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Preface
 

11 attemlpting this state-of-knowledge synthesis on tropical forest influ
ences and eflects of forest alterations, the workshop participants and the 
author were dismayed at tile paucity of reliable data. It was therefore nec
essary to rely to some extent on irofussionaljudgments based on in forma
tion frol) small plots and short time periods. Sorely needed are more stud
ies oilentire small- and medliul-size watersheds having measuring weirs 
or fluies an( good instrumentation, with pieriods of calibration and rec
ordIs over peiiodls of 5 to 25 years. Such long-term experiments are 2x
tremnely rare in the developing countries where most of the world's tropical 
forests are found. Sir Charles Pereira has pointed out that four such exper
imental catchnlients were beg'A in the decade 1955-65 in East Africa, 
\est A rica, Indonesia, and India. Unfortunately those in West Africa and 
Indonesia succumbed to the stresses of he transition to independence. 
Fort tnately, some excellent work has been initiated in the 1970s in Austra
lia's trol)ics Ml suht1opics, anld within the past two years, some complete 
watershed st ulies have t)een installed in Malaysia. A recent watershed in
stallation in laiwan is shown in Figure L 

It was therefore necessary to fall back at times on research results from 
temperate zone watersheds (Coweeta, United States; Kamabuchi, Japan; 
Melbourne Water Supply Australia; etc.) and to suggest that the hydro
logic processes should not be different. Again, profissionaljudgments are 
required and were made in order that tie ultimate objective be realized, 
namely, providing information to those making land-use policies for tropi
cal watersheds. It is our opinion that too many of the land-use policies for 
tropical uplands are being made on the basis of misin formation and myth
ology and that imperfect information is being used in cases where there is 
more in formation available. For this reason, each chapter is concluded with 
a summary that attempts to put the forest land-use activity and its effects 
into a form that speaks to policymakers. 

Grateful acknowledgment is rendered to the workshop participants, 
who provided much of the material for this report and reviewed the manu
script. Their names and affiliations are listed in Appendix A. When spe
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cific unpublished information is attributed to one of themn, it is cited in the 
text as personal coMnImnication (e.g. "Manan 1981, Pers. Comm.").

Special ihanks also to Peter King who helped synthesize this material in 
its early stages and who provided his own expertise. I acknowledge mem
bers of the East-West Center Ptublications Office staff fir their contribu
tions toward bringing this book to its published I)'Ml). 

I also acknowledge the assistance of'"UNESCO's Man and the Biosphere
(MAB) Program in providing funds to assist in publication of this synthe
sis. In particula; )r. Leo Teller of UNESCO/NIAB has been helpful both 
in the logistics and in the technical review of the manuiscript.

This synt hesis and activity is part of a larger project on watershed land use 
being conducted as part of"a programl area in Hl man Interactions with
Tropical Ecosystems at the East-West Environment and Policy Institute. 

Lawrin'eo S. Hamilton 



Introduction 

THE RESEARCH PROBLEM 

l'iopical forests are difllrent from temperate forests. But are they so 
diflerent in their hydrological functions, their role in protecting soils from 
erosion, or in their nutrient cycling that they respond quite differently 
when "(list urhe(" or converted to other uses? Most scientific evidence indi
cates that diff'rences are "more in degree than in kind." Conventional wis
dom, political statements, and land-use policy formulation would, how
ever, all seem to indicate that the situation is markedly different. 

For instance, a 1981 issue of"I lrld IIaer carried an article about !ndia's 
Chipko (tree hugging movement), which originated in the state of' Uttar 
Pradesh. It suggested tht trees can prevent inonsoonal floods and subse
qten't droughts, and quotes tihe movement's leader as saying, "Iree-plant
ing particularly of broadleaved varieties creates water" (World Water 1981). 
Research results from several temperate watershed research stations give
quite different indings. [hey show that trees generally use more water 
than do lower fornis of vegetation, particularly on deep soils, and that tree 
p!anting generally results in reduced total water yields from catchlents. 
'lhere have been no experimental findings showing increased rainf'all fol

lowing a florestatimon. 
As far as floods are concerned, experimental evidence from temperate 

ireas shows that small storl peakf'lows and upstream flooding on small 
streams are reduced following afforestation. For major storms in large wa
tersheds, a llrestation or deforestation had only a minor impact on flood 
peaks and duration. Again, this has not stopped statements to the contrary.
In early 1981 when Philippine newspapers carried graphic accounts of the 
repeated and disastrous Agusan River floods, a political leader blamed 
"denudation of the forests by logging as responsible for about 30% of the 
flooding" (Corvera 1981 ). Even though flooding is ,in annual event, this 
)articllar flood was given ;a return period of 20 years. Furthermore,

Openshaw (1974) has stated, "The principal cause of the recent 'joods in 
the Indian subtlcontinent was the removal of' tree cover in the catchment 
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are;is fo I'leIwood (anld shI'tiIIg CIultivat ion).-' Ihle section oFt his report oil 
I larvestiig l'iieloOfd anld Loipping lo€dder deals with the effects of Fuel
w'ol clitti, i I ln(I Ihis is preceded by a sectionI on I le effects of' 
shiltiing agrictlit nrc. lcrle stems to be little evidenice supporting ())Cn
shaw's luiii(wilil staililiellt, though tilt large-scaleti iilipacts olhmog-terni,
land aibus:t. ha1\c liluhcd.'l been.ct'1 1 rche'd. 

Ii li 
gm\trni l ic l ill m del. h() lt(.tim cnatc sp~rings aild smaldl sirc.,ms. It is 

ll.st'\ 'lti'e I l 1 )i('s, alfi restlatiol isbeing r,, 'mtuitidetd ais official 
l) >]++.N 

igesit(l 1hhat 
trees to rclisc (ix season 1llws so that tic is illoi witel availa 

beilg s",t lm/w'ult 1ild l/h'fl'lU griassliilds be lamcii'd with 
0 I,( )]i 

ate exfpiriie.i w rshe'ds woutld 
lea;td onmtodlest , bt htr h injtct ecii ll b t'111solely t io-<ugh i llor
'stattil. In lat. 1115I ivillhh loct,;cl eideu1 c suggests l)\(r Ih.seca

irigat iou. Ret'ii Ii MI Se,1;l teinll wate1111 

siffws lI mIO~lgoi'li o Iniest. 
)Ihci' lorest \erllt-shld policies be..illg proiiiIgitiI anid ililemented ill 

(Ie\('If)iig (1 11((Ilcci i\l tIosth.li1e t'st to 111iay iriins of hnnina 
uisc. For ilislicett, t tal kill's on logging and sll Iing .ilti'ivatlion have beeni 
ii('ot'tlorawl ilto sontioni al p l)icie.s, at bough Ihey arc Ficqu(intlv i
possible to illipilillt. Is ttil e'Xulllsion of[ liianuii u. t ivit rallIN lecessill 
to lrttct thlie (h.sil'1l)h. ih f'ol igic1i"m11 os I woltl5Irih s? I.Kyrieice 
aind r'tcsarcfh ill eI';1te foi'ts woii]l iiidicaite thait (lt 1h'11(111(and Iiaii
igt I liSt iia f.ba clti't l><licS forliriaxiiii/iignist 50( ill iwilef its. 

\rc t llc' 'ssts so) dilfe'cit ill tiolpitml \rslls teiif)ei'ritt wate.rshieds 
thlt di Ifr lt loplit its aii lanid nlimiligeiil litltegis arel refiii'e ? It is 
wel .stablished( iat tdli1ililt ration, sltr.,c, aind relIase. if water; tl(' dc

'Ih(liC is i)llllil Si' C 

t;r'',.iielt, trilisplrt, an1d h..lpositoll il so il pl IRI s: ,and thw cyvliiig )I' 
111111illts (fpch.ll. il ('o<llh,tX iliteictioiis btwl topfoigraFhv,( litliate, 
soil, ge'l h1g,, \cgctt;l, ;1and 1111111nr,11 iiliilll;itiol (i liitlral s\stemls. 

lt5ls( dSi' h trpic i syst.llis should .Sf >11 t<i (filler
colt I1\5 fi lahtnitll do tillp-'icte 011(. ctt i msl tbe recogii/tei tlat 
blo h th lilt lilt. of hw ( Iri\ig \'viriaibI s (e.g.. lii.('iflitatin iit.lisilv ir 
tiiifleirit1lir ) 1i1n lhe sf olis, ()f a s\ steim (-.g., stfiliti tYield or t.'\tl)i, 
liimslfirmiil foss) iiiav beqoite dilereiit iln tIle tlfi(s. 

\s aeirsfied ,Xfleiillits alt geileirai' 1mig-terlul, e pxfl)si\s, and re
(11ir<c a high degreimf tof hii (iil)eteline. 111)Ft i'scf t' feiltCe to) 

tihe ielitfriite. iichistItfit colies flrm lieiiied ctmlt lies. )irect ,xtrapola
liotn I f'eSlllts o1(dil ei'e ut (l'iilitiomis (-flilulitc, soil, and vget(atioll, 
even withill tlie tella-+te / ie. alh1\'s Its bccii proleumatical, so we 
should no[ Si'llirith tliit firt..ct trosr of' rtastarci to an etirely fdif
telircit cliiliac /(,1 is Irlight vih til('certaiiiiv. If're is no reailson to be

lieve that liec basic flr-ess,.s al1.iellt. lt resea.'cfi to prove it, h<ow
ever. itist be ciarriid (Jlt iititer a widet riige o'coifditimis so thial i set of' 
gencriai/itioiis cli be illaed. f<Ir tilte range oi'oiilit ions tHat exist ill the 
tor)i( 'S. 
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lossiblv (lie kind anld degree of forest disturbance in the tropics is also 
important. l t'there are ditlerent hydrologic, soil moveiiient, and nutrient 
cycling responses, it might he diute to diftrences in the latuTre o the impac
tor. For instance, there may not be an analog I'rswicldening or kaingin in 
tile temiiperate forest experimiiellts. Ihe "llountain tlarti-ng"experiment at 
(oweel;a I I vdrologic laboratory in Noi 0, Carolina (l)ils 1953) is not anal
ogous to slash-aiid-burn agriculture. (:a evidence I'froii tractor logging
eXperiiiients be used to assess the impact of reak logging using elephants in 
Tha'il a d(? 

l)i C;st ri and I ladlev (1979) have identified some of Ilie problems in 
using rescich datll to solve impotroant ajlied problems ini tile tropical
developilg .i llIRles. lI'hcy pointed out Ihat much otlthe research is con
cellrated in teliiperate industrialized countries, that in brination from 
such research Iiiav not he transfhcralc, arind that tile extent of'the transfer
ability is unknown. lhe'ir typology o, iithriation transfer and Ise prob
feins midl tile nliderlving ciuses is so clearly relevant to, watershed forest 
inluetnces that it is relroduced iln 'lelc I. 

Ill watershed borest influelinces, there is certainly ail illeven geographic 
c.over;ige of resaiclid use and applicatilo olfdata, but tile real,lii:luatC 

ujieslio n relate's to tle applicability,' especially when tIring to tranisfer data
from specific experiments iniitemperate watersheds to applied problems in 
tropical watershels. ()n ,mnv ccasiolns, it has prove d diflicult enough to 
extendI(l tillts ftlvll small telliperate area watersheds to large walel'
sheds in allotlie area ofthe salle slate or couintry. It is undoubtedly even 
Illort diffit tilt to extendl tlie research frot small watershed experimnels in 
tiliij)erate oitil ties to apjplied prohblCms in tropical countries.r 

EAST-WEST CENTER WATERSHED FOREST INFLUENCES WORKSHOP 

lb assess tle state of knowledge oftropical watershed forest in fluences 
research and Ile poissible tlse of it rination from temlperate watershed 
rescar- Ii, aIworkshop was convened in late September 1981 at the East-
WVest (cntcr's Elvivilnment and P,,licy Institute, bringing together the ac
tive and outstaiulig forest hvdrolohgy researchers oft he Asian-Pacific re
giiI. I'wcntv-six partitiilants and invited observers from 12 countries were 
able to attend and Ito address these pro blems (see Appendix A). By-prod
uicts oft"the workshop are a 250-page selected annotated bibliography of' 
[ropical waltershcl research (Wilfiatis and I latiilton 1982) and a compila
lion ol'stal us reports on watershedliesearci from II coullt i'ies and Hawaii 
(I lamilton anI Bonell 1982). 

I'lic princi pal task, howevel; was to synthesize what in known about the 
role If forests as watershed cover in tile tropics a ho1(hw that role changes 
as tile forest is used or cnverted to ot her tses. Tlie six impacts cinsidered 
were changes in grotundwatei; springs, and wells; stiream low q(tiatity (an



------------------------------------------------------------ --------------------

Table 1. Research Information Transferand Use Problems 

Main Problems Main Causes 
L'ieven gcographi (0v-eldgc 
tOM ple)IessN of' il foraiil iolt 

i1,(nill

" Reseau-ch coiUceliillI(I ill
iiilitst ,'ializ(.<l o,I trut's 

tel 1J)l;dl 

" ('L'rcrreInt)icies do iiot st imilte cre
ali'iii c(;In-w knowletdge ill (lc~cli)pinlg 
(c(llnillics 

• [(1 111 l l' S (I l l l',lr l S_.l' l 

* I ICs cfl I I lt 1(1) noi I) .ilvoi n 
in sol'e fields (e.g.. td;xollyoi% 

lseairch 
ofIlrop

ical plantsaail anita s) 
............................................................................................................ 

InadeqeLlecUSC a alplic;;ti olt tlcala 
* 	Data iot widel vaivilaile 

" )al Ipresenedll I'mfr not tunder|istilrdahk to lpInner.; alnd local popuL

litioits 

Lack of al~dicblhilitv oI* milta(,I. data 
hlading to 1111predictlaleh. a:llerse el" 
ti'cts whe'n al)plied ) 

la)tulik releh valice to, or a(felltlacy ill 
filcing, spiec ifi sit ialoll ns 

* 	D)ala 'tcsilt 'lolll research Ihat is 
overly s((toral and incomltible With 
Comp,lexity of sit talions 

" I)ala lake little a oCCilint'pople's dili 
ferernt lp€ecenipi ios1 of:i given problem 
01* siltathio) 

* Sitc dala canot le extrapolated for 
regional ;id nationl planning pill
poses withill a, €(Hnulltl, 

0 Data not transfe~rablhe btweell coum
tries, o0 extent of trailsferalbility (III
known. 

So-rie: A\ tdt Froin di (Castri and I lad 'y (1979). 

1101 water yield) iliing and (list ribtil ion of' st ream flow; on-Site erosion; 
sedjilieilt in streanis; anld Iflit'iellt out flow ill st reai water. 

Since filie tiltiilmte olbjective is to tuse this informationil planning and 
policyinaking, a series of, Lses and transliwormations that commonly occtur 
ill tropica (leveloping countr'ies was set f<irth. A matrix of catises and e!'

l'ects (Tible 2) was used as the organizational I'ratiework for t ile workshop. 
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Prior to the workshop, each participant was asked to indicate the in forma
tion availalble to him or her or"each oft he cells of the matrix and to classify 
tIle iiflrination as follows: 

Class I - Fi,'st-hand research evidence 
Class i1 - Authoritative literat ire references 
Class III- lrof'ssional judgiiient oi empirical observation and conven

tional or folk wisdom tlhait has not been disproved 
O - No in Ioriation 

Each participant then brought to the workshop the available information 
keyed to these cells. The workshop discussions focused in turn on each of 
these interactions, dius briiiging out ile collective wisdom and experience
of the researchers on tile effecs of each use or transformation of the for
est. "ible 2 shows the niatrix filled in for a hypothetical knowledge situa
tion llone countrv. 

S'nle a(l(l itia:uai muest ion s also were considered: The role of cloud forest 
in water captlie aid what happens to this "occult" precipitation when the 
forest is removed, differences in tlie hydrologic roles of pure plantations 
versus mixed forests and broadleaved versus coniferous forests, and the 
criteria i)r deliiealtiiig critical watershed areas. Finally, sone attention was 
given to logging guidelines for importanut watershed forests. 

This st:ate-(d-knowledge synthesis is organized into sections accord
ing to type ,fforest use or conversion (tlie actions). Each section first de
scribes and delineates the activity, and then discusses what is known or 
believed aboutt lile effects ofthat activity oti the six water and soil paranie
tet's colisidered. (hlie ilt rienti otit flow section does not deal with biologi
cal water qulity, nor does it deal with nutrient export from tile site due to 
removal tfhionmass.) We then att empt in the suntnmary to discuss the forest
land planning and management strategies that take cognizance of this for
est influence informatlion and judgment. Policy decisions about land use 
iust bh.made even when ou"knowledge in the arena of watershed forest 

in fluences is imperfect. 



Table 2. Information Matrix - Watershed Forest Use or Conversions 
A B C D 

Change in 
E F 

Water 
Effect of On these Table, 
these actions phenomena -- Springs, 

or 
Wells 

1. Nlht(or tiortslIt llI. I list's 
(gatlhtll,l Itplghl l.,nol 

titt(lllilig) Ill 

Water 
Quan. 
tilyin 
Stream 
over 
year 

III 

Water 
Timing 

of 
Stream 

Dir-
charge 

II 

Ero-
sion 
Rate 
on 

Site 

III 

Sedi-
ment 

in 
Stream 

III 

Nu
trient 
Input 
into 

Stream 

III 

2. Stl lhshtillini gtiti ltilt 

" 

s%sitvllisstlistiltd) 

Iit3.le oh< lit %cstiNi(iitt 

t) I I II II 0 

l j)i~t~ll" t~)ll 

= hddel'hlpping9 
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Harvesting Minor Forest Products 

In many devlopingcointries, minor fbrest products provide much of the 
requiremient Ibr food, tools, and shelter (i.e., subsistence) of'people dwelling 
in or near fonests. fi,addition, minor forest products may provide the raw 
imaterials for small-scale cottage indlutstries and 1tus are important to local 
CCOi,( illiies. TIhese products are usually gathered or htunted in wild forests, 
though some iiiailagemn,,t of vegetat ion or annu1als may be involved. 

Norlllly, (lie i,,pa(t oi theliforest eCosySteIll is a small one, and a type of 
sustained vield systen, prevails. Some examples of ninor forest prodtct use 
include har,'vestingof tfods (wild vams,bamboo shoots, fruits and nuts), me
dicinal plalts, pIisonotis plalts, woody lianas and other rope-like climbers,
and leaves and iw\'igs wi'arp;l)iig or lhiatching; :ollect iIg Vilrioustor food 
plat plrits lo, ililing or dyeing: clttling rattan flr making baskets and 
fri! tire; aiiig for resins and t tirpentine, gathering wild honey or using
fi'est (,ee f owcrs f0r apiary pl,,rposes; hunting or capturing wildlife for 
food and oriinamientation, and ft, skins to be used as clothing, shelte, or 
utensils; and remo'al of, forest litter for various uses. 'Iable 3 illustrates the 
range of ises off'forest plaiits in Paptia New (;uinea (Lea 1975). 

Table 3. Minor Forest Product Uses in Papua New Guinea 

Use Example 
A.Xhor, iicil s and comt racept ives CaldMsiaparnassitoia 
Arlifacts 
 "Galip nuts" for tourists, wood in masks, 

shields, eic. 
Bark clot,h Beaten Firus sp. for"tapa" cloth 
Basketwork kvgodium sp. 
Be'erages Palm wine, sap from vines and c'eepers 
Bird hait l,'lanaih'pivntultiglandululsafruit attracts 

cockatoos 
Condiments Zingilhersp.,Ammnum sp. 
Com iners Bamboo ail gourds for carrying water 
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Cooking and eating utensils 

Decoration and ornaments 

)rugs 


Dyes 


Exudlates 


Fibers 

Fish intoxicants 

Food 


Glazing 

Gillns 


nsclicidces 

,Juicesaild saps 

Medicines 


Mtusical i listrunlents 


Oils 

Poisons 


Resins 


lRope" 


SaIt making 

Starch 

Tl'hatching 

"lbol making 

WVciriig apparel 

Vealon making 

Source': AdaptedIroml Liea (1975). 

"Kwila" bowls (In.ia bijuga), bamboo 
stems and coconut shells 

Seeds of' Cx /aciymia-jaobi in necklaces 
and leaves of Celomia aind Oh'aria 

A recaII LtIs 

Bi.'a orellana (red), Crcuma bmga (yel
low), Leue vke (black)
 

Guttapercha (rubber)
 

Gnelum gcumnn and .'llht!lfiaph'ia.%ligma 
for nelbags
 

Derri,% 

Maiiy species 

Celbli for glazing black paint among the 
Abelam 

Artoca pi. for ca ulking and hird iraps 

Pyrethru 

Toddies and stimulants such as A(namir
la and "kava" (Piper m'eth' lhium) 

Many species 

Pter 'a1/ms indirus for "kundus"and Ii
l'x r'//ic.lus f'r "galanilits" 

Trc oil 'lo'n ('amp/tp'rmaal Pan

danI.%oil sIeed 
Derris,G1t111 (atifl(im 
Parinari(the kusta mi1l) 

Caamtu. for "kanda" andlLygodium for 
weaving masks and baskets 

Coixgigra lliamong
thell'Bal i and Er
io(auW(I
hong1lolium 

Sago,Alaniho and 'urta Sp. 

Sa.ro ad Nila f'ionds ivdc "kiai"grass 
(Iperat a;inm Ali mt hitsin hilehigh
lands) 

Bambu.va stein s, Iliov.vpvrre wood 
Padacu.%lcaf'capcs and penis gourds 

Carvola for)bows 

Some uses listed above alnd in "lablc3 involve cutt ing down trees, but foI 
oillpui'poses we define tile activity of lilvesting ininil.forest products as 
hat involvh'iig no signi ficant ctllting of trcs. Iftrees are ciut, tibe impacts 

http:Bambu.va
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Table 4. Effects of Litter Removal on Infiltration Capacity 

Soil Horizon 
Untreated 

Infiltration Rate 
Treated 

Infiltration Rate 
(mm/min) (mm/min) 

I! 120 2 
AI 60 0 
A,
B 

1'-
5 

4 
3 

Source: Tstikailoto (1975). 

become more akin to fuielwood harvesting or commercial wood harvest
ing. Even so, in soime places tile intensity of use may become so great (often
(fie to the development of a cash commodity value or a village industry) 
lhat t le forest resource base is diamaged (as in excessive resin tapping) or 
tie p)1 ldm'tis o.elharvWest cd and becomiies scarce. The latter has happened 
and is happening inthe case ofr-attan in several partsof Asia. inlthe Philip-
Iines, tile Ministry of Nattural Resources has had to ban rattan harvesting
ill all eXelcriineilt:ll forests, national parks, wilderness areas, and any spe
cial areas where p bletns exist (Anonymous 1980). Moreot'e; it has en
courage(d ratlan planting and sustained yield "rattan farming" by a pro
grain ol incent ives and t he production of educational materials on rattan 
growing (( ;enerlato 1981 ). 

le )rofIssional itidgnieltI of tile workshop participants was that gat h
ering or harvesting of mnost minor forest pirodlucts ustlily has little impact 
oil water yields, tiiming, erosion rates, sedimentation, and nutrient dis
charges. "lhere has been no research to support this contention except in a 
few specific cases in temperate zone forests. A study by Tsukamoto (1975) 
in japan provides some ini frmation on one particular practice-the re
Il(oval of fowest litter such as inight Ibe the case where it is collected either 
fot fuel or fii addingorganic material to fields. The critical factors are the 
itensity oiuse, t ie degree ofsoil (list urbance, and the nature of the access 
trails to the gatbering sites. In parts ol'the I imalayan foothbills of northern 
India, br example, overtlapping of I'inu, roxburghii has resulted in wind
I-reak daiiage and subsequent soil exl)osure. In the same region, collection 

of' pine litter lbo , newlpressboard-backinlg industry could cause futuI-e 
)robleiis of erosioln anl nutrient loss. 

GROUNDWATER, SPRINGS, AND WELLS 

No direct evidence was produced .'oncerning the effects of minor for
est products harvesting oil groundwater. Hlowever, Tsukamoto's study
(1975) on tile effects of removitng forest litter in Japan shows that infiltra
tion rates decreased markedly for all soil horizons 'ollowing litter removal 
('Fable ,4). Ihese results once again con firm tie well-known finction of 
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forest litter ill holding water telmporarily and releasing it gradually to the 
soil ahing with dissolved and particlate organic nierial, which improves 
tile soil strucile anI infllation caplacit. I lie il)S'elice o he lititer laei;uf 


raindropsc(lli)act the soil, and in f'ii'Itionm ca)acity is redIIced. Wheln lie 
volume ofifiltratling waier exceeds tihe detelnl ion c l)iCitv of '(lie Soil pro

file il i )eriiieal)le geologic structure, an increase in grolinldwater level 
Call le expected. If tile cinoval of' litter aflects groidilIwater levels, it 
would, therefoi'e, seemI to cause iad(crease. 

STREAM FLOW QUANTITY 

'I'sukamoto (1975) also stuldied the illact of' ieiovinlg forest litter on 

sti,ream flow.,1w"'IRic'iiient was coii(ucle'd using )aired sliall wiatersheds 

at Shirasaka in the 'iokNvo Uiniver'sit' Iorest inlAichi. All firest littei was 
reiimoved From thlhe treated watersheds fur tlhree coisecultive 'ears. Aiinual 

dischiarge was increassd y .llet -1l-e'c((nt, mainily dle to ain iiicrease in 
direct rulloll. I:or isolated storlls of less thali li0t) 1iin, Ile stormilihvdro

giaplis showed illii l runoil'and ia168average 78 cenlt increase in direct 

peicent inclease li pak fhows. Other iliinol" foi'eCstl)i(lict r'eno'ail wasli 

tleeiietd t limtae no elct oilwatervield.
 

TIMING AND DISTRIBUTION OF STREAMFLOW 

l'siikainoto's St ud\'indicated ithtliilie to peak dteci'ease l' 13 lpei'c't'iit on 

the Ireatedtli, but there was no 'hliaige illtiiie to end ofldir'ect runllof' 

Apait From thi.s stiid, the workshop lirticilaiits cited no other evidence 
about ie inipact of hilarvesling ninhll' forest )i'odictslont ile stol llhdro

gi'alih. I Iowevei; li igi'aeed that tlieelI'cts were likely to be minol'. 

ON-SITE EROSION 

Most of lie evideiice suigge ls tihat tlie harvesting of' iiost minol" ltorest 

poi'dclitts\\ill inot (Iuse. serious :'oil plet piacerosiolil.in litteri'eilcval, ais 
ticed in pail ofiina ill lie r'ecent last, is ce'taiilv one exception. Inlsui

kaioto's (1975) siady. however oily\' snaIll amounts of soil ciosioi wei'e o
sered, aind this w.s attributed to ehctive sii'' ice plottion I' a eiise, 
coicentri'ated ilitwork ol fi lools. (vert lhree years, Splash eld) siloin w;is 
sei'ousi, aidl on oie-tihird of, the. wateished, all of' liteII laye'r hiad disap

peared.
 

'I'lie heavy ist- of, frest trail.s inia iesuilt ii soil 'opiiiactionl, hici'e:ued 
stii' iUlnof and giill'ilig. 'lhis has been docUiiivilled illtliu eitnd;iihlen 
ile case of heavily used recreational hiking trails in North Amnerica. 'T'lie 

effects ill iropical d'evelop)iig (olunti'ies will obviously depend oiit iraffic 

http:erosiolil.in


volume, soil characteristics, and rainfall intensity. rrails through firests in 
Illontane Paptia New Guinea have eroded and are sources of sediment 
(,Mlner 1981, Pers. Comm.). 

il Fiji, Ia rvestingof reeds and bamboo for rafts, thatching, and building
material is thought to have had localized bltt relatively minor impacts on 
st ream-ban k erosion due to soil dist urbance at tile harvestin.r site. 

SEDIMENT IN STREAMS 

[here is no evidence t hat minor forest products harvesting causes seri
otis St reaml sedimentation problems, and workshop participants agreed 
I lat on Isor impacts could be expected froin trails and stream crossings 
as iliciltioicdprevioLsly. 

NUTRIENT OUTFLOW 

"Ilherc was no evidence presented on nutrient outflows causedl by minor 
forest pr,,dticts harvesting in the region. However, it is known that nutrient 
deplltion thinrough contintal long-term gathering of firest litter occurred 
illticllperate forests ill Ger lanyand the practice had to be controlled. 
Similar el]'ects plus erosion were rel)orled in the Republic of*Korea, where 
i lie Forest I.aw of' 1973 pro nhihited leaf raking and removal of grass litter 
withillforest areas. It is not t honilght that these practices would change the 
mutl rietit contents of streams to ally significant extent. 

SUMMARY AND IMPLICATIONS 

lie continunatimon or expansion of minor forest prodlcts harvesting is 
unlikely to havc a major detrimental impact on any of the watershed varia
bles considered. I lowC'ele; in the case of high-quality, untreated water sup
pl y areas, some level of intensity can lead to water quality problems (sedi-
Inetit o disease (ontamination). Removal of forest litter for fuel or fbr use 
on fields call resuil illaccelerated erosion, sedimentation, and loss of'nutri
cuts aid organic matter friom the site, and should be controlled. 
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2 
Shifting Agriculture 

Shifting agrichilture (usually cultivation, but sometimes grazing) forms a 
Continuul I'lol extensive (sustainable) to intelsive (unstit|Ile) uses of' 
land, depending on the length of the fallow period (Clarke 1966). In vari
ois places this activity is called swidden, kaingin, conuco, slash-and-burn, 
slash-and-t rash, forest fallow,jltiin an(lotlhrIlocail ilies. K unstad(ter and 
(:hpman (1978) describe three kinds of'swiddening innorthern Thai.. 
laId: short cultivation/short lallow, shol. uLivalt ion/long fallow, and long 
cult ivatioll/vcry long fallow (ori abandonment). Other typologies exist, 
based on the vegetation (forest, blsh savlanna, or grassland) and/or the 
historical backgiound of"tle practitioners (pioneer-colonist, established, 
or incipient). 

Extensivi shifting cult ivat ion systems may be characterized by combina-
Iions of,: 

" Gardening in forest clearings inprimary forest or,inore commonly, in 
secondary forest., 

* Short periods of"cropping alternating with longer periods of forest 
allow; 

SI.ow h tuian or animal energy input per unit of'energy output (use of' 
fire adds large energy input);
 

" "se of, relatively simple tools;
 
" PolvcuIlI tIre:
 
" l.ow hulimall population density and/or "ttaditional" people; and
 
" Little (list uirbance of t lie soil sitl flce. 

Intensive svstelnlS thamt a pproac h sedenltary agrictIt ure may be character
ized by combinations of': 

" Use of"anthropogenic grasslands or degraded bush fallows for gar
dei ling or grazing; 

* Long periods of' cropping alternating with shorter or no periods of 
fallow; 

* 1 igh energy input per unit of'energy output;
 
" Use oftechnically more advanced tools (e.g., chain saws);
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0 Iligh h l l p.ioll deisity '.lid/0r"lew Colonists": anid
 

0 liilIlu'N' tow\llltto cro)s 

0 (,uca:Hr so)il (list ullat,,which call ill(lide Iolgh telrracing, ditching, 
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GROUNDWATER, SPRINGS, AND WELLS 

No research on this topic was known to the workshop participants. How
eve!; given the nature of cxtensive, sustainable shifting agricultural land 
use and its mosaic pattern of small clearings and regrowth, the impact on 
changing the water table was deemed to be negligible. Surface runoff on 
plots in the clearings was a!'fccted as indicated by Kellnan (1969) it Fabic 
5,but there was thought to he no efllct oi groundwater; springs, and wells. 

Table 5. Surface Runoff from Plots with Different Lx.lid Use in the Philippines 

Surface Runoff 
Sample Period as Percent of

Plot Location (days) Precipitation 
lrimlary forest 227 0.258 
Softwood tree fiallow 227 0.264 
lImprala grassland 227 3.017 
New aba pliiataion 	 227 0.348 
10-year-olh al)dca )lantation 227 0.635 
Logged over forest 305 	 1.73 
New corn swidden 	 138 a 1.52 

341) 
New rice swidden 60c 0.86 

158 a 1.08 
141)

2-year-old coin swidclen 	 60 c 0.42 

!08;1 1.78 
171) 
19C 4.08e 

50(1 0.69 
12-year-old corn swidden 125 11 11.64 

50(! 6.73 
" 19 14.15 

Source: Adapted from Kellnan (1969).
Note: 	Sttudy was in Mindanao, where annual precipitation averages .422 cm with 

little seasonal v'ariation. These were small plots (8 in') located on 25-percent
slope. Period tinder )bse'rvation was Janunary to October with the swidden 
Sreat menIts start iig in il id- Iebriatr; I' lhese results cannot lIe extrapolated 
to watersheds, aid the table is preseited to serve a qualitative rather than 
quliat itive purpose.

1Cropl)iig period. 
')I tercrof)lping period. 
'11stcropping period. 
'lrcroping period.'(leared after harvest. 
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STREAMFLOW QUANTITY 

[here seeiis ) Ihe a wi(Iely held view in fluencing land use policy ihat 
shiftling agrictillr1 re is the causef()"rtduced s.eanif lows. Waiters (1971) 
re'I)()r'It "HIC (lr,) ill riV\r v(dlui(. that inivariial)I, ocurs" fi()rli. Rio Mo
tataii i) Vn'ne/'nla fm 19501() 59, which h thought was dtc n 1(t) rain
fall (11'1l ionls)i , hill to lai .- sal. shil'tinlg agriult nrc.c. Also) i:I \ eui.tla, 
L.sser (1 9i55) rtJ)( m i. r.e(ut ioins in Vater '()llflic fo" Ri() salli) 
I)iin.l i l eslt (of shift ing aglricult Ure (onsteel) slqol)s. Neil her Ihlseoas 

nl()r ()lhitr such )(is Ihat could be cited [1(4 'Ih.'lilul(d, Pakist;n, anid 
CISCWIlttl rith{r );SC.(l (il CXhI)t'rilllcllls. Rlth Ir h(cy ' ustall' c)rrelatiolls 
:oal show aIiltitili ag rsie Ililetr shifilhig lh i\aitioi il (ine hilaii and(l a 
(lIlt(asii g sticainlho\w l th (Ilhe'. l'iis Is Iy. n() Iilns (luivalent to 
alust, and eflt . Noite (f ilie woiksliop patici)allts was able Io I)lo\i(le
 

MIN, i(5.il t1t'tii e(ing with Ilt- eflit rs ()f shliiftig agricultiire ml
 
\\alcl'' 'ic{.'ll
 

.lkSl(4 i I1) svslenlsHi Ai4 ) 421(4u ag rcI Ihitl ui(Ie- cx nsi\e ile f(.{1ts 

wouil(I I)e, nlinilnal., IllwlS vsteiucs. ill w ihilllu ofl'a walelishied iinight
 
etl(]cairt ali(I ( l a shoul(d ili(.,ast., str(wniflw or the
i01)()I1 unc, 

wat l v( :r.]Irli)s l.tIs1 w (mil)e sibuilar t()tl , l) trlI froi) uI'ianza
iia, w r, smuuall lail(mIdlliu u ti)ilili t()k\erilg 5(1( i50.lcein ()ia 20.2-ha 
lIlet (;lt(hiilt )\ti 4 I(lic-V1i'I' ('()ll liltiotls (i()I)l)iig J)rim(l gave large 
i ,tleA{s il tatti i(,hl wil hi (lo)ll)lil ( theh (Inifi .. as(I base flo)w (Fd

wail(sanllI Ifla kic. ]19,81 ). 

TIMING AND DISTRIBUTION OF STREAMFLOW 

Ihlblic and i)(liti(al coiivetiiia wismll his Ilt-jlclitl;altributed I;gfe. 
iilclearso.'n ill flo -(Illi\ aid illelisil\ Io shifillg agricuhnre ill t ilp
lands (see, for txaniph Spears 1982). is i (leili (f good rescalch. lie 
iliifbitiitii o11 which t() base Sitlih stlteClICnts, h()llglh fir tile unslal)le' s\s-
ICtllS Ih; r'sult ill 1lan(1 dlr'idatlio(n t here ia\ well be such adverse t()nisi
(lItl(tslis. I w 11,'th I(lof e lll()ieSostlills (b()iwilsIlean Ilot )ding aiid 
f d)a((Imae in majoI "rivet svstIIs te(.SnhIts loii I)reci)itation chialra tterIs
its a id ld plaill iatlcri ill 1 sliit iuig agrictnll . 

In spite (oftlit absetuce ofl i sll'ch testllts, there was agreellelll Ilmt 
exte'isi\e shuill ing aglittiltn.Ire (as do-liillatd) won1, hi;ve litle imipact (on 
Ihe I tnli liof eslaiti (lishllg. , nl'ss Ihrle was a t)i{.11:11 ion1 ()ilch.ar(l 
laIld. ill svnchri)n\. ()i t haudroh gi( stir(c area (h)s 1( the strean. Ifthis 
were lic (ast, 1110W rapi(dtStranl r(,Sl)()nS, night lie eX)Cted. 

ON-SITE EROSION 

Sa1;1t() ( 1981 ) las st udied (rosiln fromn kaingii shift ing agrictiltte ill 
Ilie, \It. Miakiling I")rc-,t, P'hilippines. S(oil loss )i'i fivt laInd-u.se types 

http:laInd-u.se
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Table 6. Four-Year Average Soil Loss for All Slope Categories (Philippines) 

Sediment Yield 
Plot (t/ha) 

New kaingir 1.672 
Old kaingin 1.626 
Plantation 0.302 
Secondary forest 0.123 
(;rassland 0.088 

SMrce: Saplailco (1981).
 
Note: Plot size was 2 x 4tni.
 

Table 7. Average Erosion Losses Per Day From Plots with Different Land Use
 
(Philippines)
 

Sample Period Erosion Loss 
Plot (days) (gm/day) 

ilimarmy b)lest 197 0.20
 
Softwood tree lallow 
 197 0.29 
Im/pralagrassland 197 0.40
 
New alac tlntatilon 
 197 0.41
 
I (-ear-old alaca plltinl ion 
 197 0.59
 
New coin swidden 
 138i 3.03 

2 9 1) 0.65 
New rice swidden 158i' 1.45 

291) 0.37 
2-year-old corn swidden IOa 12.05 

291) 9.81
 
12-ear-old corn swidden 
 175i' i19.31 

291) 6.32 
Snmirce: Adlai)tedl[tohn Kellnan (1969).

Note: Sindv was Nliindinao, whereinni;til plrecipilition averages 422 cln with
ill 


little seasonal variatioii. These were small Iflots (8 lit
2)located oil 25-percent 
slope. leriod tuntder observation was.atnuiary to October with the swidden
tl'eatliltllts id-l1-ehrnar.slarlig inlill These reslits ctinot ie extrap)lated 
to watersheds, and the talble is lresenlted to serve a qualitative rather than 
quaitit ivepIIIurpose.

i'Cr~oppjing period. 

was tneasutred ('itble 6). New kaingin had the most severe erosion, and 
grassland had lie least fr all slope calegories. The grassland was ttngrazed; 
hence it pi'odiced ite lowest sedinent yield. For tie soulhern lPhilippines 
(M iidaniao), Kellhian (1969) showed halt crop type, length of'cropping pe
riod, ;tnd vegetltion cover affected erosion ('FIble 7). 

B'ttmiig et al. (1975) reports that shifling cultivation in Sabah, Malaysia 
dtritig tle cropping years gave rates oferosion of' .5 to 2 inni (10 to 40 t/ 
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ltm) inier nawn Npirm.iis An el05i()t exp)Clieiin iti v'olcali soil in the 
lpt('ltilid il(il(Iit~tltSSoI lof Bil(lttiig, lnii~icsia 5hmv~edi little s(il lost in 
lie ftirst ,ea (it )p)piiig afte ieitiiiig lest andt platinig dryvl-of pimaryt~ 
rice ini ctcicieis of I up185 hai (''ititrated) ando 8 up 65 hit (tei-ced) 
(Coiiggrijp 9-1!). I oe ;ill Owliset()1( VCtiol Ne;lsses of' St /iia hin the 
ltiiiiiecri lt half its iiiti [rom] Ihe laftter wereC teCoi-ded. lIn pilotl studies iii 
Nigeriat. Lal (l1981 ) it'lfit' ( sil t'(ioiii lawis o)ff .01l t /fla~/vifr tr.1uai-

Slii ft illgicilt ilt.: stllllliatii/t'l Iltcir findings its fodllos:1 


ilit' t'flt'ttso elosioll dtiiiga siligit' pciiod o)f ipi.
 
\WIlt'ii athoest tliow is( itaitof andu lliel iierlv aill (t(e-itt
 

i lwis.g1 4 ailitllat mtiinrl slilt-lmc,xdiihl is iilimxt with I itely divided 
hul-l ialk dltt(ililo('(ld litter. 111(1tovmcdi tl i a t nut la 'Nel-ti af~sh, is 
ihatit up siltlullg i of h'I( it'tmatinois ithto il hy l ill( iea\%tait. 

liittt't u laplidiN dct'tollmost'f andt flu' usil is wuislid ito thelsoil. ol. 
withIi txuti nuaik iwut\\ ia itt n t a i elv uh it'iitit'uthilt' s ul it iutv 
lit' wusited(f 1111auic..>.t'\(licuiss,lfit'(olisiitltiotd dfti('soil i'sofiu 


sillfliici 1t\ -outiuup a wt'ks unttiltIlll\k iV( his oisitigitt fm 1cw ilt'

pi~ttiit f ,t'vtitoIth t I Itif)'of t (nixtilt stmatli~landarc islil etfe.

fvtit-.rw o c itig uth itItcr i a~li, (nd 9to ateut f fliiotisf t cfciv5e
 

j(miii to this ill 1;1(.( xloet oilerosolt ll
lllliluttlum. seudiigmi 

http:fvtit-.rw
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Perti and Ecuador and the Colombian and Ecuadorian sierras look
ing at erosion prollems. [vo conclusions can be made froni these 
visual observations: (1)'Hie extent of obviots gully erosion in shift
ing cull i'alivtl or pat i'esystems of, the Amazon is insignificant. 
One can see erosion caused by road construct ion, urban develop
micri, anid drainage olt lets -- civil engineering erosion. (2)Ilie extent 
of soil erosion in the Andean region is high ill ustic soil moisture 
regimcs, witi a strong dry season, but also very liiited intile idic, 
high-rainfll upland areas. Again, most of -he obvious erosion oh
s rved ilI lie latter areas was directly caimed 1-y civil engineering and 
not agronoumic miscalcilatio. 

lhe reason for tit abo'e generalizations Isquite simple: the best 
pr'otectioni againsl erosion is wo have a1plant caniopy to proltect tie soil. 
In ligh-raiif'lal areas, whether on the ioliuntaiils or iilthe Amazon 
basin, there is ,vvawys sometlhing growing, i)erha l)sJlist weeds or sec
oidarv fallow. Nevert heless, the soil is protected, except for the cru
cial one or two months after burning, but even then tile tangle of 
charred logs, tree stumps,andipartially Iburned material provides a 
degi'ee of cover. I all iore colcerined about large-scale erosion in 
the ustic highlands of Latin America, which appear to be more frag
ile ecosystems t han t he selvas themselves. 

SEDIMENT IN STREAMS 

[here are f'w data on the effects of extensive shifling agriculture on 
stream sediment. Scott (197-) carried out studies of shifting ctthivation 
and grassland fit-mation in the tropical rain forest area olthe (;ran Pa
.otal of Peru, and showed that sediment yield from new swidden was 
higher than From either forest or grassland. However, these were field 
iotudary eHects and do not relate directly to the sediment load of'streams 

ctlualating from the watershed. Shifting agriculture, by its natr, results 
in a illosaic pattern oIffield and fallow forest or grass, and therefore sedi
nienit l)roduced by the cult ivation may be trapped downslope by die fallow 
land. St reams iay theretOre show little change in sediment load unless tie 
clearing is at streamside. 

NUTRIENT OUTFLOW 

Slash-and-burn agrictlture is based on cultivated crop response to the 
acctmnulated nutrients released from the forest vegetation following 
burning.The available nutrients decline (file to removal in crops har
vested, oxidation of organic matte; and leaching, or to erosion and runoff 
(fite to rain fiall. When t lie level has reached a point where crop yields are 
no longer sat is Iaclory (and weeds and pests bc ,;1t I,',troublesoine), tie 
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plot is itllowed and a niew ar~l is cleared and burned.T hus, soe of the 
11111rietlits ;irte I'l(lon site, ;md sotlie of, these do ovellointo thelost tile 
grtnildwatler and sI'oatIis. It is widely held that the fertilitv oftlc soil can
not be maintainedl under shifting ctilti'atnion F t "A( (1958)l". xiiu)pIo, 
states that ";iteach t'urn of the "cle tlie soil becomiies mote depleted of 

itirictilsain(l its pro(hlirilv i., le;s, aind more short-lied.w "On low-liitri
oitt-status soils in \cicutilaii .'.,,iot.ia, Jordal (1980) sttudied tilitrient 
Ieadlinig liiigcleaiig and lIriniiigolt tropical rail forest. e'llere were 
large losses o* K, \ ind mitrates filii t li plot allowe d to regrow intlitemdi
atelv ainl tie lot plut it<o cassa\l (tIaltioc) withl sone pliticappie.cashw, 
atiul plat:iii. Flie c'iii ivated site was imitaiidni li thlree years, and this 

NI II-N.and CS wliet 
gestl thatliitiiiritl losses iiicr such l)raclict would linde" the eventtal 
It((otI Oftli 1hest. 
N\o and G;reenlaid (19i0). ii thlhir Inti ,ir wok oni"'lie Soil under 

Shlifiiig (Culhti\. .Xlllilmi world 

pliot lost Iion 1), lcially (a, to the lpoinit joralai sug

+,,." tillc litetralti ut ild (.)iei ) \itlh ai 
((1 lliswel; ( lepetn lit s ,ils, 


low. II soi]( areas oft he womrld, this pract ice has ben going otIf lionti
lrcds ofxt.airs, wvithout iipiteiit (lcflile ii llodtictivity o\et thicycles,
 

c'(Ii\ c <iii v\getat i fn, crops,and lenIgth of lal-

SUMMARY AND IMPLICATIONS 

Shifting ,gir(ilth iir;il platrices, whetlmt extensive or initensive, do haveiiiiacts oilt liltvdroloc gic. eo sit uit. and tuittiolit (liatactetist ics+of'\v~terl

sheds. I'here is iio gaiitsaiving tfat detnse populatoins oI'noI tlltaditional 
,ut ia\tmos (rof)opinl in steeli>triraihi illtlie tropics aind sliti ropics and con
inmia lvad:I\ancig it) stee~lier liple watelel~'shds aitul itllort tiirginial cnvi

roiutctits are hiaviltg significiit atulddeletetiouts effects oii the tiiti 
uutflow, pieak ,,tonrlows, trosioti, and slitilt sediiiicitaitio. Migrant 
r flt)I opr itew colonisis wi fltlittle nnclslanditig oft le ecos'stli's calri'

ilgu; ualicit\ lha\e prodtcel off-silt e fIcts thmt ihae alaried of)sercs 
aul dol\ist retlli fpopulations. Lhie av\e giveui shliigtagrictiltutli ill gemi
crll al iImage thli hlas led lreosters ;iid laiid-lnste flmaiicrs to rcgard this 
fu.iiiitg s\stoeI as tlie titlil \illain il t lie watiCsliedt dIatia. There ate 
ew\"reliahlIe' data to,Sithliirt this helief hlut ote cani piece togtlitrc e 

Itoul wateislied research ta;diliig \witlsoie( Igictiltlire or efkects of fil'e. 
"(11 illsmattce, iii Itstahle s\stiuIIs ill t lie trpical dhv hutests, slaish-atind-hut-i 

auricill ir Ih nontralitioal t irnimay cmlulv iitensie t. iritinig over 
l.og. vielIS. ()tni uI',, t i' soito" juislilicalmin take litto of t'results flom 
.\usriimt .\ii,,ii~u, \vhtero wihlfil ig gauged watersheds ut odtucod dra-
Illatic ill(roasc's Illsto< sedime~nt al.rmfIlows aindl Sil-l;l) ((;ldclilning et 

1961: B rowini1972). Specific rose~irci is ioodcl f, tropical moist aiul trop
it,almr foests iii galuged \vtlihds n this itlportatt land-use topic. 
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A similar lack of data plagues the situltioni witll extensive, sustainable 
shifiting agriculture. Observation, intuition, aII analysis of'the hydrologic 
proccsses involved indicates that the effects on the variables considcred in 
this workshop are localized and transilory. Erosion is an inevitable conse
quenice of the process of clearing, burning, and cttitvating on sloping land. 
The variations-in degree of'slope, in period of cropping, in crop type, in 
length of'cleared slope, ill tools tised, and inwhether the slash is burned of 
Icrely chopped and scaltred-all make generalizations about quantifica
tioi ineannigless. Stiltice it to say that ii tle Sustainable systems as d(lile
,ted in this section, soil losses Ioni tile area are not a catise oiflrodlictivity
decline and hence abaldonintnt of'the arca, except over vci, long peiods of 
lite. While iIiitiei1is tie lost fron the dlealCl plot, theyare rel)laced illthe 

aiallow pcriod. Soiie l'tlsc svstesiiS have beell inplace [Ir iailly genela
lions wit hoil serious land dlegralatioi or ii enitit iiipovcrishnilent. 

.hrlcovei, lecanist oftlie inlosaic paitern ofsllrrouiuliing f[allowed land, 
what erosion does iake place is usnal\ tial)lat i lite llot bIoundary. Thuls
 
stea illtscillltlll iiicreases 
are not aii miievital)k, conseulience of stable 
shilliig ;igricullurt (ililcss the cling is oin sloping land ad jacent to i 
wellr (hiilinel). And beci.tise Ili area (nlivat-d illa watershed ill stable 
sVsltllS at allV o1ne tiliC is usuiall lessI han 2(0 )ercet of' t area,lie entir 

Iet, cli.cl s offl linflow pieaks is probablY fairlY smiall. Tilil water yield

fioli ;I willtcrslil subiject Io stbll)e( shifting al licilillllrc is !liolight to be
 
giracTlr Ilu1 Irioii ailli
undisturbed wait-r.slied. 
()itihe basis of cvidllice, aaillble to t ihe workshop paritiipatis, there 

SetCiil IMColliijeling reason to illo\e traditiomd shillf ing agricuilltrists otl 
olwalerslicd areas in 'iiliiillrov.c soil and waeir regimes ifihcylltI 

ietLtigageill in slsiliilable. stable sVs tiis. !'l:is would not be ritc filr wa-

IteslIeds providiiig iiti'alcd altlr for imunicipal dolestic lse. Iii other 
Wilie'kl.,(l. however, it ii l I iin(rcmch il''tive to work wiih shifiing 
igricu ilhiisis lo help liltii iiimilaining stable. systeins. liis inighlt iake 

Iel. horin ofissislalc illoblliining sliltable tou anid foreist tiees br lplait
,itgiii alii ar'lotistI"\svslciii. I)prog ,l ofl'rest ()cctluilic, 

tilit, which is beitig ;icitiiihlt (I in the Philippines (l)nldulao 1981), is a 
pIsiti overt itiInIhis dicclioti. 

