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A B S T R A C T

Since the 1960 and 1970s, multi-stage pump stations have been widely used in northern Tajikistan in the
Syrdarya River midstream to lift water for irrigation. However, the obsolete pump stations often fail to provide a
stable water supply and require costly renovation. On the one hand, the high-energy intensity of the water
supply negatively affects the sustainable operation of water authorities responsible for running the pump
stations. On the other hand, payments for water delivery services are low and do not cover even electricity
charges for operation of the pump stations. This results in an unreliable water supply that in turn causes low
crop yields and economic losses to farming communities. Currently, the government of Tajikistan and donor
agencies have acknowledged the severity of the problem and are looking for potential alternative strategies.
Identifying and understanding the water and energy linkages and putting efforts into the resource efficiency
improvements could bring win–win outcomes. In this context, this research examines potential alternatives of
reducing the energy intensity of the lift irrigation schemes with the purpose of increasing crop production and
farmers’ income in northern Tajikistan.

1. Introduction

Lift irrigation schemes installed from the 1960s to the 1980s cover
a significant area of the agricultural land in arid and semi-arid regions,
including in China, Myanmar, India and Central Asian (CA) countries
[1–4]. After four to five decades of utilization of lift irrigation schemes
in developing countries, most of them require replacement, upgrading,
and maintenance; for example, 35% of the pumping stations need
replacement or repair in Tajikistan [5]. While these demand heavy
investments over the years in order to increase the effective operation
of irrigation schemes and contribute to better use of scarce resources, it
is not considered the best cost-effective strategy for governments.

It is important to sustain efficient water and energy supply, boost
crop productivity, and maintain smooth operation of the irrigation
infrastructure under growing resource costs. Besides, increasing com-
petition for water and energy in agriculture, industry, and other sectors
necessitates efficient and sustainable management of water and energy
resources [6,7] in the context of development challenges [8]. Recent

studies have emphasized the significance of the water, energy, and food
nexus concept [9] in numerous settings [10–15]. The nexus approach
highlights the prevailing interlinkages and attempts to quantify them in
order to consider alternative strategies and policy options (e.g. [16–
18]) to sustainably and efficiently manage limited resources.

The CA region has one of the largest irrigation schemes in the world
[19] which were built during the Soviet period. The region comprises of
five former Soviet Union countries, including Uzbekistan, Kazakhstan,
Turkmenistan, Tajikistan and Kyrgyzstan. The total area of the region
is 4 million km2 with the population of 65 million people. The CA
region includes also the Aral Sea basin, which is a transboundary river
basin [20]. Two key resources such as water and energy are considered
one of the most valuable resources of the region. They are also CA's
most pre-eminent challenges because of shared transboundary rivers –
Amudarya River and Syrdarya River – flowing to Aral Sea. Two
upstream countries of CA, Tajikistan and Kyrgyzstan are situated in
the catchment area of these rivers; three downstream countries,
Kazakhstan, Turkmenistan and Uzbekistan are located in the zone of
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utilization of water resources.
This study focuses on lift irrigation schemes that supply water from

rivers located at lower elevations to agricultural land at higher
elevations with a series of multi-stage cascade pump stations. The
irrigation systems within the Bukhara region and the Karshi Steppe
(both located in Uzbekistan) as well as Sughd province (northern
Tajikistan) are examples of such schemes. Over time, the water supply
in these schemes has become more energy-intensive, and as a result,
provision of a reliable energy supply has become more expensive.
Currently, there is a need to explore alternative strategies to reduce
water demand and energy use intensity in these areas. This work aims
to explore and discuss the potential for improving the performance of
lift irrigation schemes through conjunctive use of local water resources,
including small river flows and groundwater in northern Tajikistan (see
Fig. 1).

2. Lift irrigation schemes in northern Tajikistan

Agriculture in Tajikistan constitutes 24% of GDP, and about 66% of
the labor force is employed in this sector [21]. Major agricultural
commodities include cereals (mostly wheat) and cotton, and to a lesser
extent perennial crops and vegetables. While the country has abundant
surface water resources [20], agriculture incurs heavy lift irrigation
costs to bring water to fields [22]. The overall irrigated area supplied by
pumping water is 40% of the total, or about 300,000 ha [5]. In northern
Tajikistan, irrigation is mostly based from the water resources of the
Syrdarya River [20], which incur the highest level of pumping. When
pumping schemes were built during the Soviet period, the value of

energy was set far below its economic cost (see e.g. [19]), and
productivity as well as cost recovery were not considered important
[23]. Currently, the government of Tajikistan spends more than 700
million (M) kWh of electricity per year to lift about 1355 Mm3 of water
of Syrdarya River for irrigation purposes in northern Tajikistan
(Khodjiev, Sughd OblVodhoz, pers. comm., 2012).

