. The drinking-water of Guangchow and Hongkong comes
 

Therefore, it is urgent to protect the water-qulityfrom the 	East-River. 
of these 	regions. The People's gov't of GuanqDong Province promulgated 
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the Act of wator-quality managcment in East-River watershed in-Jan. 1981. 
The Act regulates to set up a special section at loc.al gov!t in char.je of 
the managQment of water-qvality in lh East.-Piver basin, It requires 
water-quality of this river to be kept in compliance with the sanitary 
criterial of surfacc water set down by the state. And from the date of 
publication of the ac,.; li of the institutions and factories located 
along the East-River must submit an applicatin to the Environment pro
taction Agency for approval, It is strictly prohibited toc. discharge 
poisunous and harmful waste water by way of seepage pits, crevics, lava 
holes or dilution methods. All of the cities and towns of which population 
are over i0,000 must build n sewage treatroent in a planned way. Destroying 
th-- forest i;, r v-cr -escurci and river bank< of th East-River are strictly 
forbidden. Thc.se arc the important and primary reasures to manage the 
Pearl-Ri vr watrsn.. 

2) The economical factors for water-.quality control program in 
Pearl.-River
 

A penalty regulation was promulgated .n Jan. 1981 by the People's 
gov't of GuanrvDong province, the, Rjajor rpoin s are 

A) A fine shall be charged when wastewater discharged from enter.
prises and institutions :ces beyond the limits of the standard laid down 

' by the state. The rate is decided according to the volume and the con
contration of wastewater effluent released. 

if 

B) The effluent released by factories and institutions are divid
ed into four ranks according to harmfullness. 1) radioactive waste-water
 
2) Wastewater contains H:; Pb, Cr, Cd. 3) Wastewater contains : sulrphide, 
phenol, cyanide, phosphorous, organics, ail, Cu and its compounds, 
nitrobenzene, suspension matter COD,BOD. 4) The effluents of hospital.
 

The max. rate is for the. I) r.ank and min. rate is for the 4) 
rank. The rate also increases according to the concentration of the 
efF! uent. 

And then, in order to improve the construction of wastewater 
treatment equirlnenrt, some additional reguliations are specified. 

A) Thosie factories discharge wastt,iter-di rectly without. operating 
the installa;d,; ir"tcr treatment equipment, wrculd be charged more than 39% 
aiditional fine, 

B) All the factories and institutions which haven't set up their 
water-trabnont in thd target date regulated by* the E.P.C. would be 'charged 
more than 30% additional fine. 

C) If the new construction of factories and institutions haven't 
desi. ned and installed their wastewater tro:.atxent plants, they would be 
charged more than 50% additional fine. 
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D) The fining rate increases 30% each year after the publication
 
of the regulations for those units which show no improvement. All of the 
factories and institutions stop payment when their dischart. meet the 
national standard, 

90% *zf tie incCOme ccllictu from this fining regulatlon is usecd for 
water-quality c,-l and the another use 'itcr.10% is for water-quality moi,)
i ng. 

This p~ :,ty r.,ulaticn is vry offectivc as an economic way for 
watershed manacc;omcnt. 

3) To establish local standard2s hr ro!iutant discharge 

The hy'ro ?ic features are very 1ifferont in Ouch section of 
river, and the self-purification and assimilation capacity of rivers er,: 
varied. So w,% hav to wcrk out different stanCard for each area bas. 
on the -ifferent conditions of different section of river. The local 
3tandards are based.I upon thc eneral standards cf the state and as a com-, 
plement of the latter. This is the plan wOich we becin to, study. 

Future Project
 

I) In the coming years, wc shall andoavour to carry out the cdeci (e:" 
measures of the water-quality control program, first of all, to keep thci
 
water-quality of East-River. 

2) New water-quality sampling stations and analysis laboratories 
will be equipped and constructed in order to imprcve the net-work. 

3) In order to make long-term progress and yearly plans for the 
water-quality control program in Pearl-River, we are going to organize an 
interdepartmental team to work with relovant departments, such as Agri
culture, transportation, mining etc. 
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V1-3 COUNTRY REPORT 	 OI'N WATERSHED CONDITION 
by

iv~e~fdraB. hrestk: , N'EPAL 

:epal as a vm-ountainous kindon stretchin, along the slopes of
 
the Himalayas and iying between the Tibatian plateau of China on the
 
north arid Indiaol plain on the s)uth, has an.area of about 150,000 sq.
 
kilo:ueters. The coumvry's topography ran,-nes frori about 100} teters above 
,ean Sea Level ,n *h' Tar-i belt over ,:eters on the Hi(.hto r.uOC; 

Pi.ali.yas witfl; f 1150 k1 ..'e ,r.C,,ntrastinc al titudinal
",- t: 
levels of hi.jh T!ountains znd peaks on ti northern side with a fair share 
of lot., levels of valleys and plains on th. i,.lke and southern side 
present rugged relief with a ide variety. of t,-rrairns. 

FAO (,oo, is one of its recent publications- on watershed con
dition of Nepall repcrts that 51 percent of the kingdom ,hich is re
presente6 by soutern reliefless (Tarai belt, an "pristine' snowy 
northern Hir.alayas) is in excellent condition. ,;uch of the less distur! ed 
,iiddle riountairns an6 portions of transitional zone havin,-; smaller sedi
mentation probler,.s, make up 35 percent land of riood condition. Eastern 
Siwaliks, Ceitral i.-iddle ',iountains and sor,. portions of transitional 
zone which are the places of 6eforestation. frequent landslides an~d high
 
population density, constitute the areas of fair condition arid share
 
11% of the country. Sixteen 'Hot spots' and s,.all areas of -Hustang- Cang
 
and Rapti Valleys which r'epresent 3 percent (or rore precisely 21%) of the
 
country., is in poor or very poor cbditiori.
 

Relatively s; li percenta-c of prcr:or very poor condi tton class.:. 
need riot mean that there is a minor watershed management problem in ie 
Kingdom. 1%of Nepal is,about 1,410 Sq. Kilometers or approxi-mately 
200,000 faris. So one should realie that the 3% fiture for poor con
dition lands ,.oes constitute a lar-e area of serious watershed proble,,.
Development of badland topobraphy in Dan-j valley (west Nepal); occurence 
of desertification in Iustan..i valley (Central ,.est iepal); several 
patches of wastelands or abandoned lands in lower velleys of i-olpo 
(near Seldan))1 and loss of vegeLation cover ;n the fiddle ;iountain zonQ 
including t.4ch of Siwalik and rart of Kath'andu catchrment, exemplify 
the worst watershed condition existing in ep-al. Even Tarai belt andi 
upper High Hivr-"iay"vs t,.hich are said to Ie in very ,,ood condition because 
of their 8ydroIo,3ical stability, low pnopulation pressure (in terms of
people per hec'kare of. land)arid low relief (in Tarai) are afflicted with 
wind erosion so;' breakage, i loodings and, siltation. 

,, ,,PAL IiVEJORY OF THE i.IA0,1 R ECOLO,4,ICAL 
L,, U,1W Ii l.u THERE WATERSHEU CONIiIMTI0, - SU,, 1 RY REPOF , 
Technical Report, Ui'P/FAO: iome, 1980. 
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Reasons behind such bad watershed condition are obvious. ,l
i dc
spread deforestation for fuelwood, extreme .razing by domesticated anittals s 
for fodder, extention o, cultivation onto unsuitable marinal steep slo-.s 
(owing to the absence of cultivable lands on -chc plains and off-farm ,
,.nloyment opportunities), iaroe scale migration From hills to Plains i;n, 

quest for better livin; conditions, anJ al iriculture pr.ct..c...
couple v ith faulty ir^riration are soe of the i;;ajcr activities associ,::.. 
wiLh the evidence of poor w,'atershed condition in Niepal. The root ca;.SC
of 	the mishappuninjs citeJ ire ; poverty, ijnorance, greed, lack of appro.
,riate Lechnolo'.:;; ar cesperatc. neea to pursue cconcmic development "A. 
whatever cost. These causes, in turn, stem 61versely from, the proble,:s ,
rapid populatio'o, (ra-te : 2.52% per year) an scanty natural raso.rcas. 
/;.ove ail, the deteriorated condition of the country's watersheds is . a..1.1 
large, attri.ta e -to nepal's location in the !eolosically sensitiv'. 
Himalayan zone itself. The findukush Hir'alayan range of t.hich [nepal is a. 
part, is Lhe worl-a's youngest, tallest an steepest :ountains with the most 
fragile and erodible seu-imentary rocks and hi,,,hest concentrated rai nfall, 

dased on the i:nowledge of ;rowin, .ouietion pressure, decreasin: 
forest covera.e at the rate of 25% per decade, and declinirng production

rate (5.7%), it rr.,ay be observed that watershed condition of fiepal is on 
negative trend anc may reach a point of no re.turn by 2,000 A.U:., if the 
trend is not reversed. This bleak picture of the Mlepalese wiatershed itself 
remained bleak until .r. Erik Eckholm. an American scientist came out with 
a desperately alarming picture of lepal 's Environr,ental crisis in 197(0s
(ref : 'Loosing Groun-'/ Refugees f arii la). It caught the attention 
of development experts of various levels at hoo and abroad aind called1 for 
iraiediate, actions through, an integrated* approach. 

iealizin, this serious situation, attempts have beer, rade by
HMG/epal throuoh various national and international agencies to reha
bilitate the exposedi watersheds according to tOe size of the prcbleas .. , 
degree of urge. 'y. Sore of the notable efforts are 

a. 	Extensive reafforestation on 10,t00 so:. kilometers ofdeforeste6 lands along the iidle ,o.ntain zone, 

b. 	 Oevelopr ent of grasslands in Oorthern hills ",ith grasses
palaabie to ,razing animals aind Gther species adapted to

-F,.aer needdisturbed{ conditions,Cu ~hto meet the "o "e e off 14 m;illion 
livestocks, ariat th, same ine to ,crevent the loss of soil 
throush sheet erosion, 

c. 	 Plarhtatioi of fruit trees an/c:'r cash crops in the areas 
sAich are n:either ecologically suited to cultivation nor 
populaution pressure allows thei :.. return to forest (e . api c 
far;-in-s in heim'.bu, Ju,,la e For-fc, the coupling of environ.
n:nenl protection iith the econo~ic return, 
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d. Extent-idrooff forw~al as well as on-fornial education at 
-7---various-'l evels- (school -s-campus-s-,.c.-)- to -StimUlate .
 

awaieness over 'the nation's.ecolooiCal problems aion-' 
people, through publications, Itrainin , audio-visual 
proai e. etc., 

e. Ititratec: 1atersheuiianaie:.ienc inFewa! lake, Tirnau
 
I3hoi,aiati and several other s,:-allfr catchments, 

to chceck tk;' loss oif precious tI.op soils (loss rate 
Zj- tonsisia /yr) through tChr coinstruction of check 
'ia:!s, retaining w'alls, terracin. an6 diversion c!harnnels, 

. .... iunal wild life evelop,;Lnt to preserve aNa prks anti 
nuitive genepocI (establishient. of 41, ,iatioral Parks 
Rara- w,,est , Lanqtan .midest, .,Chi tvan- 'iiddl e and 
Saiarmatha- east) " 

9. IuLplei;entation of proper lan -;use policies and tourist 
, re,ations.'"
"
 

Seventeen 7overnIental/non-governmertal alencies and 700 affiliated 
forein i-.iissions are, someway or other, involve, in these conservation 
aspects of doveiopmerit.
 

Uplift of the socio-economic standard of the people through 
the mitigation of the environ,,iental dam-.ages (that economy.can cause) 
without slowi ng ill -lthe pace of economic progress has been and be 
the basic objective of I-epal 's conservation efforts. And as- it'should 
be, the country's sixty Five year Plan (130 1985).has given much 
emiphasis to such efforts as in previous'plans. Nepal maintains much faith 
on the conservation of'environment beforehand t.han on its restoration' 
after degradation. After all, prevention of environmental problems is 
often ,,uch ch-,eaper tan cure. 

thank you.
 

.1 . .,'S ,-

" P . . - -.. ... . ....., ; 1 . , 



Fig. I -WATERSHED CONDITION CLASbES SY ZONES.
 
Percent below Eone designation is the portion of
 
Nepol occupied by the zone.
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CASE STUDY REPORT - ;,ALAYSIA
 

FOREST HYDROLOGY STUDIES IN THE HILL FORESTS
 

1. INTRODUCTION
 

1.1 Malaysia has a total land area of 329,7"0 km2 of which
 
.
Peninsular Malaysia accounts for 131..".0 km2 alaysia is generally
 

Low lands
hilly to montainous with steep slopes even on low hills. 


usually occur as relatively narrow river valleys or coastal plains.
 

1.2 	 The natural vegetation cf Malaysia is the Tropical Rain
 

In 1979, tropical rain forest occupied 68 % of Malaysia's total
Forest. 

land area, mainly in the hills and mountains. Most of the lowland
 

forests have been converted to agricultural use. i
 

1.3 At present, forestry activities in Peninsular Malaysia are
 

mainly confined to the hilly regions, especially in the hill dipterocarp
 

forests. Exploitative selective logging practices have created a number
 
increased
of hydrological problems such as increased slope erosion, 


river sedimentation and decreased water quality.
 

Due to these problems the Forest Research Institute,Kepong,
1.4 

Malaysia, has set up a Forest Hydrology section to study the effect of
 

logging on the environment particularly in the hill forests in Peninsular
 

Malaysia.
 

2. Purpose and objective
 

to highlight the hydrological
2.1 The purpose of this project is 


consequences of selective logging utilizing different mechanized logging
 

systems in the hill forest. The objective is to study the effect of
 

different methods of logging, viz. cable logging and tractor/san-tai

wong loggina methods on
 

(i) stream flow quantities (low floqs,, flood flows, 
rorthly and annual yields), 

(ii) physical, chemical and biological water quality,
 

(iii) soil ercsion and sediment yields, and
 

(iv) soil water recimes.
 

3. Niethod of study
 

types of
3.1 The study was established on two contrasting 


terrain derived from different parent rocks. (Fig. 1)
 

3.1.1 Jengka Basin
 

The Jengka experimental basin was established
 

on forested hill country underlain by sedimentary
 
It consists of three catchments that are
rocks. 


adjacent to cach other and cover a total area
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of about 56.5 ha (catchment 1 - 28.4 ha, catchment 
2 - 25.3 ha and catchment 3 - 2M8 ha). Slopes 
average about 25" 	and covered by primary forest.
 
Catchment I rill he logged 'y cable logging system 
vhile C,-,tchmpnt 2 	by the traditional tractor/san
tai-vio.g method. 	Catchment 3 -Jill not be logged 
and remain as control. (Reference lalaya 1: 63,360 
sheet 70. Grid ref. 14151L1)
 

3.1.2 Bukit Beremlun Pasin
 

The ukit Berembun experimental basin was 
established on qra;itic - derived terrain and also 
covered by primary forest. The basin consists of
 
three catchmicnts which cover a total area cf about
 
46.1 ha (catchment 1 - 12.7,ha, c~tchrient 2 - 4.2 ha 
and catchmort 3 - 29.2 ha). Two ci:chments, i.e 
catchreni: I and 3 	will be logged by the tractor/san
tai-wonq method. 	 One catchrient will employ carefully 
desi !,,d rads, landing areas and protection zones 
under close supervision of harvesting operations. 
The ther catchment iill be logged without any res
triction. Catchment 2 will not be logged and remain 
as a control. (Peference !'alaya I - 63,360 sheet 
no.103. Grid re,. 907356). 

4. Duration of study
 

4.1 The experiment involves four phases
 

(i) Phase I Experimental catchment selection : Esta
blishment of stream flow weirs, sediment 
traps, instrumentation and initial soil
 
and vegetation survey (May 1N7K - Dec.1979) 

(ii) Phase 2 Pre-logging calibration : Measurement of
 
stream flow, ,ater quality, rainfall, 
weather climate and sediment yield. (Jan.
 
19EO - Dec. 1981)
 

(iii) 	 Phase 3 Logging : At each experimental basin,two 
catc!,mcnts are to be logged and the third 
wAil be left undisturbed and act as a 
cor.trol. (Jan. 1982 - Dec. 19E2) 

(iv) Phase 4 Post loggirn.. : Peasuremont of hydrological 
parameters to be contintued in all catch
ments. (Jan. 1983 	 - Dec. 1985) 

5. Instrumentation
 

5.1 Each catchment is equipped with a 120 degree V.- notch
 
weir, a sediment trap and a stilling well instrumented with an automa
tic vater level recorder (Stevens Type F water level recorder). Input
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from precipitation is measuree ly automatic and manual rain Lauges. Three
 
OTA tipping bucket rain gaues equipped with Ota Ke:i recorders plus 8
 
manual gauges have been installed at foth experimt-. 1 basins.
 