I iistatle. slash-atnd-I)rni, carred out by migrants who maintain cash 
ciop)iiig un il ihe sit is iili\pov, rished(lor conv'erted to a degraded grass
land, is quiite adillerentninattel; and the illllicat ionisoftlis are (liscIssed in 
ot her chapters. 

' h'l Manage
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3 
Harvesting Fuelwood and
 
Lopping Fodder
 

The forest continues to be Ihe major source of'energy for cooking and 
warnith ill I1IINy t ropical colitries. l.oFping twigs aid raliclics to provide
foliage as fod(ler Io'r a widespread practice in developingli'esock is also 

(coilil Fi's. I,) Sollit' (Olil 
ries, the pract ic's are often associated. As defined 
heril, Ile impacls of li._se activities will be based on slstainable levels of' 
harncsl lg (not overcutting oro'erlpping the renewaIble growth) and on 
sitlations where there is ho romilig alld noIuse of' i"achinery in the har
etVSl
0r CxNtli(Clo)ll. 

\W'here ile level o'fl'elwod Ilarv('st ing is so great that Iilte forest is being 
ililillatw(, it is (ohsidereda cniv'ersiotl to allother Ils'. Such l''els of ctt

ting ill tle tropics ale )fttteassociated with grazing I)ractices,and ilnrealioy 
lie forest is being grai.d (see (Chapter5 f'or impacts) 0or is being gradually 

(oliveled to grasslaild/sa;lvalia (see (haptcr 8 for impacls). The same is
 
Site for t'Xct'ssiv fhlder lo))ping. Ill cases where overliarvest ing reslilts in 
(1'ath tof'the trees (and then ustually their removal itsfuiel), lie tOrest is 
act llallv illldergoirigcolersioli. Usually thiIsisa conversion to grazing, and 
agaili, elffccls art' l)rslited lldel"(;razing on Forcstland" (Chapter 5)or 
"(o 'rsion to (;rassland/Sa'an ia"(Chaplet 8). lhesc unsustainahle lev
cls of, harvesting illiforl tiiiatelh are all too common ill theitiplands oft lie 
Iropical world and too ofen result in degraded lands, which aggravate the
 
rIral l)p-crty sitlalion and which )ro0dutce harinfill of'-sile e!fects down
strealii. l'ie iml)acl oft liese acti 
 ities tends to decrease with distance front 
a 'illage or setltl'it'lit, alid there is probably a gradient from nonsustain
able to susilnablt ('.ciltingand lopping as tile distance from the settlement 
ilcr'lases. 

Vhere lods aild l1 chincrv are used to htrvest fielwood, the cflects of 
such action are dealt with in the chapter on "Harvesting Commercial 
\ood." 

lile Ina -or,irlogic impact of'sustainable fuelwood cutting or lodder 
hpping o<cIcurs l)ecatnse of' a reduction ili the canopy. This results in de
creased interception, increased through all and decreased evapotranspi
ration. 
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GROUNDWATER, SPRINGS, AND WELLS 

No C''i(t'lIt'cv5 ai.lvnl lt, to indicte I lit, imlatt o"stislaitiablh I'uelwoodcutt Iing :rod lI,r hyplig on gl'o)lliltlcrl'l springs, ;rodl wells. 1In I]lc()r', 
Ihc' iut-rtcased I ild rt'dluctd (wo-ll>vulslpirlt1ion mlight increa.setllroghl"Ill 

Iu' lo])til ofgroiiuidw;iitr rt'llarge, .alld(h't'ls mlight rist'. 

STREAMFI.OW QUANTITY 

Siinc Utliull fut'clmmd IIaun-cstilig or I6(ld'r hlopping is similar to 
li0r-cst 11l1in1i11g, r-cstulls lmli li6 -.-sl i l iI I1R aclivilics \wc'tv dct'ln:.'d ap pli

cilblt,. It'ilifel t'cit/ ilt' It's'airch il cllim;t's first \Vt'-a" iliert's iII streaulif'o vill i)l< flhrt (iI III>lit' (h('L!t'l,([-ll)~ t' . Ihrhn )\'.~l](l)olglaiss :UnI S~~'atk 1975). 

dc('t't'Is (d oltiiol t'ip"l.it't Ia I.opc. 1975). Annualof \'t'aracion and
(l lltti4u or hlopillf, o lasU~lalinllailc balsis slotlld rtc'stilh Ill somxlwh1 ill
(cl alcdallllllal] wall-6r\rhi. 

TIMING AND DISTRIBUTION OF STREAMFLOW 

I'llcrca rcl Ii< ,o ('lgood dllat~ Colinl i I, It om~ Itcscarll on him. t'ullw)o)t 
lillig ll.ls lih inlling of stitaljiflow. ()it Soft1](. of1ic oitel" Iuands of 

illlgtirs, 'te l)using up 1,30()0 ki, c' calpiti icr vetu ill I.sea
50111 ('illialt', lie Imil wislhii is lhit low f'lows in Si lllis llav\'t be.en firthu'i t'<liuel' I>\ this iltii\it\. IlhiStd< t's 11(1 <oinititt \vithi rt'siuhs f'roiji thiui

I]il. t'xfu'luliinls ill (m(1 iAIdrI'(f catclino'iis in lilcIt'ial( (lie, wherecuti IIo <I Itees (it.€iiuiing calop\ ) hiauiges (list if it ionvl i\il't'as+"iiig lfh \v 

h'v\s in ollt' 1iltlIs h lit'li flows welrt' hlt'si (I)oitliss 1981).h
I'llis tol is of coIsidl'rllalt, iIll t'itst Il lij, where Iliret' is sommlt (011r0r 

ct's\ (ti lit' t'fec on low flows (I f)'s l lis of tht' eslablislitllent and 
sust'<littlliiIl hanuvt'sriing ofpiint's in tit' Fiji Piite .Colorilion 
sclitiu. :\ sllud has el'isinitiated ill l"ji, alrlv as all oitgrowti fl this 
Wffk sIioj . 

ON-SITE EROSION 

Silic' b\i tf'lilitoiulof this alt ivitv, no roals o" inalchitlervyat' involved in 
tlict, hialt' t, itlll laili no(e 
niil pow'ir rt'moval ' (lit itatrial iiav I-cstill ill sm' dragging oflmaterial, which cout1ld ilitittt,loin, cliaine'litu of watelr anl t hen erosion. h'lih 
illttSityoflt hwicatli.ilv, the slope, and tie 

ll st's of l-t'lsi1 llt' i l)t'l'r tive. \1allualt; or alli

tilrt oft lit' soil arte key fatto's. 
In "laiwin. Yuan lin I.in ( 1981, Ik'rs. (Coiii.)rcol<tetd on a studv ill which 
55.0()1 iiiVrol'f louulcm weet' reiiio'ecl iorm a 2, 100-ha waerl'she withhm 

http:STREAMFI.OW
http:increa.se
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-1resulting soil loss of'2 mm per"ar.e This was regarded as normal and 
Ioleral)le fo tIle Iart ictlai conditions of to)ograpyll, soils, and climate. 

Sustainable ilelwocll cutting itsell'slhotld have no( effIect on rate ofcro
sion. Even ift lie levels odlcuting are sustainable, lmwevei, the way ill which 
tIe (lit matetrial is relll)V(l cohild increase the crosioii rate or initiate gul
lies. II' iiiii/ing erosion is the conceIrn1, Ilhen t1l0rts shold focus ()n ex
traction methods. Repeatedly dragging inatcrial downhill on the same 
Irack, een I).' hand orI with iliiual power, is likely to( restlt in gullying. 

l"ddtr loppinIg has little ellect oi eiosion unless it be crosioi onl the 
trails used in harvesting. Uinoli ttmtely, tils plracticc is often coibin ed 
wil livcst)ck gra/ing in the steel) lands of'the I filial;yanl arc, and Mega
ha (1981, ers. (oii i.) anl others report that there the pressures to over
harvest ill the comillilons" restlt in the(death of trees, overgrazing, in
cr-asecd iuiof'. and gully erosioii. 

SEDIMENT IN STREAMS 

Silm( suistaiiable ha rvestiilg of ftelwood and fodder as deflined is witi
mltt roi;ing and machinery, it does not significantly increase on-site ero

)In.'h'lere wmld lherelfore be no increase inl sediment delivery to the 
si e'itins. 

NUTRIENT OUTFLOW 

.-\Ihtloigll nutrients ill the tmn of wood and leaves are removed from 
litc systeill, all sich a drai l increases with decreasing rotation in the case 

o>l lFst-gr<v,'iig trces, tlie decreasing rotation and the increase in inutrients 
wasfhled ot ( tlelfinwest and into strea',- re not deemed to be of great 
iml)mrtail c Itclrei the cm(ilitions specified. 

SUMMARY AND IMPLICATIONS 

Policies wit Ii respect toIuse ofinelwod and fidder fliage in important 
wvrllid(l IIeas should (1lcillate oil 15s') fiactors: 

I. Restricting the(intensity ofh-arvestitig to hug-term sustaiiable levels 
so that lie lirest rettlaiis a lwest ail is not on] a slow or"rapid conver
sioti (irve to ll()t her use with less desirable soil and water impacts. 

2. (;ontrolligtlhe way iin which material is removed 'romt thie 'forest. Use 
of r(m(litg and nIachiiery requires special ileasures to Ilillinilize ad
verse changes in itinmflf e ) nit,and sedimentation. (See Megalian 
1977, "Reducing erosi)nal iimplact of roads"; (Gilmoui 1977, "lgging
aid l(le etvirontmeint, with particular reference to soil and stream 
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I in ituri Anll in1trtl)ClI w~inl esi sit tiadI ons.) Evcii mianutal reniuival or 
use odl'imial power. miay need toi be ltrillcl on guiidedl so that thle 
iilipais .111 iilltsti i)wcltli('I~ rait cmiceuled, and millittllliati 

W~~lithl clllei is Impiliiht iiism whyersls vStaiiii ulwlig asd 

inii iimihii 1(1Y ta INt lici l caus ((i\(ls Il( ta~lileli[t' I itt' ill aIea 

finlFiremm)Iui (anid 5liliiiil 11 al ii1);Ialt' apin wi!clil In) merl-a( ii)lI. this 

pnl ltciakl uaseil g.i/ilig landl In. croplaiiii, has iifil Int1 t ) (ht) tileii(w with 
(111 listit-aili ills o)ftenI asciibeil tou Inl'i)ouu ( litlini.g. N iuI dic steel) 

i'hwiuodI (ill! ing anid funlilr lopping, andi has l wttiit'tu'egla/ed de
iiiileil lowes-ithit. has ind~eedl cauised iii'ieast'(Ihltis fomwliumn lull
till. inica(iscd t'itsi.) iil, n ilitleascd Sedimienit liill siStrtnus aind rivers. 
lltitiliiig hlas bee'n aggira~aiedl. but this is 11(1equhivaleint to sIlalc'ilts that 
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4 
Harvesting Commercial Wood 

A large r'tela iF t ropical foest has been suletced to commercial wood 
Iharvest Ilg sine e il ]d of' \mol( \War I1, and I lie area logged iIcreases 
allinmst e'ery l. It9.5() and 1973, the d(v hcd woCrld's imiports\car Between 
()I' topical hardwoodls increased From 5.2 million li to 52 million in 3 

((ranger 198)). )ormrst iWtise oft ie hardw oods by tropical connitriCs also 
ill(rt,1ed drtmIitiiull ill that )eriod, addinig to the impact. FA) (1979) 
estimates t liat imrot, thali lbillion IO, ont third of the wood removed from 
the. \\)ds frss It iniali use, collcS frnm the tropics. (O rll-l'nth" m1ore 
Ian 7) erpc(.nt o 'xportecd is from Asia and the Pacificofitr(qil wiml 
FAO) 1979). \\( vxots Ifrni tlie tro)ics have been incrleasing at a rate)(o( 

of7.1 leirc .t iin vohlnme annually (oerthe years 1970 to 1980O (U.S. Inter
rgenc ' (liceo)i aicl lorests 1980).lask Iro 

lI'he irlipat I ()I' tmlriercial oo()(hr'rvesting on the watershed variables 
it i idmted here d(rlllsd oin several fauctors, itcluding: 

l'relroitut)I*hioniiss rerri'v.cd (including how much slash remains 
cm I li,area):

• 	 'l're l+,'iolttct nerriuiv'al mtthods; 

* 	The timing with respect to vet and dry seasm;
 
,l'he soil. gtoh)rgic (nmnlitionms, and tol)ngrali)h':
 

Slilextll, ,at LIre, arid ursage of r)ads, skid triils, and landings;
 
*•11 ietIliods oflshsh (isposal and site preparation;
 

T h. l)tn',i ttnss witi which rtgeneration occurs (()t reforestation is 
(a rriend oit ): 
,'leire sence i rabserice of'a(l(lrqalte riplani bunfef strips; and 

SThe na ti of climatic evntls tf0llovinig (list t'barice. 

When cminside rg ctil lnietcial harvesting of t.ices, it is necessary to 
,ma,ke a (list inct ion hetweeun t le efec:ts (l r(hcding rlie amount of forest 
cecr and tIe effects ()I,removing the exploited products (logging). More

vern; it is lil pflr, to (ist inguish, within the logiing activity, between cotu

http:rerri'v.cd
http:erpc(.nt
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ionlV lste(d pracl ices I hat give scanit regaird to implacts oi soil and watel; 
and those "iliiproved" har'viesting mtethods Ilhat include i Ilnajol coillpo
liclt ofelti'ronncti lal lpil tctioln with regard to watershed v'alucs. ihis 
clihilpteir will I ltrt'ort ittttlipi to idezilif\ research resuits Iw whether they 

I I iljactS oftcalol)V recIlIctiol or' removal (hereill called "tulIin"); 

* 	I linpt s olic iinly isc,i logginggiitg IlIod : or 
* 	 Illpacisl imlproved walcittitehl lroilioil logging. 

I:igurce 2 illusiYilts sooMC likelk ( ll;IgtS il the' h~lrIhIlio " blehaiviol of a 
wvici'rslied< 1~~,.'oiig pali~lia or l>cttauloy rciloval byx five clltiln. 

lhit' iirillh cOinsich~re.l ili this boo0k arc il Ilit lower tirs ofit hw diagram. 
le let chllisilsis or processes lirectl' affelted by litc eitIov'al are ill the 

tlp tier,boxs A IIII llgh F. alil til linkages irt iitctd lby arrows and 
ileieclifitt boxes. lie w "likel\ i., usied tillsc tile etI iotll of a 
walt'ishtd I() stu 11 i (hlitlltg Is Iic rt'silll of a coliiiitX ilitcrattlioin of a range 
ofil'iaiciis lot I lic h'alst (df\\hich is lht, aniilillt of caioi or ttee etmlo5val, 
Ifoill slight (as ililelr st-lioiill illiug) to coluplht, (ais ill cle:irfellig). 

In gentlril, the iiltial, (lilt]c iiiipacs(d hclfir'-sliug (cailled diefl*) I::laliotn 
ill lig urt 2), arc is follows (\1tg :lum 1982, Pi's. (ollii.)! 

I. 	 Rc'lute's plrtlilIi-il inudilig It( e canllopy, uliidersto call aiiind
liter. l's resills in gretelr riiiitiltcl) iilil>ii('t eiirgv (usually') and 

reills soil. 
2. (hllg's soil propll is-- incilding coi p aihliction, disiggrcgatiio, loss 

of 01 gaillic lilillel'. wlillc,r it llilancy, ttc . 'i'lis Itstills ili reduced iil'il

[alill aiid icreased soil 'lodibility. 

Irl'iisrllh'llill, iit'It'. a3. 1duces 	 Ii llldl)eiiei, llid chauiges teilliper
,11Ult'. 'Ibis e\'illdc rli iciu, uulaiiigesisually reduciiig it. 

.1. Rediices ic ii iiiass. 'Ilhis redces soll slitai strellnlig , which will ntot be 
as eriiis ill ( iiii Irc spe'i's. 

5. 	 I.os)t wai' ( apt iicirt Funitoill ai "clud forest" Sit lationt. "'ihis re
(Ilucts t fo.ttm lx' ) -silt tc iliilln 

GROUNDWATER, SPRINGS, AND WELLS 

Reductil in cillii Irno li te f'lling rsills ii I't'tced cailrotlialispi
ration untl Iii l iCi.ip is 'estcled blyI'i'e ncler llioil. Ilhis reduction should 
result ili hiigh'cstoreld soil Ilil;l uiiilid thusllt iakecie water availail,e to 
Ire-cII.'ge 1grci0udiitr, springs, Miid Wells. 'lhritlgll I is usuatillv hi
cteased Ieatu.se (dc liec redIcticil ii illtiterception, tlhus allowitg a greater 
percntiigt oftlie railinlfll to reach tlie forest floor (particularly iiiloiat 

http:Ieatu.se
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during light inltensity, short duliration )recipitalion events and of' minor 
'onseqllunceiL during high inltensity and prolonged storms). Any addi

tlilIl l' iil tlation rt'laching le. fo(resl floor will either htiihrale the soil, 
clilt fibll. Io ll'li('cc itilol, orme_'al)otIte. lIncreased rain(lrof impiact will 
be iniimal ifi I is possible ItIoi'eaitlirforeSt loot Iial and litter and ill such a 
calse, r(dI .cli1n1'lln~ ratles should not occur. Thlus, wvater lll()%,Clllllt 

proe'esses ill h,01i.sts shoulhd Istillh ill . nl inc reiase ill gioI idwatei folhlw
ing tlI', li,. u, lle(t peirsisting m ii full ciiolo y is irCre miti llit, 

store..
 

A slitt'ilSilil tili exists i'rtc 'o1id1(tIests" (also \%iri,,uslv knolwn as 
Ilniit.ic (wail lornisls andl llii woodlands) or coastal fog fo(.sls exist, 
(apt lititng c((clt pi(cilillio; and a(ling it t tihe witter budget of' the 
system. l'kt'i ( 196-1) in I laali foulnl that plantations of' .hintiuluia rl1
rophv/h.i with ;ian nunal imiil'all of' 2,600( in, (ond1leis((l an additional 
7i() nn Iriii ltId l 'rmatiois. lii Mcxico, \ogcliiaii (1973) t)aine( 
substantial inr'liases in (li St's(n p itlatllln by inlicing l()g capt ure(ii ( 
hliough sinnil;ii,niio ht'' tlie ilicicase at slalfecI oftres ( 102 l)e)r(cti one 


li)ll . Inu(,;)uI;d "fIN rboess in ( )i'goii, Isala (19 1i) fouid ainnuai l precip
itatioln if 2.-)2 ( ili in the forest. erslls 2()icm in the opil. Reiioval (lih
 
(ili)l)Vli (l, i( . ii' (;'a t, a ' icSilt in (l('l' ease( groli i r reilie illila ll 

('hilrge./.il(rlt',I (1981 1i dnl lluill: "'he I\'j)i(vil poit, elet o()itie( 
(Illns %h'dii (hin(1 I)ainks tisllhrll( ll(milllllili sl(ol)es (hring (rli seasol 
111011 lis V'lui lileh' ino i (\'e'rticili i>, iec(orded. ndeu' Ilisetondilbr rinll 
lions nmo)ist i1W ilIna ((oill(ise n1)4)n (xl)o5(( etat hnal sii'tllies anidl(drip 
oFr rili (l()w stelis toI Ihe groillid, thleb\ itcchargiig Soil aId grounil(h-
Water' snllijis ail( Iils li;iitiiiiilg St reai (lisclalge." H owever, no ex-

i)ti'ililllll i(stills are vet ail ill it) slu))oirt ( (mliaiitlilv'lt' il(l 
effect of' ;i d(Tlse ill gr)lindwilterr frini ;fa rci( vl o (101(l)i forest (Zi
(dr)ogi 1981 , P's.((iini.). 

.\shle 11ii (hnlill fiesi s, ii cvilsilig heigltls If wtwieir tailes hal eIisn;illy
 
follow'ed ('illtilig (If 1ore'ts ill ti'e;s title lirliliiit lti tables ilr'e
 
l')innIl \\'i hitli 1 f ). (i iOilt ( 1977b) sh()\\(.l illia ti'f- )i('al I-iin 'oI.estl silia
l )li aill aipplr(w×iliiill, I (O-pctr(clnl Hul ica;sc, ill ,?.r()li h 'wil(cisltorage(A l l )og 

giilg, ()'9llnglllin ff981, (t s. (4)mm1i1.) suggeste( that eXperiene('( wilh ltr
(5s (li)lt lIill a.\ lkh)()olm lands ill Itl( wlIpirls of New Zellllid is lIi'l4(111 


il ilil(';lse Illl iidailel . I however, he (alls alleilioi to olie Stl(Iv
 
bY .Nl) iiafl (1955)., who was Ilitable 1o deltect difere('es h(weell foi
esitd anld ;ielinl cli'ed sites. Boughtoii's (1 970) ,xptieiuce hifiw\o 
,'\listl a .111 1 eilse sliowli'e\1ic~c l aliost tIll l ('o llSls (li inciellses ii 
, rln ln dhv fi ], l o~lh w in ( 'Irgi4 I'll(. Wo'(rk ing (Gr ou p ) l l ih i't 'n c'( oIt' 

M!aii (ill lie IIl'(Ih )i( C\d' (1972) riepirted tliltonly exaiillei (if h 
rcvei's effect f t a'i'iisilliatioll il Rliissiat whirie iliost )recil)itatiliin oc
(1111'{.'(I ;Is siliow ()111'r(l/c'll solils. 

http:Ilniit.ic
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Ii tlie case of forest harvesting, and not forest clearing for other use, any 
increase should he temporary and will diminish as tie new forest regrows. 
Roads are a confonding element, however, since they may cut across 
grolun(lwatler aquifers, especially springs, and channel the water of-site. 
Careut'l roi(l latout ill iml)roved watershed protection logging generally 
call avoid this problem. Soil compaction by heavy machinery in highly 
ieclialiizcid logging can reduce infihration and hence decrease groun-( 
wltlr a(cessi(ns, but r-(tltCed grto d,.water levels have not been found(inl 
aiV doc nuented research. 

STREAMFLOW QUANTITY 

Almost every well-dchesigned experiment has shown increased water 
yield isatresponse to forest cutting, and in general the increase is propor
ional to t lie amount ol caonoly removed. 'Tlie increase declines as Full fi

est returns to tlie site. l'li itiost recent review of'catchmei t experiments 
has been iiii(l.rtakeii by Bosch andIHewlett (1982). Iliassessing the results 
Fromii 91 catchiuients, they have added the results of' 55 eXl)erimenits to 
lhose assessed by I lilbbrt (1967) and come uI) with the saint conclusion: 
in) .Xp.riii.etlts in deliberately irducing vegetative cover (e.g., by logging)
causel reductinis inyield. Moreovert tihey even suggest so me predictiv.e 
generali/atioins as follhows:* 

" (Coiif'ertus and euicalylpt cover types have approximately a 40 mm in
crease ill wtter vieldl per 10 percent reduction in cover. 

* 	 )eciduous lardwoods have approximately a 25 mm increase in yield 
per 10 pc.rcent rcdtktioin itncover. 

The paireCd, catcIMient results l[rin Bosch and l-lewlett (1982) are shown in 
Figure 3 f'M dillirtnt perceirtages of uoer red uiction (iticluding scrub). 
'There re few stlidies ill the hutmid tropics, where6,paircd-catchtii so
 
nuch logging ailnforest convcrsion are iiow occurring. Figure 'I shows the 
results from one ofII lie classic si tics- Watershed 17 at Coweeta (U.S.),
which .as clearcit and lien cut annually for seven years to keep regrowt h 
iii check. Bosch and Hewletl suggested that ilie increases lue to cutting are 
greatest ill high rain fall areas but that tlie effect is shorter due to more
raplid regriowt h. 
Ili"'aiwan, L.in (1981 , Pers. Comm.) reported paired-catchimen results 

showing similar kinds of increases f llowing clearcutting and skyline log
ging, wit Ihlirst-ye,"' st rea lhflow exceeding tile expected value by 292 mm 

ItSho ldhe kept inmind thtilit te c .r, oligh gecu ,;uli,ati os ;iod may be wide of tie 
mat k IM in y i ritll Irt oilcer i ;aim,Ireatmi ( t. 
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Iilure 3. Yie'ld ill(r..;is.s Ifilhowilig (1h;111.s ill Nc.c.alii.l (ovc.r. (..dapted( 1trom 

lBt)schand I Ichwlc'it 1982) 

(.I8 pe(r( it rt' (I08 peirceit )()(il), Wilh , it Iil cS' tlrciliig hi (li (it)' 
sctis)l. :\ tl(;ii( iit cX)cI-iiii(.nII;Il wathe h(id in (Illral liliwalin is shown in 

Figniv 5). 

hlii llIlhe w;ilu hlg cl.Ini,lli ( , I i980) ) ll(ol2,ll,( )rII'Iiii, ( ofirr ndill 
il \ ic.r 1iiiu illh wini pcii i tcie i lll hiI hl ;iliih utxcoi ,h t o ic loss of,

Ih1c t()g dIrip)mi( t."simli toh) cir(lil'iliolli. 

( )1n f ollic wawi l((l ( tcXperinlicull i ,1Iaili lindl winlti r £. llil v )illkiun. , 

;iklili \(1i67) fiiI I)ii\oi i( t ic ises i n ;Inll l.How il I(ulit Smiil 

( 197 1 ) i d 2((13093 13,
Ill troplica;l 1"il.n ( ()uci' i~nldi( ,also(, noi1)( l'iluili(: hl(rt'i. (..c i y'ield \we'.c 
lile , N;ikl ii iiui.iii )3, fadt .16 intreaeil. 

intsil iill( ill !lii iils itIlly [lInte atelr (hiloicity (20lcauinI), opes
lirnt. (ai 10)l)('r((ill iliiillial hi r(i~cst, wr <293 itnili), n().significa;nt ill las 
(lll'lt(.III(dFl -)lillllsilllit.-r' Ioggilig (;illlllrl tl al. ailtihui. 111C. 

ailioniai -\' thitit 1. i(,,s ull (l h( rt, il i l lllii i.()Ie , ( t t t toll()li(: ;iiigt, 
ilh( 1C siliilioll o)1 oil. \\,Ill lhnhic(I watll , shllage (alily ) (20 cin), o\Vt'l'

lindt How cvcI\ lli1lll( nilisi irhe(l foi.esl, ainl ii hllOs, inoiolloln stolrln 
)attCtil (e.g., aiiXiliin (i-inin tol ni rainfaill quzivalent to 70 to 150 miln/ 
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Figurc -1..verage unonthly stretami'low an(I increase, iiHow during seven ylears of 
allnial rcutlting oil Watershed 17. (i)o.gltSs and Swank 1972) 

hI). Logging did, hn wever; have a mnrked eflect on erosion and sediment 
and caus small inicreases in peak discharge. 

"Italannual water yield increascs have not been shown to change ac-
Cording to whet li te logging w1as done with1 or without watershed con
servatill filC tnds. I loweve.; one of'l It(consequences of [lic lower almlo.nt 
of'site (list Itrbaitce t hat ,Ccom llPiiics conserv'ation logging met hods would 
he the more ra)id recovery to tle chrlogging regime, with more rapid and 
comlplete regeneration. 

Partial cuts restlt in sialler increases in yield, but the shorter cutting 
cycle or a watershed, which could result from partial cutting, would mean 
more Frequent occurrences yields. Results fromof increased catchment 
sttlies in New Zealand give some specifics on this aspect of'water yield. In 
a 2,600-inm rainfall regime at Mainai, 100 percent clearfelling (slash
I)rnued) gave a 650-min increased amtmal yield, and 75 percent clearfell

ing (slash burned) gave a 5-40-mm increase (Pearce 1980, Pearce et al. 
1980). On a nearby catchment with annual pccilpitation of' 1,550 min, 

http:almlo.nt
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()'lotighlin (1981, P rs. (Comn.)reported a 200-in increase from a 50
)Crcent claiflelling. 

TIMING AND DISTRIBUTION OF STREAMFLOW 

With Ile cxceplionl oftlhe resulls oblained by I hiir (1980), who fotind a 
decrealse ill low-fh)w I tlolthsfolloving l l(arcthtilug forest wIeri 

Ile fog Lill precipeillOll C(ipt uc'wassole (i ( lost, otlher studies where 
changes occtul-el showed ilhcreascs ill how-seasoln Iflows. Ile Coweetia 
(W'.S.) cfearcul act rslieI (tiol logged-sit tply 11(i)sliowed this low-flowa ug in it'll a tiol n c leak (sc 'eI.,ig u rc ' 3 ). O(1 tI s tlc ilp ral tc-/o , d e cid uo u s. 

hardwood f rst.i, )otiglass andlf Svaik (1975) slated: 

A hIest comer hlald ii isiilarilablt-ffleet oil inonlllv l ow when soil 
storage space was liarged witi illoisil lre (sason of high flows). Be
fore ut after ctleaic'irt iig!4, ic watershed coial iied ncarl]) equial vol
tiiiesoftwatlet h d rologic(liriig late wilcr alid e'irl' s5)iil, ile h 

l't poiilse ais ibouit tIi tIIi .
 

" -A 

4k J, 

Figure 5. l'iw~ui lf'resl R(eaich tistiit 5.8-lia chcariut wiltelsied (average 
tt-pct lil hll)(, 2,500i mtiln r ili) hi)t teritliline ef c lii( lwatervild
and (listi ilulioni. 
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As the growing season progressed, however; tile differece in 
i)stulre storage between tile cut ati fowested conditions progres

sively increased. Drainage reaching tihe stream shortly after a rain 
was proporttional to Ilie moistlire storage diffihrence betweenr tlie for
est and cleartut cotnditions. Streattf'low iticreases begani iiial)otit
jntie all( incteased in iagnitude as the glowing seasoni a(lvanced. IllSepteielt.; ( )clobls; anzd N vetiiien; si reati flow was iticreased by i100 

le t., I'llhis is precisely t lie season when dlemiand f~i water is great
est andlll Itegltlale(il flow is lowest. Large increases contillecl until 
I)ecellier anld I lheul declineld as tile dlifferetiCe ill Moisture storage 
betweletr ctkatil anid forested(conditions declined. For tlreatlents 
which )1odnce less dllast it storage dilfentc'es, recharge occllrs inote 
q(icklyitd itnctatsts ate not delayed as late into tlie wititer. 

Sloritflows were itinctasef less tihair 20 percent ill tie first years afier 
nItnitg at (Cowe)tcla, atnd tlie regrowing frest reduced stortirflows below 

reteatitetit levels after aboiu eight years (l)ouglass, 1981, Pers. Comm.).
It should be kept in mind that liese watershed forests were cut ltIheproductls we not) removli,\edI bN !ogging. 

Work at I lubbard Brook ( '.5.), also witl no logging, coirftris tile gelt
cral effects set far I. EIven wit Ii logginig, Nakano (1971 ) itljapar fouttid 
similar restilts, wit i litle ir nt( iIncrease dluring tie wet seasoti (strow), aind 

ligrealtest litiCteases OiUitedl ini I lie dry seasoi (gt(iowiig season). In New 
zealaid, h(wexvel; whete relogging was catried oit, Peatre et al. (1980) 
porlit'l hat it i evegreeti Iodoclrl- t)-eec]-ilnixed-iha.dwood forest catchtrent il waws 75 pe(ceit (leirtt, itCrteases iccitrte(l itl all ironts of the
 
yea'. Sixty percnt of tie itncteased yield appeated itl larger storifow
 
'olttnes. Ihowevet; I lt, Itine to peak discharge from tie init ial rise of indi
V'iltal Storm hiwlogrtaps was not itlflhteirced significantly by tie harvest
tig. Mote eetill ly, bo1h1 partial and c(leatfelling treattntrts on four other 
watcrsheds it tle s;tttie exleritrienti site ill northern Soith Island gave
increased yields rather titiif,irlv ac-ross all irontis of tire year 
(O'l.oughlin 1981, Pers. Corm.). 

Ill tire .Ap\)alachiian It llairs (if Wes'V itginia (U.S.), a Wisred 'leat
c(tt and logged gave sigificazitly itrcfeiased yields durring the glow ing sea
sot) mnths (inclhding the ustlt! 1hl'-flow t11orthi1s), exterding Iori .June 
Ihrotugh Novetibet; wit h only slightly increased yield during tire dormant 

season (Reithliatt et al. 1963). )iatieter limit and selection logging itl-
Ceases wete tmore appatrent iti tire dr'iest tnontis (September; October).
rhe cuttting had a strong effect ti low f'lows, atr(l the heavier tire cutt, tile 

greater tire elect . Il thie lw<) years fllowing the harvesting, tire (lays of'low 
st rearti fh iw were red uICeolf'omI i45 to ,3 on tire ciearcutt, from 103 to 29 on 
the diameter limit, from 75 to ,10 on ie extensive selections, and from 85 to 
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l'igiric (i. Sample) slriZ hydr(iO.rgil)hs of ('lclai.'t and )ontro)l (atcileits I)Lhef()re 
and afier I I at iln %%V'I Virgini;a, I 1-S.\. (Re.inhirl Ial!. 93)iciii 

67 on I lie intensive selection (Reilhart et ;i., I9.))i). As to effcis oil high 
I'How, Slorm Hlfow fr()l Ilie erc(:rut watershe(d was Several tliles that fir(om 
Ilie conI rol. Iigtirc 6i slowS sam pile Storm lydrogra phs o IIhrcc successive 
(lays ill t lie growing Season f( I lie clealrcllt andI lie coitirol. The att hors 
Stilnnliri/ed Ilie effct of (liting onO Hood flows as follows: The efftct of 
heavy cliutilig oil high Flows was variable, de)endinig on the prcslcne or 
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ab)Selce of'snow, antecedet (loi ilioistiore, and probably other fictors; it] 
tile dormtlant season the effect was not ustually great; in letregiotn of the 
expelritlieits, f]ll(d occTIrreiice wtaS greater illI Ile dlorlant selSll. 

()ne of, ih(. fw Stutdies From the tropics was carried out illNorth 
Qticiislaid, Australia. (;ilmtur (l977h, stated that prior to ogging, 
North (rcek ce.ased to fHow soii "lears 1trva rying periods blefore the 
beginnilg oflthe wt season, bItt that afier treattniit tde creck remained 
perenniial. 'Ih,'t )ercentage inlcrIeasCs were imlow-low periods.highest

lhe (' .wcta resuilts of studying the"impact oftiliier harvest of) liming 
andit (list ribtit ionl of, yield are tilie miost detailed and long termil. D~otglass 
(1981, P,'rs. (Commn~.) sti iiiirized lise so well1 inl his presentat ion at the 
wotksholp that the hill wtxt appiears its :\lApledix B. lnchude therein is a 
brief lphysical (lesotiJpflot oftlie (diwVea areca that 'liay ailf In judging (lift
fete tices ,andsimilarities wit ltropical conditions. "lhe (oweeta studies 
showed greater itica;se.s ill slornilow voltlme, peak flow, aid stotii' low 
dratlio ii i Icltllilg, and tIese I icr'ases were grea er illihe watersheds 
wi lh dee'pe-r soilsat lowel.r eeatlion (c.g., .10-nu storm llow increase versl s 
25-int inci- sc Vlt shallower soils, higher elevationl). Carefuly cot
sitlttell roads and good hiarvesing tecliliqutes p~rodluced lar-ger inl'cases 
in tlese hvd tgr;ilh l);,rlielcrs tha clttig 11ce frest withot houarvest
ilg, indi itictig the important effect ofskid itrails atid roads (l)ouglass 198:, 
IP.rs. (;ont.). 'he.re is an itiipI;cLal ion tlhali)rly cotstr'teed roads wotuld 
inttcrease storlilflow litllitcl's evel illore. 

ON-SITE EROSION 

lthisioti is not usuially all imol)rtatlt process in tle tundist urbed fio'est,

hilit it canl ocur. Where mitneral soil is exposed il aiforest, soil detaclhment
 
due. lo splIsh .rosiot cail exceel that occtrrilng in the openi, primarily due
 
to lIrger diop size. This was Ith(conclusionofa study of kinetic energy of
 
raiidr 1p)s antd stlt'ace erosiotn iii New Z.ealand. Mosley (in press) show:,.d
 
thatt lie. kitciic enterkgy ol'throghifall tnder bci-puhcirp-hardwo.-fbr.
 
est ciilopv was always greater lli:n lh;.l of ra tll iill tile ontl, Itwitl1

standing iIllrc. l()tion losses. lDuritng a typical rain event iinwhich 51 min
 
fell in 36 hours, the total kinitic energy f'throughlal was 1.5 times
 
greate'; and lile tieati atunt I"sand splashed 'rot cup1s ,was3.1 times 
greatlr u.under tle clopy tha n ilhte open. So anw() (1982, Pers. 
(oilnti.) also huMituf greatet, slaish erosiott undter t tee canopies ill Itidfotie
sia, wit hilarge-r drops occu rig Iftoii leafd(,rip than in 0l)Cti rainlfall. 
Whil,,overlatnd flow with tsutil'ace erosion poential is not considered ai 

importanit pIrolemi ill most temlperate water.shieds (Ihewltm t and Hibbert 
1967), widespread overlanid flow oceirred inl ii undisturited Queensland, 
Australia, raintibrst catchillent (uring tile mntsootn and l)ostinotsoon 
sels(ois (G ihtl-ourit al. 1982). 'his was artrilbted to low permeability of 
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the soil Ielwn 20in ail to the l-eCililiatioi2) pat'ten. Sheet erosion oc
cirlred lrli' Ihest In()I'c .es()ilditims. That i, w5 hiitie oitis, lit: antiho's 
cxplililled ;as folhw's: 

1Io',v' it is ititnall'apl)iI) llen l'l l tlife iolitonlriig stlldics tl il hW 
.get at ioll ()1 dosril inajo ncs oid (illitiflhl t l u'Icc are iiifhu1hlt 
th (Ile hl ( ' i() i ,(g'lilelim)ll I(.s)iI sel(hirilg l . Ssoll stllnS..it'ei)tse 
lhc tlisistLirll'l r-iinticst ,,viiih is (lits'rfilit \%gct;Imin layers, d(.ils 
innhl.'gno\vtl ()[isafplinigs, I,vyeir IrNllls, viiics, leilis aiid Itild is OflC

imna).tt. Flit tXimlsiw. iwl,l ik of tricI iIk's, small stems, Ilturssed 
l'()S aitl i'f:Itt' loots also lrio h ul \' iiiilwdi,i'ilt s tpo( nlslo)Ul:,sll 

st'(lii lltnt tv;iis)(trt IIh .io hl lierl iscv )((irul g1itlh l)itstlll tif ' 
w+ide(slpratId m,\trl]Ind fhmv. In adhlhml, tit' -,tnlice si)il has lucCII .iiiw
lin leci vtInIil~. lc Imhsmpm.ril, lll z&~glll..l ) lm-d 

l)it uro tc b\1huggi.g unelcr silt(l (milit i)lvol5 0lhuiSl' has (lit- PucII-
Itill h01. sillInas ii~tit Ill (lOScit. (5 ( 11, PIks. ( olliilt.)suiggestedl 

,etlandIhll hile b11 i thv nigli be, a i .ir event ill soil liid Itellielate 
wai .lti-dls, tlie .xfliiell( ill ( uIetnslaind, (aild ) ,'rhps that iiI oll.r 

1IMoislooii~il (Iiinat(as snch as liliwai, hij i. ,ainl lie Ihilippilns-all Ierie
stitt'o lt tili- wm kshop) in i lted sublstailtil o\tir llald thm aid ()list
o1 ititl Smil( trsili, inl ertiiiiln high 'ri)simi lia/aiud. Phl ( 1980) alsot 
,igges e(I that ovetlall flhiv is a siginifi(aii ti.o(sioiia ;111(1ltvdruulal 
prlmcss uli)(tcrlim)tim ilrl iits iilti ilh M ally\Sia. 

f+\V( lin ti ll i(il(l tti)d h~llri t'litihit jt's, in\lf,+si ,il y 

I'li,il tills is it, iililv li tht so il (hibtIiihi it( ootisioitdl w (Of-xtxlractii 
Ili ' 111l tanelial is illiis lltted ill t (fil e et (1'.S.) xf)(.iill;itliI water
sheds. h)ol.Iglss (I9Sf, IRis. (Coilii.)icp()rted Ilal the're was still oVer
hiiiid floN wit If (Iel.ilttin.g (bil ito pil(hillt lii\'vl) hlit" ill-Iiil no 
tCiCase ill eosiotn. IHe staltd Ihiii on the'se itlail\ deep so)ils where, 
iiifihtrallin exctd(ed iiialllillil iiinilnl yh i l Iwetnlohl Iveli 
liftlitiili ilg, rl(sio i rinl Ihrmt lielaifd sillfic hio s I10(1 0( 1 i linil)re is ciut 
bill pljioiltli are lioul ie'iil d ol )lds bi)lih. lllis toioflsioii is Sup

)lt'ebv liee caircnIllt-lunI-i roilctl-rIt,nuii I experience at Ilibbard 
Brook (I '.S.) (l.ikciis tc al. 1970). 

I lowevet, itldit(s ( miss (fit),s()i On iiustahle slo)pes give oeli pause t 
willcli even aoill tre (' iitig with Io ()oggilg ill thes s)ecial critical'" 
areas. Mass t'ioisin is antrilunted Iwuillerielse.s in lite salliiiated soil Zone andh 
dhereasel rot sltill" strength (l(aisel Ivy ro)t) decay fllowing (tting. 
\lierel)ggil g is itlh, ihlie sittlatiull illV e exacerbatel by oe'r
steehullet slipes ill ro(;itl cnotliigs, (flten continalliv wet al t le Ioc of tile 

http:imna).tt
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slope. Accelerated landslide activity following timber harvest has been re
polrted ill the westerii Unhited States, "laiwal, japan, and Plarticularly in 
New Zealand. 

Iii New ,,.1cadlmi, .t nites )n the inifluence of iniber irenloval oii slope
stabilitv aid indss cl-osioll show v'ari aiio from oiie site to anothet- depend
iiig ol geology, slo je sttepness .iid lengti, and rain fall. In mawhei-a Stale 
F"rtcst, clc1i-felling liucrascd landslide densities I'roni I per kin to 20 per
kin" (O)'Loughlinand Peai-ce 197(i). The im])ortance of ti-ee roots for soil 
sliti riLsisalict las IttII emphasized (()'Loughlin 197.1; ()'Loughlin and 
\\atscn 1979). indti coiiditiiis of soil satLiiition, 80 percent of tIle total 
Shtiell" SlIigt IMIti be tt ibited tot tce loots. Uider- New Zealand's condj
lions, I'ice 14)s lose th l, tensile root strength ver,yquickly After the death 
okIl I rt'co. 

Ii tlie Mili (N.Z.) eXlei-int dl watersheds, 98 Feiceint of the slope
ftailure s0((rrils dil twO txceIptiond Stoilis, which occupied only 0.15 
pl)ctint it he total sicdy time (6 vears) (('Lougliin e i al. in press). In one
storll witI rtt ii period olabout 1 vedrs, no landslides were recorded 
in tijidistin'bed wteirslied s or I hose that had been clearelled fbr less than 
20 iiioiihs. I howevoer', tie sto"ril (ause( I8 landslides on til sl lopes of l)Lur
wa,',tersheds which id been, (-ledi-felled fbrl t0 moiths or miort. The rol
lline of landslide debris ,iioved fioIi slopes to St retiaibeds ii tiese watii
sheds avei-ge d 0..1-1 ii'/ha. Tie loss of trice mot stabilizationi appears to 
hi1Ve been aidominnt fctor ill landslide initiation. 

These studies hiilin.tte tile site-sliecl'ie natcie of the eflects of timber 
li;ir''st ilig. 1:1 iiaiiv ;iitas slcope stability and nass erosioio are not of great
iml)tdicc (e.g., al (iowtta, U.S.). Areas with Ilope stability pri<)l)lems can 
Ie idlit iftid ill advaiice.

l'e way il which i)idlii-s aie ieimoved, involving log landings, skid 
trails, andirc ds, cctilyl)I' (1ifottes thl, most serious adverse watershed 
conselueinces ill coiietrcial wood hartvesting, both iii tropic and temper
ate ztcis. Ill ieloitiig oi the impact ofcoinimercial harvesting in the hill 
fli/4,cimai/isr orests of l'eninstilar .1alay-sil, B trgess (1973) fund that ap-
I tcintl ivI16( of Ie tie aicea was (list liibed in road surfaces, road
spoil, and log landings, and I hat these areas showed severe erosion, espe
cially gllving. Ill Quensllald, Austi-alia, the ai-ca distui-bed by logging is 
coimm,,ny l) to 25 leicent of' the total. In the Noitliwestern United 
States, the ariati( , in bare: ai-ea folloiwing logging, depending on the 
iiiethdtit h,,,, was bh,Rit t- d r~a inslic+ yI:. (;7) mci- logging grou F, selecby Rice ci al. (1972). le 
tion, 25 to 30 pitcent ba i-c; f r high lead clearcut, 6.2 peicenit; fbi- skyline 
caic'tt, 2.0 pticeint; and for lielicoitt- clci'cut, 1.2 pec-ent. 

All workshop lpi-ticipants coilfiiiied the accelci-ated er-osion from these 
(list i-bed aleas. lxpelimental evidence was pi-odtnced fr'om AustraliaJa

wl(%I 1"1l'br l~glgg-aI)SIC 

Iron, and New Zealand (oir example: (;ilmon- [1977a], Tsukamoto [1975], 
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TABLE 8.The Influence of the Regrowth that Occurs in Erosion Rates on
 
Skidding Roads in an Indonesian Logging Situationa
 

Plots/Treatments 
Erosion 
I/ha/mo 

Runoff 
m 3/ha/mo 

Newlv (onst iuicted and uiscd skid Ioad 12.90 189.11 
NewI Iolt IIIt'd h)111btil isll d skid lmud 0.X0 1-18.56 
Two (.il li 

llItIt ' \ ls

lllit(I skill road 
;ll')Ihii(nic ski(d r(ad(1 

6. 15 
3.2(0 

-12.70 
19.22 

Iolt'l illilli~s iil IllsSkidl rl( 0.0)) 2.09 
S010 (I,., ,\(lI Ilulandl(apt .dI mr{iii alnd Mallal (1980't(). 
,1lohpti i ,2,129! inli/yr: iilamsoll; lillw8- 11) pl (cll: prc,(-ip~ilit si/v,.hIm x 2mi; 
obsc) t lioiill m isiili.i)(rhd, 5 

;11;l ( )l.nghiliin ainl Pieairce [197(i]). A StildlV of elosioil difilerlcCs be
t'teli unlilit IIIl'hCI 101(,sl aind ski(lillg iolds iiia trolpici tOulltrv (Indo
icsiil) is show\n in l ,8i' l lltil ,ii l ilanaii I980). '1himl Itleice of't he 
regrowthli t hat oteilrs inl I, •skid traills ailier ablnlldlmllliitl is eS'i(llt. inm 
SIilnI 1980) iii [Ile Philippiies reporte(l that of I l illereni (listurbed 
ill'eis in a hoggetl-(\vcr Sit, I il(ostlsevere soil crosion oc'lliredl in )lots oll 
the rolad1 I lush )ps. 

The ilillorlaii fIoads hals bte'n eipliasi/,ed in 'niied S :ites si udies 
oliolsion foillwini Iilher harvest. In site) (Crllil l(laho, ,egalian and 
Kidd (1972) O\tr isix-\eal' Slil(\' I lil lperltItil iletlet 5illae rloisiot 
un ft Irbed I)\rodls averagted ihan Ihat oililltarea (list 2201 ill.S gi'l 
IiealbV inlist iill)e(hlaIdill(riOllo ilI lie ;llta disl illtbd olily' cutliting 
a(d skidli g (skvlihle svslli) \\a otil\ I.61 illics grealtr Iliall ill [lie (Ilidis
itibed area. .l'galiali (I9i7(i) piiiiiledl Lt tlhill ili a(lditiol Io re(lu(d infil

Iraillot)i l's 1)i1 l(I siorliid s lue I Soil t(llh)irl loll roais have additional 
It,,lll hlllend accelerate elisioll: ilcreasedh slope gradiellls il (illles Il 

alI-Fill shllies: iiiltcit 1 lihli CI'shiluSil,lce waler Hoil' ,i- uiltCtnes: and 
Iilli l ciiilal li llel road pli Prolbflo\' d cii liet' isill and intlliiels. 
Icinls assoiited silhI lo1(l caiis be idtlcicl bv proper road locatioi and 
d(esigli. 'lie 1701 /hla/'rrlosils i'CldcI rlon the srullStC()e;i \cll-(Icsiglnc(Ilit 
but ilsuilllctcdIroad (Aliihilir,( 'iih ralt's of 1,20) Il/hla/yr 1("i'a poorly
dIesigtnld otie (sitep grade it homt aqtilIlte Oit slolpillg breaks inigrade) 
ait(owetl (1'.S.) (I hltr 19.15). (Giliiotir et al. (1982) i)oiuicd (lilt how 
ilillm)lrliI t l laiilling hlith roatd mi(d skid tralil nttwork is for te 
hligh-erlosioti-polt'jal Siltes ilSttllIatdis olhlielitid'tlpiCS s\'hte CCtIl
\'tiliolilI groltlilCd lhggilig (tiin dist ill1)tiltIo 25 lrl(tlit of tIlc area. [lic 
IF\( ) (Clltrlllll (Guideentitlecl "( lldeliiies 10. Waltershcd Ialllge-
Iltill" c(lliliitls alt i(ItIs I)' (Gilmnoiul (I 977i), \Metglllill (1977), and Rice 
!1977) lreselititg i't lical gii netinislo tedulce eroIsioa(nl itilpacts lcotii-
IlIellial hlr\tsl iilg 0I'Ifrests. 
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SEDIMENT IN STREAMS 

IIIon1it(ored catchlmcil researach, onle of'the 1ore coinmlio ways to de
ltelrij le ijmpact of harv'estitg commercial forest oil erosion is to miea-
Sile tIle sediment tolteit of water fIowi-tg fr1o11 the experimental area. 
Allhough this provides a general idea of treatmnllt ellects on erosion, the 
Source of* I lie st-dil1e(l Inay not be known specifically. Srtfiace erosionl, 
ltdSS tUsiol, al(d Stream chatitel eroSiot resilt ill Sediment in Streams. 
F.10((de soil It.stih ilg Ifrm (list Lll-rallce in on1e place on a watershed laay be 
trapped (luwislole by an tlidistin 'led area andl never appear as streattl 
sediment. FiCle 'crv great impovtialice of filler/IumI'er sti ips retained ill 
naturtal voegetation along watercoturses is ellphasized, because of'this soil
(and litlttieit-) trappjing effect. Sediment ill sireaiis can increase not be
cause tliet+ teatltilenit chiaiged ile e.rosion rate, but because it changed the 
flmo ratc attcl vo)hlltt in the strleant so that more stream chatlnel erosion 
olm-ct's. [h'is eclt was indilicated ii ligure 2. 

