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1. Introduction

Management of transboundary water resources is one of the most
important factors of regional stability in Central Asia. Agriculture of
all Central Asian republics depends on transboundary water flow.

The Syr Darya river, one of the largest water arteries in Central
Asia with length of 2 137 km and flow capacity 27,6 bin cub. m per
year is shared by four post- soviet countries: Kyrgyzstan, Uzbekistan,
Tajikistan and Kazakhstan. The basin is strongly modified area of
Central Asia due to large scale irrigation projects designed and
implemented in the Soviet period. Among all oases of Syr Darya the
Fergana Valley is the most important social-economic region with
highly fertile soils owing to the rivers of Naryn and Kara Darya
(which confluence in the Valley to form the Syr Darya).

Irrigated agriculture has always been the major type of economic
activity in the Fergana Valley, providing income and employment for
millions of people. With large-scale development of irrigated
agriculture in the second half of the 20th century, numerous canals
and reservoirs were built in the Valley, providing infrastructure for
production of cotton and other water intensive crops.

With the 1991 dissolution of the Soviet Union, the strong
centralized water distribution system was replaced by soft bargaining
schemes between upstream and downstream countries. These
schemes soon proved their inadequacy. As early as in January 1994
Kyrgyzstan adopted the Kyrgyz Law “On Water”, which recognized
water resources originated within its territory a national property and
required a compensation for water used by other countries
(Koshmatov, 2002). The “Law on the Interstate use of Water Objects,
Water Resources and Water Management Installations”, passed by
Kyrgyzstan in 2001, stipulated that the costs for hydrological dams
operation and maintenance should also be paid by downstream
countries. However, Uzbekistan has taken a decisive unilateral
position on the Kyrgyzstan Water Law rejecting financial
compensation for water use (World Bank, 2004), and insisting on
building cooperation based on 1992 Convention on the Protection and
use of Transboundary Watercourses and International Lakes
(UNECE, 1992). Kazakhstan, the other downstream country in the
Syr Darya river basin, also criticizes the Kyrgyzstan Water Law.

This conflict in the Syr Darya basin is the classical “energy-
irrigation” nexus. Up to 70 % of the Syr Darya annual flow can be
stored in water reservoirs in Kyrgyzstan, for example, the equivalent
storage volume for Amu Darya is as low as 30 % (UNDP, 2006).
Besides an inherent conflict over the timing and amount of irrigation
water withdrawal, shortages in energy resources in Kyrgyzstan forced
a shift in the management of Kyrgyzstan controlled Toktogul water
reservoir from prioritizing irrigation demands to maximize own
energy production. The major contradiction owes to Kyrgyzstan’s
inability to cover its electricity demand during winter seasons. When
the Toktogul water reservoir is managed for the needs of downstream
irrigation, 75% of its annual water release should be made during the
summer months («irrigation modey), leaving little for energy
production during the peak demand winter months. Maximization of
energy production reduces summer water release to only 45% of the
total annual volume («energy generation mode») (Moller, 2005),
falling short of the downstream demand.

There is no evidence that the countries are ready to resume
cooperation. The upstream and downstream countries have very
different views on strategic water management. Uzbekistan had
invested in constructing four water reservoirs on its own territory.
Similar to Uzbekistan Kazakhstan relies on its own resources and had
built a water re-regulating reservoir near Shymkent (Moller, 2005).
The country has also engaged in the large scale hydrological projects
in Lower Syr Darya to protect the area from flooding during

the winter peak water release from the Kyrgyzstan side. These
projects have clear indication that the downstream countries will
ensure their water security by construction of contra-regulators.
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This big uncertainty about future relations between upstream and
downstream countries sharing the Syr Darya basin makes
modernization of the irrigation systems and adjustment of land use to
unstable transboundary flow priorities for sustainable development in
the Fergana Valley. In our study, we elaborated several scenarios of
land use and water management in the Valley to test existing options
of local farming adjustment to unstable transboundary water supply
of the Valley.

