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Summary

We have attempred to show how the drainage basin
concept is often a valid and usciul integraring unit for
understanding the structure and junction of social and
natural systems, and thar man-cnvironment activities
causing environmental impacts can dlso be organized
within this framowork.

The inpact of man’s interaction with ihe environment
can change both biophyvsical and socizl svstems spatially
disiributed througiiout the drainege basin, in different
wavs and at differer: iimes. Consideration of past changes
can help to predic: the adaptability and resilicnce of
natural and social sysiems o planned juiure changes.

For manyv kinds of regional rural development planning
activitics in developing countrics, the drainage basin is the
most approprizte spa:ial unit for planning When used
properly, the iniegration of patterns and processes of
natur... and socizl svstens can be achiicved more ezsily,
without neglecting or glossing over major aspects of either
svsiem.

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 range-of existing or
potential activities, especially resource uses and to
promote those which will improve the welfare of
the rural population within the guidelines or
policies established by natiormal development
objectives and prioritics. Simultancously, such
planning should minimize conflict, social disrup-
tion, unsustainable use of natural resources,
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inequitable distribution of benefits and COsts,
and adverse environmental inipacts.

In rural areas in particular. such plans and pro-
grammes must have the support or acquiescenc,
of persons and grours outside of the planning
arca, who have greater numbers, greater \\LJ][h
and more power. This will not materialize if 1],Q
offsite. products of activitizs (externalities) gap,
harms rather than benefits (e.c.. decreased low
flows, water quuolity impairment). The I'l’ldJOn[)
of rural planning undertakings today are in e
upland areas. The most numerous and impoitany
offsite pirvsical producis from planned changes i
rural activities in the uplands. are delivered vig
aravity or via a part of the hvdrologic cvele 1g
arcas of the lower basin. thus making the
watershed an important candidate for a basje
planning unit. This 1s. of course, not true if the
product is air pollution from some new industria)
use in the area. though even hiere, in topngraph.
cally constrained areas. the watershed and the
airshed may coincide. 1t is not necessariiy true in
the case of the offsite benefits of an aesthetic
landscape, though a watershed in 2 ‘high state of
conservation’ is usually also a landscape of high
aesthetic appeal. Similarly so- - other benefits or
costs  deiivered  offsite from the arca under
planning scrutiny (e.g.. loss of species, out-migra-
tion of people, ctc.) are not related to watershed
units, but nonetheless these externalities are not
necessarily mishandled by using a watershed for
planning and progzramme 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 hvdrologic 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 sirongly  expressed in a
watershed. Moreover., water seems increasingly to
be the key physical resource limiting or triggering
ecrnomic 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.
covers sufficient natural and social linkages to
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r
il swstems,

aperate as a functional unit, and allows etfective
Man imoplementation. Some cnteria and  con-
draints indicating the appropriatencss ol a water-
Jied or drainage basin as the plinning unit are
dresented in the Appendiv to this paper. Thus the
satershed  wnit not  oniy integrdtes  natural
Sstems. but also muany secial processes and pat-
s as well, and is thercrore worthy of serious
onsideration in rural Jdevelopment (Figo 151,

The Watershed as an Intezrator of Ecosystem
Patterns and Processes

The pon-living envirenment is characterized by
Ariatons in climate and features such as soll
Wpes in g catena. lithological tvpes in a geologic
Sequence, or veomorpholosical torms from deltaie
Muvive at the river mouth to rugged outerops on
f‘]lk‘ ridees. The drainage basin is most suceesstul
N orwanizing these variations because they tend 1o

j
Wllow an elevation aradient from buasin ridgehine
O the river and down the viver to s lowest point.
Singharly L Clinatic sariation within the basn i
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also related to elevation. Plants and animals will
oceupy the various habitats arferded by these

variations in soil. geonrorphology. and climate.
Aguatic ecosystams will vary along the main
stream and tributaries, from estudrine (o moun-
Lain stream ecosystems.

Ecosvstem  processes  describe exchange of
materials and flows of encrgy through cach ot the
structural eiements of the ecosvsiem and provide
compelling reasens for using the drainage basin as
an integrating planning unit.