5.2 A small climatolcgical station equipped with maximum, mini
mum, wet and dry bulb thermometers, anemometer, evaporation pan,sunshine
 
recorder, and soil thermometers was established at each experimental
 
basin.
 

6. Data collection
 

6.1 The data collection programw.1e for both experimental basins
 
are as follows :
 

(i) weekly servicing of the water level recorder , checking 
that they are properly calibrated for sta&e height 
and changing of charts, 

(ii) veekly servicing of automatic and manual rain gauges,
 
checking, calibration and changing charts.
 

(iii) 	 daily readings of temperature, windrun, Lhermometers
 
(wet, dry, maximum, minimum, soil) and other climate
 
recordings,
 

(iv) manual collectiun of 5 litre water samples at the weir
 
outflows for water quality analyses. Sampling of
 
lowflows and highflows is essential to characterise
 
the physical, chemical and biological quality of
 
stream 	 flows, 

(v) periodic sampling and measurement of sediment accumu
lated in the sediment traps, will be carried out once
 
every 3 to 6 months. At each measurement time, the
 
wet volume and wet weight of sediments and organic
 
materials accumulated in the traps will be recorded
 
and a 10-kg sample will be taken for particle-size
 
analyses and erganic/mineral.ratio aetermination.
 

7. Preliminary result
 

7.1 At this time few conclusions may be made from the data so
 
far collected. River flow and rainfall data are being processed by
 
computer but have nct reacheC the analyses phase yet.
 

7.2 Rainfall
 

Catchment rainfall totals were calculatea using the
 
Thiessen Polygon 'ethod based or the distribution of manually 20cm
 
diameter gauges. Monthly catchrent rainfall totals for 1979 and 1980
 
are presented in table I. Fig 2 shows the monthly rainfall pattern in
 
the experimental basins.
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7.3 Climate data
 

Tables 2 and ',suIMarise the climate data for the
 
Jengka experimental basin and fukit Ferembun experimental basin studies
 
respectively.
 

,. Conclusion
 

Due to the rapid land deveIkpment and exploitative nature of
 
logging in Peninsular Halaysia and the lack of data axwailable on the 
hydrol-nical efftcts of l,nd develorment, priority should be given to 
:asin type studies. These studies provide data and hence guidelines
 
for the improvement of watershe. management techniques.
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CEREMBUN EXPERIMENTAL BASIN 
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_C__C1 2 _ 3 -C 

7.3 2. 5 17.6 7 4 
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• i.fr-l rs-rrdid at climate station. 
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VI-; SO;ii PROPLEVIS OF VIATERSHED L.IDS IN INDONESIA 

ly Sigit E. Pratignyo
 

raticnal Piolcgical Institute, Indonesia
 

Introduction
 

Indonesia has ,#ide areas, from Sumatra in the west to Irian Jaya
 
in the east, maee up of thousands of Islands. There are several types
 
of cliriates from hurid to arid. The western areas such as Sumatra,
 
9est Java and a part of Kalimantan have humid climates while easter
 
the climate becomes arid especially in Lesser Sunda islands. Beside
 
this, Indonesia hs rany tribes with their different cultures.
 

Indonesia has more than 137 million people but 60% of them live
 
in Java, inhabitinC cnly 7% of Indonesia's areas so the big islands
 
such as Sumatra, Kalimantan, Sulawesi and Irian Jaya could be mentioned
 
as ePpnty islands.
 

This situation makes the problems of watershed lands in Indone
sia different at each place.
 

Sore Problems of "atershed Lands in Indonesia
 

In Java where the greater part of Indonesian people live, acti
vities of human beincs are more developed. Hills and mountains are 
fared ,,ith crops. flthough the farmers practice terracing on their 
fari, erosion still happens. Furthermore, at some places in East Java 
v'here the famers plant their crops only in the rainly season,terracing
 
is not intensivcly practiced. The climate there is semi arid. Rivers
 
are dry in the dry season and flooded in the rainy season with it's
 
brown-red !,atcr showino the heaviness of erosion. 1Imost every river
 
in Java always floods in the rainy season.
 

In Kalimantan, people practice primitive cultivation. They
 
usually clear forest, then burn all parts of trees such as woods
 
branches and leaves, and then they plant rice seed. They wait until
 
harvest ti:*e anc: a-tEr they harvest their rice, they again plant rice
 
seeds on that land. They do that twice or three times until the soil
 
become unfertile ; ten they leave the area and look for another forest 
to clear for anothrer farr,. Ind, as they leave, alang-alang (ImperatA 
cylindrira) crcws rapidly on those lands to make alang-alang field. 
Another problem in Kalimantan is caused by timber companies that clear 
forests for comrercial purpose. ".1though government rules prohibit 
cuttini of trees less than 45 centimeters in diameter and orders them 
to make plantations of industrial plants such as rubber, coffee and 
cocao, etc., controlling these activities is very eifficult. So forest 
clearance in Kalimantan has been done very effectively. Unfortunately, 
the orranic layer on the soil surfaces there is very thin and soil 
consistency generally low, so if the forest is cleared, the heavy rains 
there cause substantial erosion.
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in Indonesia
Problem-solvin 


a general progra, of .?overnmentto solve the
Reforestation is 

problems of vatershee lands in Indonesia. [,ut it takes a long period
 

Short period programs are : nore intensive
 to see improvements. 

terracing, building 6ams, and regulating stream flow 

in the rivers.
 

Ccnclusion
 

Due to the videness of Indonesia's areas, variation 
of it's
 

conditions, an-! eVoeloring of Indonesian's life, problems of watershed
 

lands are very important and require attenticn.
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1. Introduction
 

Thailand has extensive areas of mountaincus %,,!ildlands that 
,ost valuable natural resources. Waterprovide some of the Kingdom s 

fror these .0ildiand vatersheds is a major resource. Forests and other 

kinds of voetation cn these lands should be r,.;avaged with the primary 
objective of protecting the soil, prcducing sufficient amount of water
 

well as forestfor beneficial usc-s ,;ith a ,inirur of sediment as 
products and other resources. 

.t i;-r(rtpnce cf w.ater yiel and sediment control to 
meet increasino derlards of water for domestic, agricultural and indus

a.. urgent need to focus our attention upon
trial purposes, there is 

inteqratvd watershed management planning. Emp 'asis should be given to 
scre factors such as natural forest cover, shifting cultivation, and
 

ter yield and cause soil
other u!7es of moun';ain lands that affect ti; 
deve,..p measures for efficient
erosion. Erosion shculd he studied tc 


practices of vrtershed management to meet the optimum level of natural
 

resources utilizatior cn a proper sustained yield basis.
 

,'atershed managemrent as a comprehensive nation-wide program
 
The present practice is that
has yet to be Ieveloped inThailand. 


either rperating agencies have more or lr-ss integrated watershed
 
areas or take part in inter-agency promanaqement proJects in s.all 


In the latter, a leading agency will function as
jects in other areas. 

coerdirator with cther agencies participating in aspects of concern 
relative to thle ?roject. 

This naner places enphasis cn identifying agencies involved in
 

the other of various aspects i,- ,atershed management actione way or 
vities in nortrn Thailand. A.case study will Le provided to illus

tratc the con"on practice in inter-anency prcj,.cts wherc prcblu;L-.s in 
acoordination ani Pi:rFilementation will be analysed and identified as 

basis for general discussion.
 

2. Organizations Invlved
 

Various covernment agencies and institutes involved in imple-
The major agencies and institutes
mentation qroiscts and researches. 


arro 

2.1 Land DNveloprent Deartment (LD) 

T- rcsclv,) te reioblers cf land developrent in Thailand, the
 

Department of Land Develprmonto Hnistry of Agriculture and Coopera
its rain tasks is totives, has many functions to perfcrm. Onc of 

impr(,vn water quai'tity and quality through the Lcst use of lands. Work 

in watershed revcurc.s ra,arremcnt is still in tch initial staie because 
supportinc authority, technical of ,manyccnstr. in'.- i. adrinistration, 

V'iost cf tfknew-ho.w, dcrartri;ntel p(.iicy an, rolitical resistance. 
are conductr{ through. '-atcrsheL' Conservation SecticnPonartrcnt ,.orks 

.hich belons [,ivisionD o'f .oil anO Pater Conservation and 

I'araqenent. 
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The Lane rveloprent Departrent ha ostalished five projects 
under ti-e v.aters,:cr; rtsource mara'erent r,.rars since 196C. Because 
of the lack nf funds, the ,atershed Cooserv.tion Section has emphasized 
only .t-,c main projects, i.e. (1) sturdy .nd investination of stream 
dischar-e, s',,I'-cnt transpcrt an(! nutrient loss of vatershed areas 
threuq,,-out. ,. ': courntry (2) study and evaluaticn cf hydrological 
characteristiz.-v: -:ri experirental basins. 

The Sofii ai Water Conservation nd .ianacenent D-ivision oF L)D 
has set up many, Land Dev-Icpment Centre; i!N the North. Their works in 
qener! i7i,:: --''ile ::-.it for soil and ,.,E.ter conservation,facili ties 
constructicn, soil irrrovemcr.t, plant material, experimentation, demen
strati. a,,,,--' ex... . Their ,-,crking t.reas are mostly on gentle slopes 
or rollino lani's. The T!-ai flustralian !:orlo Bank Land Development 
Project (TAWLD) .'er:inr in seven nr,::vinces cf the upper north typifies 
its ,.erkini arr. ais "thoe lov nd,:iddle terrace zone of northern 
Thailand". The ,wcr, includes using heavy equipment for clearing the 
land, builV:ing narrov Iase(i terraces and plcumhir, , followed by land 
~anarqernent advseY in crcninr syst-e,-- In acition, the Division has 

1C royal Land ;,evCr.rnt Projects in t- north in coordination with 
the Kinn's Project dcscribed under Section. 3. 

2.'trya, Irrigation Department (RID) 

The Royal IrriPt Deperznment, inistry of Hriculture and 
Cooveratives, kas jmjrr responsibility ftr Thailand's water resource 
dcvelr.pr.nt inrcludirc, all of the major irri-.icon development. later 
conservation, irriratir'.n, drainagoe, lan(, rcclamation, flood control, 
a(. inlank' navi .tor, are incl"k.'d, in the Larlrent's water resource 
develf.mr..ent stratei ics for multiple pur:.;ose ose c.f wiater resources in 
each watersheu 

2.3 :artrcnt of PuLlic 'e-lfarc 

The e'.2e'trr.lnt rf Pu. lic !.elfare, 'ir.istry cf Interior, estirates 
that t [ie hill-tribe people wloie -.resent There ere about t(.f' C, 
live i. t'.ortr Th--ilr.-. r"aiy practice a slash and 
Lurn type agric,'ltuv. it, the i.atcr!lie( q,.r;as or nroducing subsistence 
-. Thcse practices result in losses of tcp soil, nutrients,
nd c-.sh crops. 
and sustaine: \,ield of forest rroducts as ',ell -;s cause sedimentation 
and flcedinn in dr, w,stre arc,%,,. To redir.ct tH.cse activities, the 

has .evvernmcp special prcgrams and subsidized for hill-tribes. 
'Iany nev, rccsve !ocn cu .ucha.s conservationEtipuld farminn, 
perr..nent agricultural land &Hlocation, u;.c. tr. increasc the income and 
i-,rrvc the stan2arr of 1ivin5 for these hill - triLes in Zonal Develop
roret Pr as. Swuh r-rcjects will be in line ith the National Ecoriomic 
and locial DevMl.im F. n and will be inteqrated through ,,qricultural
2reduction, n~re-nr, and supporting service; !;uch as fertilizer,seed, 

' the Department 
is snttii-:r, ui lli!!tri.e Farrer Cruns to fcr, thc basis for later 
est.-l l ishrient of !'ric-ult:l-ral Cocperativ'. 

I ivo'steck, incri..V. iijriculturI cvr,3its. flso, 
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2.4 Electricity Gencrating uthQrity of Thailand (EGAT)
..


The Flectrity C..-noratinc Puthority of Thailand, Office of Primc..
 
"inister, has st*13te. that crnsideration cf ,nvircnmental aspect for
 
natural resource developmert rrcjects are as important as engineering
 
asrects. The Envirorrental Divisicn. of the Public Corrcunications
 
nerartment has the rcsronsilbility fer all environmental and ecological

studies of ne'.'or .eneratini ns hydroelcctric proexpansion !ill such as 

jects. The division has also ['een a s-,nec to carry out r-nvironmental
 
impact assessrents and reccmr:end miti(,cative reasurcz for [CAT's projects.
 

S!T hr, nrcjcts for : use of water resource 
are ircited in the hichl.nd %'.atershc-1 -rces in the north. 

.'.. t..cnt of :ineral Resources (.R)
 

r.csre -ter.; 

for ,ininr, o-~mat,,n-, an L.o control anid regulate ir., ementation of
 
these npcrationc,. r cnvironleirtal unit ;ias recently been set up to 
rromete cnvironrental 'r.!tectirr (Iurinj ",nd after mining. 

, .Pr's il;ilities in i ecL. ireas are to issue permits
 

K.6 Pcyal Fcrest Pepartment (nRf) 

h;s the rajer resnonsibility rmong Thai agencies for 
rlanninn, rresiarch, rananment, nnU r ,'orstation on forested lands as 
well as crferccwcrt cf renulati.-,o that portain to i-.atershcd activities. 
The n'DartT.:t activitics arc aderinistere] [' the'-atershedManagement
.Division. Three socticns are ,Mir-ly Thailand.involved in north.rn The 
:,>yal '.ntrs,-,-i Dev-ekrrent ectie ,ns 3ain,. vatershed units ir,the 
7 1-rrvinces in th- .*krth nd deals rainl 'ith hill tribes and high
lan,- in watersl;cc ,rrtection, re~cr.sta..r:.r, a.ricultural land usc ,Tnu
settlement. The SPcticn'l- hn, office is i Chiang Vai. The second 
section is the 'ilrt "atcr,'*e an,! Dronsr:t-iP. Section tc .,hich the 

c. Si Frci.oct i attachec, (Fi-urc 1). The third section is Vatershed 
'Chahilitatin vwic! has 11 -,its in Chi:n, ,lai tith its head office
,inBanrkok. This last Secticn r'Isc deals vith people other than the
hill tribes anK its r;iin task' is refcrestati,.n. 

ft . ,t hirhlrnndi their ,'atcrsheds of northern Thailand are 
-. stly under th. crr nr nanae.,e'ct of thr, r'mya! Vatershed Devclopment 

c itr. r'ii.t !'au-rshed Dem.enstrz.tio Section, .,hich at pro-The :.lnL 
sent cnsists of L..e ':, Sa rc.iect, has th; functions cf deonstratien,
trainin an.; ')rcvi:irn, t,,chnical inforn-tion -nd expertise to the Roya)
Vat •.ershedCevw,..nt Scticn.
 

2.7 f','ational [nvircnnent Doar:,i office f the National 
Envircnnent "arc 

The '.e,,,. , nvrnint FIoard (NEP) is responsible for imple
r,.entatir,rinf Lhe iNIticnnl Fnviren-ental /Vrt of 1W75 including policy
dircction, ador.io ,, renulaticns and amielinc,;, approval of environ
r'ental -ana'enicwt , arid coordinati(,, o; activities among govern
imrnt arencies, st.V r;ter-rises an6 the *)rivate sectcr.EC has entrusted 
te Office of t ,,:..ien. .nvirennent ,.:(01,EH) with day-to-day 
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orcraticr.snr: z.-ri S.i cr,cf recnc.ndatic.r thc :nnrd foI furdt-r 
proccc(*inrs. The s-ctir'," of ,'.--tural an I-tor , nv rn:ut, 
Policy ar. Plarinw, ivisicn, is r(srcnsi,i-r icr watcrsked management

hs authority ;r,-ii irnmcntal cva.cotrirtien. ,-,,.. to .. impact%co lui Ai 1v,- ofhc '"" tc .,onf c.,:' 7n it c 

1uatiot, nf)r of -rc,cts that coul (c..radt i.,atersheds, such 
isatcr ,-ojr, .., C'T follC.'s thrruh c- s-h projects tc ensure that 

th Cr.v,luz.,tion nrcc:.2 is f. ifillc and that or,vironrmntal managc.-crt 
rlns erc imntcc' L, rcsnonsillc .ntitic.s. 

. .? &,,rm.nt of i~ricuttura, Ext .nsior, (i'Ci,[) 

The 2. , ar:rt of rc:'l ral ,.,.i ion, i inistry of F;.gricul
a n c ' C....coTr:t-a(" ' , i re: ) k ..-lJ IJ fcr . or;eri a ,ricultural ext U r .c 'c rO -i +~ i.!; Y. nsitIr 

tension srvic rui. tV'" :cu;try, id.clu:.iins the hi qhla;d .'atwr
. Ca, irthiar, arex, the 1rpartrment intends tc 

e. r cot:- fo,: crops rr,mari]y fa.r si,fficient cme consumption, 
[, .rrucchinh - valve craps such', ;7s coff'e, flcwers,peach, 
: , apricot , stra'.err ..amr.' ,,:q{ ta,;le tc substitute for 
S.. crops, 

-
c.. r iftinc cr. t ',-a.ersheC and,ci cultivation areas, 
!. c J':"',r,,.cultural prodtiction ,iirrvementthrough

chrol e y.UF,:.:t rt 


"D;, c -ifutirn is in rescarc; on ,rious ospects pertaining;.r' 


to a:tlrshed rese2ccs m-narement. Th :;urrcnt+ Universities actively 
involvcd ar'.111,n cr, University, Chianjmai Inivcrsity and Vaejo 
~ric i -.uraIn,...stiktof Tec+nc1CJy. 

