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. THE CHALLENGE 19 MAY 1994

In 1990, the countries located in the humid tropics (generally
thought of as that area lying between 23.5 degrees north and
south latitudes where rainfall in excess of 100 mm occurs four
and & half months per year) contained over two billion people,
about 38 percent of the total world population of 5.3 billion. By
the year 2025, these countries are expected to have 3.8 billion
people, or about 44 percent of the world population of 8.5 billion.
See Figure 1.

Although in 1990, about two-thirds of the population of the
humid tropics lived in rural areas, more and more people are
moving to urban areas so that by the year 2025, about 56
percent of the people wiil be living in cities and their suburbs.
See Figure 2.

It is clear that this rapid increase in population will by itself
place greater demands on the essentially fixed (although highly
variable) supply of fresh water. Thus, in certain humid tropic
countries with high population growth rates, the fresh water
available per person will show sharp declines by the year 2025.
For example, in India the yearly renewable water resources per
person (including inflows from upstream countries) will fall from
2.44 thousand cubic meters in 1990 to 1.45 thousand cubic
meters in 2025.
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Figure 1. Population: Humid Tropics vs. the World
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THE CHALLENGE - continued .

In addition, the economies of many humid tropic countries,
especially those located in Asia and South America, are grow-
ing rapidly. With the consequent increases in standards of
living, there will be greater and greater demands on the water
resources, both for productive purposes—agriculture and in-
dustry—and for such human uses as potable water, sanitation,
and recreation. At the same time, both surface water and
groundwater are becoming increasingly polluted from such
uses. With these demands for water growing, and supplies of
acceptable quality diminishing, meeting these dernands will
become more and more challenging. Thus, even in nominally
water-rich countries of the humid tropics, sophisticated levels of
water management will be increasingly needed.

Il. SUSTAINABLE WATER RESOURCE DEVELOPMENT

The general concept of sustainable resource development
was highlighted in the Brundtiand Commission report entitled,
Our Common Future (World Commission on Environment and
Development, 1987). In calling for sustainable development of
the world's resources, the Brundtland Commission defined this
condition as the ability to meet the needs of the here and now

Figure 2. Urban and Rural Population: Humid Tropics
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"...dtis the value to
society of the services to
be provided by the water
resources fnat are to be
maintained or increased
if possible."

without compromising the ability of future generations to meet
their own needs. To apply this general concept and definition to
water resources it is useful to consider three distinct versions of
sustainability: (1) as a purely physical concept for a single
resource (e.g., water); (2) as a physical concept for a group of
resources Or an ecosystem (e.g., a watershed or river basin);
and (3) as a social-physical-economic-ecological concept (Dixon
and Fallon, 1989).

Narrow concepts limiting

Clearly, the first definition of sustainability as a purely
physical concept is too narrow, if only because a signiticant
portion of freshwater resources in some areas occurs as a
geological stock of—for practical purposes—nonrenewable
groundwater which, once depleted, will be replenished only
over centuries. Also, it is not merely the quantity of freshwater
thatis relevant, but also its quality and its distribution in time and
space in relation to other elements of the ecosystem as defined,
for example, by a watershed or coastal zone.

However, even the second definition of sustainability—as a
physical concept foran ecosystern—is too narrow, as we are not
so much concerned with sustaining the particular quality or
gpace and time pattern of the water-fand-biotic system as
emboadied in a watershed as we are with the services to be
provided by tha ecosystem, including productivity and biological
diversity. This leads us to consider the third definition of
sustainability--as a social-physical-economic-ecological con-
cept—-as the starting point for our application of the term to
water resources and their management.

Present and future ohjectives must he satisficd

Taking off from this third concept, we can define sustainable
water resource management as a set of activities that ensures
thatthe value of the services provided by a given water resource
system will satisfy present objectives of society without compro-
mising the ability of the system to satisfy the abjectives of tuture
generations. Services comprise the broad array of water
uses—ranging from domestic, agricultural, industrial to recrea-
tional and maintenance of ecosystems. This does notrnean that
any particular space or time pattern or quantity or quality of
water resources need he maintained intact, nor that the current
mix and levels of water services—for economic devalopment in
general, including agricultural production, energy generation,
municipal and industrial supplies—need be mainteined. Rather,
it is the value to society of the services to be provided by the
water resources thal are to b2 maintained or increased if
possible. Such values may include economic productivity,
human health, environmental quality, and social fairness.

The state of the physical resources—the water, ‘und, and
biota—is of key imporiance in maintaining or increasing the
social value of the services provided by the resources. Accord-
ingly, in carrying out the tasks of water resource management,



SUSTAINABLE WATER RESOURCE DEVELOPMENT

- continued

we must focus on the state or condition of the surface and
underground water, the soil, and the biota in the land and water
ecosystems.

For example, in managing forests, agroforested areas, and
agricultural lands, we must be concerned with the rates of soil
loss, erosion, and sedimentation levels as these affect the
condition of these resources in terms of on- and off-site produc-
tivity and potential water services. Also, upstream land uses,
ranging from forestry, grazing, cropping, and mining to urban
and industrial activities, may degrade the downstream land,
surface water, and groundwater resources via runoff of sedi-
ments, pesticides, fertilizers, organic and toxic wastes, and
salinity.

Yaried and extensive degradation can result

These effects are often manifested by: (1) the loss of useful

reservoir and stream channel capacities caused by sedimenta-

Freshwatsr is largely a renew-
able resource. Accordingly, we
should be able, in most situ-
ations, to manage water ro-
source systems on a sustain-
able basis while achieving vther
objectives of society. Sometimes
we may need to sacrifice some
economic productivity for this
generation in order to achleve
sustainability for the next gen-
eration. A practical approach
toward sustainability is to main-
tain and, if possible, increase
the social value of water and
'water-related services overtime,

where the social value inciuces

BOX A: Sustainabiilt~: A Practical Approach

ceptthat combines social, eco-
nomic, and ecolcgical as well
as physical elemsnts.

Meeting the sustainability chal-
lenge for water resource de-
velopment in the humid tropics
will require an increasingly so-
phisticated level of manage-
ment calied Integrated Water
Besource _ Management
(IWRM). The core concepts of
IWRM as applied to develop-
ing countries have been re-
cently presented by several
authors, notably Koudstaal of
&A1692) ardd Rogers (16803).

Commonty.heid principles in-
mwwhtm

. sustainability i1 u
physical sense cannot be
meintained
indefinitely for all
segments of a water
resource system."'




Sediment from eroding soil that
has been overgrazed degrades
the downstream land and water
resources.

tion from upstream; (2) the biological degradation of lakes and
reservoirs from fertilizers and other organic nutrients from the
upstream watershed; (3) the salinization of downstream land
caused by inadequate drainage of irrigation systems; and (4)
the pollution of groundwater aquifers by seepage or injection of
organic and inorganic substances to the aquifer from urban and
industrial sources.

Only so much water is available

Sustainability of water services can also be viewed physi-
cally by considering that in any river basin only a set amount of
water is available for urban and industrial water uses, irrigation,
hydroelectric energy generation, and instream and in-lake pur-
poses such as fisheries and recreation. Although the water
services from these set and variable supplies car: be extended
by reservoir storage, more efficient use, recycling and wastewa-
ter treatment and reuse, andimportation from other river basins,
there are usually econcmic limits to such extensions. Accord-
ingly, even with no environmental deterioration, there is a
physical limit to the water economically available to provide
sustainable services.

Some natural deterioration inevitable

Although it is important to limit the rates of environmental
deterioration in water resource systems, it is generally not
possible to reduce these rates to zero. Erosion is a natural
phenomenon thatis often controllable only at high cost. Insome
cases, productivity declines from soil loss can be offset by
application of other inputs, such as fertilizers. Also, even at
moderate rates of sedimentation, reservoirs lose much of their
storage value over time. Downstream seciions of many irriga-
tion projects become salinized over time. Accordingly, sus-
tainability in a physical sense cannot be maintained indefinitely
for all segments of a water resource system.

The important point is to avoid situations of irreversibility of
the system as a whole in which the social value of water or
water-related services is lost completely. Examples of this
situation are: (1) when a groundwater aquifer becomes so
polluted with toxic chemicals as to be unusable because cleanup
costs are prohibitive; (2) when the productive soil mantle has
been lost through erosion, rendering the land essentially unpro-
ductive without massive resource inputs; and (3) groundwater
mining, when pumping of a groundwater aquifer proceeds at a
rate far exceeding the natural recharge rate of the aquifer. Inthis
latter situation, the groundwater level keeps dropping until the
aquifer is physically depleted or, more commonly, pumping
costs rise until they are prohibitively high.

. INTEGRATED WATER RESOURCE MANAGEMENT: A
SYSTEMS VIEW

“Integration" is one of those terms whose meaning is gener-
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INTEGRATED WATER RESOURCE MANAGEMENT:
A SYSTEMS VIEW - continued
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Figure 3.
Integrated Water Resource Management: Proposed Framework

Adapted from Figure 1 in Hufschmidt, 1993.

ally assumed rather than being rigorously defined. For our
purposes, the need for integration in water resource manage-
ment arises when there are one or more systems, defined as “a
regularly interacting or interdependent group of items forming a
unified whole” (Websters New Collegiate Dictionary, 1974).
Integration, then, is the act of forming or blending these items
into a whole, or incorporating two or more subsystems into a
larger overall system. This definition can be illustrated for
integrated water resource management by referring to tnree
interrelated systems shown in Figure 3.