Watersheds  have an accumuinted
enerey contributed by pastgeologieal
uplitted mountains having higher poten-
aifuvial plains, The soil,

patential
pro-
CUSSUS -
tad energy than the
vegetition, and antmal fife hove seares of vrganic
(ehomical) eneroy contributed by past inputs of
solar vaerey. Thus soil erosion should be seen not
just as the loss of a physical or nutrient aedium,
But also as the Toss of accumulated  organic
CHUTEY.

Tor these stores ol encrey are added current
nputs of solar energy via the sua, rain, wind, and
other climatic Tactors, These inputs are spatially
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distributed over the watershed, with the upland
arcas typically receiving greater inputs of energy
than lowland arcas. Some of the energy input is
lost directly from the basin through 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 the basin by gravity, water
transport. or by humans. The transformation of
potential energy into kinetic energy permits man
to generate hydroclectricity energy, irrigate fields,
grind flour. float goods to market, and to disperse
pollutants; it also causes destruction from floods.
crosion and deposition.

Similarly. inorganic  materials  are either
brought into the basin by precipitation or made
available from gcologic stores and are redistri-
buted throughout the basin by gravity, wind.
water. and biological processes. Organic matter.
chemical compounds (harmful or beneficial). soil,
minerals, animal life, and vegetation are trans-
ported through the basin by the kinctic energy
transtormations mainly wrought by eravity and
aided by water.

It is contended thot water is the most impor-
tant material flowing through the basin, and the
movement of materials downhill by eravity is one
of the most important ccosystem processes which
can be influenced by human actions. The com-
ponent processes of the hyvdrologic cvele 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 mapped to avoid, if possible, the
widespread loss of life and property damage from
encroachment of human activitizs Into areas
which are regularly flooded. In tepographically
constrained vallevs, airshed behaviour and 48s1-
milative capacity may be predicted.

The ccological 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 System Patterns and Processes

In many developing countrics, there are
occupational, social. or ethnic differences
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 classig.
cation was first suggested by Patrick Geddes in
the late 19th Century: an idealised pattern pe
called the ‘valley section’. His student, Lewjs
Mumford (1934) describes the schematic \'ullc)ll
section as follows:

“Toward the mountain top, where on the steepe
slopes the rocks perhaps crop out.—the quarry apg
the mine _In the forest that stretches from the
crown of the mofitiin seaward the hunter stalks hj
game ... . Further down the valley, where the lin].;
mountain torrents and brooks gather together ip
stream ... is the realm of the primitive woodman: (h;
wood chapper. the forcster, the millwright, the carpen
ter ... . Below the primitive woodman lies the provipe:
of the herdsman and the peasant. Goatherd, shepherg
cowherd occupy the upland pastures or broad crass
lands of the plain-plateaus ... . Below the more barre;
pastures, the peasant takes permanent possession of thy
land and cultivates it. He expands into the heavier rive;
pottom soil as his command over tools and domest
cated animals grows, or as the struggle for existenc:
becomas more keen Finally, at the oceanside
plving in and out behind the barrier beaches and sg)
marshes, lives the fisherman.”

Although the correlation between occupations
and ecological habitats is not always followed in
drainage basins. the valley section concept is
often valid in developing countries, since the
resources available permut a limited range of
occupations  in  predominantly  subsistence
2Conomics.

In industrialized economivs, where exogenous
inpurs 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-use pattems
have Heen 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
the production of material goods needed by
communities. These production imbalances are
redressed by trade; the upland herdsmen trade
woollen goods for fish from the coastal fisher-
mien, the cultivator trades agricultural produce for
wood products, and so on. Thus trade linkages
drawn together at market places can be profound-
ly influenced by the resources spatially distr-
buted throughout the drainage basin. The rav
materials also require cnergy to be transformed
into manufactured goods. Altl ough much of the
energy input in developing countrics is from
intensive human activity, the waterwheel, small
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ginding mills, and firewood are energy inputs
drawn from environmental opportunities in the
drainage basin.

