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Summary 

We have attempted to show how the drainage basin 
concept is oftcn a alid and uscflul iptcgratug unit fr 
unlerstanding the structure aml fic;ction of social and 
natural systems, and that man-cnvironment activities 
causing et:,ironmnntal impacts can also be organized 

Thithis fw witheenvrooffsite 
Tan th ' cti4: tens llchage of,_),P1 nta' Old with C 

cant change both b"i.ohtvsieal, and sociazl svstetmts spatially 

dis*ributed thro,-h:ut the drainacc basin, in diefrrent 
wasv and at differe,:: tines. Consideration of past changes 
can help to pr,'dict the adaptability and resilience q4 
natural and social systcms to planned fiiture changes. 

For many kindis of recional rural development planning 
activities in decelopi.,,g countrics, the drainagebasin isthe 
most appropriate spa'ial unit for planning 1hen used 
proporlv, the i:csration of patterns and processes of 
natuw., am'd social svstcm.s can be achi'ev1more easih 
wihouneglecti oriossigover maor aspects of either 

Introduction 

Many, if not most, rural development planning 
and implementation activities should consider the 
use of the watershed or drainage basin as a 
suitable development planning unit. At the very 
least, the myriad aspects of natural and social 
processes which are linked in this hydrologic/ 
topographic unit must be recognized. and incor-
porated into plans and programmes. The purpose
of this paper is to present support for this thesis. 

Rural Development Planning 

In general. the objectives of rural development 
planning are to identify a rangeof existing or 
potential activities, especially resource uses and to 
promote those which v.ill improve tile welfare of 
the rural population within the guidelines or 
policies established by national development 
objectives and prioritic s. Simultaneously, such 
planning should minimize conflict, social disrup-
tion, unsustainable use of natural resources, 

inequitable distribution of benefits and costs, 
and adverse environment:l impacts. 

In rural areas in particular. such plans and pro. 
grammes must ha,,ve the support or acquiescence 
of persons and groups outside of the plannin, 
area., who have gre.tei numbers. greater 
ad more power. This will not materialize if the 

products of activities (externalities) are 
harms rather than benefiits (e.f., decreased low 

flows, water quzlity impairm ent). The najority 
of rural planning uinde rtakings today are in tle 
uLpiand areas. The miost numerous and important 
offsitc Phlesical products from planned changes in 
rural activities in the uplands. are delivered via 
gravity or via a part of the hydrologic cycle to 
areas of tie lower basin, thus making tile 
watershed an important candidate for a basic 
planning unit. This is. of course, not true if the 
product is air pollution from some new industrial 
use in the area. though ever, here, in tolpographi. 
call, constrained areas, the watershed and the 
airshed may coincide. it is not necessarilh true in 
the case of the offsite benefits of an aesthetic 
landscape, though a watershed in a 'high state of 
conservation' is usually also a landscape of high 
aesthetic appeal. Similarly so other benefits or 
costs deivered offsite fron the area under 
planning scrutiny (e.g.. loss of species. out-migra
tion of people. etc.) are not related to watershed 
units, but nonetheless these externalities are not 
necessarily mishandled by using a watershed for 
planning an! programme implementation.

Some rural development needs, for example 

improved education and public health services. 
are not related to watersheds, and if these are the 
most pressing needs, then the hydrologic unit 
may be irrelevant However, where the land/ 
water/climate/people interaction is a major focus 
for development (i.e., land and water use) this 
interaction is most strongly expressed in a 
watershed. Moreover, water seems increasingly to 
be the key physical resource limiting or triggering 
ec-nomic development in rural areas. The success 
or failure of a plan can lie in choosing a boundary 
which is relevant to the principal planning issues. 
cov,,'rs sufficient natural and social linkaes to 
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distributed over the watershed, with the ipland 

areas typically receiving greater inputs of energy 
than lowland areas. Some of tile en.ergy inplt is 
lost directly from the basin Ihrough reradiation, 
another portion is lost as waste heat as it passes 
through various life processes, and a small propor-

tion is assimilated into living things and redistri-

buted through te basin b gravity, water 
transport, or by httlans. The transformation of 

potential energy into kinetic energy permits man 
to generate hydroelectricity energy, irrigate fields. 