2. Study area

The Fergana Valley (Fig.1) is the most densely populated and the
long-time developed area of traditional irrigated agriculture in Central
Asia with a population of over 12 mln people. Initially, the irrigation
system was tied largely to small streams entering the valley from the
surrounding mountains. That time the main areas of irrigation were
alluvial fans like Sokhsky fan near Kokand. The massive irrigation
development of the valley began in the second half of the 20th
century, when the areas under irrigated agriculture had increased by
four times and finally covered the entire territory of the Valley with
target to maximize cotton production in the region with fertile spoils
and abundance of water resource. The Grand Fergana and South
Fergana Canals were constructed in 1940, Toktogul and Andijan
water reservoirs — in the 1970s.

Water scarcity itself is not the problem: on average there is
sufficient water in the Syr Darya basin for the population to feed itself
and grow cash crop for export (Wegerich, 2001). There are spatial and
temporal variabilities of water flow that make irrigation problems in
current conditions (Nezlin, 2004). The bulk of precipitation is
observed in winter, but the growing season is in summer; all water
comes from mountainous of Kyrgyzstan, whereas the irrigation takes
place in the plains of Fergana (Uzbekistan, Tajikistan). The water
supply of Syr Darya and the security of the irrigation system are
depending for 55% on summer discharges from Toktogul and Andijan
reservoirs. With the change in the geopolitical situation in Central
Asia in the early 1990s water supply from Toktogul reservoir became
unstable, causing water deficit in the Valley, especially in dry years
(Kraak, 2012).
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Figure 1. Geographical location of Fergana Valley

3. Materials and methods
3.1. Landscape/ land cover mapping methodology

Our study of water deficit problems and their connection with
land use structure is based on the landscape mapping methodology.
According to this approach, any territory can be presented as a system
(mosaic) of interconnected territorial units —“landscapes” or “natural
ecosystems”- with different  properties, which determine their
potential for farming and other types of land use. For example, the
most important qualities of landscapes for irrigated agriculture are
their soil texture and level of ground water table. Thus, landscape map
could show potential of all natural ecosystems to be used for irrigated
agriculture. Ideally, each type of natural ecosystem may be evaluated
in terms of its best utilization. However, it never happens in practice



as land use is strongly dependent on social-economic factors (for
example, on rising prices on particular crop on market, priority of
food security problem etc.). In reality, the same type of natural
ecosystem landscape is used for different purposes. We name them
“anthropogenic modifications” of landscapes. The reason to examine
“anthropogenic modifications” is that ecological problems could be
explained by improper use of particular landscapes types. Land
Use/Cover Change (LUCC) of a territory could be driven by its
natural properties as well as by anthropogenic factors.
Correspondently this concept of “present-day landscapes™ can be
presented by a scheme on Fig. 2.
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Figure 2. Present — day (contemporary) landscapes
classification principles

The notion ‘present-day landscape’ is very close synonym to the
notion of ‘land system’ ( the component of the Earth system)
accepted by IGBP-IHDP Global Land Project (GLP) as an
abbreviated term for “coupled socio-environmental terrestrial
system” that allows to improve “the understanding of how human
actions affect natural processes of the terrestrial biosphere” and to
study “simultaneous interactions between societal, natural and mixed
processes at various scales”, Fig. 3 (Global Land Project..., 2005, p.4-
5).
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Figure 3. Land systems analytical structure (GLP 2005)

Present-day (contemporary) landscape, chosen as the core unit of
LUCC classification, comprises various aspects of natural
(ecological) and socio-economic features. The biophysical natural
landscapes’ elements include the live elements of land cover. Land is
a basic source of mass and energy for all terrestrial ecosystems, and
land cover and land use represent the integrating elements of the
resource base. Land cover reflects the specific forms of human
activities, and therefore, as a geographically explicit feature can form
a reference basis for other disciplines.

Land use (agriculture, forestry, recreation or residential use)
defines the socio-economic features of land system. Present - day
landscapes could be divided into more detailed land modifications at
regional and local levels that were explored during the land cover
mapping of the key study area — Fergana Valley.