.Moreoer, thlie setli(tiettl Slwilg 1II) in a streati alter one ev'ent, such as a 
sttmi. lltav have c(tite foln ia teuiporry storage where eroded .soil was 
d(el<)sited lohwing its initial ecosioti durilig ;aprevious event. A graphic
dlispla, of , eniio troccses wast(d ,lese and seditent giveti by Megalhall 
1981 )atlld is l:Ire'seted here as Figure 7. 
l'tIll ()I the se reasons, there is t1t necessatily a direct cause-atid-eff,, t 

relat itshi betweeti changes ill on-site el )Siol and resulting downstream 
seditiitatitt following tiibetr harvesitig activities. Moroeovr,a variety
of tor<sioti lite'(5tts be a(ititg at variotis locations ill a basill.lr 1ay it addi
tt1tt to being dtpetdleit ott tlie tlat tilre atnd severity of erosion, stream sedi-
ItlIll is relat...d direct ly to railfall atd basin reliefa'lid inversely to water
sli.c artea. Ihm'et;t Itere are several good studies that have shown 
icr'ois lIsediietit yield (Itnc to logging, anlil Sotie give itl folbtation ablout 

the telative eflects of' difIferett kinds of logging. Most of these again are 
foiitltt ipertlirte watelslie(ls, btt tile lprceses should not difler greatly in 
t rop~ical wat<Prshcds. 

I.ugging of' a tropical catchtett it North Qucensland, Australia, pro
iit'ed a two- to tIreeldd increase ill suspended se(linlett load at high

flows. Se(limettt load increased From about I O pplti befbre logging to 
albotin2() ll20i during the first yet'r aiftter logging and to about 520 ppt
during thew s(-(1 ttlyear after logging (Gilmur 19771). The differnces 
betw et le tw ea'<as were attribitd to diltring raitlall characteristics. 
At atot lier Ntt It Qieetislanld site it'l'i~lg heavy hOggitg of'%'1'gin tropi
cal rtaitliurst, (ii'ing high intensity rains peak c€oncentlations at sampling
stations below tie logging area increased six- to twelvelold ((;illoutr
1971). '[he sediment derived from stireams flowing through ittidisturbed 
fotrest was latgely organic, in contrast with the dominantly mineral scdi
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Figure 7. Erosii processes a(I storage 1ocaotins int waterlished. (Oegaihan1981) 

nietit ill streaims coming frot Ilie loggel area. (;ilhottnr re)()rted that the 
pIriu'in)il sott('5's of'se(liietit were t'fF1 )l.ooorlylocated, ttuclrained roas( 
and skid Irails. Frotm log landings, aind from eal il.- tn(l log-ftille( streal 
(tossiligs. Se(eillltlll assoc'ie(I wilh aIlog lll(liig ill this SIl(Iy iSshownt ill 
laile 9. It was evi(leml that se(iment cleared ra)i(lly onice the rait ceased, 
bitl (;illloilr iointed iout I at t liese restlts were [rotm a ighlt shower and 
that the sit ilo ouill hely gl'ated ttilldi nl()ns)(loolial coil

Tab!e 9. Stream Sediment associated with a Log Landing Adjacent to a Stream 
after 8 mm of Rain between 1320 and 1340 Hours 

Sediment 
Time Concentration 

Location (hr) (ppm) 

tps reamt of littling 13.45 *18 
1lnitledialely dowtsl a.ivaof landitng I3.45 2,602 
50 tI dwtSt retii) 203l 3.5) 
410) no ohowisteam 1.1.00 186 
1t00 to (hotst reatti 15.45 21 

Sur',c': ."dapltu( ftt (;inlmour (1971). 
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ditio)is. He also indicated that as a result of, this study, conditions were 
added to tie timber sale agreemeInts to minimize the effects of these sedi
me It-producing areas, and that they were cfl'ective in relicinig sediment 
levels. lhese :o0(d itions were enuinciated as gidIIel ines in theI A() "Guide
lines for Watershed Management" ((;ilour I 977a).

Subsequlnt work il1Qeenislaid in tIhe humid tropics, especially where 
sst)staitial overland Flow occurs dhue to low )erile albility of soils, has em
phalsized tlie ptotential f1,"Serions1erosion and consequent sediment in
(leascs dtiriiig and following logging ((;ilmouur c al. 1982). They pJarticu
larly pointed ol the imlportance of undisturl)ed streaniside bufler strips0t 

to iiilniize sucdilticn increases-both iy trapp)ing uil)hl0)e crosioland by 
priotet ing the st reamban ks. 

For Iniidonesia, Kuswaia (1981 ) reported that nlbconvincing studies have 
been carried out t() sI() i lhe elkicts o logging on stream sedimln loads, 
but he stated Ihat selimenl loads oI' rivers within defo'cstel areas were 
~t'xrtela rge all(l 'atse of utional (flolcer. 1-lalizah (1978) has nade 

soiCieobservationsoii the effectis ofinecliaiical logging in East Kalimantan 
andul reported increasinig sili coiniei iin the river ile closer the measure
mntis were made to I lie logging area. 

Figui c .. Expewrimcntal cliiihmets of I lie New Zcalaid Forest Service showing
ClCarIilliIg trcatInuicts andiiainitaiiied rijpariaii 1)iHer strips. (Courtesy
N.Z. F rest Research Institute) 



Ili New Zealand, near Nelson, (raywnth (1979) reported a mean sus
pe,ndel yeairlv se liiciiit conice ntritiM oi2 13 Ing/I ill a atctilnent that was 
clearldletd to) the str'aml et ge antd Inim(de, as cmollared with a mncanl ol8 
Ing/t low al atdja,,,it tiidist irl)'d cmlto cattchticitii (sct' Figur'e 8). 'h(
illi'll[n('t. 01t h1.CW.iIN' ill WhM 1 the [dieh.d IFC.C products ;r, 11'm( \0vd is also 

slhmi' il anotht. tw Zidaldll( stud'. () l hligh .rt ila. (1980) repirited
sedtimenxt ,,itchis Irmll tIhr' .' ('ctc]chincills: m)lie ('ml)l , ) )nul 'cl, 'C lcd and( 
h, tgcd with a (h()%N 1 hill (,h. cl,'thnl''ellcd anodab,\'stW.,m (11()rnmidill), anmic 

h),g(d utsing ai skithhlti atd lohids. lilt' .aliitiilsedimnht yitld lates werc, 
rin~jcmcitl, 33, .17, andt 26'1 in '/km-f/\ 1(0 iin Jlt. A subIseqt ~it s yet 

lishtid st (lv f[ tlit lIlet. is ()f tlta'til'lig and skiel(hr h)gitig iii
gI)e'tI

I(i o)t . lil 
I.8t, Pc. (010111.). 

km"1/12\ t. ,Iu./vi t firsl yeair itter l()ggilg (()'.Ihigt 

Fllc . atrc' st'vc'r;l 'nlcllp )lt' gou(,)d n''s'111 h s topli( Ill the' t'llited 

IileSlall l ath to e\it tt' t th lt , a 'I t €llwttIs art' litII()V(e Fr )n 
Ihc f*oIt'.st is t lit 14It'iIcsi 1aillt vtw sigiifitaitl(tIcl (f Il11( Increasetd 
ste attm sedf imt111 will (mt r,,aritl, it i' (t )t(S. h )%\' lirgei lhet'.lect will )c till
dert gi\vil tmdilioisof lhtw., ,t'otoguv, so)ils, randtai fitllp:itlti l..Megalia 
(It97i) stmmrr:i/e.(l lIt ,4,,i'ril t stills (of litdt Suiites sI ittits 1l ) t) I976 
ill it Ihablt p)r its t'l llt'r as al.lt t0. Ill tit' r ihilialic t his 

Nol iiiti st iii ,ttliiitrit l oi wct'. itc(( l(ld ill [hc first 
it t 1i0l0i) iitl s i itl ittle11( ts i t tt'. Ixctpi litt n s In kl 


I1( ;lCCC(.'lfttd (_'t<)si()n I \%"'Is I ()t '(l. W\Vhcl hI'w"h()\%ilhcrcll'l cr(sim Ila/

sids ()I ,rcl ili s l i olt. l atslhl(,( h'ldl (hm ,l scoellvel. litm cat('tlII)l I)c 

httriIti tli5 ~ttsi~t'.], ttlspecia pii ,its waiis it'4)., tketn )1 ini
mli/t'c c''n I.( tri . Ill A.laskat, e(usihrnhh' )<Shml,c'sptc ialy 

(1NIStrtc si M.I()(( tnr('is . lul tsh t., i ict it rg s ttap.1 iitl i s
Ithonl p)nt,\'lllcd allmst all (d Iht.- c' ()(I(-([ ma te'rial II mll tentering Ilie 

t let't't 11 slt ini' ,a hs flud I lhltlitls ( <it .aritallrs stlimet lt
prm(Itncttiol wa s ;,1(. herated,, bl~l was, ll()t (lirectl\ ry+'laled(to ill('l'tcalsed 

SHIlAM CtMid€ HM~s CH'r( )n Fatc.'s. Ill aII case', ]I()V C r,In ucreatsed cf.(r)-

Sin w%\Iss, ttf tiImplid i t st 

St(ril 'oes oid(111' 'cand (ee Ws (hgentnts.d in le la.stt rs itvl<)sn cite 
-m as r++ ntl(ngrotnp (d'stc\ 'n1St mdile., lfx) i l+nl n<)ad pwi l<.ln()I'c Fre'

( M cc'(I()gg'll ha~s ( ealsed', 111lt'ss ((m t )ln ng~ sedim en'it M'il;sl 1sl\ I 
have't beent~i c'1ca11(cd sllt( ,s Fro) lamldslil)s ()I- strea;m I)mlks, sed'(imet l eI. 
.SOMnI'(ttxY 1 t ( pl11110'hanr\-cstinlehvels. Ili Mlal siaI, Pell ( 1978) stuli (iead,ii
centll w\illtel'shc((I.,, tra ] l()dl lt() tr)(Im. ()I* 111n(lslllh(Imbed sitionll n hill (i~ 
carpn" ) I( .st and mI()f ) "altcl ,r II('lI'reg nrt ed';l+(t(lowest. I1( rIc)(nt( I 

http:f*oIt'.st


Table 10. Summary ofStudies of the Effect of Logging on Erosion and Sedimentation in the United States 
Location and Type Accelerated ErosionAccel. 

Study Location 

N.C. 

Mich. 
Colo. 
Wash. 
Oreg. 
Alaska 

Oreg. 
Calif. 
Colo. 
Calif. 
.daho 

N.C. 
W. Va. 
Oreg. 
Oreg. 
Idaho 

Sediment Cut + Skid Roads 
Production Surf. Mass Surf. Mass 
Yes 

X 
X 

X 
X 
X 
X 
X 

No Eros. Eros. Eros. Eros. 
X 
X 
x X 
X 
X 
X X X 

X X 

X 
X X 
X X X 
X X X 
X X X 

Source: After Megahan (1976). 

Not 
Defined Comments 

X Cutting only; no roads, no skidding
X 

Slight road erosion, no sediment to streams 
X Sediment not discernible 
X Sediment not discernible 

No significant sediment increase
 
X Regional. statistical study
 
X Regional, statistical study
 
X
 

Mostly from channel encroachment 
Accelerated sed. some drainages, none 

in others 

Varied with care in logging 
Cut + skid erosion due to slash burning 



tha~t dlespite (t'e ailtered naiii; ii'(fI lite vetgetatlion cover; rates of, Sedlimenti 
Ir.I IIs poIul welt' I1Io Sig I IificilII I yd ilfHeeIII fi-o II I lolse ol iill Ii)~ isid iII
foit'si. XVlIIi I tcI Iwsc I;~II 'Cre if() I ill s I reams, b)1titlIIici it Itanks fioni Suri
fiue was II.,Ic i Irc I) iv(' I dI It.~i lic lire oiV IIIs ijIiiiil (llii ohI el It of. 

FlItIc 'fft' Ivivntss of*SI -i'II I IsidIl )i1 lieu sI lips lids beeftll)lIO'I IioIed jpitwi-Oiislv for (.ut'eiisIliid ( ol)lljljoils hI filte lot~il -'f'lsllisGilifiouii 

(1971)jiidGimoiii'l a. (187I.llisjilso Ims been'i well l listI letI in work 

Ini'n co1ir'iil ratioils Ili im."/ I dx. 21:3, 188 md lor 101127 lt'5Jclivc 

foret'iis twillc -itdu t ti i I1(1)I ii Illci oeiiismv Iili Ircis ilil ncoi tigroIl, 

(oill l Aiiti'i (lIl loois. glo Ill t1iwi jsillj~t'lh w ei 

It'ill \ii "i iid of lIlier1t fill wooiif Ih-ctk wo liililt'll 1111 lhitchISS~ Inf 



47 

Table 11. Nutrient Outputs (kg/ha) in Maimai Watersheds M6 (Undisturbed
Control), M7, and M9 During First Two Years After Logging 
and Burning 

Watershed Year P0 4 - P N0 3 --N Na K Mg Ca 
\16 1978 0.11 0.51 28.25 3.19 3.33 6.29 
.f7 
M7 
M9 

1977 
1978 
1977 

0.57 
0.35 
0.1.1 

2.25 
10.4.1 
1.26 

67.37 
58.72 
50.13 

75.36 
35.12 
14.01 

21.78 
21.97 

9.97 

59.18 
.14.81 
17.12 

M9 1978 0.38 5.97 56.93 23.8,1 11.95 24.62 
Sm rce': ()'l.otglilin cl ;i. ( 980). 

seinl, bilt it also h;:; an enviromental imlpact on aquatic systems draini
ing the (tllovt.r loest. lhey went ont to suggest that as long as cleaicuts are 
lilmicd to small ,cas (several hcctares) aidIlthe cut area ftrms a small part 
ola larger hirestcd watershed, hiotlic clivilies ill Slreatnwatel, pIlls dilu.tion 
by water Fr tomnucul hrests will tend to minimize environmental impacts. 

aleictulting oitstccj sloes or t hitl soils cal lead to long-term changes 
ill Strlittillc. tviuabolisln, and ioge chittistry of[lie f'orest ecosystem. 

lE.lscwhere ill lite per:uie Zone, ii aclt ial logging of forested catch
niclts, adiliti al evidence of incr-eascd nutrient otflow has ibeeti ,A> 
taiocd. In New Zea'lalnd, ()'L.oughlin et al. ( 1980) studied a control, timiis. 
tirhed Ibrcst ,':tchnilnl and w l,ljacent clearfdlled, logged-:nd-lhrned 
calclitilltcis, with the restlls show 11in "lable I1. Ill another logged catch
went wherc skyline logging and I Jrte:tive streallside litffcr strip were 
retatined, the increases in ntrienlt oul flow were ttut1ch less tltim in the coit
'tcIiI all y I t.ge cdctcIIents ((o'l.oughli 1981, Pers. Comm.). 

At (Cowecta (l.'.S.), Swank and l)iglass (1977) reported that export of 
No 3 - N inicreased fot periolds ip to 20 years follow;,,g cutting of forest, 
both with m without removing tle products. III Taiwan, the average con
centratl(ins ol dissolved Ca, Mg, Na, and NO 3 -- N were higher following 
clearctttinug than front all tindistilltbed watershed, and since the water 
\teld itcreased by 50 percent over tlie control, the total loss of ntrients 
was sub~stantiall (ll 1981, Pects. (C ominI.). 

No st iies were oind from molitored catcimetits in the tropics on the 
effects ofcomiercial wood hariest itig on the tiutrietit input into discharg
ing streallis. It is thtoutglht :hat in the tropical rainforest the disruptions itl 
lite tighlt mutrtienI cycling l)ittctlt and tie chage in the tnicroclimate and 
in the biological activity would be even more dramatic than in the temper
ate zoic. 'his wotld probably result in greater nutrient outflow following 
cutting of t lie itbest. Certainly the removal of woody biomass in logging 
substantially depletes t lie ntitrient budget, for large amoutts of nutrients 
are contained in tile boles of, tile trees. A piocess like logging removes 
muuch of both ile utitrienit stores and the main inutrien t pathways (Golley 
et al. 1978). 
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SUMMARY AND IMPLICATIONS 

(;nt_,r:li/altOils tItut lie ('fIII Si If CtHrvestng wo(o)mltrcid )r(od
1(.ctsarc indet',d diftiluh t) make lbee'tttle oF ethemany variablles listed catly
illthis (ha)tel. Nctvr ih'lc5ss, an att )t is lmad(e illthis section to make 
SOlt.t SIItlltiIIV sItitlift'llssil l 10 slggest St)In(2 (ell( -illt(I-efe(eI relati)ln
ships sit Ihat; soellI (\ohI gti(Mclin.s 1tu1v Ic st fil h. lhtost J)latning for
est dfevelopttlment 01 )lcdt'to)t (ftlltll \V;I ifi theiltlvriadf onlI)iilaljolts
of n;atlIt;l] ( i ti jol ts, titlitig, ititl'stitig i'lt.iiiti , alto h1ggilng methodshal\c.be)(,
u rI_'scill-cld l~tr<lip lcsl wltuslhcs.
\vt 


\Vit Ith' xl tion ofpIf or fog tItertsit,1titiolts, foe'Cst Ili'CeSting
S(ems tto result if) all iltr(e;IsC illheight of waler table tiill
tile rtegrowing
f(test l.Is es plrf ing le\ces ofrtsumte Ilt 
 t(t.(et'pth tlolandcvitp]traispita
liotn. IP(tot ho(al.\lomttst .tttl e rndden tlo trail toworks cold estlt ill (Ie
crte.Is((d altd morlt olotdt ftc]tIs gtoundwatfter levels. atnd hec.eegrt oil
sp~rinls and m-1..Is s Sttr(,ttlt flo v ijttl ttt iI\itc('lt(,iIthrtughtotllt tC dr itl'e,)o tllstoI 'lOst 

ill('tle
fla \cst itng, with th i se gttter;IIiv I t llj- t to the tiin tl)fat
o)py r(tomt\((. Illc ('X(t'plitoll Itthis ltIts otut-tl fidhowittg (ftttiig oI 
Ifttl Iortsts. Fle c.e(t I (fit)tittichtts rtpitly as lforet rgenturteli,, ocurI t:s. 
l't. gt(.'it.st il(T(I.itl p)elt.lltges ill\it'fld m(l1 (ftiing thte low flow .e
iol<s. flhis te'still h;ts itjipllatt;itt ft'+, tmainttagemtentt ImptJlicatlions if lov 

olows ;ltI ttI I\\;I,'IrIt (,i'(lt(( p)lofl(tut. Stittfhow vumes. peak flows 
and stott lof olItitwtS itt k lrumu.1/1 (butt flot ;tlw\'ts) ill(rt,tstfd 1)v har
vest ing, atd Itts cl(, I's tnmi tltofti-. tplrotduc Had) Ift.ttt ding ill,andto 
5Ott..hlimIhi\ 4dttof, oh(,(,lI tl t g(l ;trca. fogging rtoads, skid Itails, and 
fog Imitl(llfgs tall intoris. tlh(S, sltoilI lm itlicttsFurt her if lihe' are
 
t(ot ''l]platnnte, w\ell (()list rutttl(, tl\ell Imaintineol.

Ihltes. s trmtilh; effects Illtlist It be (XI: rat)olawtd to Sut)l'ort slitlelte ts

Iflth piel. it I hiehIlr.ss (antdlf l lltis()nclt.,) hiln comtmltlf htid) tltt log
ging illu)IpeU wa;tttrshetds is I Ith()riltciJpl (.11w ()I' serious antdol wi(Iespread

Iloolinig il Ithe lower rc(lics o(ftutjol river Imtsits. I t he whole Iasin 
 u
were 
to bte iogu(f ll t, this sit utionoldtt I)(,true Ott oCasItot, L)uit such a 
silitatiot is unr.;leislic. I IewlItt (1982) has rtie\vd the( rteiitltnship he
tevlt, "l'ootsts al(l Floodis it the I .igltt of Rect'nt Ilntvstigalltn:' lie (otl
(itu(fIcs t lht lct'st op riUaliots illtii)slitllli aI(ltts hltve not beenl sowt 
to incr'teise fhld flows seriotusly illiajor stteltIms. Ie ailso suggests that 
this coti(ilsitll is alppli(, )ihto tll trtpl ics is well as tile tUlttpc.;,tt, /o)nu.
frotm wicihf htictt(' Ilost I fite (AXI)CelIttt CidtCIitiut. I lCwlett itIdi(ites 
that liut.ttlitiso' (hownstream teffctts ofIfllry widhlesptread f ltst htr-
Vesint itt hasilt (;It eIlctllalIed Iy strintluw l)ortiitg t(e(ilti(lues, rioli 
1h;ll Itl\ Will ltt , It) It' t itot ill (')lt)iiuisotn withh Ite ill fioluenes of"railt
F,-II;l1(+l sinlsto~rage<. 

http:gt(.'it.st
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What is fl'eCrred to p)reviotisly is tile d)wist ream flood peak discharges
in tile lower basiii w ithi respect t) f'orest operations. Mass soil movement 
lld other seriotis erosiojal ctnsequeces (f poor logging may indeed lead 

to) stieaii sediriciit prolmts hat cali aggravate flooding effects down
si reaiti. 1I miust aisoi be i'i,lleill)ei(' Iltat thlls chapter (heals with (olllln.'
cial logging, notwithIoiiv'ersioi 1)1largC areas (of t 1 )laiid wat-rshed to 
o(eT'gral . (Aitlach, and dat lliegid alld; lor to compacled, eroding, 
and dc'gialing (croplad;n)r'to Il;tihaizing areas with a large percentage 
tIf illahsorbin g st'f ace. I iidcr thc'sc land uses, there may well be sub
stanliall\ iicl'eascd IHood fHow \'oluiiis in tile lowel reaies otrivers. 

l itlc 'rIased t'(si(oi rat's caised b, (oimicijal fir'est harvesting arc 
ttail aitltititlah.i to the (lisl urblice oftlhe soil by wood extraction tech-
SititeWs. Inaidin ur Ilog landings, skid ttails, and roads. ()ii steel) slopes

atI wiI h high ittlmi, v mill ]atteriis, ti et'rsi(in caii be qilite serious and 
persist 1o' tnlit \'.' is. Logging nt hlods, such as by high-hue' or helicop
1(1' Ifi ('(1(. vIh amllmlnl oIsoil (listnllbance, dullce the i rosiot impact.
hiuitmoiitg i()l (h'tisity andI]tl Ioaling, c(st Itrcling, and main

laitiu, t'oaols are imvprtan considerations. [hre exist a nitube-ol excel
itttt iot"giigL guni~lits 1( etiloIng tOwtettisili (0tiSe(lent-s of'tliis fo01rm(dI lf~r..I lim l 11w.. 

n' 1['1(1 cetsio(l lfl<e te which reslts friiii simply culling tlhe trees 
auid lich itm', (ccmr even witIl!l lhe m(1st careful extraction techniques,
-esltsIrot(the t'e.hti( lion off(oot slieat streigtlh. Otn certalin critical slope
il.is, ;i tfforst (.ttlllitugtMivi it iiate, mass soil iimiteieinils. Advance idei
lic atiou (d, the.sc ('li icalsoil areus is p;ossible, and commercial f rest har
%esting Shnould he cx(iulcf froimtheil.
 

While it is \ irtuall1 imttpossilc to prevnll 
stme increase in erosioin rlm 
lec'st hrta\r'sl hg (te'X('I on leve'l lId), int'eased stream sediiiient is not 

h'ce'ssaurih I co;I tci of' logging. As curiently carried out in the Iroptns ,icc 

ios. In we'e'' (mitd usually iti the te ralc zone 
also), logging is usually
fIlowed Ig. itlcr'aseod seditueul ill sireamts, wilh its ppolienially deleterious
 
impics ()Ii aquaiit lile, reservotr siltat 
 loill ates, allltd stieamI chatlels 
lt;t tia iI[.(.;is(. flhding anld ret(huce nav'igability, and reduced w'ater 
tjtialitV for d(lilit anod industrial (si(. Seoliment lro)leims can be re 
olucendatihn ('xciliuuittll.d ill soie instant vs, as far as logging impacts are 
('rmi cid, lv ;I mlnbe'n of se(limnli t'i jirialtices.l(t Logging lechniiques 
lialt lttimittti( om-Site ettisitit M( il otamit, as mentioned previously. 
Keeping r<)'l, .:,1 skid i ails mutoilwalch.'otirses, or at leaist crossin.; them 
at right aiighe<. tlsilng ridges or otilvert s. are ill]ot'iill sediment-reducing 
actions. 'hc 'stb)li ,hileint of ti(histnuirbl sitealisile (riparian) buffer 
t(ties IsOi<hItjit' iit)ottaii'e, smiaee .((1 toties ri only minimize acceler
atch reaunhamik crosio)i, ill they ailso triiiuih erosion niaterial moving 
loiwnsloiJpe frotti Ilie loggecd a ea above. 
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I II.rease(f IIit rient o I1Iflow Fro)I I t Ile logged polt ion of the watershed is 
all in'evit .leConsequnence of' logging, 110 matter how carefully the extrac
lion is dlone. Poor harvesting )ractices can increase the discharge. Mini
mizing soil movemelt will tiiiiinliize IIll'ienlt outlFlow inl slrealns from the 
(list liecl, aIr.a. Il a(l(lit ti) Ithe watelr export of tll[ rients I'roll the site, 
Ile haIrivestel lbimiss itself' relloves a slil)stalli p'art of' the (:s'Slem
lundget ill Ilic hiiiiiid tro)i(s. Addhit ionial research ohn this (omine(l loss is 
Iie.(lel to properly assess impamcts ofI'lie tr(enl loward shiloler-rolatioi, 
total-Ire hr;esti II 'lltn)1 li -ritn .ts l toropical fie)]cst ecosN'stems. 

P'roimlpt a ( alec lciat.')n.sltregencratio is th, :est assni;Ic: t1at anlyfo 
increased erosion rate, sc'li eitel , anl hilt rienl :ultflow will ICIII I 
spCedily to urehiai.estilig I'vels. This will he easier to achieve in h(e moist 
trl)ical I ie1-st Ihan in liH(nli forest. 

'l .,hiicah h;r\e'st ig glildeliics have h)e developed to minimize ad
verse hvdolocic/so)il/nrieil ects of logging. A )r.ief"siimmiiary of' 
such gilillitcs is )IcseInt. in Appendix C;. 

http:lciat.')n.sl
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5 
Grazing on Forestland 

Mich of tlie grazing on tropical and subtropical Corestlands is really a 
conversion oft lie fbrest to grazing land. It often involves annual or peri
odic burning and gradual removal of the trees through nonsustainable 
fielwood (or cliarcoal) cuit igor nonsristainable fodder lopping. This pat
tern of U uiversioii iscommon in the opetn woodlands. Another pattern of 
U'0ivetrsion has been reported by Ifamilton (1976). It involves what has 
!)eel. ,'aled "shifting (or slash-and-bulrn) grazing" and may be carried out 
in closed tropical Nrests, incltuding moist forests that are not easily 
burned. This is not a "traditional, stable pattern of lain tise correspond
ing to stable shift iig agriculiture (see (hapter 2), but is a migratory, pro
(11tivity-degradlinlg land use ii, fturest is cleared, burned, grazedwhich th 

It'r some 
 years and thenli andoncd, leaving behind a degraded 
grassland or savatini,The impacts o Itliese coiIO pract ices oil t lie iy
ohrologic and soil variables lider c(onsiderat ion are treated in the chapter 
o "Conv(rsionl to Grassland" (Chap~ter8). 

What is considered herein is the practice of grazing in forested areas 
over a long t inte, on a more or less sustaitable basis. Such a forest grazing 
sstiem call be (and has been) established in open forest, especially wood
land. A critical time inthis system comes wher the trees begin to deterio
rate or require harvesting becauselroatiit y.At such a point, the grazing 

imnials need to be confined (or new seedlings feced), and fire must be 
cout r ,lled uti ilthe forest ('omplnent otl'this forest/grass system is reestab
lished. Such a systeti relpresents a true joint-j)rodtiction or multiple-use 
sy'stem in which the iet belit'it from the two products is greater than the 
beIefit from either single output system. This type of system is often sub
suimed under many definitions of agroforest ry, which have a forestry and a 
grazing combinat ion. 

Usually the forest grazing practice involve, domestic anirials (cattle,
horses, sheet), goats, carabaos, etc.), bilt in some places suibstant iah herds of 
native or ittrodliced wildlife herbivores (deet; feral goats, moutfllon, etc.) 
may also be involved. The impact of grazing will depend to very largea 
extent on lie stocking intensity in relation to the carrying capacity of' tl. 
area and whether the anilnals ttse only grass or mainly browse woody ma
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teial. IIIthis sectioll, we will aissulle sustainable stocking levels, and con
sider doilest icated grazing animals. 

GROUNDWATER, SPRINGS, AND WELLS 

"he.re aJ)tIwars lo be [imi (ltitliative 'evidCIeof any effects oIfIobrest
grizing on groiidwvi.ei; spriilgs, or wells. Itis klownl th1al
compaction of 
the soil sii-f'at l) Iwotld aniiials does rcd ut e infiltration rates and thIIus
(ti111d lec grinnnhaier icessi~tns negitively (see lialI 12). Moti t al.
(1979) loiunl ihat heavy giailig and (Ihotigll (alised Soil "scals" in 0)Cti<cticalylp) woou<llands il ltri ,\ustralia..\,<ui 90 percnl of h il(.Is.
caiM .seisii iil.ifildl tiit1i(( soil 1iiicr giass(d itiCis, biul oilv 25 to 31)>ercei t tiiitrl uitesoil i(tler seal("s," leading to hocallv ilciecascd rtnoff. 
lbcis I gr-ia/ing mii groiuiidwatei sh ld be added to waielished grazing
t-stalCh ill to 11.oruht' lt, answers iHo his (<ueSitn i. 

Table 12. Surface Erosion and Infiltration Rates under Pine Forest 

Infiltration Rates 

Slope 
()1,-I101 ' 

Grazing 
Treatment 
(cow/days) 

3,1-+Ill!lighil 

Three-Year 
Erosion 

Depth (mm) 
15.7 

Before 
Grazing 
(mm/hr) 

2015.1 

After 
Grazing 
(mm/hr) 

.18I.9 

21)- 10" 
55- 70 (havv 
31-. it)(light) 
55 - 70 tht'Iav\) 

18.5 
26.1 
.10.5 

200.6 
285.3 
35 7..1 

11.5 
H7.0 
158.10 

Ro.iug Not gni,'d I1.9 365.1 353.9 
.%','.',\a lit'drot .\luirai (:973). 

STREAM FLOW QUANTITY 

Compaction ofsoil surfate restlts in reduced iiifiItiliioi1 , leading to ill
ciecastl iiiiofll which ill itirii tilay hadl to Increased strtaiiflow. Il
stMIv by Mol l-iial. (1979), ilh tl riaiii was flli 

the 
to gently sloping, and 1hClwallv iiicreasel itiiiolf could have h)ee.ii' iiterally i(.listriililed rather 

Ihiall
lile a lIig as iiClt'used sir'aniflow (ino slirt,1n1fow iimeasuireneiits 
wtire Iidlt). fli te hnIiid soiilth'astein t iitiC(l States, ont 19-ha forest 
walcrsheu ,it( .(i\txeta waas gltd Ilsix CatlIc for 16ou. iontihIs I)ei ycar fib 
IIyears withIno'llc icd cliai ges ioted (I)uigliss 1981). 

TIMING AND DISTRIBUTION OF STREAMFLOW 

Un nltui'olf'l fhrtsi graziig is tboIughl to cause irregular stream flow
(suiially reducd low fhlows) ill t le nort, ern part of' t lie hilippies (Sa

http:groiidwvi.ei
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placo 1981, Pers. Coin in.). No experimental evidence of'the effects of forest 
grazing on tile timing of streainf low resulted |roi the Coweeta study 
(Douglass 1981). 

ON-SITE EROSION 

Where a good grass cover is imaintained between the trees, no serious 
ero sioni should occtir. linthe Coweeta grazing experimeut, if'sheet erosion 
OCUIr'e(l, it (lid not show up as increase(l turbidity illthe streari during the 
first eight Vea.-s ofthe study ()ouilglass 1981). This was the cae illspite of 
the ltnden\cY ftr tile arnimals to congregate near the stream, where ostensi
bly their trapling might have led to stiream-bank erosion. I-owevei, after 
eight years, ligher t urbidities occuirred dtuing sloiin peri( (Is, probably 
(iue to tile ciiiniiulative soil coiipanlticio, reduced infiltration, and greater 
exp)ostuie oi*S<il. 

L'osioin orcii'ts whtn stockiiig is ti)o great to mriaintainl the forage cover. 
IhIs is confi'ltiried ) , tile daItpresetcd bv %lurai(1973) (see 'Ilabe 12). 

"YeiISe data, which also show tte.effect of inicreasiolg slope, were compF,iled 
ifter lircc ears o gi'a.'inrg treatmnt. SItS IlsitFIIand Hanif*(1972) 
iii Pakistair illustrate tilgradient lomn lIbrest to ovtrgrazing, with reports 
of rlitic soil loss ()Insteel slopesof 1:20:80 fonr chii pinte forest, protected 
glass nvei; an(t leleterd grass, ovei; respect ively. 

SEDIMENT IN STREAMS 

Asidt frMii tihe (Coweeta sitidy, there is little evidence availalble to show 
;Inv i l'.iasetd st.ledimenit yields illstreans frotn sustainable grazing in 
l'estlords. I lowever, if' overstocking occurs and bare ground isexposed, 

tht. lick of vegetative covt plus tlihe iirt'eased rtnoflf resul ing f'rom corn
lpctionl will lproduce this eflt.ht withot question. The empirical, if riot ex
I)tCriint.ntl, evideice iSIliseilt ill rntergrazed, dleteriorlated forests ill up
peI'watclsliedls t hi-ouighoitll lile troplics. IFor instance, it is relorlted that tile 
overgrazed Iririintainoiis watershed oI tile Ierinejo Rivet; a tributary of' 
ie PalagUia' RiVer illArgent ina, conr ribltles 80 plercent oft he 100 nillion 

tols of sedintnt aIyear deposited near Buenios Aires, though it constitutes 
only -tp~ercent of'the lParanla watershed (lPereira 1972).* Similar situations 
have been observed but not reseatrchirl iii thet. ftiialayan arc for the major
rivers o't he Indiain subcont inlent. 'hr,ese arc hardly Iorestlands any more; 
Ihey at. inw converted lands. l)ouglas (! 967) in tropical Australia com
pared steel) forested headwater Stlreams with less steep, lower rainfall, 

diflrtr ili to explain this 
nonH.btl no1info~rmation was iprcsented other thanl that repl-~led. 

'( )nt might al tlokInli imnespirent material and soils ienolne
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lower reaches of t lie silncIl ream t hat wcre mainly in grazing land use and 
oiund i.; reased sudhnlicit loa(s in t lie lower reaches. 

NUTRIENT OUTFLOW 

lhc1re is no lilablc in bli llat lo nI c'lha Iges i Iin utrient mt'low (Itc to 
grazing ili forests. [li likel,, eflect wo tld be al i1Ict.ase, since the ten
denc' is lor livesimiek to harvest mlaricutsand move Ilicn owill as Ile,'
dctcillc and v11'i.ite (n lhieu way to walcr. "'hetclidclney for animals to 
congregate d wvater sup)py .itrcs wioiuhl hicighietil this effcct,. 

SUMMARY AND IMPLICATIONS 

Ifthe' sioking lex 1 is limiitd to tIl( carryiing capacil of' tile forcst so 
thut ilie forage (ovet is mailtaiu,, I htet s(eems to he little eflect oli anv of 
tlt-%viables iisilcle , wit Ihtle possible exception of)litrieitf outflow..hlial is a \ery big "il" Sul(h control is liffictilt toa( liev cilher oil private
land (orom plublic liud bein g grut/e undetr permiiit. Moreoer for; tlhe area 
to be niaitiaincd as forst ,ra/ing land, Ihrce- is a need lhot extraordinarV 
Itctaslrcs to) s(tiI de'utle rell,enint oft llc l1ne )Iponnilt whenltile 
111ti ore t tes alr( liaeuu\sl. (t htough iiuuaril gcenetamliol or atlificial 
j)lanling. limes luist Ie itmc dI. I'mitg dttig tle c'ilh (sll)lislh
ttill titmof. Wfimilt (mli roll, m etgtazitg \%ill ltIlllhc Iti itutsedl inn
o f f" ic(': 'r )si o l a n dI s t( l i c l yi 'h l, an d i l c r e as i lpro b a b l y s 

Sto 1'111 I1b \'oS. 

lItest areas ltlt ilmixlc ttiittiuill ',ut'r suppli's should tlot be gra/etd, 
m.tilihis is t fesibic (fut, to lack o(juirismfiion at least a riparian lul'ir 
strip wit I t) gla;/inlg slh ld be stal)lislt.d. In addition, tile waler tiittst be 
gi\xe i sl),( iall t lleti,,ll t) eilder it sale. 

Wild atuittialsill mt ii detisitics will resettmble livestock ini their imlacts,at 
aind tlheir iii) hies lnltaV have to Iw contrtolled by litntitg to keep th eni 

Wilh 1(5,icm I toIhe use mIt()ti-h)(li( -milehIof hunliiguusa tool to main
taimi fm(.gi tstfI)h.slulmme ( laplte.r 6 iiilicaes Sotm) ()'h( ittipat-s offire 
mii ih vII iIiileeh mo\Irim in tis rI )rl. 

Ill (t ldill (ii(iullistdl.'es, where o)pen wmoo(l land is ic lettlial vtgela
tiou ltyp, forest gruiziug Idy bed sustaui)able use oflauld and have no seri-
Otis tl'cv'se cotnsc,(ltuics on watershed chtracterist ics-il the stockitig
an(ldistribut io) oifaliimtials is (mit rolled. 

http:tstfI)h.sl
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6 
Burning Forestland 

l'iieC call Ile an ittipolatil forest mIIanagemen t tool ()r a destrtictive agent 
of cliatge., lre'scrltled l)urlning by skilled land managers can change vege
tative covct to a (lcsitd Statei apidly and cheally, without detritiiental on
site or off, silt,cll cts. Wildfircs, however, can severely dlamnge the fbrest 
resoitt1e din(asignificantlv imp air the lItoducts and services that forest 
ecosystemtl movide. Iluis chaptcr will not deal with blnrning of slash fol
lowing harvest (lltt ing od forests as pait of a regeneiation or site prepara
tioli for plonting plrocellre. 

II the humi t<l'opics, tile natoral evergreen hardwood f' rests do flot 
inoirillv 1 II,t lotigl the edges m'ay he "'ibIled" from adfjacent altered 
land whcrli fire,is Ilscd. Ihowe.,.; in i titisually dry season tie litter may'

' sup)lort fire. Following hggiig, whetn Ih slash has dried sotiiewllt, fire 
tItay Ile stlantcl in ilie slash. Young harldwood llantatiolls that have not 
losed and still hive glass c le also siiscejtilile to burning. (her lfor

ests in tle itro)pics will horn during the div seasont. 

GROUNDWATER, SPRINGS, AND WELLS 

'herc have been fews st idicis direct ly ineast rirg the efkct ofi fires in the 
Ibrest (i i tlie waiei' iiblh. A intstiled bitirt Ihat is restricted to the forest 
Flon; lietrhps killing scedlings bIt Ila'ing tile main tree canopy intact, is 
not thloight to have aity elft on lhe water table. lncotiirolled wildfire 
may have all ellct: lowevet, two c(iitiievailing in IfhItnces appear to be 
imP0ortli;, withIi firest hat are hot oi- prolonged and that kill tiees. By killing 
tes, flile caiopy is rele cd, lwcrmitting greater thiroughlall and reducing 
eval)(t tatlspiration losses, which could ,accotnt fbir icreased accessions to 
grhottinwit.. Mcgalian (1981, l'ers. (omili.) |tepiH'ts an increase iii the 
base flow cotnl)it t ofthtm lihhdrtp following lrC itl a l'im.,,Po/dela., 
standi ii thi wcstett. I.Unitehd States. Sititlai results have appar-ently
been oltained in sote Atistralian studies (Botightoi 1981, Plers. Comm.). 

)n tIle oihler hand, strlfice scaling oflhc soil has occurred after fire in 
tie 'hilippines, tire exteit of sealing depetnding ot soil type and fire temn
t)erati'e. hllis rehhuiceld infilttiatio antio into grotindwater
aojuifers (Costales 1979). Fite has tade 5otne suols imo|twettalile (hv'dropho
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I)i'), Iltis Ieuling lo increased runtioff ald reduced infilhratioln (l)yrriess 
197). Iut I r rest';, hkIis IleIelld on Ile efle(cts of, fire oil groIuIIIdwatei. 

STREAMFLOW QUANTITY 

I'lle iI p t oI i i IIgon llmt ]alI walc'ryi 'l dll-ars t V ( eJl)nd ing 
o 1i sIchII sitc htlicirs ls soil I'lie,, sloe,' liiilli liirt (l Islll C(i , whlet ler 

l %vtlc kilIl Il, T,li I It11 \V ain(I hIl grteat ii I)CtClitII lg , o hl l covet caIilo 

Wht'rc wI il tIl for(.sl Iloo is afle cd, as ii I)Ies(Il-id(I I~urlling ori 
lighi wihlfi iii i (I( i liious fore-,st, Illot s uIdics ofti,i sIlow ii-i.reasdl rlnn
uif]" 1ll wlterhslid t illtll, s liiclsli g stci:ilowlhl\'he ill at le stsolie 
ilistlmiic, shlow lit) (.11fieti l ()l waltr yield ()millglil..s 19 81). lhis rsiult ;i11(mccvtla (1,1iil(d slawsl') wa~s tr>i 1SIIIgh' bulrn ill ai llililill~lili ll atrshed(. 

il' r(fiil\ilhi .ism d di iinalltl. III Aislialli, Ilie\ l \, hel' shiowi to 
illIC isc stieiills \ill \-t3 l() 235 pl(l (Ote.\Itlii- 19.I: \cAr
1ill aiid ( huli. ( I!\i7:'6 ). h ,i hut -I rlit ala ,liN a noi " \1 ii i a(c ale u ill 

I19 a1 hii li ll ;iiii al lltforesr hivililig. I isi, iii .\isiraI9if following 
(Piill, VI ( ili's i1m)i se n iiils \ildfir.s, fin ( 171) ri'is hno i -ilwd hcl
pmfi. d(I li' l mcrl .ihlli 1)%\ ih ll wa;i. si cm 1 m%t\is' rl2 I livi ;mitil iaiilil Iillt l c iil ti rai l llrlli 5 e\(-.s a i, i lie i , id lili l (potted i tlli, ~hefll I('(li.,i(.-0l illc(iJ' ll( \hltgIr 21 \lse'lls, sl ruiiili hh i~mll'ililc hi(- ;III s\ a;s 2.1 j)(trcttli1d , d irf l-c, , l ''ll c I hlv c ill cr 

Iclhw I lil is itgs(, ' Ill h p'. Iflle ll ilt iitd lie dilr, i i it r 

I griml\ l. I'liis sitIl\ Sillids it (mllt lst to alll of llih llh is. 

TIMING AND DISTRIBUTION OF STREAMFLOW 

lh1cre. is litlt c'c(IriiliilaI ('\idliic 1' cailliges ill Ihe timing (iflw 
froll light fire.s, s iII a collt rdllil ur[. \Vlir.c there is severe wildfire with 
l((ll(e(Inil ill rltion, iicreised silr[,ilIc How woutld setin iiocilSc higher 

Ih4oud peaks anrid teiud-ih tlioll(- tl kilg. Pcilira, iit ii wliking gllip i
po rl, 1i;is d( uinInI~cd liii l lir( ;Ises i I lood ]waks-aipproimiiitili 
Ii\( ' timle s' Ilic ' c '×l (.c ( Ifho w - 1 ld ~f) 1 (m il loll]e ,d Fire, Ill Iwoi ca tchl-Uil 

litills iii \11 tiil ii h v \i( illlhlllts legioilt (I N l.KS( :( ) 196I!9). Nlllitrolls 
stiilies inllt lie 'csIlI 1111(,d Slites, huliluiautl. (Califif itlh, reporttd 
lilg iticlSs iii stlillfll hlws following wildlhi (oIf fltesilltt(ds (Megtalla l
 
I1982, Pci's. (Coml ml.).
 

ON-SITE EROSION 

.\Todet.aand light fires have vcry lielt effect on soil pl)operties, inclod
iig crdibyilit,, to I)vrtess (19fi7), who examinedlife existing 
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e'ichnce of t Ile effects of I)1tig oni fl)erosionlin the western United States. 
()n tIlieother hiand, lie cited studies showing significant increases in ero
,,, it loh% ig -lc liing. l)hutglass (198i) cofil iirme(I the forier sit in,,c+c 

aition fi'om work at (C)wectaand s Iggested thIait rapid recovery of vegeta
tioii alter i light hi'iIs i most imipjortant flactor. Folhwing a fire in a 
I lawaiiai watershed, Wood el a.,(1969) finitd no evidence of' widespread 
ei'osioli. Iild repotcd that six I)mIt I)t terwar1, 94 percent of'the survey 
allst(ligti had a vegelation density of'greater than 50 percent. Firei 

wced (l'//hih.% hurailouij) was Ilic doiiinat clov' , species. 
,cluit'lmcd ainial bhutriig aid wildfire eachihas differelt effects. Rowe

19(l) studied lOlw ilmpacts of bitroiig in t le woodland-cliappatal-grass 
I.rp f vrtst ohflieth Iitcd Sta Is ovetr aiilt.-year pcriod. He niOnd that the 
tillbllled plhIt hilti) rosilon, that plots Iriel over twice iiilld iiie years
lost an (if i/ha, and that plots horned aliiiallyaveraged a loss1 I 
of279 /ii. 1t ltkislstmi, Irtqcyienlly btrned stands of chi"ipIine (Iin,.A 1vx
/)itqhii) irc iI d tc.\lil)ii as nituch crosiol as ttterraced croplands 
(Raedr-Rolus(i c aitd .Mastu 1968). 

fii onie Sili(IN injplli,a wildfire burned one slope that hadjiust been 
logged mulrantllher that had beetn logged fiour years p>reviously. Six 
Ilillt his afi'tburning,a heavy storll Cllsed extensive erosion oI the re
etiilly 1oggcd Slope, bitt ot Ott th partially reve.ettated one (l'sukamotoli 

and Kimtua 1976). Flhw rcason siiggestc'd was that root networks held the 
soil logt her. 

)ramtt i('iIcteases illie itt iot ,idcOIcetriio'l of'sti'am sediment 
were reportedI for cttchlients ii lie Snowy Motimttins of' Australia (UN-
FSC() 1969) lowitg wildfitne. "I'hiescinireases must he tttributcd at least 
PIrtly toa ti iliCretsc ill oin-sileocrosioin is well as stream erosion (see liolow
itig sect iuloon sediment iii streamis). 

It apperts that tle tilost imlportant hirc-c:iuiscd changes ill the soil ero
Sio)n raft are nlot ill the iiitwral soil itsellf but iii the removal of'the vegeta
lion and litter that l)rotec(t t le sultlface. 'This is a function of' fire intensity, 
Sl)eed of' fite tioveiicit ()ver an area,and the periodicity oflburning. 

SEDIMENT IN STREAMS 

Ill Mlavsian land development projects, large-scale forest cutting ac
comt)lied by burniings has led to so much sediment production that small 
Strteam cia' els have heentll obliterated and large stream channels tllodi
ied (L.o)w and Li.eigh 1972). Such large-scale changes inareas of low gradi

etit 'aise tle rivet'r leds and mtay seriously aggravate Hooding. Brown 
(1972). itnatsi utdv tfa buishifire ina f~rested catcht it inNew Sou th Wales,
Auistralia, rtep)rts t hat ft'r inur to five year's aiter tlic fire. lie streams car
ried greatly incticased sediment loa.ls, bitl that after that time the hydro
logic charalteristics retu'nd a i)reblltrIto status. Otie of the best docti
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IIitIc I I ndI( IosIl ()s lI i,; el )ItS eflect of fire hIms bee IIpreseIItedIthe f 
ill aIUNIS(,) rl)rt b' uit \'orking (rmipL IhIin I InIluience of'Man on 
Ilh I IvIfidoogic (.rcly (1972): 

,.\I iIs[ tI-I(IW C ofet lie eflects (fvcXa Il fiies on waterstiiply is pro
v-idd bywtIl expericl(c the icSnON ,\) ii ins I Ihodn)-F.lectric Atl-
I I)itN iI the ,.\II .t i-;IIai ,.\ll)s. I lere a 11:it l towollcmtindli)le fo est Fire 
iII iiam(Cssil)h, ruggcd(I tIIrI hIIiNIed mtI I cIhhIflei I I area(s IWal
Lice's (Ceek aod li' Yirr~migoilly River ()1f 1 md 22.1 kil resl)ec
tivIl. Ilhes' t(IIIIIs Ih lad I ,cigiI tfd 11 s~mIc 'Ight years pre'i
imIislx, \I t I I ft't i lf s;IIIflig ()f stI Ispc[ t(l soil hl .AfIter.d t li Ir the 
Hlomv laItll (Imlg,(l abiilrltl. \mii shlrp Ilth)% peaks fiomn th' 
bl~tn'l-ld mil ,at,'s.]?.; ishwills. MvIRh1 lr)III lp c\i s r-ccm-ds \m d 

have bei ni tXjit'c(.(l t) give, list I) flhms od iO- 8(0 iii:/sec (cunuics), 
pir(-(Itt'iced aIpeak ()137( iiic(s. Ilit' stisp)tnd(el selimeint (llt at a 
fl ()I()() - S,() tiiiit Nhas hecit iIIctaeis l )\ I( )10 1l ( ii (II ij),iirismi 
whI ItI he Si coilltil Itre th. firte. A st()Ill ()(.(llitig smile seell 
iliithlis Alfr ti fliteI gvet il highest stlimniieit c(mttnrali(in re
tO(ilhl aI \allt's (:lt't k. .At I fl of 95 ('tiiiicsll ie comicetratioi 

\w'is II. I pe (eII b\ weight, t. jiivalettt Ito115.0(1)tollns pe.r (ctl."lhis 
onit eiii it iii is high b\ xorl sttiitfhils. ( )iiI lie stonyl\i 1tlieRiv.r 
Yirai gohill\. with I 1hflow ;it nt scdi(d 17 tciiiiecs, \ildcd aii jti 
iiieii hlad od 15,000)t t is pr da Fl.le Sno w\ .mitailis I lvdro-lIc
tio .Aiit (loitv lhe ilice;ised flowm amln iott"iset(leilst iits fmI rli 
st linil ( itnt rait i()i ithat the, t()til sediimeinit hmdl ii Wallac's (Creek 
ispbl;ilI l ,1)11tmu's gl(.;lltei tlhai it was hefre the fhir. 