grind flour, float goods to market, and to disperse 
pollutants: it also CausCs destruction from floods, 

erosion and deposition. 
are eitherSimilarly. inorganic materials 

brought into the basin by precipitation or made 
stores and are redistri-available from geologicbuted throug'hout the basin by gravity', wind, 

water, and biological processes. .Orgnic matter.
sichemical bioloi harmfulrorses.Orgnficiater, 

chemical compounds (h arm ful or beneficial) soil, 
rninerals, animal life, and vegetation are trans-
ported through the basin by the kinetic energy 
transornations mainly wrought by gravity and 

aided by water. 
It is contended th.t water is the most impor

tant material flowing through the basin, and the 
movement of materials downhill bv ravitv is one 
of the most important ecosystem processes which 

can be influenced by human actions. The com-

ponent processes of the hvdrologic cycle are best 
managed in a watershed context. 

The drainage basin is also important for several 
other ecological processes in physical planning. 

The location and extent of floodplains can be 
identified from the landscape and vegetation, and 
should be mappcd to avoid, if possible, the 
widespread loss of life and property damage from 
encroachment of hulnman activities into areas 
which are regularly flooded. In tcpographically 
constrained valleys, airshed behaviour and assi-
milative capacity may be predicted. 

The ecological processes of aquatic organisms 

including fish are spatially distributed along the 

river; spawning, nurture, feeding, reproduction. 
and migration. All have water quality and quanti-

ty requirements which are affected by develop-
ments 'upstream'. 

Social Svstemr Patterns and Processes 

In many developing countries, there are 
social, or ethnic differencesoccupational. 

between highlanders and lowlanders, hill tribes 

and valley tribes, upstream residents and down-

stream residents which reflect the spatial charac-

teristics of drainage basins. An integrative classipi. 
cation was first suggested 1W Patrick Geddes in 
the late 109th Century an ideCal ised pattern h 
called the 'valley section'. 1His stuIden t, Lewis 
MuIford (1934) describes tie schenatic valley 
section as follows: 

"Toward the mountain top, where on the steeper 
slopes the rocks perhaps crop out.-the quarry and 
tile mine .. In the forest that stretches from the 
crown of the oi saward the hunter stalks his 

Further down the valley, where the littlgame. 
mountain torrents and 1,,oks gather together in 
stream ...is the realm of the primitive woodman: th 
wood chopper. the for.ster, the millwright, the carpen 
ier .... Below the primitive woodman lies the provin 
of the herdsman and the peas:nt. Goatherd, shepherd 

cowhe rd occupy the upland pastures or broad gass 
lands of the plain-plateaus . Below the more barter 

pastures, the peasant takes permanent possession of th! 
land and cultivates it. ieexpands into the heavier river 
bottom soil as his command over tools and dcmesti 

cated animals grows, or as the struggle for existenc 
becomes more keen . Finally, at the oceanside 

pline in and out behind tite barrier beaches and sal 
marshes, lives the fishernan." 

Although the correlation between occUations 
and ecolocic:d habitats is not always followed in 
drainage basins, the valley section concept is 

often valid in developing countries, since the 

resottrces available perinit a limited range of 

occupations in predomitnantiy subsistence 
economes. 

