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Summary

This report analyses the water productivity and
water-saving initiatives in the Syr-Darya river basin
(SRB) of Central Asia. The report presents
institutional and political aspects of water
resources management in the basin—particularly a
brief description of pre- and post-soviet
developments in water management. Water
allocation elements principles for different
hierarchical levels in the basin are also discussed.
The assessment of the performance of irrigation in
SRB is presented as an analysis of the water-
saving competition, funded by the World Bank
(from 1999 to 2000). The competition itself is no
longer operational, but the International Water
Management Institute (IWMI) and the Scientific
Information Center of the Interstate Commission on

Water Coordination (SIC) based in Tashkent are
funding the collection of data on water use.
Water delivery, crop yields (cotton, wheat and
rice) and water productivity were used as major
indicators of performance for the irrigation system
of the basin. The analysis was done for different
levels of water use and management—farm,
irrigation-system and basin levels were studied.
The study was conducted for the head, middle and
tail reaches of the basin. This analysis can be
used by water managers, policymakers and
potential donors as a tool for identifying the
hierarchical levels and areas of the basin, where
water management needs to be improved and
water conservation is a possible solution for the
existing water-related environmental problems.

Vii



Water Productivity in the Syr-Darya River Basin

Hammond Murray-Rust, Iskandar Abdullaev, Mehmood ul Hassan and Vilma Horinkova

Mitigating the Effects of Irrigation on the Aral Sea

Irrigation extractions from both the Syr-Darya
and the Amu-Darya rivers have contributed
significantly to the problems of the Aral Sea.
During the summer months, when demand for
irrigation is at its highest, little water reaches the
sea. Not only diversions for irrigation, but also
relatively large amounts of water used up in
leaching and use of water by upstream
reservoirs for production of electricity have
reduced important winter flows to the sea.
Therefore, it is inevitable that agriculture must
consume less water if the volume of water in the
sea can be conserved or augmented.

Critics of irrigation claim that irrigation water
use is wasteful, and that improper management
of irrigation systems has resulted in excess
withdrawals above the level needed to meet food
and fiber production targets. Yet these claims
tend to be based on observations of the impact
of water extractions on the sea level rather than
on accurate data on irrigation water consumption
and institutional and governance inadequacies.

As a part of its substantial effort to reverse
some of the adverse impacts of irrigation on the
hydro-ecology of the Aral Sea, the World Bank
sponsored a water-saving competition among
different water users throughout the Syr-Darya
basin (which is discontinued now, but IWMI and
SIC are funding the collection of data on water
use). The objective of this competition was to
reward, with prizes and other forms of
recognition, water users who could demonstrate

that they had reduced irrigation water use. This
paper is based on data collected from the
beginning of 1999 to the end of 2001. This data
gives insights into actual water use in different
locations in the basin and helps to identify where
there is potential for further improvement in
water productivity.

Because the main rivers that feed the Aral
Sea flow across several countries in Central
Asia, it is necessary to understand some history
of both irrigation and institutional development
and changes that occurred over the region
during Soviet rule and since the establishment of
the newly independent republics. This is covered
next.

The basis for water allocation within the
basin is examined next. These allocation
principles have their roots in the Soviet period,
particularly in terms of assessing the overall
demand for water, but they have been modified
to some extent to include allowances for non-
crop factors such as soil and salinity
amelioration with adjustments for leaching in
areas prone to salinization.

The details of the water-saving competition
are presented next, including the criteria for
selecting the competitors. Three categories have
been used for the competition: water
management districts that supply and distribute
water—typically over 20,000 ha or more in
extent; cooperative or communal farms that
cover about 1,000-2,000 ha of land and private



farms which are a few hectares in size. This
section also analyses the data collected from
1999-2001. The focus is on water productivity
because, if food and fiber targets are to be met
with less water usage, productivity of water is a
more meaningful performance parameter than
simple yield per hectare. Factors used in the
analysis include, location within the basin,
location within a province, size of the unit under
investigation, and the effect of salinity in the
lower reaches of the basin. Private farms appear
to under-perform compared to communal
systems.

Finally the paper focuses on conclusions and
recommendations. This includes a comparison of
performance parameters from the SRB with other
data from South Asia. These comparisons
indicate that Central Asian systems perform at
similar levels.

The competition appears to have sparked
interest among both water users and
policymakers, and it is recommended that this
activity be continued in the future. There appears
to be significant scope for performance
improvement at all levels, particularly in private
farms.

Water Management Institutions and Policies in the Syr-Darya River

Basin

General Background and Problems

The Aral Sea basin, covering the territories of
Tajikistan, Uzbekistan, Turkmenistan, some parts
of Afghanistan, Kyrgyzstan and Kazakhstan, is
located in the heart of the Euro-Asian continent.
Its territory is located between longitudes 56°
and 78° east and latitudes 33° and 52° north, and
covers about 1.55 million square kilometers of
Central Asian and 0.24 million square kilometers
of Afghan territory.

Diverse terrain and altitudes ranging from 0
to 7,500 m above the mean sea level are
responsible for the diversity of the microclimate.
The average temperatures range from 0-4° C in
January and 28-32° C in July. However,
summers in some parts of the area can be as
hot as 52° C and winters can be as cold as -16°
C, making the overall climate of the basin a

'Precipitation divided by potential evapotranspiration.

sharply contrasting one, with hot summers and
cold winters. The two main rivers, the Amu-Darya
and the Syr-Darya, together with some thirty
primary tributaries, feed the basin (figure 1).
However, many of the tributaries now flow only
seasonally—drying up before reaching the main
rivers. The main rivers originate in mountainous
regions that have surplus moisture (precipitation of
800-1,600 mm and potential evapotranspiration of
100-500 mm) resulting in permanent snowfields and
glaciers (the Pamir and Tien Shan ranges). Annual
precipitation in the lowland deserts of the basin
ranges from 100 mm in the southwest to 200 mm in
the foothills of southeastern mountains, and to 30
mm in the Hungry Steppe, southwest of Tashkent.
The moisture coefficient' in the basin ranges from
0.1 to 0.6 (Micklin 1991). Thermal conditions in the
basin are favorable for crops such as cotton and
cereals.



FIGURE 1.
The Aral Sea basin.
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The SRB covers an area of 444, 000 km®
and is home to about 18 million people, with an
overall population density of 19 people per
square kilometer. The Syr-Darya originates in the
Tien Shan mountains and runs through the
upstream countries of Kyrgyzstan and Tajikistan,
and through Uzbekistan and Kazakhstan into the
Aral Sea (approximately 2,500 km).

In the early 1960s, the former Soviet Union
launched efforts to divert almost all water from
the two main rivers (Amu-Darya and Syr-Darya).
The diversion of millions of cubic meters of water
to irrigate cotton fields and rice paddies through
massive infrastructure development helped
increase the command area from 5 mha (million
hectare) in the 1950s to 8 mha in the 1990s. The
water development system of the region is

described as “one of the most complicated
human water development systems in the world”
(Raskin et al. 1992) because human
interventions have gradually modified the natural
water flow and the environment along the river’s
banks. The Aral Sea basin system now has
highly regulated rivers with 20 medium- and
large-sized reservoirs and around 60 diversion
canals of different sizes. In all, the two rivers
have some fifty dams of varying sizes. The
diversions of water for agriculture from the Syr-
Darya are almost equal to its total annual inflow
and the annual diversions from the Amu-Darya
are around 45 km?® of its annual inflow of 70-80
km®. However, because virtually all of the
available surface water is diverted for irrigation,
there is very little scope for further expansion of



command areas. Better water management to
improve productivity, therefore, is the only option
to guarantee food security in the region.

The conveyance system of the two rivers
consists of a complex web of canals,
impoundments, tributaries, irrigation fields,
distribution systems and municipal and industrial
facilities (Micklin 1991). The drainage
infrastructure is designed in such a way that it
discharges most of its effluent into the two rivers,
thus gradually aggravating the downstream water
quality. As a result, soil salinity in the
downstream areas is emerging as a major
problem. While cotton was the main crop in the
region during former Soviet Union rule, a new
trend of crop diversification is emerging.

The diversion of the inflow to the Aral Sea
basin has led to a gradual deterioration of the
environment. In 1965, the Aral Sea received
about 50 km®of freshwater per year—a value that
fell to zero by the early 1980s. Consequently,
concentrations of salts and minerals began to
rise in the shrinking body of water causing
severe soil salinity problems, especially in the
downstream areas of the region. The water
salinity has increased from around 0.5-0.8 grams
per liter to 2 grams per liter in the deltas of the
Amu-Darya and the Syr-Darya. Presently 31
percent of the irrigated area has a water table
within 2 m of the surface and 28 percent of the
irrigated area suffers from moderate to high
salinity levels. Crop yields in those areas have
declined by 20-30 percent. An estimated 137
million tons of salt was the average discharge
from the irrigated lands for the past 20 years
(SIC 2000).

This change in the water chemistry of the
river has led to alterations in the Aral Sea’s
ecology, causing reductions in fish population
and thereby threatening a previously thriving
commercial fishing industry, which employed
roughly 60,000 people in the early 1960s. By
1977, the fish harvest was reduced by 75

percent and deteriorated to a virtual elimination
of the industry by the early 1980s. The shrinking
Aral Sea has also had a noticeable effect on the
region’s climate. The growing season is now
shorter, causing many farmers to switch from
cotton to rice, demanding even more diverted
water. Salinization effects are even threatening
the cultural heritage of Central Asia; high
groundwater levels and salinity are affecting
historic monuments in the famous towns of
Bukhara and Khiva (Razakov et al. 1999).

A secondary effect of the reduction in the
Aral Sea’s overall size is the rapid exposure of
the sea bed. Strong winds that blow across this
part of Asia routinely pick up and deposit tens of
thousands of tons of exposed soil every year.
This process has not only contributed to a
deterioration of the air quality for nearby
residents, but has also reduced crop yields due
to heavily salt-laden particles falling on arable
land (Mirzaev 1998).

Institutional Structure of Water Management
and Changes Since Independence

The independence of the five Central Asian
states in 1991 led to institutional changes in
water resources management. Soon after
independence, in 1992, the heads of the five
newly independent states (Tajikistan, Uzbekistan,
Turkmenistan, Kyrgyzstan and Kazakhstan)
signed interstate agreements on water sharing,
use, conservation, financing and management.
The first of these agreements established the
Interstate Commission on Water Coordination
(ICWC) appointing relevant deputy ministers for
water as its members. The ICWC was entrusted
with the responsibilities of policy formulation and
allocating water to the five states (Bandaragoda
1999).

The ICWC comprises leaders of water
management organizations (deputy ministers for
water) of the Central Asian states and is the



highest decision-making body concerned with the
regional water supply. The ICWC annual
planning meeting is scheduled towards the end
of each calendar year, with high-level
government representatives (prime ministers or
deputy prime ministers and relevant ministers) of
Central Asian states participating to discuss
preliminary plans and agreements for the
following year’s water supply.” Plans for water
supply and mutual agreements regarding all
commodities are confirmed at an ICWC meeting
in March of the following year. Subsequently, the
ICWC conducts working meetings approximately
once in every three months to discuss the
monitoring of water deliveries and any problems
with water supply, as well as compliance with
agreements (ICWC 1992).

The ICWC operates through four executive
bodies, the Amu-Darya and the Syr-Darya basin
valley organizations (BVOs), the Scientific
Information Center (SIC), and the ICWC
secretariat. The ICWC secretariat is responsible
for facilitating the ICWC meetings, preparation of
programs and projects with the other sister
organizations and financial control of the BVOs.
The BVOs are responsible for the technical
aspects of water allocation, distribution and
management at the basin scale and among
republics. The SIC, with its 14 regional branches,
is responsible for creating an information base,
analysis, and supporting and carrying out
programs to enhance water conservation
measures.

Later, with the initiation of the Aral Sea basin
program by the World Bank, the United Nations
Development Programme (UNDP) and the United
Nations Environmental Programme (UNEP), two
special bodies were created—the International
Fund to Save the Aral Sea (IFAS) and the
Interstate Council for the Aral Sea (ICAS). The
ICAS subsequently merged into the IFAS in 1997.

The IFAS is headed by one of the presidents of the
five states on a rotation basis. The executive
committee of IFAS, comprising the prime ministers
of the five states, carries out the functions.

In the present context, the institutional
framework for water management in the region is
a hierarchy with five levels of authority/
responsibility. The levels of management
responsibility are interstate or regional, state,
provincial, district and farm.

The regional/interstate level organizations
work in two different aspects. While one set of
organizations (IFAS and ICWC) deals with
macro-level water resources, environmental
management, funding decisions and political
decisions, the other set (BVOs) deals with
technical aspects of water regulation among the
states. However, most of the regional/interstate
arrangements suffer from a lack of financial
commitment from the member states and do not
perform optimally.

At the country level, ministries in charge of
water resources are responsible for management
of the water resources within their country
boundaries. These ministries focus on planning
and policies and delegate most of the allocation,
regulation and distribution tasks to the respective
provinces. At the provincial level, provincial
water managing organizations (Oblvodkhozes)
distribute and deliver water to major irrigation
schemes. Oblvodkhozes control main and
distributary canals and their area of control
typically ranges from 300,000 to 600,000 ha.
Likewise, district water management
organizations (Rayvodkhozes) are responsible
for water distribution to various sets of farms.
They operate and maintain inter-farm canals up
to the gates of the collective farms or water
users associations (WUAs). A typical area of
responsibility for a rayvodkhoz is around 20,000
to 25,000 ha.