By (oiilrasi, Boigl Iot (1971)) rItl)(mts th; bl0howiiig the severe fire ill 
Nos mt.t I968, no (t ()s(oii 0m"ill(cieastt ill tnlhfiiv w;is eXpler'ietI(c lii the 
:hihtsiet (A..stAl)( ;iat hImiti Ilin,()thitig Newcastle's waiitil TheSl)lv). 

fire biutned abolt 2 Ilc l i [t'e iegioill eslciiily. ili(1(it'm fIl ( ;1It nl 
the. ar-ea itIIIIIt'lit(,\ ; dai.hronifth Fietc wrtc im lh+ivv r;iimIs f()Iiioi 
thail six ll ll his, f04mIhg ht fire, givinggInog idl \t[;egi it()i OJ)ll it i
litV hl l)'t (lilt' itetfilhislicth \\itt t lle ()tlice of tr)siii Oi se\ee 
floods,, f'luP, illtlstratts Ilit iiiiotlat(. ()I s\t\c thi l)iitt'ern ill the 1)ri(l 
iIIiitIIitlch\ wil ;I fire,. It is ;,iiot l ato to coiisidle hi estihtig t(le 

NUTRIENT OUTFLOW 

()lie Iiight expect that iirning woild inirali/e at least some ofr tle 
iltg;llli( fractiol l (oftlit sllr'lace, soils, aind that rt'iioff cmtaining ash and 
lhe';cfhai woild increase life IIItrietill l)a(s ()ftlle Streamlls. Particularly in a 
sevete urin, which kills trees, it is to he expected that the kind of'ntirient 
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outIflow obtained t Hlubbard Brook (U.S.) following cutting (Likens et il. 
1970) would occur. loweve; at Coweeta, )ouglass (1981, Pers. Comm.)
found io significant changes in nutrient .:utf'low from single intense 
burns indecidtous forests. In a rejlic)ated prescribed burning test in the 
Piedmont (eastern U.S.), four pine-cover ed watersheds were burned twice 
wit hout chagitig the export of N()-- N,1'. 1- 1)N HIl- N, Ca, Mg, Na, and 
K (Dontglass a nai Leai; in press). 

SUMMAZY AND IMPLICATIONS 

'lie. ilmpact of I)tirnitig 10"ested lands on the water-soil irutrien" f'actors 
colsidCredt in this repor is not well research. UInquestioiiably, much de
1)ends on lire iitelsitv, length if tine, and tlie fr'eqtlency of occtlrr'ence in 
agivel watershed area. [lie speed of revegetatiol has much to do with any
ilicrease illerosion, sedimentation, nut rient out flow, water yield, and any
effect on si reami'low timing. Thus in humid areas where revegetation oc
curs proimptl, the effects of fire, evci o!wildfire, are minimized. InIdrier 
areas, where vegetalioll regrowth Iliay be slowe; the efl'ct s could be more 
proliged ,andst'rious, little is known about the cf_'cts on groundwate; 
slpwings, anid wells. Significalit inclcascs ill water yield can occur where 
trcs arc killed; they will persist until the eVlpotranspiration rate has re
ritirillto iorlrliall. Rtpl timil of a matulire or overlatuie inoest bya vig

,iois post fler megiowt h could l,,lrhe water yields. 
l'iCi Se llsto)1' iv)comip~elling hydrologic reason for prohibiting the 

uise ofprcscribed bnning in watersheds if it iscarefully executed. 
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7 
Conversion to Forest Tree Plantations 

Following tile harvest ing of original natural forest in tropical develop
ing countries, one option for subsequent use of tlie land is Ioreforest tihe 
cttoer areaIartificially. This often leads to Ilore rapid tree regeneration. 
Also, the new tree ('1) species can be one or more that have high colimner
cial valuc and grow r'apidly, thus making the forest more useful to society. 
Ilhere is liUch cout I'(Vets' over tinis prtctice, especially when the conver

sion involves the ext tele case of rej)lacinig ctpilex, primary lowland rain
1,01-est wit Illollocill Ure of ti exotic trlee species on relatively large areas 
of l.ad. When considering the benefits (increased %';title,shorter rotation, 
easier illalagetltc, etc.) lll tie costs (higher pest anid disease risk, loss of 
species locally, inllajor habitat ( hange for wildlife, reduced useftlness to 
tralilinoial peoples, etc.), tlie ciffects on watel; soil, and nutrient loss also 
should be considered. 

,'lis chapter will considcr the hIydtrolo gic/soil effects ofcotvert ing trOP
ical ,testcd watershedo tfrest tree plantations. The ef'lecls of'establish
ing fuIestl Iee plantations oil land already deforested fr some time are 
discussed in (;hapter 12, "RefOrestation or A fforestation." Most oflthe forest
land brrentlyIeing p)lanled each .year isoftlhe latter type (reforestation or 
aflOrestatioll ofopcn land), bil there are also substantial areas of conversion 
taking place, including weJl-knowni exanples in Brazil (Jari),Indonesia (East 
Kaliimantm), and l'aptia New (;uinea ((;ogol). Moreovet as Whitmore 
(1981 )points oit, tlie f)otnimal of'initensive plantation silvicilture to reduce
lie wood deficits ill many (LatinAmerican nations augurs for more of this 

tYpe of conmversion rather than less, ill spite of the recognized drawbacks. 
This may well be tr'ue [ht Africa and the Asian-lacific regions as well. How
evel; as tlie illllilt of iatuiral finbvst illa 'i,.-"tdwindles,at some point the 
recognition oflhe loss ()Iculth ural heritage and values associated vith native 
firest becomes o\',whertninig, and coenvrsiO i, espe:ially using exotics, be
comes rare. This practice is currently bheig heatcdly debated in Australia, 
and, follinwig muinch c,,ntrtov..'rsy and stiu. New Zealand has formulated a 
conservative policy -v;11- to conversion of its remaining indigenousrespect 
f'orests (New Zealand Forest Service 1977). 
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,rhe ivdrogic/soil ell'cis ofcoiiveitii niituriiitl eIsl s in IdIa6l Is 
d( c'cI l (on Ilow ClII I I I I h I re rt' IIIca cIofI3hc'r I31 c,, (. uiIaclc'rIstics as 
sc'so1;,I I6lialg. response (wlt! Ier (cdcc33I o r1C\''rev reii (hlri Ig IIe dry 
1 (OH11 mystsm) and tl~mn AN'ni53rand(shapelj. Theyu vilI :also d F,end 0I1 
vh(l 'llcr3 3 It3.11 (lisl ul I);31(, 5' ,s site In)3t'lu 'ar i3)n1, isassoc(iIt32(I vitIi1. s3131 


Itle pIlting a( li it. ()uc reason lr \t1rixi1 e
1(3ltof lsl pIillations is to 
pt mi Iilort, i3ti,.si\t, 11;a11gecineul and more, rleeu har'vtesls. Thesel 

skidding Ii(oVrk,,, whli I all I'it(tl' lltI )I()gitandl sill p)roce3sses il lile 
watershlel. llV'% lic citiccs 3331soil andl walr(Iht itlo., arert 1 simply 
because Iic kind (d fI(t1s cis diiltereii' l11 I)ecauste 1 liile dlis11rbIlX31 11hlt 
;M O lipallics lie (o1ivvi,,',n,, plotess. 11 is (filliIt 1IIh i(llt l these col pli
cai la~ ( Hl s in all o rdhl-ly ltsllioll. 

(Coniversion 1( e pltiIltionsa is usuallv )Ie(,,d by tlearllcutting. The 
(ellec( l ltan ul(tiing al. dcI,ah will) ill (C.hal.,r-I,"I larvesting (oI Ioiercial 
\\oo." and lies" lplorarv ,. ll i:tts would have lo be faclored into alny 
assessIIeIIt of 'l31l31l eftcs. Ill 1i It'¢ (a5s, l)urninl Iy.e usedl It) rlellove 
dtlbris tlhal wo3i3ld intterltr, withilie plalting optlraiion. WIhat is knlown 
or ll Iunked ali t e lIc s of such )urning hiave leeln dall will in 
(Chapil-t i.
 

GROUNDWATER, SPRINGS \ND WELLS 

.I'h cllc.1ecls ll file water table ill Iropics. 3ilhe' iindeed it flie Ienipcralt
 
/ 1)(1,0) I-'ll ing+naiti1al l( rets with l6wresl plail Iionls have+not been sill
licitill 'vst Ildit'1 I1o pet lnil r( onc(h siv\' sl lc'll lS I) )( made. "iost o )s(r3-
CIs aiti i1rliue'3 t133 ( 19 19), who hIassl~t53l l>)>rt \\ichl stated Iahtl lal i onlis (o" 
tcX<l i( " I(tlil3(,I lit same1 ll) il 331nt as iIl(i1, l 1tldci Soul ht%3l(t 3 isorestsl 
.\ricinl (3)lii<ns. ()nc Ilichow eXpect lilc changts in springswouldh'r 
and wells to be, minil. I lowt.sti1,r)m Illi lil3nl,,ilou3s areas 3)1J.aiv, 
Indone'siai( l nt,( qiualitative ion tlhit \\,;[13 infrmIl le lCIs wtls underill " 
It'tloling p)latainso P/ruk).,ii,/. h3j under 3li\331'im) 1owe lhul those 
lrest (alii;i n 1t, I. Prs.(C33In13.). 1R3)i'.stingntr3i ( 1981, Pert(s. (:ommn.) hlla 

suiggeslted Itil nirter1'3l3l iiland, gIroundI3wate'r r(.I31;1ge tnlder lali\te 
I(1t'Si is less thiai Itccharige under pin-e ipantation)s, which ge erIally have 
shown smlhtr iiniplcicJ133 lo3s3ses.5. uinil N 31ih Island, New Zealald, inlii 

p)o)rous F)Uli(. soils, Kiightli 11( Will (1977) have shown iii lysinele'r
sludies Il ahi 1 \.'l 153! <335h1 a ig/'in 11'so.di// sla ld redu1cdaui 
tlt' qillalit3)1leel s lbtcv31l the. rooting /3)Ii1h f p at~);Ige lt 1631it ln 'r Vea.
.lihest, It1Stils do no) suppl)l i\irli's sitatiuicitn, but Pcilh;s work t3)llar
iuu o:n t rlc,'y cy ress andl ,adiatla p+inc. with native<. lbilbn 1':,tt.'.' ill VaIst 

,\Il'iCi gtIerTll]l' dur. p 3t W1lJ\\'i]li (I3tereia a1nd I loiscgood 1962). Id
wardis andl la kie (1981) have reorted thia c'onrverting nalive l)anlhoo
fore(slt< l lai l io<nsof / . /m////(/in it iadk' hecreaised, wat(.r Ilse, bul that onc(e 
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the pine canopy had closed, no significant diflerences in groundwater re
charge were detectable in the East African catchments. 

The picture is Iar fiom clear because of the variables involved and be
cause good studies directly measuring changes in water table levels or ef
fects on wells and springs are lacking. 

STREAM FLOW QUANTITY 

i-11111tiately, some good data have been generated on how converting
natural forest t ltree )lantations affects vater yield, though not very many 
oft he possible coibinatins have been st udied. The immediate effects of 
reiioval of t lie nalive forest have already been discussed in Chapter 4;
there has invariably been a marked increase in streamflow quantity. The 
duratijoll oft he iliajor increase seems to depend oti how long it takes before 
a cl,,sed-caltlopy hhrest again oCcu)ies the site. Reforestation can hasten 
this )rocess when coml)ared with natural regeneration, although in the 
iiore hitiuiid tropics, natural regrowth may be about as rapid and dense. 

Aside from this removal effect, there are some differences in water yield
that are at t ributable to t he chiage in tte kind oftfbest. Most experiments
have itivol ved a conversion from broad leaved and usually deciduous natu
ral tfest to con itfirtlos, needle-leaved, evergreen forest, conditions under 
which tile effects would be Ilost pronoi iiced. As the replacement plaita
tion moves closer t, the original forest in crown characteristics, tile eflects 
expected would be less. Most sl u(ies have shown at least a slight decrease in 
stream flow iestiliiig f[tom coiversioii. 

Austrialian experienlce, however, has indicated little or no change in 
yield, mainiily from cnv'ersion ftrest to Pinus radiala., of, native eucalypt 
Results frmn conversion of I catchicnts ranging in size from 4 to 300 ha 
indicated no dif[ferences betweeni species (Bell and Gatenby 1969).
Boughlion (1970), insummarizing the stale of'knowledge as of 197() fbr the 
\ust ralian \Vater Resotces (Council, reported: "All evidence supports the 
proposit ion that there is negligible diference in water yield between spe
cies of 'mlturt'liwest. Wlien native eucalypt forest is cleared to establish an 
exotic piie )lantation, there is likely to be an increase inthe amount of 
water yield while tle pine firest is immature and has not established its 
full root dept h,and tihis dif'ference should disappear as the trees mature." 
I'hi is agrees with Vichit's slalenient abott Sotiti Africa relxotted earlier 

(Wicht 1l9,9). 
Only slight differences are reported froti New Zealand where indige

nIs 1'r'1 ,t'tc'n Iwst has been converted to radiata pine. Pearce and Rowe 
(1979) indicated t hat intercel)tion and transpitation losses were compara
ble under these coiiditions, that annutal streamflow yields would be de
creased by no more than 200 min, and that tnder most soil and rainfall 
conditions tile decrease was unlikely to be more than 100 mim. 
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Coweeta Watershed 1 
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liguue 9. l)ecrast in si rci'uiilow mvcr y'car Ilhowing cC)nvcrsihl ol hoadleaved 

(hali l st ) JiniC (I',i ,,A rA).t :,,'Cowcet, (U.S.). (C(,,Itcs' 1U.. 
I1)I(5t Sers i(e) 

I how'evi; such smiall (ile.'ncCs1 are litt maniflest where there is a dor-
Itailt season clirctttc.itd by deciduousness ill tile nailtr'al fmest, and 
\5hlrC hiis :,pell (cdl lV ('ls(-gretl foiest..At ( ()weeat tle sit heasterlia ill 

Uited ltes, I-ejlccilcillt ofI mixed, dciduous, lr0idhl.avCd forest with 
Pi/IuI A.,,o.bu+ cies (see ligmne 9). A ijapid declinep)1(lullcel mlirkeCl (liliei 

age a 
25, the streaii 

il\'ilhl m-ctlir ,dIo aut ;lt I3, the slowt, (lccli.le, till ciuiretill' at age 
flow is 2(0to 25 (Ill (2(1 per(cent) less that when thle waterslhed 

had its in(ligeiils forest coet, (Swaink and Miner 19W4, Swank and 
)ouglass 197 I). largest reduc:tions ,ccttrred in [lit- llt seasol and 

wlere attriltutteld lprimarilv to greitter 'nintereeption losses by the pine (I Iel
v 1967). hocess moideling 5ttlies, h<owever, indicated ,hal the relnct ion 
1Nv Ile abtut equallv allil ted to anl increase in transpiration and inlter

c(pti0 (Swilt el Al. 1975). Caitchillenl sItidies done inl Anstralia have also 
101111d that Ihe sltreiI low fiom 13- to 22-year-old radiata pine lFlaitat io.,,s 
Was onl:3.5 percent of lie rain lall, substant ially lower than fr-om cotmpa
r,,ble cicalypt (re.st s (King 1981, Pets. Comm.). Thiming of the pine, 
hloweverl, illicesed st retn flow to 12 plercell ot tlh raittftall. 

http:lccli.le
http:A.,,o.bu
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TIMING AND DISTRIBUTION OF STREAMFLOW 

Ile only data available on timing of streamflow come from watersheds 
at (oweeta in the United States, where deciduous broadleaved fbrest was 
converted to white pine (P. ;trobus). After age 15, flow from the pine forest 
was less than that from the original forest during every month of the yea!;
with tlie largest reduct ions il tile dorniant season and occasionally exceed
ing 3 cm/iioith (Swank and Douglass 1974). Flow distribution also 
changed, with low flows being reducel 10 to 20 perceit overall; the 
change in low,' H'ow is least (iring the dormant season and greatest (hiring 
tile growing season (Hl vey and l)otiglass 1971). Douglass (1981, Pers. 
(:<>nini.) statedIthat t he last analysis oflstorni low volt nies was made when 
fhe pines were 10 to 13 years ot'age, and no change in stornfflow volumes 
was apparent. He Cxpected that fiurt her st udy would show that since total 
flow has been reduced by 25 to 30 percent, storm flow volumes and peaks
would be signitficai Ily reduced compared to the original hardwood cover. 

ON-SITE EROSION 

(onversi of tnatLiral forcsts to forest plantations appears to result in a 
wide range of on-site erosion responses, depending on tile nature of the site 
preparat ion, for any given cotLnination of topography, soil, and climate.

In Fiii (1)rvsdale 1981, Pers. (omin.) and Puerto Rico (Whitmore 1981,
lers. (oimmj.), techniques such as Partial ciitting followed by planting, then 
rem,,val of Ilie residual native trees by girdlihg or poisoning, reduced the 
impacts of'pllatilti]r establishment on erosion rates. 

In Indonesia the replacement of native forests with legutie plantations 
resulted in high ilitial erosion rates on steel) slopes (over 100t/ha/yr), but 
ater tile l antations were well established and a litter layer had formed 
erosion rates declined to ipreconversioi levels (Manan 1981, Pers. Comm.). 

lie ef-fect so 'coversion )t rol)ical mnoist forests to plantat ions of'exot.i(: 
pines (lPin u. curihaea)have been st udied in a series of 22 small catchments 
at thtee locatins ill Queensland, Aust ralia (Cassells et al. 1982). 'This well
(lesigned st udv considered the effects of clearing, the effects of land treat

ient for establishnient, and the effects as t lie plantations age on sediment 
concentrations following (Iifferent treatmtents over time. 'Fhe tlree loca
tions represented co)astal lowland rainforest, undulating headwaters, and 
elevated plate;au co1ntry, all in tropical and sulbtropical climates. In gen
eral, there was little itcrease in erosioi where establishment took place
without mechanical cult ivat ion. Where ploughing was used, erosion oc
curred, in some cases not only sheet erosion but extensive gullying. Con
tour strip ploughing showed less erosion than broadcast ploughing. Ero
sion rates returned to preconversion levels rapidly after the establishment 
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p alse was o','l; unless Ihe clt i,'at (listiiurbance had exposed unstable 
stream Ilanks (ili which case these areas continued Io er-ode well into the 
)lkluialiol rotation). Plaiting wilthutl ctiltivatioti had little cf _e oi cro-

Sion rales. I'ht slu' suggests tlhal increases illerosion (fic to COnvCsiol 
call h Iniiiiniil Iw 'oiding (Ilhi\N-lloll where Ihat is possible, and that 
where it is niot, coto sll )ripploughing techniques cail be used efetli.'ely.

l ehl'eCIs of l;IIcl-cl'ariIig mlihods fot establishing fore..st plantations 
i. Nigeria haeh I'n summrizci d by Ball (1981). For ,moist lowland Ibrest, 
mo1(1st
(' ltivt'rsi(Ills rIr'to mr;lilla tlr iftw, I,l( lt -)Yttdi.'. Itl P t1ft/ti(I io' l'l.ri., 

.\i/,'n didf'l fl iiiad Inalog ilies. l'he, iommion l hetod(of mechanized 
clearing is knckdovin hy sh.earing with a cttling bladcrultor , windrow
ing wvit It rakes oi blades into rowvs 50 lil ;l)rl, and Itrniig thit' windlw. 
(omlaXretd withItlmaillil Ilthliodls using clailsaws and buItning (Ilo witnd
ro1w ing), sleet et 5rosicnwas -rctll' i ic:ctased and Soil c mpact iol)dinoccurre d. 
Ball Ibecls that Iliechllilal clearing iust replace muanial clearing to ieet 
Nigetri*'s wo()dln(ls, but thai methods h,'i, t) be d'evtluoed fct" milliliz
ing tirosin). ( ) I. o: ll.h h.ladt, Sa"itdicI) (1981) hIas lrted Ihat illi le 
IlilsSiN't' t+Iil\t'ttdii to )laIiitlt imlls o (, ib a. IwiuGif rliti at'/ .%raribafu , a di 111
e'1/,11.o d'!.//)l Ihhat i c l t .ad i iiBrail's A\,imin,, Illzhoer clearing 
wa, abaldohtl ill favor of, slash-mid-I)iiiil clearing )t':Iisc ofI' problelms 
witl) soil ccnlmc lioa1 . 1I jSI il dislal lelcii . ail poissiblt ot rientl losses. 

(lc)In th planitaitions hiave bcotie estiablisliecl, iiost evidlence is ill 
:i-('it'Im 	 t i tli( .\iusi i iiaii work cl ( sstclls tI al. (1982), imely, that 
OM'<i l\tt510i>st. tl'clsiol wav or thef loh.s 11ot sigIificaiditlV;afleeI ales otit 


ot liti SilC So iiiiitli tlt'jiilds o)ilti tIj i~l\ Ilt' socils, aniltle tnatuire
 
I'ifit (lItt 'rs. (h arIt, l l'nl ikth ni81 ,lam'ind
ili -c iVd itlsd lBxhi).S 

land Ih'w andtstuflatet<osiol art least with ilhutations of .'i/jzj / talri' 
and inreast slightly ill tlit' li h1owilgorde r: secoiohiy regrowt h of dipteroctarps. virgill dipticro.carl fIn-st s. ;nill .Alht/wrphabo;,+thip,.%is plantatlions. 

I lowe\.t, Ieiet, ;itrt sl)diit! (ircullstaicits that itollilil geetralization. Bell 
1973) is reporited signilicaint ('losioni probletms ill l)tnc , teak ('i'coa , rj ,j (i.O I la i l i mms i l l F l' i diah, : Mid s I i il a; I .t' ' .\CV i o I IS h a ,,I I:,C C_'II I .dt 

a emkh, 
g.'stcd t hat Iitc ('0rosi1n Il~ccml~hn with tak imay )e solved by incltditng a 

in i1 ..Sa or and l'hiahd (Kl il press). \ficlhaelsot (I 975) has sug

legi IIl|it' tritt ScuiISI.Lcr,m lft orl ,'h alta'/a,lu'a./f',b/ta/lu~d 

SEDIMENT IN STREAMS 

\WhaIt seelms tle best evidtence of, tile eflects of fbrest Conversion to trec 
plautat iIs coilles 'l'om tie Quieenslatnd st udies (Cassells et al. 1982). ThIelow seditilelt yitlds were froi calchmtentt tial did not intolvie cuttivatioti 
as ipart oil'site ielparat ion f" iplantin g, or that were older, established plan
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tations. "Establishment without cultivation had no measurable impact on 
stream sedimientation in this particular environment [open forest pockets 
interspersed with tropical rainforests on elevated hinterland with a 
marked summer wet season and an average rainfall of 2,060 rum]." Where 
cultivation was used in the catchments, the retention of buffer strips of 
undisturbed native vegetation along the watercourses markedly reduced 
sedimentation impacts. Where cleat ing and/or site preparation resulted in 
bare, tunstable stream banks, these areas continued to act as sediment 
sources well into the life of the established plantation. Where ploughing 
was involved, contour st rip ploughing reduced erosion and resulted in less 
sediment. 

In summarizing the New Zealand experience with conversion to P. ra
diala and the U.S. experience at Cowee~a in converting to P strobu., both 
()'l.oughlin (1981, Pets. Conlin.) and Douglass (1981, Pers. Comm.), re
spectively, indicate that sediment yields from maturing plantations are no 
dill'eret than yields from indigenous forest. O'L.oughlin, for instance, 
cites uni)ublished data from 23-year-old plantations indicating average 
yields of around 25 nii/ km12 in small catchinents, which are very similar to 
data from two coNitrol camhClmients in native forest. Douglass indicates that 
beca use of,'oad coistuction in one converted watershed, a mass failure of 
about 0.1 ha did contribute sediment to the stream until stabilized. He 
intuitively believes that the physical stability of both soil and channel has 
somewhat increased under the pine forest due to the reductions in flow 
obtained (see "Stream flow Quantity"). 

NUTRIENT OUTFLOW 

ThIe initial activity in converting native forest to forest tree plantations is 
the felling of t lie lot est. As discussed in Chapter 4, most studies have 
shown a sharp increase in nutrient outflow (particularly nitrogen) follow
iig clearfelling, with a ret urn to the previous status as revegetation occurs. 
Unfortunately, lese results are mainly fromn temperate zone watershed 
studies. There are no good reasons, howevet; why the same processes 
should not occur in tile tropics, resulting in sharp increases in nutrient 
,,lt flow when this nutrient cycling system is broken, especially in the humid 
tropics where high-precipitation leaching and increased oxidation are 
more intense. 

Once the conversion has occurred, howeve; the nutrient outflow may 
not he very (iflferent than it was under tile natural forest. Conversion of 
broadleaved forests to cotiifcrs probably represents tile extreme case, and 
the evidence, at least frotm temperate zone research, indicates small differ
ences. The early results from a number of New Zealand catchinent studies 
have indicated that concentratiots and outputs of dissolved nutrients (N 
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Table 13. Comparison of the Concentrations of Total Phosphorus (TP)andNO3 - N in Stream Water (nig/I) 
Concentration Exotic Forest Indigenous Forest 

!j()- N ''lMaximum No:- N0.76 2..t0 0.64 2.,t0
95 lI'ccniilh (.17 0.93 0.09 0.7,1
Mcliall 0.O1 0.It) 0.02 0.05 
Simit,. .\lalied froi (in ,kc (1981)). 

Table 14. Meai Concentrations of Elements in Streamwater Draining Small
 
____ Catchments (mg/I)
 
Element 
 Exotic Pine Forest Indigenous Forest 
P( ) 1-) 0.(.1 
 0.02
N( : N 0.06() 0.3
N I I. 0.()1 0.02Na (.Al.lO0 2.29K 0.70 0.18Mg 0.50 0.27(.l 
 1.60 0.93 
,S',un,:( '1.milghlin (19.l1,Pecrs. ( :ollllil.).
 

idil P>)ill lilli arcll(3"ll"onlv nia'ginlally highicl" I'l-)lniilla
iling radiata 
p)il i 

lpllllalitioliS Ihalt fion ininlistlll)b(inixcdI hard(woodl( fini'csls (()'loli hlin 1981l, 
ili(ligcliIl. lCtcll-l)O (locar.)Pers. (Coi11111.). 

Il'he ( ( llll'ililis w('l, somiivlwiitllhigher inl12 (all hnillil stldies dhal
ilig wilhIltotal lhosplho)lolius aii N(dNo- N (nuirit nlis of iipijortanlct illCi
ro)ihi(alioli), as (1980) 

d ila. I lis ail'ill'sis is silllin ari/, ill lallc 13.
 

()'loiighlin(1981, PIrs. (n111111.) lias pr)ovided 


shown I)(' kookc in his siiuniar\ of walCl quality 

addiliilial ilil)pulisihe(l
Ilial i l Iitoni ii ( ii clIc(I l l(ll t ld ill nltort( WCisl(i.)I Solllh Island
 
(lhk. 1I1).


()n lt h 
 tu.' hanid, Swank iiid I)nligilss (1977) repolted thathavc 

Ihglilgh 1t. ioli co tu nllcl iinati ( rclniw 'llecltaii '(l litIsallic, the i(lii(C(l

siltclllow cxpelii(,n,,d ili 
1hc jilic witicrsheds niCaill l expot of, I toieaily .Ikg/ha/vlT kcss (.10 lo 75 )erctinlss) if ig, K, Ca, ald Na Ihanthelir(olilrols. Inlsp)itl ofheNlict - N c(ccnlitlriiin Iin t- sli alin f( )w be
iligg lltlIr,thedecrised st tallit'ow llical Ihat tIhc 0uflow tolal was not 
g tril l.v (iliifeli 

Olitropical Silini ,lu(ly a;iaI)l 1'i(llli()llislaild, Australia has 
impnl)li(il t lis r,lalingtoI Ilis l)lB(tr.s, l ciasll cl al. (1980), in studying ill
eral chlinclt (oleiilnln(l (Julll'i l ia IIllin(elr rt)rical raililolest and 
a plantatin( o'Ioanatiao ' wfouil[ uuniughamii, that Iller was little difter(itCU ill illa ,l a((cssioll I) tlie soil of N,1)Na,K, aind (a. 'hirefire, if
sli'alilows are (n1l narkcdl, (lililllI IlweCn tilie origilal aid lie con
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verted forest (the general experience and prevailing thinking in tropical 
Australia), the nutrient outflow should not be greatly different. 

One can only speculate, however, on what may occur under a regime of' 
clearfelling plantations of fast-growing, short-rotation forests for energy, 
involving whole tree (and branches) removal. (See, for instance, work by 
Bruijnzeel [1982] with Agathi ioranhlnial)lantations in Java and his spec
ulations aboutl slort-rotaion, total-tree harvesting.)T1he possible nutrient 
budget redt :tlions due to export of' the biotnass from tie site would tin
dubtelylv result in (1)higher outfhws in tile stream water; more f're
quently at the harvest imes, and (2) gradually decreasing nuLtrient out-
Ilows frorii the mat tiring J)lantations over sticcessive rolations. 

SUMMARY AND IMPLICATIONS 

lie cot n tetact ing of cotservat io and(developmenit forces in the policy 
arena will undoubtedly keel) very much alive the issue of whether or not to 
convert a dwindling indigenous forest estate to forest tree plantations, es
pecially toexot ic, single-species plantations. lhe increasing need for wood 
cnergy, as well as the need to make forest lands more economically produc
live, pushes il tlie direct ion ofmore conversions with fiast-growing planted 
trees. Ilose who oppose widespreal converSions point out the increas
ingly important biological, aes:letic, recreational, and heritage values of 
the remaining nlaive forests, and wish to see tile wood factory plantations 
restricted to already denuded and degraded lands. As the benefits and 
costs oft his isste are analyzed, both those wishing to inflate the benefits as 
much as possible and tIose wishing to inf[late tlie costs iiay be tempted to 
bring inaigullilntrs about tile hydrologic/soil/ntH rieit otut flow effects of 
such conversio n. Reliable iitfbrmatioti on t hese eflcct s inl tropical sitlations 
isscarce. general, however; tile greatest efficts aire die to the conversionitn 


I)r'ocess itself rat her than to a change in forest. 'hie temporary (one to four 
years) efttcts of clearfelling are increased water yield, storm flow, low flow, 
and on-site erosion (depending mainly on the care with which the products 
are extracted) and corresponding increased sedimentation, and nutrient 
onttflow. If such clearfelling becomes frequent, and this is usually the case 
in plantation forest ry, t hese effhcts will also occur more frequently. Carefil 
harvesting will minimize some of the undesirable effects. Ifrotations are 
longer, tile effects should be no worse or better than in harvesting native 
forest by t lie same met hods. 

Undesirable increases in on-site erosion and stream sedimentation may 
be caused by site p eparation where cultivation is involved. Contour strip 
cropping can substantially reduce erosion (and sedimentation) where cul
tivation must be (lone, and leaving bu flhr-filter strips of native vegetation 
along watercourses cain minimize any increase in sedimentation. 
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71 

8 
Conversion to Grassland or Savanna
 
for Grazing
 

Iirles I ayI he grazd( a d I lie Irees ('it (often fortuelwood) so that over 
a )eriol of'il ti)(tte lengtlI Iowhih (liIdelnls on the intensity of the cutting) 
Ihe )lue-f rested area is converted to rough grassland for grazing. Burn
ing lillay
be used toIlasten tle comersioniand then used subsequently as a 
lallage enlit tool to eliminate sttccussioiill vegetation and to "green up" 
lhe grass. Fodde(r lop~)ill icalaccoiiany grazing il tile forest and if'over

lne c:liial tesilt ill IIIacoli\-vlrsion. l-oetCs also iiiy b clcarf'cllCd, the site 
lirelal'eYd, and ai arliiially estalblislhed (sown) )ast ure dleveloped for 
glaiig. III iliaiil Asia, have blien degraded bypirls of forestlatids that 
loggin tillow,d Iw iitistable sli ting ('l.lt ivatioll, o tell tiiay ) 2ecOlie domi
lalltd liv (iais'e glasses sch ;sv',Imprrala oYlindrw i. Burl'blidge et al. (1981), 
gleanlin iii frination ft'o Ili()esian goivCrlilniellt reports, conclhde(d 
Ihlat "alling-alang" (lmpf'nzfa-donli ilatd grasslands) occupies 16(o 20 tmil
lion ha of ihal (ollil t, and that it takes over in additional 100,000 to 
150,0()0 ha each y'ear. lei lPliilippines has lirhapls 5 million ha of such 
grasslanllds (called "cogoll'') that also incldlea large coipotient o"Tlemada 
friandra (SajiCs 1977). In Iroplicail Af'ric'a and L.atin Aenerica, these dc
gtaded i)l lds grassrest no ill have oilier iinames and other domiinant 
glassslies, ht I lie cc ohigical sit at ion is luiit simnila; (;rtaslail( mayl)be 
lie First stl('('ssiollll stage in iliet eventtial 'ecovery of'a forest, or it may 
reilil as (li domiaint groulld cover in isavanna woodland mnaintained 
by grazinig ind/or file. 

'lhe li'.o(c55okoi'e ling fotestlai () pastuiire is nowhere Iiore eva-
Iilt ilhln in lals of I.atin Aneirica. lhe "ficbre del l)asto'' (ilie craze or 
lev to ('Icate glazing lands) is resilt ing illIl'age-scale conviersiois of'ti'op)
ical IE , rain f iet I (1980) tlite conversionn'sis, esl('ially s. hlecht desclil)5 

)lo('ts.s in lie, AllAmazon Basin, aild s liggcsts t hat 10 inillion ha of' Amazon 
otiest have been coliveiteld, aind that lrhlaps half'o[ tIese hawe been dle

graded and niclich of t lh(i eroded (see Figut 10). 
It is Ihteren'rt ditfictlt to gleraliz aboil lie hydrologic/soil/nutrient 

oult low eflects of a ('ianige ill 'egetal ion to grassland, because of' these 
dif''eret P lwax's ailid soinewiat (Iilent eniid liroducts.The type of'situ
ationi wc will consider is iisitally a grabsslaid charactei'ized by a dense mat of 
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sliI~I -FccvgeiI ioi I11and shall;IoIwImv ros. 111lic graIss is;aII III aI111species, pert
(Iod i i pid gri-mi Ii ill I li wellseais i are. 1Iblowed by) periods ok lying off 

and I ow 1. AII; imjor olleI I is I tat grI ssl.anII(IS are,1gI.'aIwd, IaII Il -Il 

i . . .
 . . 

-i
* Pit 

Fig ie I0. IIIi IIii ;i mlI aId i I I\ IIcitilo, mIvertdl I Iog zi ig la nd aIld 
Sl1mw iI g cI )sim I AmII le~jiIei(s o ovi gra;Ii Ig sleephaI Idts. 
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of them in tie tropics are overgrazed. Overgrazing and compaction by
animals introduce complicating elements, and when use of fire is added, 
tile comparison of grassland vegetation with forest becomes very complex.
Some oft he research reported will be grassland conversions without graz
ing; some will have various intensities of'grazing and other special situa-
Iions, including grazing by different aninmals. In each case reported herein, 
lie special circu[listaiices will be indicated. 

Policvinakcrs are asking whethlcr there are gains in watershed values to 
be had fro m preventing ftnrther conversion of Iorests to grass, or from put
ting trees back oill grasslands through accclerated refIorestation or affbres
tltion programs. Again, as in other types of ies or conversions, there may
be mInty desirable social, cultural, and cconomic reasons for converting

0i1est s to grassland or vice versa, but here we will (teal only with the six 
hvdrologic/soil/nlitrieit effects already noted. Since most reforestation 
and alfifresiatiion i)rojccts take place in grasslands, the effects of that 
chlntge will be disclssed uilider" Reforestaiion or Alfbrestation" in Chapter 
12. I lew, howevei; we will lie limited to tlie watershed consequences of 
corn\cr' ing ftest to grassland. 

GROUNDWATER, SPRINGS, AND WELLS 

Replacetment of deep-rooted forests by slallower-rooted grass on deep
soils has generally resulted in decreased interception and evapotranspira
lion hsses. ()ne would expect as a consequence greater infiltration into the 
groundwater sy'stem nless tie inliltration capacity is reduced by the con
version. \Vhile again few good data from the tropics are available, results 
fron existing st Idies indicate depart ures fr<otn this model as parameters 
are altered. For instance, where, due to soil condlitions, tie rooting zone is 
coimparablelftbr frcsis and grass, or whcre fertilizer is added to grassland 
to increase pro'dtction, water use diflferences tend to lisappear.

W\hethcr o1 not conversion is accoilplishicd wit Ii machinery and soil dis-
Lurlanc. (as in an artilicial pasit ) alppears to make a (fill erence in the 

degree of gloimdwaiet rechi rgc. For instaice, Boughton (1970) reviewed 
Australian expcrience in coniverting forest to grassland by cutting, burn
ing, and ringlarking (girdling). Ile fiOunid increases in groundwater level 
whet rees weCe replaced with shallower-rootc I native grasses. Boughton 
has poinied out that where the groundwatcr was saline, very serious salin
it ir lcnns h;ive resulltcd. In O()te Australian sttdy in Queensland, Melzer 
(1962) has reported water talblc rises of' 33 fcei ll lowinig conversion to 
grassland. "'liese intcreases are aj)ijn'leltly iost attributable to decreased 
water use by the replacetent vegetatimon. Oi the ot her hand, in Japan, 
Xlnai et al. (1975) have fonund inf'iltration tnIer artificially established 
grassland to be 20 to 25 percent less than tinder lite forest. They have 
attributed this to surface coitpaction due to the large machinery used in 
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(CO'CIsiotII and I I sIIl)St(IeI II IrdiIp Iig I) g'zi I tIltle. [The AusraIian 
siltdits did not involve m(clianical e~liin)hehl and IIe extensive open
ralge praitIc's res Ill ill l.ss ttial)liing tha il inataged pa.stilre.s oi japal. 

(t)lei .\slttiraliall slI dits ill ih II-opi( s Ils)) slgg(.sl tIhl lieavy grazig oh 
o tlgrl/iligc( ill )rodiuc(e -seals" Ihl I e tl Vili\ of v itl'r ilt) he soils 
(.%lotl (t al. l l01n1(l ihit1979). hli(* vliete'ts illl)hrOXiatlc 91) pe(rehnt oWlihfe illc..isk-c,ca l,k ,,s.,,mm raill flal!, cill'F d IIl soil In tl. r s . r, s l 
251oI 3( Icitc.i ('ci.itel-I ile sail areas. S;imilar esolis Ia\.. l' een repo)(tedl
b (;ilird (197,) ;i.usi,;lia's Noiticril IrihIh r lo i 'al. ,IloV.witc, Ilec. average ill-Ill gn rv'so) clicaI ,I)l and a caia waS3. I o IIln/r; I)elw,.' 11lite 

grows, il gra'sseI areas anl ;,,--as s.ald(I (lit to (o(lli)h,(tiolt, it averaled 
2.2 cm/hr. 

(itJ i oic li,ll (11,%smilit h-estir (.lielhslabld, .\lizstalia, [lit-
Ij i(' ofd,1(I.leilig th li 'ill-owilgg..I w(., am( I)ii hug wilh heavy In (h.1cry Ibil wilhl i ( Indcs~{suc (n(Ii ( (ascdII\h ,ui 

In dl.ii, itlliatino rahtes l(4r giissloittI wii su)stantiall Iless tlndt tiu(lt 

r(s.c,anl rttllf \%s alnIoi 100 e)entIr ((.()ialtt 19li9). R nti'icoell'i
(ilili \\ i .(). lt grta;ss( tmi.it .I-
 rt lt111l(lisilli 15 l tioii.sT m;111( ik ().5I i1oi1)('{I h~r'l its il i ) l la\' uiIa\o a q.gg1a\ a d b I)\ l-c(lull 

Lnt(it .112. lilts (it ll and'( I lifi (liesal w ar,t oar o tllirls fir am,h'(I-d I uN(c ) \;%)])1),.I (1 -. v,1"1 i I opo c ( irs II.(.ccs.

Ill I Imn aii. Nh ('ll-Di)ml)(ois (1973)hams .sn~i 
 'ic a lulturaliz/t-I illlrol

(lu1('tc ass (. I1dw/mgmi 
 i'.-gim ,S) 11hll goes' lilto)dormancy( durlingl Ithe
 
I IL\\"lim~ll Iilin s\ (' Iso)I (()h {lb 
 lrIhrI olgh A.%lril). Ill (coil rasl lo closed cI .,
g1reenra lss, h oilll/c
fl Isi \whi( nmo)st f fll(,:so)l wi\llerl Ihll becomesII(L al\v ilai

ile iIII (foo1/o(lot, [Ills glrass (?ItllilltlltV I"tilh'tIt remove lie watet
 
within its t))[ /Hit. I'lc sites ere l)4r(v,(l I)I)be swnl).vwith this exess
, 

wat1 " )lj (llultili ev\(*li illo I (ll Seasont .
 c lii n d-

STREAM FLOW QUANTITY 

\lllauilale researcll w(ork intlicaiis IhaI itrt is ilincrtease ill water 
yield when forest ati U l Io grasslanl. i'lis occls not oinlk ill [he(lti( tonw 5 
i'( tl~l\' p henlit t rotlss ' Illci te hilt (ottillt fIilt l ';IgtissIass at ( cili, saftll 
biecome Ilh \c(gcI;li\( (\VCrt II area. Illhistr;llive of t his etfect is tlhe 
woink )y (:Cohriai( (l 9i9) ill Fiji. I Ic ol)servedI lial iider normal bitrest 
"l)likhi ilisi(sh g(. wW. , iil.thievedh-ing obser-valiuns (tspile heavy
rainll l,wherets iilider glass "i 300-fold ii(TClase Octurred witlhin two 
hlotl's [,'olll lt ofIlll(t llOt he'avy raini." t (Ilol\iverillga tro)ical fi()"(tst
caclhllllt 2) e ill QteislanilI, Aust ralia, watr yield was increasedtopas 
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by an average of 293 mi (10.2 )ercent) during the first two years as a 
result of' reduced transpirational demand (Queensland Department of 
Forestry 1977). 

Howeve, in conversion experiments at Coweeta in the United States, 
sown pastunre given fertilizer and lime and not grazed, showed that 
st reaiflow yield increases varied directly with biomass production of 
grass ( libbetl 1969). Whell prdlucti itv was high, immediately after r
tilization, watcr use I grass equaled that of tlie forest it repla,_ed. Dry 
matter )roductlioll progressively decreased fbr five years as tile fertilizer 
and linie wereC used ip,and increase in water yield over that of the orested 
condition rose to 15 cii. WVhen fertilized again during the sixth vea; the 
stream flow returined to that which prevailed when tile area was in decidu
ois ro adlcavcd fi )'rSl. (Grazingwould iprobably lessen this eftct, so that 
wilhI use by animals, evein a fertilized grass would yield more water than 
frcsts nI(eep soils. 

TIMING AND DISTRIBUTION OF STREAMFLOW 

The Coweeta dala concerning the effects of conversion to grass (un
grazed) are the most detailed. Hibbert (1969) and Helvey and Douglass 
(1971) have analvzed the data and reported on this work. Peak flow in
crvased utl to 200 percent during the transition period after the firest was 
cleared and befbre the grass sod became established. Ihough water yield
increases occurred throughout the nine-year period of' the study, there 
was a shift in timing depending on grass productivity. When productivity 
was high, grass used more water early in the growing season and less later 
in t lie season than tlie firest. When grass cover was sparser and grass was 
using less water than hardwoods, tie storm flow volume from growing sea
son storms, stori flow duration and base flow rates all increased. Peak 
flows were not higher once tie grass was established. 

Inj.apan, grass and grazed watersheds showed larger direct runoffand 
peak flows than a forested watershed (I'sukanmoto 1981, Pers. Comm.).
The noiaal)tcd exotic grass commnity studied by Muellier-Dombois 
(1973) in I lawaii gave greater in nofi dtrig every month, but especially in 
tle wet season when the grass went into doirnancy. Ani interesting report 
Firot sorme tropical Australian conversioin experiments produced results 
that are somewhat at variance with most ot her work (Queensland l)epart
ment if' lorestry 1977). A lowland tropical rainforest catchment was two
thirds cleared to corn'ert it to tropical pasture. 'hiere was a marked in
crease in baseflow, but no detectable change in quick flow volume, 
diration of tIuickt'low, or time to peak. While the annual yield was 10.2 
p)ercenit greater, tilie stream was reported to have a more seasonal natuire,
with dIry season st ream flow being lower than before clearing. 
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ON-SITE EROSION 
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dealing with site preparation for reforestation would be relevant here. 
Other work also applical)le to grassland and savanna will be cited in the 
section son Conversions to Food or Ext ractive Tree Crops and Conversion 
to Annial Cropping. Only two specific studies in which conversions to 
grassland were made will be mentioned here. NIurai et al. (1975) in.japan
showed ilicreast sII icrlacerinioffand erosion is i conse(quienlce of'ineclhan
ical site preparat ion il co iverting both broadleaved and needleleaved for
ests to grassland on slopes of 13 degrees to 23 degrees. In the grass conver-
Sion studies at Coweeta, United States, the only erosion occurring during
tIe lengi Ii of t lie measurement periods was in the establishment phase 
when the sites were scariified ()ouglass 1981, Pers. Comm.). 

lp.pild,.lgrriwu/urlllydrold.', edited by l.al and Russell (1981), contains 
several p);p)rs reporting on experiments in convert ing tropical forestland 
to varioUs ,t her land uses, mostly in Africa. Many of these uses entailed 
culti'ation akin to what would be used in converting to artificial pasture, 
and may be rfe'fred to for specific dala. 

Burning, which commonly accoa)nii iess,grassland and grazing, also has 
effects oni erosion. Il a study in Aniazonian lPeru, sheet erosion increased 
and carried nutrieits wil it under a burning regime that followed conver
sion ol'iainfinest (Scott 197-). Unburned grassland minimized such losses. 

In Fiji, firequzently burned grassland sites with slopes in excess of 200 
have active ladslips, and 70 percent oft he suirface shows scars ofdi fferent 
ages, whereas undcr forests, landslips are rare (Cochrane 1969). 'Fhe in
crease in landslips ()it steel) slopes reported in Fiji and other places such as 
soutlhtl (:alifornia (Rice and Foggin 197 1) is partly clue to the shallower 

01t ing, lower root st rengt Ii, and smaller root biomass of grasses as corn
pared wit i trees (O'Loughlin 198 1, Pers. Comm.). 

SEDIMENT IN STREAMS 

Increased erosion from any of the various actions or practices discussed 
in thlie previotus section may result in increased sediment in streams flow
ing f'toi i the area. Several studies directly measuring sediment have shown 
this. During conversion to tropical )asture in Queensland, Australia, sus
pended sediment levels increased twofold during high flows. Levels rose 
as high as 2,500 ppm during high flows, though there was no change in 
sediment level dulring low flows (Queensland l)epartment of Forestry 
1977). Even three years al'ter clearing, sediment levels contintied to aver
age higher. (ochrane (1969) has reported that while the silt load from 
forest catchimciis on Viti l.evi, Fiji "was not great, from grassland areas
"'asliquaitities of coarse granlite grits were disgorged into Namosi Creek. 
"lhe !urgid, I i-bid torretit s carried great amounts of bot h fine and coarse 
materials."
 



78 

I I 1V. anl )oiigI;iss (1971) h;iv:, rtC-p rlCd(Iht iniIIhc a ibselco lfraz
ilgi, ol(t' IIldti\'tlsio I I tri0(l was overla ]d grass w cStabliShdl 

11) iI SdliiIllt I;I ss1l " 


as Ildle was 
i'st, i( lili(Ill l_i V (lv I0] forest areas alI Cowe [a.
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SU.MMARY AND IMPLICATIONS 
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I'l\%. l1l-li gou,i l Ill(ic ,r llid
(/'l 'o ali1hrhligh'rlw Season How).
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This appears to be t rute irrespective of grazing by livestock at least up to a 
level of'severe overg'razing and site deteriorationl. The pictture also tiay )C 
altered if itirilg tihte )rocess mechanical clearing has resultedconversion 
illseriotts compiact ion and etosionl, espiecially ifthere has bcen gullying. In 
Sich cases, thee IllaV not I)e allincrease in groul(hwater levels beCauise of, 
reduted infihfi ation", which cotld miealilless ground(lwater accession. 

While light grazing incoi iwiialice with grassland carrying capacity 
does n1ot iil(ielsct n-silt erosion, liost tro)pical grasslands are probably 
ovIrgiraid. and t his CHses e,rosion, includilng landslips, sltiliips, and 
st i-cait se li ,ltt i)ti. Stit'iti sedimen it seS oCt especially if ripar
iml strips ,1ic coiierited to glass ato grated. Concentration of'stock in of 
adjacilt lo wteicoursts tcotn only leads to) cteatic:1 ofh(oi)tiiiotis scdi
Ilneiit-)oltuillg rI.lelsigh more frequent streaimi channel erosion. lmthl 

/wm'utaol mit lcil" tough grasses, whith iav not he graztd because of' low 
,lat,Ibility to cerailn kitids o livestiock, tiay b. hydrologically very satis

tctolv\' grouiil covers, with greater water yield than forest and no 
eiosiont. Stolitlows ait'e increased, and t his mlay not be desirable; low 
fi)\s afte ilttas, and lthis ilta\ be desirtble. l lowe'ei; its )tcsstres on 
land illw,teas, tltore atd more oft his is beinig brned and tie new growth 
griietld, gctt.tlly testlii ;ld\el'St IINdF1>h1gitall iCSlIMIses. 