In industrialized economies, where exogenois 

inputs of energy and materials. and other location 

factors predominate, the correlation between 
landscape opportunities and occupation may not 

apply. On the other hand, where land-tise patterns 
have been stable for many centuries, land capa

bility has been learned by trial and error. Ac
cord ngly. the existing spatial distribution of 
occupations may be correlated with current land 

capability. 
Environmental opportunities for certain 

occupations can lead to spatial specialization in 
byv
the production of material goods needed 

contmiities. These production imbalances are 
traderedressed by trade: the upland herdsmen 

woollen goods for fish from the coastal fisher

men, the cultivator trades agricultural produce for 
and so on. Thus trade linkageswood products, 

drawn together at market places can be profound

ly influenced by tile resources spatially distri

buted throughout the drainage basin. Tie raw 
also require energy to be transformedmaterials 

into manufactured goods. Altl.-ugh much of the 
energy input in developing countries is from 
intensive human activity, the waterwheel, small 
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_,inding mills, and firewood are energy inputs 

drawn from environmental opportunities in the 
drainage basin. 

In areas of rugged topography, the least energy 
demanding routes for trade and social linkages 
will be chosen. In those countries where most 
travel is by foot or pack animals. the trade routes 
are generally through a low pass in the dividing 
range and along the floor of the river valley, 
Where navigation is possible barges or rafts are 
used along the river, as this is the least energy 
demanding route. In some countries the topo-
graphy or other factors have led to trade routes 
Along the ridge lines and villages are found on the 
ridges rather than on the valley floor. A ridge top 
location may provide greater security, protection 
from disease-carrving insects, or a more tol-erable 
dlimate. Wlhether the routes are aiong ridges or 
valley floors, most developing countries, (where 
road networks are .still sparse), will diplay a 
pattern of trade linkages and social interaction 
related to topographic features of the drainage 
basin, 

Another social process having spatial aspects 
related to basins has to do with conflict. It has 
been expressed in 'valley against valley' usually 
due to isolation effects and somet'ies :nter-
marriage within clans. In some societies there is 

a sense of identity with a drainagebasin, fostered 
rv a vague mistrust of inhabitants over the ridge 
line. A second and almost reverse pattern has 
developed elsewhere in which the mountain folk 
and the f;iatlanders within a basin, have a conflict 
%lationship. Even in developed societies today a 
certain polarization of interest and values be
tMeen upstream and downstream inhabitants is 
very real. Squabbles over water rights of 'up-
streamers" versus 'downstreamers' are not un-
Common. If planning in a drainage basin is under-
taken, then the upstreamidownstrean social 
conflict must be recognized as a potential im-
Pediment. Upstream residents often perceive of 
themselves as bearing the brunt of the costs 
to the benefit of the dovnstream people. W\here 
this is indeed the case. some system of trade-
0ffs or compensation should bu considered. 
Using a drainage basin does internalize these 
elemen ts. 

Only a partial list of soci:,l interactions has 
been considered here: others may be more impor-
tarot in Iifferent tralitional societies. lanners 
Should be aware of the spatial diimensions of 
social processes. since an apparently beneficial
change such as a new road through the drainage 

basin can completely disrupt traditional social 
eXchanges intl threaten the existing social strue-
ture. 
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Environmental Hazards 

One can often mistakenly attribute all environ
mental problems to man's inerference with the 
environment, vet certain natural environmental 
processes can be hazardo',s to social activities and 
be largely outside man's influence or control. 

On steep slopes in the upper part of the 
drainage basin, the principal environmental hazards 
relating to land and water are avalanches, rock
slides, mud flows, landslides and other kinds of 
sope instability. Elsewhere, areas prone to floods, 
stream bank erosion and sediment deposition. arid 
to geological movements such as earthquakes, 
may exist. Other hazards such as lightning, 
blizzards or drought are related to climatic factors 
distributed through the basin. Fire hazard is 
related to vegetative. climatic, and topographic 
factors. 

One of the planning functios should be to map 
these hazards so that human use of life-threatening 
hazardous areas is avoided, and structural or other 
modifications can be made for less serious 
hazards. Several development proposals can 
exacerbate the environmental hazards: large dams 
can increase earthquake hazard, roads can 
increase landslide hazard, and conifer plantations
can increase fire hazard..Most environmental 

hazards and their effects are best identified. 
displayvd and mitigated by planning based on the 
hydrologic unit. 