3.2 Modeling of irrigation water deficit in the Fergana Valley
3.2.1. The main factors of water scarcity. In order to estimate
current water deficit in the Fergana Valley and to project the scale of

water shortage under alternate water management scenarios four
principal factors and conditions of their display were identified
(Fig.4). In our model, these four factors determine the amount of
water available for irrigation (i.e. water supply) and how this water is
used on irrigated lands (i.e. water demand). They are: 1)
transboundary water supply; 2) system of water redistribution among
fields; 3) efficiency of water delivering; 4) crop composition.

Factors: Conditions: Scenarios:
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Figure 4. The factors of water deficit and their conditions in the
Model “Allocation of water resources for irrigation
in Fergana valley”

3.2.2. Transboundary water supply (TS). The flow rates of two
major rivers of Fergana valley — Narin and Kara-Darya, depend
directly on water discharges from Toktogul and Andijan reservoirs.
In accordance with the reservoirs’ operation modes  three
transboundary water supply options are identified: the favorable
water conditions (TS1), when both reservoirs work in the irrigation
mode and the average water available in the growing period are as
much as 10,131 bln cub m; relatively unfavorable water conditions
(TS2), when Toktogul reservoir works in the energy mode with
discharge decreased by 33 % in the growing period while
discharge from Andijan reservoir increases that allows keeping total
water supply of irrigated lands on the level of 9,353 bln cub m;
unfavorable conditions (TS3) when the water discharge rates from
the both reservoirs fall down significantly and the total water supply
is as low as 5,980 bln cub m, - such situation could emerge, for
example, in years of severe drought when the both reservoirs reserve
much less water than in average year.

3.2.3. System of water redistribution among fields (WR).
Analysis of water management practice shows that two major
approaches have been used to distribute water among
fields/households in the region. The most common approach is “top
to down” distribution (WR1) when farmers whose fields are located
at “head” of a canal get water first and according to their request
(often excessive) while farmers owing fields at the “bottom” of a
canal could afford only the amount of water which is left in a canal.
They have to use more drainage water despite of their poor quality.
Besides, of unfair distribution of water among households this system
results excessive consumption of water on the “top” fields causing
their waterlogging and salinization.

The alternative approach is the water distribution according to
so-called hydrological modules (WR2). This approach was elaborated
by Soviet specialists but only partly implemented in irrigated regions
in Soviet time. It is based on division of all fields (supplied by one

canal) according to their soil texture and level of ground water table
(Tab. 1).

Table 1. Scale of hydromodul meanings according soil texture
characteristics and ground water level [Schreder, 1973]

Soil texture
Ground water | Sandy Loamy Light & Heavy Clay
level, m sand semilight loamy
loamy
>3 1 2 2 3 3
2-3 4 4 3 5 3
1-2 6 6 7 7 7
<] 8 8 9 9 9

Priority is given to the fields with light soil (sandy) and low level
of ground water (hydrological module #1) while fields with heavy
soils (clay) and high level of ground water (hydrological module #9)



would be irrigated last. This approach saves water and helps 1o avoid
salinization and waterlogging of fields with unfavorable
environmental conditions.

3.2.4. Efficiency of water delivery to fields. When farmer
receives, permission to withdraw some amount of water from a canal
it becomes his responsibility how to manage the water within his field.
The farmer is responsible for designing and constructing of furrows
to deliver water to any remote point of his field. However, farmers
often construct furrows with little attention to terrain peculiarities of
their plots. In this case, furrows (digged directly in the ground) result
excessive water losses by infiltration, which in turn could contribute,
to waterlogging and salinization of the plot. According to some
estimates, watering efficiency of furrows is about 65% at best, i.e.
35% of water lost through infiltration (Mukhamedzhanov, 2007).
However, correct design of furrows could increase watering
efficiency up to 80% (Laktaev, 1978). Following these estimates, we
regard two conditions for efficiency of water delivery to the fields: E1
=65% and E2 = 80 %.

