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Chapter 2

Linking Water Accounting Analysis to Institutions:
Synthesis of Studies in Five Countries

R. Sakthivadivel and David Molden1

Introduction

Four initial investigative studies—physical characteristics of river basins; water accounting;
socioeconomic and stakeholder analysis; and performance assessment of irrigation systems
studies—were identified and carried out. Based on these investigative studies from a basin
perspective, a framework for institutional analysis was conceptualized. The framework is related
to the existing situation as well as to the identified potential for improvement in agricultural
water management, particularly in terms of the sociopolitical situation of the country concerned
(figure 1). The four components help in linking the analysis both to the physical dimensions
of the water resource—which are related to its location, type, quantity and quality—and to
the nonphysical dimensions—which are related to its users, stakeholders and their interests,
preferences and objectives. In addition, the basin-based diagnostic studies also link the analysis
to the time dimension of the water resource, which are both the historicity and the sustainability,
related to the use of water in the basin.

This paper deals with a comparative perspective of the salient hydrological features and
water-resources endowment and use in the five basins selected for the study using a water
accounting approach. The concept of water accounting developed by Molden (1997) and
Molden and Sakthivadivel (1999) is simple and is based on a water balance approach, where
the sum of inflows must equal the sum of outflows plus any change in storage. Water
accounting classifies water balance components into water use categories and productivity of
water uses. Inflows, outflows and water depletion into a domain are classified into various
categories. Water accounting indicators are the output of this concept to describe the use,
availability and productivity of water resources.

Water accounting and its analysis play a vital role in linking institutions to water resources
development (WRD), conservation and utilization, and allocations. It identifies the available
water, its potential development and its distribution among different uses within the basin.
These aspects, together with historical development of water resources and related institutions,

1Sakthivadivel is Principal Researcher and Molden is Leader, Comprehensive Assessment of Water
Management in Agriculture, both of IWMI. Much of the information presented in this paper is drawn
from the country reports submitted by the collaborating partners from the ADB-funded five-country
study. The authors acknowledge the contribution made to this paper by the collaborating partners.
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Figure 1.  Framework for linking waters accounting with institutions.

allow us to elucidate issues arising from present institutional arrangements and management
practices and enable identification of institutional gaps. This, in turn, leads us to formulate
institutional reforms for effective river basin management.

Macro Context of the Five Countries

“There are marked variations in the water resources endowments and their utilization in the
five countries selected for the study. In aggregate terms, Indonesia is well endowed with
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availability of water at 10,500 m3/capita/year. But there are marked regional variations with less
than 2,000 m3/capita/year in parts of Java to some 28,200 m3/capita/year in Irian Jaya. Philippines
and Nepal also have abundant supplies of water at 4,700 and 10,000 m3/capita/year, respectively.
Annual per capita water resources of Sri Lanka and China are 2,700 m3 and 2,200 m3, respectively,
with the latter, especially its northern region, fast becoming one of the most water-scarce regions
in the world.

“Agriculture remains a vital sector of the economy in the five countries selected for the
study. However, in four countries—China, Indonesia, Philippines and Sri Lanka—the
contribution of agriculture to the Gross Domestic Product (GDP) has declined vis-à-vis industry
and the services sector, while in Nepal agriculture still remains the dominant sector and accounts
for about 40 percent of the GDP.” (Samad, this volume) Yet, in all the countries, agriculture is
the largest user of water, accounting for about 70 percent of withdrawals in China and over 90
percent in each of the other countries.

With the exception of the Philippines, the population in the selected countries is
concentrated in rural areas. In the Philippines, it is relatively evenly distributed (48% in urban
and 52% in rural areas). Data suggest that all countries are rapidly urbanizing. At the same
time, the rate of industrial growth in the last decade has been more than double that of
agricultural growth. These trends are likely to continue, with far-reaching consequences on
the countries’ water resources, as more water is diverted from agriculture to other uses.

“Providing sufficient drinking water of good quality for the increasing populations is a
high-priority policy item in all five countries. Other policy objectives vary from one country to
another. In China, flood control, water pollution, water conservation and water saving in
agriculture are major components of the government policy on WRD. Irrigation is considered
vital for China’s food security but public funding for irrigation development is much less than
investments in other areas of WRD. In all other countries, provision of irrigation facilities,
especially for rice production, has been a dominant component of WRD along with other
objectives such as hydropower generation, urban water supply and sanitation, and protection
of the environment” (Samad, this volume).

Salient Features of the Five River Basins

The five river basins differ in terms of hydrology and level of development. The salient features
of the basins are given in table 1.

Fuyang River Basin in China

The Fuyang river basin (FRB) includes five prefectures, 43 counties, 345 cities, and 9,092 villages
of southeast Hebei Province. The FRB is divided into 3 regions: Fuyang river mountain, Fuxi
plain and Hufu region. This basin is classified as dry and subhumid. The annual mean
precipitation is 569 mm and 80 percent of the rainfall occurs from June to September.  The
annual rainfall variation is high, 5 to 1.  Temporal variation is also high (c.v. = 0.24) compared
to spatial variation (c.v. = 0.07).  The uneven temporal and spatial distributions of precipitation
cause frequent floods and droughts in the basin, which are major disasters where agricultural
production is concerned.
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The recent growth of industry and living standard of local farmers have raised the share
of water used in both industrial and other nonagricultural uses. In 1998, among the total
withdrawals, 75 percent of water was allocated to agriculture, 15 percent for industry and 10
percent for domestic and other uses.