Environmental Impacts 

Nian-initiated environmental impacts are often 
bes: accounted for in a watershed context, 
because many of the processes through which 
they emerge are expressed through gravity and 
hydrology. For example, consider the construe
tion of a reservoir primarily designed to provide 
hydropower, flood control and/or irrgation. 
Good engineering design usually ensures that the 
project meets these somewhat incompatible 
primarv objectives. Initially the new reservoir also 
provides secondary beneficial effects through the 
development of a new reservoir fishery or water
based tourism, Htowever, the construction of a 
barrier across the river may prevent migratory fish 
from proceeding upstream to spawn. thus causing 
a detrimental imtpact on downstream populations 
of that species. Downstrean water temperatures 
may also be altered, further affecting the below
dam Fishery. Tertay impacts include the fact 

that upstream communities now have new sources 
of livelihood whereas downstream fishing com
munities may have had their source of livelihood 
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reduoced. These cheanges could set in:motionl 
another ronund of impac:ts the dowulst r:aini corn-

mon itv could 2abandon their fishimg viiace and 
move to the cities in search of work, the urtirram 
comnn ities could ahbandon their traid itional 
shiftt ing agLricu lture to become reservoir fishcrrwn 
or tourlst guides- --each shift haxinL cnviro nen-
tal Impacts (I-me.I . 

Land-use in tensi fiation around the reservoir 
can cause soil erosion thus increasilg sediruen t:i-
tion which in turn reduces the life of the 
reservoir, its tfisherv potential, and the life of the 
1yN'droelectric turbine blades. The retention of 
sediment in the reservoir decreases sediment sup-
ply to downstream are,-s, which, in turn. coUld 
reduIce nutrient replen islmellnt of alluvial soils. 
and initiate coa.,tal erosion. Alteration of fesh-
water 110utrienct flows amid sediment at ion ica n 
adversely affect mangrove forests (a major cause 
of mamzrove destruction worldwidc. and thereby
reduLce fish and shellifish production as well as the 
other services and wood and wildlife products of 
these important forests, 

The tie between welfare of tile coastal man-
groves aind the storage of watCr (and chanCes 

in sedimnen t) has not o ften bc-en recognized in 
pla nn ing which has been based on political or 

other boundaries. 
Land-use intensification of downstream areas 

due to the availability of increased irrigation can 
,Iuse xvatcrloggi ng, salin ization of soils, and 
salin-, pesticide-, or nu1trient-rich runoff into 
drainae waters, which in ton iny:. on 
fisheries. man.roves anld o ther iowvns!ream uses 
of water. 

These and other cnvirolnital impacts all 
rexerherate through tie nat ural and social svs
tern s. Si iia rly many other killdS of'devdopmcnet 
proposals ,can be sho n to distribt bemleficial 
and detrimental environmental impacts 
thlroogh1on t thle drainage basin. and over varying 
time periods. The poinlt is that these chains of 
COIlCLtiencs are ofiten iade most appar-nlt when 
e; xironm ental asscssmnicts are based o! drain age 
basins. 

It is obvious that en xi ronln entlal im,nacts also 
operate as feedback loops, chailming both eco
systems and social systems. The flooil plail. once 
a scene of frequent illuti ,ition, ofdevastation 
property, anid Ioss of life, coUld become sa fer t0 
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,llabit. The estuarine ecosystem and the below-
jam fishery could become less productive. Tile 

u!pstream shifting cultivation system could change 
over time into a settled cornmmu nity aroulnd tile 
reseroir depend ent on fishing and tou rism for 
.ash income, and on settled culi aronndtivation 
thereservoir margins for food. This might well 
relieve some shirtin g cultivation presre on the 
upland forest. For the downstream corn muniity 
who progressively loso the fish resource. the social 
changes may be measured as reduced socio-
,conomic status or forced migration. Some of the 
lowlanid ci ltivators who initially benefit from the 
project may also be forced to migrate as the irri
2ated areas become waterlogged anid salinized. 
The urban dwellers who benefit from the 
expanded electricity supply and the new tourist 
racilities, may fnilnd changes initi,,ted by the 

increased rural-urban miuration and reduced oLit-

put of electricity, as the reservoir becomes silted 
up. 
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in place of this very limited and subjective assess
ment, one would need to measure a much wider 
range of natural and social indicators in an 
extended cost-benefit to provile greater quantifi
cation. However, it should be noted that many of 
tile oiiutc omes may be regarcd as inter-cenera
tional costs on benefits which are onutside the 
economic analysis nor al discount rates.using ' 