Nutt ictit oiut low lroi totvelttld watersheds illce+Ises greatly il'conv'er-
Siol is stidhlt ltht tltaiu giaual. (;lett'lflliilg ,ttid site )replttion, par
ticularly t iig large llechatnical equilmentt, accelerates nutrient output. 
)nce grasslaid is estahlishedl, the ara still mIlay yield greatter nutrient 

lossesc(llit' liiliily t<oaty blrning t hat Iay be used oi dle to accelerated 
t1iIofitind ertosion from overstocking.

SFile ila;ijor sllggesliols ltr watershed hItti(-uise )olicies that arise from 
whalt w do know aul)ott contvelsioini o1'I<rest to) gr-assland include: 

I. Nlilltil/c soil ttosill i1 ailv tlletriig aind site i rm iol activity. 
Wh'rc Iossible avolil tse se of' large machinery and control its 
mettlhlod tif ohiet ol where it IlliSt be lsed. 

2. Leave btfiIfe stnip~s of tNbcst aliig watercouirses to trap ot filter soil 
alid iltit'iells id Itoinimize s1teatli-haink erosion. 

3. (Coi rol t h uimbet' of livestock, seasonally as well as a)soltely' to 

Illailtiali tlie suistaitiible plrtioutctivity of' (lie grassland and toinai n
ltail is cotl)let.ta \gutlati\e colver as )ossible. 

-I. 'sc t lite hill attrrt ofhltittid ralge ot last tie mailagettictit techniques 
(ctlili/atiol, it+ovilig stock, etc.) that aie well-kniown to range 
sC ittits. 

5. Rtcf:aitl ClmlimI odhiiig nnlldaiel)ttl grasses that hlave indesirable 
w'let- tSet a(ll(rtelit its. 

6. (otilol Fire qt.iettic atld timing, so0that Fire perforims its tuseftl 



role (I[ I i laai iI g Illti gI.IISla agaignls woody plant invasion wiIh-
OMr (.Ilsiilg suc'h tICsiral)lC (oinsC(itences as ltlriin loss and in
c(icscd rtiiiiofl,

7. Recognizie ial in m.ny areas oI'the. iro'cs, uncointrolled kielwood 
harvestin11g. foddler lopping, anld fobrest grazing are conlver' ing large 
areas of loresilanld into dc facto grassland. The watershed conse
(llentrcs nlt his coil'siollshiottlil I)'assessed in makingland-use )poli
cies f6R 'omrol or lissez-flinc. 

8. Reeinemlber thai on sleep slopes prone lo landslip s and other mass 
1iR eiRi1C'iS, (olilvtesioils i() grassla l usually prolte isitation of' 
higher hzarid, even wihioit grazing, than the same area in fo est;
wit i graziil Ic hilard is ilcrease( )y quani urn leap. 
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9 
Conversion to Food or Extractive
 
Tree Crops
 

The nat ttral hIrest grows many trees that provide h1uman food and use
fIl extractives, as well as a host ofother minor brest products. Use of these 
has been discussed to some extent in Chapter 1, and the impzcts of such 
use oil tihe hydrologic soil and nutrient variables under consideration in 
this book have ieeni discussed. The array of food from the forests of the 
tropics alionc is astounding, and was tile subject of an entire Discussion 
Arca and Agenda Item (No.9)at the 1978 Eighth World Forestry Con gress 
in jakarta. Many '.thcr trees pro'ide oils, resins, latex, and saps that can be 
extracted f'rowl,he sdiding trce by tapping. Some of these useful food or 
extract i tesp-cies Iciil tlicisiselx'es io tree [tariinig it] plantations. Where 
t(hey areadaptd to degraded lands, rocky places, and rain deficient areas, 
Itey,miay offer ecoiioilical, sustaincle aual Crops for such sites, thereby 
providing food,Income,and sound land use. Even on good sites, they may 
offer ;an alttract ihe and sustainable stilstit tite for forcst production. 
The most notable hiod and extractive tree crops grown in tropical plan

at ions (usuadly pure, but sometimes mixed) include tea, coffee, oil palm, 
rdtlbbci cocoa, coconut, banana, macadamia nut, cashew, papaya, quinine, 
citrus, clove,date palm, durian, fig, Brazil []lIt, and many other,: Where 
plant at ions of stich t ices, hereiniteier rekrred to as "food tree crops" for 
convenicnce, ha'e pro\'ed to be commercially very attractive, it has led to 
the clearing of forests and their conversion to these plantation crops. This 
activity has often taken tile form of large "estate" planltat ions (e.g., oil palm 
and rubber in Malaysia), though food tree crops can be grown on a small 
scale on small landholdings (e.g., cloves iinIndoilesia). 
The chief, differences btwecti conversion to forest tree pantations 

((Chlapter 7) and com''cision to fOod tree crop planl 'lionsave in tie nature 
oft heir archiltct Ile,tle spacing. ground cov\'ei; frequency aind technliques of 
hiarvest ing. llcd alell ''ti'.iThe clnt iiimtiil ranges froi small tree ort 
silrlil) sjiecics, suidi as lea or cofftc that are picked Iyhad and sotietimes 
cullhated bIetwcen rows, to tall tfice plati'Itions such as coco€ntit palti that 
may Iav'. a grass or sliale-entiouriiig utiderstOry amimtl crop bIencath. It 
ratges from a re'latively long-rotation irce such as rulbber (perhaps 25 
\'ears) to tsho't-totatioi crop such as papaya (perhaps three years). 
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II view of,lIe variabilit), it is extremely difficult to make generalizations. 
,Morcove very hew oI*these kinds of' food t1eetcropS have )Cen the suijCCt

of' good watershed studies. Extrapolations f-om temperate zone s!tidies 
with ,orclards are possible but uiC(rtiieiIC e. "i'ViiI)erte ole studies have 
not dealt with 1 fr-ol forest to food tree crols il order to assess£(V,'ritA 

clihanged watershed efkcts, thutgh there have been recent studies of the 
t'oilVei'Slili into alpl)Ie, pch, ail ploarirtiaidson extremely steep slopes
ill 11io,,untain,,us cnltiral 'laiw~an (I .iuI t.981, P'ers. (Comm,.). 

'lie best work iin t ie(trotit s comes f'oii, long-standing investigations of' 
ta istates in Keivia aiild Malaysia lind of oil pahli and rubber in Malaysia 
andIl iiore work with i hiere isreinlt t)ffee. lIndonesia. undoubtedly
good tiiaiafl I'-oiiI .aili Aeiiirica, part icularly aol)ot coflce and quinine, 
imit it did not ciie before his Asia/ Pacific workshop.t 

\Vhilc there ireIildeed ctfects coicideut withlilt clearing of forest an(d 
est'slilliiicit ofitw planlations of hfod tree crops, these ects are coin
paille io Iliose discussed ulder "(wll iercial Vood I larvesting" (clear
cilli iig), "IIiiiiig Firesilaiit" (if that plractice is used), and "Conversion to 
Forest lice l'laiitatills." I'hIc effects (oisidered will therefore be those 
largl otcturlitig aficIehithenw llaiilion has lecoine established. 

GROUNDWATER, SPRINGS, AND WELLS 

No research directly tleasuring the effects of changing forest cover to 
tooII ree Ui10) tantitiOll l groundwatei, sprifigs, and well levels caie tocrp 
lie attent ion itf lh, worksliop. 1'le best long-term study of'conversiol et

fCcis is Uiidoutbtedly i'e h'llfou Kenya alli has )eent reported oil by Pereira 
(1973) aiid lackie (1972). Soiie iil'eretices may )e drawi froli this stidy,
which lasted over 11 years tririgh tile seqlence, of" (1) 'orest, (2) forest 
clealred, (3) Iteaaiad shade tices llantcd, (4) dlevelo)ing of tea and 
shade trecs, and (5) full caiinoiy olea and shade. Initially, there was gteatir
iroughiftall (less ilitcrclptitln) and less water use by tilie tewly established 

tea l]aillit ou than by Iletirigiiial ftrest, but the ciflcrtcices (fisae)llared 
quickly. Initially, therefote, t here iiay have been soie rise ill water table (a 
lhenoieicnon associatld with forest rlitival foir whatever )tii'lose), btt
tIhere was a rct urii to appioxiniale]y IIe original slatius as tree and shrub 
catiopy closed. Figurcs II and 12 show ialin fall, water use, and strean|flow
of a forest t)flitrt l and a tea planita ion. Note Ihat i Ihe drier years of 
I965 -6i a id 1966- 67 t lie twa tscd mote water t han tlie Forest - an tinex

ple,' d c'l'ecl. 

It is thought that oilicr ftod tree plantiatiois would show a similar lack 
ot'liajio change in grtiiidwater inless they are grazed underneath. How
evelr, Emil (1973), w irking in 23-year-old ruibber plantations in Malaysia,
foiunid cont itid hIiigli peireitlages tl'lhrotigli 'll (steim flow, . 7 perceit; 
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(I c h ())pig I)uslh. and Shde (liets,and (d) unll.'l a3a dewl 4)t(.,l 

I=ll1l(im.()I' iled'a.3(I shilde.
 

inticeptl ihn , 2-1.75 l)er(ecenl: and( thiroughthall, 75.07 peircent), which might 
haIvec( 1ril)ut d( 1()ill(i lw ( ;((' 3 ..ilss Ilm st ofilssi)ls ohotgr-)ll(Iwatel 
Ib(cam( smrlha(1c r-mm)l] (ilec to 1-3(d11('o,( il3illri()l3 1'alcs i-on rainh]op 

lroiuimpj)cl(t m. gi-iai3g., ifit o(('l'r((l 

STREAM FLOW QUANTITY 

Conversion to flhod tree crol)s results in increased water yield, though 
this may diminish as fbod tree crops m:iturc (as in the previously men
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tionled Kernya teal e-state_experimnents). Mucth of" the increase comes freim 
reduced transpiration coincident wit 1hIorest removal, and this component 
may persist inidiminished form as the plantation matures. If the tree or
shrull crop is ashort-rot ation crop, howeve; these increases will occur peri
o(ically as a plantat ion Crop with declining prdituct yield is re)laced by a 
new 
one. Aniot her .a(ctor manif'Cst in some CoO(l tree crop )lantations, how
evel, is in reased s;.'xrface runoll', and this will show as increased yield. In
terraced teai)ha. .)115, this does not occur. It did not happen even with
out terracing! illthe Kenya experiment, in which slopes were about 4 per
cent (Edwards and Biackie 1981). (See Figure I I showing rain fall and
strcalnll haw by 11o1tih.) I loweet; Gilil:gs (1981), coml)aring undist urbed
(,()rest with to fiec plallialtions Ii Sunatra, Indonesia, founl substantially
grcater ;unriace rtmll (hliring two difleent seasons and tnder ditfthrent 
agesolcoffee (Ihi slo)Jes (sc "lables i 5 and 16).

In la~y ltynlcsiall coeilc plltations, cvcn on steep slol)es (46 to 66
peracllt), M liall (1981, Pers.(:om m.) has pointed out that every year peo
ple come to wced a11(d rake arolund the trees. This exposes soil, which may
then bctonil)acied by raindrlp i hrougifall, resulting ill increased surlace 
rillofl'and crosion. 
The effects on the average annual rtnoffof'the process of clearing low

land rain ftrest (including biltrning) for conversion to oil paln and rubber 
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Table 15. 	 Comparison between Undisturbed Natural Forest and a 16-Year-Old 
Coffee Plantation (Coffea robula) (January-April 1980) 

Undisturbed 16-Year-Old 
Variable Natural Forest Coffee Plantation 

Slop (:) 	 52- 65 46-49 
I'recipitaltiol (num) 926.5 926.5 
Slfialce rtiioll (n1'0/Ia 10-1.75 633.37 
Iklcicilage olpi~ecipiiition 11.3 68.A 
'l11nosil (i/hl/i ii11)) 0.28 1.18 

.0'1M V: Adapted I ilt ( iinliiigs 1981. 

Table 16. 	Comparison between Undisturbed Natural Forest and Coffee 
Plantations at Various Ages (May-October 1980) 

Undisturbed Coffee Plantation 
Variable Natural Forest 1 year 3 years 16 years 
Slupe (' ) 52 -65 59-63 62-66 '16-49 
I'rcclititiimill 
Sillat t'I1l 

(ii 
l](1'/lia) 

I.33+..i 
10 1..12 

1,338.-
237.9.1 

I,338A.1 
-153.98 

1,338.4 
837.57 

l'r(i tiiag f(dlller(ilpitatilln 7. 6 17.8 33.0 62.6 
r'osio (hii Ii/6i) (0.31 1.9.1 1.57 1.27 

.SN f',t,: Ad 1)lc(I frmi ( liliihigs ( 198l ). 

pliillatilns have l)eil shown in tihree exp)riiental basins in Pahangll Ma
laysii. Low ivi (hoih (1972)aind ibebes and (;ob (1975) have foind anti al 
hItR;is, averagit ig 1( pecent i. A recently installed catchinent expeiiment 
in Palioig is shown ill Figurte 13. 

TIMING 	OF STREAMFLOW 

In thiht Kenya ((,;( citi-si(ns, i() significant change ill seasonal Flows 
was obscl ved, but according to Edwards and Blackie (1981), pitcCss and 
imiodelliig studiesu rcvaled(Idifferen ices itt intercept ion and transpirhation 
whi(ch in lher t'livironitllml.' inight alter the seasonal distriblutioii of 
sleratlll low. Iloweverti in Malaysia ii two iteigihinhg cilciiineits, one tinl
der Iowlini ln loresli (2 1.8 ki1l1) 111(1 lieIleh r covellVlrted to rubber and 
oil pliiU (23.6i kiu), it was;lfo~und that onl six occas+lionsl whenl ruiioff[lshnuhla

iOitSIi t c tl d0.I iii '/ki/sco ill boith c hnlthitils, unit peak discharge 
; fillitesfo Illvtlted iI;(Illhilti were bel\een 3.1 and I,0 percent 

hightir II ilnting I{'chiitil. 'rivc 1971). 

ON-SITE EROSION 

In Ktnya, replicemenit of raiiilOrcst by contour-llanted tea estates re
stiltcd il lo significant iicrea e in erosion (lEdlwards and Blackie 1981). 
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In India, i I tie ;lats I-lills, erosion rates under tea as compared to those 
Inder nt I Iral f rests were reported Iy Chin namani (1975) as: natural fi)r

est, ().(i2 t/ ha/yr; tea wit II a 95-peicelt canopy, tilp to 0.224 t/ha/yr; withI 
a 65 perceint Canopy, ulp t )0.578t/Iia/vr; and with a 15-percent canopy, up 
to 1.622 t/lia/yr. These rates do not seem serious, at i ._t under the 95
atid 65-peicct calliopy l..Is. 

uclh clepIitds oilo Ihe gro cllover ilid(ler tile tree crop, and its use or 
lack (d us(. 'lhis is well illustrated by the Indonesian coffee platliations 
whe e ;itia \','litig and raking on stelp sll)es has cx jiscd so much 
soil beitweeni ices (".aiian 1981, Pet's. (ommn.). Rubber plaitatlios are of
tell (ultivatcd be.twe.ell rows ill tlie early years, and this practice l)roduces 
signilicalit erosloiO,1 oii slopes which arc 1101 cottolir worked. ()n the other 
hmnI. l)r\sdal. and Malnner ( 1981, Ptrs. Coini.) la\C *,_ported that ill Fiji 
I'ig-rcltatiii cmt ill, plailatnols lailtaitl co)litillcll)ls tirce Cover and 
hiiv a grlss grmciidi c<ve.t which, unlecss it is heavily grazed, ell'clively 
plii \cll s t osiml. ( l ,i/llugiii -tibber plaillati m s, w hich is b ing l)r lmte l 

il Solit. 'aCAs. Ilds ;ai(pctlsity to rt'sult ill mi-sit crosiolu oml site) slol)eS, 
ulet'ss grazing is er\ well cmotrolled, li the testcep lIwan fruit orchatds, 
luse floicil icles to kill ground ( \vr betwecn treves has resulted ill erosion 
hcisse/s, ,s ell ats acilig clcemical maitirials to ili( water rtuoli'(Liii 1981, 
Pets. (o ,mtl,.. N(lic.cenft.l (ctclining prices f61. fruit are resting in 
iess eXle.dit ov l6ir grIss ald wced cotiol, ld tile erosioll pitelltial is 
c1ii iliishi ing. (till i\at iilg lie grloiil lli(cle liet teie crop to lrcclice an

total croips is taIllcd .igr)oist iv ilicd will be discttssedl ill (hapter I1. Ofn 
sitl) Slopes, sli i(cs (ill iilarcascd elosit ccmiiried with),i Ipact iesiilt il 
1iii(list rl1t'l Icmlc'st. 

l'rosimll lait's ticc, itlc e+lliitIelvy Itring the tile ofItr'c rorI) replace
lill with i itw (,l)p. II tlie tlt IiCC's ale simplyl.t1 aid liew otes 

phlallitd \ it lo ,ll I ,, Ih smcil (lisilixlt c. I IrlraN bc little 01 no increase ill 
c'os<oti. II 11cm ire l)lldh/c'cl a l liew goct-micl is lpiel)arecl lor a ,iew cr0), 
oilI\ caltel IllilhocIs will lle.t'tit litajor ilitlaYiscs ill tl'lr)Sicltl ()Il sloping 
lli Ihic' (dltli<\ (list Ill,ilihc' t' Cc(ilc fIsuch e(IpendMIs dI loilt:Ia
liccl cf Ilit' ( iops. \Iccst [I(-t' (,ch lt~illi)s last al Icast til VcIs. lBalialla 
pllaills art' iln cxcption. lul wh1ile' tIlt' iiclihidiuil baila plalt has all cc
loiliit lilt' of Ic'si ati Iwo \cts, iliet gctlat i\c liattiral re.'-Iicllctioll 
iiilelcf l it.(c ssihv to( scc'iuploc'(Adot's nol ic imis sitc (fistllrbalicc'. 

Food l l ct i\t let' troll s tiv itl lcice aill itl ,,iajor facto(r l1ot 
f01ilid ill tiiloral forests- the. tleccd hii a flairly dci aid colilfluosly 
used load ietwwork ho harvcstitng (c.g., foi liav' Iltits of iil paln). Ill 
sit't'lI telrail, utilt'ss very carc'fillv laid Int with regard to slope and water 
haildliig. atil miless we-ll tmaiiiii'ld, riads call rescilt ill huch cil-site 

t'r siill b\ Silill)I chalateliig water ald iicreasiig its prclcnsity lor rill 
alic gully cii 15i(1. 
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SEDIMENT IN STREAMS 

Iti Malaysia, Sliallows (1956) itasured sediment yields from three wa 
tersheds with dilerent land-luse combinations, including forest (jungle) 
lea, and vegetables. Ilis results are presented in 'lhble 17. Slopes in th( 
(ameron I lighlnds are often over 40 percent, and terracing with tea i! 
tilforttrinatelv not (ommlon. Tht'te results are to he compared with tlos( 

reprtted f'Or lilt -I percent slopes with terracing in Kenya, where no in. 
CVlases il sediment yield froill f' rests converted to lea were detiected (Ed. 
wards and Blackie 1981 ).Shallows' study also showed that tbr average and 
below-average flHows, tle suspended matter ill th. streatiis was mainly or
gallic, bill as water velocity increased, t lie aimott of' mineral soil (includ
ing sand) in suispensiol increased in Suzngei Bertati (see lablet 17). At 30(l 
c(tsecs, Ilie si reamtsedimients were between f.1) a 6(0 )cen'tt (' se sand, 
52 to 31 percetit mtediuti sand, atnd even sotmie finte gravel. 

Tht. iiploritatice of grond v'gtlat ion along watercottrses is evident in 
Fiji, where haltala planitations along the banks of the Rewa River pro
dtced little or no sedimetit because of the good grotnd cover maintained 
beteat lie Ie iatllall lites (1)rvsdale and Maniier 1981, Pers. Comm.). 
Whetr I tee . Io eta,tes wit h spars tround cover occupy laid right to the 
WilltercOturses, as ill soet1oil palzii developtiitits in Malaysia, tile author has 
observed creation of seiitpiett-])i-dttihg tiplriati areas which are persist
(ll Solrces. 

I le has also obiservefd that roads associateld with f'od andtextiractive tree 
crops atre ofitt l Ihtmost ilnl)portatt cauises of seliment. h'lie heavy and 
sotwlhat dicttlt-to-hi;toIlt, fruit olfoil palin leads to rather detnse road 
networks. Advetrse eflects cati he minimized by careful design of tile tiet
work, desigli oI i lle oad itselft, and ploper maintenance (see summary for 
this chiftdr). 

NUTRIENT OUTFLOW 

A re1netit ly Ihtrt have been very few experimentis that have compared 
nutrienit oilt fh w frn tree crop esiates with that of forest land. None were 
prtesetnte~d at t let workshop, atod fit her searching has not revealed any in 
ile liiteraturt. As stated previottsl,, tihe conversion process of'clearing tie 

forest (particilaly if fire is uised (oticonltitaitly) results ill an outflow of 
nltritilts ftoti t lie site. With pitetnnial tree crops it is likely that the rate of 
loss will decrtease as flile crop ages, till it would soon Ile at or near the level of 
die foirest it rteplaced. [lhtnutrient budget might indeed ha, ,: been re
duced, but the rat olloss may not lhe greatly different once th ..ite is fully 
oucitipid byIplants. For s(ti I tree crops ill soie circumstances, ftrtilizer 
il'ay letaddetd, and this chatges the situiation. It general, oi low fertility 
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Table 17. 	Characteristics and Sediment Yield from Three Watersheds in the
 
Cameron Highlands
 

Watershed 
Sungei Sungei Sungei

Area Type 	 Bertaim Kial Telom 
Watershel area (kil l) 	 72.52 21.37 77.70
Area in jungle (<) 	 (5t.0 70.0 94.0 
Area ill 	 21.0 11.0 5.0tea (,() 
Area in vegetables ("i ) 	 7.0 19.0 1.0 
(peI area (11;) 	 8.0 - -

Sedinieit vield ni'/ 1kin2/Nr) I041.0 111.0 21.0 
S0urM: A.'1l ,Shallows (1956).ld I i(n 

soils in the tropics, in tile alsence of artificially applied nutrients, one of* 
ile fiw sustainable intensive alternate uses of Olrestlaid is for food and 

extractlve tiee crops, because of' tile ability of suchI crops to reduce the 
"leaks" fin01i tie nutlrielt system. 

SUMMARY AND IMPLICATIONS 

On suitable sites in tile tropics, fI)od and extractive tree crops are an 
attractive land-use alteriiativ'e to forestlaids. Ole important consideration 
in niking land-use polic wit Ihreslpect to location and extent of'such con
versions is certainly lhle watershed hvdrology/soil proltection trade-offs 
letweeli t Ie two irills of land iuse. 

lr relat ively log-rolation tree crops (tlipwa (is of 15 years) in certain 
kinds oIenvironiiets, \wii I))ropriate soil Collservation p)ractices and 
hydrologically sound iroadlilig, there appears to be little differenlce with 
regard to iniporiant changcs inilie six variables under consideration once 
liet cliivesion has lakc'i place. Sonlie of li colditions necessary for this to 
be title ap iearlo beitlhl(llowiig: 

.Mininal cul i'allln 'lid soil exposure during site preliaration fbllow
ing clearing. 

2. 	 (olstruclion and uia~iltenaiic of, lerraces on sloping lands where 
a sod will lie d (c.g., on Ianylea, coflee, and rubbernot inailtlanli 

estates).
 
:3. Retlent ion obfli 1er st rips ohat tiral vegetation along watercourses.
 
•. (alefil ioaditg wit Ii regard to water handling chiaracteristics (slope 

coiist rillns, oitslopiig, waterlbars, iulverts where apiropriate, nilini-
Iiiii densitv of network, establishietit and maintenance of grass 
((ivr Oll siill'c and banks, tc.). 

5. 	 'ndeirsloy nuallagetlcntll of"grond v'egetation so as iot to develop 
srlll'ace coliJ)actiol, bare soil, and etrosiotn Channels through avoid
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Mlice 01* tallcf1 I UsC If suichIpIratt ices as grazing, cultivationl, hlerbicidfe 
Ilse anid burin g. 

6. 	Specia! conseCrvatio mu ieasurtes whenti miaturie crop)is replaced with a 

7. 	ScIIliii Of fiiig-livecl fives I fiat will persist mlore thati one rlatitioli 
WhiTCi Slfiufe01 IiiuItSuiI leeCS are I)CiR-ficial. 

Wherlsich t1(1(ol1(itioiis aic 1101 Ill efitit[, dwlire IilIs been al iiple evidence 
tfhut fod andfcl .( itre tlt (lof Jplaitatiohilis ca ~lltl fl inlpo canges 

(:011lll%;I(., likl~i wase amImili %%ivt fli(n. yofoptu csedipak~ft Hsi ad 
Itori HowCtl to (fifiitsi I' la lonll-llibCfoiol HIC(fLAfojliili areas, ale 1( 

be ((liiliclukf((. Ant adhfitioil wi~(f.j lflleilteill is flt,ac a spelfintg 
(l of III( pclfrniaitte Siaiidtf t fiat tIlake Siltfi1 areas suLlatillille and 

Ii~roft~'(alfv,"ctr((SMil,lf%. ,liiabfv. SctillIng (()lii ilili)lll adoption of' 
I liiic fpt-Hoii.mlcc stlanoartds Isa miosi dfifficulft task. 
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10 
Conversion to Annual Cropping 

I svsle si lered il is chiapt 
t.Iltivatioio11 eIsoil ocuIrs at least oncC aimIINtllv in the pfocess of plant-
Ing.caring fi, mid hluorvestinig a plant crop. ()nlv rain-fed systems will be 
l1i1t1srl, l,:c.-" usc of"irrigalion int roduces .oinany con lllunlig vari

lile land-, st, CIf cop thI r isdefitiCd as one where 

ie 
lli-s ill soil anol watcr relations. l'CII withoutt irrigation, td1 variables are 

coimpilt'x Wiici coiisid(iitg (lie wile vaniety of rt species, tillage prac
cs y'ils, slopes, d'gr ,s use'lh(lId/:ItiiiI, a i 1 iSt of fertihi.ers. Agrictil

tilualllhvdolo , (ill(litdilg soi! water, aind 1t1.ti'c1lt colnser'l'vation in agri
c(lht+iltc) is a tmost impl)ort;l ceacll .. rea, and s'lice l<ood ]t,)hlktiotl (1]
 
lafiiin is I Ihtijlo e'olioiii eildeavoi II hc tro)ics, ilticllh atleittioll has
 

eteel gietln to this sbtllI., large elo'IPt'lh)tsgon e(sciatrh onIthave ift, oltile ,
hyh gh.i-c.fll- l ag,. d m c ~ tq'.'IrIr<o]picill m It isicuhtlro.a t' 


I)t\oil the scop dIhis lil)teir to Ireat this i t ill ttail. N<verthelcss, 
fiet- sake of a iorc complctile 1'(Itorest land-use 0l)tiO<IS, is11(1 " it 

de'sirabl It ito t(I( t m ulIsof (oh-verting !Grestto cropland oil
tmi lof the 

the six selctd water' ,4i!. it,hsil iitl itirtiiltttts. ( )nlv general efltcls
 
(art he ,i.tieli liii ischapter. atid "lru/uu/..I ,ri'ulhum Ilydrol!.- by l.al, 

anl Rlisstll ( 19 I) shotfll bc ivferr tIl" or sici!'i iifn:lltion onl f 
this lollit. 

For ,tii palii (1i1lt cr gowit, and fin. ;:I\ gi ,'t )lhysiograpii and 
clit ic sitllialioll, ilt' of the Itost imlpoirtant fa,'ctors influecittig the im1
pact is tIleecxtnt towich Soil :1n1d rva<+ fiUiig pract iceswattec l 
have been tlst(.l. loi ilsttiic<('I, tropFicail stceplands, ;,ell-coitstructed and 

etll-mlitailic teii;tt(es h\c perillitdl stalble and cotlliultious alllial 
O.1ol)piig 1,1 g,.'erat ilns. \hire,tila(es wetre ,101 emlp)loVed, tle de

gralecd, gulliedl. atn l ilt.' ,rftgly ahaiolCled swtelalhds tie,(sad testiionly 
tot I lti sii'blct tise.atces f t uiCt crotitlig wilthoti (ollservatti0. 
Ais ill (hapter , 1 larve.st ifig (imt iercial Wood,' an attemlt will he made 
to sepalatet lthe cfects ()Ii converted Lilnds into two categories: those 
flarmed witI ;It1d wit buit conservation practices. 

'liotiler iltajor iiitlpIt onIf water, soil, atid ltiricltsoccturs during tile 
mct lal colivtr-siot plto(os ss,; Ihc Irest is removed aid the land is made 
readl\ f(r crop lanliting. When illeffect is due to conversion ailCI is only 
tenil<orarv,' ii nature itwill hbe specifically identifie.d. 

http:larve.st
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GROUNDWATER, SPRING, AND WELLS 

Convent ioial wisdom and much popular literature suggest thai convert
ing tile forest to agrlicult uril land (the t1erim Idef(restation" is often used) 
causes lower groiidwiiel.r levels and unreliab)le springs arod wells. How
("%cl: Il) t rllstw()ls sl Iies w.'ere Ihinid by citlicr he workshop partici
pallits ()I. lh(i (l)i(tliciii this. ()n Jle ()Iliel hanid, as beenaltho) t hat linas 
nCl))n'ttc(l ill pivviolis chapiers. herelcare datl tiat show higher waltr tables 
folloiiig forst Clea'itg (B(ghtoi 1970, M.hlize 1962), tveiIn toIlie )oinit
w%here il sn(m< ins[nnces s()ilsaliniv )lnhleims hIv, dev()lped. Ihis eflict 
alppacl.t is (hit 1()1he ne)lacciinill ()lhl)-r()(,ted tree's, which are able 
1 l4)Il t' 1)se L()iilislt ;ild phill, bi\ shallowi,'-,ootedl annuials with a1al()wr
wvlstt' ust,. I fs()il ili riliitioii ' I lat t hllltcforest are min tainelttlesl ii()S"
11 igh l )r tr tillage,, 11illinia~l and ct( rol+((rl)p cli() l' l()f'stlr-Fce ove<_r

land fhm.,this itcit is n(ltrstanti hle. ()ni tht' owher hand, the re is an 
lot iit ise feeling ('oigh n() go )Id eSal'(' I I Ii'C) that poo(r lanl htus
baIldry, resulting ill((lilpatite! soils, rapid(ownilhill fliove_,li..t of surface 
hwi;.,and al wIlcr chaliies (rills. gulies),wo)nld evctniuallv result in a 
rec(hedt'(l r;ig o)I'fgtldwll a tt',; anid Iliherefore ill1lower water table, 
andl less reliable sp)rings alI wells ()n Ihlarea. 

STREAM FLOW QUANTITY 

(ulintgol; fort. to (()nvrt tile land l i()ai()theuse immedliately causes 
illncelsed ll \('ield I'rl tlile area. "liis has been pointed out inseveral
 
ilir (llcrapirs, but particularly ill (Chalper.1dealing with loggi g. Evapo

tllirlanatiol l()sses 
are reduced 1i)'v this action. The increased yield per
sists a I(ngas Illc regiwt I is ( tlll l as has been showl at ihe Coweeta 
watershetd eXp)erilll.nlls (I libbcrt 1967). lflanId is planted to annual crops,
in eflect the regr(wt h is prevented. As Pereira (1973) hls pointed (tit:
"Fuluilalids under arable ur(l)s make a (hittct denndl on water re)lrces

andl seasonally hlelulete soiii<ist "ire reserves, l)lit liese efMectr arc usually

less t lii thos o()fthe nat ural vegetation which they have re)lace(d." While 
good long-irll catch iien.t exl)erinien is in tile tropits are few,there is a 
C")nsensnIs tha lir flow (uIant'tysaii is increased when !)art ot all ofa catch
miient is inannual crp))pig. Russell (1981 ), inl summarizinig the role for 
arable land ris( in tropical watershed management, state(d: "It is possible to 
increase tlie out flow of* water [ion a torested catchniiet )yreplacing tile 
les with short season aral)le c(1)5, particularly in areas with good rains 
)ult a1pronournedl ry S(Ieason." 

A paired-tatchnicnt studv oi steel) slo)pes (30-degree) at M\beya, Kenya,ill which one watrc'shcd was ap ) L-xiniately 50 lercent cultivated in any
given season, gavc large increases in water yield (Edwards and Blackie 
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!981). Low and (;ol (1972), reportingon catchient research in peninsular 
Malavsia, showed all anlual incrase of' 10 percent in water yield in a 
largcly cleared catl I ent over hfat fo'o tlree forested catchments. 

There is soIme iIdic, t ion thaI the wate vicId increase (lue to conlversion 
to agrictith ore is not niiich a f'ected by whet hcr soil conservation practices 
are cartried out. Boughtol (1970), in his overview summary of the litera-
Iure as a guli(e to Australian Ilnd and water policy, conclulded that there 
was little eflect oin ctchiient viel t'rom prictices such as contour banks
 
and telraces (thouzgh storage ponds had itan effect). Ile went on to state that
 
the p1)ut tices that illyeaF,to bc significant ill af1*cctingcatchItnCt yield are
 
thosc wilh .1 direct ,effect c',olltrili)iraltiol
on loss (f ilow, changed toot
 
depth of plants, fcrt ili,,.ation, plant spaciig). A 1966 evaluation of a large
 
aImoulnt of' U.S. Ielarlieint (%fAgricltuore phl and small watershed datta,
 
how'ever, did shov soil)e eflects of Itlldri( soil (olscrvation practices onI
 
total witchl . (<lltoliselvation Ireillcliltsoli agricill-ttrLl] land,as 0l)posed
 
to 10 colisclvatioi, ill'lexas, linim, and Ncbraska gave reduced vields of
 
1'r'in 25 to pl+i-ct with ;Iless 'onsistent effct in wet vealrs
 -10 inI (li-" .'e-ars, 

(Shrp ct ail. 1966). If this cxtr, wilactwent into crop pro<dution, it would
 
lbc a gooid<;l guiiltl fiwalroil-sitc colioionc lie to tilec soil colscrvalor.
 

M\il dalta are from small plots ral Imthani from convltcld catcllll llts,
 

alldl too If.w ;lf 01 lilet Iop]its. F xt rapoliltioli fn sloall plots to water

sheds andI tlien to ri\cr b&,ills is not possible, anl extrapolation fi'ot a
 
tlIllpelrltc /01IC to ile tropics where there illas he vear-l-roud cropping is
 

(l;lligcr,(ius,c(lIsidelc.I, ilg ti importance otlie evatpotraitnspiration process. 
Ncvcrthcilcss, it scclis clear Ilat1 (olm-lsioll to lllllulll cropping does in

crease w;itel ield, poal )o illnlOtt to thloeif athe ltl watersted 
cleired.
 

TIMING AND DISTRIBUTION (F STREAMFLOW 

Elects on tiing ald (list rihbltiotn oifwatcr afiel 1r'est has bvel cut and
 
rlldaec wit I slallh,,r-r<old p lllts ;ili barc soil during ctitivatiot, l)c
ri(d( has fcll (hisuisscdf Fvcvlo'iisl,. Ill general, thete arc ilt reases inl yield
 
I ill lgll t li war, lii ispeciailly ildlllig tle, (i-\ scai:+m (see Chapters 8
liut 
and 9). ()n slopj)ing land, there is isuiallv more silrfice runofl"in cropland 
than in fl*0rcstland, anl this listallh' reduces time to peak fHow. ()ne excep
tim to this ,,-as Cl)oertd ftom Kenya where Ito inlcreased surfaie runeff" 

was detectied oilIh l)thllis-ild-stille-\uh'anic-iishi-dclivcd soils of' the 
c(lchlnctit unIe 50-percel clt ivalton, evet ()l30-degree slopes (Ed
war<fs and Blackie 1981 ). Cropland tistlily also has greater stornflow vol
little, higher peaks,and increised storm duration. It is similar in most re

spccts to spl-rs grassland cover (see lclvey and )ouglass' [197 1 results 
oil (CoIIVesimol to grassland). Ihe presence o absence of traditional and 
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well-known soil and waes'ter c(tilservationl Irt)tttices makes a difference in 
these resl)onses (Pereira 1973, Russell 1981 ).

Iltre a daLa iromtitilatyte )lot stuldics showing bothia redtction and
(IeaN iII surtfac itilloff hlol tr(ol)lailld jceikilig such practices as terrac
ing, tillage on tilie (tomtrl, strip cropping, drainagt. and contoutr banks,
cop)ared wit h ii) to(olitsrlitilon. +iX'i'il)smtall cltlntieits, leipse practices
anidi lthers, sui as wa.ltr storage p)IIds, arc effective iII r'c(lluti g streatii 
strimiflow pieaks i(l storm (tilintcs.()tie catimt extrapolate this to [Ile
rivcr basitn illm~lkin. aIclaim fo lhod j)reeitiii, t'leti fo)111cv tsioln 
Irfom iortest Ito AsI)Iltil..-sA tilliimocs doiwi the watct-slhcd to the low\er 
teichcs o)flii, fl.cts Sooe5<(,i ilwatfed Iy file Iloil)ihologyof lie basin,

tI e(geolog t lilt- tI ltofI isill, ad lit- te attn (dirction of hliestorm. An
it
her set oI imtli)totilt factors alie( tig fHo0(ds has to do wIt1tacclcratcd 

rull llFofmi
tilt I ;Isothbifig surfices of hitnianl stiticturcs anid roaids;

th (lhat('lilg of I
wateltc loadts, (1itlieo . amd nit1aits: and theI extent of
 
hltiiall alteratiojl oI
ofthe river chtatl tlifloo llil.d "l the exitei that 
oMivt1+illg iowt"lltinl to n(roplaild results iii mrte toads (%llch may be

pootiiIesignte(i illiill;taitie fl( l a hylologic poitt of view), then
.Sit( h all ilgrictIIl t1al b~y-productw miayal+) incre"aP;se local |hloding and hav'e
 
a slIbstalitial impact lith lt.below thecatchi.lit. 

ON-SITE EROSION 

( )II sloping |itid, removting tile 'egetative co r y ctleariig forest, culti
vating IIle soil iII lilatt iplgi.. weeding, atid taking olIlt li 
 crop ill harvesting
have lestillti iII soil crosion) bw water. Since soil is the mediumI fior crop
 
plrottint ion, on-silte rosion hlas 
 )eeln a stl)ject of tnuch concetn and conse
nItttI l uxii itch researclh. A state-of-ktiowledge pul)licat ion, Soil-l''ro.ion h.
o)f

Mliter it/thl, "lru/pic%(FI-Swify' el al. 1982), foiluses 0I) erosion and its control
 
illtic (r)olanids (f tlie Ir.ipics. Since this tol)ic has been 
 relatively well

studicd, material isavailal)le fairly widely, only ,Ifew selected stitdics
iteluI 

an(I observatiotns are inltdied in this section of this chipter.
 

l|e mihethiod f)leatii lie forest to convert it to the fitst crop has sig
tiicl(atlt effects onf ctosiot 
rates. Reseaucli ( lanIcd tearing in tie tropics

has beel conductecd at tilt'
International !istitute o fFropicul \griculture
iii sotih.testcti Nigeria and has bctn reported on lby Cotcl)eci al. (1981 ).I hcy c(ittlmlct tile ec(olmicts (11 ) lardlcrotp oucti efects nilft raditional 
fIanitial clearitng \et-slis two miethods I mechanical clearing. l.al (1981),
W\itkinig Oiltil samte area, teleorted on lie sediment , ield illrunlfflwater 
(Ilbie I8). 1 lihest soil 'rision \wasosI)..,\ ed oi sittal catcllilleits Iliechan' wall vletared with taee-lhei/rtot-rake attachmtnts and then cotiven
tionally tilled. T'ltis high rate oetosion was observed ill spite ofthe graded
cnliiel terraces that were cotst rutted to minimize soil erosion. "J'hete was 



Table 18. 	Effects of Methods of Deforestation and Tillage Systems on Sediment Concentration, Water Runoff, and Soil Erosion 
from Maize-Cassava Rotation (Nigeria) 

Sediment Water 
Density Runoff Soil Erosion 

Clearing Treatment Tillage System (g/l) (mm/yr) (t/ha/yr) 
Traditional clearing Traditional seeding 0.0 2.6 0.01 
Manual clearing No-tillage 3.4 15.5 0.4 
Manual clearing Conventional tillage 8.6 54.3 4.6 
Crawler tractor/shear blade No-tillage 5.7 85.7 3.8 
Crawler tractor/t ree-pusher No-tillage 5.6 153.1 15.4 
Crawler tractor/tree-pusher Conventional tillage 13.0 250.3 19.6 

Sotrer,: Lal ( 19a1n). 
Note: Sediment concentration reported here was from it rainstorm monitored on 31 May 1979. 
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signif'icalitl less soil erosion fi'oi aiinually cleareId areas than oil any of 
tile mechanlically cleared areas, and less also from no-tillage areas than 
from conventionally tilled ones. Erosion was 'ess from plots cleared with 
shear blade than with tree-)ulsher/root-rake attachments. Using Couper 
et al. (1981) cila, il.al tonclldes: 

Bringing now land tn(ler cultivatio i is still one of' the cheapest
iI.,aiis oIf iincreasing bod production illihe troplics. In spite of ihe 
alv\ei'se. ei\ ii'oinleial conlseqtences, vast areasoti'ropical forest will 
be dlevelo)d l fi d prodtction. )ata presented indicate that 
otlher t all lhe sii11 ing-cill ivatinintt.lletill, nInnually cleared plots 
prol'iced less water itn off'and s'oil loss thal ;,t chaliically cleared
111t11e11tt(eills. I lowwVr, aiiial clearing iit. can ilefficitent, lime coil
stiling. and uitic )oIiic;al, aod buccausv ofthcilabor shorltage, man
un;alv clear-ed pllts Ina not be re.adyN Iob)cullivatioil in [title. Roots and 
St iiisa,-t Itl lCItI0itlt ud aanod pste lia/r,(s to the cquipmneni 
otr iieclhaiitld optr';Itiots. Mcclical init hiods are, therefOre, in

disteltlsaibllftr lalrge scale (ttlrtsalion fi' agricult utra l uiposes.
lb ensure stilstindilprodtic\ivily, it is impl'tanit to develop appro
pI'iale Soil Inag.-Iicil systemils Ihlat will Iiniiniize the adverse cf
f-cls olifiort.ltion b' Iechaliical ucalns.
 

()t soet silts, it is possible that erosion rates will Ile increased no matter 
how tlie Ibrest is nitn(lt.l. lh imloirtance of [rec root shear streigth ill 
holding soil iil )l;1h(c 
oi areas proneit' to mass movement has been liscussel
 
Iprev itouslyv partictilarlv 
 ill Chaptcr 4. The work of' O'Loughlin andcolleagues in New Zealand is particularly rele'ant (see, 

his 
fOr example,

()'Loulghlin 197-1). roeovet; in trolpical Aistralia, (;ilmoui et al. (1980), 
poin t out that tinder the part icnlar' conditions they have studied, removalof* lie vegetative cover can have a naIjor imtpact ol erosioi and stream 
sedinllilat ion. Their fbr'ested catchiienit was showitig sattirated overland 
Flow, aild while tlie stable ('tiro) sli'ltcillr of the sltrf"tce soil, the snrfiace 
root svstli, ard forest hloor debtis hellped to resist tlie ei.sire action of' 
tile overland flow, once this sit tmion was altered (as inl forest clearing), the 
tndet'lvitng soiil of' in fei'ioir si rtl tire sluccimbed to serious erosion. 

If' the cleat'ing aim ptl)ll'iotll lr)cess restilts illei'tsioii chamnels that 
arc,tu( stabilizd, IhilIetse glllics will contiiue It)be a flctotl ill soil loss
 
ihtotioghut the new "stable'" regime of tlie anlluiial croppj)itng process. (th

el'wise, lhe impact of' lie onver'sioi activity )t se shottlol lie temporary,
and a lie\%, crosion rate regimte will he establishle f' the agriculttural sys
tein beinig prcliced. Tis rate will tstially btt certainly not always be 
higher than tlie rate that pir'evailed under lbrest. Some atlention has been 
paid to soi-called "accept able" ei'osioii rates while still maintaining a pro
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ductive and stable System of cropping. Sone well-terraced cropland on 
steel) slope IhIas beeniin conmuous production for generations in tropical 
countries without significatit erosion. In Indlonesia, it was reported that 
erosion on nifterracecd slopes was around 5 kg/ni/yr, more than twice 
that on terraced lainds (Gonggrijp 19-11). Itis worth noting that nany of 
these Iine laini-misc systems are ilow showing at)tidant soil slips that are 
breaking down the terraics, but Ih-e are receiving these mass soil move
mllet effects fiioi lew roatls, often built into these forinerly remote, 
higher-elevation laiiids as part of't he economic development process. 

In general, erosion rates onI croplaid havc en increased over those 
prevafilig 1liiler the former forest cover, ll if no soil consering iea
silres are inslillh.'l, erosioll can occur to such an extent that the land must 
lc shiftcd to ilcss iltlsivc use. Shallow (1956) in the (iameron IHighlands 
of \Ialaysil studied selimlet yields in strealllS ailld extrapolated back to 
gi'e erosion under \cgctlillcs as -101I i:O/knl 2 /vr while that uitIder coII )ai

rable fIncst was 1-1nO/km,/\,r (a 30-hd increase tinder cropping).\latian 
198 1.Iers. (ommir.) rlorted on a sttudy ill \aspadla, (,nuit, West.Java, ot a 

30-pelcvelt slope, with -ainkill per month ranging [roin 21.1 to 2-4-1 mim. 
I lis sttdent, Arsvik, ill a ;master's degree stu(y foiiul land cover and ero-
Sion rates in i:'/hia/ioitlih as follows: plantation forest, 0.00; corn and 
peamits, 3.18: ptaIto, 13.00. Brunig et al. (1975) reported that inlSabalh on 
,tiodealte-to-stccp sloCs nat ural forest had aninal cl50oi ratesof 10-I0 

hIAa, while annual ficld crops had over 1000 t/lia. The classic text on soil 
oliservatioll in tile tropics by 1Iudson (1971 ) presents relevant informa

lioi onIsoil erosion tider various cropping pratt ices, as well as methods of 
inimizing this process. Many (1uaitified examples of soil losses in the 

tropical parts of Africa, Asia, Sont hAmierica, and Australia and in Central 
America, tlc ( aribbai Islands, and the Pacific Islands are presented by 
I-Swaih\ et ill. (1982). It also should be recognized that tile erosion associ

atwl withIpor cropping pr-actices is magnified in tile semi-arid areas of 
the tropics (Pkreira 1973). 

SEDIMENT IN STREAMS 

(oiNiersion of Ifresthad to crolantid almost invariably results in in
creasc stediment viehl, especially during thv process of' conversion and 
uisu;ll\ therCafItcr. ( )ii-stte erosion is responsible ho some of this, atd it can 
be tile fnuijor reison fir it ( I'I-Swaihy et al. 1982). In fact, inlly estimatesof 
rclli'e erosion rates in dlillhcnt major drainage basins are based oil sedi
llemit nlicaslileillts illIhe st ra.;mls anl ri\'crs, iho l Ihere are admitted 
weaknesses ill ihis approach. L'nfortinatlvcl, sonetimes t lie wcaknesses ar 
not menliond, and average itnualsuspiended sediment loads are inter
irclcl I'back to erosion rates, using a -sediment delivery ratio." Sediment in 
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st reams caiI also be (eIrived, IoweI-, fioml soil previo u)slv erodedI) tit ield 
illtlmOralrV st(oages somie new activity stich as conversion to cropiuil 

ping released itinto tile stream (see Figure 6 in (hapier .4).(onvversion to 
cOllanld, bY clhniiIting Ite s()rages prow'idd I?siirfl(ce( debris and ol)o-
graIlI)ic depressimIls charac terist 1(-i forcst IhIoi, cII release this soil iito 
the sil'talu. Eliminuion oftle important natuiral strealiside v'egetation in 
plarticular results il tlie release of storcd soil erosion material. Moreove,
the increased qlant ity of water produced by coliverl iig oroest to cropland 
Caililu(rellse Ilie rate of, slrall chainnel erosioii and tile ability of the 
St r'aill 1t IUov lill'C silspeided se(lilmelt. It is no wondrIn(ll, lhcrefIore, th]iat
 
there arc abudanl dali o, sedlient yields during and aher conversion to
 
aunnual crppling (El-Swalil clal. 1982).
 