3. Inter -Yrcncy Frojocts 

3.1 ,.i.: ,n ' iriculturc Project 

The ,-ihgij.n'i .:rWic:lIture Project is conaructed by technicians 
froe variou- univc-r.i ties an .overnment afencie.s experiet;ced i.n both 

technol.y rr;-,ctices. These technicians and agencies co

cr+erar, .nlcr i (Xoculture ,,esearc, Coperation Committee. The 

nrn'.l-s i cr'lle,.1 re!s. The ,Wer.l rrc.ject goals are to 

\i) ar! I .- r adnriculture technicues on suitale n.d, and (ii) 

renlacr., i c r .... with cas i, crops t>'t provice higher yeild and 
rrofIirts Di '' f-m the of rest.arch andf results tasks marketing
insurance tr. fr-ers is als. to be provided t.y thc project. 

To ,,tsc prcject cals, the fcllcwing objectives have 
been establi w :;. 

c<:.niancr t-, farr, rs of "pr opria o.'' cas:, crops that are

suit;) to c1i4,at-c Ea-,' ,.?t r,, Ccr(iiCrS 

r ricultural,. ,onti+ arc imrlerer;tatiCn : ractices that 

rotrct vtershe<. ,;alu,. 
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3. Pevelopment of guidelines for classifying watershed as to
 
resource management and utiV ion.
 

4. Distribution of tha results of demonstration and promotion
 
activities to farmers and other land managers.
 

5. Provisior of market places and marketing insurance for farm
 

products.
 

The research station and promotion tasks of the Highland Agri
culture Project nre sutsidized by the Thai Government and erug
 
suppression agencios.
 

The cconeratinq entities for the Hiqhlan6 Agriculture Project 
are : 

1. Kasetsart University Highland P riculture Project which
 
includes exotic crop research statons at Doi fng Kang and Doi Pui,
 
Chiang !Aai.
 

2. Chingmai University Highland Agriculture Project which
 
operates research stations at Pa Kia and Mae Huang Luang, Chiang Mai.
 

3. IVaejc Agricultural Technology Highland Project which main

tains a research station at Tung Luann, Chiang'Mai.
 

3.2 	Ccmmittee of U°atershed Quality Classification
 

This 	comrittees, objective is to establish categories that
 
classify watershed areas throughout the country. The final results of
 
the work will establish guidelines for natural resource management In
 
the watershed areas including a vatershed quality classification. This
 
committee is a sub-comnittee under the National Environment Board.
 

3.3 	 !MountairousLand Oevelcpment Pro'ect
 
under His majesty. The King's Advice
 

According to His Majesty's advice,he has suggested that the hill
 
tribe.people and the Thai farmers ho live in upland slopes and high
lands need permanent cultivation areas for better living. Therefore,
 
he wants these peonle to use and manace their own cultivated land appro
priately in order to raise their incomes and prevent shifting cultiva
tion. The main purpose is to protect and preserve the watershed forests
 
which are the important headvaters in theupper-nost part of northern
 
Thailand.
 

His ,.ajesty transferred this policy to the representatives of
 
government agencies such as the Land Development Department, Royal
 
Forest Department and Royal Irrigation Department. His Majesty has per
sonally visited the people annually in several areas which have been
 
selected for the levelopment projects. 

3.4 	 Other Institutions or Projects 
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t.an.y ether institutions and multi-lateral and bi-lateral pro
jects in [crthern Thailand undertake anricultural assistance, land 
management, crop replacement, irrigation, rural development, extension, 
and hill tribe settlcrent ,ork. The Vae Sa Project integrates these 
institutions especially vith th, King's Project, United Nations Programme 
for Dru. fbuse COtrcl, rorthern Region Agricultural Development Centre, 
United States Des'xrtrent of ,igriculture , 5epartment of 1gricultural 
Extension and two universities; Kasetsart and Chiang Mai. However, the 
respcnsibilitv Fcr watershed development and conservation farming rests: 
main y en the Royal Forest Department and partly.on the Land Development 
Departrent.
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4. Demonstration Case Stud
 

TIT r"E SA I,'TECRATED .'ATERSHEO Pr rl Fc.REST LAND USE PROJECT 

Intrcduction 

The forests Vcrthern Thailand are disappearing at an alarming 
rate, rrot-ably over '.,0CC ha (310,CC, rai) of forest are being destroyed
 
each year. This is not only lestrcying a valuable natural rescurce but 
protably even more ir:portant is the effect that is likely te have on 
the water s,'rlies Cr. i,hich the prosperity of lhailand so largely de
pends. estruction cf fcrests increases the run-off ; less water is 
absorbed hy the soil, so during heavy rains much of the rainfall runs 
directly into thk rivers, causing floodinq. Soil is eroded by the 
rivers, causing siltcticn of reservoirs, so that a reservoir with a 
planned life of t ochundred years may become unusable after half this 
period or less. The catchrent areas -- the watersheds -- of the rivers 
of Thailand nee careful ranagement if this is to be prevented. 

The main cause of forest destruction is clearing land for shif
ting cultivation 'hich destroys the forest completely and replaces it
 
with somethino else. The land Hill be cultivated until it becomes so 
infertile that it is no lonqer economic to grow crops, and then the 
cultivatcrs move, to a comletely new area. Often it results in the 
nerranent rerlacement of forest by Imperata grass (ya kha). It is this 
tyne of cultivation vhich is most prevalent in the !.ae Sa area. 

Therefore tI.r preservation of the forests in Northern Thailand 
depends on reducing, and! eventually eliminating, shifting cultivation. 
ie:o is this tr 1e dore ? It is not possible simply to drive the cul
tivators cut of the forest area. They are shifting cultivators because 
they have te v-irn a living, and so an alternative form of life must be 
found for them, in 'fich they will become permanently settled, prosperous 
farmers, u-inrw the land according to its capaLility. This is the basic 

rcason for tile "ac Sa Project.
 

Ornanization of te rojcct 

The ?icj:.ct: originated from a re,.uert by the Government of 
Thailard to the tInit;ed ations Development Programme (UNDF) for assis

tance in dralini ,it[ the problems of the watersheds. It was agreed to 
set u" a joi.Tt project, in which the Food and Ariculture Organization 
would ,o the Executing Agency, and the Royal Forest Department as the 
imnlermentin,. agency. The Project began vith a preliminary phase in
 
IW'73, in vwhich the !roblems were assessed. ",ae Sa is chosen as the
 
project area. Field vork on Fhase I of the Project began in March 1974, 
over an area of IW. ,,-.(87,500 rai).Asecond. phase began in 1978, in 
which the arei ,.,.,asi;creased to j9C sq kr:. United Nations participation 
in the project is pianned to end in 1931, when it will be taken ever
 
completely by the Thei Government. 
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Within tP'e [.r!al Forest Department, the prcjcct cores under the 
Pilot and rerc;nstr.ticn ",iter -..c. s Section of the 1-atershed V.anagement 
Yivisivr. The T':,i reoct Jircctcr is v,'ac f this section. Thus it 
is essontiAlly C. i-.ilct prcjcc-, 'ith t'c a-i of acquiring knowledge 
which can 1,he . pliei' cr a ,ider scalc in ether dc:vcloprent uri-s rof the 
'',tcrshc tanarot, ent ,.ivi;ien, ihicl at rtr'isent are 2 in number. 

The j.ci.vCes c.f :e rcject are 

(i) 	 Th., r,,.rmt:. economic growth and imprrve living conditions of 
fairmrrc ir the hir'land zones in 'iorthern Thailand. 

(ii) 	 Tn fost(cr cicial ;Integration vithir the Thai naticn 
betv-en the vric.us pocple: T the area. 

(iii) 	 To imprcvc the environrment through the replacement of the 
resent slash anC burn ecoi(cr'y viith settled, narket-orien

ted agri6ulire , .ccr-patihlk ,,th rational land-use and
trcL!? imrrcvcd forest conservaticn and reforestation 

The ,rojcct activities are carried ctl by the follo,,ing sectors: 

(i) 	 Ccnservetior fzxming and watershei nragement 

(ii) 	 Forest rrazing and ran., management 

(Mi) ;4.--.rtiCUl turCe 

(iv) 	 Forest rananerant 

(v) 	 Forst firc ccrtrcl 

(vi) oa corstruction 

(vii) Extensicr
 

The Prcjcct Area 

Th: rrioinal r'roIect area consisted of ;he fiae Sa watershed-the 
vailey f the ,d,, .a r'iver-w!icm lies ma-i';ny vY,L ,in ['.ae Rim district of 
Chian' !Iai Province, but also, inclufes a small part of tNuang district. 
Thc ext-nde. area al,r includes parts of Saroenj and San Pa Tbng dis
tricts. Thi, t,r,':rarihy i; '-ugcd,and ranges.in altitude from .00 m 
in the nla Ins tr at the t f L rUi"umi 

Project fctiviti."; 

The ;civiti(s of the prcjcct .re., ;,c ,, ot introducing inte6 r" -), aimed 
orated larr" ust. toC. the rcject area, i! ', , each type of land will be 
us(d- for t!: to it [-est and for thettrne!vhich is suitecd. developed 

lr..nrr.,C inhM.. 'iants cf the area, and of thecerl of the 
country as a hc. TL gentler land' viii he used ror aciriculture,care 

http:ranges.in


bCino talhn tr rr..,ucc soil ercsien L. buil2 ino terraces or other struc
ur.os i.,herc this is rccossary. Vare stcoe.L,, slorinnD land can he used 

for trre crrps, such as tea, coffee, and fruit / rees, in 0,.6" soi , 
is .c.vr ,rd .iii prcvide a cashiperriartly, .hic. income 

4te the farmcr,. Othcr arcl.- of stco. la ,ii, c ken1 uner natural 
forrst, or , t7; r' tl. forest has I-een r vo~, ........ to pr""vide
 
cover for " -. sn'. , ars als- to prcduc2 fir ,'.;oe and tirker. Provision 
asj Se Yrra,sture vil, .... 's enir'als.-IISor for 

;a,.ncr ide land .,ier 3.'. r-r c,-nt slcpe can be use fcr
arrt.!:l aoricr' t. 3- cr- ,., tith sr.ji '.c,,' tion 'reasures i:here 
noccs.ary. Slc;:,..s -, ' 35 rer ccnt anp ,SU ner cent can be used fr 
tre cash crs - r.ue r.;C ; c-s. rur ,.r cEnt shoult' be used for 

"cry si- o:: keptforest "lantaticnsnt-cs. c k .. r c(nt, shcul& be 
.erranontly :-Oer -rt,:ctien fCst. 

r..,, ti,,,,o n . .. ,on Far:in5 and !+-aters; - "ana. em nt Sector 

In con ;-rvwl~ive farrirn-, this se:ctcr's activities include" land
use' nlnarinq, '-,ol,,inc farmers tr construct soii-crnservaticn measures. 
establishornt f,,r !.:-1-scale irrigation schemes, r-anainr the aericul
tur,,l side of t~r !rnstraticn area, and i, .enrral introducin(' 
irprove< ,ricult.ra1 rract icos. W tershed managcement activities incluie 
keerinr records c- climale and stream flow, esta[1ishrent f run-off 
plo..ts, . - cf road banks and oth'er eredi le areas.st Hiizatirn 

fLs described previcusly land-ue plans have been co-plcte, or 
are unde'r rrepa'raticr for three villages. These planc incl,::e prepara
ticr .. , ,, :. slc:-, sil, present lan,, usc, land capability, ano 
occ1t:rc,,r rlans, On t-, basis Cf these .lans decisions can be made C;, 
t,,, suita, ilt f l,-,rd "or avriculture or tree crop !,lantations, what 
soil corsorv:.tir measures will be needed, . d.dwhat lcrd should ,u '*ut 
under rcrman: .-; -st. of theose lans O.,ill follcyv ;?"r Impleentation
it is partial B'. or'.,lete at rcnr Khrai, an some structural woCrk has 

b ,7u . Ko ,,., villane. 

Fore',t rrazin- , Ras. e rv.naoccpent 

Th.re are about 4,r;CC( cattle ind bu:'i*;,lczs in th. project area. 
ost rf thr.se are cr- enir"els, and essential -c the farmers in theiragricultural 'c.-ivities, -ro Drevision -'cst Ic r:c'e fcr their needs. in 

frddr.r. rcviousl" ,his from fcrest grajzins, -razing1 ; !:een obtained 
r. f,.llc' ricr fi,:. ir. i: Cry season, and ?r . inn on abandoned 
shiftir . culti-ticr er-,s. ,s these abandcnrec aroas are ,,ing deve
lo~p: for . 'ifficultCS have a.riscn, particularlyr..'-r ur,-.., and, 
in frrest 1lntetirn, r'inr. is often a problr. So other sclutions 
nec,:. tov l,ic4.r, for. 

Possi!.rt srrlutirrs include cembininc -ralinc with fr.orestry 
plbntations,hy lantnr, fodder crors bet-cn the trcs, though grazing
weuld have to !..xclucdK for at least thc first two years after 
planting establishrcnt of village pastures, :itl" irproved grasses
,7nd ler,,lrfs, eml:lin. a lar-,or number of cattle tc he -r-e6 on a 
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snrller area ; anjc -rowir,-: fodder cr ,ps in corr.,ination or rotation with 
a',ricultural cro,'s cr orchards, in V.,izh case the fodder .ould need to 
be cut and carrih.& tc feel" the ar:imals. If such fodder crops coul.1 
als, yiel a mn:rked production, such as peanuts and lablab, they would 
be merc accertall> t,', farr'ers. 

tEorti cul ture 

T'e Fi rticulture sector of the rroject i:as r-ade trials of a 
wide variety :f fruit anc' -.ut trees, whic,' can be planted on steeper 

lelres th n ar siftc.! for :-rricultural c z,r~d eventu .l-"crswhich Oill 
1 1 previdc a cash income for farmers. iiut tre,.:c are attractive for 
rerote rceuntain vr(as, as te ,iuts can be eaviiy handled and stored,and 
transportcd cn ruli' tack ,ithout beinvitaa~ed. 

ut i.rees which so far ,re remisin:- are ('acacdznra, (IAraucaria 
an:,, !'alaar chcstnut (Lachira sq.annustifOlia (fromr [rnzil), 

is yet is young.Chinese chestnut alsc shrm's 	 precise, tut 

Forest Management
 

The main ,rp, asis in forest 	manc.srment has been in the creation 
have ben made for ranaging partsof lantations. .ihouoh nrcposalF 

nf the notural frc.st for rrevision of local reeds ef fcrest produce 
not exceelirn a conserwtive basis rem.cvals fror the forest ,..ould 

, t held up by le'.al ,.ifficulties.rcrwth-these arc rresent 

ctailished O;ith a :W l nurpcse, firstly toF1tai.ins er 
teen removed, andrestore fcr.st cr,,'er rn areas 	 fror ,hich it s 

to 0Lt.ir, a useful .rv,..uct, timber or firc,'ood, from landsecondly 
ihich is unsuitablc fcr arricultural crcps. 

In th, -V.'t th,: species -lantcd ?.-v.r beer thosc 0hich would
 
eventually !e usf.- fr cc'rercial purposes, ei Lhcr for timber or for
 
,e'd - pulr, ,,,hich 1.culd !.en.'-it the country s v.hole, but are not 

the local inh 1itnts, apart 	 from proparticul.,rlv i,,.ere:tinr, to 
vidine -th ,c• lovrcrt 	 in estatlishini thie plantations, and later 

rano of speciesin thiimnin' t r 7narvcsting the timber. ;; large 
have been trip,!, -,t tIe r'ost !rr.risinw and thi.. most ,idely. planted has
 

[i). This i relatively easy tco establish,
reen F'irus Keci-.:. (scn 1nr 	 t.e that after it is ab.t..-rosTT~Tte ,? !: an as tke ,-reaL 


three years 1-I" i,, is resistant tc forest "ire , Itcan eventually be
 
P pz-c'r 2ill is estahlished near Chiang


usrd r-ither for ,.ra FU!ln if 
Althcugh.a i., cr all''ed -r :rc%, l.;r-er and t.e ,,s~ f.ry sawn timber. 

pine i er ur. te ,.tc rr-sent 	has ,leen iviic used in Thailand, Owing
 
quatlity spncies s;.ch 3s teak, exhaustion
t the. vaili',4t' r, h-,4 -r 	 attractive.of suprlies c.f these-ether species t;ill v. ; ine core 


si.ilar srecies provides *:y far the larger part of

Tirter -f rinc an.! 
timber uscr.' in builckin and 	construction in Europe and the United States.
 

lower elevations.Teak .as hec rlanted or, a smaller sczle, at 
"ure ,lta .ions on steeply sloping

It is not suitabhl: firjr rlantiri in 
and there are

cIround, asthe 9rourd cover 	 tends to he v,';ry sparse , 

dany'rs of erosi.:,n. 
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Other srecies 'lantcd Kavc ircl.u'ded EI'schoffia (mai teum),

Gmel ina (mai sa;,) cr:d r'elia (rai liyan), -a'or,7 a dozen or more otlk.rs,

rioina i .1 dr.latocna Tyor haimi) Vm.'s rlant&: on a fairly large scase, 

1tc ann.dhut has k2 be .r e(' jcausc of te ;.',amace caused by a moth larva 
i,ich hores into the sters (Hy.rsiryla s-.). 