Natural availability for human uses

Thefirst of these is the natural water resource system, which
consists of the hydrologic cycle with its components of precipi-
tation, evaporation, surface runoff, and groundwater flows, as
well as the oroader “hydrologic whole or continuum®. The latter
was defined by Leopold (1990) as including the soil, biota, and
atmosphere as well as water. In the aggregate, this system is
the water and water-related natural resource endowment (or
“supply”) available for human uses (including enjoyment of the
resource in its natural state).

The second is the human activity systcm composed of the
many activities of people that affect or are affected by the
natural water resource system. At one extreme, as in the Nile
Valley, humans have modified the natural system extensively
by storage reservoirs, diversion works, and canals to meet their
irrigation needs. At the other extreme, as in Bangladesh,

... an essential
support to the water
resource management
system is the
institutional framework
.« . consisting of the
organizations and the
rules and codes
governing the use and
control of water
resources."




"Maintaining the
integrity of the
hydrologic whole or
continuum, as proposed
by Leopold (1990), is
essential to the
sustainable use of the
natural water resource
system."

humans living in the floodplains of major streams, such as the
Ganges and Brahmaputra Rivers, are at the mercy of natural
forces. Between these extremes are many river systems that
are only partially controlled by developments. In the aggregate,
these human activities comprise the “demand” side for water
uses such as irrigation, domestic water supply, waste disposal,
navigation, hydroelectric power, fisheries and recreation, and
for reduction of damages from flooding, water pollution, and
drought.
Harmonization of supply and demand the goal

Finally, the water resource management system consists of
the activities and relationships in the public and private sectors
concerned with harmonizing the supply and demand sides so as
to achieve the objectives of society. In this context, demand
includes both uses for water such as irrigation and in homes,
and avoidance of adverse impacts such as pollution arising from
natural processes or human activities, while supply also in-
cludes adverse impacts such as natural floods, low flows, and
pollution, imposed by nature or human activities. As shown in
Figure 3, an essential support to the water resource manage-
ment system is the institutional framework for management,
consisting of the organizations and the rules and codes govern-
ing the use and control of water resources.

IV. THE NATURAL WATER RESOURCE SYSTEM:
PRESERVING ITS INTEGRITY

Maintaining the integrity of the hydrologic whole or contin-
uum, as proposed by Leopold (1990), is essential to the sustain-
able use of the natural water resource system. Leopold defines
this as the maintenance of balance in the hydrologic processes
of precipitation, evapo-transpiration, runoff, groundwater flows,
and storage. A key first step is achieving a scientific under-
standing of the natural water resource system by expanding and
deepening the physical information base. In most cases, the
complete river basin should be used as the basic unit for data
collection andinterpretation, with appropriate subdivisions based
on geology, climate, soil type, land and water use, and land
cover. In some cases, other natural water resource regions,
such as groundwater aquifers and estuaries, will be appropri-
ate. All components of the hydrologic cycle, including precipi-
tation, evapo-transpiration, streamflow, soil moisture, and
groundwater flows and stocks, should be measured and ana-
lyzed. Quantitative assessments should use a complete water-
budget approach, which accounts for all water stocks, flows,
and withdrawals, with emphasis on interactions between sur-
face water and groundwater, and water quantity and quality.

Achieving an adequate scientific understanding of water
resources in the humid tropics is a challenging task. It requires



THE NATURAL WATER RESOURCE SYSTEM:
PRESERVING ITS INTEGRITY- continued

coordination of meteorological and hydrologic data collection
and interpretation activities, which are often scattered through-
out many government agencies. Successful assessments and
analyses require: (a) common standards for water resource
assessment; and (b) unified data collection and measurement
systems to record hydrologic, meteorological, and water use
measurements, and other water-related data.

Sectoral projects must consider the hydrologic continuum

The hydrologic region—river basin, groundwater aquifer, or
other entity—should form the basic spatial unit for preparing
and implementing water resource plans. Effective manage-
ment of water resources must address the physical realities of
the hydrologic cycle, including the biophysical linkages be-
tween the forests, land, streams, and lakes of the river basin.

Managing water resources on a river basin basis has many
theoretical advantages (Easter ef 1/, 1986). In undertaking
water resource development on a sectoral basis—for irrigation,
hydroelectric power, domestic and industrial water supply, or
other purposes—the relationship of the individual project to the
entire hydrologic continuum must be investigated. To do this
effectively requires detailed basin-wide management plans.
Preparing such detailed plans may be difficult for such huge
river basins as the Mekong in Southeast Asia. the Ganges in
South Asia, and the Amazon in South America. These large
river systems have many tributary watersheds, each of which
constitutes a sizeable planning unit. Furthermore, some of
them are inteinational in scope.

Large river basins may defy detailed planning

Detailed integrated planning for such large river basins is
probably administratively infeasible. The leading example of
detailed river basin management, the Tennessee Valley Au-
thority (TVA) in the United States, has purview over a relatively
small subtributary area of the Mississippi River basin, with a
drainage area of only t.:ree percent of the 3.22 million square
kilometers of that basin. In Southeast Asia, the Lower Mekong
Commission represents a special case of management of an
international river basin, but up to now its activities have been
largely limited to collecting and analyzing basic data and to
framework planning (Committee for Coordination of Investiga-
tions of the Lower Mekong Basin, 1988).

Atthe other extreme are many small watersheds composed
of tributaries and subtributaries of larger river basins. Detailed
planning for such watersheds is administratively feasible, al-
though in most cases such planning has been limited to basic
data collection and broad-brush planning, with detailed plan-
ning and implementation continuing to be done by public or
private agencies on a project or sectoral basis.

Of course, there are many examples of river basins and

"A complicating factor
... Is that political and
administrative
boundaries rarely
coincide with those of a
river basin."
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10.
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13.

Box B: Elements of an Integrated
Water Resource Plan

No.

Element
Flood control

Irrigation
Hydroetactric power
Navigation

Domestic and industria) water
supply

Watershed management, soll
consarvation, and erosion control

Recreation use of water

Aquatic ecosystem maintenance

Pollution abatement

Insect control
Drainage
Sediment control

Salinity control




watersheds between these extremes, including the relatively
small but populous river basins in the Philippines, the istand of
Java in Indonesia, and islands in the Carihbean. In many of
these cases, detailed water resource planning on the river basin
basis would be both desirable and feasible.

A complicating factor limiting the use of the river basin or
watershed for implementation of plans is that political and
administrative boundaries rarely coincide with those of a river
basin. Implementation is usually carried out either by provincial
or district (city or village) gnvernments or by regional offices of
national sectoral agencies (agriculture, irrigation, energy) usu-
ally organized on a provincial basis. Thus, when water resource
management plans are prepared using river basin or watershed
boundaries, theirimplementation is not likely to procaed on this
basis. Also, urbanwaterresource plans, involving water supply,
groundwater management, pollution control, flood control, and
storm drainage, typically do notconform with river basin bounda-
ries.

Mulitiple Purposes

Maintaining sustainable hydrologic systems is complicated
by the conflicts and complementary effects among the various
water uses. An integrated plan requires the balanced consid-
eration of a wide range of water uses and management pui-
poses, including withdrawal uses and water problems such as
flooding and pollution. See Box B. Using this approach to
planning allows beneficial complementary effects to be cap-

Purpose

Flood damage proventionorrodmﬁnn,protoctlonotoeonom&cdwdopmem conservation storage, rivar regulation, md\morwndwm
water supply, development of pomr and protection of fife.

- Agriculture produsction.
Provision of power for socnomic development and improved Hving stondards.
Transportation of goods and paseongers. ‘
Provision of water for domeetic, industrial, commercial, muniolpal, and other uses,
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THE NATURAL WATER RESOURCE SYSTEM:
PRESERVING ITS INTEGRITY - :ontinued

tured and tradeoffs among the conflicting uses tc be criticaity
examined. As Rogers (1993) points out, lhe “opportunity cost”
of water, meacured by its value in competing uses, is funda-
mental to such tradeoff analysis.

Environmental purposes, such as the maintenance and
enhancement of fish and wildlife habitat and biologically diverse
ecosystems, are important although often neglected. In urban
areas of the humid tropics, control of point and non-point source
water pollution is becoming increasingly important, as in Bang-
kok, Jakarta, Sao Paulo and Lagos.

Environmental consequences of water developments, in
the form of their impacts on the hydrolugic whole or continuum,
must be carefully examined at the assessment and planning
stages. |deally, environmental values should be combined with
economic criteria and technical standards in water planning.
Three types of undesirable environmenial consequences of
water development are particularly important:

*Creation of favorable habitats for parasitic and water-borne
diseases by construction of poorly conceived reservoirs and
irrigation systems.

*Adverse impacts on ecological systems, caused by erosion,
pollution, and changes in streamflow regines.

*Stream and reservoir sedimentation, soil salinization, and
waterlogging.

Ideally, environmental consequences can be assessedin a
multiple-objective planning approach which represents a true
synthesis of environmental, social fairness, and economic
values. A practical alternative is the environmental irnpact
assessment approach in which majorimpacts on the hydrologic
continuum of a specific project are measured and evaluated.
Such an assessment should begin at the earliest stages of
project planning and continue to the final selection of a project.
Means for avoiding or reducing adverse environmental effects
should be included.

V. THE HUMAN ACTIVITY SYSTEM: INFLUENCING
THE DEMAND SiDE FOR WATER

A key task of integrated water resource management is to
influence human activities so as to reduce adverse impacts on
the natural water resource system and to minimize economic
and social losses from natural hazards. Thistaskinvolvesthree
kinds of actions:

*Actions affecting the demand for water services.
*Actions affecting pollution from human activities.
*Actions affecting human adjustments to floods and droughis.
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"Demand management
strategies that involve
policies and activities to
reduce perperson or unit-
of-activity use rates are
being increasingly
advocated . . ."