In the 1950s and 1960s, the Fuyang river was an important shipping channel for the
Hebei Province. Since the 1970s, with increased water demand and decreased discharge, the
shipping business has come to an end. Diversion weirs and other structures have been built
across streams, reducing the utility of rivers for transportation. It can be seen from figure 2
that the outflow from the basin has dramatically decreased from the late 1970s. On average,
the river has over 300 dry days annually.

Figure 2. Variation of discharge measured at the Aixinzhuang hydrology station, 1957–1998.

Between the 1950s and the 1990s the withdrawal rate had not changed dramatically (from
8.2 billion m3/year to 9.3 billion m3/year).  On the other hand, inflow and surface flow generated
within the basin had decreased from 33.5 billion m3/year to 16.0 billion m3/year while, at the
same time, consumptive use had increased considerably.

Groundwater is the most important water resource of the FRB.  With the increased demand
from industry, domestic use and agriculture the quantity of groundwater exploitation has
increased quickly.  At the same time, groundwater tables have dropped greatly due to the
overexploitation in the last two decades. The shallow groundwater table dropped at 0.58 m/
year in the 1980s and at 33 m/year in the 1990s.  Similarly, the deep phreatic water table has
also dropped at an increasing rate and the annual average decline is higher than that of the
shallow water table (2.24 m/year). In 1995, the lowest groundwater table was 51 m, as shown
in figure 3.  The drop in groundwater tables has also resulted in groundwater pollution due to
inflow from polluted streams and drainage channels. The falling groundwater table has also
caused the settlement of the ground surface.
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Industry and population growth lead to more and more serious water pollution, which
further increases the scarcity of water in the FRB. With growing emissions and limited sewage
disposal facilities, it is hard to meet the disposal demand. Within the total sewage emissions,
nearly 70 percent comes from industry and 30 percent from domestic pollution.  Due to limited
sewage treatment facilities, only 52 percent of the sewage is treated, the other 48 percent being
directly diverted into the river. In addition to the pollution of surface water, pollution of
groundwater is also becoming very serious.

China’s irrigated area quickly expanded from the 1950s to the 1970s.  But after rural reform
in the early 1980s, the growth of irrigated area has slowed greatly compared with earlier periods.
In the FRB, the total irrigated area has expanded from 881,000 hectares in 1985 to 1,024,000
hectares in 1998. Unlike the generally increasing trend in irrigated area, the rain-fed area has
continuously decreased since 1949 due to conversion of rain-fed areas into irrigated areas. In
the Hebei Province, the cultivated area has decreased from 7,266,000 hectares in 1949 to
6,485,000 hectares in 1998, a decrease of more than 10 percent of cultivated area.

There has been a marked expansion in the number of tube wells. In the Hebei Province,
there were no wells in 1950, but there were 731 wells in 1955, and the number has risen to
843,105, following the trend shown in figure 4.

Most large and medium reservoirs were established before the 1980s. In 1998, 80 percent
of agricultural water supply came from shallow wells, 11 percent from diversion projects, 4
percent from water impounding projects and only 2 percent from turbine pumps. Most of the
impounded water was diverted for drinking, industries and hydropower generation.

Figure 3.  Variation of groundwater depth from the surface (1980–1998), Jiuzhou, Renxian
County, the Hebei Province.
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The soil-erosion areas decreased from 842,000 hectares in 1985 to 564,000 hectares in
1998.  On the other hand, saline-affected areas increased from 109,000 hectares to 127,000
hectares, and waterlogged areas from 182,000 hectares to 309,000 hectares.

The FRB is an important agricultural production region of the Hebei Province.  The major
crops of FRB include wheat, corn, vegetables, oil-bearing crops, cotton, soybean and fruits. It
supports 15 million people on 1,239,000 hectares of cultivable area, 82 percent of which is
cultivated.  In 1998, the total sown area was 1,927,000 hectares. The cropping index of the
province increased from 1.45 in 1993 to 1.55 in 1998.

Deduru Oya River Basin in Sri Lanka

The Deduru Oya river basin has a mean annual rainfall of 1,152 mm and there are three distinct
agro-hydrological zones within the basin. Approximately the top one-third area of the basin
receives over 1,250 mm of rainfall (P75). Most of the middle reach has (75% probable annual
rainfall, P75) less than 900 mm and the tail reach has (P75) less than 1,020 mm. The head and tail
reaches receive fairly sufficient amounts of rainfall during both wet and dry seasons, while
the middle reach receives sufficient rainfall only during the wet season. Historically, irrigation
is practiced in the dry middle reach through innumerable small tank systems while run-of-river
diversion schemes are used for irrigation in the upstream portion of the basin.  After
independence (1950s), two medium-sized storage reservoirs were constructed in the high-rainfall
upstream portion of the basin.  Subsequently, in the late seventies and eighties, many large-
diameter agricultural wells have come into existence throughout the basin, mostly for irrigation
during the dry season and for industrial purposes.  Recently, a number of river lift irrigation
schemes on either side of the river in the lower and middle reaches have started functioning.