Forest Fire Control
 

Forest f",re is an anral occurrence in mountains of r'orthern
 
Thailand, -fn: frr Fdruary cn vards visibility is obscured by smoke
 

-K.ze,. ,r.rt Fr,:.. .,; c _c-s such as ',her, -Forcst plantations are burnt, 
superficially forest fire aprear c *.ittle damage. cenma" to !use Over 

turins r~n!' species (f trees have ,evels: ed a resistance to fire by
 
Orow.inr thick hark, cr eveloin,. oth:er protective devices, and thus
 

.are rarely killed by fire . c'ever this aprarent relative harmlessness 
of forest firc is ,ccc.Jtiv ; they do kill yocung trees, ane so slow down 
the repenor.iticn of the forest. and even more important, they destroy
the accurulati.n of decayit;,- leaves, thc' litter. under the forest. 
It is this litter layer v,.khich .. the rainfall, cause the waterasrHs .ind 

to soak into the soil frc.In, -,her(. it eventually imer. s t(, r.plenish

springs and rivers. If t,1c litter layer is destroyed, the rain run
 
off the surface of the scil airi(cst e.s fast as it falls, causing flooding
 
and soil erosion. 'ever,-il exeririents in Thailand have shown that run
off is greatly increased after forest fire
 

Read Construction 

w'otorah-le roads are a very imnortant requisite to development. 
If roads exits, farmers c rn se-.. a wide variety of crops tc market in 
local towns and further i If thrre is ne rd: d the only crops 
which can ')e riarketed arr 'hose i'hich ca, be carric-! rn hr-se or mule 
back, without suffering damagc and capahl o.f surportinq tLhe high cost 
cF this form of transprt. Opium is the prime example rf such a crop. 

So the ."ae Sa Project includes a Read ConstrucCieoi Sector. 
UP tc Februar- .,., t!he sector ,a: constr-,cted "8 km off :., roads, and 
had partially reeligred c.r other wise i.-viroved S( km. ::.f existing roads. 

.rart frr': r'ir., roads, the ~rrad cnstructi,n Sector is res
.siflr e -Ir -Ta1,4-' earth dp,-s for irriqation works, and levelling land 

for uildinc!...'iror ctivities have included )evel ii, of a playing
field for the school at Frn V,,:n 'ai , and clearinj rc.unL' for a new 
Wat. at Pang Lung. 

Extc;'sion andI Traininl 

Extension is a very i'nprtnt nart cf th' nroj,-.ct: activities, 
as success de-ends almcst en".relv on the "illin, co-.o,;raticn of the 
vil!F~crs. [xtonsicn wer!, is carried out throuqh pcrsonli contact, 
,,.tinns with viiiagers, Fil;, and slide s;ow;s nnd so on, 

!.not-her import;it a:.r-rct o, the Frc jcct 's . rrk is training.
In ae'ditien to the course for farrtrs r'ent.icned vrev;'sly training has 

V - C,12 
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been 9iven to students from the Phrc Forestry School, officicls frm. 
various rovernment dcoartments, includi,-C, CIf co;urse the Reyil Forec.* 
!'epartr'cnt,k'nd prcjrct staff at all lcvg.s. It is intended to expand 
this training 7roornmmo cvcr further, -, rncn has.been allotted -for 
the construction o' a porranent traininq cetre at the Demonstration 
area in 179. 

Comen ts 

The Miae .a integjrated watershed and forest land use Prcject is 
not yet ruach the ;r.ticipated goals. Thc:'e arc few factors decelerated 
the project that should be interpreted as foilo.s 

1. L.ac!/in!. rf integrated implementation of the plan among various 
conccrning agelcins. Evcry institution considered its own w.ork as more 
ir-,rtant than that of others. 

2. The annual budget allocated to the project is arranged to 
Royal Forest V.z,. rtment in each .-rocrams. It should be rationally 
distributcd tc (.ach resnonsible agencies.
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VII CLOSING REMARKS
 

by
 

Mr. Kasem Snidv)ngs
 

Secretary-GCncral, Naticnal Environment Board 

Participants, obscrvers, lecturers and others.I consider it a
 
srcciil rrivclo', tr br,lo to" make the concluding remarks for this
 
training course. From all reports it has been most successful and well
received. I am only scrry that I was unable to spend more time with
 
you during the past two veeks.
 

My staff tolls mc that the course purpose and objectives have
 
been met and that -rcat interest and enthusiasm has been shown by all
 
involved - these to be trained and those providing the training. A high
 
eagree of communicaticn and rapport was set early and this expanded 
as
 
the course progressed. A particularly valuable part cf the ccurse
 
was the contribution by the Participants, both the case study country
 
reports and the field sampling-lab analyses activities.
 

All of us w'ill remembers certain highlights of the informaticn
 
exchange that has taken rl'ce during the course. From what I've heard,
 
my highlights would be .
 

- Of all our resources, wetershed resources are and will continue 
to be -nong cur most valuable in terms of socio-economic, er
vIro ,me;;tal$ ard recreational benefits. At the same time,
there is ,analarming loss of these resources without adequate
steps bcing talken for proper mrr:gcrvnt and ri-nLvaticn. 

- Common problems exist in watershed resources management among
 
the countries represented here, namely poor planning and land
use decisions, forest harvest without enourh reforestation,
 
over-grazing, and shifting cultivation.
 

- Althouih practical physical techniques and practices have been 
d2Gmnstrated fcr watershed management in tropical ecosystems,
 
difficu4 chailences remain in irnplc.mcnting these practices
 
because of the customs and lcw income of the pecplc using the
 
watersheds and the difficulty of law enforcement. These diffi
culties drive home the realization that watershed management
 
must he a joint cffort involving soil, water, forestry, agri
culturc, fishery and other scientists along with social as
sistance a encies, drug suppression agencies, and other
 
agencies who wcrk directly with and influence the lives and
 
incomes of peple. [lso, a part of this joint effort are the
 
officials who make and enforce laws. The training course has
 
proven , I believe, that watershed management can be effective
 
only if these responsible peo-ple cooperate and pull in the
 
same direction.
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Sa, Khunte fild trips tc the Mae .... th ty und1rstadiflJ is 
were a valuable addition

lnthnr.n WIatersreo ProjectsKhrc,.nrv In opying whatand coursethe loctures -to -thcr materil. 
anu the other reional 

,,ure,1.arncd thrcihout lhailand 
a full rangeficld trip areas show

countries, I bcliev, the 
no mn agment

of v:,,tt rshe-I ,anagement-w!hat can,.happen with 
s the 

.- land-us practices as nv l Oa
along with ;tear res, ur.c. ind 

result from watershed restration and ap-
,enefits that. can 

l and-use, practices.prqriate 

and deforestation 
On , related to watershed managementcncern is the impact on

ishtd during the coursetht,-, sr,'t ,.i Interperspectives.
the carbon dioxide Lalaiice from a global 

have warned thatlid
nition rgniza-tions Such UNEP 

_l.
as 

reenhouse" effect 
spread deforestaticn may p.remote a Jl b " 

vast hydrologic
thus raising tmperatures and triggering 

ch'anges. This ..- ,, theorm afford to testmay . we cannot 
rng implications.bc-cause of its staim 

is the resourcefulnessto mentionThe last highliht I want 
of you particiT;ants in taking advantage 

of the weather to ... _'. ...pr-inciil1cs presente u~gte the course, When caught : 

field trip, participants used 
-l ,ly n c ted during 

the rain durin.g the Mae-Sain 
study rainfall interception. Study

tht opportunity tc 10
that Dr. Ffolliott's Crown intercepted only

rest of
findinls were hereas interceithepercilnt of the rainfall 


jroup rF,ned frcm 60 to 70 percent.
the 

that each of youthz hope
I .ant to conclude my remarls with 

Yourin the training course. 
have ,enefittedFrem your involvement 

it is my hope that 
not beccme easier but 

jobs in the coming ycars will 
here will help you tacklehave receivedthe insights and incenivo you out there.that are itir- for us 

and solve the watershd,].rolems 

the Department
the National Environment Board and 

S7eaking for for thethe host agencies
and Econromic Cooperation as

of Technical 'o the University
.ntccurse- I w toeoxnress i,,y sincere thanks 

totraining 
cand the guest lecturerS for their contributions, . ...... ...

of Arizona Un v ty a1,mo of A Technology, theM. an. '.., tea rs Institur- o].. icultural n Aine 
an( the ;crthern Region Agricultural Development 

RC al Forest Deprtment, 
for thOir unri:served hospitality and assistance, 

to the planning 
Center agencies,nd to the .ssisting-
for the course,committee that .rranged 

the U.S. Agency for International 
that made t.. course lossihle, namely 
 Nations Educational,

M and th-e Piosphere, and the United
evelopment 


and Cultural Oroanization .
Fci-ntific 

* Tha:nk you. 

. 
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WATER SAMPLING / LAB ANALYSIS REPORT
 



VIII-1 WATER QUALITY P4ONITORING AND LAP, ANALYSIS
 

Introduction 

The workshop on water quality monitoring and lab analysis is
one of the most important session in this training course. 
 Ingeneral,
the successful of watershed management can be evaluated by means of
quality, quantity aU~d-timing of water ficm the watU.rsh'ed. Among.thoseindicators, water quality is the most vitality inwatershed resources
management. 
However, water quality iseasily affected by land use
practices inthe area and other development activities of the watershed.
Determination of water quality is an intensive task which needs a 
skileld
and experienced personel to daal with.Therefore, the purpose of this
workshop is to render participants more c-able and to gain some experiences inwater quality analysis including field work performance
such as selection of sampling station, water sampling and preservation

of water samples.
 

Objective 

Objectives of the workshop are to 
1. Instill oarticipants to gain experience in site selection,water sampling techniques and. preservation of the samples.
2. Render participants m-pariences in.analysis'of waterquality

both in the field and laboratory and also using of instruments.
 
3. Provide a forum of knowledge in relating land use practices


on the watershed to the t.'ater quality. 
Description of the study area
 

The Mae-Sa watershed, under the Mae-Sa Integrated Watershed and
Forest Land Use Project, had been chosen as 
the study area. The main
objectives of the project are to introduce integrated land useproject area for development of the watershed. 
to the 

Indeed, land use
activity is a
key factor affecting water quality of the watershed, and,
it is a controlled factor at the same time. Informations concerning landuse practices in the Mae-Sa watershed area are also available for the
interprcting of the hydrological 
test results.
 

The Mae-Sa watershed area lies mainly within Mae Rim districtand a small part of Muang district of Chiang Mai area Province. The extendedalso includes parts of Samoeng and Hang Dong districts. Thetopography is rugged, and ranges in altitude from 300 metersplains to 1,685 meters in theat the summit of Doi Pui. In the original area,over 50 percent of the land had a slope of over 35 percent (190).annual rainfall ranges from about 1,300 mm. 
Average

in the plains to over 2,000 mm. 
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near the sumr, it; cf Doi Pui. The maxinumi temperature recorded is cver 
400C and te rinirmum is .c. 

The s ,ln of water was rade at . t--ttions Jr th;. 'Z--

Watershed Pr~rc. C.t for qiuality renitcrinrvj 'r lysis, Th saipling 
staticns !r, . ti-i:i6 a follow' 

" 
.Station I t .n M ;,, represents t h.c dov.ntrezm -ith catchm nt 

ki t2rshce arcrh., L..nd vsc is Mnl, jndis~u..xof water from 
r rtofand plantation forS .,.t shiftinc cu 2t" " ddy, Lp" 

crops, and hum sjt! ...... t, 

is ths, 	 6-trs,:utribLutary of i;."' C, ,.Station II Kn ..- 'oi 
a-Sa rT5rr t0 ihrunt n i7 , ".fi ..rgc portion of l.n (.'i:cL't 

50 percent) i uvcr shi ftJi:r.,, cul ti va ti *,ndthe rmi n,i ng is p. rts ci 

upland crops,,.2,rtur:f r1nttion fore-s;zs, This sub-w ,.torshed is -f.;<.l' no 
influenced y Zcti ,i tits f .) "i 1lago. 

n 	 ..Station 11 t , Fcn" Y-nn "-*okw i> 	 "c km " 

US is a corO nation )f shiftir, cultiv:-ti.1,-,U..,st reserve, p,.ddy lod 

upland crops. 

-recedures 

urto the chjccti.v 	 ,.ni o;ud p-rti cipnts are 3ssijn ,dAcc.or1i ncj chenleol ,nd physio.l -rcpertics f.f wt-nr frc.r(1) measure v, rous 

intcrnret the labpre-szlcted ices on the ,a:.S- vi~rsK6, r (2) 
results by nakin. aencre.l conclusiun in ...... t. ,a .nd uses of the 
sub-watersheds 

A. Preparntion prior to thu workshcp 
SThree samplin" ' 'c " ,ns .....-,, cen .eiected -'.rwater quality analysis iv, 

;le-Sa watrshed 

Analysis of '.rater 	Smrrples" iad been prepar:d"Workshop .7anunl fcr t'" 
by the .Orqnizi nq 	 .ub-Commi tte.,. 

' ! Project ha 
, dr*inage pattcrnsThe Land Us,,. scale 1:50,000, c, c 'atDrslhed 

been prepa:ccs fur 	cach group. Land usa p:tterns 
a"nd sanlv7 t, tirrs were identifi,-d uv;I teQcraphic maps 

:,.ing to thei-r backqrcund ,.Partici pnts ar. .:rr.,,c;, into 5 oro-u' 
that c.i u,' perforn with Lj2.ck,round m .)cersuroiil l 	 vari~u , 

8. ater sam,!n 	 - preservation cf t, smj.s 

;t , .,c.c;.f th, thrc samplinrt stc,,%icn ., _-ac.1 freu.p V,'s assi.lne: t:: 

(1) measure ser15e pCar.r'ters in the fIi. ,, is.vur.ntal Fxthods, -. ,.. 

collect 	sarpius for .-,,surir: sm.L properties c;- foilowini diy, cn,
 
fixed-1 by cf,,, ccl tK <icr .ias DrcsGrvcd in
v-a s -resrv, ,.l 


tcmpe ratur.
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C. v!ater qualIty .n, Iysis 

1. Field anv,/sis Aftcr vate;, samples ar- collected, They "-.,o 
ready 'o be do r-m nod' for sorcr properties or: 0;he site., Thesv .roperti. 
and instrument.l rmeth.eds are .s ftl lc. 

tempcrature by thcrmometerXr 
pH value by pH meter 
dissclved oxygen by DO meter 

2,. Lboratory .an-lysis The -l,n - iS Of dmIIAcal "and 
,hysi cal ParamitersjrollCwin the procedurcs prescribe.d irn the Worksho 

fianual, was carried out at the Enviro,nme,tal Engineering Laboratory and 
the Chemical Laboratory, Chiann Hai University. The par.meters and 
methods applied :re z,.s follows 

turbidity by turbi d'imeter 
light transmittancc by colorimeter 
conductivity by condu"ctivit meter 
alkali nity by indicator method 
total hardness by EDTA titrifoetric method 
dissolved oxygen by azide modification of the Hinkler method 
orthophosphate by cclorimetric mcthod 
nitrate by nitrate alectrod method
 
pesticide (chlorinated) by gas-liquid chrcmatographic analysis 
settlable solid by using IAoff cone ' 
filterable solid by total filterable residue died at.103-105°C 
total solid by total residue dried at 101-105 OC 

Result and Discussion (eAtract from participant -eports) 

The results and discussion of water quality analysis of each group 
are presented as fcllc-•!s 

ii~ "r; 

VIII1-1-3
 



'. RcsuLt of i4tcr iulitv ' lKys 

Nnys i ca 1 Prono-ri._e s 

Tcmperz~turi-. ,c 27.0 


iLf'bi di ty, FTU 4 


T YC
Trzinsmi ttnnc~ 

Concuctivi!,Y, mi crcmrhos/cm 2IC 


ScttI,2abIC sIV r1/i 0.3Or 


Filterab siL riq/i 60C 


Totkal issC1vQCe solid, ng/i 30 1 


Chemi cal. Prclncrti -s 

ph .0s 
Alkalinity, ma/I asCnCO 114 


Tot~i hardn'-'ss, mii/i ag CaCq 136 

DisclcJ fyy!.,n Y57.3 


3rthcpicspba,-tQ mg/l ed3 

Ni tre-tc :;c/l 1i -( rc-


DDT' M0/i tracc2 


Note U/ traicc refers to amnount 1,ss thn-r 

2/ 'Lr,:c,. refers tc Rmoun't loss t'li:u-

25.5 
1. 1717
 

8A. 