Managing the Demand for Water Services

One of the most serious problems facing water managers is
the effective allocation of an essentially fixed supply of water
resources amnng rapidly growing and competing demands. In
many cases, even in humid areas, developing more supplies to
meet the projected rising “demanas” is no lonyer appropriate.
Demand management strategies that involve rolicies and ac-
tivities to reduce per person or unit-of-activity use rates are
being increasingly advocatcd, especially for urban areas and
irrigation projecte. Adopting demand management as an inte-
gral part of water management would involve the following:
*Formulating and evaluating demand reauction approaches
and strategies as complements to or substitutes fcr supply
au,ymentation projecis.
*Using prices as a tool for demand management, including
volumetric pricing of suppiy or wastewater on the basis of
marginai supply or disposal costs, along with increasing block
rates. (Marginal costis the cost of adding the next unit of supply
ordisposal capacily, in contrast to average unit cost of the entire
supply or disposal capacity.) Where appropriate, seasonal
pricing and temporary drouyht surcharges would be imposed.
*Using efficient technical means to reduce urban water use and
transmission losses inthe supply system. Thisincludes changes
in plumbing codes to require water-saving plumbing fixtures,
programs of leak detection and control, and sustained mainte-
nance.
*Recycling and other technizal mearns to reduce withdrawal
rates for water for industry, especially for cooling purposes.
o{Jsing technical means for reaticing irrigation water use, includ-
ing drip and sprinkler irrigation, land levelling, and canal lining,
along with institutional means such as modifying water rights
systeme ‘0 encourage efficient use.
eUse of lower-grade water for certain domestic, commercial,
industrial, and agricultural purposes. Such a use of brackish
water and treated wastewater for non-potable purposes often
involves the installation of dual water supply systems.

Reducing Pollution from Human Activities

Reducing the demand for water sen:ces will also have
beneficial effects in reducing water polluton. Additional mea-
sures required to minimize adverse impacts of water pollution
are:
*Reducing the generation of pollutants at the source by changes
in industrial production procrsses, by-product recovery, and
wastewater enforcement, pricing policies, and tax incentives.
*Adopting a "polluter-pays" policy, including the levy of effluent
charges adequate to achieve the desired reduction. These
charges must be earmarked for financing the cleanup costs of
any residual pollution.
sInstalling basic sanitation facilities in rural and low-income
urban areas. The community must be involved in planning,

11



HUMAN ACTIVITY SYSTEM: INFLUENCING

THE DEMAND SIDE FOR WATER - continued

installing, and maintaining these facilities—which should be low
in cost but meet minimum standards.

*Reducing water pollution from agricultural, grazing, and for-
eslry activities by lowering soil erosion and consequent sedi-
mentation, cutting discharges of pesticides and fertilizers, and
reducing the saline content of irrigation return flows. Tools
which may be used are subsidies, removal of subsidies which
worsen conditions, changes in property rights, tighter regulation
of forestry activities, and enforceable stipulations on the types
and methods of applying agricultural chemicals.

Human Adjustments to Floods and Droughts

The adverse effects of natural disasiers such as floods and
droughts can be significantly reduced by making human adjust-
ments, such as:
*Controlling human occupancy of flood-prone lands. Effective
enforcement of requlations encouraging compatible land uses,
such as recreational, agricultural, and some commercial uses,
while restricting non-compatible uses, can achieve this goal.
sWhere human occupancy of floodplains is high, as in Bangla-
desh, adopting a loss-minimization strategy, including floodproof-
ing structures and adopting flood insurance, warning systems,
and evacuation and restoration plans.
* Following flood disasters, base redevelopment programs on
risk-minimization land use controls and management strate-
gies. Public investments, subsidies, and controls on private
investment for redevelopment would be in accordance with
these necessary human adjustments.
*Planning for human adjustments to drought which are based
on specific rules for reducing water withdrawals to achieve
efficient and equitable sharing of limited water resources through
pooling of available supplies, allocation to the uses of greatest
social value, with appropriate compensation to “losers.”

VI. MAKING MANAGEMENT WORK

As shown in Figure 3, a management system is needed to
preserve the integrity of the natural water resource system and
to influence water-related human activities. Certain actions are
needed to guide the planning and implementation of public and
private programs and strategies ‘0 make management work
effectively in an integrated way. 1he following are important
examples:

*Establish unified national objectives and priorities for water
resource management, including setting guidelines for resolv-
ing the inevitable conflicts among different water uses and
tetween the objectives of national economic growth and self-

12
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natural disasters such as
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by making human adjust-
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Participation of women in the
planning for water resource
improvements would recognize
their key roles as providers,
users, and guardians of water.

sufficiency, regional development, equitable income distribu-
tion and social impacts, environmental quality, and sustainabil-
ity of the resource base.

*Develop constructive international agreements on water man-
agement, involving the fair sharing of benefits and costs of
development/management of international river basins, and
clear definition of rights and responsibilities of affected nations.
*Guide national investments in water resource development by
means of capital investment budgets and programs, national/
local cost-sharing, international or bilateral grants and/or loans,
cost-sharing by provincial, local, and private agencies, and
private investment. This involves linking the water resource
sector to the national economy, as proposed by Rogers (1993).
*Adopt project formulation and evaluation criteria involving
analyses for benefits-costs, risk-assessment, and multiple ob-
jectives (including environmental impacts) to be used for project
and program feasibility studies and monitoring and evaluation of
performance.

*Establish an appropriate balance between development—the
creation of new projects, such as dams and irrigation systems—
and management focussing on more efficient use of existing
facilities.

*In cases where involuntary resettlement from development
projects, such as storage reservoirs, cannot be avoided, plan for
such resettlement so as to minimize economic and social
dislocations, promote development opportunities for the dis-
placed, and compensate for adverse effects fairly.
*Emphasize negotiation and mediation rather than confronta-
tion.

*Adopt approaches for allocation of water and waste assimila-
tion capacity that take account of the interdependency of water
uses and the role of pricing policy. Alternative approaches are
allocation via water markets with clear property rights versus
allocation via administrative mandate; or by some combination
of these two.

*Adopt a practical approach toward centralization versus de-
centlralization of water planning andimplementation, depending
on the specific circumstances. In many cases, some combina-
tion of a centralized national irrigation or power agency and
regional or local irrigation agencies is preferred.

*Promote public involvement/local participation in project plan-
ning and implementation, especially for irrigation, upstream
watershed management, and rural and urban water supply and
sanitation projects. The pivolal role of women as providers,
users, and guardians of water should be recognized by arrang-
ing for their participation in these plans and decisions.
*Provide for adequate and reliable funding of project operation
and maintenance, e.g., from user charges, especially for proj-
ects to be turned over to local water users for operation and
maintenance.

13



MAKING MANAGEMENT WORK - continued

*Flan for effective monitoring of projects and their evaluation for
several years of operation.

*Provide practical training in the theory and practice of water
resource planning and implementation, with special emphasis
on how to achieve integration throughout the entire manage-
ment process.

Organizing for Effective Implementation

Effective implementation of water-resource programs re-
quires a set of national institutions and organizations incorpo-
rated in national legislation and the organizational structure of
government. Two important actions are:
*Establishing a national water code to clarify the general prin-
ciples of properly rights. These may involve private ownership
of surface water and groundwater rights (riparian or prior
appropriation), full government ownership, with rights to use
(including limitations) granted by government, or mixed public-
private rights to water use which recognize water as a collective
good. The code should include a water rights system which
recognizes the hydrologic realities of surface water, groundwa-
ter, and return flow linkages, and the stochastic (probabilistic)
nature of precipitation and streamflows.
*Effective organization for water resource management. This
includes integration of activities of different agencies at the
planning and implementation stages, spatial integration by river
basin, water resources demand region, or political jurisdiction,
and division of responsibilities for water resource management
among national, provincial, local public, and private sectors.
The activities involve water allocation, regulation of use and
abuse, development, preservation, and operaticn of water
supply and treatment facilities.

Vil. THE URBAN CONTEXT

Integrated water resource management is becoming espe-
cially important in the urban settings of the humid tropics.
Although historically the population of the humid tropics has
been predominantly rural, this is no longer the case. For
example, in 1990, about one-third of the two billion people living
in the :1umid tropics were in uroan ar2as (Figure 2) as defined
by the U.N. Department of Economic and Social Affairs (1991).
The humid tropic countrie:s in Asia vere the least urbanized—
26 percent, while humid tropic countries in South America were
73 percent urbanized. Mega-cities, with 1990 populations in
excess of 10 million, include Calcutta and Bombay in india and
Sao Paulo and Rio de Janeiro in Brazil.

According to projections of the United Nations, the popula-
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The forecasted population
growth in the humid tropics of
Asia will result in seven cities of
more than ten million people by
the year 2000.

tion of the humid tropical countries in the year 2025 is expected
to be almost 3.8 billion, of which about 2.1 billion or 56 percent
would be urban. By the year 2000, there will be about 1C mega-
cities in the hurnid tropics. Of these, seven will be in Asia (U.N.
Department of Economic and Social Affairs, 1991).

The major water-related problems of these large and rapidly
growing cities in the humid tropics are fourfold:
*The need for dependable supplies of potable water;
sSevere and growing sanitation problems, including pollution of
streams, lakes, estuaries, and groundwater from domestic and
industrial sewage and solid wastes;
eLarge and increasing flood damages from occupancy of flood-
plains and high peak flows arising from urbanization of the
watershed;
*Depletion of groundwater aquifers, with associated land subsi-
dence, caused by reduction of infiltration and overpumping of
the aquifers.