®The water management staff from south Kazakhstan, Kzylorda and Shymkent is also invited to this meeting in situations where urgent prob-

lem-solving is necessary.



The farm structure within each of the five
independent states varies, depending on the
level of progress in land privatization.
Kolkhozes or collective/cooperative farms
which existed under Soviet rule devolved in to
WUAs. Each WUA comprises several PPFs.
The WUAs are responsible for water
distribution and operation and maintenance
(O&M) of the infrastructure within the

Water Allocation

Water Allocation Elements and Principles

During the Soviet era, the state of water
resources use in Central Asia was evaluated by
applying the delivery efficiency coefficient (DEC)
in calculations to determine how much water
from the higher level of the system reaches the
lower level (e.g., from main canal to inter-farm
canal, from inter-farm to on-farm canal and from
on-farm canal to irrigated field). The DEC
calculations represent the share of losses at
each level of the system. However, these
calculations do not reflect how water resources
are used for producing agricultural crops. The
DEC is calculated as follows:

DEC = (Wapp/Wwith)x100

Where:

Wapp = volume of water applied for
irrigation, m®

Wwith = volume of water withdrawal
for irrigation, m®

Note:

DEC< 50% - irrigation system is

technically poor
50<DEC<70% - irrigation system is
technically moderate

DEC>70% - technically good conditions

boundaries of their farm. Initiatives are underway
in each country on different scales and with
different speeds to privatize land and reorganize
the private farms into WUAs. The impact of land
privatization and farm integration initiatives on
improvements in water management depends on
a host of policy, socio-political, institutional and
market factors that are yet to be determined
(IWMI 2000).

The assessment of water use through DEC
calculations was well suited to the environment
of the economic system of the former Soviet
Union. As in all socialist economies, the natural
resources, including scarce water resources,
were rarely properly valued, regulated or
managed. In such an economic environment,
water use in all sectors of the economy was not
related to the end product of the sector.
However, in municipal and industrial sectors,
there are legally imposed nominal fees for water
supply and severe penalties for unregistered and
untreated discharge of sewage water. But, all
industrial sectors are state owned, and the
regulations are rarely implemented. The few
attempts to introduce water fees in irrigated
agriculture failed after one to two years of
experimentation.

In irrigated agriculture, the main aim of water
management units at all levels is to deliver water
according to the user demand. The demand for
water in irrigated agriculture is estimated by
DWMOs at the beginning of each irrigation
season (there are two irrigation seasons in
Central Asia: vegetation, April-September; and
non-vegetation, October-March). The demand for
water was determined according to climatic
zone, size of irrigated area, crop type and soil



and groundwater conditions. There are so-called
“hydromodule districts” within the irrigated zones
of Central Asia. For each type of crop, within
each hydromodule district, recommended water
demand norms are calculated. The collective
demand for water includes all losses above the
on-farm level (in main and secondary canals).
However, the DECs of the systems are not
properly monitored, and only “normative” values
are used for the calculations. The water
allocation principles applied during Soviet rule
(and are still continuing) have no incentive for
conserving and saving water. In many cases the
real water supply rates are two to three times
higher than the recommended water demands.
The absence of incentives for conserving water
resources has led to an overexploitation of
irrigation water.

In the late 1980s, the irrigation water limit
(IWL) was introduced to Central Asia because
the water demand almost matched the available
water resources of the region. Under IWL the
demands of users were adjusted in accordance
with water availability in the sources (rivers,
reservoirs, etc.).

After the collapse of the Soviet Union, the
Central Asian states did not change these water
allocation principles at all. Only in Kyrgyzstan,
an upper-reach country, the limits were
abolished, and water is now being delivered
according to user demand. In the water-scarce
states of the region (Uzbekistan, Kazakhstan and
Turkmenistan) the IWL is still operational.

The IWL made the process of water
allocation more complicated. In reality there are
two separate processes for planning and
allocating water in irrigated agriculture in Central
Asia. The first process consists of estimating the
demand from water users, collective/cooperative
and private farms, or from WUAs by the higher
water management levels (district/province/state).
The second process includes the preparation of
limits for users—this is calculated by the higher
levels of water management (ministries of
agriculture and water management in the

respective counties) and communicated to lower
units (district water management organizations).
The “limit” demands and the estimated demands
are translated into water-use plans at the district
level, according to which water is allocated to
the users.

In Central Asia/Aral Sea basin, the present
water allocation rules and governing elements
are similar to what existed during Soviet rule.
Water allocation has to follow several steps in
the organizational structure. In the first step,
interstate water allocation agreements have to be
implemented, considering water allocation from
the sources (rivers, water reservoirs and
interstate canals) to each state. The Syr-Darya
BVO and Amu-Darya BVO, respectively, are
responsible for water allocation from the two
main rivers (Amu-Darya and Syr-Darya) within
the region. The second step constitutes water
allocation in the irrigation systems within each
state, including interstate, inter-district and inter-
farm canals. For this step, the water-related
ministries of each state, the Ministry of
Agriculture and Water Management or special
water resources committees, are responsible.

The next three steps constitute distribution at
and below the provincial level—from the province
(locally referred to as oblast) management unit
via district management unit to the farm.
Management units for provinces are called
oblvodkhozes; they distribute water further
amongst the districts (rayons). Water resources
at the district level are managed by
rayvodkhozes, which are responsible for water
delivery to all farm units. Farm management is
then responsible for distributing the water within
the farm boundaries. Generally, in all five Central
Asian states allocations follow similar steps. In
Uzbekistan, the shirkats (form of collective-
cooperative unit) are responsible for on-farm
water distribution. Private farms have to sign an
agreement on water supply with the shirkats.

There are three elements or indices of water
allocation used in Central Asia as a whole,
including the SRB. These are: irrigation water



demand (IWD), irrigation water limit (IWL) and
irrigation water supply (IWS). Each of these
elements has a water application purpose. The
IWD is calculated as demand for water, taking
into account crop type and climatic and soil
conditions. There is no guarantee that a volume
of water equaling the IWD will be supplied. It is
an optimal volume of water, calculated for a
given type of crop and the conditions of the area.
Research institutions project a mean IWD with a
long-term validity. The last calculation of the IWD
for Uzbekistan was done in the 1990s and is still
in use. Research on projecting the IWD is still
going on, but the main principle has so far
remained the same.

The IWL is the restricted amount of water to
be supplied to the irrigated area after taking in to
account the forecasted water availability of the
water source. In fact the IWL is an adjusted
IWD, taking into account the availability of water
in the source. This index was introduced at the
end of the 1980s, because of environmental
changes in the Aral Sea basin and a relatively
high deficit of water resources. The IWL, to
some extent, provides a water right for users.
The IWL is calculated seasonally for the
vegetation period (April-September) and for the
winter season (October-March) and must be
approved by the authorities at different levels: at
the interstate level by ICWC, at the state level by
the relevant Ministry, and at the provincial and
district levels by governors.

The irrigation water supply (IWS) represents
the real water supply to the user at a given time
(day, week, month, season and year). The IWS
is actually the IWL adjusted according to the real
water supply. The IWS can be higher than the
IWL (predicted water availability < actual water
availability), equal to the IWL (predicted water
availability = actual water availability), or less

than the IWL (predicted water availability >
actual water availability). The principles or
methods of determination of the IWD, the IWL
and the IWS are given next.

Technical Basis for Determining Water
Allocation Principles

As mentioned earlier, the basic water allocation
principles in Central Asia today are basically the
same as those during the Soviet era. The three
governing indices, the IWD, IWL, and IWS had
no solid documentation until the 1970s, when the
technical basis for determination of water shares
in Central Asian irrigated agriculture was worked
out. They were mostly built on the method
developed by the research institute called
Sredazgiprovodkhlopok® (1970).

According to the manual developed by
Sredazgiprovodkhlopok, the irrigated areas of the
Syr-Darya and the Amu-Darya river basins fall
into three latitude zones and five altitude zones.
Within the different climatic zones, there are
“hydrogeological” and “soil-meliorative” regions.
These regions are defined on the basis of the
conditions for groundwater recharging:

a: impression region—groundwater is not
impacting soil formation, the groundwater
outflow is secure and the groundwater
table is deep within the territory

b: discharge region—intensive inflow and a
very difficult groundwater outflow;
persistently high groundwater table,
which impacts soil formation

c: depression region—impeded inflow and
outflow of groundwater, with fluctuating
groundwater depth and regime

*Sredazgiprovodkhlopok—Central Asian research institute on cotton irrigation, which existed until 1993. It was later renamed
Uzdavmeliosuvlouiha and carried out designing of most of the irrigated projects in the Central Asian region.



To calculate the IWD for irrigated areas, nine
hydromodule districts were considered. However,
irrigated agriculture was not possible in two of
them because of the soil conditions.

Calculation of Irrigation Water Demand
(Crop Water Requirement)

The demand for irrigation water was calculated
for the vegetation period (April-September) and
the non-vegetation period (October-March).
During the vegetation period demand on
irrigation water was calculated using equation 1:

M = 10xK1xK2x(E-O) (1)

where:

M = crop water requirement (m®/ha)

E = potential evaporation from April to
September (mm)

O = precipitation for the same period (mm)

K1 = coefficient, related to the type of crop

K2 = coefficient, related to the hydrogeological

and soil-meliorative conditions of
irrigated areas

In equation 1, the monthly mean of E and O
are determined through the formula developed by
N. N. lvanov (Sredazgiprovodkhlopok 1970).

E = 0.0018x0.8x (25+t) >x(100-a) 2)
where:

E = potential evapotranspiration (mm)

t = monthly average of air temperature (°C)
a = monthly average of humidity (%)

The means of K1 and K2 coefficients were
calculated by a series of experiments for each
zone by researchers (this was done in tabular
format, but due to size restrictions they are not
presented here). The monthly irrigation water
demand was calculated through equation 3 using
the climatic data from all of the hydromodule
districts. However, it does not include the losses
from the irrigation system nor is it considered a

field-level IWD. The demand of the irrigation
system on water should include the losses (50 to
75% of calculated water demand) during the
delivery from head to intakes.

IWD = M/h 3)
where:

IWD = irrigation water demand (m*ha or m%
M = crop water requirement (m*ha or m®)
h = delivery efficiency (portion of water

reaching the irrigation system)

Calculation of the Irrigation Water Limit
(IWL)

There are no clearly defined methods for the IWL
calculation, and the method used by water
managing entities depends on the forecasted
water availability in the river or other water
sources. However, there are two basic methods
for the calculation of water limits. The first
method is based on the determination of the
coefficient of water availability by comparing the
water volume of a river or other water source
with the IWD. The second method is based on
the comparison of potential irrigated areas with
cultivated irrigated areas.

Method one—comparison of the water volume of a
river or other water sources with IWD:

K, = W h/WD (4)

where:

K,, = forecasted coefficient of water availability

W = forecasted river water volume, 75%
probability (m*/ha or m®)

IWD = irrigation water demand (m*ha or m’)

h = delivery efficiency (amount of water

reaching the irrigation system)

If the mean of K < 1, limited water would be
supplied to the area. K, determines the IWL of
each irrigation system and the principle for all
areas:



Limit = IWD K, (5)
where:
Limit = IWL (m%ha or m%

Method two—comparison of potential irrigated
areas with planted irrigated areas:

wir = Qr h/qir (6)
where:
wir = potential irrigated area under the

forecasted water availability of water
sources—rivers or other sources (ha)

Qr = forecasted river discharge—average
for long period, calculated from river
hydrography (m®s)

h = delivery coefficient (amount of water,
reaching the irrigation system)
qir = hydromodule discharge of irrigation

system—calculated from IWD, in liters
per second per one hectare water
supply (I/s ha)

K,o = wir/wp (7)

where:

wp = planted irrigated area (ha)

Again, if K, <1, the IWL is calculated through
equation 5.

Actual Water Distribution (IWS)

If the region is under pressure from water
shortage, the actual water supply is less than the
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demand and therefore limits have to be imposed
on the amount of irrigation water supplied. The
principles applied for the determination of the
actual water supply for irrigated agriculture are
similar to the IWL calculation. The data on
available water in the source is used as basic
information to determine the irrigation water
supply. The available water resources are
distributed among water users by the use of a
sufficiency coefficient:

Df = Wayv/ aWlimit (8)
where:
Df = coefficient, which shows water

sufficiency in the source
(<1, deficit or >1 ,more than IWL)

Wav = volume of available water in the
source (km®)
aWlimit = summarized volume of the limits of

the different water users of the
irrigation system (km?)

The irrigation water supply of each water
user is determined by the equation given below:

IWS, = Limit Df (9)

where:

IWS, = irrigation water supplies for water
user i

Limit, = Limit of water user i



Assessment of Performance in the Syr-Darya Basin

The Water-Saving Competition
Sponsored by the World Bank/IWMI

The water-saving competition was initiated as
part of the Global Environment Facility’s (GEF’s)
water and environmental management project,
which combined the need to increase productivity
of irrigation water under the increasingly
worsening conditions of water scarcity. One
component of the project, rewarding winning
water users of the competition, was aimed at
stimulating a wider circle of water users and
involving them in water savings. The competition
monitoring was begun in 1999 and was
supported by the World Bank for two successive
crop-growing seasons till the year 2000. Its
primary strategy was to propagate the application

FIGURE 2.
Map of project locations.