I hlc again, Ielc precsenice and kind odm-site soil cmiiscrvation l)raciice
 
has muith to do witIl) hl ateof seolidihiti increase over that which pre
\alhd uumler fIresilalnuse. *ijiclicll an(I Kinig (19,t)) in Australia re
lm)it'cI Illat p(oiseir\athon ill a calieni reduced
soul lir-t ics ap)l)lied
selimnlclation ralts illa r'seioir brn 6 17,)O irto2f6,00( m/yr ill 
itcfirst se'Vl slft) lm)iSo'ch. 
l)origlass (1)t67) iii \falavsia reportedfthai sediment concentrations were
 

rirelyhe ohlit) ing/l aftci t)rice, whereas ill adjacent fo)resl
11lvusili 

ars.',o) stluelCrsl()pes ill
e olictll rai insatlow fows were betweenII and
 
5 iiw/l. I Ic also mhscribe.d utiallitative irthero Queensile sitioliaon iill 
land, co lariung slteep licadwater areas still in lowest with gentler-sloping,
 
lowe" reaches ilainl illliesto)ck and cropping, and stlated that there was
 
invarilabl increased sli i:iei illthe lattel" situration. ( olcern over sedi
Illilliat(i)()fa iiiiiicijVal water supply reseroir IllI lotiduras led Itoa
 
slunh' ()F sdiolfiiuiit lrduction iii
by various kinds (flandI use a 270-kni" 
(.;tiiioneiin ((C:asicllms mid 'I llaies 1980). U'sing Illc 'iversal Soil I)ss

quallmil and a I logic .olt Idro alvit le dala, i.-\ folldlhalt liext 
to iuils and 	trails, (uiltiv;i i (n l hills conlributed t Iegrte;itsl alinoUlit (f


'
 seiiliin per ilit aira, and fre'sts lte least. lll ot lier exaiiples of'sedi
iieilil \icld lld slreiiilsispended sediiiiit liids ,d illpilct o life of' 
esC''Oiis let l-i.e td EI-sSsif\' ct al. (1982) low agricltliiral land in 
iet tropics. 
Tit, rapid Seolliielitatloil of and cmilisequleit loss )f'reselvir C;ipacitv 

has ((used rlulIh wo'rldwide attelltil aild laii iltie (ollse(litleices of 
coliiert'lhi n silinds I(u tll Isesaillial croIJ)ilig (an llr agric tiltiirid 
sli( i pri'eusioii "dulrestatiol,''as gr;riiig). This iwress is(oi'ii called 

uhlilgl
that teill is avoidd here because it lacks precise definit ion. (Solie 
wrilers include coilinerelial cle;irctii iigon r even he'avy cililig as 0 leresl a
tion.) [here is iu queslion biou Ihl rales of sediment translort are il
creased by mrost ions or c(liversiolis of lrest, anld also Illat C(oiiveriliirali 
Sili to aiiulial ('l(io))i iiijor , tiillligis a l causeof incased sediii streams. 
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\Vith good soil c(onservation practices installed and nmintained, however; it 
nieed not ble a iijorcalse 'or concern. ()I the other hand, the worldwide 
cCooiic"situation, land litngei; land tenure, climate, and the soils of the 

tropical dc\' lopiig (inl li's ill reality shoull be cause for niajor conceri 
if) this cotiliclionl.lt xilile, Waswoitl (1978) has pointcd out the 
threat to navigation (also. pover generation and water supply) inl the Pa-
ItIalla ( anal dIc to cinversion of tlie watershed forests to cultivation. He 
staeld thai sit If activitvy hid caused sedillntatioin iln ake Alajula to 
depth.s of7 in and that part of'the 1977 problem in the canlal that forced 
s0tine ships to se1d part oft htircarg sacross the isthllus b y land was attrib
iitable toediiieit problcms. Similarly, lie sedinient in the lower reaches 
ofhnlaiJor rivcrs lii Inlia, Pakistan, and Bangladesh that aggravate flooding 
has oflti been atllriltcd to thc conversioin to agricultural lainds of' forest 
in tilie I liniala\ai thit hills and lower slopts. \While intuitively this seems to 
be so it is diff icul to substallntiatc a caius-and-tffect relationship. ''lhiere 
Ae aIi ol liter ;1itors ai work, such as flood plain constriction, increased 
r*aiding ill difficult tcrraiin, cliaiges in water regime causing change in 
st diilill depositi o palcrns, increascd stream bank crosion (fle to loss of 
ripariall vegctatllo, and iiicreasscd lainlslips (file to trec clitting ot roads. 
Ncvitl icless, (on\rsion top aintial cropping uidoubtedlly has increased 
sedimiciil Ir)bill,,and tlhis has aggravatcd flood problens inl some areas 

and reducedcf lIe flood sloragc capacity oFreservoirs. 
ii ahlil ilii t lie likage wit I loods, setdiniiti oii flow hroin agrictil

ilial lindii is Iliikcd tio aiithiet Iijl)Oiiliillprobeiii. It is ilot oiiyv a physical 

pllhilitnii it'i( (iiiliiig setril uses societ\ wisics to iiake ofwater ie
solill(s), bill il also carries icsticlsc, iiltricils, organic and inorganic 
liiallcr. lI gli i,. iitlX, flietals, ail otlher lItllhllanis into water (Mitchell 
iliid King 1980. Seveial of t lieset erltitimig associatedl withtiaterials are 
aiiiiilal cI.loi iig and are it prilelhcts under fotesthtild uIse. 

NUTRIENT OUTFLOW 

Nutrietn out lhow r wts frotti lainfd ColivCrtd to anMial croI)l)iing will ill
rCetset over rates ,ll lhep)l(.ixaililig itlither fresled conditions. In some cases, 
raCS have il( re lsCdf to li tIl cxIilt that te nilutrieit eilnrichitlii of receiv-
Ilg waltrs has bt oiiia pioilili (acc'l'craitul ctioplihicatioti). lii:, sittla

tioli usuilhv hI;is relhted whii flailly ag;iuillt i;il inaclices prevail. 

As l)lCnilusl1 (fisllSSedl, cilittgli l ItinIilI)Cte liffcsl iniitiedialtely re-

Ieases ;i flisi h illricnlts (Bloriatnin and h.ikcis 1981, 1.ikciis ct al. 1970). It 
is tlloig litthullal Itl sill ili Ot ill tlc ltiiid tro ics tiia , ce i niore dra

inalic, sin)re so inu(1i of telie liulrnciii I)idlgcl is iin tlit biotnass, ptecipitation 
is lighc, li so iaplil, and the luiticint plalliwaxvs atie So disthc liig is 
Iilpit'l by"foresl tleCaihg. 'lrce iiots aind ni\yclrIlizat, havc )eel iilpor
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Ilm in hzunld tz'opical forest ntrictiVel cy.clilng and when Iiese are gone
lltiA IS(Siallbstltil IIlli ll loss to sllt; l ow) ((oilexy et a]. 1978). One of 

Ilie mo11st tllorougli anld lngl-staiu s ro)pilisti'iies of nutrient cyclilig in a 
c(1 forest ecos~sttll has heen that ctlt(lclt(i at San (ialos dc Rio Ncgro in 
I lit". l ol ( ) \'"tIn.u ia..r( n ( 1980)) rel)oie(l ion() ils) ect o" 
tilt' work tIat ii'olct'l cltling mi l I rzuni lit foil'sl on Illis site of old,
highly kIItli(d.I, low-nlutlrietll-staius soils. iUld allowingollc p)lot to Ir\egc
t;lt Illl gll sl 'tt5ssio1;tl lllo(e'sscs wlhile the ollil was to till lll'1 tculti

;'(i l wit It (assil\,a (llallim ) itliteispcised wi I )il ill)lde, (ilsleW, and 
I)lilimin. Nit Hell! oillrows I-m titli I-Il plots wcit' leaslred. largc
losses ill I1traled plots (ollilare.(l with fiorest ocurried for K, Mg, and 
Nili- N. But tit (oItinuoi()Ish' tul ivmited plot (0illrc years), als() showed 
large dilflelicet s ill lahlilig of, 1, niriats, and cs'l)cil'y (:a, eioiigh that 
jordal Wirlted I clit s culiivatiom not I)ossibk without illajoru llt inll (wds 

illtient ;illitiois. ald th;t I lI'sC IOSSCS wce siiffieitC1 to ot
Ithcleven the 
I c{col\e oftlie forest shoulzl(l agricult re ctase. 

lit' ill 'r st in iin l ilti i ig 5 fil t IItilv hy 1inii i imng losses of nullti
tills thr)ough ]c;wi(in, and \\(l It lillol hits lId to)a slbst ilia l IIlll ll I 
small plot sttlidie.s on tk tol() . t'reiNt\'el Iiele'ss, Illc Itpical Iretscarch 
fllis bien (( 1(l dtoil i;Ia (It IiilIllt s %lwherel t lielits ill thaillltN leoftlv !()ill ;IorcF(st coinc't e ('(1 ( ulhi\ilon (Kall Uand liiI 1981l ) havet been 
illsltit 1(ll. ( )IlIt ll ite fe(\% s tifir,ofrtlhis tp cciwcir 

rilton small t1(hnt If hus lilu1, rlital ..
 

li~th ciuried ()ilt ill Nige
liet ilosrnaei)lll lost oh 1riciul-

I Ill.,. l Itsicillts t1lt ri iltlioss \Vcllllud, tinde r h i (liftem cthds 
piUeltlationof ft ll of Iando ,,i(n illd nd Isul)scIlhlth l)nting to maizejind cI ssil\;i. Kam., alndIl.Al (19,18l ) Icl)-p t-l its gave't largerrt(,d that all11 il 

1I Illthll oulIhl)-,s lilh ll veit (e'tlloc i lioll o 'slt oss os lcutolll. 
lisltg Ul-ohluie tl ( l tr ltrjteus its ln(I r()-rli kcs, and lietl Iiig %\-tih l)le b l 

smallls fol-ret 
 ill n -eillea I ec oIn loo<) I to ()llVitiin l till
alte. ]t'elr Icsllles ill terms linllsi'ls Imlsil cd ill kt./hal( theer diflel 
t'lll rll''lll' ilc l 'trg iven' ill 'l 1i9cI.. 

SUMMARY AND IMPLICATIONS 

rsion o)f t ltl)illieonvee of tistlutt I()lannul llo pinr has Ieen I)lanredforal ;i ll lll1bul" o)l'inp alllllat eve'n (catastro)hic hydh'<)hgic"anld ero(sionl|] ills.
 
lumh'c'd, it is 1ti llah tl thet lpr'essure(. ()Itn dl o grotw food(lhi+l I-sultccl ill
'( 
nlu('ch il]-con(_ic(Iv Iiuldt chlaing and sulbs(.(lulcnt land illisilnagegtcilU, 
c'sp)(eiallly as li6r-csts have't been~l c'lea;red( fo(r cash cro'pp~ling ()nt ever steeper 
anlIStel'l),_u sloplcs ,ia lltinner'l so~ils. ()it thle )thei hiand, t here are(. mtany 
Fine e~xamle.s ill thi( troplics )f'sustalirned agl'icuilt ire that have: prev\ailed fbl' 
IliiliV geIlcril ills, eVeIll (t ics, here soil, watel r all Illitti.lls are hills
)aIe(d 'areftllly. lxam)les exist even on stCee) slopes, where teracedf agri

http:alndIl.Al


Fable 19. Runoff and Nutrient Loss in Runoff Water for Different Land Clearing and Soil Management Treatments for the 
MonthsJuly, August, and September (Nigeria) 

Clearing Tillage Runoff NH 4 -N N0 3 -N P0 4 -P K Ca Mg Na Cu3+ Fe Mn Zn Total 
Treatment Systems (mm) (kg/ha) 
Mantial 

clearing No-tillage 5.3 0.03 0.04 tr 1.0 0.4 0.09 1.1 tr 0.2 0.05 0.11 2.8 
Matwal (onv'entional

clearing tillage 24.1 0.1 0.23 tr 2.4 1.6 0.41 4.3 tr 0.8 0.07 0.09 9.9 
Crawler 

tractor/ 

Shear
blade No-tillage 31.2 0.4 0.7 0.01 3.7 1.4 0.52 
 3.3 tr 2.1 0.26 0.17 12.6 

triactor/
 
tree

pusher No-tillage 66.7 0.6 0.5 0.08 6.7 4.0 1.36 7.0 tr 3.1 0.17 0.18 23.7
Crawler 

tractor/ 
tree- Conventional 
pusher tillage 94.6 0.4 1.7 0.07 10.0 7.9 1.30 15.2 tr 4.3 0.35 0.58 41.9Traditional Traditional 
clearing seeding 12.8 0.1 0.1 tr 1.1 2.1 0.46 1.1 tr 0.1 0.04 0.09 5.3 

Soirce: Kang and Lal (1981). 
Note: tr = trace < 0.0i. 
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Cultuile yields annual crops with little r Ili) crosion, anitd hydrologic re
gibe is eslilllislled that is (vell lmolre soially ildlallageostl5 hal l hat in the 
ft)lSI Ilhl )ll it 0(lll)it'ld the a (fcii exlille, lliainy parts of VCs.Java ill 
i'(ce terracs ain hliome gairtft'iis). 

lBtcause s) i1i01 dependiis(t, wilh.t lIt whethersites ale colixetled aid 
Ilie alliltil crtol)ing is ta rietl tot wtit\ 11sufiiciti iiiCstiieCit ill soil Mid 
\\'IIler etlS\'%lX il I I ice s, it is (IiffIN'It It) gcnlcr;li/c. lhC ellvirolIIIn
tlil 1l-ltclthlitt Ihlloos, dtioghts ,iall laild degradation folilowing de

fore stat ion'" is no>t fIclptil. F.]tiall,, 11c poylitical rhectoric about ..(o"t:ycsI of' 

It, itilgIl" iN, yeling Ill) I'w Ialids thai will fttI, tlie m;sses andoloffelr 
oiporioItl lI it its (1oloI)i/iI ion has oftenc i Ii act lul to seln'it Is ilnnpairlIt
oylldlt andl V i ,t l' c),,S. 'So)Ic.of[ I ]It(. mytHIS, mIIsilf rmaltIon, ,In .ii cr
pI-rcatiotm. and 11i.st~ldc'raldingu %ill be dliscusse'd ill C'haF,t1r 13, ill all 

iltel,,li to Shed somI liht on I Ilisdlileiia. Restarti evithdinct iI the tIrop
its is st sit,' Sj. iti,cith sta1 ,iSmall Stale, ors(So itait\ that h is difficiilt to 
deriwt', rt'sc',ihtllIascdt ti i,,t li(lc t's o O r iitial rlopping fiiot'sil Ii 
p ltRit ." oi.L;ty It a of w,tersfito l ,Ii... A Ii'l Ce Id (Iixt Il itIions 
;ti ;IltIotetI l Itre, ioovteI. 

IllotIgh II Ist lI iili \riting anI een s Soicit, icI ific writing iIidicate 
ilit Ctol i1, est ;1tl1 a;iilolth' s,,ggess that gtolltfwiiei levels imnr'eam 
hlfohwiiI toi\ CISI(II o I vst to annual t F ing. llIsisI likely t) Ibe tleuc, 

hIit in fih1 ;i itl I II wet',.tl,w iIf ti es loseC to t)M I h'litIWigiiIMl Ibrest 
I ,i proferI Iilla I al 


inug sInfict ot'ilidil fhIw 1Y w;iter colstr\atll lottractitcs. IfIpooolr firziiing
 
cthit t'l grtiali~cl\' ;ct'ss IlotI tihan comi nlsat i f,M the gains fromlr
 

lt)wr v\po;IItr Iisp)Ir;tIt i tIhen Iet alt'c tetI watI er 


;ltc H til i ,. ft I IIIh t t' , IIII Ili c fuluI t it,I i ital Ini IiIn im/

tlbleImight in Ideed
 
maniifest in less reliabeh springs autd teducetld well ICvels.
 

All talt Il'ucilt ,tildit's iiivol iig lartial or totoal (tilitln sitll lof 'Ifresttoy
 
iillial t lppiung lat' shown intri(asc'tl vithd ic ;iiinultl sltrt'iflm ,ow.
These 

illtt;,SS usu;lly tot f1iotgliott thlit' VIta hut t'sptcially duriing tle dry 
st.stoi. SIttFlhf Voliiies inllsle(Mid timelow Itom1 the' t;icIIIIt'IItlosiltl 
too peak is it'thuiteti. Soil tollpalct iton t himgh illappropliatc tse of nachit
eI Cill itrtaist stilrfict' uniffllltd add to sttrni flow. lhe roads andif trails 
fiat ilclcmllmy iiiiiiil crtop)ing adl lo storm fltIw; and rapid lioi'lit'lt 

ofwatt', intt sort'aiil ch'IS Sot fit local flash lth diti g iiav be iiC'eastd.
I'l'tahlishi n t ll l' p r i-p t l ,i-E t';l,"C c< *, M'aiI) lractites (co)ntoiln ctdti

v;nitoil lld ridging, tcrra.cs .tal('rwavs, tirclil road and trail lotatiOii, 
storlge ptotls) call nIh iiiiut' stt uiii handling ,Ilt'Iciis ollwal st realis. 

Ibt'actst'tf ralits olsil crosion are a usual utltt alwas lecessary cotl
seiloenice t)f tinvt'rt itig foiyCstlt(l to aniitiial cropping.Areas ;Irtie to mass 
stoil Ivmet' lItit b e avtitled. sit c hIes' tleas Imay lie stable only be
cause of* the pr('snc oi lit' fl t'st. ()nce established, these slips aw'd 
slulnps call tl h)e cropped, aild niiiless stabilizcd (tfitCh at great cost), they 

http:tcrra.cs
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will conlitlLe I) crode and produce Sedilenl witil its off-site pr)l)lels. 
The eflect i\eness of gool Soil con scr\al iou fartuiIIg iln IlliIIiIllizing oil-Site 
erosion has been amply demonstlratled, even o slopes oif p to 60 percent. 
Increased aillollits of, selilietlt ill StrlealIS correlate Somlewhat to ally ill-
CieCISed eii's of'oil-site erosiol, from anual cropping andi tile converSion 
p~rocess. Tlhis could be. minimized by ,limtailling uncleal-ed buff'er strips 

,ilo,,g wler ((lil'ses. Ill ;,(llitlou, tIhe greater strteatflow and stolrllf'low 
will esitll i note sectllieillt eitlg produced because otlhe greater ability 
o thle slreal to ltloc bed and bank material. Again, the presence of ul
(list Irlieud foresl \(ig.tloll illong Stteivllis w'ill reduce steiatulilak erosioi 
;Is a, StiRIR o st(d IItelt. Selime,,t il streasllS o(rigniat itlg froml, ercosion of 
c roplal(ls ti1a\ also heat\wit I it sch things is pesticiles, Illuttients, patho
gells, hei,\v ,,etalls, and ornlic and inlorgalnic malter assciatted with aigri
c(lt,,ril ictivi lies. liese can in terfeIre with soile of tlhe uses society tiiav 
wvaitto mtake of lile waer.,mid lihe\ alre I tretbl c pldlutants. Such sedi
ment is best kept back )n t lie land where tliese ualterials call be degraded 
sa feI \. 

(C>tmvetsiol d t,tr)icah foiustllatld I htllt,, I cro )ling results ill gReile 
It lliellt ()tlt flow\ Ir( 1 I Iloflcal thisi tIhe trceril \wateriotlses. ri,inirests, 

vlahIe especi(ally ItilfottIll,siticc molst oft lie ttit'Wit ildget ofthi site is 
I ile biloiassot Ieho,1est. \\heli this is c;ared. Ih cvcling is broktn and 

tf tt, bel ,e.flctiosof )trodttttvit\ slailtts dte tolloiiei lehintilghald 
it flw. 1It fhese tliiit be It,ellcdfliv ;itt iticial fettili/ati ,o. t lie period of 

.litlihl ci pli)iig illy bt slior indtfed, lnd tIhe opealll,t,il reselfble 
1,,ch1111 le Itt ,islble fit.tl of shitiing gricul irC. 

If areas of sloping mvittershei f1t(sl hIecconsidered t.ir colersiotl to 
iltIlal cI "roppaml ift he melIhod of (ehlrillgald sbllsequent met lhods of 
;l(,iclt Ilre Iii,)I\. m10Soil and water ( olisetl\at loll pricl ices, helt theI eval-
Ililtlh ,,illst i(og11i1/e tlhal herr' will result atseries of' erosioiil and sedi
ltlicll ills, an"d a1n eiieits fitilrclsed wael yielld lla\ lie mote tlllti 
ofls.t Ib focl stnwu Iiiflooding anld possilblv tdiced grottdwater levels. 
I'fiete ;ie il theIropics Fill o ,v exampllles of ill-advised governmenttia 
(lhoilit i ,i slIlut.s and of s<ioilthttlelos IIaisietit clittaitig lot croppiing 
Ib lantdless woitl-Ie larii'sof itlislthStiilitll sites. \ IClc, hIs l)een leI 
lehind (df dcgill I lalds which willl only showfh, ice(ov tIo grliw c< llimet
(iill (1 ,igh mif(tlt sfi.cies il,,1fi\elishcl) folest. These inds hlve pro
dfhctd. ;1i l %\ill fItiitce t1tiif stalil cl, cosiolil material which his et
lc e l sl ;II , r,i 'cl( hill,,lclk (l't'ctin ll,,;it), ' lpr()hdc.,us oF reduced 

,tslr\vi, shor,, e .111d aggrvate(d fhl olitg. Adequfate b'ioplhysical, eco
lillic, aild suicil latlllssessae/classificitiolt tited .11 ire'enting slch 
uuisilSttiltlabIe itll tndI is all tee .rlttisfoillioll tirel 
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11 

Conversion to Agroforestry 

Agroforest ry is one of tie older forms of h unan land-use and may be 
defined simply as inturcropping woody plains WitIIfood or forage crops. It 
may also be defililed in a broader andl more comprehensive maImer as 
l)lllows (\'ergaria 1982): 

Agrolortcsry is aiy sustainable land-use system that maintains or 
increases total yields I) combining 1io(d or other annual crops with 
tree (peretnnia) crops and/or livestock (,n the same unit of land, ei
ther alternately or at the same time, using inanageinert practices that 
SUit thC social ami(l cull ttlid chaimieristics of'tlth local people and the 

Sloin ic and ecologic;l cindit ions oft'lhe are. 

Ai agIl)f(rest rv Sv'sIelIll alyNconsist of a spatial arrangement of crops. 
C (om)moii l.rilIlle illis a e 

I. 	 Irees plaiuled at field borders or farm bouindaries, 
2. 	 Aheiatle rows of an)(dtree cr'Ops,illi(l 
3. 	 Alternate strips ifI fiOod crops and trces (alley cropping or corridor 

( iojppiiig), and~
 
-1. VrriahleImixi tires of fod crops and trees.
 

The Su(ienlc ()1I plant ing trues anlfd crops over time represents another 
aspect oligroforstry ss'steliis. 1includes: 

I. 	 Alteriiato or cvclical sNs'ers (e.g., shifin,i (tilt i )ation, swidden, bush 

2. 	 laitIal overla]p in imne (e.g., "taungya"), witi tmiderplantingat the be
gimiiiig.r ;t1 te ind the full rotatio)n or 1)th; aind 

3. 	 iulins crol)ling Iinlla hflly integrated system (e.g.,javanese home 
garden, sYvvo-1 astmoral practice). 

A general way of lookingat agrt ohrest ry systems uses an agriculture-tcr
estry conmitiimii. [his consists of a series of possible combinations between 
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agrictilt ire and I resirv cOpslranging frol pure agriculture on one end 
and pure forestr' on tile other, wit varhiols degrees of comlbinations in be
tWeelI. (hSV!-t Il)the ag ilCtIit uiral end, the syst.il places imore emphasis on 
agrictIIt Itl IIo pt t and less .Ii fi6 est r. Ciose to tIeilrestry end, the system 
putISI ttore eIIIpItsis o I forest rv I ptpIt thI It tu agri:IIIlt It ie. 

Thoutgh ,an old laid-use systeill (or s'stellts) indeed, within tile past dec-
I a , 

land oIse foirl eivilt'lItineitts wIherI sititaiIable ,tuIuIa croppiitlgor griazing is 

hi olforlost hals ('(olit lilto SharpF,  okI ;i(ts1 Tecilleiidahle svstenm of 

Iot possible. Agroorest FV is iltit-ttl r\ beinig adopted by thresters and 
lad-usct plalittets as a suiltabie s'sttCIl for the til)iai(is 'Iitd steep slopes of 
\+vIItIsieds. .\I I tcltnirational ( otticil for Research on Agroforestr, has 

tbCtst;il!ishe itt Naiohbi. KIl,, Iw() agi ofoirestil' twslettic's intitiated 
MR, I 0111 I(RAi ill Nalh'ob ti f ('ll itt'urriall, (osta Rica,om. CtOhI 
lld al Ilst t\.o Iilk)i')l;phic.s h,,t\e bcil issuted, .oe from CATIE ;11 'firvI dha midl al~l illtllcll(d onlt. h'loll thc l';1It-\'esI Co. filet" Ill I ho u ltiu, alf 
ilte 1978. lit sjtitt of Ai!ltIthis ;1tliIit\. Ihttle has ibccll little research oil 
ithc Ivcdr,' ogi , il (-,tlst'VxIt t]t lft 'tIs of tills Iard use ('o jpartcd with 
Ittst 1iiiut.L,c'lf c(t ilg tilt \o[tlt h ii tIhc VstIlatic sltld of iglof6ovreslrN.
Samt h'/ ( 1979), lot' ilslttaIm((', atl(I(tit(' ofiexperts OttaIt slliall tij CI s,'ls 
t's~t'( Ii i oiws'itl, iu il Naii+',tj ill 1979 im llhei' is 1() direti mIlnlali l (m '(111 Ik, tilil\ ;m l (o)lSe \'Ilti)Ilt tIl l+.l atgrl'o rc'sll'V.svsleillS Ill 

the httmi+l t opi,,of' ldatill .\lt'licta.it \ S;ltlllillg oft\'ei 800 agrolore.tnr
IlcitO l(cs ill Ilw Iem Iihli)ogt'.iies pteviously liieuitioitnd t'tfile tiltte 
s(il('it\ )f (file(t I tst;itcft on ll lhe h\(hi>),oi/soil/ltttielt 01lfllow ,spectc. 
ofag'l ol'Isti \1s1,t',+IIs. ,Iosl lhil alttllre is still delIt.ig with describiltg, cata
loging, it ('lzIs-ifvittg I,( tics, cIoside1'ing ittw species fI triails, looking 
,I tll 5([ i ('O)ll(tI ;ISf is, altd ;Iisstligll ihalsoil allti wiei' ollservallioll 
will i0lhi w. I" t illImttc, thetc t li Illl (]lo'stle i w ptlt lic tt itn (on ;tgrold resltrv, 
*lgiA-Ibu'r , 1tw mid Thol[m/I/tv1' Hu/ri,'u (NVaciold 1982), relorts ot1
 
I 'st'( It \\ot kslopl fails to Itt\ If,\ eeI f<d S 
 f'i lie etffIcts of' 
gr'oforltst i%SVStetlS on1 Ihtse X\ittecshlds relationships. 

'lic most applicLahLc coml)ilation of' natecrial is dhw proceedings ol'an 
expert ('osultatitton itell ait I(RA "on Sods IRct.w?(nh in Ar'olrrus.tr. Yet even 
IthoughI tIhis pIblicalltioll co tlitis all excellemt stiitittarv of' Indian experi

enWt f)V rlewotli (19J79j), ;1 fine overview by lereira (I1979), and tile descrip
[iit (ift Latill Atitericlt Cxl)eriene l)\ Sanchez ( 1979) i)reviotsly referred 
to, thei t'itablLh c(clusiont at this cotsultaitiotn was that there were few 
researLch results and a (lilt teed to (1ttaitif'N' the effect of inter- and relay
LTo)ping systeitsItad inclusion of tliees on soil ihysical properties (Lal 
1979). 

Mwuch hts been said a)out tile positive in fletices on tile physical envi
r,011 ent of'hl use of' w\ell-managed ilgroftrestry systems. Given the lack 
of specific (lata, Inost of'these stalleinent s are derived from analogies be

http:Ar'olrrus.tr
http:delIt.ig
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tween agroforestry and other types of land use for which there exists some 
in forniation. 

Many similarities exist betwecn certain systems or "stages" of agrofores
try and the other knd uses discussed ill previous chapters. Where total 
litIld-cleari ng is parit of' the co.I versioi process, t lie ef'ficts on tie six varia
bles under collsiderat;oI would he tile same, whether for agroforestry or 
ailyother1 sC. lfIa cyclital ,ystein similar to Sable sliftilg cultivatiol is to 
be inchded, as is suggested by Vergara (I 982) and others, then the ctiects 
of this svstemi seqtelCe have bhell presellied ill tihe section on Shifting 
Agrictilture ill Chlter 2. The partial tine overlap (taungya) system 
Sltld have effects ,it differenl "stages" hln are sonewhat similar to con
versions to atnlnual cropping wit soil cone;rvation (Chapter 10), then simi
,arto e'ither food or extrat"live trtee crops (Chapter 9) or forest plantations 

(Chapter 7). Where a grahing activity is condtted under planted tree 
(rops. [lit e'f'e(ts will Ile sinilar to those disutissed in (halpter 5 ("(;razing 
onilo lanl.") IHslls i hollgh there is now little dicect evidence from stud-Ftst 
its sitciiCot01lie to)Iic o telIt hyd ologic illil'lences of agrofore try, much 
inay Ihe iilferred ti use as workitng hypo heses through the innovative use 
of existiltg kn owledge. 

InI Iaking inferences, it is iliportalt lot to he seduced Ib I myst iqtie 
that Ias .ar-isetll abol Il, widt'spread ,applicability of agrolorestry and its 
.iliilitN to, soilve All land-ttse ptohltcits ill the tr-opics (Budowski 1981). Few 

Nmg-tetni st idies exist, and to Ilk, adeqtuaite, stiudie~s of, hydhologic and soil 
imipacts Iimust extend ovelone rolaltioll, prolably 10 to 20 years (LIndgrel 
1979). I.1t)IlgItVI Oint'(hluttat this is ItceSaryli becaise oftte diflerent 
Int;tIagt'lte:t :ic ix itits anld ecological conditiotns that all play 11pol the site 
ditlrillg oe ftillych., which include "clearing, hoeing, bulrnitlg, Felling, 
opgatllic Illllctl iiovaL! shidfe aitd cxposu.'e, nutltrienit cyclitig and various 
(tlrec, 'td leacltitig." IIc also poilnted out tile neetl to inclulc tile Jef'cct of 
stch clitIatic e'xlttellts as filt highest rainfall itntenisity, or tile longest dry 
pelttf overlihca j-.110n

Rsearch opn ;ficglll.gtofborstlt, itmpacts is undtolt rwae ilt CVYIIE in 
liirvialba. Apo (1979) has estahlishted plots to study svlvo-lpatoral sys
tt IlS illittsll tititff and ettit, cfttlli)rg bare soil. pasture, pasture 
I lttsI".urvilm po'up/ih)iamm, past ire ) us (;rdiaalliwIornY, anid u11inatiaged,
densly u(.'%grouWl ladilki.Also at C(YIF, Berimudez (1979) has set tilcX
ptlitt, (plo ts) to st tidy vlrious cotl,tnitlimtittSof (('eand Cordia. Ill 
iI I)ti SI ( c.ItlIl.a;Iva, IIle at fittha observed st Idy plots established 
bv vail Metr ( ,adjalt MiI ['uati\ersitv where rimitoff aid seditent yield 
froll well laid-utl plts Xal (to llbillatiouts of soybteals, peaultits, and\nus 
grasses tinder him%m'rkhuiiand AltIab'ura.p. arc being recorded (see Fig
lift 1-I). Itt \West java, work is titidelway it tile Imstittte of cology ill Balt
ilinig, stildVitig ilie eflects of Ow omlex tylpes of dryland agroforestryI 
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puted potential annual soil erosion losses under all systems seem ex
tremely high, Mc(atiley pointed out that the rank orderings were accu
rate. lere seems nio doubt that on these steel) slopes, the agrofirestry 
systens witih a large number of' trees, or systems where forest cover is 
present at least twice as long as other crops, have less erosion potential than 
those wit h less Itree represenitation. These seem to be quite stable systems 
and probably (o not difer itich fro(in tuldisturl)ed forests in terns of' 
tunoff, erosion, and sediment l)rohtictioin, as o)bserved by SoCieiarwoto 
(1982, Pers. (oinmm.) and the author. Water vicld over the Vear is prolbbly 
higher. Nutrient out flow probably is greater inl soiie of' the systems, be
cause burning is ise(l in the bamlboo rotations ("tahuiii" system). 

If alnual crol)s are part (ji tle systeili, and if it is enmploy'ed oii steel) 
slopes, minimumi soil (list irbalice and inc(rl)oration ofl reasonable soil 
C()IIseIotll ptac ices are ilnportii ill orler to ¢avoid increases in erosion 
anid stream se(litiieii. This isemphasized by IPereira (1979), who (raws on 
his work ii Kenya with the coniversions to tea pla1ntations and oil a milodi
fied tatligyl svNtslei i aIcoi V sioni of nbaihoo forests to c(oniferouis plaii
talloils t() make )hser\'ati(ons ()n agroforestiy effects. lhc tea pilantations 
had shade trees ail represented small holdings of I to 2 ha, so in a sense 
they were agr )fir'est ir svsteIls. ,Ilie results have already been discussed ill 
Chapter,9 on "CoiverI'sioll to Food or E"xtIactive Tree Crops." Oin these 
gentle slopeS (I )e.'rcent) amnd wit It a full comlplement of soil conservation 
1)iWA(tices. the efleCs (I' thle c(mi'ersioNover 13 y 'earshave been miniial. 
,Sl)ierlosion increases were negligible; water yield increaise( iii the early 
lalt (o tlie tea estiblislihmtet butt llel retuirned to about the same; and 
%1ile peak fhows were initially f'uir times as high as the t)rested catch
mn1etli, Ihe\ lecreatse(d to,d)otut twi e as high. Pkereira attributes the latter 
efl1ct to aiccelerated Itmf(ddue to roads an(l (rainigeways. 

Where soil (oliserviitioli p)r.(tices ale not eloy)h)e(d, (.ilt ivaled cropping 
lIlmler Irees (all result it) serio(ls elosiin. Pereiri (1982 , lrs.Comm.) has 
(escribe(d a (leloinst rat ion of agtoforest'yiat i forest stilt ion iin Sout heast 
Asia ill whi(h ai/ea i(l l)iiueapl)le were i)lamtd between pile tree rows 
st raiglit upaud down 2(-percett slopes. HIe also has warned that the tatin

,yva systemil, unless carefill' donte, is ero(sioi prone when lamdless fiunilies 
aire allowed to grow vegetables between ,volilgplaimiic(l trees iin return f)r 
kepiig thelii weeled hoI lie two or tIhree yeais before the trees shade out 
lie ,egelilet c)p. 'latiilgya has also beein rep)orted to have pro(lued tin

(hsilil)le erosilon it) lilniziliii, but it isstiggeste(l that this undesirable as
)ect call le iiitigted by itppropriate soil conservation mlleasillres (I itlsal 
1978). P~ereira (1979) hias reported (oin one oF the fi'niots Last African 
(itld.hiiiit eXlierilleids inivolving cotnversioi of niatiral bamboo f'orest to 
)lamilltlions ofI pilne atil cy)press. The oities were actuilly planiled along

wit I vegetables aidimaize by snall-scale 1'armers in a "shali'"(ltiungla) 
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system. Tie vegetable!thiz/l in Iix ure continued fir three years at
which time the pine canopy made agriculture im)Ossible. It was reported
that the system successlilly avoided bot h sigi il'icatnt soil crosion and ma
joiclratngcs ill s reai hflow. Soil losses weree stimated at only about I t/ha in
tie third yeat,; decreasing to about 0.1 t/lIa wh(en cultivation ceased. He 
notes thatt liilfcr strlips of' banliboo forest were left along watercourses to 
trap amN cir,,sion that did occur. 

SUMMARY AND IMPLICATIONS 

:\grootrestry is blcing increatsingly suggested by land-use planners fIbr
lie Iropics asa Itite stble, sItaitl)h.,ant J)ossibly even a more cconom

ical and mre socially acceptable alternative to many kinds of insustain
able agricu lt inc. \cI()IcovCF, C)IVoirt IItI I CIIy\CIItionall ftrmc(l lands 
or abandoned slasl-all-btrn areas tntu agrof<orestrv systeims ilnay pro
,ltct,hydroogic and soil protection bliicl'its. Wiersum (1981 ) sums upl the
siltnation, "'Ilie protective Fiunction of'the trees in relation to soil, hydrol
,gyanid plant ,r,,t(clio can be utilized to decrease the hazards of envi

rol ti illal d(.g radal ioi."
 
Sotie pltllirs ;It.(
also adv'ocrating "oueor.sin of frestlands to agrofol'

cstrv using tlhe rationale that lands thits conv'erted will be )roducing much
needed hod tcsotrces, and that biecauise trees atre still parl o'the system,
thre will beIit( tndesirable hydrologic/soil/n tit riit loss effects. It isthis
,ott\'ersion and its itlipactls that are liet-focus oft lis section, and that raise 
Smile policy questions. 

l'n ,ltiaelth, t here, are ext'r<cmcly few st udies of sufficieit duration to)rovide rtelial)le itifrtiaton al)ol these effects, and (tne shouldot not rely
()It stia'Slicl
notionis al)out lie presence ofsotl (recse ii Igrazing or-crop
ping s\stcm. As ltindgren (1979) has sticcinctly stated, "It is often inistakeilly stp)p)osed that anly treccrop)has the same stal)ilizing efttct oi the soil as
 
a 
tural hrest. '[hisisas wrng as to say lhat a managed field isecologically
e(ivalent to a savaninal. 

Agro nestrry systems are itniicous a co11(m Conhbec,,tl)lex. and B u
dowski (1979) recognizc 20 difl'rent sslems. By oversimplifyiing and us
ing t Ie general classificat iotn mentioied at the begin ning of this chapte;
s0olie sttliiiary statements and inl)lications will be attempted.

'!'he eflcts of'cyclical systems are akin 1tothose of stable shifting agricul
ture, and since It th are small landholding systcms, the mosaic pattern oti a
watershed wit I difhtrent time sequences tieans a dampening of any effects
,'specific activities such itstIrest clearing or burning. Some systems do not

involve burning; just as t lie system ,ofslash-and-t rash is used instead of'
slasli-and-burn in sotme shitiig agricul itre. Thiiis further redtices any im
pacts, especially on nutrient out flow. "I'litson a watershed scale, thie re
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placem1ent of' forest with a stable, cyclical agroforestry system is likely to 
have little ell'ect on groundwater levels, streamiflow timing and distribu
tion, and sediment in streams. "l'here will probably be a insomewhat 
creased yield oft'wale each vea; some increase in on-site erosion (particu
larly sheet cr'osto), and greater nutrient ottflow than if* the watershed 
were illforest. The discussion under "Shii{ting Agriculture" is relevant to 
tlits agioforest ry system. 
The sX'stemns which resemble tatingya involve tlderplanting of a culti

v'ated crop at ilile Iegillililig or end of'a tree crop rotation. These systems 
are tisuallv used to establish for'est oi open land, but ill a few cases may be 
instilitited as part ofa program to covert lllttlral forest to tree plantations. 
Such a col'ersioll ay have somewhat greater eh'ects than implementing 
cyclical systems. First, ift his atctiWe is tiscd as a conversion from natural 
forest, it is often part of;a goverllnelltal or large private program of' re
lpla'cieliet with trce plantations. The c]earilng is theref're likely to occur 
on a llllarger )eltelltage of' aiy'atchillllelIt, oIr even iinvolve all eltirelici 

catchleint. Secondt1, 
 Ilere will be soil dist uirance during site preparation 
Ieca use cropping betweellte newly planted trees is a feature of' the sys
teil. 'he efect s of thlisCI activities hdve feet discussed in 'oliniectioll with 
CIllm'ersion I() lo est tlte'plantaltimis or to, foo(d anrd extractive tree crop 
pllitat ilons (( ihaptcs 7 ald 9). 'l'hev cam he of'lsome magnitude, which will 
dt-plef (m 1tht soils, pl-ecipitatiol, and tile degree of soil c'w,.luiglalphy, 

servallon that revails durling dh 
 har. soil period. Watershed tolsidcl
ations woul stuggest tiat ill(elltives ()I' controls Ile instituted to minimize 
adverse elltc<is stch alsili('l't'lses ill 'losioii and resulting sedimentation in 
st lehills. Rtention o reallisidt. biffr ststi rips ill natural vegetation should 
bc parlt (dtlt land-use program. 

(onI iliilO tls-cl(.i.o;Iflilig igi'foestry systclis should by their very nature 
hc sustalimIt'. For this t take place., sp,'ci;l soil coiservatiol measures 
IIeed I) be implhinenteti. ()n sltef) slopes, fo' ilstanice, terraces may he 
ineecd forI the ailiuial t(rois, with tices (fod or f,)'est) planted oi tile 
lullds.0 I,,(' ctsloeS. S0m1.exelelit (-Xilil)lhso ,'suistaiiiail)le agrofores-
Iv svsteiIsI that me f)1i)t(.'tilg soil and watel t'esotlrces have been ie
pol.led. 'hough ca,'l'.l onmotsmall parcels, t hf.+;e aliaysyst'lls (over an 
('lit le (tatchillenltora algc lel(-eiltage Ofli. (:olseqtll'ltlv, Water'yield usu
all is fhiglier tlal thfat (f the lowest they replat cd.Wheeldowlihill water 
,lIlVt,e lslelIis cmt Ilfl lb\soil Uimisevation, theirce ied hot be major iml
c'eases ill l)C-kf(u'\s mnd so ilnfhiw v<olunies, n(o' de(''ehases ill gromnd
wllter' level or low' seasoi h.lflowsc mllareldwili fom'est. 

\\'huem.I lit' comim ,11 ,lls svstt,i om blIines grazinig withi trce crops,tie ef
f ttswill he simiiila to t flose (lis('usse(l under "(ha/ing oil Forestland" 
((haptt'l' ). I lert tii' ilIhlinlt<misitferatioms (leterhllmiilg thle magnit title of' 
tle ililhnlpattale whelielor hnot caltivatinioict:ti's for pasture seeding and 
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whether ot 1101 f'requent frtilizer applications are iade. Because of, tihe 
presence of' valiable I'ood or wood tree crops, it is not likely that Frequentburning will be nse(l, as isofeiI the case with graiIg wild t')restlatI]d. Stable,
well-tnanlaged s 'lvo-pastoral systems will have stocking numbers regulated
10 lIrmnance withi carrying aiacily, soof+ lat accelerated soil erosion and 

sedimcntaitlio sioul not bec oscucnccs once the system is ill place. Water 
yields will 'N,bhellgivletr Iha wheti the area was forested, atnl tie 
increased rates ftslti ace rimofvill probably shifi peakflows forward, in
(cease iaks somewhat, an( increasc lhe volume of stormtlow. Groutnd

miay II('CeaS lwaterI levels somewlat tiiless too mu1(ch compaction OCLrS,
atid low hows Ima he somewliat aitgiciel. Again, it is inportant that 
gt';t/ingl no0t be I)CtIittcd right LII) to ile. stleam bank and along its entire 
clhig il to ptcetl the lcvclop)ttneil (l ripatiati seditniiet-producitig areas.
(Watel a.css (ati be Frovidcd lthrouigh ;la l-prile hicing.) ()n the steel)
slopes wiere Illis vIleC ofagrolorcs iry is likely to ocu; prior survcys should 
idetify (litical areas o)' powltlial mass soil'ltoxv'licl. Such areas should 
either be rclaiticd iI forest or havc a high II'tCe nsiIitV I il lO 'o)'esll'' 
svstem it miimi/e ile tisk ofrslumlps and landslides. Such c:ritical atea (e
tetI iatiion atid il-tc(iliots shonld of'roitse be a prc'ursor to a1Ny cotiver
sioltof to,lot a difetitcil lald use. This is p]articularly critical in cotlnec
lii with aa;Ita/itig s'sletli, be-callse oltt lie steel slopes where Illass soil 
IIIOVttIitll isa hazard olle ot1he cotlllonest coteeiosis is to giazing use. 
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12 
Reforestation or Afforestation 

Refrest ationl is generally defined as the nat ural or artificial restocking
 
of an irea with forest trees, incliding measures to o)blain nat ural regenera
lio,, planting and seeding. Common usage has tended to
as well as t ic 
lest rict tile lie 'rclorestalollt, the iit if'iCidi seeding awl planting situa
lion. W\'here lile]ld has not previously or in recent histor' grown tree 
crops, the act of lre i)lantiiigor see(liig is known as alorestation. By 1980, 
some 18 iiillion haihad been planted inthe tropics (Fvans 1982).

.lieI 1 -lil-lidc forests resulting hoi such activity range from large in
dustril plditations tothe siiall plots o&farmiiers or villages. Ihis activity is 
liimp)ltdii (oil)lpoient of Inaiy ',grohiiestryand social irestvy projects 

it a i>odhst lcvel, ainld of lrge energy I lrnIs" or (lcil(lrotherl mhpllantaitins 
()ta graindcr scale. It is oft, carriedl outit .isa goveirnment activity in the 
ilitcrestssol rtlahilitati oniof wil!crshi(ls, aud the anticipated beul'fits involve 
[0t oinl 1ltaillilig a lrduclic\'lop frot ieIhlCil,bill redlcing erosion 
mid Sedfimentatioin o[ Stiills aind restoring a hydiological "reguilatioll" to 
tie waltersle(l. I'ii frtiiattIN. iii nticipating hidrholgic benefits, many 
planting ,clim(hsil initiat.d with thliare expressed or implied purl)oses of
 
"prvt i'1 Ihoods and Iestarting undepe~tndab~le witterl supplies
Iw 

Il lcal(lig withI these w%;itcisld impacts, this chlpter is diiferenti front 
ic p1ict'nll lg(;laltis it Ilpresenits not the ((Iconversion ofiiI hIat )se 

forcstlund. hul ljitliiig forest onIt open land. For tile sake of convenietnce, 
lile t r ic t io<'iill he used unless there is clear evidence thalt 
"1afo[csatioulli '- ;p,, (lhjiell. is lte term haHshould be used. Il general, the 

efctls of establishing tihest oin open land will he the reverse of the eflects 
(i rcmoving the Io'st, an( thiese effects have Iecn discussed in pre'iots 
(ihapt art-iculatl, mhapters ;and1 0.rs, C 

GROUNDWATER, SPRINGS, AND WELLS 

Rcioicstati( oftopen land nsually leads to decreased water tables, with
 
flectis most iphro ,nclo season. additional evapotranspitcd ill Ilie dr [le-h 

ration deuanl Iroll a develolping plantation as its root)ing depth increases 



i IlI redIIce (Ilie aIlo IlII sIoIl 1(051 1()itI IavilaIc.t recIliarge gronil dwater 
(I loliis andl( Wronlski 1982). lit someI scini-iiliid eli''iollielts,tlis CaM) 
caulse cii all'y significantJlilgl and wcll-level pioblenlls. Cassells 
I1981, Pers. ( .iiii.) reJpltc(I) a si ltl~i III1S)lieii]., Auistralia that showed 

tha t areas inIder gra ss,.d)(iln It0pciveiit o(l liealtital 632-mmii rainfal 

(onitI.) also)lji1t a1dIUllt lSC III wCll leVels III (I SeaSOuLS IollowiliIlg
 
iI-cirtai 01. Snu11lr lI [;tIil( (llint.lolIiwin~g r-elore'S-
Im I Imls ill dcht( 

1,01011 \\(tI*(lcp)Ile b (Y)'moiglii (1981, Pers. (oni.) ohi puice soils
 
Jplamcd() Il,\~ ltilleitu b1% Boutglitoit and Hotiell hon Autstralia where
 
here wasia stlong dcv seaison I1981, Pcrs.C(oitli.),maid blyDoiiglass (I981I
 

l'er. oilliecoastal plain of sootiteaslerll [.S.
(oniti. 
WhlileimIttitllo ut1(ightl
1tlijoK Ilim Iecase(I cvalpolraltspriol; l loss
 

\%()i1l(I lhc Ilile Ilti (otl helltel lo)) wltelt mliihiIcte( iland degraded
 

I), Iiilnettltd Licst m)itl byt j)lo(gl~liiis IsIteilig at iarsha~led 
tni 1(ud (±01 lit?111 Sit l? ji1(lA.;Ill \\ill lCtLiitiliatlc sprlings andt(hi 

?';lit, watlei ;elsan Ields liiwells. No R-SeaCitI It-Cre yeilaleIreStlI I 
ahiotiwet er eInetSttl o ll 1()fg mi clould areals ((111 il(ladd t ground~

watelr tSmilt(cs. 

STREAMFLOW QUANTITY 

itl illoittgII elic Imtestltliitiesx icldtesticha diu'iitoa Vlt

yield.
haLadh'I/,i(Ii II hwe ha l i oim.ilokctc 

6 itlI It yea lter111miit ing Iltd1(Ot? nnn Im ;tbot t l llin syei; whenli
 

tuft. litc Illc~ c(ltIttt ilIs.ttutttleah scru Flelceth wit)aning ll wasin 
tim ad~ia..SiutililsitIts~m IIICFti edwItl te Iitsva i In~ alboestSlilig,1,b 

giassmki citSl&,a11a/vd (1;111/% tvc II'ilab fol ills( anil timl. Ill0). lier 

beganlw~ plittig, wih
elilyi i lidc three)vaIthat mi-s u cc

(1111
jlt ii lw (eplessel ds aiifallin tolnialmll fbten3( n 8 

mm/yar. c1e-1crss I lltle inlain wee yepacad witeIl tli wlydas 

smialler t1bin thait undei tile euicalypt. 
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In Fiji, the extensive reforestation and afforestation programs in the 
1dry zone" grasslands have resulted in reduced water yield illstreams, 
causing col sileral)le concern, an(d this has sparked a major research en
leavor by tle Fliji Pine Commission (Manner and Drysdale 1981, Pers. 
Comm.).'At I)ehril Dll in I ildia, Mathlu et al. (1976) reported yield de
(reases of 28 percent fhl)wing afforestation with eucalypts.Tihe long
lerill and well-known Pine 'lrce Branch Watershed studies ill "liessee 
j~ro~lidut'e~ doiilg evi(Ic~ler o reduliced water yie:ld ilowing icforesta

lion, inllinlv %itll several pine species (Tennessee Valley Authority 1962). 
Mallaiv othir studies from the temperate Zone had similar res'!?ts, so there 

selms little dobi thilat soon after ref'brestation, total water yield in streams 
from theIl)lanit(d catchments decreases. Bosch and -lewlett (1982) sug
ecstcd that ilie (-decreaseis proportionlal t1tle growth rate ot'the stand. 