3.2.5. Crop composition. The amount of water consumption
strongly depends on the crops composition. In our modeling, we refer
to historic evidences of crop composition changes. Because of
historical analysis we identified three main crops compositions for
the Fergana Valley (see Fig. 4):

C1 — cotton crop dominated during the Soviet time when the
region was the main cotton supplier in the USSR.  Water demand
for irrigation in the Fergana Valley peaked at record 13, 970 bin cub
m;

C2- diversified crops structure with priority given to cereals
production (C2) is characteristic for post-Soviet two decades because

of food security concern in all countries in Central Asia. However,
cotton production is still the major source of the states’ income,
keeping water consumption in the Valley at high level (12, 600 bln m
cub);

C3-crops composition with priority given to horticulture
plantations and winter crops is regarded here as the alternative
direction of farming development in the Valley. This crop
composition would lower water demand to 8, 760 bln cub m.

3.2.6. Model “Allocation of water resources for irrigation in
Fergana valley”. The listed above factors of water deficit and their
conditions are used in the model “Allocation of water resources for
irrigation in Fergana valley” to specify different scenarios of
irrigation water use (Fig. 5). The model is designed in order to
estimate total water scarcity under different conditions (scenarios) of
land and water management as well as to make projection for location
of area with water scarcity in the region for each scenario.

The model calculates water delivery for each of 560 mapped
irrigated fields on basis of statistics on surface water, groundwater
flow and geospatial data on irrigation network. To do this calculation
we first identified by satellite images polygons or set of fields
serviced by particular canal. For each polygon, the model calculates
“supply” against “demand”. “Supply” is calculated based on technical
parameters of the canal. “Demand” is estimated for different scenarios
according to assumptions about crop composition, system of
distribution of water among fields/households and efficiency of water
allocation within fields. The model identifies area of water deficit in
the valley where “supply” is less tnan“demand” (Fig.6).
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Figure 6. The scheme of model “Allocation of water resources for
irrigation in Fergana valley”: the evaluation of water deficit for an
individual field.

3.2.7. Calibration of the model. For model calibration based on
remote sensing data analysis we have used monthly Terra MODIS
Vegetation indexes gridded at 1 km i.e. standard NASA EOS product
MODI13A3 (Huete et al., 2002). From these data, we construct
perennial time-series for 2000-2014. From this time series, maximum
annual value of Normalized Difference Vegetation Index (NDVI) for
an each year in this period was extracted. The metric of maximum per
year value of NDVI can be considered as a good proxy of annual
biological productivity on the macroregional level as it does not
depend on differences in the length of growing season and other
phenological characteristics (Bai et al., 2008). At the meantime in arid
and semiarid conditions, this indicator is highly susceptible to
changes in precipitation and soil moisture. Such geospatial data
represent real distribution of water scarcity in irrigated fields more
reliably than downscaled statistical data.

Maximum annual values of NDVI were explored for individual
fields of Fergana valley by means of temporal perennial profiles.
Visualization of maximum NDVI distribution per fields was created
by means of zonal averaging (Fig.7).
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Monthly NDVI
time series,
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Extraction
temporal profiles
for individual
fields

Zonal statistics
By fields

Figure.7. Flowchart of remote sensing data analysis for model
calibration based on NDVI time series

4. Results and discussion
4.1. Landscape/ land cover of Fergana valley

The current land cover of the Fergana Valley presents significant
diversity in terms of natural properties of landscapes (relief and
geomorphological peculiarities, vegetation and soils), land use,
irrigation conditions (remoteness from source of water), water
scarcity, sorts and intensity of ecological problems like salinization,
waterlogging, erosion and others.

The general features of the Fergana Valley relief is typical for the
intermountain valley, surrounded by mountain ranges on the north
and the north-west (Kurama and Chatkal ranges), the north-east
(Fergana), and on the south (Turkestan and Alai) with the average
heights 6000 m. On the west there is a narrow passage (where
Kairakkum water reservoir was constructed) which leads to the
outside plain Golodnaya (“Hungry”) steppe.