During maha (rainy season) the river flows along its full length, discharging water to the
sea. In yala (dry season), there is flow only in the head and tail reaches, while in the middle
reach (for about 30 km), virtually no flow takes place since much of the river flow in the head
reach is diverted for irrigation through run-of-river schemes and storage reservoirs. The flow

Figure 4. Development of wells in the Hebei Province.
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in the tail reach is due to the limited discharge from an intervening tributary joining the main
stem of the river. The problem of no flow in the middle reach of the river has contributed to
activities such as sand mining, brick making and pumping from riverbeds.

Urbanization at the head and tail ends of the basin is a special feature observed in the
Deduru Oya river basin. This has contributed to pollution, causing negative impacts on water
resources and the environment.

Population distribution plays a role in WRD. When we look at the distribution we see
that the population density is low in the dry zone climatic conditions; we see that WRD is
also low.  These areas need special attention in river basin management because people in
these areas are the most disadvantaged. These areas are characterized by poverty, water scarcity
and dependency on paddy cultivation, based on small tanks, low productivity and lack of
alternative employment opportunities.

The growth rate of the population is an important indicator of the availability and
development of water resources. The high population density in places like Bingiriya may be
due to migration of people looking for employment opportunities in industries and agricultural
activities, as this area seems to be more prosperous than others.

Paddy and coconut are the major crops cultivated in the river basin. Coconut cultivation
is the major perennial crop but it does not pose a threat for degradation of natural resources.
Instead, it is arguably environmentally friendly, conserving soil and water.  Paddy cultivation
is the major livelihood activity of people living in the dry zone.  However, paddy cultivation is
gradually declining due to many problems faced by farmers, especially those who cultivate
under minor irrigation schemes. The major problem they face is water scarcity due to low rainfall,
silting of tank beds, lack of proper irrigation structures, reduced inflow to the tanks, pollution
and other factors.  Moreover, paddy cultivation is no longer profitable. These minor irrigation
systems need to be protected from excessive sedimentation to maintain storage and the
groundwater regime.

The situation in major irrigation schemes is different. A typical problem of major schemes
is mostly the poor system management with symptoms including head-tail problems and poor
maintenance, which ultimately contribute to poor productivity.  Therefore, attempts in major
irrigation schemes should be directed to institutional improvement for better system management.

The cultivation of other field crops (OFCs) such as vegetables is a major livelihood
activity of people in the tail end of the river basin, especially along the river. Farmers who
cultivate OFCs face serious problems similar to those associated with paddy cultivation under
minor irrigation systems, due to salinity intrusion and inadequate water supply.

The industries associated with the river and reserved areas adjacent to the river, such
as sand mining, brick making and tile making, and shrimp farming and processing pose severe
threats to the river and its immediate ecosystem. Sand mining is the major cause of
environmental problems in the Deduru Oya river basin. The damage to the river due to human
actions is alarmingly high due to the readily available water supply and uncontrolled
development by encroachers in the government-controlled river reservations.

Crop performance in the basin is affected mainly by problems associated with inadequacy
of water and inefficient water management. However, the degradation of the river is much more
serious than the problems in the areas away from the river.  Therefore, proper management of
the river and its ecosystem should receive top priority. The issues of water management in the
basin can be broadly classified into four categories:
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1. In the head end of the basin, adequacy of water is not a major problem.  Issues
such as better water management to improve the productivity of water assume
significance.

2. In the middle portion of the basin where tanks and agricultural wells are
predominant, inadequacy of water, especially during the dry season, and very poor
performance of irrigated agriculture have led many inhabitants to live below the
poverty line.

3. In the tail end of the system, inadequate flow in the river during the dry season,
coupled with industrial development, such as shrimp farming, has created
environmental problems, such as destruction of mangroves, intrusion of seawater,
groundwater contamination and scarcity of drinking water.

4. The uneven flow and inequitable distribution of water in the river have caused
scouring and deposition, and degradation of the river and river reservations.

East Rapti River Basin in Nepal

About 81 percent of Nepal’s population is involved in agriculture, which contributes around
40 percent of the GDP.  The irrigated agricultural area in the country is rising.  The goal of
WRD in the country is to tap and utilize water resources for social benefits. Beneficiary
participation is a major thrust to achieve these goals. Developing the huge water resources
potential of Nepal will not only meet the country’s energy demand but also greatly help develop
agriculture and industry, facilitate socioeconomic development and contribute to poverty
alleviation.  It is recognized that water is Nepal’s key strategic national resource with potential
to be a catalyst for development and economic growth of the country.  Thus far WRD,
especially in such areas as irrigation, hydropower, drinking water supply and sanitation, is far
below the potential.

The east Rapti river basin (ERB) is a part of the Chitwan valley within the inner terrain
of Nepal, with a drainage area of 3,120 km2.  Sixty percent of the basin is covered by forest.
The average annual rainfall is 1,937 mm while the average annual potential evapotranspiration
for the basin is 1,460 mm. The basin comes under the subtropical climatic zone and lies within
two districts of Nepal: Makawanpur and Chitwan.

The population density of the basin as of 1998 was 212/km2. Eighty percent of the
population is involved in agriculture. The farm size per household is small (0.9 ha).  Major
crops grown in this basin are wheat, rice and maize. Their average yields are 1.85 t/ha, 2.5 t/ha,
and 1.98 t/ha, respectively.