138 D10 

0.450.5 

183 74.2 

317 235
 

'7.74 7.35 7 0-P.5
 

445
 

80 152 1000
 
13.8 8, 4
 

4 5
 

t3acP! tracel'

non-e trace- nomn:
 

0 .2 ma/i 
0.001 mci1/i 
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'Discussic'n 

1) Temperature Thc temperature at s;tation I is somewhat
 
high because the easurement was made in the saemile container not.
 
on the stream,
 

2) LA. The pi value c:f the strom is normal and meets the U.S,
 
Public Health Sorvice .rI . . ....'Jati
.nkin . A'r. 

3) Trotal hardness Since tile total har'ncss stand-rd cf surfacc
 
water in Thailnd is .h.ut 100-200 iw/l . -o it shuws that the tot'l
 
hardness valu- ,'f the water in Mae-Sa river is cIsc r.
 

4) i0so1 ved cxyon val ue As i n: i cat. in the manual, the
 
oxygen sol ui lity in fresh water at tcm:-orature 2,1 0 is U.. m;/l, The
 
'issolved cyj-cn at (i.-Sa river as tc-stc!,-' here is very aproach to thits
 
value. Therefore, we can say that the water qua1ity is -ocd. 

In China, value cf 4.5 mc/l will meet thc standard of fresh,)water for fishing. The wator quality of Ma,.. .. river can thus be used 
fur fishing as well 

5) Total dissolve solid It meets the U.S. Public Health Service
 
urinking Water Stnards.
 

6) Alkalinity The tested value is about 3-10 times higher than 
the U.S. Publi c eatlli Service Drinkinj Water StandardsWater treatment 
is rocommended before supplying it as drinking water. 

7) Insccicicu DT is trace at Statleon I and III. hile nonc of 
DDT was found a: staticn Ii. It meets the Ntinml Standards of rhailand, 

According to these narr-,1,mtrs .xamnd, the water quality in the 
lae-Sa river is still r-od rn(, can t'e used as public water supply, 
irrigation and fishin!. 

3. Conclusion 

The data obtained for solid matter in thesc three stations can 
be related to the land useani slope. The cdissoived solid valued 'at three 
stati.ns, 301.5, 317.0 .nd 293.5 mg/l ros,,ctively, are considerably hi cn 
and highest at station It. This is because shifting Cultivation in the 
station II area is greater than that of the others and, as we know samplin,; 
time is about 16 hours after a storm. 

As seen in thc map, the watershed area are mountainous with altitude 
,rom 300 to 1,685 metors. Fifty percents of the land has slope of over • 
35 percents so the transport capability is hi,1h for eroded material thus 
impacted the solid mattcr in all three stations. 

.............................
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1. Result of wcter quality analysis 

Parritc rs 

Physical ro2rti es 

Terprature., 3C 

Turybidity, F1ih 

Transmittance 

Wun.u%.ti Vi ty, mi cmmhos/c1i. 
Settleabl.cl; rso/l 
Filtzeale solid, mor:l 

Total dissolve.. solic, mo/l 

Chemical Pro;7e.rties 

pH 

Alkalinity, ,njl as CaCO3 

S tatiOn St ti cn 
II 

2i4.8 24 

2. 0 0 
55.C-

194 131 

. .5 
ll)7.2 162,1 

298.0 21.4 

8.14 7.70 

130 92 
Total hardness, m,./1 as CaCO 3 15 

PO-usi ng DO metor 
-chemical re.ethod 

Orthophosphate, mg/l Pd
.i!~~ 4.. 

lbr,Igi-

D, mg/i 

Note :l/trace refers to amouInt 

2/trace refers to amount 

5.50 5.7f 
7.5i 7.1.5 

Stati on 
I I 

Standa'rS 
fcr :!ri "" -
water 

2 4.2 

19.0 
79.0 

192 

0.1 
57.8 

202.2 

6 

7.35 

146.5 

7.0-8.S 

6.1 

.70 
8.4 

4.. 3.75 3 .0 Sr(co',G. i
...
 

- 6.2 45 
traqe-' ,; 1 tr-cnone nore 

loss than 0.62 mg/l 

less than 0,001 mi/l 
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2. Discussicon 

1) l zratur,, HkaPsrd rL.sults bta in the strein uor uti
 
til, same for 11 i t,,r. stations ihe surA tcmperaturms aire -i iit;tiL
 
higher than t.hL avc,rao. of 2.-1 "C[!rhs ('v_ t. the tim f t'ov ( rly


Oi;i&hl lcwmss cf ,hu str"ams, Th c r.achi ne ,easuremcLs 
a I.ttI, r thcn t1hc fi rst sict F:rt,"aps due to thz si lrIos boin

hand hol a,-,'tc 1 ffcerences in cal i brati on between tho han C thermanotcv r
 
and thu HiCH m...,.i .
 

2~) ~pi:..~l i nit Our '..ata fi'r thcso tWo, properti-s did net 
turn ut 'o urc .. cr instrumentation %,a. 
to cl ame. Giv.,n rc.cuure, vway rant trust 'l.kli ni tyt ip "; tr Eh 

r;eas urer ~;nt r; . w's statirn I1 tf. be loi :;'r. P.rh,,s this is ;u..
, lti c.. -.

sub-watershuc I hI th:- ,; fcrest reserveoni t,
,vn owe st percee,.*. .*-

hI7iQhLst purc.r-.a-, f shi fti n' cul ti vatic n ",f tea t. aoricul ture
 

The .:H s n' ;!:,'t It static"n I, t[hun follc.;ed by stctior, II
 
III, The s.Tm% ettorri shcv's for [i0 (sec DO cxplanation next paoe) .!.ith
 
a higher CO. r.cl;s-. riH increases
 

prc:-rs th,.;.. c 1kalinity r:jdi ,rv at station If cculU. be causeu
 
by Ic':, of ,the si te, Station
irxiunt~r, cr,,nate and hytiroxi i ","As
 
the lowest al h-alinitv r-Aing,
 

3) Dissclvec.' oxyc n (DO). DO is highest at station I. Ono
 
contributing factor mioht be the steop,-r siope t the site as evid: ncc L>'
 
thL. waterfall , This weul.-! cause CO.., to b. released from the watar.
 

4) Turbidity, Turbiditv is distinctly hi ohust *"I; stati cn I. I 
attribute this to soil erosicn and surfac runcff. That is associate! 
with clear cuttini an:' shifting cultivation which makes up 50 percents of 

in the subowmtershed.,land use 

5) Transnittance Thc transrittance rc-Air have an invrse
corrlespnn t thl turbiity and flerab sclids readings as oxocte. 
Station II has tho least transmittance, as it the most solids 3.
turbidity, that would himndcr transmi ttaric, 

6) Conuctivity Aqain, the roadin'-. fcr zttion Il is the sm..lls. 
for this vaiab,,, !ith increased turbidity and solids and the lesser 
amount of wavter irms'.cular surface, contuc-ivitv is reduced,. 

7) Orthophosmh..te .)rth,,,)s phatos.e .ore measured at all thr,. 
ii.IrcsM: westaton. Fhe in concentration were low, are not certain 

of 'the impieKintati,as of cur moasuremnts. 

) -Iitrora; Only a trace arourt of nitrate were fcund from th 
station I s-pc- and equal amount of C", mrj/i,t st•tion 11 -,nd 111, 
This corrosmrinds to the estimated percentages c'f land donated to treated 
agri cul ture. In sub-w,.,atershe, ii an. IIi, !5 tr! 20% ,f the rland in each 
is donatud t,, ; ,a&nricultur, windcr fertilizers couldbe a part of the
technical pac.c, b#ile cnlv FbCut ' df iand is under treatedthe "qricu'ture 
in sub-watershed 1. *rih rel-tivo arounts -,F nitrates could be foun: "int-ie 
receivi ng stre-ms. 
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S) Tot.a I " Staion IInac : r,- nr, cf OU mg/1ia 

,t .
measurernts :%r":" ni"y'" , 

.0)S&li, s. '!lt .bl:, fiItarabic n t ,ot!l ,.,issol,/ Static,* .I. 
ha thh.'S lhi st . cnt .fs' tt1b :; lI whifiItor-a- I<'s 
w,' loscribc t,; thk rCh ter ct:acity fur :ri n n' rur.ff on this su:.
w'atie;,'Shedn.ic,, *.. of shi ftinc ivatic:n, thc msuror'3fltwerchpta, c;l ..
for total dissc1vcr v.,-,sher f", .tc ,in I th 1" I.sc, i .'n. l;i 
reascn. for wnhich w:: -,re n,:,t Celrtai n 

1) '1001- Trlcci,.u,. cf UOrT .,r ..un,- frm station I and I 
3nd thi ni ro. t.C-C f•ro st...ticn. i-Se miasurements, could 
refl act ta vt..ricus treautrnicnis cf DDT in p V-,y ri cc, trci aricJltun 
forest planttions, , rchards or in mian':-.toa plantation, since we nc;',"


Ct ar,- bein in diffe..mtknow exact, te"ical rl'.cka.-os e:r...c! thnkena.u ,ectc "-r
ow.c 
land uSeS, Vs wiL 1y tallen- t" rotct1 noe that caution sbt,.ld be 
*ealtn of tK i rabi tints and tc Ocosystem's stabili ty. 

(DDT reasur'cment ....by technician ex-erinnced with gaswere e 
chromtorrap 

3,Conclusion 

Only v iaral about thu hydroloical test riesultsnry conclusions 
and appropriate land use practices can be dr#n from the team 2 data sot. 
v'.had two -rirlrv limit.tions. The information bass about the watershed 
is inccmlete. For example, we have only little information about per.
centage of lan-. donated to various land uses, the technical practices 
employed, soil types, vegetation composition, etc. Secondly, our samplino 

terms.Pool were limitte,. -in both spatial and temporal We were not able 
tc carry Dut statistical an.clysis of the data nor determine standards ef 
errcr, 

'.-cre mc ni tori nr nd stuIy would bc necessary in order te make 
conclusive stterxients and confident recommzendations for the watOrshed, at 
whichrtime tho stndarls for 1rinkic' w!,er could also be employed to 
assist in the decisicn makin, process. 

.. i... . .
 

<Iy
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Group 3 

1. Result of w,3tz Ouality 	anlysis 

Paramenters Station Stati on Station Stanc'ar,'s 
1 i! III 	 for drinkiw' 

w ter 

hysiual Properties 

Temperature aC 
- using thermocouple 21..1 2411.1 25.0
 
- usin- therwoeter 27.0 24.5 25.3
 

Turbidity, FTU 19 
 76 35 5
 
% Transmittance 70 
 52 83 
Conductivity, micromhos/cm 198 132 213 
Settleable solid, mi/l 0.3 0.5 0.1 
Filterable s :, mg/l 107.2 162.1 57.8
Total dissclvei solid., rg/i 298.0 211.4 202.2 500 

Chemical Properties 

pH 	 7.8) 7.71 7.15 7.0-8.5 
Alkalinity, m(j/i as 1.33CCO3 	 4 146
Total hardness, mg/l as CaCO 138 88.5 145 100-200 
DO, mg/l 

- using DO motzr 5.75 Ei.70 6.25 8.4 
- Chemi cl method 7.50 7.50 5, 10 

bh 6'S, Mfl-P04 5 .0 / 5.251
 
Nitrate mng/ NO3-N traces traca- trace 
 45 
DDT, Mfg)1 trace- none trace- none 

Note 1/ trace refers to amount less than 0.62 mg/l 
2, trace refers to amount 	 less than 0.001 ma/l 
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2. 	Discussion
 

The data shows that turbidity level at the station II is
 
higher than the other stations. This is perhaps because. watershi.,! 
area above station II is steeper than the others. Furthermore, jreata 
extent of land use above station II 
treated agriculturc and plantation 

is shifting cultivation and parts 
forests. These factors induce a 

of 

higher rate -:f erosion at staticn II 

3. Conclusion 

It can be concludu from thc .iati Cbtained that erosion rate at 
station II is greator than statiom I and st%.tiQ* III. So watershed area 
at station II needs more treatments. 
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1. Result 	cf wator qu -lity analysis 

Paramcters Station 	 StaticnStation 	 Standards 
I II IIi 	 for drinking 

water, 

Physical 	Proporties 

Temperature, 0 25.0 24.5 25.5
 
Turbidi ty, .FTU 35 52 23 5
 
% Transmittance 70 58 
 8.4
 

Conductivity, micromhos/cm 192 123 210
 
Settleable solid, ml/l 0.35 0.55 0.30
 
Filtcrable solid, mg/l 23.7 96.8 68.6
 
Total dissolved sulid, mo/l 186.8 205.7 176.4 
 500
 

Chemical 	 Properties 

pH 
 7.95 7.52 7.32 7.0-8.5
 
Alkalinity, mo/l as CaCO 3 62 86 150
 
Total hardnass, mg/l 
as CaCO 3 152 94 180 100-200 

DO,mg/l 

- using DO meter 5.3 at 6.4 at 6.1 at 

28 OC 24 "C 25.9'C 
- Chemical method 7.5 7.7 6.6 8.4 

Orthophosphate, mg/i P04 4.8 3.6 3.6 45 
Nitrate,mg/l N03-N 248 trace- 124 none 

DDT, mg/l 	 trace- none trace 2 none
 

Note : 	 1/ trace refers to amount less than 0.62 m-/l 

2/ trace refers tc amount less than 0.001 mg/l 
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2. Discussion 

1) Sclid mattr tf tibl; show-s th.t by largc all 'ta tertainin, 
to sli mat.ri.! (,oth sus ,.nde, and dissclvU) is r:atr ,.t stlCi:n II. 
This. of cours'.:, is trbu,. cth.. rxtent f shifting CO-
tivat-in cn iLs stcer, sl,:pes. Shiftin.j cut i v .ticn crursas a lead ef 
sedirent to intc w-rinac Read constructionbcas;Y' the w:trs. at 

viI "o, can,ae-Sa untrlbute IraU.Mai alsc. tlrds thL sColid In 
stati,n III, since pai.(.y is cultivated in thc vallejy, i can be pcstul..." 
that it acts .s.iretardant to ,-,rosic.n. , t.s.ticn II the stec,. lanrds 
use. for snifti n,- cul ci vticn e.xtnd ri. t dc to tb3S ff thC V- las 
itself, hut it 'It:t!.' 111 the cuietvti'.,1 of ;e "d-in the valleys 
requires the lanc t; e oithur tCrrace.; .r f!1cttcncd, hcnce the latter 
station could check further cresion. 

2) ij .Icsiinificant difference 

3) DO This ,,.s nc.t givc us any define ccnclusion, but it cn
be said tat the pxyezn levels are go.. since the values obtained fall
only slightly !ess tan that for saturation exyren levels. Another fctor 

that thc DO ccntent could be influencLU.! greatly by the location of the 
sampling -- int, if ccl'lected just after the rapids it ,,cul('give a 
higher value. DO content rmeasured by the in(direct nicthod shows discre;ancies 
as example of st.tion III. The lower DO value at station III by usin- DO 
meter could ;x.ssiUility be duo to the decreased solubility of oxygen at 
the mid noon tece.rt.Lure at which the sample was read. 

,;)Turi..ity and transmittance Inicative of the amount of 
('issolved! subst-.nc;s sh.ws that staFiTn I by far has the greatr amount 
of solutes possibly due tc the land use practices. 

5) C':nr.uctiviity an," alkalinity S'o . variation from one station 
te the ,thrs r,,st ...-. y....,to ,1ffer:nces the scil, uu th in charac.
teristics n: . .,. ,..t r a . 

6) Tt h: r,n:.ss , rmeasure .fthe CaCO content, another 
variable charactc.r is cis influenced 'y t r(nt F'aterial. 

7) Orthoj'hsy ,.tc an" nitr?.tc OrthoPhcsphate values althouh low 
show the expected cumul ative value At Stati n J. SurpriSi nly ni tra 
levels scepm t;,.,hi-,h c.o draw any conclusions, it could possibly due tc 
some cxperimen-ia! errcr. A icwer value cf nitrate level at stati.n: 3 
however ceul I th result (f the fact th is extensive thero. 
Paddy is a crc.. th;r.t requires nitrogenous fertilizer. 