These typical urban water problems are accentuated by the
extremely rapid growth of many urban areas in developing
countries and by the intense rainfall and consequent high water
levels often experienced in these areas in the humid tropics.
Solution of these problerns calls for an integrated approach to
water resource management that is specifically adapted to
urban settings in the humid tropics.

Specific examples of many of these water resource prob-
lems and related management issues discussed here are given
by Gladwell, Lee, Lindh, Niemczynowicz, and Low in Bonell,
Hufschmidt, and Gladwell (1993). They point out that the
problems of urban water supply, sanitation, water and land
pollution, flooding and storm drainage, and groundwater dete-
rioration are all interrelated.

Water and land decisions made separately

Nothing less than a fully integrated approach to water and
land management at the urban scale will suffice to deal ade-
quately with them. The reality is that in most cities in the humid
tropics land use and water management decisions are made
without regard for the other. Even within the water resource
sector, urban water supply, sanitation, water poliution control,
flood control, and urban storm drainage are typically handled by
different agencies, with littte or no coordination among them.
Also, all of these activities typically are undertaken with grossly
inadequate basic data and scientific analyses of the urban
hydrology.

Sco~e of the detailed elements of an integrated approach to
water ihanagement are presented in the following sections.
Urban water supply. A major constraint to providing potable
water to rapidly growing urban areas is a shortage of investment
funds. Historically, provision of infrastructure such as water
supply, sanitation, transport, utilities, and basic housing has
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THE URBAN CONTEXT - continued

BOX C: Urban Water Supply

Problems Implications for integrated Management
+ Many urban zones are not served, especially in  + « Increased cost recovery from walar users.
poor sections. Major causes are bias toward ¢ Adopt low-cost 2poropriate technology.
high-cost technulogy, shortage of investment * Promote community involvement in water supply.

funds, uneual distribution of infrastructure.
+ Unreliable performance of water system, includ- 4 « Increased cost recovery to finance adequate

ing a high rate of “unaccounted for” water. Major operation and maintenance.
causes are poor operation and maintenance, * improved organization and staff training for
faulty metering and biiling. operation and maintenance.
. nity invoivement in managing local water
supply.
+ Conflict with other water users (e.g., irrigation) for 4+ « Reduce water withdrawal by demand

diminishing avallable water supplies. management, recycling and wastewater reuse.
. * Integrated system management of surface water

R and groundwater to make best use of available
Adapted from H shmict in BoneYl of al, 1803, water for various competing purposes.

lagged behind population growth and economic activity in these
cities. The recent rapid increases in population have accentu-
ated the problem. The capital investment needs for infrastruc-
ture, including water supplies, are enormous in relation to the
needs. It may take decades to attain satisfactory levels.

A special problem is the provision of minimal levels of water
service for squatter settlements around such major cities as
Calcutta, Dhaka, Manila, Lagos, and Sao Paulo. Atleastinthe
shortterm, these settlernents will have to make do with low-cost
facilities such as standpipes, or even with high-cost mobile
vendors. The upgrading of facilities to higher standards will
have to be a long-term objective.

Over-exploitation increases cost, pollution

As urbanization proceeds, the readily available surface
water and groundwater supplies are over-exploited; the ground- ", .. the capital invest-
water aquifers show rapid declines as in Bangkok and Jakarta;
and the surface and groundwater supplies become increasingly
polluted. New and more remote sources of supply thus are
sought, increasing the cost of supplying water to cities and waste collection and
bringing the urban water user increasingly into conflict with sewage collection
other water applications, principally irrigation. Examples of this and treatment are so
situation exist in Bangkok, Jakarta, Surabaya, and Madras. extensive as to be
Serious problems of water allocation among these competing beyond the immediate fi-
uses are the result. . .

The urbanwater supply problemis further aggravatedbythe ~ Pancial capacity
deterioration of existing systems arising from inadequate op- of most cities . . .""

ments required for urban
sanitation, including solid
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""New and more remote
sources of supply thus are
sought, increasing the
cost of supplying water to
cities and bringing the
urban water user
increasingly into
conflict with other
water applications . . ."

eration and maintenance. In sorne cases, over 50 parcent of the
available supply is lost through leakage of water mains or is
otherwise unaccounted for.
Urban sanitation and water pollution. Most of the streams
and estuaries in or adjacent to cities in the humid tropics are
grossly polluted as centralized collection and disposal of urban-
generated sewage is inadequate, continuing to lag seriously
behind urban growth. Further, much centrally collected sewage
continues to be discharged into streams and estuaries without
treatment. Even in the few instances—as in Singapore where
point-source pollution is adequately collected and treated—
non-point sources of pollution including litter, solid wastes, and
sediment from the land and streets contribute to gross water
pollution, especially during periods of high rainfall and associ-
ated runoff. In some cases, groundwater is also at risk of
pollution.

As with urban water supply, the capital investments required
for urban sanitation, including solid waste collection and sew-
age collection and treatment are so extensive as to be beyond

‘BOX D: Urban Water Poliution

land and into water bodles.

ter, oolidwasbo,udkmnt.

Problems and Causss

Groupouuﬁonofumanmmm

and groundwater is increasing, because

+ Much domestic lsumoﬂmdundﬂom +- Low-cost appropriate sanitation
directly into water Involvement in buliding and

operating sanitation sysiems.

+ Most domastic sewage that is collected is + « Appropriate low-coet treatment technologies
discharged into water bodies without any treat- 0.7., detention basins.
ment. * Wastewater rause.

4+ Much industrial waste is discharged untreated on + » Appropriate incentives (subsidies for poliution

+ Much poliution of suriace water bodies originates + « Community involvement in sanitation & cleanup.
from “non-point” sources—--urban land moft--- = Watershed managernent program.

+ Centralized sewsge collection and treatment + = Appropriate low-cost technology for wastewetar

¢ Coet-sharing.

control activitias; effluent charges).
* Recycling.
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THE URBAN CONTEXT - continued

BOX E: Urban Flooding and Storm Drainage

Problems

+ Rapid urbanization, including human occupancy
of floodplaing, has magnified flood risks and
consequent damages.

+ Costly structural fiood control measures aie
beyond financial capacity of cities.

4 Planning effective urban storm drainage sys-
tems requires rainfall and runoff data with very
fine time and epace resolutions; these are
generally not available for humid tropics cities.

+ Effective flood control programs, combining

structural and non-structural measures raquires
a high level of management not avallable in
most cities.

Adapied from Hutschmidt in Bonell of al., 1993.

Implications for Integrated Management

+ Effective land use planning, including fioodplain
zoning, flood proofing, evacuation programs, and
radevelopment of flood-prone areas.

+ Empbasize non-structural measures and low-cost
physical measuras, e.g., using streets for tempo-
rary flood storage.

+ Establishing and maintaining hydrologic data
systems suited to urban areas in humid tropics.

capacity and appropria!

i flood management

institutions for

the immediate financial capacity of many cities, especially the
fast-growing ones. With few exceptions, such as at Singapore,
wastewater treatment to the secondary level is not a realistic

option, at least for the next decade or two.

In some cities, such as Jakarta and Surabaya in the humid
tropics, water pollution is alleviated during the rainy season by
using large volumes of water for flushing the streams and
estuaries. However, during the dry periods, water otherwise
used for purposes such as irrigation or expensive reservoir
storage would be required for this purpose. In any event, such
flushing is not a long-range solution to the problem.

Waste control considered unimportant

Again, as with urban water supply, operation and mainte-
nance of sewage collection and treatment systems and solid
waste and litter control programs are often weak and ineffective.
These low status activities are seriously underfunded and their
effective management is often given low priority by urban

managers and policy-makers.

In coastal cities and in cities such as Bogota, located near
large rivers, wastewater can often be disposed of satisfactorily,
even with little or no treatment, via long outfalls. However, in
most inland cities, such as Bandung, this optior is not available
and some degree of treatment is required if gross pollution

downstream is to be avoided.

Flooding and storm drainage. Human occupancy of urban
floodplains in the humid tropics has greatly magnified the risk of
flood damage, not only of the occupied regions, but as well of
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BOX F: Groundwater Deplstion and Land Subsidence

Problems Implications for Integrated Management

+ Excessive pumping of groundwater causes land 4+ Aquifer-wide regulation of pumping rates, involv-
subsidencs in urban areas with consequent ing permits, metering, and monitoring.
fiood losser and damage to structures.

+ Unsustainable groundwater pumping rates + Conjunctive groundwater-surface water manage-
cause aquifar depletion, with increasing pump- ment, invoiving appropriate timing of groundwater
ing costs, and saline water intrusion to coastal pumping, and artificial recharge of aquifers.
aquifers.

Adapted from Hufschmidt in Bonell ot al., 1992,

downstream areas because of sharp increases of storm runoff
from roads, streets, housing, parking lots, and other impervious
areas.

Structural flood control works—reservoirs, levees, storm
drains, and channelization—are extremely costly, and usually
beyond the financial capacity of cities. Thus some cities, such
as Bangkok and Jakarta, have accommodated to flooding, as
the flooding is gradual rather than torrential. In other cases,
such as at Dhaka in 1987 and 1988, sudden flooding caused
severe damages.

Cost-effective flood management for most cities in the
humid tropics will involve a mixed strategy of inexpensive
structural means such as drainage channels plus flood warning,
flood- plain zoning, flood proofing, and evacuation measures.
However, installing and operating an effective program of this
type requires a high level of management, usually not available
to these cities.