Aral Sea

Kazakstan

of inexpensive technical and managerial methods
and measures to save water by users
themselves (GEFPA et al. 2000).

Various groups of water users and water
supplying organizations (collective farms, farmers
and WUAs) participated in the competition. In
total, some 144 water-savings initiatives (different
measures for reduction of water use in
agriculture) participated in the competition. All
together, 30 district water management
organizations (DWMOs), 8 WUAs, 58 collective-
cooperative farms (CCFs) and 61 private-peasant
farms (PPFs) from 8 provinces in the Aral Sea
basin took part in the water-saving competition
(figure 2). In the water productivity analysis, only
the water management institutions located in the
SRB were taken into account. These were: 24
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DWMOs, 8 WUAs, 43 CCFs and 47 PPFs from
the 6 provinces (2 from Kyrgyzstan, 1 from
Tajikistan and Uzbekistan and 2 from
Kazakhstan) of the 4 states of the SRB. Head,
tail and middle reaches of the SRB were
represented by an equal number of provinces
(2 provinces in each reach). Table 1 and figure 2
present the location of the project provinces
within the SRB and the Central Asian region.
Most significant in this competition was the
fact that water-savings approaches by water
users were not experiments “forced from top
down by officials,” but actual and concrete
practices and measures undertaken by
participants themselves. During the competition it
became evident, that some demonstrated water-
saving practices that existed before the
competition. Self-monitoring of water use and
productivity by the participants themselves
remained the key strategy. Competitions were
organized within the province level and by the
type of participants (DWMOs, WUAs, CCFs and
PPFs). There was no competition among the
same type of management institutions within the
same region (whole SRB or Aral Sea Basin or
interstate level). This was mainly due to the
political reasons (the questions of “who is using
water more economically” or “who is conserving
more water?”). The payoff to land ($/ha), payoff
to water ($/1000m®) and payoff to investments
($/$) were the indicators used for selecting the
winners. There were two prizes (1 and 2) for
DWMOs and WUAs and three prizes for CCFs
and PPFs within each province. However, during
year 2001, the World Bank decided to withdraw
its support for the competitions. Though the
participants of the competitions kept on saving
water, the competition itself was discontinued.
However, IWMI together with SIC-ICWC
decided to build on the previous work and
continue to strengthen the monitoring of water-
saving practices—though on a much smaller
scale. The initiative focuses on reaching and
convincing a wider public to adopt basin-wide
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water conservation practices through the joint
adoption of the “best practices for water
conservation” project. The overarching goal of
the project is to forge a gradual change in
attitude of water users and water managers at all
levels in the hierarchy towards water as a limited
resource and prepare indicative
recommendations for policymakers regarding
irrigation water allocations within the region.

The strategy is to select the best
management institutions from the previous
competition, monitor their water use, productivity
and salinity situation and encourage other water
users through field demonstrations to conserve
water. In this process, local NGOs are to be
involved in promoting the water-savings
campaign and disseminating water conservation
results to the public at large. The selection of
best practices in the IWMI-SIC project is different
to the previous system. The number of
participants has decreased to 9 DWMOs, 8
WUAs, 15 CCFs and 19 PPFs in the 6 provinces
of the SRB. This is due to financial limitations
and the reliability of the data collected. The
project outcomes are based on general data
collection and on calculations of water
productivity. Also, the earlier competitive attitude
has changed into a more participatory approach
towards water saving. Participants of the project
(DWMOs, WUAs, CCFs and PPFs) are receiving

TABLE 1.
List of project locations.

River reach Syr-Darya basin
State Province
Upper Kyrgyzstan Osh
Djalalabad
Middle Uzbekistan Fergana
Tajikistan Sogd
Lower Kazakhstan South-Kazakhstan

Kzylorda




a guaranteed amount of money (DWMOs and
WUAs US$150; CCFs US$100 and PPFs
US$50) for submitting data on the amount of
water used, quantities of agricultural inputs,
outputs, etc. However, after discussions with the
participants in year 2001, it was concluded that
for making water-saving methods sustainable it
is crucial to have at least one prize for each type
of organization (DWMO, WUA, CCF and PPF).
In other words, according to the participants, the
competition played a key role in promoting water
savings.

There is sufficient data from the various
organizations that entered the competition to
make some estimation of the overall
performance (water delivery, crop yields and
water productivity). The following section
examines the performance in three main
dimensions: between the six different provinces
in the basin; between the different types of
participating units and between units in the head,
middle and tail of each province.

Research Methods

The monitoring of the competition was carried
out by trained field observers for agricultural
enterprises (one for each CCF or PPF) and by
district observers for water management
organizations (one observer for each DWMO).
The field and district observers were trained at
three special training workshops on data
collection procedures.

The observers conducted the following
observations in the fields/farms/WMOs:

1. monitoring of the crop development/
yields—planting dates, type of seeds,
cultivations, crop development stages,
stresses in crop development, diseases,
harvesting and crop yield determination

2. water accounting/balance monitoring—
pre- and post-sowing irrigations, inflow-

outflow discharges (hourly), drainage
inflow, soil moisture check three days
prior to irrigation and three days after
irrigation, groundwater level (daily
monitoring)

3. agro-economic monitoring of crop
growing and associated expenses—
agricultural practices, applied with dates,
amounts, expenses for such practices,
water conservation practices and
expenses for application, fertilizer/
pesticide/herbicide applied, dates and
expenses, etc.

4. monitoring of salt balance—salt content
of irrigation, drainage and groundwater
and soil salt content

The quality of the recorded data was
regularly checked on site. The water
measurement was performed using measurement
devices. The devices were installed at the inlet
and outlet of each sample field, farm and
irrigation system/canal. The observers/monitors
recorded the readings and monitored the
irrigation schedule accordingly. During irrigation,
the observers took hourly records of water depth
or discharge. Records were logged into a special
monitoring form developed by the SIC-ICWC
research team.

Observers/monitors collecting the data on
yields were properly trained on how to determine
the crop yield. Cotton yield in Syr-Darya is the
average weight of cotton (in tons) that is
harvested from the field. This very definition is
more of a “seed cotton yield” than of the refined
or final product-related yield (lint). Data collection
for sample fields was carried out using the
square method. Ten squares of 1 m* were
selected in the diagonals of the sample field. In
each square cotton was picked and measured.
The average yield per hectare was calculated
from the average square yield. In addition to the
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field data, the crop statistics per farm and
districts were collected.

The database on the project was
developed in MS Access and MS Excel. For
the analysis in the paper, data from this
database is used—extracts from the database
are given in the annex.

Water Delivery Performance

The average demand for the entire area in
year 2000 was 1,189 mm (1 mm = 10 m*/ha)
for the April-October period. The IWL, based
on an early assessment of water availability,
was slightly higher at 1,220 mm, but the actual
water deliveries only averaged 913 mm. Table
2 shows that there are very large differences in
the demand calculated for the different
provinces. This reflects the combination of
temperature, cropping pattern and soil/salinity
conditions used in determining what the crop
water requirements are. Four of the six
provinces requested less than 750 mm—Sogd
had a demand of 1,421 mm, while Kzylorda
requested 2,537 mm, much of which was for
leaching of salts. In so far as the demand is
based on an agreed set of calculations, there
is no dispute that this is an unfair distribution
of water.

The IWL for the three upper provinces was
lower than the IWD, but was higher in the

TABLE 2.

lower three provinces. This reflects the
hydrologic topology of the basin—the lower three
areas get water from more than one tributary
valley of the basin, while the upper three
provinces are all served from a single branch of
the Syr-Darya.

However, the IWS was lower, as was the
IWD and the IWL in all locations except in south
Kazakhstan where supply exceeded the initial
demand. This reflects on both the overall
availability of water and the efforts by the
competing units to use less water than in the
past.

The average supply was approximately 70
percent of the IWL except for Fergana, which
received 90 percent of the IWL but still received
the lowest average supply. This indicates that
there is considerable control over water at
province level, which reflects the degree of
coordination among the different countries and
administrative units in the basin.

In terms of location within each province
there are some significant differences in water
distribution between head, middle and tail units
(table 3). Overall, tail-end units tend to get more
water than head- or middle-end units,
irrespective of whether they are large rayons,
intermediate cooperative farms or small private
farms. This reflects a deliberate effort to avoid
wasting water at the head end of a province and
making sure that water is distributed as fairly as
possible. This policy appears to be too severe,

Average water delivery within each province for the year 2000 (mm/season).

Djalalabad Osh Fergana Sogd South Kazakhstan Kzylorda Average
Demand 696 741 644 1,421 499 2,537 1,189
Limit 696 702 525 1,519 863 2,576 1,220
Supply 480 584 464 1,078 576 1,933 913
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TABLE 3.

Water deliveries to different types of units and different locations for the year 2000 (mm/season).

Location CCF PPF DWMO WUA Average
Head 986 498 934 483 831
Middle 862 949 1,123 482 961
Tail 1,883 870 1,122 782 974
Average 966 831 1,080 525 913

with quite large increases in deliveries to tail-end
areas where waterlogging is more likely to
develop. Table 3 also shows that, as expected,
large units have higher supplies than small ones,
presumably to compensate for losses within the
area being irrigated. Rayons get about 11
percent more water per unit area than
cooperative farms and 30 percent more than
small private farms.

Cropping Patterns

For the purposes of the water-saving competition,
the focus is on the productivity of the three major
crops (cotton, wheat and rice). While there are
several other crops, their area is less significant
and does not significantly affect values.

The basin is dominated by cotton, which
accounts for 55 percent of the three major crops
(table 4). It is grown in all provinces except
Kzylorda, although the amount in the Osh
province is much lower than in the others. There
is a general increase in the importance of cotton
towards the north of the basin.

Wheat is the second-most favored crop,
covering nearly 30 percent of the area. It cannot
be grown at the same time as cotton because
cotton planting has to be completed before
wheat can be harvested. As a result many units
adopt a two-year rotation system, planting wheat
after cotton and leaving the field fallow, planting
maize or another short-growing crop after the

wheat has been harvested. Wheat is more
important in upper parts of the basin where the
climatic conditions are more favorable due to
greater winter rain. Rice dominates Kzylorda,
covering 81 percent of the reported area, but is
insignificant elsewhere.

Yields

Yields of cotton average around 2.9 t/ha,
generally higher in the upper parts of the basin,
and decline towards the tail (table 5). Fergana
gets the highest average yields (3.4 t/ha) while
south Kazakhstan averages just under 2.0 t/ha
even though it has by far the largest area under
cotton in the basin.

Wheat yields are very similar. They average
2.8 t/ha throughout the basin, with Sogd getting
the highest average yields of 4.1 t/ha. Both tail-
end provinces get low wheat yields—2.0 t/ha in
south Kazakhstan and 0.9 t/ha in Kzylorda.
These low yields reflect high summer
temperatures and widespread salinity, and it is
questionable whether the nearly 40,000 ha in
these two provinces should really be growing
wheat at all.

Table 6 presents information on salinity in
the project locations. In the tail reach (Kzylorda)
100 percent of the irrigated area is moderately or
highly saline. In the upper reach (Osh and
Djalalabad) only 2.3-5.0 percent of the irrigated
land is saline.
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TABLE 4.

Total area of major crops by province and type of unit for year 2000 (ha).

Type of water Crop  Djalalabad Osh Fergana Sogd South Kzylorda Total

users Kazakhstan

Collective/ Cotton 274 71 6,905 5,739 5,901 18,890

cooperative
Wheat 575 66 4,018 1,794 985 2,910 10,348
Rice 8 323 300 10,345 10,976

Private Cotton 37 18 276 68 63 462
Wheat 63 23 188 23 420 716
Rice 1 900 901

Rayon Cotton 18,040 10,728 30,755 25,633 124,600 209,756
Wheat 16,707 25,954 19,934 7,296 22,172 11,953 104,016
Rice 2,000 54,481 56,481

WUA Cotton 1,585 948 1,900 4,433
Wheat 2,252 3,235 15 5,502
Rice

Total cotton 19,936 11,765 37,936 31,440 132,464 233,541

Total wheat 19,597 29,278 24,140 9,113 23,172 15,283 120,582

Total rice 8 1 323 2,300 65,726 68,358

TABLE 5.

Cotton, wheat and rice yields in provinces (t/ha), all lands.

Crop Djalalabad Osh Fergana Sogd South Kazakhstan Kzylorda Average

Cotton 2.75 3.17 3.42 2.80 1.95 2.89

Wheat 3.48 3.83 412 2.36 2.02 0.91 2.82

Rice 1.76 2.98 3.24 2.69 4.26 3.99

TABLE 6.

Soil salinity in the project locations: percentage of total irrigated area.

Province Non-saline Moderately saline Highly saline

Kzylorda 0 68.1 32.9

South Kazakhstan 32.3 39.2 28.6

Djalalabad 95 4.5 0.5

Osh 97.7 1.8 0.5

Sogd 62.1 33.0 4.9

Fergana 42.3 36.6 211
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Rice yields in Kzylorda average 4.3 t/ha.
Other provinces grow little or no rice and
comparison is meaningless.

From the perspective of unit location within
a province (table 7) there are no significant
differences.

However, the type of unit does have an
impact on yields. Private farmers almost always
get better yields than cooperative farms, except
for wheat, where cooperatives do a little better.