3. Conclusi.'.n
 

The wa.er of the R4,,e-Sa river frem &i,. a!c.(;ve parameters show thlat 
the quality ef t:,_ w.iter is oo. .ch mical stan,!ards an(' feol well within 
the value stlAItc.' the U.S. Bureau for drinkinC water. The only fecLer 
that contributes tc. its disadvantagc is the turbidity which of coursc should 
be attribute" ' bd. an' use practices. This water should have to under.:-,: 
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a purificati;,n. Qroatmcrit,' !-eforL us%- cs c'rinkinv, wator. Hcwovcr~th2w,~ 

Howevr. uc~hc-n."; ~c r,3ha~ve ';ravin it 1wui,. sct-im ra:th-c 
inaccquate t..; makc c ac~.vc ccnclusi,,;n pr-Jom Just . sincle sm-linj a~t 
oaCh si tc.. I.ihe .twul nccessiri1 y -:c lefinit-, refc--Cnct~sK rquir~ 'cfcrc-

ef tim? in(' ill inciud.- both d~ry an.w!c so-iscn sarinL 
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Group 5
 

1. Result of watcr quplity analysis
 

Paranotors Station 

I 


Physical Properties 

Temperatur ,aC 4'.8 


Turbi di ty, FTU 39.0 


% transmi ttance 59.5 


Conductivity, micromhos/cm 187 


Settleable solie,, mi/i 0.35 


Filterable solid, mi/l 24.2, 


Total dissclved!solid, mg/l 18"'.8 


Chemical Propertics 

pH 7.9 

Alkalinity, m(:/l as CaCO3 37.5 

Total hardness, mg/l Ps CaCO3 138 

DO, mg/l
 

- usin JDO meter 5.3 

- chemical method 7.6 

Orthoposphate, m'g/l P0 3 4.5 

Nitrate, mo/l NO3-N 0.006.i 


DDT, mg/i trace 

Note : 1/ traco refers to amount less 

Station 

i 


28 

83.0 


58.0 


137 


,3.55 


95.8 


OB.7 


7.7 


41.0 
52 


£.5 


7.4 


4.G 
0.0061 

none
-

than 0.001 

Station Standar.I 
III for drinkinS 

water 

25..' 

29.0 5 

72.0 

21( 

0.33 

67.5 

176. 50) 

7.4 7.0-8.5 

39.0 
152 100-200 

6.1 

6.7 8.1 

4.2 
0.0071 45 

trace- none 

m-/l 
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2. Conclusic;n
 

Thc cx-cricntl results revels that most of the r:2.Imeterstoste,! for th. '.Jatclr qJuality cf ia-Sa Aers5ce, avera e L~ thC aLpt,bl,levl . Thi- r.ans ',,e wtcr can still he used for the domestic andagriculturai ,r.... , Hcwcver the ;.rs.ncu -f DDT .n'!the rclativelyhigi level of turbil ;y (83 FTU) in thi, watcr sar;,ics indc.te thatwttcr nz,.(edJs Fi.rrrunts thetr -,crrc. ir.cnn h-s for drinkinrj. ShiFtingCultivVi.'.n pr.dtl ir
. r'3jor portions of. ,atcr'shcd area (50%) Contributeth,.i.n I f ..ro! wiaterse 'nc., snmu . h.rrfore .; con tai c'i f net Kr "  h Lc-tr-il, 

Sur.ria ry 

It sho.ul;' !.e mentijncc that inturpreteati,-,n ,fthe results inrelation with land use pr,:ctices is k.ascd n i,sine: sampling1at eachsite, It woul,.' seoms rather in.decuat)1 t, makt , . nite c.'nclusion..5K c ncluIn fact, dita col!c.tien should '.,, ccnducted throu h a lorn.icr period oftime inclu:ing t,,th .'ry ond wet seasons.. AlIthcuch variation of the datafrmm each grcuv may be sinnific xnt ,irticioaits are nevertheless elicible.fur water quality inalysis incl..r'ing s-itc scl-c*ion mr. samplinn tzchrioues.Since the. accuracy .,f the results ",...ey"-r(' t+k )jOctives and es nn hems
 
concerns, it is n-, recmmende", f -r making any reference of the data
 c.resenn-twever,e . it would:, '.o tiken as 
 o guidelines -cr implementingagunCies for watershcd ros. urces mananemcnt. The iatcratory wcrkshor.ilso provides -,,rticipants th techniques '.f s:rm.linr site selection,
ater quality -lvsji For initia.ting m': further ?racticing in their 
-wnagencies. C-nclusie-n will thus e,drawn t' s-mL extent due to limitationscf .-, an, tine providzd. Sap.,lin- pc:l war. 7Is- liinited andparticip,,nts 'qcru nt able tc carry out statistical analysis of the iat-. 

However, from the ,"verall evaluIftien ,vparticipants, the lacratoryworkshop is ccensi"ereC vory useful. An% it ld said that thisexperience is :Ofvantages in various aspects cf watershed resources 
manag-munt. 
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Annex VIII - 2
 

COURSE PROBLEMS
 



SOIL LOSS
 

PROBLEM
 

Calculate the notential annual soil loss for the watershed civen in the
 
runoff problcm.
 

Assume:
 

R = 350
 

Average slope leniht and gradient
 

Area A = 80 ft, 40%
 
Area B = 100 ft, 20%
 
Area C = 150 ft, 8%
 

Soils
 

Area A
 

60 percent silt and fine sand with fine structure and moderate
 
to rapid permeability with 3 percent organic matter (silt foams).
 

Area B
 

40 percent silt and fine sand with very fine granular structure,
 
moderate to rapid permeability and 2 percent organic matter
 
(clay loams).
 

Area C
 

30 percent silt, clay and fine sand with massive structure and
 
4 percent organic matter (heavy clay loams), slow permeability
 

Cover
 

Area P
 

Heavily grazed and burned, tree canopy approximately 20%.
 
Litter cover 45% of area.
 

Area B
 

Grass ground cover, 60% density
 

Area C
 

Small grains, row cropped, 80% cover
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Table 15.5 Ercsion-contrcl practice factcr (P)for the Universal Soil-

Loss Equation (From U.S.Soil Conservation Scrvicc 1975)
 

P VALUES
 

CONTOUR CONTOUR 
LANP SLOPE STRIP IRRIGATED + 
(%) CONTOURINC CFOPPING * FURROWS TERRACING 

2.0-7 0.50 0.25 0.25 0.10 

0.12
8.0-12 0.60 0.30 0.30 

1?.0-18 0.30, 0.40 0.40 0.16 

19.0-24 0.90 0.45 0.45 0.18 

* Using a 4-year rotation of maize, small Crairn meadow aQi meadow. 

+ For prediction of contribution to off-field sedim1ent foad. 
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Table 15-3 	 Cropping-manaoemert factors. C in the Universal Soil-Loss
 
Equation for woodland. (From U.S. Soil Conservation Service 1975b).
 

°/rF rP.. PE' 
CO' ERED BY 

TREE CANOPY > 2 INCFES OF 
(% OF AREA,) FOn.ST LITTER ,, V C 

100-75 1n-9O Grazing and burning controlled 0.001
 

Hoevily grazed and burned 0.003-0.011
 

7C-40 qn-75 .razinC Prd burning controlled 0.002-0.004 
oa[vily .razed and burned 0.01 -0.04 

3 -2O 70.r./0 Grazing and burning controlled 0.003-C.009 

H.avily grazed and burned 0.020-0.09
 

*(20 Trcat.j as qrasslad or cropland
 

Table 15-4 Cropping-manigemrnt factors. C in Universal Soil-Loss Equation,
 
for pasture, ranncland, and idle land.(From U.S.Scii Conservation
 
Service 1075b.)
 

TYPE OF C",NOPY
 
AND AVEr'E F!fLL CArNOPY
 
HEIGHT OF 	 PERCENT GCOOUND COVER 
DROPS 	 (%) COVER* 0 20 4) 60 80 95-100
 

No appreciatle 
canopy 

G 
". 

, 
., 

. 0 

.24 
.10 
.15 

.042 

.090 
.013 
.043 

.003 

.011 

Canopy of tall 
weeds or short 
brush(0.5 mi 
fall ht) 

25 

50 

75 

G 
I'l 
G 
W 
G 

.35 

.36 

.26 

.26 

.17 

.17 

.20 

.13 

.16 

.10 

.09 

.13 

.07 

.11 

.06 

.038 

.082 

.035 

.,075 

.031 

.X12 

.0/11 

.012 

.C39 

.Cl1 

.003 

.011 

.003 

.011 

.003 

Appreciable 25 G .40 .18 .0e9 .0-40 .013 .X03 
brushes cr 6, .22 .085 .042 .011.4C .14 

truskis 50 r .3, .16 .085 .038 .012 .003
 

(2 m fall ht) If! .34 .19 .13 .081 .041 .011
 
75 , .2- .14 .08 .036 .012 .CO3 

U .2F .17 .12 .077 .040 .011 

Trees but no .42 .19 .10 .041 .013 .003 
appreciable Wl .42 .23 .14 .CG7 .C42 .011 
lcw brush 50 G .39 .18 .09 .040 .X13 .003 
(4 m fall ht) H .39 .21 .14 .085 .042 .011 

75 G .36 .17 .09 .039 .012 .003 
td .36 .20 .13 .83 .041 .011 

*G = Cover at surfaco is rqrass, grasslike plants decaying compacted duff,or 

litter at least 2 inches deep. 
1-1= Cover at surface is mostly Iroadleaf herbacecus plants(as weeds with 

little lateral-root nitwork near the surface, undecayed residue or both). 
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PROBLEM CM DECISION MAKINC
 

Dr. P. F. Ffolliott 

* ctivc : axirize Benefits 

Constraints :
 

1. Maintain timber production at (as a minimum) 3.C 
cubic meters , --r hectare. 

2. Provide enough foraie to achieve a livestock gain
 
(as a minimum) of 0.0C40 kilograms per animal.
 

3. Improve wildlife habitat over existing conditions.
 

4. Increase water yield ly (as a minimum ) at least
 
10 percent.
 

Problems : 

Givn the above, and assuming that you are responsible for
 
the management of a 70,0O0 Hectare watershed, answer the following
 
q'ustions % 

1. What adfiticr.nl biophysical and socio-economic information 
is required tc sr ect the "best alternative" in order to 
satisfy the obvj :ve ? 

2. Assuming that you had all of the required information, 
v,hich ilternative ould you selcct, and why? (To answer 
this questicn, you may a;sume hypothetical ,biophysical and 
sccio-economi c informat r,,).
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W TER QUALITY
 

PROPLEHi
 

AssumG the Function w = r * 02 + B gives the concentraticn (w) 
in parts per millir. (Millinrams per litEr) of suspen.ded scdimcnt as 
a function cf dischirge (q). IfA = 2C.O and B -OWGfind the average
 
suspended sediritM
t coortr.:,n rW the tctal voiht of the suspended 
sediment when thu discharge varies in a linear fashion from 1.0 to 5.0 
cubic meters per second in I hour. 
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REMOTE SENSING
 

PROCLEM
 

Design a remot, sonsing project to determine the change in
 

acreage of ferast covered land tc, agriculture in an area 30 ki. by 30 km.
 

Give specific details. Th chan7o is ever a five year period between
 

now . rd 5 years in t;c futurc.
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RESERVOIR M,:i,\GEt"ENT PROBLEM 

([reks) 

1. 	 Using the infomation h 1on. ,the situvtion presented in the hand
cut , drtrmine a dcmand cor.: fr'r the cstimatcd storace requirements. 

3 XV"IUm .S in n
Demands J2.M FEB. "'P'R .F l-TY JU,4I JUL A'., SEP OCT NOV DEC 

"
1:1-2.1-c" -,u~ ly r, tr :. .C 0. .,, 0. 7 0.3 0.2 C.2 0.2O.z 


:
Irrigatic-n 0 C. 0 C- r, C:..3 48.4 74.5 ; .6 C 

Hydrocelctric 290 2£0 29¢ 3C0 3C0 3,o '0 0 2100 300 290 290 290 
Fower 

Mininum flcv 37.2 37.2 74,5 ii,1 5 148.9 223 .4. 2?3 ".4.15..474.5 37 .2 37.2 
downstream 

2. 	.evc-lnp imatrix to comparc the complementary or conflicting
 

rotentials frr stor,qo use. Include with thc aL:vo iqfc.rma~i n, a
 
FlCcod strrage rcouirerent Cf 150, 900, 900, and 450 m x 10 fc.r 
the mpnths FEB through fRAY. 

:.iter
 

Purposo Supply Irrigation...
 

l.ator, CF
 
Supply
 

Irriati rn CF
 

CF = ccnflictini 
CO = conrlomentary 

3. 	Given the flT'uin- infrrmaticn, determine the wiume of dead sto
raqo neodEI fcr the r-:,.sr.rvnir if it is to last fcr '10 years. 
Sediment Celivery fr;,. the 200 ha watcrshed is presentlx 0.9 tons/ ha/ 

.
year. ,,.ssumc the bult: %:'csity of sediments is 1.6 g cO 

Ifpoor cultivati(,n ans !vc.razin. .n the watershed above the rese 
-
voir are allrwc-d, -ind rcsult in sLdimert deliveries of 35 tons ha

year-1 , how many years will the dead storage space (previcusly 
determined) last ? 
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'.ATER UNCET EXERCISE
 

OnC hundred nin-.ty kctc rs of mixed hnardwoods ar tc be clkarcut 
on a .atershe,! which drains into. a v, tor supply rcservcir. Th-- city
JIhich receivs '?atcr from this rcsorvcir i interest-d in determining 
how much rof an incrcase in wetit:r yield might be expected as . result 
of this cut. In ordOr t prcviec, a ccnscrv,.tivc estimot:: of rpssiblc 
incrrases, ;. 'ry ?i-irnnth pcri(.d .,s sc.lcctcd fcr cnnlysis vith a water 
budrjct. , .drot has he:e. calculatco frr this dry period under1wctc-
pro-cut c~nitic:ns (ThIlc 1). 

1. Usinl the f 'llnwvng ifrrrm~.tin n' the. same rainfall and 
potertial ET data in T 1,bi estimatc charge in w.;ator yield inIo th2 
cubic metcrs fior thn 2i-,.c-r:tt p(ricd. 

'. Soils arc, clay.-!n vith an avera-ge depth of about 1.7 m; 
plant "ai!.hk '.tcr (field capacity minus permanent 
;;iltinc point) evcrajes 164 mm per meter of scil depth. 

b. The root systems rnf the maturc hardwcod stand fully 
occupy the: soil, ther,.fore, the total scil water which 
can be dcpletcd by ET is
indicated itn T2 lo S. 

279 mm (1.7 m X 164 mm/m) as 

C. 	 Studics bh.v.w shcv'n that under lirqht herbaceous plant 
cover, a ccndition similar to a clearcut area, soil water 
is dcplete6 by FT only to a depth of about O.C m. 

2. 	Discussion questions
 

a. 	 IIhat assurmnticrs were made in applyinj the water budget 
in th is stuAy ? 

b. 	 What f:ictrers iwlould -* important in determining the 
quantities of increased water yield which would be 
avnilablc; at the reservoir site ?
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Table I - kIATER SUDGET EXERCISE FOR A HAR WOOD-COVERED' MAT E - BEFORE CLEARCUTTI[h 

oI 
Yeart I 

W XM M 5'SW IIJhI 
Year 2 

MI"PR A MII 3W 

iJ.I au.mipafum . 51 103 133 98 10o 48 27 4 31 42 3 .2 10 12q 140 1 90 55 65 20 46 
,V ,LtL&A1su ikgM " 57 140 273 279 2" 2" 241 163 67 - 0 .0 0 100 240 .79 2 :79 279 210 

3. W.-02 miMb ""U4 1M. 273 371 !19 328 306 252 194 109 36 12 So 120 40 34s 369 374. 344 299 256 
4.4y f 'wow 57 20 -0 -0 3 13 SO 91 227- 173 157 107 57 a0 0 0 3 13 58 19 127 

a 57S7 2gbwl20' 0 0 . 13. 56 89 127 19 36 12 50 20 a 0 3 13 5 39 127 
6. aiuqataU"~ 

.57 140 273 371 376 . 314 248 163 - 67. 0 a 0 0 100 240 345 36 3 1 2 210 123 

OVnoamolImit57 140 273 279 279.279 243 163 67 0 0 0 0 100 2403279 1-39 279279 21019 
IN f 0 0 0 92 97 -35 0 0 0 0 .0 0 .0 0 0 6667 32 7 0 0 

Ah 

p lV f the an astir-ed by wahm igus m 

V At shwt o A asa. 4 aiAal M~dA =aitWON Of PeV=S~ zntt 

wwml vumi 

)--- -

4 Maut t - • wistwem n n iwnw be qw3 a th Boi-v w1bag Atj(nd 
IMVs V 1.A tlds maod 279 -. -

IV m451ftw %"nOrMZ4 viCkL. ist=*z =wmf tru-i %t*-- Ih14in?miziMif 0oqAty for tte Watarth. (279 W4i. 
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VIII-3 EXAMINATION 

1. 	 Define watershed rescurces management, and explain how your definition 
applies in your professional assignment.
 

2. 	Oucline the procedures involved in establishing (a) a precipitation,(b) 	 a streamgagin-2 ani (c) a .ater quality monitoring network on a
70,000 hectare watershed. 