A major attraction of the basin is the national park in the tail region of the basin, covering
a sizable area and constituting an important tourist attraction in Nepal.  Providing reliable and
adequate water supply to the Chitwan national park is one of the important aspects of water
management in the basin.

The inflow to the basin comes from three sources: rainfall, diversion from the Kulekhani
reservoir and lift from the Narayani river to feed to the Narayani lift irrigation system. Rainfall
is concentrated during the 6-month monsoonal period from the middle of May to the end of
October. July and August are the rainiest months, receiving nearly half the annual rainfall.
Rainfall during the dry period is only 7 percent of the annual rainfall.
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The long-term average monthly discharges at the confluence are shown in figure 6.  The
water accounting exercise of the ERB indicates:

• It is an open basin; only 53 percent of water is depleted.  The remaining 47 percent
of utilizable outflow moves out of the basin.

• Only 6 percent of the available water is process-consumed.  The forests occupying
60 percent of the basin area consume a large portion of water.  Non-beneficial
depletion is only 5 percent.

• Agricultural water productivity is only US$0.09/m3 of water consumed. Yields of
cereals and oil-seed crops are low. There is a great potential to increase the water
productivity of irrigated crops.

• Industrial and drinking water use is minimal and is mostly from groundwater.

• Groundwater use is presently very low.  There is great potential to use groundwater
conjunctively with surface water.

• Presently, the water requirement for the Chitwan park is not determined. Because
of this any development plan put forward by other implementing agencies for
developing the upstream areas gets bogged down in view of environmental
objections.  There is no organization existing at present in the basin to take a holistic
view of water use within the basin and the impact of the upstream use on the
downstream park.

• Many development plans for the east Rapti basin concentrate only on using the
river flow.  The river flow during the dry season originates from the groundwater
aquifers as base flow.  It should be possible to utilize this groundwater directly.

Irrigation systems categorized according to the management entities are called agency-
managed, farmer-managed and jointly managed systems. The entire operation and maintenance
(O&M) and other irrigation management responsibilities in the case of farmer-managed irrigation
systems (FMIS) and fully turned-over systems lie within the WUAs. In the case of jointly
managed systems, such responsibilities are mutually agreed upon and tasks are carried out
accordingly. The focus of the Irrigation Department appears to be on rehabilitating the existing
systems and developing joint management, with part of the system turned over to WUAs. In
government-assisted systems, typical problems are inadequate collection of service fees and
irregular maintenance, and, therefore, a need for rehabilitation after a few years. The question
is how to break this vicious circle.

In this basin, there is great potential for groundwater development but organizations
related to both surface water and groundwater act as different entities.  Further studies are
needed to explore the following:

• What kind of institutional change should be put in place to expedite the conjunctive
uses of rainwater, surface water and groundwater, and increase productivity?
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• What potential exists for smallholder irrigation systems to use low-cost and
affordable technologies, such as drip, sprinkler, treadle pumps and low-horsepower
pumps?

• What is the impact of groundwater use on the base flow of the river?

A number of organizations at the central government level are involved in the development
and use of water within the basin. These are the National Planning Commission (NPS), Water
and Energy Commission Secretariat (WECS), Ministry of Population and Environment (MPE),
Groundwater Resources Development Board (GWRDB), Department of Hydrology and
Meteorology (DHM), Nepal Electricity Authority (NEA), Nepal Water Supply Corporation
(NWSC), Department of Water Supply and Sewerage (DWSS) and Department of Irrigation
(DOI). A coordinated strategic approach to use the water more effectively is yet to emerge.
Water management is still based on administrative boundaries rather than on hydrologic
boundaries.

As long as sufficient water is available, the use of administrative units for water
management at the sectoral level is not a big impediment; however, if there are upstream or
downstream off-site impacts, then hydrologic boundaries and basin-level institutions become
important. The east Rapti basin does not have institutions to solve problems, such as water
requirements for the Chitwan park and the 36 village development councils in the buffer zone
of the national park.

Singkarak-Ombilin Basin in Indonesia

The Singkarak-Ombilin river basin is located in the highland of West Sumatra Province and
covers 2,210 km2, with the Singkarak subbasin covering half of the area. The two subbasins
are connected by the Singkarak lake. For the present study the Singkarak-Ombilin river basin,
with an exit point at the Tanjung Ampalu river gauging station, was selected.

The Ombilin river is the only outlet of the Singkarak lake. Its discharge prior to the
generation of the Singkarak Hydroelectric Power Project (HEPP) ranged from 14 m3/s to 120
m3/s with an average of 53 m3/s. After constructing the Singkarak HEPP the outflow to the
Ombilin river is regulated at 2 m3/s to 6 m3/s.

Precipitation is the main inflow to the basin and, in the long term, there is a decreasing
trend. Available water is mainly consumed by agricultural crops and natural forests. Only 25–
37 percent of the gross inflow is used for process consumption due to the low cropping intensity
of OFCs and shifting cultivation activities with slash-and-burn clearing techniques.  During
1985–1998, the available water was not used to the fullest extent during wet and normal years,
and the range of the total water depleted from available water is 35–81 percent.