The Sughd province in northern Tajikistan covers about 25.2
thousand km2 and is located in the midstream of the Syrdarya River
basin. It has a population of about 2.5 million, with about 75.3% of that
number living in rural areas [24]. Agriculture is a backbone of the
province and greatly relies on irrigation. It has a continental semi-arid
climate with natural conditions that are highly dependent on elevation.
In the highlands, the average temperature ranges from 23 to 30 °C in
July and −1–3 °C in January. The average annual air temperature is
above 10 °C (i.e., favorable for the cultivation of arable crops) for 200–
230 days per year. The long-term annual precipitation ranges from
100 mm to 250 mm, and 90% of the rainfall occurs from October to
May. Climate conditions at altitudes below 850–900 m above sea level
(masl) are favorable for cotton cultivation, 1,400-1600 masl for grapes,
and 2,350-2550 masl for apricots. Winter wheat, the most important
food crop, can be grown at all elevations. However, winter wheat in lift
irrigation areas is highly affected by a lack of irrigation water supply in
the cropping season.

The irrigated soils are largely grey and sierozem soils at altitudes of
400 to 1500 masl and light brown soils at altitudes of 1500 to 2800
masl. The total irrigated area of northern Tajikistan is 279,000 ha; 61%
of the land requires lift irrigation, 25% is under gravity irrigation, and
the remaining 14% uses water from both, lift and gravity irrigation

Fig. 1. Map of northern Tajikistan.
International Water Management Institute (IWMI) GIS database (Platonov, pers. comm., 2015).
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schemes. The main source of water for lift irrigation is the Syrdarya
River, which flows at low altitudes. Several pump stations have been
installed on the Kairakum Reservoir (Fig. 2), which was built in the
1970s at the outlet of the upstream Fergana Valley to regulate the flow
of the Syrdarya River for midstream uses.

There are also local sources of irrigation water that include small
rivers, temporal water courses, transboundary canals and groundwater.
Small rivers (e.g. Isfara, Khodjabakirgansai, Aksusai, Karamazarsai and
Tuyubuguzsai) inflowing from the upstream country, Kyrgyzstan,
mainly during the spring and summer months are fully utilized for
irrigation. Originally, only the seepage from the river channels and
precipitation infiltration recharged the aquifers. Later, with the devel-
opment of lift irrigation in the highlands and foothills, leakage from
canals and infiltration from the irrigated fields became the primary
sources of groundwater recharge.

Small rivers are the source of gravity irrigation in the upper part of
the foothills. The upper stages of lift irrigation, which are located below
the gravity zone, represent the mixed zone, which gets its water supply
from small rivers in water-abundant years and from the lift system
during water-scarce years (Khodjiev, Sughd OblVodhoz, pers. comm.,
2010), described by [25]. In some lift irrigation schemes such as
Samgar, the water shortage in the upper lift stages is compensated also
by well irrigation. Groundwater extraction for irrigation at the begin-
ning of summer reduces the groundwater storages. It is compensated
for later in the second half of summer by irrigation water losses, partly
filling up the groundwater storages and partly forming the return flow
to the Syrdarya River. The gradual deterioration of the pump stations,
especially over the last two decades, has reduced the irrigation water
lift to the study area and decreased the return flow to the river, with
less effect on groundwater storages.

As illustrated in Fig. 3, the annual water intake for irrigation
between 1990 and 2012 decreased from 4100 mm3/yr to 2200 mm3/
yr. The available data from the Water Authority of Sughd province
showed that within the time period from 1990 to 2012, the highest
decline of power supply to run the pump stations was recorded from
1993 through 2004, when it fell by 31% and caused a reduction of
irrigation water supply at the Water User Association (WUA) level by
33%. During this period, the area of irrigated land decreased by
18,729 ha. Water delivery for irrigation in the rest of the area was
reduced from 12,850 to 9113 m3/ha, which has led to high economic
losses for a main part of rural population involved in agriculture. This

is especially relevant to farmers growing winter wheat in the lift
irrigated areas. The water authorities often stop the pump stations
from October through March because of high energy prices during this
period. Lack of irrigation water in October, during sowing period of
wheat, and in March, when the plants start re-growing result in low
yields of the crop. Due to these reasons, there is an inverse relationship
between wheat yields and the area under lift irrigation as can be seen in
Fig. 4.

3. Materials and methods

3.1. Calculations

a) The energy intensity per m3 of water lifted was estimated using the
following formula:

P P
W

=c (1)

where: Pc = energy consumption per cubic meter of water lifted
(kWh

m3 ),

P = energy consumption for operation of a pump station (kWh),
W = water lifted by the pump station (m3).

b) The energy intensity per hectare of the irrigated area was calculated
as follows:

P P
w

=w (2)

Fig. 2. Lift irrigation schemes of northern Tajikistan.
International Water Management Institute (IWMI) GIS database (Platonov, pers. Comm., 2015).