Urban storm drainage for flood control is closely related to
non-point source water pollution as much of this diffuse pollution
from the urban landscape reaches the streams and estuaries
via these drainage works.

Groundwater depletion and land subsidence. In some
o S cities, such as Bangkok and Jakarta, over-pumping of ground-

e operation and water, along with high concentrations of buildings, roads and
maintenance of sewage streets, has led to serious subsidence of land with consequent
collection and treatment floodingand damage to buildings. Centralized control of ground-
systems and solid waste water pumping is required to reduce or eliminate such subsi-
and litter control dence. This involves an advanced management program, with
pumping permits, metering, monitoring, and regulation of pump-
ing rates.

In some cases, such as in Bangkok, conjunctive surface

programs are often weak
and ineffective."
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THE URBAN CONTEXT - continued

water-groundwater management is a preferred strategy. This
couldinclude artificial groundwaterrecharge via water-spread-
ing fields and injection wells to raise groundwater levels. A
possible problem is pollution of groundwater arising from these
recharge activities.

Integrated water management for urban areas. Such man-
agement is especially complex in the humid tropics, involving:
*Meshing quite different water uses and purposes—e.g., water
supply, water pollution control, storm drainage and flood dam-
age alleviation, and water-based recreation—which are usually
managed by different agencies.

*Planning and scheduling the construction of water-related
infrastructure-—e.g., water mains, sewers and sewage treat-
ment plants, urban storm drains—must be meshed with urban
land use plans, programs, and schedules for related infrastruc-
ture, e.g., highways, streets, electricity, gas, communications
facilities, housing, parks, and recreational areas.

Integrated management to preserve the integrity of the
water resource system is especially challenging in the urban
context. It requires:

*That the boundaries for water planning extend beyond the
immediate service area of the urban complex to include the
upstream watersheds from which the urban area draws its
water, and the downstream seclions of streams, including
coastal estuaries, which receive the effluent and flood waters
from the urban area. In addition, planning boundaries need to
incorporate the affected groundwater aquifers. The planning
unit must be large enough to capture all of these important
physical linkages (Rogers, 1993).

eConjunctive use of surface water and groundwater.

eCareful analysis of the impacts on the natural environment of
water supply storage dams and reservoirs, sewage collection,
treatment and disposal, urban storm drainage and flood control
works, plus urbanization itself, which increases flood peaks and
non-point source pollutants. Special attention is required for
areas downstream from urban areas.

Integrated management to influence human activities takes
on a special character in large urban areas because of high
population densities and the large social, economic, and envi-
ronmental costs of mistakes. Needed actions are:
eUsing demand management, including pricing policy, recy-
cling and wastewater reuse to limit the growth in demand for
potable water supplies.
sMobilizing the local communities, including the women, espe-
cially in poor urban areas, to take major responsibilities for
providing and maintaining a basic water supply and sanitation
services and facilities.
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". .. there is a general
awareness at various
levels within the
concerned countries that
some action needs

to be taken to restore

the adverse cycle

of degradation . .."

*Reducing damages from urban flooding by controlling human
occupancy of flood-prone lands, and adopting a cost-effective
flood management strategy.

*Reducing generation of solid wastes and water pollutants at the
source by using technical means, including recycling and efflu-
ent charges.

*Closer meshing of urban solid vaste collection and disposal,
street cleaning, storm drainage, and disposal and treatment of
sewage. In crowded urban areas, land and water pollutants are
inseparable.

Inteyrated urban water management requires a special form
of organization that transcends the professional specialities of
water supply, wastewater collection and treatment, urban drain-
age, and flood management. Planning for water resources
must be closely linked with urban land use, transportation, and
other public facility planning.

Vill. THE UPLAND WATERSHED CONTEXT

The major natural resource management protlem of the
uplend watersheds in the humid tropics relates to land use.
Linder increasing population pressure, large sections of the
uplands are being deforested and converted to agricultural
uses, including grazing. The severe impact of upland forest use
or conversion on soil erosion rates, sedimentation in streams
and reservoirs, water quantity in streams, peak stream dis-
charges and nutrient input in streams has been extensively
discussed in the literature (Bonell and Balek, Fleming, Lal,
Rose, Roche, and Tejwaniin Bonell, Hufschmidt, and Gladwell,
1993). The causes and consequences of watershed degrada-
tion are well known and there is a general awareness at various
levels within the concerned countries that some action needs to
be taken to restore the adverse cycle of degradation of the
production base and the devasiation of natural resources.
Degradation both human and nature-caused

When humans first c'eared the land of forest or grass cover,
the process of degradation of the natural resources started.
Recently, however, because of very high pressures of human
and/or livestock populations in developing countries, the pro-
cess of watershed degradation has accelerated. The causes
are both natural- and human-based. Natural causes include the
region’s geology, geomorphology, and rainfall erosivity—all
phenomena over which humans have no control. Among the
human-based factors, the large populations result in intense
pressure on the natural resources of land (which is limited and
non-renewable), freshwater and forest and other natural veg-
etation (which are renewable but limited).

The pressure of human population ever in search of arable
land is exerted both on good arable land and on non-arable land
in fragile upland ecosystems. In fact, many hilly and mountain-
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THE UPLAND WATERSHED CONTEXT - continued
ous lands are quite densely populated. For example, the
population density is 1,432 persons per square kilometerin the
Indian Himalaya as compared to 483 per square kilometer for
the whole of India (Tejwani, 1984a, b). The livestock population
of upland watersheds is also generally very high. All of these
land uses—forestiy, agriculture, pasture—are therefore sub-
ject to overuse and mismanagement not only by the people but
also by governmental activities such as improper road con-
struction, mining, and forest extraction. All of these contribute
to erosion and environmental degradation which is already high
due to the young and fragile geological structures (Tejwani,
1991).
Damage both up- and down-stream

As a consequence, the production base is weakened and/
or destroyed and the upland water resources are diminished.
Downstream, the adverse impacts include higher rates of
sedimentation of reservoirs, loss of irrigation and hydropower
generation potential, increases in operating and maintenance
costs of irrigation and hydropower generation, the rising and the
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"All of these land uses—
forestry, agriculture,
pasture—are therefore
subject to overuse and
mismanagement not only
by the people but
also by governmental ac-
tivities . . . "'

widening of stream beds causing local floods, loss of fish
breeding grounds, declines in fish production, and loss of inland
water transport (Hamilton, 1983; Tejwani, 1993).

To counteract these adverse impacts of faulty land use inthe
uplands, watershed management approaches have been
adopted by many countries and promoted by the United Na-
tions’ Food and Agricultural Organization (FAO) and other
international donor agencies. Integrated watershed manage-
ment is defined, for our purposes, in Box G.

Integrated watershed management gives promise of includ-
ing often-ignored land and water interactions in planning and
implementing development projects. These interactions are of
the utmost importance in many river basins in the humid tropics
where high levels of soil erosion in the upper watersheds not
only reduce forest and agricultural productivity, but also cause
sedimentation and water pollution problems downstream
(Magrath and Arens, 1989).

Humanity's water resource record not all bad

However, although humans have been destroying forests
and wetlands, there is a continuous record of human efforts to
develop water resources for irrigation, to protect the irrigation
systems, and to conserve soil and water resources. There has
been a continuous thread of worship of the land, water, plants,
animals, and nature. The problem of sedimentation of tanks and
ponds received attention and the maintenance, repair, and
desilting of tanks and ponds was made a socio-religious respon-
sibility in India and Sri Lanka. This responsibility was coopera-
tive in nature. The centuries-old bench terraces in the Indian
Himalaya and in the mountainous regions of Java and Bali and
the water conveyance and application practices in these areas
are a unique testimony to the traditional skills and commitment
to develop and conserve the natural resources of land and water
(Tejwani, 1993).

In more modern times, the British, Dutch, and French
colonials took active steps to develop irrigation systems and to
control soil erosion and sedimentation. The program compo-
nents comprised erosion control on agricultural as well as non-
agricultural lands.

Western watershed management

Botero (1986) points out two western historic roots of
watershed management: (1) the movement to restore the
European Alps, which began in the last quarter of the nineteenth
century; and (2) the conservation movement in the United
States, which led to the establishment of the U.S.A. Soil Erosion
Service (later the U.S.A. Soil Conservation Service) in the early
1930s. Soon after its establishment in 1946, FAO began adapt-
ing land restoration, torrent control techniques, vegetation
manipulation, and soil and water conservation methods devel-
oped in Europe and tha United States, respectively. The goal
was to put together an integrated watershed management
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THE UPLAND WATER CONTEXT - continued
approach suitable for situtions encountered in the developing
sountries (Botero, 1986).

In Asia and the Pacific region, China, India, Indonesia,
Pakistan, and the Philippines have had projects and extensive
programs for development and conservation of land and water
resources. The programs cover all land uses, a wide variety of
practices of conservation, and in some cases provide for small-
scale water resource development and increased production.
Most governments of the developing countries have varying
degrees of concern about the sustainability and conservation of
their land-water-vegetation systems. Some governments, sub-
ject to the availability of funds, are willing to invest in and
undertake programs related to soil conservation, afforestation,
and flood control. In addition, some funds are made available
as aid and “soft loans” by multilateral aid agencies, bilateral aid
agencies, international banking institutions, and non-govern-
mental aid agencies.

The rationale for an integrated watershed approach to rural
development, witether directed toward agriculture, forestry,
rangelands, or water resources, is that the approach has a
strong biophysical and economic logic— summarized in Box H.
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""...if a country wishes
to embark on an
effective integrated
watershed management
program, it must look at
the whole gamut of
policy, organizational,
institutional, and
strategy issues ..."