TIMING AND DISTRIBUTION OF STREAMFLOW 

Ile evidence suggests that the decrease ill yield discussed here is greatest 
duringI le low flow period. It was an apparent 50-percent reduction in min
immn f'lows over tle period 1969- 978 and a 65-percent reduction in yield 
over tile w-!hw period that initiated t Ile current concetrn ill (Kammeriji 
an(I Raj 1979: Manner and l)rvsdale, 1981 lPers. Comim.). A difterent resul 
has been o)hliliin(l ind I I(lniesia, ho)weve; by I larijono (1980) in comparing 
ani agricillh t1ral waiersh( wit Ii one 2 .- 1)(ici(+ni ref'reslecf and(1 one entirely 

ri frest I(iusing Piblu merk UAl, t ,s,1 ,tiidi'mia tnolirawn i mac iophyla, and Eu 
mYl pt% alha). Ile reported co(tminuotis streaiflow during the dry season 
from le reb r.stc( areas, 2.5 timles that oft lie agricul uiral watershed. HIow

ver, there' mmy be ahlditional variables involved, since tle siu(ly was n1ot 
(hone i a i)e llmi)i rolled experiiiental cihicleil series. 
Will rspt(l ho storl flows aud I)eakfl)ws, t here aie some (lif'eteices in 

r'stlls, though I(ost expelrintlls have showl somewhat smaller 
stoirilnfhom volimes, marked red(ln(tions illeakflows, and a marked (lelay 

il ea fking.ine lree Branch eXl)eriments carried out I).I toc fromt 
196) showed hot oill a great rc(luctioin illhighest seasonal peaks, but le
(riss l peak (lischarges from co(mparal)e l)rt')lulting midlpostestab
lishllucilt stormts o\et'r lIhv eliti range of' loistuire (oii(litiols, rainfall in

tcisit , an( scasol (l.niessc Valh.v Authority 1962). For instance, the 
limie rt'(luiii(f Itb20 amnd 9:5 pectrill of tile wmler to (listhirge from the 
watershed 'was increased somec 5 and 18 times, respccti\ely, and i1w redluc
lions in peak (fistharge ranged froim 92 to 97 iCCutt in tihgr()wing sea
soin an(l 71 t)92 l)ercent it ill hI,(hloriil seasoin. ''sikmoto ( 1981, lers. 

Coiliu.) in japan, reporwd that peak fhows were I.ftitfes greater illthe 
(enuIclded watershed than thilerefirese(Ilone. On lile other hand, I)ragoun 
and I 'arrold( 1971 ), in working wilh ian 18 ha cattluuent nI xd in.%/lhalna 
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()hio (U.,.A.), Ain&ipl Ihat pitn I'forcstatiii prdulccd no AMlett on ciher 

(lit niaiiiniuii stoitif'low peaks or I liydoi',gralihshpslis. 

AnaIlyzing tli lonig-teii Soulh Afticaui experiients involvii alffoi'cs
lail Ii ot'}periodlically b llrntI iiltllllil\-IVHl 'l~it I, HIw-iie I( 19.82) re'(111i 

j)(pi'tld tli worik illidcirWiiv with his clliil)oratoir Bosch. and s tatcd ihat 

tihrc has lit'ill iii (liaiiget' ov r hI' wairs ii cili'r )('ikf'lows ostoin'low 

vohlilts. Ilitsc ,irle Ic'p soil c',tliili('its wilt 2,.500-ii raiin'tall per yeai 
,anid li alkil. hiit( Smal~ll sloilrlilllow 1c l(' s cts. 

Iln r,\'wing his t'xiit'tieiic with rcsarh rtsults ind ill(' xlictriclt of 

Il(' wo'rikshlop l)aiticiiisis, M.egall ( I19h8, Peis. (;lltil.) suggested that 

pekiiniv iil(lct's0 ( dcIt.i' (Ii(')Cldiiig 011 Ill' I)rT''iOUs vCgthiltioni, 

liind ist, "oils. ailid railfall patrnil aind that ii is i loliitx iiitter the mos1)tl 

(0otini0i tAlw'icit'li.(, I owvci; has lietniflo a lecrease in stormfl'ow leaks. 

)i' (tlir asl)tt if ililftiig ad disillltion has beein notl( iii Fiji, 
tlicit. llohwil.,g(lic pl''im~ililng Illlr'c prionuullctd diur'nal] 'luluatl iins \\er' 

not niit' csl)' ill tIflit'Irv s.asot, when tlhere occurred 0-perce(i dil

Itlt.li(cs bhwc.twt'let ini xiiin inimiili flows anilltililillitini early eve

tilg Ilows (kililitilranl Rij 1979). 

ON-SITE FROSION 

A liiialol r'asoin for utdilleitakinig rlotelstatio or- afiorestation is to ie

dihcc ctosiolli ii's tlhinii prevail ulide soie existin iigiotfotest land use. 

Bocth pra(t ial adcil Ist'rcih cx 11 )cicn' lie' sliowtn that otint Irest tree 

plinitations have btli established (11htori'l\' lpenland, ciosion idles 

slow sigtificant iteduiucioil,. Mosl researh sl U.dies actually have timeasutred 

stmmain st'diiti'tit yi ld Iriiiii aii ,llc'a aind siggcst(,l thai this indicates the 

t'tXtitl of tulosiol dlit' Smiletilaitit. l'' slioiliitigsi Iothis infei

eie lii\ liw-.ljsu isscd jrc\i iuslv. Nevtl hicless, Ihere issomic validity inc' d 

It, suggest iol thil s dillictil \'icld iiales ate indiwati e of' erosion rates. 

Moreovt; st'dil'llit yiehld Fo t lt' caclilihtl doi's inltigrait soil iilo\'e

intill lrotiilct vaiiis actiiities associilited with ith land-use treatment. 

lor illsiact', associated witlh it-'frstmaion thiete may be cultivated firte 

liies ald iladS ltss iih arsitsclt'l)tillc but woulld not bemat iomstoliu 

inIcheidted werl (tn' to siinnl)ly iicasire oil-sit cirosioti iiithe plantatioin. 
'Il'ris 1(niqiestioll bill ihlat gullics hve cbeen stabilimed and sheetei1o

sio (lraiiiailall re'duc'd by relortsiatio, once a leaf litter has become 

estaiblisht'd. (G lass covet also is undentiiibl)y' fC'tclive ii miniinizing erosion, 
butt wici there is grass, ltere is gtaziig (anl often fire), aid ciosion rates 

ar it, retf'rc usual lv higher tliaui lilt'r fest plaintations. Reestablish

tiletil oftees aill agaiii l)rovidt, toot slia stren tl to initiiie shallow 

soil slipslii areasl rn)ilit 11) ti115ss tiioveiimelt following stoi'tl events 

(O'L.oughlin 1981, Pers. (oini.). 
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Eroldd soil depth ,wer time following reftrestation of a denuded slope 
injapan was shown iy I'sukanioto ( 1981, Pers. Comm.) to decrease as fIo
lows: 0.71 mim ill tie first yt;,.r 0.50 rm in lhe fith year 0.34 mm ill the 
tenth \'lwar and 0.0) it) tle fifteenth \'ear 'oi, the whole watershed. Heim111 
,lso cp(itcl a tate wrtlttill From 72.36 n:/ha/\r to 0.17 mi/la/yr as 
e\,ll-\'at .a' aV..ages1 il(Clnt ll 0c)s,0lC dCllilde'd and one reforested to 

pines. I laId.loro (1980) i i Ito elosia showed decreasing soil losses in slb
waltesheds ts tir' jprtctlge ftelrT.sted ar'a inuCCsed [ii1 to taly ;g
rictrlrita to 100 er)ttuet Iteloiested. M,1ir arlid 1)rvsdale (1981, Pers. 
(Cotrir.) telotted sitiila 'trelds ill crosio rate renductions ill Fiji ill tie 
I ikelxr (rtilrireii

l'ie go :,(tll .OISrIISIS ,aortt dtCiCsld ernosiol rCgiries followinrg re

lbiestatiool nlos trot Itreati that tre erosionl probIlemi vanlishes. Irene-cart he 
signilicrait CinYOSI( tl r(ler hcst plati ti(o cover in steel)shl0)es (le)etnditng 
(.t tie tnuYoft it rr(ItorV\Cgtl;lliot (of- lack otit) and fIre character
istics il tihe litte ;rind Ibtest IIonr ill ger r;nl. Refcreicc hais already beenl 
miadle iii Chlap~ter 7 coniceirning certini p)robilem~s rep~ortedl i teak lplanta
lions (Bell 1973, ,.nrrkh 1978, Miclhaelson 1975). Bitting et al. (1975) re

porited ailniirl crosioti r;rtes itl tonIs per Ilretare on imod~etrate Slopes foi 
nudi"lstutihed tiart rial ibiest, teak lanittin \%-(lei\- spaced with mrixed tin
(It'estorN. atrdi dcttist Ick plartr \\ti to nhid'rsto ' ,ts 0 - 1), 2- 1).with 
and 20- (i0. rtspct tivrlv. Pltciio ( 1981, Pets. (Coni.)indicated rl at ill tie 
I'llilippilocs Illitc appeaired to ib grtrl' tare(ctosoi ill ltefottrslcd ,ii( nlr 
.. 111S Mi/(1 , Iran /'M11% kv'.siva.'1Ih1 t n dtet 

Mlcome, nuIt( reasn fort fitredudnr~ trts of erosn thfat ( hilt-acteriii 
el)l'tslt(i l;rdls is Ih1lt t his giraernly leads tIo it it](h1hlss intensive tse of 

Owt 11"1', mVIIrll anld ,rrimls. ill vcry shrt-rn ta lto e'ergy plantations of 
f;rsl-gin winrg Itects, especially toildtr rrrech;rical hrarvestinig, soric of this 
(Orilltil i\(miitiiy ('iloi Ti.he 5(A(t i ()It On-Site Erosion tll 

(h I)tTfisr(tsse etoSsi( i prnobdlt'ms ;Jssmr(iattd with Irest hatrvesting, 

atnd .\ll'rnhx C; deals wit i guidelines for, tttiiiiig ('t051iti itmpacts of' 
this activit. ,il irnIha sling is pt'cily tN l foreeded short-rotation 
plaHt lialols. -solp oi ils m toliliu I.. ir itiiti<oti;ij t'tn)Sni I~~dtH 5ittitiiini HIi iSCS' iii (OlilnCt ititi \\it]l aI1V 

soil hist tnibiol e socited with preparing t lie site Fbi planting a lld with 
siihsrclrt.rt cult i\tliot to tt'htn, cotllitli<)r iti the carly establishlmntt 

p~hrast. Ball ( '8I )snlgg('stcd thart cnteritig ,rrul cnlt ival ot wrel nte'ssarty+il 
Nigerial fiff esiihiiig fore'(st P)Lliitat ois. A\ nnnrl-iclisive set (f trorri

tore(I l( S;tltrnnt C I)iti(' VCefbreSlti~t mm uder vititotisl1~l sirniCs irl'\ivlvtg CXoii 
Mt h d olsile IMtCIMI ion Iilrve ietll carvied out in Qirerlshid, A\unslra
lia, siti( 17)1. lie rut i its slls havet' I'l pt lishedl by' Cassells el ,ll. 

(1982). lIcy inidhated rhal,. "since tHie ifiist plnings in 197-1, tire initial 
t'stab~lishitlicill phatse has been.t ,a€compHfic'€ by signtfiic'all tr'si )l and 

http:siihsrclrt.rt


sIlta 5cdlillicltat loll." "Broadca~st jiloii'glitil al-cal5sli vt Ow greatest 
(10101 .11(a l ii tikil i~itOll sliowtt(l I lit' least (1)[11 Ilit' lt r sosow tile 
least satisflaItolv plaliaiiton dc(te)liieict ). Illci antlilors reported that conl
tout stlip plotiiliiii hals I](\\ bItiiliit as (liltlilt' prltItt'OilVti l c 

sIs. .\s' fpaiii~st I prpmji dicliim tiidlliis for Otneiislaiid is cii-
iVll PHllliiilil it'tl ((asst'lls 1982, Pers.(:11be11 1 III lIJi, Ili' Jpilit'

p)ilitillg pn ran of ilit'OFili P'lict' h)IllillssjIio In ll iI /()it'- ilots no(
(.1111~ bi~i~it(lot' InuuIiig, andI lDil (1981, IPers.llo III( hideIt 

liaiigl"Ii~lidIig)ti i~ilaiw Ilit'cF()iji vinluilsmjtIas and !velo 11
Ihg \\llt tI Ic'g plaliauoi w, Iic 115 supet .(ieiiis l1t dig,olle andt'utv 

liigo i' llcr! ('ilil lisiIii'i \%l'IIIid~~5 ai eysaethIti 
iIlljsii'si'iit iil' i l' Is iiia iitllsp ic in ill( (ftt\o mestuan-
Iihiil iitF.\ 19i2) oil d ()iistI I,ti ntd kwiill cl Iaio igiprioel hen 

IowI il l,,I 'tI I ift \ I r l iIclis I)III I.f foresIatit If I Itv alyp Slia l h t Il 

SEDIMENT IN STREAMS 

Gl(5 lk t~tdiit'icdt'liliil IIol art'( usuially icliex t'~lfrll rtehsesta

ii'ha bc i ll hooI(Itiii'it'i I I' l foulo I 1980t) 1M. illsIlict, it'lolted lihe 
It'hlit'ste I l i 'is lsiIhI sil l wiI n/ula ;~nij- IgfluUi li db, . Thcf'n 

iiiii,'t'.d \t tn' it' ill lall fsonx waslpllelta lltl idw 

l'icilli%%i as iiic I 1Iw-t l 1 1 toi it96 Ill lIt-lligsce1 ( Ile e a-1p '.11111,
lt'v Ill:\i 9I; l. hl i ii. ilt. bclIt lmortst Iii100 . Ii j l wi i coh, lh and,

pnllssloAt'Ilc lit (diisio'Itassulllliigl gilllwts I~led teate leiitliot areatoalseidiitii;1111 I)tclc, Scais Ilith lltilaIvli, was fi oo 'oct an tullle 

dt'tiise](cf \Iiilaiil pljtlioii ()lroiM'Vmili [irs eriot(to iceast.
'llol at ils da r sidgiiiillgtullileases thail ottl IcI I l atlotloll~ il 

ltevillis laiio its, it il Ilitcw loading and sire preparation w~ork. T[herecetit Qilentslalll st ink by ( ass elIs et aul. (I 982) prclseiltd (l el lt datae 
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Table 20. 	Average Annual Soil tnd Water Effects of Reforestation Compared 
with Agricultural Use in Central Java 

Land Use 
Upland Dry 25% 10% 

Variable Agriculture Reforested Reforested 

Waterslhed area (ha) 207 163 354 
Shpe ( 1() 28 28 43 
Precipitatiolt (1111u/4r) 2,444 2,070 2,618 
l)isclarge (l1t;stc) 38.31 23.30 4t8.83 
t'Init discharge (t0/sCc/hta) 0.175 0.155 0.137 
Stispctldcd load (1) 4,171.84 2,215.18 2,880.45 
Sediment yield (I / hta/vr) 20.15 13.59 8.14' 

S. P .. Ilardjoio (1980). 

o)t se liIIIltl effectCs of various kinds of )Iallttiolt establishlment methodls 
ntler diffrelit soil and previous land-ltse situations. This stutly partinc

ltlv higlightled the role of, it strips along watcrcourses. Such areasIlffict 
shoulhd not bc cultivated in the planting process but shouh be hand 
i)laltc(L. Ile rt-poltd that ill the abseicte ofl)ul'er strips, Itere were not 
onlk (fttalic'll( iltvcrtses it st-dittieltt coltccl(tratilts lot Ilte first two years, 
btil tat ,t tcamnl k selitttt sources ccated by site pl-eparat ioll co<ntin
ttc too viehl tacceleratd levels of seditte well into the totation. Roads 
and firchicaks tust he laid Mr catCfttl,' atd well lttailttailtecd if they ar 
tl to be setlittttt-ltttltcitg featurCs. Appendix C suggests sotnc guide
lilies for- lltlutilho illig this ittl),act fron t lese sotltces. 

NUTRIENT OUTFLOW 

Nut riet otll flows frotn reflrested calcht'icn s. 0! even plots, copnlared 
witlh Ilose front agricoltutral crol)land or grassland, have not been re
searched extt, ivelv. It is thought that Iutritit ouitflows would be re
<lutced. palticilarlv if titrtilizers had beett partl of the pte'ious hld-tisc 
systctNtt, 0> whfeC IthcrC tad lw.ll active erosiol that hound its way into wa
tt'tltll'S'S its ScIitieCtis. l'lhe use of, litroget-fixitg trees ill reforestatiol 
tttight ater Ihc situtnion. Shtort-totatiott tree harvestingwouhf likely speed 
tip the ountflow tf IIturiclls comtpared with lolg-rotatioll trees, unless it 
\were a cotppicing systt'tt ,ot seedling regeneration illt ltediately obtained 
btatorvaor alt ificia, ltealls. 

SUMMARY AND IMPLICATIONS 

In !1loicil I( o)IIl tics, there is a wi despread 1)otlat"bclicft Iat rerefinsta
tion will intlpr(we grottdwater aquifers and result in not only more water 
it si realtts, bit itt "ttore reliable' flows, i.e., greater low flows. Such a beliefis 
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IMIly I VsqMisihle W Ilhe sqpq))01 o lee ilIg p'lrogams in'watCrsliCdtl l 
tile llilil)h)inCs (Sapl itol Md Perimo 1981, P'ers. (Onin.), in "l'hlaud 
(Clitinkao 1981, Pers. (;cm,,.), in Ifldlmisia (.llail 1981, Pi's. Comm.), ill 
Malavsia (l)w 19II, ks. (oniiti.. ;itli intllmlla New (;tina (Vergara 
1981, Pi'rs. (rlllnin.). h is oilv ''ithinn 11e Ipst [wo years Ihat it has been 
qustltioled ill i .ji (.\lniicl aid l)irsdalc 1981, Pers. C)lin.), ill least in 
goveirllmeiit 6hchs. lfhis belieft is iol ulilun toIi l, ill tiropical touln
Il'it(s, for it f)el\ ll 11 o I Wl'i-wit ig ill IIl e tc (i r'altc C{)illl IC t (1 Ile pIia)tl 
tI'ies ;So. \e' Ililt TcrW liIli g cv\iluliC fI.mll ('ltli'hii l tslllirsa c is thatlbllhm'iil if .It'tI'l;.ii. ,gl<liiilfhV;I c Ie 'ls ;ult" low 'cd ;lii~ siealil \'ilds 

alre Icdutl( , butll cffcIs leiiig i ingmore iipr<lotcd ii lh (i' \ s'asoi or 
gnrwiing~, ce.i;o I..\ l (ssilh, (X(cptiollI exists whcil rc'fwc, Iilioii ccurs ill 
,litais e i(I. ( ioi l ;iltcl c;ill I-e, bu1t Iliie alt' als yet n . fieldjiott'illiilfog 

eX lIiiiMlt'l1s I fli S this c iitICIsi\ChIV.
sll w


I'licie-cal'as to he t'litimph e
viicb t1(l indicate a lieilefil ill soIlle sitti
tiolls ill ;1ig.h stoimIl fhow tmtttI'iis to re(due(tie s, ,iitf hw'/ lood
ig. Stoinii peakfloms air usliallh reldiuced ainid ([elavdsl. St riiilow vol

(lilies illl<) m bc h prteelefrcstationl landilill), heicIIptif, tleeiidiii 
use. \ c( (mltlatilig hcil flo td sc crily, lioWC\ei, cllit he ext lap-Oft i 


,
Olalcd to liiget Ii\v ;i',iils ill a clailifo 161h01 .litiihll)d cmrineefits. The
tlIc 1 (0, \c'tll<I liltnt'fi(t f vgetatlioli (hllllges is ' I .hI<~cltiheR (Iili(klv vt'rwdhued by w her r'iverviletjdI iiR ie 
Ilsili \;lriabl)ls. (0)ii1tlies thl;it hae lst iltIitl large ref'restatio or alffi
estlatio l p)r(gl;iitls ill luilf to /n,",.'u' flhods oIn il!jo' i ivers (e.g., Yatngtze,
 
Inhls. (Gilnges,\heko ig) will Riot elimiiate floo>lds I this prograin alone. 
flii, ;ii,,' ll- ,ve\ ,ii inll (t lieu go o(I leasonis foi large watershed refires

l'lliol~l 1))l->i~lus. 

)lic wvi ical ctlit lio)Ill ncicfiestatlioi is to l(ti(lue tile erosion rales
 
tha 't. llloSl l lan(-Ws s'steiis. lo (iltlillImaximhtn bentple'acd llihd 

fil, oex(I.\v, it is ditctssiii\
Itlii'ct soil alndh xvilte'" colservation effirts to 
'iv Miliilig, site piepav;itioii. and ci'ly soul il ivatiot wv'ik niecessary in 
fle (tStll)lislhiilclt phase aiill I< tihe Site (listIi'hlbiice oiwcasiotied by the tilti
mate harvtIi iiest ig. iFlist-gliow'ing, shiit-lottiOlhplantatiois desired for 
fl'lhw d l lltiegv lpliitat i-s tihe hilrnslitlsist thl)clt_'e pildttces ac
celcateof tiousioiil Situationlis Flelqintly ellolgh thal so11 oftlle soil pro
tctioi beiief its, which l fuitiols (f less intelsive lituilati and animal 
lse-, ale f)st. bces that CFpice for at Icast a few rtationls call eliminate 
soIie' oft, i~ticetd "in. repealetd site lrepartitiotn aicl ouhivaltioi. Instittting 
(elrtain plrctices dtring harvesting can Riniilize elosiot (see (;uidelines 
ill \ppeidix (',). 

Watershed relal)ilitat ion I rough rei oestation of aflorestat ion can in
deed cansc nliajoir redluctions ii, strua sediment l'ds. II this respect, it is 
partictularly illiporlant to stabilize landslips or landslip-pronc areas with 
forest trees. It is impt)tll also to establish tdisturbed riparian btffer 
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strips by reforestation and to refrain from cultivation during the establish
ment. Roads and firebreaks can be imlotant, persistent, sediment-pro
ducing areas and should be designed and maintained with (fieattention to 
soil and water impacts (see Appendix C and Negahan 1977). 

It also a cars that 11m' nutrient levels in streams that cause problems to 
stream users or represent serious losses to the site in qu estion may be re
duced tilrotigh establishing )lantation focests on open land. 

II simIyary, it is al)prol)riate to :1ot0 Sir Chares Pereira (1973) who 
quite aptly stated: "Si irveying tiis scattered experience, it is clear that fir
est should neither be felled nor planted on a large scale without a study of 
the potential hydrological changes which may be expected." 
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13 
Rethinking Some Watershed Policies* 

In n1mity developing countries, land-use policies fir forestlands are be
ing suggested on tie hasis of tie f'Orest's assunted roles in influencing cer
tain hydrologic, soil-erosion-l)rotection, and sedimentation-iiirnization 
ciaracteristics of'watersheds. In some cases, these roles have been proven 
scientifically; in stine cases they are Pi)klore or myth-or inisinterpreta
tion if'researcih. Wlia'ever the case, it seems desirable to cmnclude by shed
ding some light on a few ofthe four Ms (imyth, inisinterpt elation, nisin for
niation, and mistnderstanding) about the eft'cts of using or converting 
tropical forestlads, ilatwalershed laild-tise context. 

lor instanice, it is suggested that cutting of rainlforest will result in deser
tificatioti. l'here is no evidelicc that railnf,all oi tle at ca will decw-ase to the 
point where the aiea Ibecties arid. It also is suggested 1hat refolesation o1 
aff'Oresttion ol'lope lands, incloding extensive gr:isslartds, will cause well 
levels to trise, flow again, and low flows in sireams to increase.Allsprings to 
evidencc From1 i tolle restatlic, Istillette lowever; indicates t le reversc. 

this tsct',11ch ina pl)liu;lble to the tropics or are we using tlhe%wrong argt
tviens 1,r the right teaN,,ins? Floods itthe Iower sttrc(hes oI'niaj;ir rivers, 

such :is ilit flNods in iiigkok atd New l)lhi, atre blamed m tree harvest
ing o shifting tolt ivitis illt tle uplaidf in"way. This relationship has 
never becil proved, ll (ould itstill he correct and therefore a basis for 
laud-use policics? ( )i ac urbmn leople refusing to look at their actions in 
flood plain c.yCl;atchiaitmel coinstriction and alteration, and the effects 
of such importlnt sedittictit-produccers as roads

Soitl)eo tle policies discussed in this clapter have been promulgated or 
advoo awtd with claints of,a sound rationale of' soil or water conservation, 
bot which in hict have no scientific basis, or worse, have a countervailing 
scienti fic basis. 

iti thoughts, whi(hf 
b\ the p lti ip sllsot Otw watershed works op tfia iniiaied this jiiblicaiioin. 

, I is(]iafltr p)Iststlls soMit ofl alliltor's are nol Iecessarily eunihrsed 
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CUTTING FORESTS REDUCES RAINFALL? 

It is beinig advocated t hl we save tropical forests, palrti:ular1, tropical 
raitiforests, hiecalis (ullillI hl ll will c'livert fhe areas into deserts and 
create droulils. lhe \World Willie lunl/I tCN T roplictl rests Caln
lx:ign was initiated ill ()ctober 1982 a, ali ij Indonesia. It suggested that

llowitg ~logging, the, -latnd gold" is tillied(into "tlseless desert" 
Iid thit "lake away th lti es anld \'oll gel witilerng droulght in the dry
se;soi (\V\VI,'/II'(;N 1982). SugtslietI< tle same thinking was dlie title 
ofa n fluet tial book-4lmazot,,m.-/Iu : (;rt',,! l0I i )'d 'D1rI? (Goodlancd
and Irwin 1975). I 'lI'adrcoft lie'Irh Hlugging ,Iovemellntt ((;hipko) in 
India has cLliiiiied thal culling of the he.sl resnuts i lldroughlts (Antr.N
miiols 1981). Ill iln airt ich entitled, "I'lic )esertification of' As;," it is 
claimed thal dst.rls (ll ,Idv.l o)I \ih great spel<d even ill the heart ofla
tropical Illgle< (Sharpland Sharp 1982). In lieso cases, litre may be sotI)wso
,li)If't\ ".iltitll 1(s ill lilc ,ixo Ist(]']" alld "drtought, blut a (litilary
suggests! ial a destl is alid lau ldwith insiifflwiillrplecipilation to permitl)Ilmt glow!v h," a]id t liuit adroutght islactk ofi r+,e-ipitilio or tuloistitre:." ft isn 


hiard :o see low,. a 'roplical illoist 1,es t"Il 
 lcving upwards of I,800 
toil/Yr (fr;aiti oa d,,rt b\ logging.(all hec\'ot'vteol ilt> 


Eiarll WreIst iilfluelice resct'il, 
 sliowilug litlh oIr no relationship be
tweell l)1i utte (it l)lste(. tftlees anid Ith lirncilpitatioll illing on that
 
a1(11, was lt si/e ;l1It lhito 
 ht int1(Ith ) li(, a 1 1lu Il ti le troplics by

ereirail ill 1973, (Pe'reira, I1973). Ye lt h eIC.1a IlWesists tlit loc:'al tairfall is 
t. uttc_ I, cti tilig Worests, and thek t fur lrs n(<iltere(f folklore to this
 

effect, pa,-ti(uIlarl amonlig balnalla gri
. ts ill (CettralAtlerica and polic,
niakers ill Somoh Asia. It is irtie thit Ihie is sme recent w+'ork il 
 lie Ania
/on0 Basiiu sngg-est lg thiti r this 
 irge area wit h its titiue h\'dro elteo
rlu.yIg\ lic fresl does regteratc som of its own rain (Salati et atl. 1979)
antid tHia possibly, thh'refir, l/(Irgi-sl/ah, anid pfrman!'/ dheforestation (not
jnls logging) ould redice or alter raiiil ill parls oifit (Silaii 1981 ). [his 
s(tcUlatliol has 0lo!yet (ei e(d l riigliingsciettific tldisteiletit.

Savitig filt exales)les of(otiiilc(x Iopicatl lowland raili~rests from tile 
tlogger is iideId a wolli\ (ilise. Intideed. li t i ttiv ctiplling, .scien

ll >iild, ad)hlillsoplhical lreiwa l r i ni r ting to pre
s r ga altillll oft lie world's relilaillii g iiiiarv Iropical raitifotrest, 

I 

()ite xception lo tlil 


)u1 felitlhediced rattitifall is lio(l ote oftliltell. 
ritle occiurs, hiowevet; ill certiivlhsiographic sit

uat iihis. ];(11 examplile ill coastal fog helts or al high clev'(:tiois cliaracter
ized bY I'retlitut (it" persistent cloud, fotrsts call "cail)lire" adiI condense 
at in,lehtei'ic iloist ituc. Tlis so-called "occuit" p)recipitation is added to the 
effecti'e moistire receiv( by)t lite areca and tnav represent a sttbstantial
 
)ercettage oftlie tolal. lot exatnilil, 
 itt Hawaii it represented an extra 760 
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mm above a non forested 2,600 mm of rainfall (Ekern 1964). Cutting down 
tie forest resiIts in loss of this occult precipitatio:l, though it is restored as 
the forest regrows. If tie area isconverted to anot her use, this moisture is 
removed fr'oti the water budget of tle watershed, inIcluding water outflow 
firon tlife I saving cloudiiwr iate watershed (Zadroga 1981). 'herefore, 

forests and fog forests inakes good hydrologic sense.
 

CUTTING OF FORESTS DRIES UP WATER SUPPLIES? 

Tlere is a widespread belief" that logging of tropical forest watersheds 
has clused wells, springs, streams, and even major rivers to cease flowing, 
at lea;t during tile dry season (l'ckholm 1976, Sharp and Sharp 1982). 
Policies to set ll) l)rotc(tion f'rests that may not be cut are being advo
catedf becausecofa sul)p)osed "sponge" cffect that soaks uI watei tile wet 
periods and Iets it reease slowly and evenly ill the dry season to kee ) water 
sutppl ies ader Iately restored. It is difl'icut to reconcile such policy with 
simill watershed rtlttlng experiments that almost universally have given 
Ifurur'dt tal ;earwater yields over tile y witltlie greatest incrTeases usually 
in the low-flow mlont ]is. Bosch and I lcwlett (1982) have reviewed 94 col
trolled-catclillctit studies and reinfirwced this relationship. lhey have 
eveii iinlia(:ted sonc IMtCrictiy (jilitification as to tile ,tiolint of in
ease. .Xoreow't, Iliost cutting cxl)erilltcits have shown increases in 

grouldwatcir levels (Boighton 1970). 
Perhaps sottw ol l ihe dIlcliltli ariscs because of setalntic liroblems. Tlhe 

ciltclilttrtil txpclit'leits itivo\lcd forecst cuttiig and logging. niotcotlversion 
to alllt het use stlI isgrazling o aii,al cropping. 'I'he'redl-life proble'ii 
ili tlie tropirs is t fiat fist hiltvest lig isotiil the l't((lltselr Ii ii conversioi, 
and tilt, Ill "(hi"ittiimi" used) ima icf'r to the se-I (which is oftecn 
(ltlcfi(c of logging. ( h';l ististlited agicultnrc grazingalg,andthlien "or 
\ itlont soil and watr olcl If coitioll. rp:tictd siiitfres with ittervell
ing itld hic!- ii g[flie., avet lie ind tcstt (alnd onc finds such landscapes 
all 1) t (ltit l ill tlie tip!.tv' tr, pi',) I cln i is l),,-iblc that there ina) 
testilt sirt ufings iskowr watcr talIhs (less iclia le springs and wells) and 
h]uwel ll\-scasmi flows inl stlills. Ihere irc no large-s :ale, lolg-termii ex-
Iwrilikclts to Sul)pport this it nit iii and l)t(lf(ssioil j i(lclt. Correia
tiotisofland ala (dieftesitcdover [ilu( and decreased sticaiilfowsare not 
caiuse aid eff I, thoiglg such ,1telalioasli lp has ;iteil beell claimied by 
wrlitls tlisitg silh st isl i S. 

One piobfleil is that most c)I1trolled warlershed exlperiments atre in the 
tellieralte lotoe. [lie fe%% reliable tropical i)ied-cat limett experiments 
that d1o exist, howmevc., (1o not indicate any diffcrent results. 

Il sonic instamcs, ltrc are valid reasons tr establishing totally )r)
teled watershed hwecsts wit If no forest harvesting permitted,but concern 
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Iht ('utt ing will restIlt iI dried tp wells anot springs Iidepihenlieral strems 
where!tperenliiil strllis once plrc'illed e%(,,have it scientific basis.no 

rsiot a large scale may be a 
diffeLrentmsory. 
(.o)i .. and subsequent land degrasdation ll 

CUTTING OF FORESTS CAUSES FLOODS? 

'l'hre'is ildiecd all ititniti'e feelinig (based, however, on some scientific 
evidelnce) I hat oi'est (ovet oll a wate'rsh , does offer t lie best guarantee 
against local Hash Ithoditig. I howeve.r, one niiist become soiiewlat titieasy 
whenlllii(lf Staltemlenits Ifhat fore-csts guad against flooding" (VI'ii'opeanl 
Ili'vir(lillt;C l'il 'itl I182) I)'cause i )'slis sayilg this arc ietbr
ring to(iliijit IhodII (oll ilrge rive(rs. Be1lief i this statelllt al)out the hv
(lI'(llogi( sfcltt (fd forestsflut'est (mcr+'gets ilisilltt'rpreed to Ileal that if' 
a1,'te iit. Ililijol lHoods will I. tle- coiisculluclice. 'Ilus, monsooin Floods ill 
lil(G ,iiges liilils (%%h.I a' s 'liil tilt l h ai lwa ccurrlc(l) have beel att'ib
wed1(1 to I rcc ltillug Ile ill ulpIlls (World Water 1981 ). .\ stattemient bv 
)cl>llu (197 1) hllie etll floods illthe lrit"at principal callse ofl'the 

tti'ioval oftrec c'ver ill tile 
funlwoo," was rt ated tIlie 1978 World (Conigress 

(hili Slwoliltil rtle 'atlililtit areas f l 
lvh r at IForestlV 

(Avers 1978). li Itie lihilippiis liodlwint lit-great Agiisaii flood of 1981, 
lh sltaii liiistelr lied 10 percent of' the lilleon logging" of leadwa

tci Ibiests' eveli tough fIlooding is allannual evtll, and Ilajot floods ate 
expect'dlabout every 2( yairs" ((ol\tr, 1981). 'I'lere Iollowed i the 
slnlilei itr liCir'hallw lofficial ill the Philippine B1ureallliitt''i tIll) 
ifi loiest l)s'elpcleliit oIl It'lSubj'ct oIactions by that organization to 

ugll
clllirol logging alil tlouaitgc it'foretitioll. It has been gested that 
"<Cverhl ioggi C tg is nlow ficillh l'eClgl1ii/e<l as use of last iuly's seveie 
floliigt4 llie i ' itlClhina (S larpalid .laIp 1982). 

ries C'OhiC'ii about falestflolrlilarctlltlig alid foods valid, or are 
liw' ilsilitelpltil (,It'esa'cli people looking fol aIisllS findlings? Ar'e 

s(apceiatsl to t d Iit lhi'w floods have alwaysI lie to ccnisile'r that 

ctirel 11 (laillgeli i' inceasing
tll hat is iily )ecatlse of" greater flood 

lalliiui cic('tlllicv, glealtl' hliliiiel ('(Itist rictioll, and alteration byl hulial 
St lll(l'Ill'(S? 

llililgs tro ilJaih'l-.at('hlill<iit research inlwhiclione catcheleil has 
beel Ici)ggil indeed ilslalk' (bitt not alwavi'.s) Sosw greater storiflow vol
ln'es, higlie'r pellkf'lows, anid eatliet'r pelks ill stre;lliis emanaling fr-oi the 

logged ala (Dl)oiiglass and Swanik 1975, Reiihar ci al. 1963). Flooding 
lilay he iil(crtased close to Ilie ai'ea :it, bitt as water is routed down a Ila jor 
riv'r basiil, this eflect is rather quticl'lv" reIiduced to insignificance lniid 
cilhecr lli ocesses ci' p)a' ailtll litipolrl,tice, Sutch as the niatui'e and jnleil
sityolithe lrecilpitat ion, t lie direct ion it niioxes aicross the baisin, iid the size 
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and morphonietry of' tie basin. Ifewlett (1982) has recently examined the 
evidence worldwide fron f'orest watershed research and reported that 
there was no cause-eflfct rclationshipl between forest cutting in tile head
waters and fHoods in the lower basin. Even ifra wiole basin were under a 
forest harvesting regime, normally it would not be logged off all in one 
year. [hose port ions t hat are logged rather quickly ret urn to a prelogging 
hydrologic regime as the fhorest regenerates and fi ill canopy is restored, 
even though it is young growth. Moreover, a substantial part of this 
stornifl)w/pekf low effect is (flie to poorly located and designed roads, 
skid trails, and log landitiugs, all of'wliich speed water off-site. Isi , lproper 
conservation logging can reduce any small 'fclcts on upstreani flooding. 
Floods occur dlie to too nlnucli precipitat ion falling in too short a time or 
over too long a time (prolonged), bevond the capacity ()('the soil mantle to 
store it and le stream chminei to handle it. 

'lhe previous discussion has referred to tle impacts of f6rest harvesting 
on fHoods, not oin tile elfhtls otf t o rest harvesting followed ly conversion to 
agrictli urc and gra/ing and stibsequeznt degraation by misuse. Such de
graded areas, encom passing whole river Iasins, may indeed aggravate 
flooding and bl on' oft lie pirincipal ctustes o!'scriotis flood damage. Hlow
ever, icouivecrted to controlled grating lands or agricult tire Ider a soutnd 
soil and water conscrv",tiit regimic, such wtershed land use should no 

W(Mist, Huwloods thain would careful fiwest harvesting. 

SHIFTING AGRICULTURE IS RESPONSIBLE FOR MASSIVE EROSION 
AND ACCELERATED RESERVOIR SEDIMENTATION? 

Iln lie press, il environnieitalist writings, iii political )ronouncements, 
Inld \'c1lt in sotic literattire frot land-lise professionals, shilf itig agricul
ture hIns belen condetmned as causing many of the eivironiiieital ills itl tile 
trop~ics (E'ropean 'Anvirotintental Biireii 1982). 

Aside from cliuinatting primary tropical firest (in inevitable conse
(jmi'lic of" shifting agricult urte that does have sel)lotz policy implications) 
this am ient landl-use, svsteui Isii ost sl)ecifically targemed as causing tuas
si\v erosioi iilie ut+iIlands aind accelerated reservoir s"-diuiietitatioi in the 
valkyNs (as is relortcd lot the Ambutklao reservoir in the P'hilippines 

;lhamauc 19811). 
lI. misiak, in pointing tile linger ofI blame at shifting agrictltures 

( .g.. swiddhti, kaiigiu, milpa, conno,.jhtt, blish lilow, slash-ad-blrn) 
is i se Ili llIt ourt... Ill its tr;ditional iieaiing, the label applied to a system 
fd lutk itting,ult ropplig,and hilowing that was sustainable because the 
Sill iv;mloo was a lg-te.rm resident ill one place and tile cro))ing area was 
totated (slIlted) in tilie surroinding area. lie fiallow period was long 
eiioiigli ill secondary firest to permit rebiilding of'the nut rient budget on 

http:lg-te.rm
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one site prior toiits again being (111 (and IIsually l)Iurld) for the next crop
ping period. With rlhativelv low populatiol dlisity, low technology,andi a 
sIl)Sistl ic t(L0( , stahle systen ls, ecologically well laptedV,th ese were 

to the, tlltopioal eiirolinicnl. L'vein on tairly ste, Slopes, tie small area 
of 
,Soil hisI nIIbed III m1(1ev to plant and~ (liltmiate atliial (101)5acceleratetl ero-
Sion oil\v slig hl. Ilic small area (i1hiialcd alt am,' one tioe (tYlpically less 
tlia111 3 )ttI.,it (I tlic totil ;iit',)rtliI ti t he ilosaitI fulinow area alsoi l 

tn'ileil thlliit 
 sil ,lvim lI ii twit tilt i'.Itelc are.a was usuall tirappled I)v
lht alhm. ;iiil Sct' i ciit Ct 'il' iiitrcIse illvttls i1 sIICMiIs dil 12(2 SS.11 

rvspoiisc to shiting lgrih
lilt i2;e.(stc ( :halp, 2). Many Itilil 1) opi'es ill the 
ii1)1 ic Iiliig tis %IUP, 5>Ki ll)ilgli illc, Aplcscmt a tiepit '41lla[I S. 

(IC;Is1Ilig IIIHiMIioi 
 %%lii tIICIIM Ft~ t(A it Iore) F( ctiltly 'leveloprl ilvftlbli 
%5'%, which iValso itir'l'.l to as "shitilng agrithilt (itt." lile distinction 

h .iweca.i tI t.\Stills ias htii c1eail1\ i(lcit ied by WXalters (I1971)and by 
K u10lntdtlta.i 12(I ( "lhpniaii (197). 

' 
lH t . i il li il,,c llI",, l -i .,l (d iicfreast-l po)l latiol p r ssir,, 
llht.,, itss, stIll(l ox,.111(1 shift to( sh t-rioping ratherthl
 
'ihsi"il t.. I lfot.", stijltliugagp lilt i:Iists alt' ilidetd oftell tule shift
ctr-Sil L:thit illh tmhex ic1 I]( ; e
Nollnll i\ t i a, +'Clearitlbv shsh-atld-blin
 
methods itisti,,liiiI;dlIlI ,-Iock,,, iltivitt it nitil it is worn ont, and
 
lien' lltc\ II1(05 ()It1()itl v aitil.duear, lhiev Ill tSSeII('c, )ereui iial "Iew
 
colonists iM kintg t 
 t l.et' ol t he pristine f't'ost ;il h.e;isitg behind de
£ ridel laldIlthat hi,s stlllu' s1
cIIiS LtOSioll ht'MtISt' soil COiiS'CIA'itiont 
IlilmIls it, ot p ,lif ite ,t;tlig\ ot lie lanle<ss ail poor.. Moieovei;
 
s1 hiw, ,(1(hl<l is a ii .i (dI
liert tiotl(l for,.st and illhow patches of'scruilb.
 
lil <otlit t'i(ohlcl Sol ohmt, lo' llnt slram tlanllils as setilllelll and
 

tails s ;IIi ,(of ad\dt'Ist ( <i2 lu'( itltts,
 
It is iiil lio)liitt tO, It ii hit'5t tw(%dillet'i sstt'ls tinder one lall

kt't Itrin mnd toiat) iite lit well-tiiteod ClIviVOluntiilial ills of'one 
svsteiii to blothi. Ibhis hias had disisi1r<,t(oliseiienes for tribal peoples in 
lite;iyViiits oftlit tr ()iil world. lhev have so<i'tiuit's leii evicted from 
Ihii lanlid lublic do ill tleIl lic hii ae of pl\tuit it weorest, Soil, and 
watr dgrad;itioi. .A llort. Imtant, thoughtfud, andteologically sound 
st ratlgy uiight be tiassist thii gradually to imiiprove their prtactices, )er
fIaps illili Igi)l .rstr\ (oit'xt, wit ltle iitrodluiction f' Iewfod tiree 
tlps.A.it'tt'l)l progrli of h tst o ,tul),iicy uinai:agemelit begun iii the 
'hilippines is inideed allimpoirtamt step in this dirlection (l)tldulao 1981 ).

I.tl us h illiorc jetrt.ist, ill o uilgugolge whetn discutssing Cosioin and sedi
it'ltatioui l-olui shift ii g agriuilt tir'.l".Even with th itistable form of shift

ilig agri(ulitore tliesile )ll lluay b'.MtiseIlllit'ies solliewhat overrated,io"
 
it nav be at least dwarfed )vtle erosion resulting l'roin road conrit tiction, 
uirlbat dtvelopiient, d1aitiage outlets, and other civil engineering, rather 
liati agronotnic, activities (Sanche, 1979). 
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GRASSLAND IS BETTER COVER FOR WATERSHEDS THAN FOREST? 

In forest watershed research, it has been shown in several experiments 
that conversion of frcst to grass as the dominant cover has ustually re
suited ill water \'ield (e.g., 1 ibbert 1969, Queensland I)epartmentgreterltt 
of Forest iv 1977), higher groundwater levels in deep soils (Botighton 1970, 
Melzer 196i2) with nly'small increases or no increases instornf'low. vol
timet, peakilows, , storm duration flow, depending oil grass density and 
produtivitv (I libbert 1969, 1ll!v and Douglass 1971, Queensland )e
paI inent of' Forestry 1977). grasslands iu instances were not1'ih these 
graed, lot the experiments wefe diesigned to compare the hydrologic ef
fcots of ilie di fti'tr cii vegetative covers. ()nce the grass was estal)lished, 
there was io (Ifitfiri(t' in erosion iales or se(liment production from the 
art'a ((ostel 1938,. li Vt'lv )ouiglass 1971 ).and 

Sonic pliticials, water development engineers, and planners have read 
(hr heard about these resulls anti stiggested that grass would he a better 
t'\rI Ihlil Iiecs on watersheds because increased water 'ields in streamlis 
and rivers arc illporlalnt ill water prlojccts for water SUpply, hydro power 
and irrigation. 'lhcN'have bleen told that dcl)-rooled trsts arc heavy 
users of walcr, aind now tlley suggest replacing them with grasslands that 
use less wa;tcr bt)t still give hydrologic satfetv. Such aj policy, if widely 
;idopted.woulf bc iillppropriat, fit at least two ilportant reasons. 

First, wt'rc coiducted otitiiolerate slopes not pronet l.sc experiliit s e 
lo mass wasting. 'Ih importalue of root shear stietngilh inIreet uiatlitain
ing slopc' staliility tn steelat areas prone t) lanilslijp and slumping has 
flow bteen w'ell loouieited (for eXaiiiple, ( )'.oighiin 1974). ()n such ar
t'as, f(rtcst cover gives t[lie greatest prattction againsl this most damaging 
tori oferosiol and its corrtsponding increase in sedimentation. 

il adhditi on, tlust, afiumt'it ioncd Cxperimental results were obtained 
floiin grasslands that wolt not grazed and lot burned. Il actual practice in 
th tropics.nav area of grassland is likely to be grazed, and usually over
gra/edl, and is also likely to bt' )uirned to maintain it in grass. While coitl
trolled g-ainlg anid p'cscribcd burnint at ippropriate intervals need not 
have seriolus adlverse ilipacts ou the hvdrolhg aiid soils of a watershed, such' 
:onttro is iractically ihlipOSsil)lt, to achieve ill m.ist tropical countries where 
p+opulalio s are iict.i'asing apidly and food iroduction neels are high. 
()vergratiig and indiscriniiiiato' hbihriing, esl)et:ially over long periods, 
rt'sit in aI well-known series of 'adversehvdrologic and soil iloveilent ef
fects (( ochran 1969, Racdcr-Roitzsch and Y.asuir 1968). [lie extensive de
gratdle grasslandsof ill ln ravelling test inoniiht torpics arii tothis situation. 

Forests are hydrologically and erosioiiallv s _ifebecause they are less 
susct'ptiilc to initensive use -as long as ticyareiimaintained as fbrestlaiuds. 
Ilarvest iiig iiiior forest lroducts From thein has an insignificant effect on 



130 

watershed values (see (ha pter I). Commnercial wood harvesiing, even 
wieII learcultliIlg is inivolved, is carried out alrelatively infreqetiel inter
vals colllpafed with colitil'uhlios grazing,and ally hydrologic or soil impacts 
are ratlhe! (licklyireslored t(I l)llarvest levels (l least itn I le Iliore humid 
tropics) I lthrigh vegelalioll regrowi h.( )lsoie colncerl, howeve, to water

shed relationshlips will le (lie ilileasing enplhasis on plantatioins of rap
illy growing tes Ihal are llavesled tolally,wit Iilarge eqiuipmntiil o ilvery,
short -l.li ls, ;s eill chips loipulp or foriioellergy. 

REFORESTATION OR AFFORESTATION WILL STOP FLOODS, 
AMELIORATE DROUGHTS, CAUSE STREAMS TO FLOW AGAIN AND 
RAISE WATER LEVELS IN WELLS? 

l oLr1 I ,1/ s l 11U (/t i A are Ii g cal led-at r/m) t t'ctt l/uit .stall'I r iand 
to sollie eXtelhl cl'itd ()111illItopical wateishleds of11m(st conltries.As ;I 
Stralegy tol estalilish "wood faclories" lo Il eet iieeds forI ftl, limber,and
 
oiliel w-\I i- sense. it
polucts, Ihis titakes g >d lopefillh will Irelieve solle
 
( I)l's re (sill ofhiat lllal 1Ibres. Mlreov'el; d a reliabililelllilillg hiit 

tlati(ll device t( make 111
imro dlot live lands more roduclive, to millililize
 
erlil. ~and elbinild ldIguts., suIcI eftYs are indeed Well COHto illWill 
ceu\ dl.lht I/ll//l.Ns aplpCars w leIetie clarioll call goes oll Ihat ilo ghl
 
plhnilig Ilets. I;lii iull will illcre;se (d oliughlls cease), sl rinlgs, wells, and
 
st.realwllwill tw llt 1
6lit c110W. fi ls will be J)le'velilled. 

InI imost rtspccis, u)ltting l'ees back o l opei land (reforestation) or 
Ilailling Ilell ()Itl-cltes Ilng witlhout or never with hrest (adlorestation)
plililtices tIle l-liposite effects to tllkiig tees olfilTle efcts of forest cut
iliIlg ea\.
Icen discussed previously but will be sullillntarized here in teri-s
 

of' l'evel se etl.cis. [lhet're is hapltillg
eviece that f rests will inlcrease
 
idilif,lllexcepI ill tllose special cases of lilhysiigla'rlhy where fog or cloud
 
~ipi1ore,of Iil1islille Illv iesult . Ill thlose special circumllstances, establish-

Ineill oif ftoest ilav resullt ill adithional I'//l'tlii,, precipitltiont, which under
 
illanllv ge(l(ogi( aid soil sitlatioilis will :llpeat u
!tlteas,_( grllildwater

anId i:lstl-ow. \\'iilt this does nlt iniftlelce local or regional rain fall. it 
iiiV11i11heref ore illlprvLc well levels adit spirinigs aInd increase st ieain yields,
including low-seison fhlows. Ill n1mst experimenlts, howeve; rel'orestatioi 
tfopeil lnld has iestilled illIu):er waiter tables, less reliable springs, aiid 
reduced slienlfllhow,espcially Ill le dri\ season (Banks and l romliout
 
1963, anld oth Chapter 12). ;\it
lers (itetd ill example olthle policy dilemllnia 
has occurred rec ly\itill co ill'r to colnelntioinal wisdom andi Fiji, where 

Xicct)itioIls ll decade lilec large refirestation
Ca Iago, program of' tie Fiji

Pille (omlmliission is resultinig in decreased streati'lows (l)rvsdale 1981, 
l'ers. (oimi.). And fiialllv, while strinilhws nay be soniewliat reduced, 
most experilmient s have shown rather small etlfcts (1-fewlett 1982). Cer

http:I/ll//l.Ns
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taiiI for inajor floods on the lower reaches of rivers, it is doubtful if there 
is II ucih impact of'even rat her large-scale forest planting p rogranis,uiless a 
major portion of' the catchlent was in a degraded, severely gullied, soil 
compil)a.teld state, whlire alnost all precipitation was quickly channeled to 
lie streams and rivers, out where sCdiiniet derived from upland erosion 

was a imajor contributtor to fHooding. In such cases (and there are many 
landscapes ill tile hilly tI'I<)ics t hat have Ieen so abused they would seem to 
qualif.v), the establishment of forests might indeed slow and reduce surfice 
-tiiol[" to the point where there would be some flood rduction effect, 
though not elimination of foods. It would certainly reduce erosion rates 
aid result ing contributioii to river sediments. 