The interpretation of these differences is
not simple. Private farmers are not always free
to make cropping choices (private referring
more to land ownership than to freedom from
state policies) and do not have access to inputs
from the market. Cooperatives can get inputs
from the state sector, which vary in reliability
among the different countries. Nevertheless, the

FIGURE 3.
Relationship of cotton yields to type and size of unit.

implication is that private land is farmed more
productively.

These differences cannot be attributed to the

size of holding. Figures 3 and 4 show that for

both cotton and wheat, yields are similar for all
holdings between 6 and 6,000 ha. Rayon-level
yields are lower but as these are not production-
level units, it is not really fair to include them in
an analysis of yields in relation to size.

What figure 3 shows clearly is that wherever
salinity has been reported, yields are very low
for wheat, irrespective of the size of the unit.
Average wheat yields in the basin are 3.4 t/ha in
non-saline areas. This data again leads to the
conclusion that growing wheat in these saline
areas is a waste of water and most clearly in
Kzylorda where almost all areas are saline.
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FIGURE 4.
Relationship of wheat yields to type and size of unit.
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In non-saline areas, rayons perform less
well. Private cotton farmers outperform
cooperative cotton farmers but cooperative wheat
farmers outperform private wheat farmers.

Productivity of Land

Productivity of land has been calculated in terms
of gross value of production in US$ per hectare
on the basis of the three major crops combined
and using the standard gross value of product
(SGVP) approach to standardize prices.

The average productivity of land is US$736,
ranging from US$524 in Djalalabad province, the
headmost part of the basin, to US$1,076 in
Fergana valley (table 8). These province-based
differences may reflect not only actual
productivity but also the variation in prices and
exchange rates in different countries.
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Productivity by type of unit shows the same
pattern as for yields. Private farms do best in
every province, averaging US$938 per hectare,
cooperative farms average US$714 per hectare,
while rayons do worst in every province,
averaging only US$511 per hectare.

Somewhat unexpectedly, however, there is a
significant impact of location on productivity of
land. Average productivity of tail-end farms is
nearly US$1000 per hectare, while head-end farms
only gross slightly over US$600 per hectare (table
9). Given that yields are not significantly different
by location, it suggests that the cropping mix is
more profitable in tail-end locations.

Salinity has an effect on the productivity of
land. In the higher and middle reaches this effect
is not much, but in lower reaches it is serious
(tables 9 and 10). This means that although
wheat produces almost no real value for farmers,
rice does, and due to this they continue to



TABLE 7.

Cotton, wheat and rice yields by location, all lands (t/ha).

Crop Head Middle Tail Total
Cotton 2.81 2.94 2.90 2.89
Wheat 2.82 2.90 2.61 2.82
Rice 4.09 3.71 4.48 3.99
TABLE 8.

Productivity of land by province and type of unit, all lands (US$/ha).

Type Djalalabad Osh Fergana Sogd South Kazakhstan  Kzylorda Average
CCF 452 710 1,031 916 599 552 714
PPF 608 763 1,208 1,251 1,475 725 938
DWMO 378 452 842 436 591 452 511
WUA 670 615 642
Total 524 656 1076 877 791 577 736
TABLE 9.

Productivity of land by province and location in province, all lands (US$/ha).

Location Djalalabad Osh Fergana Sogd SouthKazakhstan Kzylorda Average
Head 435 470 1,013 868 642 541 613
Middle 615 880 1,011 873 722 539 764
Tail 605 1,315 893 1,584 719 955
Total 524 656 1,076 877 791 577 736
TABLE 10.

Productivity of land by province and type of unit, non-saline land (US$/ha).

Type Djalalabad Osh Fergana Sogd  South Kazakhstan Average
CCF 515 710 1,054 916 599 786
PPF 608 763 1,208 1,251 1,475 1,003
DWMO 425 452 1,008 436 591 522
WUA 763 615 674
Total 567 656 1,139 877 791 807
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cultivate the saline lands in Kzylorda and can
gross US$577 per hectare on average.

Productivity of Water

The final performance indicator is the value of
water. This also uses the standard gross value
of product (SGVP) approach to generate gross
farm income, and considers the volume delivered
to the head of each unit. The results show quite
large differences that are important for assessing
water management strategies.

The average productivity of water in the Syr-
Darya basin is US$0.11/m°. Three provinces
perform more or less at the average level.
Fergana and south Kazakhstan are significantly
higher at US$0.20 and US$0.16/m°, while
Kzylorda manages only US$0.03/m’ (table 11).
This reflects the huge water deliveries to this
area for salinity amelioration.

If we ignore the data from Kzylorda, the
overall basin-level productivity rises up to
US$0.14/m’, indicating that water use in non-
saline areas is roughly five times more
productive than in saline areas (table 12).

In terms of farm type, a similar trend to the
one seen in land productivity is evident. Rayons
have the lowest water productivity while private
farms slightly outperform cooperative farms.
However, it is only in the two tail-most provinces
that private farms have any noticeable
improvement over cooperatives.

However, from all the data it appears that
farm size does have some influence on water
productivity. In private farms, water productivity is
much higher for larger farms than for smaller
ones. The reason for this is not immediately
clear, but one possibility is that on larger farms
there is greater opportunity for reuse, so less
water flows into drains and into other
unproductive uses.

20

In terms of location within a province there is
no clear trend. This suggests that there is no
overall influence that merits managerial attention
(table 13).

Institutional Implications for Improving
Water Productivity

The water users and managers in the Syr-Darya
river basin are faced with the challenges posed
by the transition to a market economy. For
managers, decaying water delivery infrastructure,
unavailability of funds for proper O&M of the
infrastructure, poor salary levels, etc., are the
main constraints to efficient management of
water resources. The sanction and reward
mechanisms for water managers do not generate
enough motivation for improving irrigation-system
performance. Once water is diverted and
delivered to the off-takes, the responsibility of the
canal managers ends. Any attempt to improve
the productivity of water, except physical
improvements and rehabilitation of the system
would, therefore, have no major and sustained
impacts on the current methods of water
management at the higher levels of the system.
The water-saving competition has provided
temporary incentives for canal managers by
offering an opportunity to win a prize and earn
recognition for better performance. The
competing WMOs have mostly introduced
managerial measures like rotation of canals,
fixing water turns for farms and promoting night
irrigation among farmers. These attempts are,
however, unlikely to be sustained when the
competition is withdrawn. Therefore, any serious
attempt to improve water productivity should
focus on bringing about institutional changes,
which link water performance of the canal
managers with the sanction and reward
mechanisms.



TABLE 11.

Productivity of water by province and type of unit, all lands (US$/m?).

Type Djalalabad Osh Fergana Sogd SouthKazakhstan Kzylorda Average
CCF 0.12 0.12 0.21 0.10 0.15 0.03 0.11
PPF 0.10 0.11 0.23 0.16 0.22 0.04 0.14
DWMO 0.05 0.06 0.13 0.03 0.14 0.02 0.06
WUA 0.13 0.09 0.1
Total 0.10 0.10 0.20 0.10 0.16 0.03 0.11
TABLE 12.

Productivity of water by province and type of unit, non-saline lands (US$/m?3).

Type Djalalabad Osh Fergana Sogd South Kazakhstan Average
CCF 0.12 0.12 0.22 0.10 0.15 0.15
PPF 0.10 0.1 0.23 0.16 0.22 0.17
DWMO 0.06 0.06 0.14 0.03 0.14 0.08
WUA 0.16 0.09 0.12
Total 0.1 0.10 0.22 0.10 0.16 0.14
TABLE 13.

Productivity of water by province and location in province, non-saline lands (US$/m?).

Location Djalalabad Osh Fergana Sogd South Kazakhstan Average
Head 0.09 0.07 0.27 0.09 0.19 0.12
Middle 0.14 0.13 0.17 0.10 0.15 0.14

Tail 0.10 0.30 0.10 0.13 0.18
Total 0.1 0.10 0.22 0.10 0.16 0.14

For the farmers, however, there are more
incentives than for canal managers. The water is
provided in limited amounts and often less than
the required quantity. Therefore, there is a
theoretical incentive to conserve water. However,
the profits of farmers depend more on the prices
of non-water inputs and the functioning of the
markets. In Uzbekistan, for example, farmers in
many areas are forced to grow cotton due to the

state order system. The state provides
subsidized inputs for cotton cultivation and
purchases the produce at a set price, which is
far below the cost of production—so much so
that in certain parts of the country farmers are
not motivated to pick their own cotton and the
state has to send students and state employees
to pick it. Even if the farmer produces excess
cotton, the state is the only buyer. Thus, farmers
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do not recover even the cost of production. In
some of the other states, for example, in
Kazakhstan, farmers are relatively free in making
marketing decisions.

The political economics of water pricing
suggests that water prices do not form a
significantly sufficient part of the production costs
to be an effective instrument for water
conservation. Technological interventions for
significantly improving water productivity at farm
level, such as drip and trickle irrigation, are too
expensive for farmers to switch over from
flooding and furrow irrigation. Therefore, in the
absence of effective market instruments and
appropriate technologies, the only way to
improve water productivity is to provide water in

Conclusions

The Water-saving Competition

The water-saving competition among different
types of water management agencies in the Syr-
Darya basin has proved to be a valuable activity.
It appears to have sparked an interest in the
issue of trying to be more water efficient, and it
is encouraging that, despite the current lack of
financial incentives, the number of participants
remains high.

A second significant element of the water-
saving competition is that it has started to
develop an important database. Prior to the
competition there was little access to information
about water use at different levels in the basin.
The current data set, now in its third year, allows
similar methodologies to be adopted in over a
hundred different units in four separate countries.
It has potential to be applied in other, larger and
water-scarce basins to promote transparent
exchange of information.
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limited amounts to the users, and let them fine-
tune their management practices in view of the
limited availability. Therefore, more emphasis
needs to be placed on institutional interventions
like improving water allocation methods and
enforcing effective water rights at all levels of
water management.

A comparison of the water performance of
the Syr-Darya irrigation system with other
irrigation systems in Asia (table 14) shows
considerable possibility to conserve/save
available water. However, high productivity per
evapotranspiration in all reaches of the Syr-
Darya shows high reuse of the return flows from
irrigated areas in the upper reach, which makes
water conservation efforts very difficult.

The data is not without problems. Large
areas of all units are either in private holdings or
left fallow and there is no way of distinguishing
between water deliveries to the main crops and
to the extensive area of “other” crops. This
problem has been addressed in the 2001 season
and will make it easier to determine the true
productivity of the different major crops.

Comparison of Performance Within the
Basin

The performance data from the different locations
show, as can be expected, a considerable
variation in performance from one location to the
next.

The unit-size analysis suggests that smaller
units are more productive than larger ones. This
is certainly true when comparing data from
rayons to both collective/cooperative and private
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units, but there is much less difference in
performance levels between collective/
cooperative and private units. Yields are more or
less the same and land and water productivity
show slightly better performance in privately
operated units but is not significant. In terms of
water productivity, larger private farms seem to
do better than smaller ones, suggesting better
opportunities for re-use of drainage water within
the farm boundaries, but again the differences
are not significant.

We cannot therefore make any direct
recommendation about the size or ownership of
different units—believing that state policies
towards inputs and outputs are probably more
influential.

The other major influence is the environmental
variation in the basin and most notably the
influence of salinity on performance. By all criteria,
Kzylorda province in Kazakhstan performs less
well than any other province and it is only because
rice prices are roughly double than those of wheat
that performance based on value produced per
hectare are comparable. Productivity of land is
below average, but productivity of water is
unacceptably low, even allowing for leaching and
other soil amelioration practices.

One final observation is that there is no clear
head-tail trend within provinces. This speaks well
for the process of allocation and delivery of
water between units, and indeed represents a
deliberate policy in some countries to minimize
head-end water use so as to allow more water to
tail areas.

Comparison of Performance with Other
Regions

In comparison with several systems from India,
Pakistan and other areas of South Asia, the
Central Asian data is neither better nor worse on
average. This indicates that there is nothing
exceptional about the water management
conditions in the area: the motivation to improve
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water management comes because the Aral Sea
is drying up.

The comparison with India is least favorable
because yields in India are better than those
from Central Asia, but are generally much more
favorable than for Pakistan, where the data
comes from an area subject to some salinity.
Comparison with Sri Lankan data is more
complicated, because of the greater overall water
availability in Sri Lanka from rain and irrigation.
Central Asia, in this context, performs much
better from the perspective of water productivity
from available water, but obtains similar values
for productivity of depleted water.

Agriculture and the Environment

The desiccation of the Aral Sea dominates the
issue of water productivity, water saving and
water allocation between sectors in the Syr-
Darya basin. Although the performance data
presented here cannot give a hard and fast
answers to policy makers, it does provide a
clearer basis for making water-allocation
decisions.

The most obvious issue is the nature and
type of water use in Kazakhstan, particularly in
saline areas. Within Kzylorda province there are
six rayons that have a total arable area of
132,000 ha, of which 55,000 ha are in rice
production and another 11,000 ha in wheat (the
remainder are either fallow or are farmed
individually). The average income in these six
rayons is US$450/ha, while the average water
productivity is US$0.02/m°. Although on average
the production of rice from these rayons is
almost 4 t/ha, amounting to a total annual
production of 220,000 tons of rice, they receive
almost 2000 mm/year of irrigation deliveries—
some 2.64 km® of water. While some of this
water returns to the Syr-Darya as drainage
(albeit saline drainage) it has to be compared
with the needs of the Aral Sea and the
ecological value of this water.