Plaining for these mvraid changes can be 
accoimodated by a hydrologic unit because in 
rural areas soci:al systems arc interwoven with 
ecological systems, and ecological processes are 
hiuhli,_hted in watershed plannin,. 
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E--,.Appendix 

15.3. Sonte indicators of :he short- and lona-term adiustmnents 
that might occur in a typical drainage 

Figu re 15.3 illustrates hov so11me indicatorSs of 
onutcoies of tle adjust inc nt process inight 

appear in tile short- aul lo--t.erms. In reality, 
additional inputs wvoulk, become necessary at 

tiIes to preven t tile natlural alld social systems 
fro,,, coil tin ing2 in anil cdesir,able direclionl. Also, 

tile 


V5I.4 (1984 )Supplemet No.7 

Some criteria and constraints indicating the ap
propriateness of a water-shed or drainage basin as 
the planning unit. 

d~ti)cl '1. Kined O i't 
Wa. a o1 tile pla31 depenlds on\\'here key feature 

achievi1,n: nanaemen t control over water, such as 
increasinge the amount of water available for use. 
iniifluencing its timing, or improving its quality, 
the lanild/water iltteractionl is best expressed in the 
hydrologic in it of a drainace basin. NMiany kinds 

of agricultural, forestry and some rural industrial 
anld iineral icV1elopme[ts are also included 
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because of their need for water or because the 
off-site effects are transferred through gravity ur 
hydrolog, to downstream users of the water 
resources. 

2. 	Functional 11nlit 
Does the drainage basin contain sufficiently 

strong linkage:, between economic, social, politi-
cal. and natoral systems to distnguish it from any 
other areas of equivalent size. Where it is only 
natural processes which distinguish the drainage 
basin as a reion, other social, economic, or 
political linkages may take precedence depending 
on the planning obj-ct ives and priorities. 

3. 	C01t,iIuu:Czr 
Does the kind of dcevelopmen t being planned 

primail y aflect people and resou rce. within the 
river basin, with relatively little ieakage to areas 
outside the basin? For exanple, irrigation 
schemes which re'quire large scale water resource 
development. integrated flood control, drainage 
schemes, and new transport networks within the 
basin, and with rel.tively little impact external 
to the basin, are mostly 'contained'. 

4. 	Topographicsuitrcbiliri 
Does the topography allow the definition of a 

drainage basin boundary? W'here drainage is 

internal or radial, the concept of river basin 
planning may not be topographically apPlicable. 
Desert. tundra or plains areas may have no Wel. 
defined watershed boundary. 

5.Institutionalcofmp/atibiliti 
Does the political support exist for plannirg 

and implementation at the drainage basin level! 
Where the scale of the plaiing falls between two 
powerful cxtant levels oe political administration 
such as Sate o: local ,overnm ent. they may 
resent the intrusion of a possible third tier of 
adminis!ration which could usurp their power and 
reduce their share of the tax base. 

6. 	Soc'Li si'p/fic)itv 
Are most ce,:omic and social activities 

generally conducted wit hin a spatially constrained 
arena? Where subsistence a riculMtre, cottage or 
small rural industries. loYl marketing systems, 
and non-motorised trarnsport renain the predomi. 
nant forms of economic and social life, the 
drinage basin will often K, the best unit for rural 
planning. However, wher- the society is already 
developed to such a deCree of complexity that the 
response to topographv and natural processes is 
overridden by communications, cosmopoli-lbal 
tan social groups. and major natioal transport 
networks, other units may be more appticabie. 
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