In areas of rugged topography, the least encergy
Jemanding 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
ringe and along the tloor of the rniver valley.
Where navigation is possible barges or rafts are
gsed along the rver. as this is the least eneray
demanding route. In somc countries the topo-
gaphy or other factors have led to trade routes
dlong the ridge lines and villages are found on the
ndges rather than on the valley floor. A ridge top
location mayv provide zreater security. protection
from diseuase-carrving insects. or a more tolzrable
dimate. Whether the routes are aiong ridges or
valley floers, most develoning countries, (where
road networks are still spaise). will digplay a
pattern of trade linkages and social interaction
related to topographic features of the drainuge
basin,

Another social process having spanial aspects
related to basins has to do with contlict. It hus
been expressed in Cvalley against valleyv’ usually
due to isclation effects and somwetimes inter-
marrage within clans. In some societies there is
1sense of identity with a drainage basin. fostered
oV a vague mistrust of inhabitants over the ridge
line. A second and almost reverse pattera hus
developed elsewhere in which the mountain folk
and the flatlanders within a basin. have a conilict
zlationship. Lven in developed societios today o
fertain polarization of interest and values be-
woen upstream and downstream inhabitants is
very real. Squabbles over water rights of ‘up-
streamers” versus  “downstreaniers’ are not un-
tmmon. I planning in a drainage basin is under-
fuken, then  the upstream/downstream  social

stontlict must be recognized as a potential im-

pediment. Upstream residents often perceive of

themselves as bearing the brunt of the costs
o the benefit of the downstream people. Where
this is indeed the case. some system of trade-
offs  or compensation should be considered.
Using o drainage basin does internalize these
tlements.

Only a partial list of socivl interactions hus
been considered here: ethers may be more impor-
tayt in different traditional societies. Planners

should be aware of the spatial dimensions of

social processes. since an apparently beneficial
thange such as a new road through the drainage
basin can completely disrupt traditional social
exchanges and threaten the existing social struc-
tige,
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Environmental Hazards

One can often mistakenly attribute all environ-
mental problems to man’s interference with the
environment, vet certain patural environmental
processes can be hazardous 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, mudflows, landslides and other kinds of
slope instability. Elsewhere, areas prone to floods,
stream bank erosion and sediment deposition. and
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 functions 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.
displayed and mitigated by planning based on the
hydrologic unit.

Environmental Impacts

Man-initiated environmental impacts are often
bess accounted for in a watershed context,
because many of the processes through which
they emerge are expressed through gravity and
hyvdrology. For example, consider the construc-
tion of a reservoir primarily designed to provide
hydropower, flood control and/or irrigation.
Good engineering design usually ensures that the
project meets  these somewhat incompatible
primary objectives. Initially the new reservoir also
provides secondary beneficial effects through the
development of a new reservoir fishery or water-
based tourism. However, the construction of a
barrer across the river may prevent migratory fish
from proceeding upstream to spawn. thus causing
a detrimental impact on downstream populations
of that species. Downstream water temperatures
may also be altered, further affecting the below-
dam fishery. Tertiary impacts include the fact
that upstrewn communitics now have new sources
of livelihood whereas downstream fishing com-
munities may have had their source of liveliliood
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Fig. 15.2. Watershed land-use i
existence of the reservoir has
ning and s>me contmnl o inducen

s motion

1pacts: the downstream com-
munity could abandon their fishing viliage and
move to the cities in search of work. the upstream

reduced. These chan could <ot in

another round of in

S

communities could abundon their traditional
shifting agriculture to become reservoir fishermen
or tour.st cuides---cach shift having environmen-
tal impacts (Fig. 1320

Land-use intensification around the reservoir
can cause soil crosion thus increasing sedimenta-
tion which in tum reduces the life of the
reservoir, its fishery potential. and the life of the
hydroelectric turbine blades. The retention of
sediment in the reservoir decreases sediment sup-
ply to downstream areos, which, in turn. could
reduce nutrient replenishment of alluvial soils.
and initiate coustal crosion. Alteration of fresh-
water nutrient lows and  sedimentation cuan
adversely affect mangrove forests (a major cause
of mangrove destruction worldwider. and thereby
reduce fish and shellfish production as well as the
other services and wood and wildlife products of
these important forests.

The tie between welfare of the coastal man-
groves and the storage of water (and changes
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In sediment) has noi often been recognized in
planning which has been based on political or
other boundaries.

Land-use intensification of downstream areas
due to the availability of increased irrivation can

cause waterlozeing,  salinization of soils. and
saline-. pesticide-. or nutrient-rich runoff into
dramnage  waters. which  in® turn impact on

nsheries. mangroves and other downstream uses
of water.