In 1999-2000 a total of 2.8 km® of water
reached the Aral Sea, while 21.57 km® was
withdrawn—Kazakhstan diverted 8.2 km® of this.
If at least some of the saline rice producing
areas in the Syr-Darya basin are taken out of
production it would be possible to double the
flows into the Aral Sea. The net cost of taking
out of production the six rayons in the study
would be less than US$30 million in terms of the
gross value of production of cotton and wheat,
but would presumably have a far higher value for
the Aral Sea.

Upper areas in the Syr-Darya basin should
become more water efficient and thereby

conserve more water. However, at the same time
there is a danger that the conserved water might
be used to increase the irrigated area. If this
happens production will increase because water
is used more effectively, but it will not result in
water savings that can be transferred to the Aral
Sea. The data from the water-saving competition
does not provide us with an opportunity to
determine whether the water saved as a result of
management improvements is turned into an
actual saving. The risk to the Syr-Darya basin is
that upstream savings will merely mean more
water for downstream irrigators and not for the
Aral Sea.
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TABLE 2.

Cropping intensity for district water management units (Rayvodkhozes), collective/cooperative farms and private/peasant

farms.

Competitor ID number Type of competitor Cropping intensity
41 R 93.39
49 R 59.16
52 R 100
57 R 100
62 R 100
64 R 100
69 R 100
79 R 100
82 R 100
85 R 100
79 R 100
82 R 100
85 R 100

110 R 100
117 R 100
122 R 100
1 R 100
12 R 95.30
15 R 100
16 R 100
19 R 100
22 R 100
25 R 100
32 R 100
35 R 100
44 C 100
53 C 30.3
58 C 100
65 (] 100
66 C 100
67 (] 100
72 C 100
80 C 100
81 C 100
84 C 100
86 C 100
87 C 100
88 C 100
111 C 100

continued
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TABLE 2.
Continued.

36

Competitor ID number

Type of competitor

Cropping intensity

112 C 100
113 C 100
118 C 99.7
119 C 100
123 C 100
124 C 100
125 C 100
2 C 100
3 C 100
9 C 100
10 C 100
11 C 87.5
13 C 78.5
17 C 100
18 C 100
20 C 100
21 C 100
23 C 100
26 C 100
29 C 100
30 C 100
33 C 100
34 C 75.7
36 C 100
37 C 100
45 P 100
46 P 100
51 P 100
54 P 100
55 P 100
56 P 100
59 P 80.39
60 P 100
61 P 100
63 P 92
45 P 100
46 P 100
51 P 100
54 P 100

continued



TABLE 2.

Continued.

Competitor ID number Type of competitor Cropping intensity
55 P 100
56 P 100
59 P 80.39
60 P 100
61 P 100
63 P 92
73 P 100
74 P 100
75 P 103.43
76 P 0
77 P 0
78 P 0
90 P 100
91 P 100
92 P 120
93 P
114 P 100
115 P 100
116 P 100
120 P 100
121 P 100
126 P 100
127 P 100
128 P 100
129 P 100

4 P 100
5 P 100
6 P 100
7 P 100
8 P 100
14 P 100
24 P 100
31 P 100
38 P 100
39 P 100
Note:

District water management unit
Collective/cooperative farms
Private/peasant farms

37



panuiuod

9L 8l e LL G8 65€ M 89
091 59 74 00t o} 19
1 ZA" (114 (44 ve ove o 929
o} € S 2 SS 00} o} S9
LeL've G20°L 000°L L10°L 0ee’lL €€S‘S 2€0've d 9
€ g8 qch d €9
L9Y'S 006 000°L €21 cL 026°L 09L‘e z6LCL d 29
9 X4 X4 LL S99 d 19
0 c 3 8 48 d 09
0 44 9 coL d 65
[4:18 118 0S 14 8Le G.S o) 85
129V 90L°L €61°L 08lL‘e LS1°L €989l d A}
S S d 9g
oL v'oL d i}
G'q G'q d 4]
8 ¥4 1’66 o] €5
0696 vev'L v8L'e &) Le‘Le d (4]
6 €9 €'GL d 1S
9 00l 08 096 08y 929°L M 0S
oL8 192°L 969 0182 62261 d 6V
d 214
d VA4
S S 8 6 yx4 d 14
43 x4 L'S d 14
k14 (VA 9Ll o 144
9EY (4118 vi oey 81 000} M 114
G986 ocl 14 voe Sv8‘L 0Sv 622'€ M (44
Lev‘oe 860°L SLO‘EL 816, eSSy d 874

qn

2510 Te]) mm_nwa0m0> SOUIA spJeyaiQ 02%eqo] ojelod | Jamopuns Chlic] azie|\ autLdnT jeaym uonod AN—._V ‘.Ou_awn—.:oo Jaquinu | yoeay

eale pajebiu| jo adA Jomadwo)n
(ey) usened doin

'susajied doto uo eleQq

‘eg 31avl

38



panulijuod

1] [4 92 S St 141 1[54 902 o] (495
602 [44 [4:]8 L vey 000°L 8ve‘C o] LEL
186 026 208 962 0.e v0L'S 5986 6've ] oLl

d €6

1 S S d 26

I [ [ 8 ok €2 d 16

S St €5 €L d 06

o) 68

;141 92 0S el [44 169 280°L o] 88

(44 44 9L 961 06.°L L1182 o) 18

844 0S0°L L6v°L o] 98

202°0L V.9 €ze'8 9.2t 6816 691°0€ ] S8

[+ Vel 0se 96 08t 6202 o] 8

o) €8

oYL 788 9802 0zeY (T8 08191 ] 28

84 0L 60€ €1e (45} zeee o] 18

(VAN 18 601 €61 0z8‘L €29' o] 08

929°¢ 122 L2E°L 8922 004} v9e'8 009°€2 ] 6.

dHiN

ol d 8.

8 d yyA

62 d 9.

3 8 9 S d 72

€e v €9l d v

ov 14 (114 S6 d €L

S SLE S G611 o) cL

[4:18 09 r44 08 000°L 0SS 862°C M |92

9L 8I 0C 8.1 SLLL 056 LIv'2 M 0L

avL'e Syl 19¢ see'lL 00€‘9 LvE‘oL 00622 ] 69

s19yl0 | salqerabap SauIA | spieysalQ 029e(0] ojelod | Jamopung 201y aziep ausaanT 1eaym uonod (ey) Jomadwod | saquinu | | yoeay
eale pajebl| j0 adAL Jomadwo)
(ey) usened doip
‘penuiuo)

‘e 31avl

39



panuiuoo

6¥0°C 002 00¢g 22 [Z:1" 59¢'8 zoe 009°6 00v‘'y Lv'Le H zL
oLt 00} (1] o (1[0} 4 o} L
8. 001 002 oLL 88% fo) oL
00€ (1148 ocl 09S o} 6
[ 0S 2s d 8
0e 6v 0LL szl 001 viv d L
0S 0S d 9
0S oL o€l 0S 0L oLe d S
€ 0z oze St oLL 86€ d v
201 202 002 001 609 b} €
289 vyl 0ze’L oey 088°‘€ fo} [ 1
150°L 89€‘9 1214 160 61 005‘8 16C ovs‘L 1812 0282 4 3
Sv 29l 202 d 621
S'g L 59l d 8zl
v S 6 d 21
S'9 S SLL d 9zl
€29 6 %7 6% 9 Sev 199 zoz'e fo) sl
808 1] 651 861 o 052 Pr0°L 600 o} 1448
L18 L LSt 62 szl 219 506 656 fo) €2zl
6599 152 9€0°c €96 6€0°L 0L€°2 062°L1 v19‘0€ H (44"
[47 ozl 29l d X9}
4 Sl L 9l oy d ozl
0.9 ovl S [} €v9 02t ovLe fo} 6LL
vyl I 8y S 9l 0zs 552 eyl fo} 8L
vee'y €Sl 62v°L 9z¢e 166 098°‘9 009°6 685°€C H LLL
4 vl 144 09 d 9Ll
L v 00l 58 002 d SLL
3 € I S ol d viL
s0€ [ Syl S 9.¥ 08. €LLL fo) €L
SIBYl10 mw_nmuwmw> SQUIA spJeya.10 0d3%eqo| ojelod Jamojjung 901 azie|\ auiaonT leaym uonol Am_._v hO.._quEOu daquinu qj yoeay
eaJe pajebu| j0 adAL Jomadwod
‘penunuon
‘eg J1Gv.Ll

40



uolelo0SSe Slesn Jale\y, = M

swuejjuesead/elenlld = d

swue} 8AlleIadooo/eANo8|I0) = O

jun Juswebeuew Jelem101Siq = Y

2]JON
o} o
ov ot d 6€
SL Si d :1
[4} 18 00}l | 002 o€l oSt 0ls 0ZL'L o] P2
091 148 €€ GEL 9 148 2LL'e 006°€ o 9€
0ov'e 000°S 0002 002 00S‘8 oov'e 00022 000°St ] [*1
0c 0c €9 00l 89¢ o 14
€0€ ot 0se \]¥2 002 €01C o) €€
€L9°Gl 009 251'6 00b‘LL sel'Le H [4
8 8 d £
69 0c acl 09 926 002‘L o (11
14 (48 161 : 144 o] 6¢
M 8c
S5 8L 08 Sl 006°L Lp1L'e M yx4
€8¢ 00l 0ce ve 0s 00b'v 120G o 9¢
6819 9v ooy vevL 02e'6 002°L6 eov'ieL d 14
oct 0c oyl d 144
oL 008 co0e (174 26L°L o] €e
962'C ov8 0zLL 000°€L 022, 00S 9.6've H [44
148 0S. 9l 08L°L o] ¥4
ol L 092°t 0€ 0582 o] ir4
levy 314 9/9 (11 0026 0029 G668 6LLLL d 61
ot o€ 00Z°t (27 oSt 068°L o] 18
0052 00S‘L 000°L 000°S o} Ll
61 805 9€8°CL l2v'e 0S5‘€ ove‘se H 91
6v0°C 004 00€ 089 08S‘ ¢ 090°L X414 06L°L d SI
k14 091 08¢ ovL S09 d 148
vl 69 0oL 006 006 LLLY o] €l

E2E10iTe) WO_DNa0m0> SQUIA\ spJieya.iQ 0d%eqo | ojejod | Jamopjung 90IY azie|\ auiaonT ljeaym uonod AN—._V ._Oa_..NQEOQ Jaquinu | yoeay

eale pajebli| j0 adAL Jomadwod
(ey) usened doin
‘penuiuo)

‘e 31avl

41



panunuoo

€6°0 €6°0 289l €081 €081 006‘ce d
880 880 60°€ LS°€ 1S°€ 6G¢ M
0S50 0S50 LE'L 29c 29e oot o)
€L°0 €L°0 €v'0 650 650 ove bo)
2L0 2Lo0 Lv0 590 590 001 o)
18°0 18°0 v'eLe 6'8€€ 6'8€€ zeo‘ve d
SL0 S0 90'0 80°0 80°0 2L d
18°0 18°0 568 00°LLL 00°LLL z6LCL d
(WA 120 2eo S0 St'0 59 d
090 090 €00 S0'0 S0'0 LL d
00t 00°L 80°0 80°0 80°0 zolL d
(240 (270} L1 80 80 GG o)
650 650 V98 9'Sh1L 9'Sh L €98°91 d
00°L 00°L €0°0 €00 €00 S d
00°L 00°L €0°0 €00 €00 voL d
00°L 00°L €00 €0°0 €0°0 GG d
080 080 2so 590 G590 1'S6 o)
S0 S0 €9°61L €2°002 €2°002 LveLe d
00°L 00°L €10 €L0 €L0 €GlL d
[ vLL €82l SeLL sLeL 929°L M
80 80 65°82L 6L°2SL 6L°2SL 6226l d
00°L 00°L 120 120 120 L2 d
00°'L 00°'L 00 100 100 L'S d
590 590 (WA 'L 'L oLl o)
veo LS50 LY 26 26'EL 000°L M
290 190 vLelL l2'62 l2'62 622‘c M
80 v8'0 CYRITS €1°995 €1°99S gsvsy d
(@mi wouy) (A1 wouy) L uoljjiwu L uoljjiw L uoljiw ey
Addns Aiddns (smi) Aiddns (@7 V)R] (ami Jomedwod
Ja1em uonebirial Jajyem uonebiul Jayem uonebiug Jarem uonebriag puewap eaJe pajebiu] jo adAL

aANne|ay anne|ay Jarem uonebirig

‘uonnedwod Buines-iayem uiseq Jaal eAreq-1Ag ey} ul Aiddns Jajem jo sishjeuy

‘e 3navl

42



panuiuod
1670 00'L cL8'o cL80 9680 00c d
69°0 060 8cL 0 €vio S81L°0 ol d
S.°0 00°L 886 88°6 LEL €LLL o]
S6°0 00'L vS°6 576 LOOL 902c‘L o]
.0 66°0 [4 % 4" €vl €V'8L sve‘e o)
€L°0 LO°L v'eLL 90°0Z1 S0°L€C Lv6‘ve d
2.0 .0 29070 2800 28070 S d
S9°0 S9°0 L0L'0 9S1°0 9GS0 €e d
8G°0 8S°0 6950 G260 S/6°0 €L d
290 290 86°0L LEOL LE9L 280°L o]
v.l'0 .0 GG'9€ 89°61 89°6Y L.€C o]
€L €L 62°8€ co've co've L6v‘L o]
¥6°0 8.0 G.°8VvS 9t°c0L c8S 69L‘0¢€ d
S0 S0 €6°L1L LO€E L°€€ Gl0‘C o]
8.0 €90 9681 €0€ €ve 08L‘91L d
(4 ) cv'o 86°61 (WA 4 Sl ceee 2
€2°0 €20 ] 8 >4 8G°LE 8G°LE €29 o]
160 0.0 6'8LE LLYSY 9/.°/2¢ 009°‘ce H
€8°0 €80 S0°0 90°0 900 ol d
090 090 €00 S0°0 S0°0 8 d
€9°0 €90 L'o 910 9L0 62 d
¥9°0 v90 600 vio viLo Svi d
890 890 €L'0 6L0 6L0 €91 d
4 A ctv’o 620 690 690 G6 d
090 090 SL'L 16°L 16°L S61 o]
€S0 €S0 8LCcL VA: 44 l8°¢cc 862‘c M
020 040 S0k SL'StE SL'SE Liv‘e M
(ami wouy) (Ami wouy) L uolju L uoliwu L uoljiwu ey
Aiddns Aiddns (smi) Aiddns (A1) Ny (amn Jomadwod
Jarem uonebrial Jayem uonebirul J91em uonebriu Ja1em uonebrig puewap eaJe pajebiu] jJo adAL
anneay aAneay Ja)em uonebi|
‘penunuon