The relief of the Fergana Valley is generally flat. The average
heights ranges from 300-400 m on the west to 900-1000 m on the east.
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The central larger part is formed by the river ancient terraces with
extensive alluvial fans of streams, flowing from the mountain rangers.
Only the limestone ridges (Gul Myra, Suleiman Takhta) form the
south-east edge of the valley. On the south and south-east edges of
the valley, there are “the adyrs” - foothills composed of
conglomerates covered by loess.

Between two major classes of landscapes, the mountains and the
plains, we identified seven geomorphological subclasses marked in
the map (Fig.8) and in the legend by roman numerals (I, II, etc.),
Tab.2. Within these seven subclasses eleven types of landscapes were
distinguished by vegetation and soil cover. They are marked in the
map and in the legend by arabic numerals (1, 2, etc.).

Table 2. Present-day landscapes of Fergana Valley map’s legend

Sub-class e e Land Cover modifications
1
Rugged limestone lowhills with
xerophilous half-shrub vegetation
A
(Salsola gemmascens, S. arbuscula, Pasture lands
S. orientalis, Artemisia badhysi, A.
L dumosa, A. kemrudica) on typical
Lowhills serozem
2
Smoothed lowhills with B
ephemeroid vegatation Poa Pasture lands with areas of
bulbosa, Carex pachystilis) on rainfed farming
typical serozem
3 C
II. Smoothed piedmont alluvial plains Pasitrl:;e;t?g gsa‘?;?u?::?: o
Piedmont with ephemeroid-sagebrush & Dg
vl | vegeation (remisia bl 4| sl and e (rums
P ’ ——— & divaricata) irrigated orchards
with pistachio woodland
4 E
III. Piedmont loess plains with grass- Irrigated horticulture
Piedmont ephemeroid vegetation (Poa plantations (cherry, peach
limeston bulbosa, Carex pachystilis with orchards and vineyards)
e plains Astragalus, Ranunculus and F
cereals) on light serozem Irrigated plantations of cotton
Iv. 5 G
Intermou Intermountain alluvial-proluvial . .
. . . . Irrigated horticulture
ntain plains with ephemeroid-sagebrush A
. . - . plantations (cherry, peach
alluvial- vegetation (Artemisia badhysi, A. h B
roluvial diffusa, Poa bulbosa) on typical e nd
proty ; plantations of cotton
plains serozem
6
Proluvial-alluvial fans with H
ephemeroid vegetation (Poa Irrigated crop fields and
v bulbosa, Carex pachystilis) on light plantations of cotton
Alluvial Serozem
fans . [ .
Alluvial clayey fans with grass- I
halophylic vegetation (deluropus Irrigated crop fields and
littoralis, A. repens, Salicornia plantations of cotton
europaea) on meadow soil
8
Ancient alluvial clayey plains of
river terrace with halophyte
rassland vegetation Aeluropus K.
gra . Irrigated plantations of cotton
VI littoralis, A. repens, types of
" Elytrigia) on meadow soil and
Ancient
. solonchack
alluvial 9
plains Aeolian sandy plains of river L
CaaEg ephemermd- ’ Irrigated plantations of cotton
psammophyt vegetation (4/hagi
. and gourds fields
pseudalhagi, Bromus tectorum,
Salsola richteri) on sandy soil
10 M
Alluvial clayey plains of young Irrigated plantations of cotton
river terrace with grass-cane and forage crop fields
vegetation Phragmites australis, N
Calamagrostis epigeios, Elytrigia R I I oS e otton
repens) on meadow, meadow- .
VIL . and rice fields
. swamp and swamp soil
Alluvial B
RIS River flood plain with tugay
vegetation (Populus Pruinosa, P. o
Diversifolia, Halimodendron Rice field
halodendron, Elaeagnus ce hields
angustifolia) on meadow-swamp
and swamp soil
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Figure 8. Present day landscapes of the Fergana Valley

Mountains surrounding the Fergana valley are characterized by
landscapes of rugged and smooth limestone lowhills with half-shrub
and ephemeroid vegetation on typical serozem. These landscapes are
mostly used for small cattle grazing.