The Singkarak-Ombilin basin is an open basin, which may become closed when the
hydropower plant operates at its maximum discharge of 77 m3/s. Furthermore, under those
operating conditions, the outflow from the Singkarak lake to the Ombilin river would be lower
than the committed flow of 2–6 m3/s. The changed flows have already affected irrigated
agriculture in the Ombilin basin. The conventional method of irrigation by using bamboo
waterwheels for lifting water from the river to rice fields on the Ombilin river meadows may not
be feasible anymore, and a new technology with low O&M cost and continuous flow should
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be studied. The area below the Singkarak lake but above the Selo river is most affected by the
decreased outflow from the Singkarak lake.

Rice production of the entire basin has been increasing at an average rate of 7,509 tons/
year (3% of annual production). However, rice productivity at 0.94 kg/m3 of consumed water
remained constant during this period and the increase in overall production is a result of
increasing cropping intensity. The overall cropping intensity increased at 5.4 percent per year
and most of it (5%) is due to rice cultivation.

Availability of water in this basin is highly affected by the amount of water diverted
from the basin into another basin (transbasin diversion). The changes in land use from year to
year have not resulted in major changes in depletion of water.  In keeping pace with the
expansion of industrial activities within and around the basin, water tends to be allocated for
industrial uses such as for hydropower, thermal power plants and coal mining instead of for
agriculture. This has a great impact on farmers and communities with low incomes from
agriculture. Water rights, water allocation and reallocation rules should be studied
comprehensively, since water allocation and transbasin diversion based on private-sector
development often ignores the needs of the poor people.

Upper Pampanga River Basin in the Philippines

The Upper Pampanga river basin (UPRB) located in Central Luzon, the Philippines has a total
drainage area of 374,250 hectares. Within the basin, the Upper Pampanga Integrated Irrigation
System (UPRIIS), which became operational in 1975, is designed to irrigate 102,500 hectares.
In addition to UPRIIS, there are communal irrigation systems and rain-fed areas contributing
to the overall rice production within the basin.

Agriculture has been the dominant user of water but because of the growing population,
domestic water supply, coupled with industrial, commercial, recreational and environmental
requirements, is fast catching up. Given the beneficial water demand for the present and future,
the outflow from the basin, which is still substantial, will be the focal point of interest.

According to the rainfall pattern in the basin, there are two distinct seasons—wet and
dry. The dry season lasts from November through April while the rainy season lasts from May
to October. On average, there are 22 annual weather disturbances (tropical depressions, storms
and typhoons) in the Philippines, causing floods due to inadequate storage in the river basin.

The average rainfall of the basin is 1,881 millimeters with a coefficient of variation of 12
percent.  Except during the El Niño rains, the annual rainfall does not vary by more than 15
percent from the mean annual rainfall.  More than 92 percent of rainfall occurs during the wet
season and, therefore, there is a pronounced need for irrigation, especially during the dry
season.

Realizing the need to harvest the excess rainfall runoff, the government has embarked
on constructing a small water impoundment within the basin, with capacities to supply irrigation
water to 50 to 100 hectares of riceland.  Small farm reservoirs ranging from 500 m3 to 2,000 m3

in capacity are also being built for small rice farms outside the service area of UPRIIS.
Rice is the major crop during the wet season, followed by rice and upland crops during

the dry season. Onion, tomato and garlic are some of the popular crops grown in UPRIIS. The
estimated long-term consumptive water use has a mean value of 2,537 mm with a standard
deviation of 60 mm.
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Underneath the flood plains of the basin lies a vast groundwater reservoir. Aquifers with
shallow to medium water depth are common as evidenced by tube wells installed as deep as
12 m within the area.

Yields in traditional grains like rice and corn improved steadily but not dramatically from
the period 1946–50 (1.11 tons/ha for rice and 0.61 tons/ha for corn) to the period 1991–96 (2.85
tons/ha rice and 1.46 t/ha for corn). The population growth rate (2.32%) outpaced the growth
rate in agriculture (0.72%) from 1994 to 1996.  In 1997, the livelihood of 63 percent of the
population depended on agriculture.

The area devoted to agriculture is decreasing due to the pressures of urbanization and
industrialization, which continue to hamper production efforts. Therefore, the need to optimize
available land for agriculture is imperative, which is only possible if water is available. The
UPRB provides a stable food requirement of 25–30 percent of the total population of the
Philippines.

The average annual discharge moving out of the basin is roughly 4,000 million m3. The
water available in the basin is sufficient for potential use for the foreseeable future. Multiple
use of irrigation water by cities and industries does not significantly reduce the amount of
water for agriculture but it pollutes the water to a great extent.

Scarcity of irrigation water occurs at the tail end of irrigation systems. Dwindling water
supplies for domestic uses occurs particularly in areas where water is taken from springs. In
populated areas where domestic and industrial water is drawn from groundwater aquifers, the
drawdown is felt in nearby farming communities, where water yield in wells tends to decrease.

Due to multiple use of water, the quality of surface water is beginning to deteriorate in
terms of physical, chemical and biological characteristics. Solid waste, particularly polyethylene
plastic materials and rubber from cottage industries, clogs waterways and irrigation channels.
The absence and inadequate capacities of sewage treatment plants in cities and municipalities
result in the draining of wastewater and raw sewage into rivers and creeks.