Uplands and lowlands within the watershed are linked
through the hydrologic cycle. Many of the impacts of land use
activities on ecosystems are related to changes in hydrologic
processes caused by land use activities. Many of the impacts,
which would have been external to traditional development
project planning, are accounted for when the integrated water-
shed approach is used. Thus, by focussing on the watershed,
one can generally improve program planning and implementa-
tion of development efforts. This is particularly true when
actions motivated by individual interests conflict with the bio-
physical imperatives for sustainable use of the watershed
(Dixon and Easter in Easter, et al., 1986).

Problems and Management Issues

In spite of the demonstrated benefits of integrated water-
shed management and the availability of technologica! pack-
ages, an evaluation of many watershed management projects
reveals that often the projects did not yield the results which
were expected from them. In fact, sometimes they have caused
biophysical damage, resulting in a loss of credibility of the
program. Experience has shown that if a country wishes to
embark on an effective integrated watershed management
program, it must look at the whole gamut of policy, organiza-
tional, institutional, and strategy issues involved in such a
program. This critical examination of the whole process may
help to avoid pitfalls or mistakes experienced by others.

It is difficult to prescribe specific organizational/institutional

solutions, strategies, and policies which would be universally
applicable to the diverse economic, social, and cultural situ-
ations in different countries. However, one can raise the most
important and basic issues to provide guidance to planners and
decision-makers as they seek {o resolve the many challenging
problems associated with watershed management. Even when
management issues are identifiad, effective solutions may be
hard to find and even when they are found, they may stili be
difficuit to apply because of various social, economic, and
cultural constraints, including the foliowing:
Awareness. Most developing countries know the importance
of water resource and related development in meeting the
needs of food for the people, forests for fuelwood, and hydro-
power for industrial growth. However, they appear to be largely
unaware of the relationship of the upstream watershed condi-
tions to the production base downstream.

It is true that people in densely populated countries or
densely populated localized areas in sparsely populated coun-
tries are a major cause of watershed degradation. However, in
certain situations, the governmentiitself or the agents of govern-
ment are responsible forthe degradation. Forexample, arecent
analysis in Indonesia of the degree of soil erosion associaled
with various land uses and the respongible agents has revealed
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THE UPLAND WATERSHED CONTEXT - continued

that the government or its agents are often more responsible for
watershed degradation than the people (Tejwani, 1992). Some
evidence in India and Thailand tends to support this conclusion
(Narayana and Rambabu, 1983; Henderson and Rouysung-
nern, 1984; Gadgil, 1989). Untii this situation is recognized and
corrected, existing practices and programs of watershed man-
agement will continue to be largely ineffective.

Institutional Arrangements. Appropriate institutional arrange-
ments are especially important to the success of watershed
management programs (Gibbs, 1986). Perhaps the most
important institutional factors affecting the watershed are own-
ership, rights, and tenure. Atone extreme, the lands are entirely
in the hands of the government, and the right to use the land or
its renewable resources such as trees and forage are subjectto
governmental regulation. At the other extreme, the land is in
private hands, with these owners having great leeway inits use,
subject only to general restrictions on some types of use that
could create adverse off-site effects. In some cases, private
ownership—typically of agricuitural and grazing lands—is con-
centrated among a relatively tow owners, who, in turn, lease the
right to use the land to tenants.

Customary use rights are significant

Between these extremes are the “"common property” rights
to land where rural groups have acquired by custom the right to
use certain renewable resources such as forage, shrubs, fallen
wood, fruits, and nuts and even certain types of trees. The
underlying ownership may be in national, provincial, or local
governmental hands, but the customary use rights are handled
by the local community. In most upper watersheds, the institu-
tional arrangements for land use are a mix of these various
types.

From the standpoint of effective watershed management,
the major issue is the extent to which the specific institutional
arrangements are well adapted to this purpose. As Gibbs
(1986) points out, perhaps the most important attribute is
security of tenure. In terms of this criterion, outright ownership
and long-term leasing by operating farmers are superior institu-
tional arrangements.

Effective management of “common property” lands also
requires certainty in the application of rules in order to avoid the
“free-rider” problem. In this situation, some persons reap the
benefits of the land resource, such as fuelwood and forage,
without making any contribution to its management. In many
cases, community-based control of such common property
resources offers a better opportunity to overcome this obstacle
than sole reliance on the regulatory powers of national or
provincial governments.

Problems of Plan Implenientation. In most cases, agencies
charged with watershed management responsibilities have en-
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"...implementation tools
can be grouped into legal
arrangements; monetary
incentives or disincen-
tives; technical
assistance, education
and research; and direct
public installation

or investment,"’

BOX 1: ngortant Resscsis for Fallure of implemerntation of

Litthe or no local participation.

inadequate exiension and technical assistance programs.
Inadequate testing and develcpment of management practices.
Delays in delivery of key inputs, including financial resources.
Fragmented governmenial management structure.
Exclusion of downstream interests.

Inappropriate institutional arrangements.

Political boundaries unrelated to watershed boundaries.
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Adapted from Hufschmidt in Bonell et al., 1983,

countered problems in implementing soil conservation and
watershed management programs in the rural upland areas.
These implementation problems arise from a number of rea-
sons, as shown in Box 1.
Watershed residents must he motivated

Many of these reasons are closely related to the reality that
actual land use decisions are in the hands of watershed resi-
dents—typically, many small farmers living in small rural com-
munities. Implementation of watershed management programs
must largely be done by them or through their collaboration. It
follows that undertaking watershed management practices must
be shown to be in theirinterest, and appropriate incentives must
be provided to them. Crucial to this approach is a thorough
understanding of the behavioral and social dimensions of rural
watershed management. Thisinvolves: (a) collection of baseline
data on existing social and behavioral conditions and human-
environmental relations; (b) identification of different social and
ethnic groups in the watershed; (c) recognition of the cultural
basis of different land use patterns; (d) giving special attention
to ethnic minorities and the rural poor; and (e) learning from
other areas (Lovelace and Pambo, 1986).
Implementation Tools. Closely related to institutional ar-
rangements are the implementation tools (i.e., ways of installing
and operating watershed management measures). According
to Easter et al.(1986), implementation tools can be grouped into
legal arrangements; monetary incentives or disincentives; tech-
nical assistance, education and research; and direct public
installat.on or investment. An integrated watershed manage-
ment plan and program will generally include a combination of
these implementation tools.

A wide range of potential legal arrangements or regulations
can be used to implement an integrated watershed manage-
ment plan. Regulation of activities on rural lands, especially
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THE URPLAND WATERSHED CONTEXT - continued

those in private ownership, is often fraught with difficulties,
particularly in developing countries where enforcement capa-
bilities are weak. Economic incentives would appear to be an
appropriate tool to achieve environmental objectives of water-
shed management. Governmental cash subsidies have been
used as incentives for farmers to install various watershed
management practices, but their effectiveness has been lim-
ited. As pointed outin Easter et al. (1986), many governments
may find it hard to implement cost-sharing or low interest rate
loan incentives because of budgetary constraints and the
difficulties of distributing such incentives to the appropriate
population.

Watershed costs should follow watershed benefits

Because integrated watershed management provides both
on-site and off-site benefits, it is only fair that people living in the
watersheds not be made to pay for all of the works (Tejwani,
1987). Equitable fiscal management systems, therefore are
needed to determine who actually pays (the farmer, the commu-
nity, the government) and for what and how much. In Colombia,
for example, two percent of hydropower revenues is set aside
for upstream watershed rehabilitation.

If the government or its agents are responsible for degrada-
tion, it is obvious that they must pay fully for rehabilitation
measures.

Technical assistance to farmers through extension services
and demonstration projects is often a successful means of
promoting watershed management on rural lands. Direct
installation and maintenance of watershed management meas-
ures by governmentis appropriate for publicly-owned land such
as upland forest and for off-site management measures such as
check dams on small streams. Direct installation of on-site
measures on private lands is more problematical. Such invest-
ments over extensive areas can be costly and will be limited by
budgetary considerations. However, they often are desirable in
the case of small farmers in developing countries. In such
cases, farmers should be involved in installing the structures in
order that they will have a stake in maintaining them (Easter et
al., 1986).

Organizational Aspects

Generally, watershed management activities are entrusted
to furestry departments, and soil and water conservation on
agricultural lands to agricultural departments. In the Himalayan
region several different organizational approaches are being
attempted:
*/f more than 50 percent of the land in a watershed is used for
agriculture, responsibility for watershed management is as-
signed to the agriculture department, conversely, if more than
50 percent is forest land, responsibility is given to the forestry
department. This model has been adopted in India. It may be
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hard to implement effectively as it calls for each department to
have professionals in all relevant disciplines (agriculture and
forestry) if the project is to succeed.

*Creation of a separate soil conservation or watershed manage-
ment department. This model has been adopted by Nepal
within the Ministry of Forests. Pakistan has also attempted
implementation of watershed management projects through its
forestry department as well as its soil conservation department.
Centralization of authority and responsibility is seen as a major
advantage of this model.

*Creation of an indepgendent authority or a society for specific
watersheds. India has attempted to implement the Dhauladhar
projectby a society, led by foresters. Pakistan has implemented
Tarbela and Mangla Reservoir Watershed projects through its
“Water and Power Development Authority” led by engineers.
Similarly, in the Philippines, management of the upper Agno
River Basin was assigned to the National Power Corporation,
and management of the watershed land above the Magat and
Pantabagan Reservoirs was assigned to the National Irrigation
Administration. Here, too, centralization of authority and re-
sponsibility is seen as an advantage.