Arid piedmonts slopes of Kuraminskiy mountain chain are
characterized by landscapes of smoothed alluvial plains with
ephemeroid-sagebrush vegetation on light serozem. Loess plains with
grass-ephemeroid vegetation are typical for piedmonts of the north
and the south-west piedmont regions. Flowing from mountains
streams with seasonal flow, called “sai”, and Kassansay and
Namangansay rivers with spring short floods are usually dried up in
the beginning of growing season and therefore provide little or no
water for agriculture.

Landscapes of alluvial-proluvial plains with ephemeroid-
sagebrush vegetation on typical serozems prevail for intermountain
regions on the south of the valley. Intermountain plains are slotted by
rivers: Isfara, Soh, Shahimadran, Aravan, Akbura, flowing from the
north slopes of Alay mountain chain. They are characterized by
glacial-snow water supply regime with the high water in June during
the intensive glacial melting. The water resources of these rivers are
entirely withdrawn by local farmers through highly developed system
of irrigation channels.

In the piedmont regions of Fergana mountain chain, where slopes
have abounded moisture atmospheric conditions, the landscapes of
alluvial fans with ephemeriod vegetation on light serozem prevail.
The alluvial fans of Narin, Maylisu, Karaunkur and Kugart rivers
were the areas of ancient irrigation agriculture.

The periphery parts of Isfaramsay, Soh, Shahimardan alluvial
fans, formed by clay and heavy clay deposits, with high ground water
level are represented by landscapes with grass-halophytic vegetation
on meadow soil.

Ancient alluvial plains occupy the central parts of the Fergana
Valley on the north and the north-east from Soh alluvial fan. The
landscapes of clay plains of river terraces with halophyte grasslands
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vegetation on meadow soils and solonchack are characterized by
disposal lakes and swamps. The desert landscapes are typical for the
aeolian sandy plains of the terraces.

Alluvial plains are represented by complexes of the young river
terraces and the river flood plains of Syr Darya, Narin and Kara Darya
rivers.

The landscapes with grass-cane vegetation on meadow, meadow-
swamp and swamp soils represent the territory of the alluvial plains.
The river flood plains are occupied by the “tugay” vegetation on
meadow-swamp and swamp soils.

Sixteen Land Cover modifications were differentiated according
to prevailing land use of the landscapes. They are marked in the map
and in the legend by alphabetical indices (A, B, C), indicating their
belonging to the types of natural landscapes as well as land use
features. Each modification depends on the natural component and
anthropogenic factor and is characterized by certain risks of the
negative ecological processes (salinization and waterlogging).

Piedmont and intermountain plains are used primarily for
horticulture plantations of apple, cherry, peach orchards. Alluvial fans
and ancient alluvial plains are mostly occupied by plantations of
cotton and crop fields. The central part of sandy desert is
characterized by farming gourds. Plantations of cotton in combination
with forage crops prevail on young alluvial plains. The cultivation of
rice is developed in a limited extend on periodically flooded territories
of young river terraces.

4.2. The results of the model’s calibration.

We studied the dynamic of Toktogul and Andijan water
reservoirs discharges in summer period from 1980 to 2015. The
significant changes are observed for the beginning of 1990s, when
water withdrawals from Toktogul reservoir decreased significantly
due to the shift from the irrigation mode to the energy mode.

Before the 1990s, the main water discharge took place in summer
period for irrigation needs. However, next two decades were very
different due to volatile discharges showing declining trend for



discharges from the both reservoirs during the summer (Fig.9). That
caused serious problems to irrigation agriculture.

Based on the statistics on water discharges we selected the years
with unfavorable transboundary water conditions (2008), relatively
unfavorable transboundary water conditions (2005) and with
favorable transboundary water conditions (2010).

Water withdrawals in summer period
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Figure 9. Water withdrawal (mln. m3) in summer period in Fergana
valley as a whole, in Toktogul and Andijan reservoirs (SIC ICWC)

From the monthly NDVI time series for 2000-2014, we
constructed perennial time-series for 2000-2014. For 2005, 2008 and
2010 as the years with the most contrast conditions of water
transboundary water supply the distribution of the maximum annual
values of NDVI for individual fields are presented (Fig. 10, 11, and
12).