Future Trends in Irrigated Agriculture

A new multipurpose reservoir (Casecnan Project) would provide irrigation facilities to an
additional area of 30,000 hectares.  This will bring 92 percent of the cultivable area (140,000
hectares) of the basin under irrigation.  The remaining 11,200 hectares will be under rain-fed
cultivation, where a limited amount of groundwater irrigation can be attempted.

Presently, the irrigation intensity is only 150 percent. With the construction of the
Casecnan multiple purpose irrigation and power project, the irrigation intensity can be increased
to 180 percent through better control of water supply. Maintenance is a major problem in this
system.  Heavy investment is required to rehabilitate the system and turn it over to Irrigators’
Associations.

One way of conserving water is to better utilize rainwater through in-situ conservation
in fields. Construction of the Casecnan multipurpose project will materially improve the
availability of water and reliability of its supply. More water-storage facilities and water
conservation measures are needed to optimize the utilization of the uncommitted portion of
the available water (2,500 million m3).
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Comparative Analysis of Five Basins

Physical and Hydrological Features

The basins selected for the study vary over a wide spectrum of climatic and water availability
conditions (table 1).

The FRB has the largest drainage area, approximately ten times larger than the smallest,
the Singkarak-Ombilin basin. The other four basins have more or less similar extents of drainage
area, varying from 2,000 km2 to 4,000 km2.  The average annual rainfall varies over a wide range,
from 570 mm in the FRB to 2,025 mm in the Singkarak-Ombilin. The other three basins lie in
between. Per capita water availability varies from 868 m3/year (FRB) to 9,034 m3/year (east Rapti).

The FRB is a closed basin while the Singkarak-Ombilin and UPRB are open basins. In
open basins, more water could be developed and beneficially depleted upstream without
diminishing existing uses: in other words, the opportunity cost of additional depletion is zero.
A closing basin has no more remaining available water flowing out of the basin during part of
the year, typically a dry season. In a completely closed basin, all water is committed to
environmental and process uses. The east Rapti is seasonally water-scarce while the Deduru
Oya is both spatially and seasonally water-scarce.  The population density per km2 is highest
in the FRB (686/km2) and lowest in east Rapti (212/km2).  The urban population is highest (36%)
in Pampanga and lowest in the Deduru Oya (10%). The percentage of the population engaged
in agriculture is highest in east Rapti  (79%) and lowest in the Upper Pampanga (22%).

The type of irrigation practiced varies widely. In the Singkarak-Ombilin basin only surface
irrigation takes place, with river lift pumps and waterwheels. In Deduru Oya, most of the area
is irrigated by surface gravity from small tanks and medium reservoirs, with some areas irrigated
by dug wells and river-lift pumps.  In east Rapti, most surface irrigation is by river-diversion
schemes, aided by a limited number of shallow tube wells.  In the Upper Pampanga, irrigation
is mainly from a large reservoir, supported by communal irrigation schemes and shallow tube
wells.  In the FRB, most irrigation is from shallow and deep tube wells, coupled with supply
from large and small reservoirs as well as from diversion schemes.  The net area irrigated as a
percentage of basin area is highest in the FRB (45%) and lowest in east Rapti (12.8%).  Annual
cropping intensity varies from 200 percent in Singkarak-Ombilin to 133 percent in Deduru Oya.

Domestic and industrial water supplies are mainly from the Singkarak and Ombilin rivers
in Indonesia, while they originate mainly from groundwater in east Rapti in Nepal and in Upper
Pampanga in the Philippines.  In the Deduru Oya and the FRB, both surface water and
groundwater are used. East Rapti and Deduru Oya have no power plants while FRB in China
has 14 power plants. In all basins except FRB, rice is the main crop while in FRB, wheat and
corn are the main crops.  Per hectare yield is highest in FRB and lowest in east Rapti and
Deduru Oya.
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Water Accounting Indicators

A number of performance indicators described by Molden and Sakthivadivel (1999) were
calculated for the five basins. Out of these, four important indicators have been selected for
comparison and are discussed here (table 2).

Table 2.  Water accounting indicators for a typical normal year.

Indicator Basin

East Rapti Singkarak- UPRB Fuyang Deduru Oya

Ombilin

DFgross 0.34 0.41 0.51 1.08 0.85

DFavailable 0.39 0.50 0.63 0.98 0.85

PFavailable 0.05 0.17 0.38 0.74 0.50

PFdepleted 0.12 0.35 0.58 0.75 0.58

Note:
DF

gross
= Depleted/Gross inflow.

DF
available

= Depleted/Available water.
PF

available
= Water consumed for intended purposes/Available water.

PF
depleted

= Water consumed for intended purposes/Depleted water.

The first indicator, depleted fraction with respect to gross inflow (DFgross), indicates how
much water entering the basin is depleted. Depleted water includes water evaporated by soil
and open bodies of water, transpired by beneficial and non-beneficial vegetation, process
consumed and water entering into sinks. Gross inflow is the total amount of water flowing
into the water balance domain from precipitation and surface and subsurface sources. The
higher the DFgross, the more the depletion of water. A value more than 1 indicates that depletion
exceeds gross inflow and mining of groundwater is taking place. It can be seen from table 2
that Fuyang is depleting more than what it receives (an unstable situation), that in east Rapti
only 34 percent of inflow is depleted and that in the rest 66 percent of gross inflow leaves the
basin. Next to Fuyang, Deduru Oya depletes the largest proportion of the gross inflow entering
the basin.