‘€ 3navl

43



panuiuod

6€°0 €6°0 vov SL°0S 18°8LL LLL'Y 0
850 89°0 9°GEY o9 6'8Yv.L LiLv'Le <]
02’0 09°0 20’8 LEEL vLL (0]0)74 0
290 GS'0 62°6 691 2c6°€El £:1:37 0
150 09°0 80°8 LV°EL Gcvi 09S 0
GS'L 950 (K2 8 €sc 160 S d
1474 S9°0 96°S 91’6 g€l v.iv d
8L 04’0 L'e co'e vLEL 0S d
S6°0 0.0 c6°L LELL ve's oLe d
Lv°0 €9°0 ] '8 CLL 86¢€ d
€8°0 G8°0 21 48 1691 9€°L1L 609 0
c6°0 16°0 1268 S1°86 G6°L6 088‘c 0
0.0 6.°0 €5°80S L'y v8'vecl ocL'se <]
220 ¢6°0 €€L'0 SvL0 €210 2'0C d
020 16°0 2800 60°0 AR N S 9L d
290 9.'0 €00 Sv0°0 G500 6 d
S9°0 61°0 6900 cvLo 9010 SLL d
S9°0 €8°0 cLet L9V 6581 coe‘e 0
L0 16°0 ve'sl 8102 99°Ge 600°‘c 0
29°0 6.°0 98cl ce9l 9.°02 GS6°C 0
69°0 68°0 8291l cLest 8/.'v€C rio‘oe H
€6°0 EL'L 900} 2680 G80°L 29l d
¢80 96°0 sveo GS2°0 €0 oY d
€50 €8°0 SO0k 2L L'61L (0] 74 0
8’0 clL’0 8€'S VA A CELL ver‘L o)
€2°0 10°L 90°cLL 90°0Z1 G0°L€2 685°€C H
€8°0 G6°0 €220 9820 62€°0 09 d
(ami wouy) (Ami wouy) L uoljjiu L uoljjiu LW uoljjiu ey
Aiddns Addns (smi) Alddns (Imi) nuy (amn Jomadwoo
Jayem uonebrul Jayem uonebriul Jayem uonebru] Jayem uonebru| puewap eaJle pajebii| jJo adAL
anne|dy annedy Jarem uonebiia]
‘panuiuo)
‘€ 31gvl

44



swuejjuesead/arenlld = d
suiie} ®>:§®QOOO\®>:O®__OO =0
1uNn uswabeuew Jorem 1011sIg = Y
[0JON
oY d
cce 220 810 reeo 180°0 Si d
l8°¢C 190 9G°Gl l'se ev's ocL‘L 0
X4 190 G9°CS G8°98 G6°0C 006‘c 0
ro'e 19°0 vee6l S8 vl Lve 000°St H
vo'L vo'L 6L evL evL 892 0
9€'0 29°0 €0 86°S €L €oL‘e 0
9C’L €5°0 Lse viv v°661 geL'Le H
€8°0 G6°0 G€0°0 €00 cv0°0 8 d
82°0 0S°0 90°S c0'0l St°'9 0o0z‘L 0
290 G.°0 280 L cc'L 8cc 0
€9°0 85°0 cec L 6v°clL €S°LL VA A0 M
=1 741 69°0 6€ClL 90°'81 l2°le 220‘S 0
0S°0 150 69°€ce cLS L1°2S9 corv‘iel H
68°0 cL'0 vS'€ v6't 66°€ oL d
28’0 260 c'9c 6vv'8¢ 86°LE 26L°L 0
18°0 L0 8€'V.LS 0Ss. C8'LLL 9.6'vC d
19°0 G8°0 9°0¢ 6c've €9°€E 08lL‘L 0
290 06°0 Levs 09 €218 0s8‘c 0
S6°0 08°0 vy sev 0€s 9e '8 6LL°L1L H
160 06°0 €L'es 8/1°LS 98°€S 068°L 0
290 06°0 LL°v6 2L v0L gcrlL 000‘S 0
980 66°0 8'1Le9 0€9 6L'cecL obe‘se H
69°0 280 61L°CStk G881 co'gee 062, H
220 180 Sty vL'S €591 S09 d
(ami wouy) (A1 wiouy) L uoljjiw L uoljjiu L uoljjiw ey
Addns Addns (smi) Aiddns (@RI (ami Jopedwod
Jayem uonebriul Jayem uonebriul Jayem uonebru| Jayem uonebru| puewap eaJle pajebiu| jJo adA L
anne|ay anne|ay Jarem uonebria]
‘penuiuo)

‘€ 3navl

45



panunuoo

vo'e 190 00l €960L | LLL'8L | gle'Ss | S8°0 8.0 vo'e 19°0 veeey Si8 Ve 000°St H GE
9z'L €50 00l 1929 | 89LCL | g2l8'6 | s8°0 8.0 9L €50 152 iy vv°661 sel'Le Y] [£3
050 18°0 00l 999z | ckLV | 2l8'6 | S80 8.0 050 15°0 69°€2€ eLS £1°259 zov'iet Y] [t
180 L0 00l 16622 | 620°0¢ | 00582 | S8°0 8L0 180 L0 8E'v.LS 0S. (-3 9/6vC d [£4
S6'0 080 00l 626'cc | o0L8‘6e | 6l2'Ge | 980 8L0 S6'0 080 vv'sey 0€S 9¢°8hY 6LLLL d 6L
980 660 00l 8es‘ve | 298‘ve | 00582 | S8°0 8.0 98'0 660 8'129 0€9 6L2eL ove‘'se d 9L 41
690 280 00l L8561 | 8vl‘ee | L0S‘8z | 980 8L0 690 280 6L2S1 68l z0°zee 06L°L d SL
850 890 €'G6 168°GL | 8ve‘ez | LeeLe | 980 8L0 850 890 9'Geh ov9 6'8vL L'Le d zL
020 6.0 00l 90.°2L | lev'ze | sez'se | €80 8L°0 020 620 25°80S L'vv9 v8'veL 0zL'8e ¥ L
690 680 001 81€'G | 286°G | 699°L | S8°0 8L'0 69°0 680 8291 zLest 8Lvee v19°0¢ d zel
€L°0 10°L 00l v62'L | 602°L | 6v0°0L | S8°0 8.0 €L°0 10°L 90°2LL 90°0L1 50°2€2 685°€2 d LLL
€L°0 10'L 00} ZL6'9 | 8189 | ¥0S‘6 | 580 820 €20 10'L veLt 90°0L1 50°2€2 LY6‘ve ¥] oLl
v6°0 820 00l 68L'8L | v8e'ee | L62'6L | 980 8.0 v6°0 8.0 S1°8YS 9202 285 691°0€ d 68
8L'0 €9°0 00l CLLLL | Zei'sL | 610°GL | S8°0 8.0 EYR) €9°0 5’681 €0€ £ve 08L‘9L d 28 HIN
160 020 00l €LS‘€lL | L92'6L | 888€L | 980 8.0 160 0,0 6'8LE LLYSh 9/°/2¢ 009°€2 Y] 6L
€6'0 €60 00l Sve'L | €282 | €18L | s80 8L'0 €6°0 €60 z'89l €08l €08l 00622 d 69
180 180 00l €08 | 8566 | 8566 | S8°0 8L'0 180 180 v'eLe 6'8€€ 6'8€€ 2€0°vE d +9
180 180 00l 1669 | 198 | 1,98 | S80 8L'0 180 180 5’68 LLL LLL z6LCL d 29
650 650 00l veL's | veo's | veg‘s | S8°0 8L'0 650 650 v'98 9'shlL 9'shlL €981 d 1S
SL'0 ) 00l LL0'L | 28c’e | 28€6 | S8°0 8L'0 SL'0 S0 €961 1 €2°002 €2°002 LeLe d 2s
¥8°0 ¥8°0 265 21899 | GL6°L | S16°L | S8°0 8.0 v8'0 v8°0 65°821 6125t 61°2St 62261 H 6t qn
180 v8'0 v'e6 Svb‘oL | 9sv'eh | 9svel | €80 8L0 ¥8°0 ¥8°0 9L'vly €1'99G €199 [ZTE 4 d T2

R asid | Awsuspur | ey,w | ey,w | eyjw a s TSIH | QMI WOy | M| WOl | w uojjjiw w w uoljiw ey Jomedwod | saquinu @) | ysesy

Buiddosd SMI ML ami abesany | abesany a si 7 siy) (smn uojjjiw (amn eale joadAL | somedwod
Addns Addns Addns (amn) puewap pajebiu
layem J91em la)em Hwiy la1em
uonebiul uonebul uonebLu| lajem uonebLu|
aAle|ay aAneRy uonebiu|

‘'szoyponhey/siun juswebeuew Jayem Jouisip—uiseq Joal eAleq-JAg ay) ul Alddns Jajem Jo sisAleuy

‘eg 371avl

46



v0'e 190 00l €960 | LLL'8L | 2eS | S8'0 8.0 vo'e 19°0 ve'€6t 518 vL1ve 000°S d 3
9z’L €5°0 oot 1929 | 892°CL | g2le'S | S8°0 820 9c'L €50 152 viv 661 seLiLe H [£3
0S°0 180 oot 9992 L'y | ele's | s80 820 050 180 69°€2€ [13 21259 cov'iet H se
180 120 00t 16622 | 620°0€ | 00582 | S8'0 820 180 120 8€'v.S 0SL 28LLL 9.6'vC H ze
560 080 oot 626'cc | 018'62 | 61262 | S8°0 820 560 080 vv'sey 0€S 9e'8hY 6LLLL H 61
98°0 660 oot 8es‘ve | 298'be | 00582 | S8°0 YR 98°0 66'0 8’129 0€9 6L2eL ove‘'se H 9L 41
69°0 280 001 L€G°61 | 8v.L‘€Z | 10S'8C | S8°0 8.0 69°0 280 61251 58l goeee 06°2L H Sl
850 89°0 €'66 168°GL | 8ve‘ez | Lee'Le | S8'0 EYR) 850 89°0 9'seY 0v9 6’8V L L2 [T zL
0L0 6.0 00l 90L°LL | lev'zz | see‘se | S8'0 8.0 0L0 620 25°80S [R2C) v8'veL ozL‘8e d 1
690 680 00l 81E‘S 286‘s | 699°L | 980 8.0 690 680 8'29L zLest 8/'v€C vL9‘0e d zel
€0 10°L 00l v6e‘L 602°L | 6v0‘0L | S8°0 8.0 €L°0 10°L 90'zLL 90°0LL S0'L€2 685‘€T d LLL
€0 10°L 00l z16‘9 8180 | ¥0S‘6 | S8°0 8.0 €L°0 10°L v'eLL 90°0LL S0°L€2 Lv6vC d oLL
¥60 8L'0 00l 68L‘'glL | v8z‘cz | L626L | S8°0 8.0 ¥60 8L'0 SL'8YS 9t°20L 285 69L°0¢ d G8
8.0 €90 oot CLLLL | Zel'8L | 610°GL | S8°0 820 8.0 €90 G681 €0€ £ve 08L‘9L H [£] HIN
160 00 oot €1S€L | 292°6L | 888°€L | S8°0 820 160 00 6'8LE LLYSY 9/°.2¢ 009°€e H 6.
€6°0 €6'0 00t SYe‘L €28, | €18, | S8°0 820 €6°0 €6°0 289l €08l €08l 00622 H 69
180 180 oot v€0‘8 8666 | 8966 | §8°0 820 180 180 v'eLe 6'8€€ 6'8€€ 2€0'vE H ¥9
180 180 oot 1669 2298 | 1298 | S8°0 820 180 180 5'68 LLL LLL 26.°CL H 29
650 65°0 00t veL's €98 | €98 | $8°0 YR 650 650 v'98 9'Spl 9'sL €981 H 18
S0 S0 00l LLO°L 28e‘6 | 28e‘6 | 980 YR S0 S0 €967 1 €2°002 €2°002 Lve‘Le H (1]
¥8'0 +8°0 265 1899 G16'L | SL6‘L | ¢80 8.0 ¥80 +8°0 65821 6L°2S1 61251 62261 d (12 dn
¥8'0 +8°0 v'€6 Syb‘olL | 9sveL | 9svel | €80 8.0 ¥80 ¥8'0 9L'vlY €199 €199 zSh'sy d Ly