Figure 10. Distribution of maximum annual NDVI averaged by
fields in Fergana valley in 2005
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Figure 11. Distribution of maximum annual NDVI averaged by
fields in Fergana valley in 2008

The 2008 as the year with essential water deficit was chosen to
calibrate the model. The maximum annual values of NDVI for 2008
represent the consequences of the severe water shortage in the Valley.
The maximum average NDVI rate 0, 5 and less for the major part of
the valley. However, some areas within the territories of alluvial fans
stay with high rates of NDVI even under unstable transboundary
water conditions.
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Figure 12. Distribittion of maximum annual NDVI averaged by
fields in Fergana valley in 2010

The water distribution before the calibration is presented on Fig.
13. The areas of water deficit do not fully match the NDVI lowest
rates. That can be explained by underestimated role of ground water
in irrigation system and seasonal flow rates of small rivers. Because
of limited statistics, we had to use scarce and averaged historical data
on ground water and small rivers flows, which could be a source of
some distortion of picture of spatial distribution of water deficit.

The underground water flow into the Fergana Valley is estimated
at 3 bln cub m per year (Chub, 2007). It is formed by the ground water
related to river terraces of the major rivers (Syr Darya, Kara Darya
and Narin). One more source is the water infiltration of smaller rivers
flowing from mountain ranges surrounded the valley.

The territories of Narin, Soh, Isfara alluvial fans are characterizes
by high rates of ground water flow. The ground and drainage water
are used by farmers for irrigation to solve the problem of the surface
water scarcity (Fig.14). In unfavorable years up to 20 percent of
irrigation, water can be taken from ground water table and drainage
canals.

Figure 13. Scenario «TS2 WRI1 E1 C2» for 2008 rates of
withdrawals from Toktogul and Andijan reservoirs before the model
calibration with the use of NDVI
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Figure 14. The water resources for irrigation (%) in Fergana valley in
2000-2012 (SIC ICWC).

The use of NDVI helps to indicate the areas where the role of
ground water discharge in irrigation is probably higher than we have
estimated based on downscale statistics. After the calibration the areas



with minimal NDVI well correspond to the projected spots of water
deficit in 2008 (Fig. 15).

Figurel5. Scenario «IS2 WRI1 E1 C2» for 2008 rates of
withdrawals from Toktogul and Andijan reservoirs after the model
calibration with the use of NDVI

4.3. Scenarios and projections of the water distribution
The water demand for irrigation and share of irrigated lands with

water scarcity are estimated for three key scenarios under the

conditions of water supply of 2008 (Tab.3).

Table 3. The projections of water demand and water scarcity in Fergana
_ valley under unstable transboundary water conditions for 2008.

2008 (TS3)
WRI+E1+C2 | WRI4+E1+C3 | WR2+E2+C3
water demand for
irrigation, bin 12, 597 8,762 6, 663
cub m
% of land with
water deficit 15,7 S 6,8

Scenario “WRI+E1+C2”, “business as usual”, reflects the
current land use and water management (see Fig. 4). The rates of
water demands for irrigation are largely influenced by the land use
structure. In conditions of the essential share of cotton plantations and
cereal crops, with high irrigation rates, 12,6 bln cub m of water is
needed for productive irrigation in conditions of the current land and
water management. Current land use structure is demanding too
much water, and 15,7 % of irrigated lands are found in conditions of
water scarcity (Fig. 16).
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Figure 16. “Business as usual” scenario Jfor 2008
(“TS3+WRI+EI+C2”)

The transition of the land use to the expansion of horticulture
with smaller irrigation norms may decrease the irrigation water
demand by 30 %. Under the scenario “WR1 E1 C3” that suggests only
change of crop composition but not existing practice of water
managements by farmers, 9,4 % of lands are estimated to face water
deficit (Fig.17).