The second indicator, depleted fraction with respect to available water (DFavailable), gives
an indication of how much water is still available for further use. Available water is the net
inflow (gross inflow adjusted for any changes in storage, e.g., groundwater withdrawal as in
Fuyang), minus both the amount of water set aside for committed uses and the nonutilizable
uncommitted outflow. Committed uses include that part of outflow from the water balance
domain that is committed to other uses such as downstream environmental requirements or
downstream water rights. Thus available water includes process and non-process depletion
plus uncommitted water. The variation of this indicator is similar to that of DFgross. DFavailable

can be interpreted as scope for further development. In other words, 98 percent of the available
water is utilized in the Fuyang basin while only 39 percent of available water is used in east
Rapti. Chances for further development exist in east Rapti, while that alternative is minimal in
Fuyang. Increasing agricultural water productivity should be attempted through other means.
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The third indicator, process fraction of available water, PFavailable , is the amount of process
depletion divided by the amount of available water. PFavailable indicates how much of the available
water is consumed for intended purposes such as for irrigation, drinking, and industries. This
indicator varies from 5 percent in east Rapti to 74 percent in Fuyang.

The fourth indicator, process fraction of depleted water, PFdepleted, is the amount of process
depletion divided by total depletion. PFdepleted indicates how much of the depleted water is
process consumed (used for intended purposes). The pattern of variation of this indicator is
similar to that of PFavailable .

Current Water Management Issues

Table 3 lists some important water management issues arising from water availability (adequacy,
spatial/temporal distribution, surface water and groundwater), present use, competition among
and between sectors and pollution aspects.  A study of these current issues will lead us to
identify emerging issues and related industrial aspects.  The emerging issues are listed in table
4.

Linking Water Accounting to Institutions

An effective institutional arrangement is a key requirement for a high performing water resources
systems. What constitutes an effective institutional arrangement? We argue that there is no
single best institutional model to satisfy all types of river basin systems, as institutional
requirements vary depending on the stages of development of basins. In fact, institutions
evolve depending on the water resources issues that the basin faces and need to be solved.
The hypothesis presented in this paper is that depending on the issues faced by a river basin,
institutions must adapt to tackle those changes. Therefore, effective institutions are not static
systems but must be adaptive and dynamic to tackle the current and foreseeable issues that
the basin is likely to face.

Three broad stages of development are identified: infrastructure development,  utilization
and allocation (figure 5). We use a water accounting methodology to illustrate these stages of
development. We argue that, over a period of time, institutions must change their focus from
development of infrastructure, to better utilizing and conserving water resources during the
utilization stage, and lastly to improving allocation and regulation of water resources within a
basin context. In the initial stages of development, the institution may serve a single purpose
and has limited functionality. As the basin develops, they either expand their functions, or
other institutions may evolve to fulfill management requirements. These concepts will be
illustrated in the five case studies.

In the development stage of infrastructure, the amount of naturally occurring water is
not a constraint. Rather, expansion in demands drives the need for construction of new
infrastructure. Institutions are heavily concerned with building infrastructure for increasing
supplies. Institutions typically emerge to serve a single function, mainly oriented to the
construction of infrastructure.

In the utilization stage, a significant development of infrastructure has taken place. There
are opportunities for further development; however, the cost-effective goals are to make the
best use of the already developed facilities. Water conservation and saving, improved
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Figure 5.  Phases of river basin development.

management of water deliveries, and maintenance and management of already-built structures
are important objectives. In this phase, managing the supply of water to various uses is a
primary concern. Pollution and water scarcity are localized issues, but they begin to emerge as
major issues. Institutions are primarily concerned with sectoral issues, such as managing
irrigation water or managing supplies of drinking water. In many situations, environmental issues
exist but they are not given proper recognition.

In the allocation stage, closure is approached and depletion approaches the potential
available water, with limited scope for further development. Efforts are placed on increasing
the productivity or value of every drop of water. An important means of accomplishing this is
to reallocate water from lower- to higher-value uses. Managing demand becomes increasingly
critical. Construction of infrastructure is limited to those that aid regulation and control.
Institutional issues concern allocation, conflict resolution, regulation, pollution prevention and
environmental preservation. Several important management and regulatory functions gain
prominence, including inter-sectoral allocation. Coordination becomes important, involving
significant transaction costs. To effectively carry out these functions, either a single entity
emerges, or several interlinked organizations may manage these functions. Interlinked
organizations may be seen in the case of the Brantas Basin in Indonesia and the South Platte
River Basin in Colorado, USA. Institutional concerns differ depending on the stage of
development. These concerns may exist during all stages but their importance or emphasis
may change over time as the basin develops, as illustrated in table 5.
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Table 5. Concerns at different stages of development.

Examples

River basin water accounting provides a clue as to where to focus efforts in institutional
transformation to use the basin water efficiently, produce more per drop and sustain the
productivity and environment of the system. The water accounting finger diagrams for two
typical cases (east Rapti and Fuyang) are shown in figure 6.