3. 	If a weir or flume is 
not available to you, how can streamflow amount
 
be estimated ?
 

4. What factors should be considered in evaluating the erosion potential

of a watershed ?
 

5. 	Piscuss three natural resources 1-roblems that can be solved by remote 
sensingl techniques.
 

6. 	 To achieve watershed management objectives, reservoirs are often needed.Discuss how watershed resources management activities relate to multi
purpose reservoir management. 

7. 	 Discuss two major problems affecting watershed resources management in
the humid tropics. 

8. 	 How can simulation and modeling techniques be used in watershed resources 
management ? 

9. 	What information and data are 
needed to perform an economic evaluation
of watershed managerment activities aimed at sustaining the life of a
reservoir ? 

10. 	 Briefly, outline an environmental monitorinc program, discussing th,
primary topics to b, mentioned. 
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COURSE EVALUATION SUMMARY
 



VIII 4 TrAINING COURSE EVALUATION SUMMARY
 

(24 	Participant Evaluators)
 

I. 	Participant Data
 

1. 	Participants were sponsored by USAID, UNESCO, or DTEC.
 
2. 	Two of the evaluetors were female.
 
3. 	Four participants indicatQd they are particirating in other
 

watershed rcsources training.
 
4. 	Professional fields included Frestry Management, Horticulture,
 

Civil and C.mical Engineering, Chomistry, Forest Biology,Water
shed Wanagement, Ecology, Planning, Agricultural Development,
 
Gecgraphy, Agronomy, and Scil Conservation.
 

5. 	Uork experience ranged from 6 months to 3G years with a majority
 
having,less than 10 years.
 

6. 	The majority hold M1.S. degrees.
 

II.Course Enrollment and Orientation
 

1. 42 percent felt they did net have sufficient information to
 
decide whether to enroll in the course.
 

2. 	75 percent felt the pre-announced training course objectives
 
were clear.
 

3. 	46 percent felt that hefore arrival the course financial
 
arrangements were not made clear.
 

4. 	Comments were that participants should be picked based on holding
 
jobs where training can be opplied, should have been provided
 
with hand-out information prior to the course, the time period
 
between application and acceptance was to long, and participation
 
should be limited tc those who need it, not higher ranking officials.
 

5. 92% of the participants felt orientation was adequate; two felt
 
that more orientation was needed prior to arrival and that more
 
details on coursc conduct and financial aspects were needed.
 

III.Traininn Environment and Support Arrangements
 

1. 	Percentage response was as follows :
 
Not Adequate Adequate Very Good 

Training Facilities 8 75 17 
Housing 21 63 16 
Meals 4 79 17 
Transportation 8 67 25 
Field trip arrangements 0 79 21 
Social activities 8 75 17 

Comments were that tables were needed in ro:ms, feod was unusual 
tr fcreiners, too far remcvcd from town with inadequatc trans
portation, coursc should have been held in town or at Chiang Mai 
Univ., filcl trirs other than fae Sa were nt instructive, and 
should know in ndvance which field trip locaticns arc to be 
Visited. 
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2. 	The daily sch.,lc was considered too,short [y 0 % about right 
y 75 % an,! too lonq by 27,5%. 

3. The rest in,.:1,reak1 time was considered toc shcrt by 4 %, atout 
rinjht !:y 9;, and tot, lon.:J by 0%. 

IV.Course Activitics
 

Fcrcentaje r,.sr.-rs. ,zs as follcws 
odcratcly Very 

Not Useful Useful Useful 
1 3- 5 

a. Lectures 	 0 0 33 38 29 
b. V!ork Sessions 	 0 8 29 38 25
 
c. Wrk Sessicn rovic'ws 	 8 33 42 13 
d. Cas, Studies 	 0 .12 42 38 8 
e. Field Tri-s 	 0 12 17 33 38 
f. Equipnment Use 	 0 21 25 17 38 
g. Data .nalysis 	 0 17 17 42 25
 

Coments were that the lectures needed more examples of proLlems,moro 
audir-visual, .nd mere review; w(-.rk sessions should have been more 
structured, more time. allowed, and itcms covercd more slowly; explana
tion Of use of equipment should Le more detfiied and not enough equip
mcnt: field trips shculd .:C more than a sicht-sueinr, tour and fcllowed 
with discussinn of nvijor points observed; case study reports shculd 
have concentrated .,n acticons taken and results; a major prob.lem with 
the lectures was not .nouch general Lasics fcr some participants, 
too elementary for others. 

V. 	Field Experi-nce (s)
 

A. 	Renardin(; logistical arrangements an,. test learning experience the 
Mae Sa tri,,was jue-c-d bY for the best. Mcst felt that, overall , 
prepatory infcrmaticn was inadequate. ; number felt that explana
tion of mana.cmcnt techniqucs at projects was inadequate. and there 
shruld ha.vc Lecn opprtunity For discussion/critics. The great 
majority feit tht except fer.prcpatory information the other 
factors razed from adequate tr vry good. 

B. 	7 ',%felt the ti.e allocat-c to field trips was just right; 21 %
 
felt the time allocatcd was too littlc.
 

C. 	Fact(.rs ittr.utcd to success cf the fid trips were : well prepared 
,-.
and crganiz, , all31.,d partici;)ants to see specific problems and 

managjemnt I.ts, previcus lecture c.xpr.surc for Lackground~avai
lability of advarce writfen infrrmaticn cn visited sites,and the 
cnportunity tr samplre end .iralyse strcam water quality flc'. 

P. 	Factors thit detractc.! from oerall success of field trips were 
objcctiv.s for Lte trip not srelleJ ;utn charcc for discussion or 
critic of manarement tc-chniques, no "post-mortem" after the field 
tris, IIl ficll trirs should have inclu.ed. data collection and 

Vill--"
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particip-ant invclvement, limited time at the sites, varying
 
expertisr made watcr sampling actcivity difficult, and inactive
 
role cf lecturcrs.
 

E. I % of tile participants found th, ficld Cxperience to bL less
 
°
 than mcc.&rately useful, 25 % found it to b- moderately useful, 

-16 % fourd i' tc be more than modcrately useful, and 21 %found 
it t. LL vcry useful. 

VI. 	Instructors
 

ll U.S. instructors werc rated From mcderately effective tc very 
ff .ctiv-. Cnrcr'nt. ,circ that scrc lccturcrs should speak louder 

and 	more slovly. thcre should have becri mere and better crgarized 

visual aics. mere on 	 of [.asic hydrology.and 	 cpplic~tir.n 

Feginal lecturers v,erc rated similarly, Cc.iments were that too
 
short a time period vwas assigned for the topics, lecturers should 
confine thcmsclves tc the tcpic, more gencral rther than regional 
informati.'n shculd be rresenteJ, and that lecturer's English was 
har_ tc undPr.,tar,. 

VII. Participant Invclvoment 

1. 	 67 %cf the participants felt the derece to. %,hich they shared 
ideas ane expcrienced with thec grouT-as moderate, 21 % felt it 
was more than moderate, and 12 Z felt they shared a great deal. 

2. 	 91 % of the particiFants felt they participated to the extent 
wanted; %felt they did net. 

Comments cn %-hatwould have halprd tc increase participation 
were that more group involvement was needed lhetter grouping 
arrangements during %erking sessions,and better skill in
 
English w'as nec-,ed.
 

VIII. Organizritin and Conduct (f Frogrant
 

1. articirznt pcrccntagc rcsponses vere as fnllows regarding the
 
apiount of time- devotcd t the list-d activity 

About Too Te
 
LittleRirht Much 

LLcturus 	 2 8 0 
54
GrouF Diccussion 	 4C C 
46Smil lIrk,Creur 

rar i it. ,.ticirnt 7 	 29resent,.tin.s 	 4-,.t.'.
 

Ficl. trirs F.3 13 4
 
Individual consultaticn
 

5
with instructo~rs 	 PIC 
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Ccrmnts v,crc that as there wts little time For group discussicn, 
'articipzrts should have seperated int smaller groups~that mcr 
time should hav, cone tc intrigroup work, that instructors shcrulJ 

have s,)t i,,ith the w'ork 7roups, thait verk ,-roups carrying through 
the course should have teer established carly, and that two 
field triFs w!ould' have Len en.,uc. 

Z. 	 17 % felt that in reneral the lvel of presentation w)s too simple, 
75 , felt it was aboIut right, z 8 2: felt it was toe Umplex. 

3. 	 11% feIt. the ,;rittcn materials used in the course were less then 
mcder~tely helrful, 2H % fodt they were mc-derately helpful 3, % 

felt they v,,rc mrcru .odoratelythan m helFful, and 33 % felt they
 
vcrL v:ry hclful.
 

Sugstirns fcr impr(.ving course matcrials were : More problem
 

cxamr~l s, more dcvelcrcd hi iicraphy, duplicate probl cm papers
 

and distrilut, to all particinants, all materials given to parti
cipants rricr to the course, charts should Le more clear and easy
 
to urdcrstr.,:6, and additional rc-erences, etc. would have been
 

hel,'ful for t:c case studies.
 

% cf the rarticirants felt the issucs and Frctlem. discussed 

during the course were less than moderately relevant to their 
%,ork, ,:2' f-It they jerc mc_drately relevant, 33 % felt they were 

morc ther: moderately relcvantand 21 % felt they were very relEvant. 

Comments were that issues and problcms %'ere useful, but limited
 

time ,revented more details, all issues had some relevance to
 

Fresent je,.s and issucs/rrot-lLms were useful as teaching
 

esampl "s.
 

ffIt the Enlish language did nct limit understandin% or
5. 	18 ,1' 

p-rticipat1en at all, 11 % felt English limited them less than
 
m,!rat.y; V ,'felt English limited them mederatcly, and %
 

Cn-lish limitcd theim mere than moderately.
-flt 


w.,.rc, sp.tisfied with the nrd!er in which torics and 
19 Z v-,re not satisfic. 

r ,. l 'I; 

activitics t.,;rc presented. 


r crm:r~ t ',;as that the vircr..:tal mc:nitcring topic should 

h-ave L-r mere rclatcd te watershe ranirjcment. 

7. 	 122 It t,- lenth of thc curse wavs tr short, 70 % fr-lt it 

Vjt;s r :;ut rirht, an! : % felt it w-,s toc lc.n5. A crrnment was 

thit it shculW l.st exactly t ,r 4.,,ks. 

8. 	On-.nr r.t felt that thi rn-Illinv-/simulation techniques 
-in! ,rsir, :,roccsses/ccntr; l sc.ssic:rs should bc expandcd. one 
fet case stuy sessinns an!) ficl!* tri~s shculd [C cxiande',twc 

f lt th. multile use and irt-r,:ted watcrshed managcxncnt sessions 

shruld !c cxsrdd- thirce fLit *rou[' discussicn/-rc['hIn solyin( 
shruld '.c exen,,.. three felt s:; nUanaiysis shoti i.c 

exrl;n '' nic Fclt hydrrl,gjici stu.'y methrds should Lec.xtrAndcu" 
. ,  sitwr i,.:it vcq(.tatin manapcrnent/er shculh' t, cx~zindudynu 

felt ,%'tr quality trrics s rL,, -e! cxpandcL.
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session should t 
. Two particir--:atsf0lt the 	hydrolciic methods 

shoul be reducefelt the juest 'Ic.cturer lecturesshcrtane: c-ne 
on mathmatical calculations.tco 	much ema-3sisone felt there was 

course
10. 	 The Fr Icv.l;inv topics .:erc reccmmzrvded as additicns to the 


irteroriacd a7rrcach in planning watershed
 
a. 	 iiu1ti-disciplinary


develo;-ment (five partici rts)
 
t. 	 Man in thk v,atershed (one participant) 

raramcter (one particirant)
c. Data analysis for each hyd.rolofiCa, 

cA 'ledlc1cy with relation to erosion (o prticip nt)
 
e. 	APro-f;restry (cne Varticiant)


of course mnterial tc humid, tropical cosysteMs 

(two partici pants) 
f. 	 o:;'--lcation 

g. 	 land and land-use classificaticn/mqt. (one participant) 
h. 	 Econcic ascects (two participants) 
i. 	T.ricultural extensirn techniques (one participant) 

j. Cultural/sccio-Cconemic 	aspects (one participant 

k. 	Remcte sonsing interpretation (one participant) 
i. 	Computer prograrrifng (one ,articipant) 

monitcrinq (one participant)m. 	 Environmental 
n. Rc,.. ulation of watershed 	aroas (one participant) 

o. 	 Geographics and mothod.olog3y (,o-ne participant) 
p. Enercy development from 	watershds (one participant) 

The 	only topic that was felt sh.uld 1-cmitted 
was interactive
 

11.. 	 (two participants)simulationnoell in and 

IX. 	Overall Satisfaction 
satisfaction,

1. %of the.Participants expressed mcderate overall 
merate overall satisfaction; and , % 

44% expressed more than 

were very satisfied.
 

that thin's were lcarned.
r; comment was now 

su:ject matter was moderately importantcourse2. 17 % felt that the 	
than moderately important,and

to their j-, 8 %felt it %,asmore 
35 %felt it v'as very important to thcir jI. 

wereI,'re 	 ir.portant while other 
Onc 	 comment was that some topics 

was 	 that a small group of participants
nct. Ancther cermment 

Should choests the topics.
 

3. ']3 %felt that cycrall the cours- was mcderatc:ly valuable in terms 
.. 

wasre~.m '"ibilitiO,, 2( %folt 	it more 
of :ofessioncil neds and 

31 %..flt itwas very valuable. 
than moderately valual an) , 

s lcirncd 2r ox ,,ri'enced during the course was 
1. .The, FolIwi ,- : 	 irs,ithlal1Yparticilront'sin te 

, l- ,i tc. LC most u ful 
Gcountry

hr (onr rarticirant)el a. t- t -,sted
.x...suru 

Hy]. og~iC V 	 crL¢ess and control_(three participants)y0/erosion
a. 	 Icm 

c. 	YVrlin,ith -thr-cv"rnmnt ff-icils and lar:ir;u pro, 

priorities (twc rartici-3,nts) 

SMI 	 1.4-5 
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d.	 1.uirn the irfrnc.~.. Un~lamn'n!s cf vatcrshcd 

e. 	 Sharing~ rf icas/knoWc-dg, 3ni~b~un~wr ntuhm 
country (two Fartilcir;nrPs) 

f. 	 Swrlint- anrQ1 analysis (fcur oarticipaflts) 
n. 	(,-nfir!-iaticn of m-nnac~cmznit crnccrts relative" to. srnfl 

(,.o n rticip.-nt)C7cichcnt inventcry ari lcv1~ic~ 
11 n~SifU1trtchniqucs (nc pr.,:rticipont) 

* 'h"~ araliercnlPt sr I oNvi r nmuntC; 1 rrnituring'~~ic. 


5. 	 Al I -rtici--.nts ir.,!icitc-,' -tYt they would recommend the crurse 

3m' 	 .ackqcl'utic's.tc c'thcr tici!xnts .with similaI 

X. Other Cnrmicnts 

Ccnmrn'nts toim~rv tho riiY ccursc v-ere
1. 	 Jntcr-liscip-iflry tcF~rr york shuLJ. Ie Cxrpanoe. 

2.'Thrc tir for 1,rciparaticn of country re-crts. 
I- adte& to SiL!.s cis visual aids.3. 	 !'oIvi--s sk-uW-

4. 	 01,-scrv~rs shcould have receivu-d ccrtfficate thercLy increasing 
their -,artici,-aticr;, 

5.Grrur 	relcrts tonr timc-ccinsunijig to -,rcsent in class, dilistribute 
writtcri r -r;crts. 

C. 	 More gjrcup I-iscussions nc~c-1. 
7. 	 Lfiritod time fcr numrcustr;i. 
8. 	 Too many urintencro etservers --oikd. the CCui-Sc. 

cjivon arjain in Thailani§.Course isuseful an.. shrould Lw tr, 
43l1iw othcr officials to attcricI. 
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VIII-5 PRELIMINARY HNVENTOPY OF WATERSHED MANAGEMENT PROJECTS IN THAILAND
 

r-Ject Title Ld agency Funding source Date Location;area;elevation 	 Objectives
 

1. "-'(ccWatrsne 	 Kasetsart USOV Iq64 Doi Pui Chiang Mai; a. Compare effects of water yield and
t
.anagnert University 	 0.65 km ; 1300-1600 r1MSL soil erosion of (i)natural forest, 

..	 (ii)burned forest, (iii) mountain
esearch, 

slope swidden agriculture, (iv)other
 
uses or mgmt, practices on mountain
 
lands.
 

b. Use data and information collected to
 

M recommend use and management rf
 
mountain lands (ii)determine
 
sediment sources affecting downstream
 
rivers, water diversion structures
 
and reservoirs.
 