The third scenario suggests change of crop composition in favor
horticulture and winter cereals and radical improvement of water
management in the region. Our projections show that with the
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improvement of water management, including the increasing
efficiency rates of water delivery to the fields (scenario “WR2 E2
C3”), 6,8 % of irrigated lands would have water deficit. These lands
are situated on the north-west and north of the valley in within the arid
territories of piedmont plains and in the center of the valley within the
territories of sands and solonchaks (Fig.18).
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Figure. 17. “les‘iness as usual” scenario with priority to
horticulture development for 2008 (“TS3+WRI+E1+C3”)
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Figure 18. Scenariol‘;i;ith water managefhém‘ improvement and with
priority to horticulture for 2008 “TS3+WR2+E2+C3”

5. Conclusion

Prospects for sustainable development of irrigated agriculture in
the Fergana Valley depend on three groups of factors: transboundary
water supply regime, land use structure and water management on
irrigated fields. International experts argue that restoration and further
development of regional cooperation is crucial to the future prosperity
of Central Asia (Dowling & Wignaraja, 2006). However, there are not
many evidences that any country of the region has political desire to
lead the process of regional integration. Until now poor record of
transboundary water regulation forced each country of the region to
pursue its own water management strategy to fully exploit their
geographic, geopolitical, and demographic potential.

While fair transboundary regulation of water supply is hardly
achievable in the near future, the other two factors could be included
on agenda of countries sharing the Fergana Valley. Our calculations
show that in poor year (as in 2008) water deficit could be reduced
approximately by 60% due to optimization of both — land use
structure and local water management. Two third of this gain could
be achieved by change of land use structure in the Fergana Valley
while one third goes to better water management on irrigated lands.

Transition to new crop composition in the Fergana Valley is
imperative measure to reduce water deficit. Change of crop
composition during the post-Soviet time has already positive effect in
the Aral Sea basin due to decrease of water demand in agriculture.
Food security concern has led to conversion of part of lands under
cotton and rice to less water intensive crops, such as grains, soybeans,
fruits, and vegetables. Between 1990 and 1998, the area under cotton
has dropped from 45% to 25% of the total irrigated land, while the
area under winter wheat has increased (Dukhovny & Sokolov, 2002),
resulting in a 16% reduction in water abstraction for irrigation (from
109 to 92 km3), even though the total irrigated area has increased by
10% (Micklin, 2006). The projected cereal production in the region



for 2020s is an increase by 31% (from 10.69 in 2000 to 14.06 million
tons), leading to the area under cereals growing by 0.25% annually -
compare with 0.03% for the rest of the former Soviet Union (Babu &
Tashmatov 2000). It is important to notice that larger share of winter
wheat brings less water demand in summer. Transition to horticulture
production is another attractive market option for the Uzbekistan.
Since 2004, the country's export volumes of fruits and vegetables
increased seven times while export value - more than 25 times (up to
$1.5 billion in 2013) (Yuldashbaev 2014). Recent experience of
mandatory transition of farming in Tashkent province from traditional
sets of crops to dominant production of fruits and vegetables shows
realistic character of scenario WR1 E1 C3.

The major obstacle for better water management on a local level
is rural poverty. The Water User Associations (WUAs) are emerging
with the goal of solving the water management challenges after the
collapse of the Soviet Union: dissolution of large collective farms (i.e.
kolkhozes) with emergence of thousands of water users utilizing an
irrigation system designed for centralized management; problems
with reliable and timely water delivery; willingness and ability,
including a financial capacity, of local water administrations to do on-
farm water management, including water delivery, allocation,
drainage, operation and maintenance of irrigation system
(Anarbekov & Pinkhasov 2007).

Implementation of water pricing could create additional
incentives for improved water management and technological
advances in Central Asia (Dukhovny 2008). Current water prices are
too low to compensate the operation and maintenance costs of water
storage and distribution systems (Spoor & Krutov 2003; Wegerich
2001). A World Bank (2003) study modeled the effects of applying
world market prices both on water and crops to irrigated agriculture
in Uzbekistan and Tajikistan. Even under the most pessimistic
assumptions, with cotton and wheat prices at the currently low level,
the study has found that only 12% of irrigated land in Uzbekistan
become unprofitable, while under a very modest 10% price increase,
only 1 to 2% of the arable lands become unprofitable.
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