RG] a sid Aysuaui | ey,w | eyw | ey,w asid TSI ami wouy | M wouy LW Lw uoyjiw ey Jomedwod | ssquinu @l | yoeay

Buiddosd | sMI AMI ami | obesany | obesony asiy q"siv) (Smi) uoyjiw (amn eale joadAy | somedwod
Addns Addns Addns ) puewap pajebru|
Jajem Jajem lalem puwi Jalem
uonebLul | uonebuar | uonebry Jarem uonebiu|
aAnedy aAne|py uonebiLu|
‘penunuon

‘eg 31avl

47



panuiuod

290 620 001 26€V | €256 | S20'Z | 620 920 290 620 98zt ze9l 9202 6562 ) €zl
£5°0 £8°0 001 2€8'€ | SE9V | 06LZ | 620 ) £5°0 £8°0 X =T L6l ovLT B} 611
8v'0 220 166 109°€ | 000G | 2252 | 620 ) 8v'0 20 8€'S L e ver'L B} 8Ll
SL°0 00'L 001 89.°G | 89L°G | Zv9'L | 620 920 S0 001 886 28'6 Fel GV B} €Il
660 00'L 0oL 016’2 | OL6'Z | 00€'8 | 620 920 560 00’1 v5'6 ve'6 100t 2021 ) zht
120 660 001 V10’9 | 0600 | 6¥8'Z | 60 ) 120 660 FTR ! 34! &l 8veT B} (AT T
620 920 ) 68
190 190 0oL 1010k | S00°GL | S00°'SH | 62°0 920 190 190 86°01 el el 180°L ) 88
vZ'0 v20 001 11€SL | 00602 | 00602 | 620 9,0 vL'0 vZ'0 5598 80°6 80°67 1.€2 B} 8
gL et 001 189°GZ | 21822 | 21822 | 610 920 el eIl 6288 207 207 16v°L B} o8
v50 v50 001 Iv9'8 | 806Gl | 256G | 620 920 v50 v50 €61 ro'ee 'ee 5.0 ) ve
B} €8
Zr0 Zv'0 001 G098 | LSY'0Z | ZSv°02 | 620 9.0 Zr0 Zr'0 8661 oLy oLy zeeT B} 18
€20 €20 001 €0€9 | 8658 | 8658 | 620 920 €20 €20 siee 85'1€ 85'1€ €19 ) 08
090 09°0 0oL 168G | S6.°6 | S6.6 | 620 920 09°0 090 Sl 161 161 61 ) zL
050 050 0oL GlZ'€ | 0S5'9 | 0859 | 620 9270 050 050 el 292 292 0o ) 19
€20 €20 001 26.L | 8sv'z | 8sv'z | 620 ) €20 €20 €70 650 650 ove B} 99
220 220 001 00,7 | 0059 | 0059 | 620 920 220 220 170 590 590 001 ) 69 |n
Zv'0 zv'o 0oL 166C | 960 | 960°Z | 620 920 zv'0 Zv'0 F7 80 80y S8 ) 85
080 080 €08 VEV'S | 26L°0 | 26L°9 | 620 ) 080 080 250 59°0 590 1'56 B} €5
590 590 001 121’9 | €8v'6 | €8v'6 | 820 920 590 590 120 e [ ot ) vy
ey/.n ey/,w ey/,w aM] wouy LW uoliw | w uoyw | .w uoyjiw ey Jomedwod | sequnu | | yoesy
TS asi | Ausuau | smi I ami asiy TS (@ sw) | Wi oy (sm) “mi (amn) ease joedAL | somedwod
Buiddoan abesony | obesany Aiddns (siv) Aiddns nuy puewsap | pejebu
J9ajem >_n_&=m Jajem Jajem Jajem
uonebii ioiem uonebui | uonebuyy | uonebu
P uonebrul
aAneloy

‘swiie} aAIieIad0o09/aA1}09]|09—UuISeq Janl eAreq-IAg ay) ul Aiddns Jajem Jo sisAjleuy
‘qe 319v.L

48



182 19°0 00tk €68°CL | 9v6'cT | 8¥8‘V 620 9.0 182 19°0 9G°SL VA 14 ocL‘L 0 L€
1s'e 19°0 0ol 00S‘€l | 69222 | 2LE'S | 610 9.0 1se 19°0 §9°'2S S8'98 006 o] 9€
vo'L v0'L L'SL 095‘S 9€€‘S 9€E‘S 6.0 9.'0 v0'L v0'L 6v'L el 89¢ o] ve
9€'0 190 00tk 916°L vve‘e €Le'S 6.0 9’0 9€'0 190 €0'v 86'G €0L‘e o] €€
80 0s0 00tk L1’y 0se's Gle's 6.0 9’0 8.0 0s0 90°'S 2001 002°‘L o] o€
190 SL°0 00tk 965°€ 528y LS€E‘S 6.0 9.'0 190 GL'0 280 (8 8ce o] 62
S0 690 00tk ovv'e 18S'€ LLES 6.0 9.0 140 690 6€Cl 90°8L 220'S o] 92
280 2c6°0 00tk 086°Le | 298€C | 628°9Z | 610 9.0 280 2c6°0 c'9¢ 6vv°'8¢c 26L°L o] €c
19°0 680 00tk 8Sv°LL | S8502 | 00S°8Z | 610 9.0 19°0 G680 9'0C 6c've 08L‘L o] ¥4
190 060 00} 12061 | €S0°LZ | 20S‘82 | 610 9.0 190 060 Levs 09 058 o] (174
160 060 00} 28s‘Le 125°0€ | 26v‘82 | 6170 9.0 160 06°0 €1es 8L°LS 068‘L 2 8l 1
290 060 00tk ¥S6'8L | 5602 | 00S°8Z | 610 9.0 190 060 LL'V6 LL'v0L 000°S o] Ll
6€°0 €60 G'8L veL'LL | €20CL | 66¥°82 | 610 9.0 6€°0 €6°0 v'ov G105 LY o] €l
0.0 090 G'l8 0S0°02 | Sev'ee | 00S'8Z | 610 9.0 0.0 090 co'8 LEEL oot o] L
190 SS°0 [1[1] L€0°6} | L€9'VE | S25'8Z | 6170 9.0 290 SS°0 626 691 :1:14 o] oL
LS50 090 00} 6cv'vL | ¥S0‘ve | ovb‘se | 620 9.0 190 090 80’8 LV'EL 09S o 6
€8°0 G680 00l cLo‘ee | 29.°22 | 90582 | 610 9.0 €8°0 G680 :1om 4N 16791 609 o] €
¢6°0 16°0 00tk LeL'ee | vle'se | sve'se | 620 9.0 c6°0 160 1L°68 S1'86 088‘€ o] [
S9°0 €80 00tk v0S‘S 2999 e 6.0 9.0 S9°0 €80 44" pA:R 4% 20z‘e o] 748
(WA 16°0 00tk S60°9 2029 8258 6.0 9’0 120 16°0 ve'8l 8102 600 o] velL
eu/n ey/,w ey/,w aMI wouy W uoljjiw ey Jomadwos | sequinu | | yoeey
TSI asiy | Aususiui | smi I ami asiy TSI (@ si) | WIWOU T (spm) (Im) eale joadAL | iomedwod
Buiddoin abelsany abesany Addns (I"s1y) Addns iy pajebi)
191EM Aiddns 191EM 191EM 191BM
uonebrul isjem uonebru| uonebLu| uonebru|
aAneray uonebLul
dAle|Idy
‘penuiuo)

‘ge 31avl

49



panuiuoo

L0 L0 ocL oov‘el 00v°LL 00b°LL 80 6.0 LL0 LL0 2900 1800 2800 S d 26
S9°0 590 00tk L6EY €819 €8.°9 ¥8°0 6.0 S9°0 S9°0 100 9510 9610 €c d 16
85°0 850 00tk S6LL 9ge‘el 95e‘el ¥8°0 6.0 850 850 6950 G.6°0 G160 €L d 06
€8°0 €8°0 [[]8 000°s 0009 0009 ¥8°0 6.0 €8°0 €8°0 S0°0 900 900 oL d :72
090 090 00tk 0S.°e 0se‘9 0se‘9 ¥8°0 6.0 090 090 €00 S0°0 S0°0 8 d LL
€90 €90 00tk s L1LS'S L1S'S ¥8°0 6.0 €90 €9°0 1’0 91’0 91’0 62 d 9.
90 90 Sv'eot 2029 6596 §59°6 ¥8°0 6.0 90 90 600 vi'o vio Sy d SL
890 890 00tk S16°L 9G69°LL 9G69°LL ¥8°0 6.0 890 89°0 €10 610 610 €91 d YL
4 40] 4 40] 00tk €50°€ €92°L €92°L 80 6.0 t440] 444 620 690 690 G6 d €L
S0 S0 26 008t 00t‘9 0ov‘9 ¥8°0 6.0 S0 S0 900 800 800 48 d €9
L0 L0 00tk 2889 1196 1196 80 6.0 120 12’0 2€0 S0 S0 S99 d 19
09°0 09°0 00l lz2Le SYS'v SYS'v 80 6.0 09°0 090 €0°0 S0°0 S0°0 L d 09
00°L 00°L 6€°08 €v8°L €V8°L €v8°L 80 6.0 00°L 00°L 80°0 800 800 2oL d 6S
00°L 00°L 00tk 0009 0009 0009 80 6.0 00°L 00'L €00 €0°0 €00 S d 9s 4n
00°L 00°L 00tk 588°C 688 588°C 80 6.0 00°L 00°L €00 €00 €00 oL d SS
00°L 00°L 00tk SSh's EETA SSt's v8°0 6.0 00°L 00°L €00 €00 €00 g'S d vs
00°L 00°L 00tk 8LL°L 8LL°L 8LL°L 80 6.0 00°L 00°L eo Leo Leo Vx4 d 9
00°'L 00°'L 00tk 8L0°L 810°L 810°L 80 6.0 00°L 00°L 00 00 00 LS d 14
ey/ N ey/w ey/IN (@mi wouy | IMIwosy | w uoyiw | w uoljiw | .w uoljjiw ey Jomadwod | Jaquinu Al | yoeay
TsiH | asid | Ausuau SMI M1 ami a s 1si” (@ siy) ("siy) (SMm1) 1M (amn eale joadAL | somedwod
Buiddoip abesany | obeisany Addns Aiddns Aiddns Huwyy puewap pajebii|
1aem 1a1em 191eM 191em 1ajem
uonebul | uonebrul | uoneBua | uonebi | uonebrug
dAle|Idy aAnevy

‘swey Juesead/alenud—uiseq Janu efieq-1Ag ayy ul Aiddns uajem Jo sisAjleuy

g 31gv.L

50



suwej Juesead/arenlld

Il
o

Swiie) ©AI1RI8d000/oA1108]|00)

Il
O

jun juswabeuew Jorem jouisiq = H

Yoeal s|ppIN - = dIN

yoeassoddn = yn
yoeas Jamo| = Y7
:BJON
0oL ov d 6€
zeTe 10 00L 0002k 00951 o0ov‘'s | v8°0 620 zeTe L0 810 vez0 180°0 SL d 8¢
€80 S6°0 00L SIEY G29¥ 0s2‘'s | v8°0 6.0 €80 560 G€0°0 ££0°0 2roo 8 d [T
68°0 TLo 0oL 982'se 9825€ | 00582 | ¥80 620 680 2L0 v v6'Y 66°€ oyl d ve
220 280 0oL GGEL 9618 ceeLe | v8o 620 220 180 Sty vL's €591 509 d vl
SG°L 95°0 0oL SLLze ¥S98% | 00S°LL | 80 610 §S°L 950 WL €92 160 2s d 8 1
) 590 0oL v.5CL G2E61 18v°'82 | ¥80 6.0 &) 59°0 96°S 91’6 SEL viv d L
v8'L 020 0oL 000‘cy 00v09 | 0082Z | ¥8°0 620 ve'L 020 %4 20 v 0s d 9
56°0 020 0oL 8v5‘se ¥8v9€ | €069 | ¥80 620 560 020 26°L LELL ve's oLe d S
0 €90 0oL LIEEL LELLE ‘sz | ¥8°0 620 70 €9°0 €G '8 T 86€ d [
L0 260 001 ser'e S00L 1568 | v8°0 6.0 10 260 €EL0 SvL0 €10 102 d 621
00 160 001 0.6 GSbS 160°L | v8°0 6.0 0L'0 160 280°0 600 L1110 59l d 8zl
290 9.0 0oL 8LL'€ 000S LLL'9 | v80 620 29°'0 920 v€0°0 Sv0°0 §50°0 6 d 221
59°'0 60 0oL 000°9 8veCl 2126 | v8°0 620 59°'0 670 690°0 zrLo 9010 SLL d 9L
€60 €Ll 001 oLz9 90SS 8699 | ¥8°0 620 €60 €L 900°L 2680 G80°L 29l d [¥{%
280 96°0 00L sezl9 G/€9 00S‘'Z | v80 6.0 280 96'0 Sv20 §52°0 €0 ob d ozl
€80 660 0oL 0SSV 9. €8v's | v8°0 6.0 €80 56'0 €220 9820 62€°0 09 d 9Ll
160 00'L 0oL 090‘t 090t osv'v | v8°0 620 160 00°L z18'0 2180 968°0 002 d SLL HIN
69°0 060 00L 0082k | 00€¥L | 00S8L | ¥80 620 690 060 8z1'0 €vL0 5810 oL d Vil
AT ey/w ey/ N (@mi wouay | M| wouy LW uoj|jiw | w uoljjiw | .w uoljjiw ey Jomedwod Jlaquinu Q| yoeay
TSI asid | Aususju SMI ML ami a siH TSI (@ sy (7 siy) (smn) mi (ami) eale jo adAy Jomadwon
Buiddoid abesany | abesany Addns Aiddns Addns Hwyj puewsap parebiii|
i9jem Jarem i91em Jajem Aa9j)em
uonebrul uonebrul uonebua) | uonebru) | uonebrul
aAnelay aAnelay
‘panuiuo)

‘og3navl

51



TABLE 4.
Data on irrigation water demand (IWD), limit (IWL) and supply (IWS).