2. 	uzai Thung Cho Rcyal Forest RTG 1975 90 Km NW Chiann Mai; a. Stop deforestation by (i) reforestation,
 
Dept. 220 K4 ; 1000-1300 mMSL (ii)provide permanent residence and
 
(Watersed 	 alternative lifestyle for dwellers. 
' Dit. b. Improve quality of life of dwellers.iv.) 


3. A;eo S Integrated Ary .l Forest UNDP-FAO 1973 Mae Rim district of a. Promote economic growth and imnprcve 
'!Rtersl~ed ar2 
Forcst Landuss 

Ppt. 
&htershed 

(revi- Chiang tai Province; 
sed in 390 Km2 ; 300-1685 rnISL 

living conditions of farmers in the 
highland zones of Northern Thailand. 

Mcrt. Div.) 1978) b. Foster social intenration within 
Thai nation of various people 
the area. 

of 

c. Improve environment through replacement 
of swidden agriculture compatible with 
rational landuse and through improved 
forest conservation and reforestation 
measures. 



4.rvcy1 ;at-rs'1 


*evel.mer,t 

Project Unit

,o.2to h,,u ,. 

5. Dci Intharc n 

Prcject 


6, 1.trs,. 
C "bii-7ctor 


t 

,.;--- kh1, r) 

Lcw 'r 
Basin 

S- ni Villa.c 

Dv:.r:mer-


7. z'h 


8. Hi.hlan(- 'cricul-

tural Develo~ment 

Program to re2lacE 

Opiur Baspo 

Aricul ture 


Royal Forest 

D.pt't. 


Kin- Project 

Ryal Forest 

Oept. 


7inistry of 
Agr.and Coop 
,arcotics 
control 

Board 


King Project 


RTG 1966 


Under Royal 
-tronaae 

and 
RTG 

1979 

RTG 1971 

U,PDAC 1969 

RTG and UN and ? 

National druq 

enforcement 

agencies 


Chiang Dao district of 

ChiangMai Province; 

120 Km ; 1200-1700 mMSL 


Doi Inthanon, Chi n. Mai 

Province, 0.65 Km " 


Doi Inthanon National 

Park, Chiang Mai,
 
Province; 100 Km
 
1000-1700 mMSL 

Headwater of Hae Sa 

tributary to Ping River, 

Mae Rim district, 

ChiangMai province; 

OA KmZ; 1100 miMSL. 


a. Develop degraded area of Mae Ping
 
River headwaters employing refo
restation tc stabilize flow regimes
 
and water yield.
 

b. Socio-econcmic rehabilitation of
 
hil itribes-education, health,feeder
 
road, new farming techniques and
 
small irrigation development.
 

c. Replace opium cultivation with
 
cash crops.
 

a. Provide permanent stable agricultural
 
system for hill tribe settlements.
 

b. Promote replacement crops for opium
 
c. Provide technical and economic
 

inputs to increase standard of living.
 
d. Preserve natural resources and
 

provide facilities for tourism.
 

a. Reforestation to control streamflow.
 

-

a. Education
 
b. Public health, village 6anitation
 
c. Road improvement.
 
d. Water resource development (3 small
 

reservoirs).
 
e. Agricultural development-demcn

stration and training for proper
 
landuse and conservation farming and
 
new replacement crops for opium
 
replacement.
 

Five hill tribe resettle- a. Develop cash cropping systems
 
ment areas in Chiang Mai appropriate for watershed conditions
 
Province b. Adoption and implementation of
 

agricultural practices that protect
watershed values.
 



c. Develop Iuidelires for classifying 
witersheds terms of resource 
management and utilization. 

d. Distributicns of results of 
demonstration and promotic.n 
activities to farmers and other 
land managers. 

e. Develcr marketing. 
f. Replace opium cropping. 

9. Ncr'hur 
2.ricult.xral 
Lan. Divele'me 
Pr,-j Ect 

La-n, Develop-
j=.nt Dekt. 

Pustralia and 
Wcrld Bank 

nd 
PTG 

1968 Areas in seven northern 
provinces. 

a. Stop sidden agricultural practices. 
b. Land allocation. 
c. Introduction of new technology 

to farmers. 
d. Soil and water conservation. 
e. Imornvc nonarable land fcr 

agriculture. 
1O,,, Chap'ri 

aterse1 
.,evcl 'rm7nt 

Ministry -f 
,.g rird Cnecp. 

IlSi"ID 
and 
FTG 

I-,81 
(1 yr. 
rrrject) 

Mac Chaer District, 
Chiang Mai Province 

a. Use cf intecirated rural and 
arricultural develcpment to raise 

agricultural production tc 
r.-ct subsistence level. 

11.FRural .devlment .,-alPorcst 
t"t -, - De:'t. 

shrU m-tnr;,Er -

in i'am Ponq 

requested 
frnm U.'D P/FfC 

nrc-
rsal 

Catchment of Ubolratana 
Dan, Khon Kaon 
Prcvincc; 150 Km2 

a. Frepire comprehensive watershed 
man-:ement plan. 

b. Training. 

12.JFer watershei 
hyedrc loay an 
lata aralyis 

Royal 
Dent. 

Forest Pequ!ested 
!.,D,/FA0, 

from Pro-
posal 

Upper Cliao 
waters ,eds 

Phya a. Provide RTG with a report w.ich 
will lead to managemert ard deve
lopirent of ratural resources of soil, 
water, and verletaticr. cn major stream 
source areas for maximum eccromic 
productiorn consistent with long term 
hydrostaility and protection of 
dowrstream investmerts in agriculture, 
power anid ur!-an infrastructure. 

b. Trai.iro 



13. Thailand-
Conservticr 

WIEM through 
National 

recuested from 
IUCr 

pro-
nosal 

Northern Thailand a. Develop methodology for classification 
of watersheds for management. 

of t4atersheds iatershed b. Recommend procedures for application 
Ccmaittee of methods. 

c. Test methods. 
d. Training. 
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VIII-6 LIST OF LECRL. L.t, PA~tICINkJTS i-, OLSLUEVRS 

Lucturers 

U.S.A. 

I. 	 Frcfi. br. [ktLLr .Fcit
SChC0l Of ilet.0,abk atural R-zsourc~s 
University of: A-riona, Tu*-sor. 
Ai~rizoa 6i)1, U.S.A. 

2. 	 Prof. Lr. u~hi L. Tihar!"'s
 
S01001l 01 'allurai
IiIV~D iResourCLS
University fr us~oa 

ciouvrstri;:oa, Tucson'
trizona ~j~,U.s.Aj. 

C1ivz frsty Uirsity of fwiuira2ntsooi 

TriArizona w 

4. 	 br. ~ iurow
FCl tyk'cf iorestry, hasltsrtvirsi ty,ofbaripdiegt~ 
Telko uhL.J 

2. 	 u-,r. kipficn Ta ii,11,1am. 
Faculty; ci' Forus* ry, &asutsart Cihiv~rsi Ly, bia1jkii 

3.i-irnko Li.'h &7iii-r 

Land DeVclopment i0epart;:t-w, ia4iolyciiai kJ' 
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http:j~,U.s.Aj


4. 	 :;.r. udhai Cnianpiiaka 
Royal Forest £biepartii~t, Paho'IyG-thin W~I. 
Bangkok 1, TuAI. t 79*2b1 

CH 	a,ia -1Uni vErsity, 

. r. SureLC.3 Pur'ariaiun 
Oau'u t, ri cuItural Insti tute. o-f Tecinul o-jy 

7. i's LKr vans 
Th1-i; uffici of !-iatioihi Ltnvircmni; --,t Locr;.. 
Ramaz VI , L 'fl.- 1bkiJ UiatI~k 	 12 

ParLi Cil-M.itS 

Indonesia
 

bogor botaniical C6arcens 

it:l.n Ik.H. 1 uanda 1i 1bogor 
Indonkesie Tel. 2A2 

ial aysia 

Fors-1 FiLscarch Insti tutia
 

rKepon-, esL. vjialaysia ThI.j3 - uJ'
 

Nepal 

1. fir Kcut.icira ihatuur $F',res&fiz 
i.IMAB Co~ai~ Th~tial-1.i 

Tel. 1L)s Q.Xt. :-U 

The Peple's RLpublic or chiina 

F'rrcvi :,izI 'Invi ron~~i-imin Prutcti ' ), jLIICY 
4.ro, oor.,,, Province, Quainj Limu 
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Gii1Th . // M)tou.t;t . 

Sri 

I t ict Ccic~ 

-hi'1 LANDThiY4 

Fccu i ti kcfU-CS1 P~i~trUri ,.vi rincc(J oriJ 

vl,:n~ i:.li, lhai1.and TJ. (ext. lli:, 

hr.'. fra ng1,ir .iu 

4. ir. Lkcchai Ocharvi.,ri 
rfzAnili,. & Sp~xiai Projcts Du~visi C? 

~rt,1 ~r~0 ' h,;iCUI ~urui Ext.nisi nr, rinkhen, 

I ~ ~ ~cst T Ic~ 7i~3:)49rkrt 

C,. fi. * ,--i tco.' i'ityacnaw an . 
ivircnmenrtaI uivision, tl'oic Ccmmuniciti ors ueprtniant 

I ~~tr .udri ty (A T~i iilar1ci;~Ganerati nq 
[briykok, Th~VIand rTO . 241214 

Piii; Nvironinota't Section, :.rlvisiu!: ef ;diii ng Teclhoc.1oy
L~~p~rm~.;ofi ,JrmoraI Ridsouc(.s 
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ii' T 1" 

iC1.~~L'f- $~lLI:tr I'r C..I 

Ui~JC~A. dci nhies oirc Trcicc-i I at),ristJ 

12. ir. Scnut ii t,,,raualp 

oi1 s~;~ -cje oha r rlTcnc 

iw/ragi;mLta Policy an' ~ lnoi ng Dii io 
~i~l~ j 1\Pjrc~maioi t boo%,', V V1 lol. 

n 

4 

l'. b-r. Suutl Pr 

Y,~iiaTO 

L Sliunardla 

L. 27.423, 

lb. 

16. 

i!r. Surak i i lonoc 

.~a~kk;Toailad 

,,ir. SWi!- PT&;Iy~ 

Tml . 579011$33 ~ J 

579011 x- 3 

VI 1-6 -4
 



h-~~ hc 	 Ii V S O- Ori ~war't 

10E b792610 

U.S 	.A. 

'.iss	VIerrit Karl I-rt 

IP q7bidjan~, Ivolry Ccasz 

Observurs 

TrA ILA~ib 

031.ers~c rlcnaJerectit di vlsi c, tkoyv i Forest tupartrmi;ri-;. 

Faculty c-P Forestry, m~stsairt UnivErsity 
barn-kdk, Tnail.nu To). 	67k520t
 

3. 	 r. Sawat Guly.ipach
 

iAngkC'K, Thaifiand. 
 Thi. 	b7-)2810
 

I*!'r. judhz. hri' sIIi.-, r~
 
Thai AUstrwjiii,; 
 :. rld bank, Lonj 1,rdlCec 

Ba nkk, 11 iai an~ TJ. b~3 

vsae Sa Erujct, 1'.u. bY ;uu (I-L I hing) 

Faculity' Lf FUrcS ty, srtUni v- rs ity
B~nr-i-ok, Tlv;iLand. Ti . /79Au520 

7. -:*r. P3;dip i dmronruriran 
)H~pr 1.,rt of ft:-,. tiic.l1 nj Lccn-,?rmLr Coopkr%.di. 
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http:Coopkr%.di
http:Tnail.nu


r.. 

*u Tiin, iy.. i roi;.
 

4j~~ 1, k~lv j mi
C~, 	 T: iu i Ir~ 

Th- av Insi tute cjci J fti ,-n( I o.,i cal Rcsc---rcntc I a c: I' 

IJ W/L 1 3u;cx t 30-l 

Office C41,ACCeier tu ur-al Duvdi cprent
 

rrch.cti rctti iRoau, bn, k;c-K Thai Li.u
 

13. 	 'iiss Jocf.kcilEoE ron~jku . lo 
lla-LjO IrISitUtL (;f Ayri cui-cural T~ctr-%3* o~y 

I-Arib Tand
 

and Caumruiity Lhvl ,ekdctriter
 

14. r *, 

Pestarcn 

15. 	 rirs. t"ayoolFib..~ 

hikr' clI.
 

;Kill IIp1fl efld
 

C'Ci~.~ijai 

tlistil'utte OT 

hS i21t~~ykuk, ilanu 

17.oisSiilziTVichi--*,.G 



'Al 

ry 

L 

L u i.2r~~~ 3oY I Tn 
T&. 

vi1r s 
1hj 

*~ni ;u.,a 

~~~~~, i 1 n V II 

x 21 

23.yss c ra 1;Dprtia s trin ~ 

Ci I r 'i i nuCnt 

JU. $ n. ui Tri suvji ir 

<A, AA 

27 

A, 

Dr Pu~rupc 

iu t)d 



31. 	Mr. Surin Vivajsirin
 
Environmental Policy and Planning Division
 
Office of National Environment 3oard 
Banqkok 4, Thailand 	 Tel.2792793
 

32. 	Miss Juthatip Yceyen
 
Environmental Impact Evaluation Division
 
Office of National Environment Var'
 
Bangkok 4, Thailand. Tel .2792792
 

33. 	Miss Aryn Nuntapotidech
 
Envircnmental Policy and Planning Division
 
Office of National Environment Board
 
Bangkok, Thailand 	 Tel .2792793
 

34. 	Mr. U-Tai Foongruangsree
 
Maejp Institute of Agricultural Technolopy
 
Chiang Mai, Thailand
 

35. 	Mr. T.W. Lakusta 
Research Section, Watershed Management Divi 
Royal Forest Department 
Bangkok, Thai 1and Tel.51 enu 
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VIII-7 COURSE ORGANIZING SiTAFF
 

Or,anizing Comuittee
 

1. Dr. Pakit Kiravanich Office of the National
 
Environment Board, Chairman
 

2. Mr. Kittiphan Kanjanapipatkul Department of Technical and
 

3. Dr. KaseFj Chunkac; 

4. Dr. Pimol Rienvatana 


5. Mr. Prasong Warrayot 


6. Mr. Manec Chuaviroj 


7. Mr. Arthorn Suphapodok 


8. Mr. Robert H. Lewis 


9. Miss Sumalee Anupotmontree 


Working Grnup
 

1. Dr. Pimol Rienvatana 


2. Dr. Suchon Nimmannitaya 


3. Dr. Mongkon Rayanakorn 


4. Dr. Suporn Kuttatep 


5. Dr. Paisal Nakplpat 


6. Dr. Kate Grudpan 


7. Mrs. Suwasa Kantawanichkul 


8. Mr. Wanchai Sutheevasinnon 
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Economic Cooperation
 

Kasetsart University 

Chiangmai University
 

Maeje Institute of Agricultural
 
Technology
 

Northern Region Agricultural
 

Devel cpment Center
 

Office of the National
 
Environment Board
 

Office of the National
 
Envi rorent Board
 

Office of the National
 
Environment Board, Secretary
 

Chiangmai University
 

Chiangmai University
 

Chiangmai University
 

Chiangmai University
 

Chiangmai University
 

Chiangmai University
 

Chian.mi University
 

Chiangmai University
 

http:Chian.mi


9. Mr. Panthep Klararongranin 

10. 11r. Say, r Un3ri-wat 

11. Mir. Pichrt W-latna~rtee 

12. 11r. Samakkoo Bocriyw-t 

13. Mr. U-'ai mcongruangsree 

14. Mr. Dhir , Paitcon 

15. Dr. Saksit Tridech 

16. Mr. Surin Vivajsirin 

17. Mrs. Nisanat Sathirakul 


18. Miss Sumalee Anupotmontree 

19. Miss Araya Nuntapotidech 


20. Miss Patcharin Punyaniyama 


21. Mr. Aniwat Yimnual 

22. Mr. Roongsak Satutum 


23. Miss Juthatip Yooyen 


Department of Technical and 
Eco,.i c Cooperation 

.-. ; Interratx.' Wntcrsh -d 
3n Forest Land Use Project 
Mu-Sa Integrated Watersbed aud 

.or',st Lau 'Usu Project 

Kascts-rt University 

Maeju Institute of Aricultural 
Technol -oy 

4rthzi'n Region Agricultural 
Dovel L~pment Center 

Office cf the National 
Envi rYnr,ent Board 

Office of the National 
Envi ronment Board 

Office of the National
 
Environment Board
 

Office of the National 
Environment Board 

Office of the National
 
Environment Board 

Office cf the National
 
Environment Board
 

Office of the National 
Envi ronment Board 

Office cf the National
 
Environment Board
 

Office of the. National 
Env.ironment Board 
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