In each of these cases, the projects are managed and
funded by the governments. Responsibility is not passed on to
the people. People are involved only as laborers or as petty
contractors by way of subsidies and/or incentives on private
lands. The success of these approaches is variable and
depends upon the quality of leadership and effectiveness of the
attempts made to integrate all of the activities and to involve the
people.

In addition to the forestry and agriculture departments with
primary responsibility for watershed management, other gov-
ernment departments—for example, animal husbandry, horti-
culture, roads, irrigation, hydropower, and mining—deal directly
or indirectly with watershed conditions. These departments
generally work in isolation and have little or no concern for the
interdependencies involved.

Because integrated watershed management for sustain-
able use of natural resources is a relatively recent development,
it is understandable that some of these departments are oblivi-
ous to the need for co-ordination. However, with the increased
pressure on natural resources, there is an urgent need to co-
ordinate these diverse governmental activities.

Operational Issues

Conservation vs. Production. Watershed management pro-
grams are invariably promoted with the focus on conservation,
forest plantation and protection, downstream benefits, and
environmental stability. All of these program components have
long-term and social benefits. However, farmers living in the
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THE UPLAND WATERSHED CONTEXT - continued
watershed will not change their land use patterns or practices
on which they are now subsisting unless they understand the
proposed change will benefit them directly and immediately.
Accordingly, in highly-populated subsistence-farming commu-
nities, it is essential to combine increased production—for
example, water resource/irrigation/horticulture development—
with watershed conservation measures. Also, mechanismsare
needed to share the benefits of government-owned forest
plantations, often established and protected with the help of the
people.

Program Components. There is a critical need to examine the
relative proportion of biological measures and structural meas-
ures for erosion control in watershed management programs.
In general, because of high maintenance costs, structural
measures should be kept at a practical minimum, usually 20
percent or less of the total cost of management measures.
Research and Demonstration. With the exception of China,
India, Indonesia, Pakistan, Malaysia, and Philippines in Asia;
Kenya, Nigeria and Zimbabwe in Africa; and Venezuela in
South America; researchis either non-existent or grossly inade-
quate in the humid tropics. In the short run, the organization of
research can follow any of the three following courses of action
(Tejwani, 1986):

*Adapt findings of research conducted elsewhere outside the
country. Sufficient research information on watershed man-
agement practices is believed to be available to enable a
country to adapt a management package for its immediate
needs, and then modify it. Further, in almost all countries, the
subsistence farming societies have developed traditional meth-
ods of natural resource management on a sustained basis
which can be a rich source for building up a package of practices
to be further refined. Nepal has successfully adopted this
course.

*Develop a package of practices based on previously con-
ducted research within a country.

*Forthe long run, initiate new research in response to the needs
of development programs.

The results of research must be expressed in practical ways
through demonstrations, operational research projects, and
“lab-to-land” programs. India, Indonesia, Philippines, Thailand,
Ethiopia, and Costa Rica have had good experience with such
demonstration activities. A good linkage is needed between
research and development agencies but is often lacking.

Since research is expensive and fragile, it needs to be
nurtured closely on a long-term basis, and the relevance of
research to practical application needs to be critically looked at.

Some foreign-aided projects provide funds for research but
often the funds are not used effectively since there is no existing
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infrastructure for research nor can the funds be used to develop
one.

Training. Trained people are needed in large numbers for
planning, implementing, and evaluating watershed manage-
ment programs. The term “training” is used here in its widest
sense to include university education, vocational training, in-
service, and farmer training. Social, cultural, and ecological
aspects must be included. With few exceptions, training in
watershed management is non-existent or grossly inadequate
in the developing countries of the humid tropics. The major
training issues are:

*Updating of the curricula of university courses in agriculture,
engineering, and forestry to include natural resource and water-
shed management and conservation.

Planning for training the needed people if watershed manage-
ment programs are to be initiated. This would require in-service
training since currently graduates in agriculture, engineering
and forestry are not oriented to integrated land use activities. It
is important to project the need for trained people for 10 years.
eIn-service training must include ail categories of personnel—
field technicians, junior-level managers, middle level supervi-
sors/technologists, and project managers/supervisors.

The type of training needed, e.g., short-term, long-term, regu-
lar, or irregular will vary with the type and level of personnel and
the purpose of training—professional, orientation and refresher.
eEstablishing training facilities. International agencies have
correctly emphasized technical cooperation and assistance in
developing countries, which among other things places great
emphasis on the training of technical personnel. However, this
invariably means training abroad for degree and non-degree
courses. Fornon-degree training, special courses are prepared
by the donor countries.

While the vital need for training received in developed
countries will continue for a long time to come, such training
cannot be the primary medium for mounting sustained water-
shed management and soil and water conservation programsin
the developing countries. Evaluation of many projects in Asian
and African countries has revealed that even after a project has
run for a decade and millions of dollars have been spent, the
countries did not have the facilities to mount their own training
programs. There are some exceptions to this generalization
such as the U.S.A. aid to India and Nepal.

Mutual responsibilities for training programs

Each nation must bear a large proportion of responsibility for
training as international training is costly and cannot train large
numbers. However, it can provide some trainers, researchers,
leaders, and managers. The remainder of these trained profes-
sionals and most of the technicians must be trained within the
country. This calls for estimating the needs for trained people,
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THE UPLAND WATERSHED CONTEXT - continued
planning of training programs, and establishing training facili-
ties by the countries themselves.

Sustainable Management Strategies

Densely Populated Areas. Faced with the explosive situation
of large populations, there are three land use options suitable
for sustainable management:

*Open up new land for cultivation through deforestation. This is
a restricted option as there is little or no additional land to bring
under cullivation in many developing countries, including the
hills and mountains of Nepal, India, and Indonesia (Java and
Bali).

eIncrease the productivity of the land presently under cultiva-
tion. A wide gap exists between the yields currently obtained
and those achievable in the mountainous and hilly watersheds.
The input components are high-yielding seed varieties, correct
water management, adequate supplies of nutrients, and pest
and pathogen control. However, if the initial soil fertility and
physical soil conditions are good, the inputs required are much
less than those needed for the same level of yields from
degraded, eroded, and less fertile soils. Therefore, it is neces-
sary to pay attention to soil conservation and water-resource
development.

There is evidence from India and Nepal that if water resources
are developed for irrigated agriculture, the farmers voluntarily
prepare much better terraces for agricultural crops and tend to
conserve the soil and preserve the terraces. Application of
water not only gives higher yields but encouraces the farmers
to use high-yielding varieties of seed and fertili.er inputs.
*Develop horticulture and high-value plant production---for ex-
ample, flowers, vegetable and flower seeds, medicinal plants.
All of these activilies require a good infrastructure of roads,
markets, and storage facilities. It will also be necessary to
ensure food supplies for the people living in the mountains.

It also should be noted that in spite of the promise held out
by the second and third options above, it is clear that the land-
water-plant systems in fragile upland areas cannot support an
ever-increasing population. Therefore, population control is a
major issue in any further development of densely populated
watersheds. Although this issue is often avoided due to various
social, political, and religious factors, it remains the single most
important factor determining the success of any development
activity in densely populated watersheds.

Sparsely populated areas. The relative impact of high density
and low density human and livestock populations on soil ero-
sion and watershed functioning is an important factor. The
rel.ive difference in the approach to soil and water conserva-
tion can be brought out by comparing Kerala State in India,
Sierra Leone in West Africa, and Indonesian island groups, all
of which are in the humid tropics (Tejwani, 1991; 1992). Sierra
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Leone and Kerala State are almost similar in broad terms with
respect to their tropical climates, rainfall, soils, vegetation and
yet are quite different with respect to population density, agricul-
ture, forestry, irrigation, and their general development.

Sierra Leoneis twice the area of Kerala State, but it supports
only 48 persons per sq. km. as compared to 655 persons per sq.
km. in Kerala. Kerala, due to very high population pressures,
cultivates 56.1 percent of its land as compared to only 7.5
percent in Sierra Leone; Kerala irrigates 62.4 percent of its
cropped land while Sierra Leone does not irrigate any land;
Kerala uses 45.2 kilograms of fertilizer per hectare, whereas in
Sierra Leone there is little intensive agriculture.

Settled agricuiture advisable for Sierra Leone

In Sierra Leone, the policy must be to guide its people away
from shifting cultivation in uplands, encourage settled agricul-
ture and agroforestry in uplands, utilize the vast unexploited
potential of its lowlands by expanding the area under cultivation,
and practicing conservation and good management. Sierra
Leone mustalso develop its hydropower andirrigation potential.

In the case of Kerala, there are still opportunities to extend
the area under irrigation, to practice intensive cropping, and to
develop industry. Soil and water conservation practices are
important in both Kerala and Sierra Leone. However, in the
case of Sierra Leone, the forests can be managed to make
available new agricultural land, while in Kerala the remaining
forest would need to be zealously protected and afforestation
practiced to meet the needs of its very large population.

Indonesia is faced with both high and low density population
situations. On the one hand, Java and Bali are very densely
populated with advanced and intensive agriculture, irrigation,
and home gardens (like Kerala). On the other hand, in the less
densely populated islands such as Sumatia, Kalimantan, and
Celebes, it is important to guide the people away from shifting
cultivation. People in Indonesia are much more familiar than
those in Sierra Leone with home gardens and plantations of
rubber, oil palm, tea, cacao, coconut, and cloves. Hence, the
transition to sustainable management could be relatively easy.
In the case of densely populated areas like India, Nepal, Java,
and Bali, the emphasis should be on rehabilitation and sus-
tained production; in the case of low population pressure areas
such as Sierra Leone, priority should be given to increasing
production with conservation.