In the case of ERB, the problem is not one of water availability but exploiting and utilizing
groundwater resources in addition to efficient use of available water (both surface water and
groundwater). At the level of the irrigation sector, there is an urgent need to tap the potential
of groundwater and use it efficiently to produce more. The emphasis at the level of the irrigation
system must go to improving operation, maintenance and management of the system, better
fee collection, and improving productivity and profitability of the farmers. At the basin level,
there is a need to allocate the water for different purposes taking into account the on-site and
off-site impact of water use.  Industrial pollution is also on the increase.  Intense competition
for river water during the dry season among wildlife sanctuaries, tourist requirements,
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Figure 6.  Water accounting finger diagrams.
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maintaining the ecological health of the system, and supplying water for irrigation for settlers
evacuated from the wildlife sanctuary area need immediate attention.  Increasing the agricultural
productivity of water through conjunctive use of surface water and groundwater is also an
important issue.

In the case of the Singkarak-Ombilin basin, availability of water appears to be sufficient
for all uses in the foreseeable future.  But development is taking place through private-sector
initiatives without due regard to the existing uses such as agriculture through water wheels.
Stakeholder participation is minimal in basin planning.  Hydroelectric development and coal
mining have introduced adverse impacts on paddy irrigation and on the quality of drinking
water supplies. Watershed degradation and siltation of lakes and water bodies are a major
issue. Agricultural productivity is stagnating. This basin, which was once purely devoted to
agriculture, has fast transformed into a basin of large scale industrial activities without due
regard to the existing use of water and its technology.

This basin is in a transitional stage from infrastructure-development to utilization; it is
transforming from irrigated agriculture to industrial development. This basin development also
clearly indicates how the poor are pushed out from using traditional water wheels, and how
industrial requirements such as power production are taking over.

Figure 7.  Basin water use and development potential.
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UPRB is a water-surplus basin with substantial utilizable outflow from the basin during
the wet season. The WRD through reservoir construction, water harvesting and effective use
of rainfall is an important activity. The basin has good groundwater potential.  Development
and use of groundwater in conjunction with surface water constitute another area necessary
to increase productivity of irrigated agriculture.  Competition for groundwater between drinking
and agriculture is on the increase, as is water pollution.  Head-tail differences in water
availability in irrigation systems are a major determinant for agricultural productivity.  It is the
one basin where paddy yield has stagnated or declined during the last 10 years.  Flooding,
waterlogging and drainage problems are important issues in this basin. Maintenance of already
developed infrastructure and learning more effective water utilization are important.

In the case of Deduru Oya, the problem is one of maldistribution of water supply in
space and time. Unfortunately, in this basin, there is very little capacity to store groundwater
and use it during dry season.  Although there is an adequate supply at the basin level, at local
levels there is inadequate water supply for use. Even at the sectoral level, water use is not
very efficient.  One of the basic problems that farmers face in this basin is inadequate
management of the rivers and reservation areas along the river.  Although the government
agents of the districts should manage these resources (river and river ecosystem), their efforts
are not sufficient and, therefore, there is misuse (pollution, sand mining, intrusion of seawater,
shrimp farming, river lifts, and brick making).  Therefore, there is a clear need to strengthen the
management of these resources and to develop a strategy to overcome the spatial and temporal
variation in the availability of water supply in the basin.

The FRB in China is a closed basin. Sectoral development and use of water are very
high. However, intensive sectoral use of water has led to overdraft of groundwater, falling
water tables, and pollution of surface water and subsurface groundwater.  The major problem
appears to be not at the sectoral level but at the basin level. Although the sectoral-level agencies
realize the importance of pollution of surface water and groundwater depletion, there are no
effective mechanisms as yet to deal with these issues.  The immediate necessity is to arrest
overextraction of groundwater and stabilize agricultural production. Integrating the surface
water and groundwater use and increasing the water productivity should be attempted through
demand management. Real water saving is limited in the basin and this should be achieved
through reducing pollution.  Water conservation through reduction of pollution, pollution
mitigation and improving land and water productivity are the major issues in the basin.

Concluding Remarks

The water accounting methodology, coupled with the conceptual framework suggested in the
paper, provides a good starting point for analyzing institutional transformation of river basins.
As a river basin progresses from an “open” to a “closed” basin, three stages of development
are identified: infrastructure development, utilization, and allocation and regulatory. There is
no single “best” institutional model for river-basin management. Rather, institutional
requirements differ with different stages of development and the issues currently faced and to
be faced in the near future.
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In many instances, institutional transformation is thought about and put in place to tackle
a whole range of issues: pollution, poverty, allocation, regulation and construction. Depending
on the stages of development of a river basin, some of these issues are not major concerns,
and hence institutions concerning these issues become dormant and obsolete. It may be
inappropriate to force premature development of institutions. Institutions for the management
of water resources must adapt to meet different challenges as patterns of water use change. A
key feature of an effective institutional design is the ability to adapt to changing needs.

There are nascent basin issues such as industrial and domestic pollution, and competition
for water during the dry season. One important basin issue to resolve is the water need for
environmental and ecological purposes such as for tourists, wildlife, and wetlands. The
relationship between ecological services and additional withdrawals is not known. Efforts for
water development may be withheld because of this constraint.
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