CONCLUSION 

Problems illachieving sustainable development and conservation of soil 
and water resources ili the tropics are legion eniough, without being 
plagued Iw Inyth, it istudertanding, tmisini'ormation, and misinterpreta
tion. Semantic fitzzilcss adds to the scene. Words such as deforestation, 
slifi ing agriarhit tire, marginal lands, and desertification usually need to be 
defined or avoided in fawor of more precise words or phrases. The conse
quences may be seei ili l'ruitless disagreement lbetwee interest groups, 
proplagand<la instead ofedtcation, bad policymaking because of shaky sci
enltifie bases, or evell good policyiaking for tile wrong rcasons-an action 
that may backfire. lcrhaps foresters have been guilty of aquiescing 1)y si
]let to t lie uisc of someImisinterpretations and misunderstandings, be
caus,. the atgumirietits or rhetoric being used wore aimed at protecting for
est resotr'ces or at establishing new forests-surely actions wortiy of' 
naltiollSis ai Stateslnml. But, iftwe close fle waterishled forests to Ii ullill uise 
and resenoir"s still silt ill), and whien wc have totally reclothed fle basin in 

phImtcd forest and we still have fHoods,ald if'on top oft hat the strealils still 
dtr' up ot dry Ill evl iliore ... then t here may be Iwell-dcserved backlash 
;nd t ie cred(ibility of foresters and ot her watershed proflessiotials may be 
called inito serious qiucstion. There atre many emiiinentl sound reasons for 
for-est constrv'at ion and reforestation in the tropical developing countries. 
let us not condolote the use of insttpportable or questionable hydrologic 
atid erosional relat iotiships in this important policy scenario. 
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Appendix B 
A Summary of Some Results from the 
Coweeta Hydrologic Laboratory* 
The Effects of Tree Cutting and Timber Harvesting 
on Timing and Distribution of Water Yield 

Slie (;oweeta Basin is lc)ate(l in western Noirth (Carolina in the Blue 
Ridge i-rovince ol lie A ppalachian Itighlands Plhysiographic Division; the 
basin is 1,625 ha in size, slopes at 18 percent to the east and varies from 685 
lo 1,592 in inlelevation. Ridges are sharl)-crested, valleys vary from V
shaped fior stil)rhiailIges to bioad Ui-shaped for the major valleys, and the 
(railage patternl is denIdIritic. Streami density ishigh, around 6 kin/kin. 

The climate isclassified as ittn1id miesothermal with temlperatures aver
aging 3.6°( inia.timary and 21 .6( in july.Rainiltll in tile (oweeta vicinity 
is tle highest ill Ile eastern t iired States. It v\aries with elevation (slight 

'Oograplice[f'ct) From 1,768 mm at low elevalions to 2,300 mm at high 
elevations aniin averages 2,058 wnin annuallv. 

Rainfill isdisrilbuted fairly evenly thiroughout tile yeal,with March the 
highest rainfall mionh (21 () n) and October the lowest (16( tut).Storms 
averlge 133 events )er year. 

Under thle warm, humnid clinate, rocks have weathered into a deep, per
iiteal)le rcgolilh. lhe deepest la\yers ate generally fhitmid on ridges and in 
valleys; soil oil side shlpes is variable itndepth ranging from rock otcrops 
1,(leep, lporous iiiaterial over 25 ildee). 

Because of t lie mild, humid climate, vegetation at Coweeta is diverse. 
'lhe forest is nnitistoried and comol)eood of four forest ty)es--not1l'ern 
haldwocds, cove hard woods, oak-hickory, andIpine-haIrdwoods. The 
detse It ifierslrN is coiml)sed 1'ee saplings and usually all abtutdanice 
cif'shrutl) Species. (;rund cover is also diverse. 

At (Coweeta,water yield is (list ribuited seasonally with tile iionithily high 
iioil-iahiy ill March. It (leclines progressively until October, when recharge 
begins. (ulting vegetiation cha nges this (list ribuition by i creasing flow lev-
Cls thi<oughout the stellrlle ,faLl, and winle. Thiis was hest demonstrated 
h)y WatershedI 17, which was clearcut annually sevenIro" years. The 

(( ;i billiioIo \0aitetsh(td nriesi Works y ). J mcs 1K.I)ougtass,hlfhn nu'e tp,1118 1 
I'ri(ct ]..luti; ( ovt'ti;i I I.ih)aiorr, S vice, ()io, Norrlh Carioliiai,ulyrhdolgi I'.S. Fowsi 
t'.
S.A.
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IIllvh'IIItIce ise illstir.iiillow was ncar Zer( illMav, inireasecd tol Ill.axi
111111f '.39 iiinIll)ectnlu- aind declilned tltItaftIer io ieait zero ill March 
(IDotglaiss anid Swank 1975). !Bccaiise ofI ctit-td cvpotrlxlspiraltion and 
higher Soil moisi lirc levels onilit,(.11,watcrsl(l, a dilleciei in Soil water 
storage exists. Ih.poIlctial increase ill sliramlfiow (Iiring allv iiiontl is 
propolrioial io ilit"stolage di l t'lice. I61inlall com-erls Ilhe potential into;,I.-,dille'reci,t fh-cllllw. hl illclcasc,during aly InlonlhI.m Tlhe .si/teof 

is thus depeetileiii on both li, m moistli diller)0 cc iiiiil;itcld soil storage 

cu1(e ail( cillii rainfll. A le;st 100I ii/iioiitlh isrequirdc to proluce
:Ml Incease.Co( c '.001111 oI Ir c ofr,.rainl durI11oinon lht af'ltl"r.'.,\'Sel,. 


dr Siiuiiiict call il.Citiasc Flow from t clticili( wteishe.d b 50 to 70 min. 
Bliise hlt oils at (Coetia,ill(lie dep nreases in s1taiflow frmii liar

vest o colinecllrilig the 5stoii wlieii 
 lw is least and demand fr
 
wa er is g tatslI. llt iii iCses art- dt,
leatd iitoI the later wintel; ill sharp

tn)ilIsl lo aias where soils are shallower. LlsCwhe~re. in file Appalachians,

all tv'polt iiisli-ilioii SIaiiigs are lisi:illv rec()upe,d muchearlie; nor
imall% b, >vo ie; easnc, shiaillow soils alie
bIiI( recharged sooller.. Aftl, 

e no 
.\ thol-oigh 'xaimiial'on of (Ile eflectIo timbtir havest on timing of
 

yield has mot bcIn imdc litr all experitents at (Cowcetttj. Two conditions
 
have been si iniicd: Ihc utt ing o' forest \egelaiion without toad (oltl'll:
liolio logging. ;ald halaNtcsiingof11iiiw willthe usual logging and road
 
atlivitits. l If lie flimtI case, the pihysical propeitits of' the hydrologic
 

IMIxilii rt-chii ,llatgc.liIfijel'vnt it Yield will occur. 

S\'SIIIi ar11I() ahaiged: thI i (he"wati-c" movemient1111hrough tile sN'stell) is
 
sill1 plv ;1
actlieaid. 

(insidtir tI-sI tIt hvdrograph hthe iiidistlirbed watershed Ihal serves 
basis lo hli' flc,as a t'ilsliing reslponse or chang l)gerouIced by manlage

lilt-iil. and CumIiiiighaiii (1966) ised comoputers to separate
I lihbci 

siitcaiiflow into stoln-nif'low anod basftlowV comp nents, either of which
 
miglht be chiingcd Iby teatient. Tile \;i(l\itages o)f using this method are
 
colsistencV (F'sepall-ill and fr'echcii li'uinian
froiii bias. Ilewlett and
 
I libbert (I967) used this teehniiqote to stuidy slormflow t'actors afTcting
 
fIte respons l's small watershieds io rainlhIl. Storl-flow response (mean
 
percent of, prccipitat in appealing als Flow) wasstorm highly variable for
forest ed wa tersheds il thIleeastern UI.S., ranging from 2 to 3. percent. At 
Coweeta, the watt-slied response was .1lo 15Ipercent dep nling on soil 
dept Ih,slope, and iinmtbeir and size ol stc rms. Ilewlett's (1967) detailed 
map~pilg of'sirni flow idiceas an even larger response firom shallow soils 
ait hiig!, ci elevations at (owetta-up t 20()plcet. Eighty-six percent of 
tle variation in stormi flow voltii i from one 7.7 kil l Coweeta watershed 

a.,t- lo)1 by precipitation (1)), antecedent flow (1), season (S), and(otinied 
clur'ation oft lie storm riiiioff()) ( ewlett et al. 19771). Surprisingly, add
ing rainfall intensity to)t le c(iliat ion did not increase the )ercent variation 
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in storiflow accounted for. Precipitation intensity was slightly more im

portait when accounting for variations in )cakflow; P, 1, S, and D ac
counted for 72 percent and intensity variables accounted for another ,1.7 
percent of the variation in peak discharge. 

I lewlett ei al. (1977a) developled a model for )predict ing stormfflow vol
uics and peaks from I I forested watersheds from New lampshire to 
Souith (arolina. ()nlv the response ilcior (Storinflow vollile/precipita

lion liiiie) fior tile watcrshed, precipitation (1)), flow rate at the begin
ning of lie storm (I), and season (S) were significant fLactors determilning 
storif low. lhe addition of a precipitatiotn intensity variable or precipita
tioiii-crea interaction did not improve predittioni. In these analyses, flow 
was expressed in ft:/seC/ii: ( of)se(qiently, drailage area was not signifi-
Caillt iildetermiining r'iitiof peatks orl volumes. 

:lood lre(rrl-erle data onI[0hlesied watershetds ill the inoiliitaitiorrs re

giol of Not i (Carolina is ofiej ,inedediot planing purposes (Douglass 
197-1). Peak discharge was estinimated lr 2-, 5-. 10-. 20-, 30-, 10-, and 50-
Verll FeCtlll'CielHC illtrvals froln watershed arel and iaxillilllll elevation 
(I -' >0.98). lie elevation variahle is highly signific t aiil is thliglt to inte
grate thle tendelil lor preciitalio lland land slope to increase and soil 
depth to decrease withl elevation. For each 150 fi increase in elevation, 
peak discharge lfar a give rcurrence 1.3 to 1.6.retn interval increases by 
These eqallliolls are area Specific and cannot be extralpolated to other ar

eats. I lelvev (1981). t r example, observed significantly higher peak flows 
at a given elevltionlfon tl rested watersheds ili West Virginia, as might be 
expected fbr those shallower soils. 

lhius. storm hydirograplis of lindisltnlrbed watersheds have provided 
clues to tile sources ofI" ririlf From forested land and a beIncark hnr 
lileisill'ilig hbydrograpfh changesearised iy management. As will be shown, 
although tlie ctll watershed alioach has bIeii used ini most analyses, 
fle response ftcmlrof ile watershed (percent o'rain fall which appears as 
stortnflow) is ililporlalt in deteruimining the size of tile changes in storm 
hydrograI'hiparamlielers: ralailfall Intensity appea'S less imnl)rtaml. 

(;,,t'iiiilig a high-t-le'ation, ,iitire haldwood(i 1tir.t .il (oweetia (\VWa

lershed 37) without removing 1k0ie-st prod(lis increased storinif low vof
lie i average of I I percent (0.58 :,iiiaia lteali flow of"5.33 ci). 'lhe 

incTease Varied foill0 Cor siniall stormns to 22 perceni for i regional record 
Hlood (I lewhett aid I hlvev 1970). These ileises were (lotidcedwithout 

overland fHow leiig a Filctlor. Til incre'ase ili storif low Vol, wititer-spring 
Storms was al)oit half thfat p rolduced by suiier-4-all stoims (I lelvey and 
)ouglass 1971). Waitersheds 13 and 17 were also clearcit without removal 

of' forest pioclits. SuiIniler-faill slortls also produced the greatest in
crease ii sloriiflow nit Waeterslhed 13, almost 50 percent of, slorilnfilow of 
tile cintoi' l watershed. ()it Watershed 17, the stori flow increase averaged 



abl)oLt 20 )trct'nt of' lte flow froin its control. The teIllency was fOr the 
st50111'low increael(l stbe Igt l)OWt'l-cl.IV l if)11, least-rtSM)OISIv% wa-I) tOIl 

tersht(1s b)t ll aib1)solte alllorllsall( as a )ettllltge. Ilicieases of u] to 
•t() 11111 of sto-IIiflow fioil itw-elt\vattoln, low-reSi)Onsc watersheds were 
prolduced hby delt culting compaIred to hireas s tlp to 25 mm fiom high
ei.vltioii, high-rt'spo~ls( %,alclSiledds. hIlls, tile inlcrease il sorniflow ap

pears to be lltcilit.]'% (wrtlat,'d witih I llc sloill'lhow respose of tile wa
'rli'd efore ol is, I le g'aletlr tIle fhow) beftrt"(tIlting: I hat mIt.ragt"stor1 

CtIllig, tlitsiialih. will Ie thti ilen'crase ill stortillhw after (L+tiig. Tilt 
CI'IsOIis aet"nnllt;n, h)ll w,'hti (Iwlli fn'111 five 'illtiIlg eX)eriments al Cow

(cla were mljusicl mi dItlleieecs ill response of 1 1ocontrol watCrshIeds 
't)iln S,'t a1nd1;PIIiccdltlt stora'igt ((nliilio)ns, te I'soilse h)ttculling le 
[OI(rst was sinilar lot all watersheds. lhleitwas, liwevei', a seisonal ellect 
w1ithe III."I Ihr Incre'astes<of .1 11r11 frlomit imtoinltn ofhw sulnnnrt'i-all sto'nis 

c(>0l)pm-d Ito abhoil 20) inl l< whittcr-spirIng StOYnIS. Tlhe"diillIt'CC ;il>

i'lw+s to ,c (,lilt' 1l rllifill ifliittit, diflfe ences between se.isols. Whei 
stilI sli/c. iilltt( ( (ltcli sl(miiige (<t1llonlllS. alill Itht product of tit-i0-,nii
tile llt'iit;Itil, ili'lslVt lilies walt'rsie'd area were c<0nsidet'Il, tile ill
('case itll sol-lnlfhw Nolhlin colld be estimaled acc'toaily (multiple r of 
(.8I, matidatrd erro of 'Silmalte 3.8 in of' slornlhw) (I-leivey and 
ioutglass 1971 ). 

When pl lduclsitS ale hi lr.istltd ovc'r a road or skid trail network, the tim
img o Ihm will citat" c' oille. 'hnell 6 pelceIlt basal area of'l of lile 
i illtber %as (.it rhll i hlarvesi'd iby iil(hz/ ori.ra ro)l)i)eiy designtd and 
(iiolisilltell ied svsleln oill \iilelihd 28 (1 lewiet and )olugiass 196b8), 
stollhf low (itlIng tii1i-sl fuir tearsoliharvesiand regrowlh inci'easetd 17 

lercetli (D)liiglaS iitl SawaIlik 1976) colli)ilrld 0 ill I I perenltl iliCiClSeforl clt'alCntlling wvilhol harvetS ()it ;I il'llhv walt'rsht'd (I fcltw tl and I lei

vev 1970). Dhuring ile, iext Five y'ears, tile ilIt'ii.S ill stoliillohw ,averaged 
10 itiltl, milil to) ililtse waslS o lls i1litc years afiter harl'vest. The ill

retle is t hlil hriaest iig Iilnler oel very (arelilv ('()ist rilcled ilids will 
increase StoillilfhiSw ni'r Ihlan simplyIvfelling Ites and leaving Iiietn ill 
place. l.xlraiolailig this inlfelrnce, we (Cill COlncilude that poorly (coil
st rutted roais aind shlpy harvest inig tehniques would fill!her aggrav'ale 
ilt siltlllnt lol tile vflet wlil blie lliger, 1)u its imagniltudt is uncertlain. 

(tilling ilibr withu)tl reminiig forest i)r)(l.ts il(:reases ieak dis
ciharge 22 to) 38 lerc'tl ()it loiw-t'spoi nse watesileids over tilI peakt'how of* 
tile (I'lltli Wlltl-slt(IS (I lelvev and i)ouglass 197 1 )cplllpared to only 7 per
cell t-I high-resplise wsttrshteds ( ltwletilland Helvey 1970). At higher 
elevatoii , the ilitnirease ill peak was better orr'iaited withIIlaXillIin 60
ninlties iltilsily Ihilanl wit i)peak iHlw oil tile conrol walershed. Iti the ex

ptrtilleiil ill which lIprcent oh ile basl] alll was ctI and careftilly har
vested over a good loaid Sesletl (Waiershed 28), peak discharge increased 33 

http:i)r)(l.ts
http:l)OWt'l-cl.IV
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jpercel it during harvest (lo rild t)five)ld greater than on a nearl)y clear
cut watershed withotn harvest). This increase in peaks declined logarithmi
cally widh regroml% o %egelatnill, hecoiing nonsignificant or nearly So 
whel, tlie stratiihow icrease dcclincd to zero.As il the case of storniflow 
voliiiie, we Ihat Ilie efect larger for lowercal iilfti. wotild have becn even 
quality logging anl roads. I low nich larger is uncertain. 

Storm diuriati( ill hours iiicrtas(ld alftc'r clearcttigng timber wilhott 
harvest. Yhe ilicrease ill storili uratioil teilde(d to be iivtersely related to 
stoiirillow rcspolise factors; Illci largest iicrcasc ill stoirm t(latiOi oC
(tnrt(l )nf the low-response. w;tislleds and the sMallst in'case onl the 
lighi-rsi icse watiisheds ( I Ivcev and )ouglass 1971 ). I ewle t Mid Hl
\cv (1970) failed to (Icl t ca ill lo)cak, recessioin time, or(ngetig tinie 

+st(orm dinitltion aftert h'culthCItthili highePsi stormflow respons water-; 

she'd at (owetla (Watershed 37). 
(:higets ill th fHow rate at thl begimii ofth. storm (initial fHow rate) 

ir( inlicativye o,laigo-s laselflow. Ill every eXe)C_'rimcnt whe.re annuali ill 

low itireased, there was a ttlcticv lr the ititial fHow rate to increase. 
Cw)ilV' tre.'at niclit s that retdlucel total flow, as ii tlieconvlsiol l)ile, 
allso retiicetd tlie Iit al flow rate. Tlic e1fect is always greatcst f'(H"summel
fiall st viis. 

Io stulliiiirii, Ihc elf((ts of(httitng at(l liarveost ing tiiile oII) h(e .storill
 
lvdrog aplhilte (til Iflative. Stormilow voluinii, peak Flow, and storm dii
ration are all gertiallv increased by tmitig t itbet;r, aiid tIle sizc of the 
incrcas(' is tegativl.k! (mrrt'ltad wit liIc mespotise Lictor lori lie1 walter
sht'd. ( (fn)ttt.1at,( roads and good techniue Irsp(rlicelist harvest 
larger ilicreases ili tiese hidrg alaijiiranietelrs tlhil cutting vegtatioln 
;lhcloti. llct lel is gratest (imiilg tIhe halrvesl and (hclitics logarithili
c;ilxv withltiltn as vegltoW. 'ahtaOrlIC+i1XIlinlers excetl) 
peak (his( ihirge. will ret 1i1- II) l] s as water its(" g will gtoi.haIr\cst b. i 
vtgetatll Itveaches i laximliiiln. Peaks IiaV bc aI except ionilIil'th road sys

' it'lilplh 'sa pemtiimliitll increase ii Ihe rate stitflace ruinof'I'delivered 
totIltest reatllis. 
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Appendix C 
Guidelines for Reducing Negative 
Impacts of Logging* 

.\ v'ariety I eiiviioiiinlelal illipacts Call occur fi0)1n timber harvest (log
ging), stich as changes illt i total volnine of peak rate of streannflow, 
changes ininutrient outflows f'rom the site, irpa(:ts to wildlife, and changes 
ill I with tiiber harvest operas.cn i(vallics. I h)wevcer,the lrinmry )n'cern 
tioins is oftein directel at the on-Site (mliages causc(d b)yaiccelerated erosion
,11n(Ihlie )itssiliilitv, )fl',SSo)t'iatd (1wiistreaiii blinage;s c':itserl b:y selimetita

lion. lhe Ciil)hisi5 ill[Ihis AI)pCl,,Aix isoil iniliilizing the eCrile iland sedi-
Iilillititil uiliseqtietiits ofImbellC" lil\s alli(l pirotectiig Ilie Strealls 
Ihroigh liltuse of iufler /olts. Xlu.it of tile niaterial presented here is 
iil)stitlt (I froliiia t (1(5 hs (b;ihiiur (1977), Rice (1977), aiid Megalail 
(1977) hi the FALt) publi(aliolli, Witershed Management ""Gidelnes fi 
(F'V) 1977). ( ;iics ftllf spacing c.irsii)li tlitol sti'ti tilres alebasd oi l t e 
WOl'k ofl Kidd (19(63). ( ) iehr iiaterial exists as well and should be ilse(is 
;l)ptlical)le, esl)ecially whell it has been derivel frll local exlperience. 

BASIC SOIL PROBLEMS 

A list of los aiid doiits f ir timber harvest is based on experience in tim
itc(I areas an mllay or lilaV [lot be a)llica)le at ispecific site. I lowevei; 
Soil)( Iasic st latiills talibe presented that have ge ie al aliplication. 

SU,!au' ,,Pljfl.- is Ili(" most CliiOni (biut not iicessarily the Iilost (laii
aging) milit crosioni and is iii.uiifcsted )y sheet wash, rilling,ofaccellicale 
andligllving.Three faclts govei'll tile aillltllll of surfilte erosioli: eiosioll 
fo1rtes, soil protect ioi, and inherent crosion hliaards. lly inicreasiig thle po
teniitial fir mlt-ail flow, redliing lie total ;militlnl aind colitiillityof pro
Iccli'c cover oil lile soill, iiid (list illhing soil orgalic layers ilis exposing 
liole01 er(ih(ibc liiiciral soils, logging tall ac(cleiate surf'late crosioll. Silr.
fac e'osioi rates teild ltoe highest iintieiately afier dislulaice and 
decrleasc vti + tli ii leSl)olse to ii i'crlsct soil IvegetltloilI andi seasol

h\ ti1. \%'+t;I t. tgo;III;II ,% i l l ii d iv 
iiiliic and llliltl cirh II I ist, .i, .ii6oand) al . itis il 

\ Ioi;11. oIICi1Cd I lht IIo%.LsI-W's t' i tioIlI 
ipltR iholtg UI.S.I'lt''. t 

' 
tolli otl, 

Ilt-sCanI'IInittil. et~s t o illitvill anid lINllt 1litiillte.1%;isl-\ l'i 




1.111 

iIgof'thI" soil surf'ace. IlIIs, iI is critIicalI that iiiasII..s designed to control 
surf ace erosion he,;il)Ilit.l as sooii isjpossile alter (listIII)ane.
 

.111%AI, -Iliet1)(MI, (.(licerliwith Iiiass '.osioi here will Ibe limiiteld t) tleshIIlhI', IIt itx
ch rilpil-uI nvI g gr-mi p of*I;.+,,M+.lides.kno)wn asde Ih,)ris a\'a

hlthIles and lotIreIlis. luhis lvp. of slideho (ilIs oi step slopes uljsuall, 
glc'crlt I I litIi 1) rgirt( ;iicIl iiId '(dwsI lIiII])tI soil Imlile al)ove .1a%ller
imlpedin ,'g il()III unhrl'iIng lbedrock. %Itlic oF shloe stalilont ili Iht- so it 
11 iii firtnstt'c< al asI iiniliii-t(l b%lc I(t1)ls. A1f.I' loggiig, ilt,deal roots 
giiluadlll dlcaN ' ;ii(l inse t hir si ri.i th. Vg,'tatioi regrowti is rlativelv
shml so 111;1t rool I,rtngill rc'at hcs. 1 11ilillI U uu llywithinl tle 1,011 to) 

tight wew.'f tcuciitiing. ll i.cia is iluo'. %ulihiirlbecto lfiiliiie at Ins tiime,
tisul\'hm)Ig ;flelrsuIll t cloioll lprob lls havet he'ahl. 

S111,11111,11 d, h;r v,, Iu;,,.IIltmi d +/ +q. i. -l:~ (ti tmilatg.(it l l" 

(oil-silte priiii'il\ hiiisc oh losss iII filtsi product ivit.or off-site be
asc. d scitiliuintiiioll imipi is. hiiimll\', ofl-sijt inid.inmaiges (.11n h)e 
iIII/c. I)%,(Si ;i , n)liiiilg ills to ( ilh, sedimet betloIv mlilt'e/0t ofbllt r I I 

(list iiihluic c oi iuiiii;iti g sptc ;if a lictcs to Iildl cirod Inlliei'i.l oil site 
sitlI its,nish%%iiulh m, %%IIIII ilit /(imi of (listIII baluct'. iiffei stilps adl ja
(t(ill Ito IttuilI Iiiiiics lpI oNht , lbtiui its i] ,ahlition lo ilte'ritig s,.dfilents
a,nll i t 'ntn l'llFl t"+tuII(1 h0 I m i ,uIIg It.nl'~lipi rt.c'hangets, xll lliaill-
Ing Ioo Isu~pplic~s lot I he.11(plallo: c'(o sltcllt, anI i ntaninI aI++IUIIohng-thnl.'
 

SMIi(nCf0 I dehbris lot sl;,liili/inigc iannels. 

COMMERCIAL LOGGING OPERATIONS 

A(olinCYtl hallogginlg opratiion is lisliilly dlesignet lb a forester %Vho 
iliuist ( oisrci wli;it typc (.i 1/ei,// / .S.t'llto Its.:Ilie iiet fori.and
 

hls di// .lilan!Inmethod (d, soh,'/.'/u/tin; iid tilie iV)e of logging mehod 
to ii.u---ill .ii unit f;nt'iwwoik of inimiizing costs and eliiiroliilienitil
 
inll;Iatts. Siiicc slash lisjIo(s;,l and Site pieparatioi 
 alre not used commoinlv
 
illIhit' ij lis, will It caill ini
Ihit'\ ot he this Appeidix. Inll lose cases 

litcr%% tl'S0 ilt t icvs will bc used, such as illcoivc'iilug i 'aivc lof'orest 
linsi pliiliti orin iiliarvesting plailolis with a view itorel)lling, 
Gilimo (1977) has l>itctiiied iisehil gtiid.-liiie.
lHic silirult1ur1al S sltein rjeli's Io tli selecim loftrees lo cuii andt in-

IIlidh. teUIio;II of lll t r'is (aucuIIing) or oil\ sonm of ilitees (partial 
(cnlinttisltt!s suchIIas seed trc,..,shllterwood, or selection 'tctting). UtIi 
all', stlaild ecgnciUa;ilo Isilht' Wiriai, fineasoii selhct ilig a silviciltuiral 
svstIII. I Iowt'vei; 'c(noii coilihrtioit oiis an eivl-oironiieital impactsalso 
Imiay be a ctot tin. 

Ilic'logging lti hlodlis Ihic tiinbter har'vest opt.rl ion that inchiues lelling
 
ie trees aind cltillig tlheni inhito trainsporting the logs froml the
logs and 

sI ul) loaii Ifll uFl st l'ig aIrea (log landings) located at an larby road, 
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railroad, or water hody for transportation to the mill. This latter operation, 
called yarding, is dole ill a varietv ofways, including carrying or dragging 
by animals such as elel)hants, or wit I differetit types of machinery such as 
wheeled or crawler tractors. Many times, long cables powered by winches 
located at tile log landiig are used to remove tie logs. .ogs may be simply 
dragged across tlie grottd (ground cable systems) or the cables may be 
suspended in lie air so that logs are carried partially or totally above the 
groud for iart or all of lthe distance (skyline systems). Airships, including 
large balloons or, more c'ommonly, helicopters (aerial systems) are also 
used for log yarding in some locations. 

SELECTION OF A SILVICULTURAL SYSTEM 

F'a given watershed, the two Factors differentiating silvictlitural prac
tices aie the relative volume of tiinber removed and the size of openings 
creatcl in tilie timber stand. Ranging from large to small, opening sizes 
tend to ,a'ravas follows: clearcutting, seed tree, shelterwood cutting, group 
selection, and individual trece selection. The total volume of timber re
mioved dle)nds on the aliotl of watershed area aftected. F r example, a 
greater m1oluefti iibr might be removed by an individual selection cut 
over an entire watershed comU pared with a clearcut on only 2) percent of 

l1e area. I howevet, the Impact othlc clearcut on surface erosion might be 
grealil becatIse of ttoe cotml)lete aid Severe soil (list illballce on the area 
atff cted. ()her things being equal, the hydrologic impacts of partial cut
ling are less than tfr clearcutting ftt a given volute of timber removal. 
I lowevet; other thitlg.. may not be equal. For example, more roads may be 
neeling t1,01 ile part ial cutting systems. 

Some guides fot select ion oI' sil vic tilt oral systems fbr minimizing erosion 
include: 

I. 	Use paittial cutting systems, preferably with as small an opening size 
as possible, ill areas of* Iigh landslide hazard. I)o not cut in known 
water acclunuilalion areas, esl)Ccially topograpiuc depressionis. 

2. I fclecarc tting iii high landslide hazard areas is required for regener
ation l)titl)(tses, lea'e tndisturbed areas in known water accutula
lion areas, eslecially ill topogral)hic depressions. Middle and lower 
slope locatiots also should he avoided if possible. 

3. Avoid clealrcutt itig above roads in areas of high landslide hazard.
 
.1.1.eave buftfCr sitrips below clearcutls.
 
5. Avo)id (cltrcutting a large )rol)ortion ofinldividual watersheds when

ever possible. 
6. 	Naintain the size of'clearcut units as snall as possible. 
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SELECTION OF A HARVEST SYSTEM 

Roads are required for alnost all logging operations and are an impor
tant factor inl'Iluencing the overall erosion impact. Erosion rates per unit 
area of (list tIliatice have rep)eat.elly beeli shown to be intiuh greater onl 
roads I han oin ad jacent !ogged areas, often difftering by one or two orders 
o<f magnit tide (Niega han 198 1). 1lowevei; Ilie total amont of'erosion fromo 
roads com)arel witi that caused by logging depends oil the relative cro-
Sion rates [Or the two types of(listirbatces and t lie amotnt of area iln
volved in cach. lor example, McCaslhion and Rice (1983) reported on a 
stud' ccomaring total erosion from i 12,271 ha area in California. Even 
though roal erosioi) rate:+averaged 17 tinles greater thanurosion rates on 
logged areas, tlie- area affected by roads was nthch less, so only about ,t0 

the 
was caused bw logging. Road crosiol control practices are specific ald (le
tailed anl will he IIrind in Megalian (1977).

lo6tal road construction varies with the type (f'lharvest systeIl ..%Megahan 
(1981 ) simmarizedf tlit, results of 16 studies in tlie Inited States and Can
ada, rep)oting on tlie :ailiout 

p)ercent of the total erosion I,()[. area was attributed to roads; the rest 

t of'soil (list urhance catsed by alternat ive log
ging svstems as an inlex ohcrosion po(tentiial (Appendix Figure C- I). ['lie
total (list trbalice avcrages greatest fr tractor logging followed l)y ground
(able. IlIe aunoiit of, roads required 10r the tractor and cabdle systems is 
about 13 and I I letceut, reslpectively; the aunotuit ofd(listLurl- c cattse 
by tlie logging equilnelt is tile priuiary cause for tl. diffi'reu'uc, in total 
(fist urbance from tile two logging svst(tiis. Mare' tiles, tractOrs itise se
vere soil mixing and soil (oimaction that may aggravate surflace crosion ill 
excess of cable logging systems. Rice anDl 1)atiiaiao (1980) fmund that ero-
Sion per unit arca of (list zurba nce fot tractor logging was 3.7 times greater
than erosion l)r unit are l f alle logging in north ern Califbrnia. Clsid
ering tIle dieftetiefcc in area (list urbed by yarding for tle two logging sys
temiis, tlie average Iraclor logging operat ion causes about 6 imnes mone ero
siom tihan the average cablc loggingol)lae tiu,assuming tliat the 3.7 fiactor 
is applicable to average ciondit ions. Act ually, tile difterence iseven greater
because oft he larger average percentage of roads reluiired fort ractor log
ging (I 3 p)ercenl ) compared to cable logging (I I percent). 

No data were p re:eited to evaluate animal yarding systems. Howeve; 
road requiremetnts are p~robably similar to that required for Iractor log
ging. il (outrast, tlie aliouinit and severity of logging (fist urbance is un
(loibtedly less tihan that for tractor logging because of redhuced skid trail 
widt h, (leplt h oflist unbaiice, alld cOmpaction. 

16tal soil (list urbance fiom skyline logging is less than half that fbr 
ground ca ble loggi rig. "'he largest part of the red uction isd(tie to life more 
limited road system required 'Orskyline logging-only 2 percent of the 
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Source: Megahan (1981) Timber harvest systems 
Figure C-1. Average soil disturbance attributed to roads and yarding for different logging systems (based on 16 studies in U.S. and 

Canada). 
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'rea is coimpared with i0 percent for groulld cabile systems. (onsidering 
tile lighei unit area rlosi ti rles o,) rolds, the erosional advantage of' 
selecting sky'liine ower grou1 (allh, systems is apparent. Aerial logging op
elatiolis ale elve l'lore advanitageouts be als tle aillouilit of(disurl)ailce 
by both logging and roads isabout hal'that fb skyline systlems. 

METHODS Of YARDING LOGS 

Plan t horollglly auld then yard the hgs carefully in order to i'event soil 
distlilaliices and Other water ioll.tilon hazards along skid trails, on lalid
ings, and over tile watershed ill gelner-al. (uideliles fior yarding logs for 
inimal~i imipaict iniclude: 

ilvlevr 
F+igiie (;-2). Uphill vardingli s been ftilid to reduce erosioll boti il 
lractor harvestinaild ground cale hlavestiig olpi-tioilIs. lii uphill 

I 	 Whn possillc, yard logs uphill rather Illiall down (Appendix 

l 
yarlding. log ( eks ai plide(l l i ridge or hill ois ial her Ihan ill lowa 
lying areas. 'lliis prodiices a skid rlail pattern that dislerses rather 
thall co il itt t's su al'ilcilliolf 

2. Correlati all skid trail ocatiolls with (liling areas, topography, soil 
typs, alld clinatiic titors. I .cwalc trails carcf ill ald drain tein ade
cicatiely so that iniddv waters will Ilw kept oit oI' stream channels. 
Keep all skid trails out of'stream chiniinels and off'stieauii tainks. Use 
telllpoil"rI log or iietall culveits wherever siclh trails inust ('loss 
steiali channels, and keep the iiiiier o such crossiings as few as 
l)ossilie. IUs. eeach skid trail olly i siuiall ilitir oftilliies in ordler to 
avo(ld Slil gotgillg alld ('oimilll iilg ail lielt'ili.itg 1)" rii. 

3. Avoid tractor yaridiig on all sal'iralted areas and oil all slopes sleeper 
ialln () percent. ()n ctitical soils, limil crawler-tractor .arding to 

sl)pes of 'ss t han 25 percetil. 
,1. Suspend traclor logging dllhing railly dlays ald bi d lay"or Sc) tliereal

ter. Slore logs aliead ol'th loading operation to allow foi yarding 
shiltdowls on had days. 

5. 	Iocate log landing ars:ls onIlfiill,dry grouiid away fIroln live stream 
chiiiels wherever possible. )esign landiligs So t hey will drain into 
well-veget:cled bui 11r alreas. 

6. 	Wherever possible, aird logs by liftiig thein frie of' tile groiulnd. 
Where this caliot he done, yard them uillil by high-lead cable or by 
fixed or swiiging skyline. Protect all stream atnks aid channels by 
lridling or at least b' Iiti lthe logs o\ver st realls rather thain drag
ging theim tIhiroigh tift, streams. Avoid dlisim-bing steep slopes atnd 
shallow soil areas ifnimediately ad jaceilt to st ream cliiannl s.Avoid tin
due (list urlaces of acc ilitilaticns of clecayiig vegetation Ihil cali 
wash into and befoul tile st lCelliS dllig raiislorils. 



Source: Gilmour (1977) 

Figure (-2. 	 Hypothetical skid trail pattern for uphill and dlownhill logginlg (dashed lines). W\ith uphill iogging, water from tracks 
flows on to progressively less-ijsturh~ed areas as it moves downslope, reducing erosion hazard. Downhill logging, on the 
other hand. concentrates surface rtmoft'on the lower slopes along main snig tracks, causing a considerable erosion and 
sedimentation hazard. 
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7. Minimize logging road constructioll on very stegzp slopes or f'ragile 
areas by using skyline or balloon yarding svstetiis. 

8. 	Consider t lie Us(,of helicopters, lballoons, ". odif, d Cal)le systems
for logging areas that would have high coiiveillional yarding costs or 
for fragile, sensitIve areas. 

9. 	'lake all possible care to avoid damage to Ihe soils of fhresled slopes, 
and to Ihe Soil and water of hattiral meadows as well. Minimize this 
(l~iliage by operating ilte logging e(lhil)liienlt only when soil moisture 
C-oilit iolis are uch itat excessive dalliage will nlot result. 

BUFFER STRIPS 

Soil crosion on, and logging debris from, roads, landings, skidways, and 
slopes (list Irled by yarding activities during a logging (yleratioli cii sei
utsly (laiige sI reaunis. MlIch of this damage rai be prevented by keeping

r<i;(fs aldl()ggillg activilv Is lar fiiolul lie 51slricl (h<ouseS ;Is possible.
lihrcfiOre, la';v\'e I [)tflr ts111ps (of iative veg(tal i<o, !imcltuing an overhead 

caoim , lo\,( ti toads or hogg(d areas, aid llNy pra-ricial streailis they 
)aralel. BithfIr strips not ()Iill. rotiwe tlie qtiUtlmlity of se'(limctil and log

ging wasies ilat reach the s reals, bitl alsol help maintain the iitegritV of 
the thllUiltlic c)s\st(til as well. (;uielhiws lir uiiainitaiminig Iifhler strips 
inctlude: 

1. leave all tlecs, shrubs, grasses, rocks, an(l aitlral "down" timber 
wherever e'y aIbrl shaIcol ver a l)cieinial Stream ) nlaintain the 
initegrity oft lie soil neai iluih a stremll. 

2. 	 leave t li ufle .rstrip u(listitrule.l. If I rcs liiist le re(ove(, rate
fully alid seec-t ivc, lJog t ie tiIlh)er frotll tlie buflet strip ill such a %,wv 
that shialilg aid filtering eflects areint (hestroyed. Protect luffe" 
strips by leaving stlimps high enough to l)te'ent any subseqiuently 
felled, ulp-slope trees froml sliding or rolling throiugh he strips and 
into (ft stremus. 

3. 	 Although ncilher at optium nor a Inillinillll wi(th can be set arbi
traril t*I Iuflhr strips, it is recilnienl l that a1mliimijtn width of" 
25 iiters oin each side ofhtlie stream b ised( i s a guide i establish
ing. htl ffr strips. AlI the same timiie it must he realized that ti neces
sary width will vary with steepniess of ite terrain, the nature of' tlie 
undercover,Ile kind oflsoil, and the aflotlilt ()Ifitil-ir Itole remove(l. 

-. For effective filtcrinigof se(li en t,eslal)lisli uffer strips that are wide 
enough to) entrap the material that will be eroded fiolti tle road ot
the logged area above. U n(ler so)lme conilit itions and+wit h careful con
trol it adjacent logging areas, a relatively irroiw stril) may suffice. 
Oi)I the ot her hand, where road building or logging allows land slips 
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to occur, the b fl'fer si rip may have to be much wider and other pre
cautions inay have to he taken to eliminate adverse eflects on the 

stream water quality. 
5. 	 For a modified buffer strip plan, remove oIIlV dead, dying, mature, 

and high-risk trees f'rom the area. 'Frees shouldIle felled away from 
the st ream whenever possible. l)clris wit hin the chantel or prol)able 
flood one sholl be remiovedc carefully. 

6.\V herc old growi Iitlilber insl te relovCd because it is subject to 
windt lrow aind whwi, it is diffficult to leave full-widlth buffer"strips of' 
tittiher to sia (tlie st rcaiii, plan to re-establish cover along tile stream 
afterci.ting is t)mll)letedl. list-growing species will be reqtuired to 
rest oc shladc as quickly as possible. II tihe ine'ntine, leaving the tin
dcrstorv voegetatii as undisturbed as possible will filter the runloff 
and stahili/e tile soil. 

7. Many rclatively simiall tributary streams flow only during tle wet sea
soil of" lit ,ar: howvcr, they often produce substantial flows which 
carry hcavy sedinenit loads during intense or p)rolonged periods of 
rain. Along tlie channels of inlternittent trihutaries, preserve ade
pilate widlls of ini(1lergrlowth vegetation as filter strips to prevent 
washing<of se(fiille into a pciernial stream below. 

WATERSHED RESTORATION 

Maliiilet's, slit,olaiiiiags ot irlilspite o'all good intentions to avoid 
Ihli. ( )1ht liiCs, d;iinaages are anl icipated with lhe idea that restoration 
ieasires will be takenl to mit igate t hem. Areas ofconcern include the gen

trlil area logged, skid t rails, landings, and fire lines. 

LOGGED AREAS 

( lericuitilogging alid yarding operations andithe iandling and disposal 
of' logging slash dlistirit ilastically the land siirflace of steep iountain 
slopes. (;uid'linis iir iiitigatiing Ihis (list url)ance include: 

].(;lt rol tihe ellosioil its source on such (list url)ed areas b~y hastening 
iheir iehl re lstailli. 

2. SeedI or plant adapted species and, wihere necessary, uSe terracing, 
coilnpolstiiig, niliching,and feitilizing. 

SKIDTRAILS 

(;iidelines fot initigating skid trail iimiacts il:lude: 

R.R etre st ream (hanllnels by renoving temporary skid-trail crossings. 
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2. 	Obliterate and stabilize all skid trails afier lgging the watershed by
mulching and reseeding. 

3. 	 ifnecessaIv, build((lross (ldails on al)n(oed skid roads to protct
SlItrell) (lhanlrlls 0! side slojies ill addit lo intid:ling and reseeding.
Be sure Spacing is clh.st tniorglh loI he slope gid(ienlt and type of soil 
involved. l.acking lhcal guiidclincs, a spacing based oil tile following
relation!ship is rec'Cmmended: Siacing :_87- 1.8S 40.01 05, 2 where S 
is slope gradie'nt in p)ercerit. 

LANDINGS 

For landings, guidllircs inciide: 

I. 	I.ocwale. log loading C) logIrding areas along ridge tops, on olher 
areas having geIntle slopes, or along widened road areas. 

2. Place larlirgs in I he (hanicls of, interrIritlentl streams only in those 
ll('lrgi('' sit nat iions where nC) snos ' lterlative hcation can bie found. 

•.'\(letjCIqitlc li i aiY hlaning I li must be placed in such channels. 
Imiuledlilel after (ollpilting all log loadings fror these landinigs,
(lhar Ilic chlmo.,il C) Its frill capacitv, spre-ad the fill rIiaierial in areas
wlhetr if will laiii sitable, and re'seed Ilhose arecas to herl)aceous 

3. 	t'll abmidohiierii, "(,.siCl)r<o"' all lindings by adequalely(dikIliigor rlnih1hingg Iheri with fortetsi litter; as rleeded. lstablisl a 
hcrbaiceoiis l'IIhosc arecas Ihat will I)e nised again in repeated
('ritiirg CyICs, and reslock io cinlor<ous species those landings, lo
caltd in char-otl arcas, thal will not be reused for a long time. 

FIRELINES 

G;niddlirt,'s for firelines irchnde: 

I. 	l.imii Ir iIcl'-biill fireliries o areas where Ihey will not involve prob
lenis ofsoil instabiliity. 

2. 	 Adeqriately "cross-diwch" all firelines at time of'construction and re
veget aeI hem wit ihadapted grasses and legumes using the same spac
ing as onI skid roads 

PUTTING THE GUIDELINES INTO PRACTICE 

From a practical point of v'iev, indivi(dtl areas shotuld be assessed when 
they are firsi corsi(lered hr h igging, so that condit ions can he inserted into 
timber sale agreements aimed at keeping erosion and stream sedimenta
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tion t 0 iinininiimi. The conditions will depend ofl l)cal environmental 
factors such as \'egetation, geology, soil, topograplhy and rainfall regime. 

itel" ell( Ilse also liced(s to) be considered. For examplle, more stringent 
conditions w,.ill need to be al)lied in dumestic water Supply catch ments 
than ill areas wler ilelewater has nol significant dowlistreall) use.

lliis assesslileni of individual areas is essential because of the widely 
varying C0m(litiolns even within relatively snall areas. For exam)le, a log
ging practicc that is accel)tal)le in one area may be qtuite ulnaccep~table in 
anlot her adjlacellt ea because ola chalge ill tle soil parent material f'rom;t 
a stable sediment to t highly dispersive gralnite. 

The asscssilieult ofareas before logging and the determination of'special 
Otiolit ions to be appIllied to those areas mtieans a substantial element t' pre

pIling I' tile elntire logging opieration. The type of' logging (uphill or 
downhill), tlie hcation of roads, skid trails, and log landings: the location 
andl type oflstruli crossings; and the type o iachinery to he used should 
all be dlecideld CeIrte lt' Ol)etliml begins. This involves a rather radical 
challnge froji rountine pract ice in many areas, where "logger's choice" is the 
rofle atltie'I an tile 'XCCl)t ioI. lowever, it is ;t ile('esl'V change to kee l ) the 
cvirVoituieialt al liacts of logging to a liiininliuln. +'Ihiscall be accomplished 
by deeloping a logging planl. 'l'iub.r sale (olt ralcts shouhl stipulate that a 
logging plli lCr)l')ill'ed 1)e(l'-e tlie harvest ling ohelpltiot) begins. The plan 
tnl\' lie l)l'eI b l)tltor governent lt'westet's, orJ oiltly. Theul~d lid hit o; h\ 
plall should he alilai, ed careflhly by someone colpetent tojiudge fle tech-
Iicil aspets plall ol)eralt<or slhold-ofie aif its eliiroliliiental ill)liacts. ''I]Ie 
not l( herlmittetd l t(lter tli harvest area until tle plan hlas beeli approved.
I'ic salec<olt'act should make provision l tol'requett ins)ections oltle log
ging operation andl l power tlile watershed aliiliager' to halt Jogging fo6r 
1101c+Mlilic\"[wif] tile plan or'ofther cont ract stiputlations. 

Ai adleqllat tiree-halestitug plan includes naps, sketches, or litiures of' 
thllaea to b harvested. It gives Specifications lo', the huilding, use, and 

alihlltelia'eln oft' at wel]l-dcsigned t',llsplrtattloli system. It Specifies the 
illincl'r ill which tile ites alre to he cut and the way tile logs will be deliv
letd h te r'llsl)lt lln s\steltnl Fro n tile watersiled point where they are 

felled. It ideli if'ics tle areas along perennial andIna i' ilterliittent 
strcamis that should be lefI as blufleir or filter strips. It Spiecifies the lnca
surs that shoId lie taken to Ieavc the logged ar'ea il t rel)aired condition 
to lre\'ctivtdllhoe erosioli d(iilig the l)eriod ol'egrowill. 

Ill spite o't he need to lIy dowin detailed conditiols for each sale area, it 
is desilrable to allitaiin il cerltiln (teglee of' flexibility So( th;at o1-[ lie-spot 
lec'isions can lbeiln e to) take 'c('ount of' partictul;lr circlliuistanc'es; e.g., it 
uilv bc decided that a tree just within a bulf') strip can be cut without 
causilig tlly (htilllge to Soil (Ir waltel \',aliles while alliotle1" tl'ee SOllie dis
lance outside a bluffer strip should be left uncul (p1ossibly because it was 
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leaning lowil't the stea l tnd steel) slope). Such lCxihility lhrows Ill. 
otilts 0,1 individuals whom ust tke r.'.pjosililihly for t heir dtecisions; thtyanll'hid Ic.'hh+1d the'r latlionls.Tlhis Invall,: ofI n',. 111:1tco'+ l'ivhl o)pera+

to1rs must he skilled mi(d well trtirti'(h. Pesot )tisotS;hlhs r fidministet
titI tiit' tiher salt' t'd t( keep i miul that pre r cxe,.ulio of thle salereq(uire's m(, , n withliit)(se odillali limber opeator;l() InI(I(+der to accoil

lIl I ils, ulot,++i+ Illc"( apablilic'.+olhic hoggeraid thileinISII(, S" apprec~~'iatet 

t'Hillllt'll 111Ii and onol<m ilt I ot ra+,l
th , 
t< lic illl,1lll(d tlhe+
T which 

hogger must lpetdrtt.
 
It is ,',t('i llN c';i',to iiluoIt t' oiitio 
s" ("condlitions" 'tertring to
 

rt',liict 11)115, IIIu'i<hlilics, .,l( ilic.l ons, 'ii.) ill 
 l , tsI ACh ,agreemens1:mit) gtl ilhlcu applied<. Heldh opeatomrs (hoith pIulli( Iorc'.'tr ,anod lprivaite) 
to he.col('rt'lXtt'n(1 lX ,eii(l 2(51,s't (lihinit'. It is raoiialIv e+asy to>tvuhice 

bo+th thet loirl\ lpr<d loni and thlmber in<IHstr\' l<It, ne'cd lot'ers olih 


Ilalige. lli'+ ,i\ait'iit',s5 l:Is t tooh'n to tht' peop)le il tilie fieldh' isst'dl 
whoairt;t niall\1 dlhil t'.jl)-forest rai.tge's anl om\_is'ers, timber" cut
Ict's, atnl lliilh'" , lhS, is lmhl, tilt' most difficiltlul
part and it re(tirs 
g-",; I '11(0' niil l l trtt'\r'ili'ra ,b t' uplt rlisors. If tlile Stprtvisors do 

jcls it-n ltht'i wto'll tidtt' tlict' Fi'ldh opl atrtors of tihe lenefits of' tile 
cht;ittgcol c, lilion tilt ttiln'will oimte whet field p~tersonel w'l he 'Ol
sciUs OF water atnd Noil values as w'ell as timbler values and will autotolati
ll\'
"'do thu, right t hIing. 
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