IX. SUMMARY

With a fixed supply of water and rapidly increasing demands
for water and its services in the humid tropics, sustainability is
becoming a more and more difficult goal to achieve. Integrated
water resource management, which means making better use
of the resources to meet current and future demands, is increas-
ingly seen as the answer to this challenge. As shown in Figure
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SUMMARY - continued

3, integrated management invoives understanding of three
interrelated systems. Both a thorough understanding of the
natural water resource system and detailed knowledge of how
human activities affect and are affected by the natural system
are needed to make the management system work.

Although water management problems and issues differ
with different contexts, for example, urban or upstream water-
sheds, the underlying challenges to integrated water manage-
ment remain the same—how to achieve sustainability in provid-
ing needed water services to the expanding populations and
economies of the humid tropics.

X. REFERENCES

Boneli, M., M .M. Hufschmidt, and J.S. Gladwell (eds.) 1993. Hydrology
and Water Management in the Humid Troplics, Cambridge: Cam-
bridge University Press.

Botero, L. S. 1986. "FAO's Role in Fostering Watershed Management:
Introductory Statement. " In: Strategies, Approaches, and Systems in
Integrated Water Management, FAO Conservation Guide 14, FAO,
Rome.

Committee for Coordination of Investigations of the Lower Mekong Basin.
1988. Perspectives for Mekong Development: Revised Indicative
Plan for the Development of Land, Water, and Related Resources of
the Lower Mekong Basin: Summary Report. Bangkok: Interim Com-
mitee for Coordination of Investigations of the Lower Mekong Basin.

Dixon, J.A.,and L. A, Fallon. 1989. “The Concept of Sustainability: Origins,
Extensions, and Usefulness for Policy.” Society and Natural Re-
sources 2(2): 73-84.

Easter, K. W., J.A. Dixon, and M.M. Hufschmidt. 1986. Watershed
Resources Management: An Integrated Framework with Studies
from Asia and the Pacific, pp. 4-9. Boulder, CO. Weslview Press.

Easter, K. W., M.M. Hufschmidt, and D.S. McCauley. 1985. Integrated
Watershed Management Research for Developing Countries: Work-
shop Report. Henoluly, HI: Environment and Policy Institute, East-
West Center.

Gadgil, M. 1989. “Deforestation. Problems and Prospects.” Supplement
to Wastelands News 4(4).

Gibbs, C. J. N. 1986. Institutional and Organizational Concerns in Upper
Watershed Management. In: K. W. Easter, J. A. Dixon, and M. M.
Hufschmidt. Watershed Resources Managemant: An Integrated
Framework with Studies from Asia and the Pacific. Boulder, CO:
Westview Press.

Hamilton, 1..S. with P.W. King. 1983. Tropical Forested Watersheds:
Hydrologic and Soll Responses to Major Uses or Conversions.
Boulder, CO: Westview Press.

Henderson, G.S. and S. Rouysungnern. 1984. “Erosion and Sedimentation
in Thailand.” in: C.L. O'Loughlin and A.J. Pearce, (eds.) IUFRO
Symposium on Effects of Forest Land Use on Erosion and Slope
Stability, pp. 31-40. Environment and Policy Institute, East-West
Center. Honolulu, HI.

Hufschmidt, M.M., 1993. "Water Policies for Sustainable Development,” in
A K. Biswas and M.A.H. Abu-Zeid (eds.) Water for Sustainable
Development in the 21st Century, Oxford University Press.

34

Cooperative efforts by each
person can lead to the reaching
of their individual goals. A
similiar level of local, regional,
and international cooperation
will be needed to achieve
sustainability of the humid
tropics' water resources.




""...the underlying
challenges to integrated
water management
remain the same---

how to achieve
sustainability . . ."

Koudstaal, R., F.R. Rijsberman, and H. Savenije. 1992. “Water and
Sustainable Development.” Natural Resources Forum 16(4):277-
290.

Lovelace, G. W. and A. T. Rambo. 1986. "Behavioral and Social Dimen-
sions." In: K. W. Easter, J. A. Dixon, and M. M. Hufschmidt, Water-
shed Resources Management: An Integrated Framework with
Studies from Asia and the Pacific. Boulder, CO. Westview Press.

Leopold, L.B. 1990. “Ethos, Equity and the Water Resources.” Environ-
ment 32:(2) 17-20; 37-42.

Magrath, W. and P. Arens. 1989. "The Costs of Soil Erosion in Java: A
Natural Resource Accounting Approach.” World Bank Environment
Working Paper No.18, Washington, D. C.

Narayana, V.V.D. and Rambabu. 1983. “Estimate of Soil Erosion in India.”
J. Irrigation and Drainage Engineering 109(4): 419-443.

President’s Water Resources Policy Commission. 1950. A Water Policy
for the American People. Vol. 1. Washington, D.C.: U.S. Govern-
ment Printing Office.

Rogers, P. 1993. ‘“Integrated Urban Water Resources Management,”
Natural Resources Forum 16:(1) 33-42.

Tejwani, K.G. 1984a. “Biophysical and Socioeconomic Causes of Defores-
tation and Strategy to Foster Watershed Rehabilitation in the Hima-
layas.” In: C.L. O'Loughlin and A. J. Pearce, (eds.) IUFRO Sympo-
sium on Effects of Forest Land Use on Erasion and Slope Stability, pp.
55-60. Environment and Policy Institute, East-West Center. Honolulu,
HI.

Tejwani, K.G. 1984b. “Reservoir Sedimentation in India: Its Causes,
Control and Future Course of Action.” Water International 9(4): 150-
154,

Tejwani, K.G. 1986. “Training, Research and Demonstration in Watershed
Management.” In: Strategies, Approaches and Systems in Integrated
Watershed Management. FAO Conserv. Guide 14. pp. 201-219.
FAO. Rome.

Tejwani, K.G. 1987. “Watershed Management in the Indian Himalaya.” In:
T.N. Khoshoo, (ed.) Perspectives in Environmental Planning, pp.
203-227. Oxford and IBH Puhlishing House Co. Pvt. Ltd. New Delhi.

Tejwani, K.G. 1991. “Multidisciplinary Approaches and Strategies for Soil
and Water Conservation Programmes.” International Workshop on
Conservation Policies for Sustainable Hill Slope Farming. Solo,
Indonesia (in press).

Tejwani, K.G. 1992. “Policy and Practice of Land Protection in the
Developing Countries of the Asia-Pacific Region and Africa.” Proc. 7th
iSCO Conference. Sydney, Australia. pp. 358-/67.

Tejwani, K.G. 1993. “Water Management Issues: Population, Agriculture
and Forests: A Focus on Watershed Management.” In;: M. Bonell,
M.M. Hufschmidt, and J.A. Gladwell, (eds.) Hydrology and Water
Management in the Humid Tropics, Cambridge: Cambridge Univer-
sity Press.

United Nations Department of Economic and Social Affairs. 1991. World
Urbanization Prospects 1990, Tables A.1 and A-4. New York.

World Commission on Environment and Development. 1987. Our Com-
mon Future. Oxford: Oxford University Press,

35



The International Hydrological Programme (IHP)

The developing nations of the humid tropics of the world will
represent about one-third of the Earth’s population by the end
of the present decade. In the Twenty-First Century, these
nations will pass the developed countries in numbers of people.
Such a population shift will alter existing international economic
and geopolitical relationships.

With this major change looming on the horizon, coupled with
the need to treat the tropical resources wisely, the United
Nations Educational, Scientific and Cultural Organization
(UNESCO) and the United Nations Environment Programme
(UNEP) joined with 22 other organizations in July 1989 to hold
the International Colloquium on the Development of Hydrologic
and Water Management Strategies in the Humid Tropics. The
International Hydrological Programme of UNESCO was the
lead organization.

The Colloquium developed strong evidence that the present
situation, including the question of tropical forest depletion, was
not only in need of serious consideration, but that the potential
for vastly increased negative human impacts will be quite
significant if they are not adequately considered now. It was
noted that although the general characteristic of the humid
regions is an overall abundance of water, this very abundance
and the variability of its distribution are the leading contributers
to the difficulties.

This volume on managing tropical water resources is one of
several publications having their origin in the Colloquium. An
executive summary of the Colloquium, Water-Related Issues
and Problems of the Humid Tropics and Other Warm Humid
Regions, was released shortly after the Colloquium was held at
Australia’s James Cook University. The Disappearing Tropi-
cal Forests was made available for distribution in May 1991.
Similar volumes on tropical islands and water and health were
issued in 1992. A major scientific text embodying many of the
topics raised at the Colloquium has been prepared.

Further information on these publications can be obtained
from the International Hydrological Programme, Water Sci-
ences Division, UNESCO, 7, place de Fontenoy, 75700 Paris,
France.

Man and the Blosphere (MAB) programme activities in the
humid tropics

Some of the generic characteristics of the MAB Programme,
one of the sister environmental programmes of IHP within
UNESCO, are improving the scientific understanding of natural
and social processes relating to man’s interactions with his
environment; providing information useful to decision-making
on resource use: ptomoting the conservation of genetic diver-
sity as an integral part of land management; enlisting and co-
ordinating the efforts of scientists, policy-makers, and local
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people in problem-solving ventures; and mobilizing resources
for field activities and strengthening of regional cooperative
frameworks.

MAB, launched in the early 1970s, is a nationally-based,
international programme of research, training, demonstration
and information diffusion. The overall aim is to contribute to
providing the scientific basis and trained personnel needed to
deal with problems of rational utilization and conservation of
resources and resource systems, along with the problems of
human settlements.
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