These and other environmental impacts all
reverberate through the natural and secial svs-
tems. Similarly many other kinds of development
proposals can be shown to distribute beneficial
and detrimental environmental impuacts
throughout the drainage basin. and over varving
time periods. The point s that these chains of
consequences are ofien made most apparent when
cinironmental assessments are based on drainage
basins.

It is obvious that environmentai impacts also
operate as feedback loops, changing both eco-
systems and social systems. The floodplain, once
a scene of frequent inundation, devastation of
property, and loss of life, could become safer to
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ghabit. The estuarine ccosystem and the below-
am fishery could become less productive. The
spstream shifting cultivation system could change
wver time into a scttled community around the
eservoir dependent on fishing and tourism for
ash income, and on settled cuftivation around
he reservoir margins for food. This might well
elieve some shifting cultivation pressure on the
wland forest. For the downstream cormmunity
who progressively lose the fish resource. the social
changes may  be measured as reduced socio-
sconomic status or forced migration. Some of the
lowland cultivators who initially benefit from the
project may aiso be forced to migrate as the irri-
aated areas become waterlogged and salinized.
The urban dwellers who benefit from the
expanded electricity supply and the new tourst
fieilities. may  find  changes initiated by the
increased rural-urban migration and reduced out-
put of electricity. as the reservoir becomes silted
up.

SOCIAL FYSTEMS
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Fie. 15.3, Some indicators of the short- and loag-term adiustments
that might occur in a typical drainage Dasin,

Figure 13.3 illustrates how some indicators of

the outcomes of the adjustment process might
Ppear in the short- and long-terms. In reality,
Wditional inputs woukd become necessary  al
times to prevent the natural and social systems
from continuing in an undesirable direction. Also,
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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 ai
extended cost-benefit to provide greater quantifi-
cation. However, it should be noted that many of
the outcomes may be regarded as inter-genera-
tional costs on benettts which are outside the
cconomic analysis using norntal discount rates.

Planning for these myraid changes can be
accommodated by a hydrologic unit because in
rural arcas sociul systems are interwoven with
ecological systems. and ecological processes are
highlighted in watershed planning.
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Appendix

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

I. Kind of development

Where a key feature of the plan depends on
achieving management control over water, such as
increasing the amount of water available for use,
influencing its timing, or improving its quality,
the land/water interaction is best expressed in the
hydrologic unit of a drainage basin. Many kinds
of agricultural, forestry and some rural industrial
and  mineral developments  are also  included
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because of their need for water or because the
off-site effects are transferred through gravity or
hydrology to downstream users of the water
resourcees.

2. Functional unit

Does the drainage basin contain sufficiently
strong linkages between economic, social, politi-
cal, and natural systems to distinguish it from uny
other arcas of 2quivalent size. Where it is only
natural processes which distinguish the drainage
basin as a region, other social. economic, or
political linkages muay take precedence depending
on the planning objectives and priorities,

3. Containnent

Doxs the kind of development being planned
primarily attect people and resources within the
river basin. with relatively little ieakage to arcas
outside  the buasin?  For cexample, irrigation
schemes which require large scale water resource
deveiopment. integrated flood control, drainage
schemes. and new transport networks within the
basin. and with relatively little impact external
o the basin. are mostly ‘contained .

<. Topographic suitahbiliry

Does the topography allow the definition of a
drainage basin  boundary? Where drainage is
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internal or radial, the concept of river basiy
planning may not be topographically applicabe
Desert, tundra or plains arcas may have no Wc]]:
defined watershed boundary,

S, Institutional compartibiliny

Does the political support exist for plzmninp
and implementation at the drainage basin ]cvcl;}
Where the scale of the planning falls betweep two
powerful extant levels of political administratjop, "
such as State or local government. they May
resent the intrusion of a possible third tier of
administration which could usurp their power and
reduce their share of the tay base.

6. Social simplicity
Are moest economic  and  social ACtivitjes

generally conducted within a spatiatly constrained

arena? Where subsistence agriculture, cottage or
small rural industries, local marketing svstems

and non-motorised transport remain the prcd()mi:
nant forms of cconomic and sociul life, the

droimage basin will often be the best unit for ryry

planning. However, whers the society is already

developed to such a degree of complexity that the

response to topography and natural processes js
overridaen by glabal communications. cosmopoli-
tan social groups. and major national transpory ¢
networks, other units may be more applicabje,
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