52

Competitor Type of Irrigated area IWD IWL WS
Reach | ID number | competitor ha million m® million m® million m®
UR

a1 R 45,452 566.13 566.13 474.76
42 W 3,229 29.27 29.27 19.74
43 w 1,000 13.92 9.2 4.72
44 C 116 1.1 1.1 0.71
45 P 5.7 0.04 0.04 0.04
46 P 27 0.21 0.21 0.21
47 R

48 P

49 R 19,229 152.19 152.19 128.59
50 w 1,626 12.75 11.25 12.83
51 P 15.3 0.13 0.13 0.13
52 R 21,341 200.23 200.23 149.63
53 C 95.7 0.65 0.65 0.52
54 P 5.5 0.03 0.03 0.03
55 P 10.4 0.03 0.03 0.03
56 P 5 0.03 0.03 0.03
57 R 16,863 145.6 145.6 86.4
58 C 575 4.08 4.08 1.72
59 P 10.2 0.08 0.08 0.08
60 P 11 0.05 0.05 0.03
61 P 46.5 0.45 0.45 0.32
62 R 12,792 111 111 89.5
63 P 125 0.08 0.08 0.06
64 R 34,032 338.9 338.9 273.4
65 C 100 0.65 0.65 0.47
66 C 240 0.59 0.59 0.43
67 C 400 2.62 2.62 1.31
68 w 359 3.51 3.51 3.09
69 R 22,900 180.3 180.3 168.2
70 W 2,417 15.15 15.15 10.54
71 W 2,298 22.87 22.87 12.18
72 C 195 1.91 1.91 1.15
73 P 95 0.69 0.69 0.29
74 P 16.3 0.19 0.19 0.13
75 P 14.5 0.14 0.14 0.09
76 P 29 0.16 0.16 0.1
77 P 8 0.05 0.05 0.03
78 P 10 0.06 0.06 0.05

MR
79 R 23,600 327.76 454.71 318.9
80 C 3,673 31.58 31.58 23.15
81 C 2,322 47.5 47.5 19.98
82 R 16,180 243 303 189.5
continued




TABLE 4.

Continued.
Competitor Type of Irrigated area IWD IWL WS
Reach | ID number | competitor ha million m® million m® million m®
83 (%]
84 C 2,075 33.1 33.01 17.93
85 R 30,169 582 702.46 548.75
86 C 1,491 34.02 34.02 38.29
87 (] 2,377 49.68 49.68 36.55
88 C 1,087 16.31 16.31 10.98
89 C
90 P 73 0.975 0.975 0.569
91 P 23 0.156 0.156 0.101
92 P 5 0.087 0.087 0.067
110 R 24,941 237.05 170.06 172.4
111 (] 2,348 18.43 14.3 14.12
112 C 1,206 10.01 9.54 9.54
113 C 1,713 13.1 9.88 9.88
114 P 10 0.185 0.143 0.128
115 P 200 0.896 0.812 0.812
116 P 60 0.329 0.286 0.273
117 R 23,589 237.05 170.06 172.06
118 (] 1,494 11.32 7.47 5.38
119 (] 2,740 19.7 12.7 10.5
120 P 40 0.3 0.255 0.245
121 P 162 1.085 0.892 1.006
122 R 30,614 234.78 183.12 162.8
123 C 2,955 20.76 16.32 12.86
124 (] 3,009 25.66 20.18 18.34
125 C 2,202 18.59 14.67 12.12
126 P 11.5 0.106 0.142 0.069
127 P 9 0.055 0.045 0.034
128 P 16.5 0.117 0.09 0.082
129 P 20.7 0.173 0.145 0.133
1 R 28,720 724.84 644.1 508.52
LR 2 C 3,880 97.95 98.45 89.71
3 C 609 17.36 16.91 14.38
4 P 398 11.2 8.41 5.3
5 P 310 8.34 11.31 7.92
6 P 50 1.14 3.02 2.1
7 P 474 13.5 9.16 5.96
8 P 52 0.91 2.53 1.41
9 C 560 14.25 13.47 8.08
10 C 488 13.92 16.9 9.29
11 (] 400 11.4 13.37 8.02
12 R 27,411 748.9 640 435.6
13 C 4,171 118.87 50.15 46.4
14 P 605 16.53 5.14 4.45

continued




TABLE 4.

Continued.
Competitor Type of Irrigated area IWD IWL IWS
Reach | ID number | competitor ha million m® million m® million m®
15 R 7,790 222.02 185 152.19
16 R 25,340 722.19 630 621.8
17 C 5,000 142.5 104.77 94.77
18 C 1,890 53.86 57.78 52.13
19 R 17,779 448.36 530 425.44
20 C 2,850 81.23 60 54.21
21 C 1,180 33.63 24.29 20.6
22 R 24,976 711.82 750 574.38
23 C 1,192 31.98 28.449 26.2
24 P 140 3.99 4.94 3.54
25 R 121,402 652.17 572 323.69
26 C 5,077 27.27 18.06 12.39
27 w 2,147 11.53 12.49 7.22
28 w
29 (% 228 1.22 1.1 0.82
30 C 1,200 6.45 10.02 5.06
31 P 8 0.042 0.037 0.035
32 R 37,125 199.44 474 251
33 C 2,103 11.3 5.98 4.03
34 C 268 1.43 1.43 1.49
35 R 45,000 241.74 815 493.34
36 C 3,900 20.95 86.85 52.65
37 C 1,120 5.43 25.7 15.56
38 P 15 0.081 0.234 0.18
39 P 40
40 C
Note:
R = District water management unit

54

s7vo

= Collective/cooperative farms

= Private/peasant farms
= Water users association




TABLE 5.

Irrigation water supply indecies.

Relative Irrigation | Relative Irrigation
Irrigation Water Limit, (Water) Supply (Water) Supply
Water (Planned Water Irrigation (from Planed (from Irrigation
Competitor Demand Supply) Water Supply Water Supply) Water Demand)
ID number million m3 million m3 million m3 RIS_L RIS_D
4 566.13 566.13 474.76 0.83 0.83
42 29.27 29.27 19.74 0.67 0.67
43 13.92 9.2 4.72 0.51 0.33
44 1.1 1.1 0.71 0.64 0.64
45 0.04 0.04 0.04 1 1
46 0.21 0.21 0.21 1 1
47
48
49 152.19 152.19 128.59 0.84 0.84
50 12.75 11.25 12.83 1.140 1.00
51 0.13 0.13 0.13 1 1
52 200.23 200.23 149.63 0.74 0.74
53 0.65 0.65 0.52 0.8 0.8
54 0.03 0.03 0.03 1 1
55 0.03 0.03 0.03 1 1
56 0.03 0.03 0.03 1 1
57 145.6 145.6 86.4 0.59 0.59
58 4.08 4.08 1.72 0.42 0.42
59 0.08 0.08 0.08 1 1
60 0.05 0.05 0.03 0.6 0.6
61 0.45 0.45 0.32 0.71 0.71
62 111 111 89.5 0.806 0.80
63 0.08 0.08 0.06 0.75 0.75
64 338.9 338.9 273.4 0.80 0.80
65 0.65 0.65 0.47 0.72 0.72
66 0.59 0.59 0.43 0.728 0.72
67 2.62 2.62 1.31 0.5 0.5
68 3.51 3.51 3.09 0.88 0.88
69 180.3 180.3 168.2 0.93 0.93
70 15.15 15.15 10.54 0.69 0.691
71 22.87 22.87 12.18 0.53 0.53
72 1.91 1.91 1.15 0.60 0.60
73 0.69 0.69 0.29 0.42 0.42
74 0.19 0.19 0.13 0.68 0.68
75 0.14 0.14 0.09 0.64 0.64
76 0.16 0.16 0.1 0.625 0.625
77 0.05 0.05 0.03 0.6 0.6
78 0.06 0.06 0.05 0.83 0.83
79 327.76 454.71 318.9 0.70 0.97
80 31.58 31.58 23.15 0.73 0.73
continued
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TABLE 5.

Continued.
Relative Irrigation | Relative Irrigation

Irrigation Water Limit, (Water) Supply (Water) Supply

Water (Planned Water Irrigation (from Planed (from Irrigation

Competitor Demand Supply) Water Supply Water Supply) Water Demand)

ID number million m3 million m3 million m3 RIS_L RIS_D
81 47.5 47.5 19.98 0.42 0.42
82 243 303 189.5 0.62 0.77
83
84 33.1 33.01 17.93 0.54 0.54
85 582 702.46 548.75 0.78 0.94
86 34.02 34.02 38.29 1.125 1.12
87 49.68 49.68 36.55 0.73 0.73
88 16.31 16.31 10.98 0.67 0.67
89

90 0.975 0.975 0.569 0.58 0.58
91 0.156 0.156 0.101 0.64 0.64
92 0.087 0.087 0.067 0.77 0.77
110 237.05 170.06 172.4 1.01 0.72
111 18.43 14.3 14.12 0.98 0.76
112 10.01 9.54 9.54 1 0.95
113 13.1 9.88 9.88 1 0.75
114 0.185 0.143 0.128 0.89 0.69
115 0.896 0.812 0.812 1 0.90
116 0.329 0.286 0.273 0.95 0.82
117 237.05 170.06 172.06 1.01 0.72
118 11.32 7.47 5.38 0.72 0.47
119 19.7 12.7 10.5 0.82 0.53
120 0.3 0.255 0.245 0.96 0.81
121 1.085 0.892 1.006 1.12 0.92
122 234.78 183.12 162.8 0.88 0.69
123 20.76 16.32 12.86 0.78 0.61
124 25.66 20.18 18.34 0.90 0.71
125 18.59 14.67 12.12 0.82 0.65
126 0.106 0.142 0.069 0.48 0.65
127 0.055 0.045 0.034 0.75 0.61
128 0.117 0.09 0.082 0.91 0.70
129 0.173 0.145 0.133 0.91 0.76
1 724.84 644.1 508.52 0.78 0.70
2 97.95 98.45 89.71 0.91 0.91
3 17.36 16.91 14.38 0.85 0.82
4 11.2 8.41 5.3 0.63 0.47
5 8.34 11.31 7.92 0.70 0.94
6 1.14 3.02 2.1 0.69 1.84
7 13.5 9.16 5.96 0.65 0.44
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TABLE 5.

Continued.
Relative Irrigation | Relative Irrigation

Irrigation Water Limit, (Water) Supply (Water) Supply

Water (Planned Water Irrigation (from Planed (from Irrigation

Competitor Demand Supply) Water Supply Water Supply) Water Demand)

ID number million m3 million m3 million m3 RIS_L RIS_D
8 0.91 2.53 1.41 0.55 1.54
9 14.25 13.47 8.08 0.59 0.56
10 13.92 16.9 9.29 0.54 0.66
11 1.4 13.37 8.02 0.59 0.70
12 748.9 640 435.6 0.68 0.58
13 118.87 50.15 46.4 0.92 0.39
14 16.53 5.14 4.45 0.86 0.26
15 222.02 185 152.19 0.82 0.68
16 722.19 630 621.8 0.98 0.86
17 142.5 104.77 94.77 0.90 0.66
18 53.86 57.78 52.13 0.90 0.96
19 448.36 530 425.44 0.80 0.94
20 81.23 60 54.21 0.90 0.66
21 33.63 24.29 20.6 0.84 0.61
22 711.82 750 574.38 0.76 0.80
23 31.98 28.449 26.2 0.92 0.81
24 3.99 4.94 3.54 0.71 0.88
25 652.17 572 323.69 0.56 0.49
26 27.27 18.06 12.39 0.68 0.45
27 11.53 12.49 7.22 0.57 0.62
28

29 1.22 1.1 0.82 0.74 0.67
30 6.45 10.02 5.06 0.50 0.78
31 0.042 0.037 0.035 0.94 0.83
32 199.44 474 251 0.52 1.25
33 11.3 5.98 4.03 0.67 0.35
34 1.43 1.43 1.49 1.04 1.04
35 241.74 815 493.34 0.60 2.04
36 20.95 86.85 52.65 0.60 2.51
37 5.43 25.7 15.56 0.60 2.86
38 0.081 0.234 0.18 0.76 2.22
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