Fig. 3. Water intake for irrigation in northern Tajikistan.
(Khodjiev, Sughd OblVodhoz, pers. comm., 2015).
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where: Pw = energy consumption per ha of the irrigated area (kWh
ha

),
w = the area of the irrigated land under the lift irrigation (ha).

c) The energy cost return parameter was calculated using the follow-
ing formula:

ECR cws
ces

=
(3)

where: ECR = energy cost return parameter,
cws = farmer payments for water delivery services (TJS) to

Water Authorities,
ces = payment for energy consumption for operation of the

pump station (TJS), which
Water Authorities have to transfer to the Ministry of Water

Resources.
ECR is estimated for operation and maintenance (O &M) of the

pump stations only. In case of well irrigation, farmers pay for
electricity consumed in the operation of wells, and that is why ECR
= 1.

d) Total payment for water delivery services was calculated as follows:

cws W wf= *s (4)

where: Ws = water delivered to the WUA gate (m
ha

3
),

wf = fees for water delivery services per m3 of water supplied
(kWh

m3 ).

Water delivery services up to farm gates are provided by WUAs
collecting irrigation fees (0.0177 TJS/m3) from farmers based on
the area of irrigated land [5]. According to [20], irrigation fees are
set very low (2–6 times less than required), which is not sufficient to
sustain irrigation and drainage system maintenance costs.

e) The cost of energy consumed for operation and maintenance of the
pump station was calculated using the following formula:

ces P ef= * (5)

where: ef = charges for energy used for irrigation ( TJS
kWh

).
The electricity consumption cost for irrigation water supply

varies depending on the time of year. During summer cropping
season (April – October), the electricity fee is at 0.0188 TJS/kWh
and increases three times from October to March. The calculations
assume that WUAs collect 100% of fees for water delivery services.

All these parameters are estimated for each lift stage separately, and
as a whole for selected lift irrigation projects. These lift irrigation
projects include Samgar Lift Irrigation Scheme on the right bank of the
Syrdarya River, Khodjabakirgan (KhB) Lift Irrigation Scheme, and
Dihmai Lift Irrigation Scheme on the left bank of the Syrdarya River.

3.2. Data sources

The parameters were estimated using data obtained from the
provincial Water Authority. The data on the energy consumed for
operation and maintenance of the pump stations, the volumes of water
lifted by the pump stations, and water delivered to WUAs’ gates were
obtained from the Sughd Province Water Authority (‘Sughd
Oblvodhoz’) of Tajikistan (Khodjiev, Sughd OblVodhoz, pers. comm.,
2012, 2014; Korydjumaev, Gafurov District Water Authority, pers.
comm., 2012, 2014). The data collected from Sughd Oblvodhoz also
included characteristics of the pumps, power consumption, lift heights,
and irrigated areas for each lift stage of the pump stations.

The provincial Water Authority periodically estimates the convey-
ance efficiency of all canals, including those on farms, using flow
measurements. These conveyance efficiency parameters were used to
estimate losses at the canal and farm levels.

3.3. Procedure

During 2012–2013, the energy intensity of lift irrigation and
groundwater irrigation were measured in the Kushatov Production
Cooperative, located in the Samgar Lift Irrigation Scheme. The
cooperative had an area of 2259 ha, including 1315 ha of irrigated
land, of which 940 ha were under perennial crops, orchards, and
grapes. Overall, there were 42 farms in the cooperative. Each of them
had an area in the range of 50 ha to 150 ha. More than 65% of the
irrigated land relied on groundwater irrigation, and the remainder used
lift irrigation from the Syrdarya River. The cooperative had a total of 43
wells, with yields ranging from 10 to 43 l/s.

In the first lift stage, irrigation water supply to farm gates in this
Cooperative was monitored on a daily basis throughout the summer of
2012. The study compared two pilot farms located in the first lift stage
zone and third lift stage of the Samgar lift irrigation scheme,
respectively, and two pilot farms using well irrigation only. The input
use at four pilot farms and the associated costs were monitored for each
crop on a daily basis.

In the second lift stage, the amount of irrigation water available for
crops was compared with potential evapotranspiration (ET) using the
FAO method [26,27] for selected pilot farms. Based on the applied
farming practices data and associated costs, net profits of farmers were
calculated separately for each crop, grown at the pilot farms.

In the final stage, the following two alternative strategies were
analyzed: traditional approach to the rehabilitation of lift irrigation
schemes, based on replacing pumps and lining canals and increasing
water as well as energy fees; redesigning energy-intensive parts of lift
irrigation projects based on conjunctive use of available local water
resources, including small river flows and groundwater.

Fig. 4. Yield of winter wheat as affected by lift irrigated area (in % to total irrigated) for seven districts of northern Tajikistan (average for 2005–2012).
Authors estimates based on the yield data from Sughd OblVodhoz (Khodjiev, Sughd OblVodhoz, pers.comm., 2015).
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4. Results

4.1. Energy intensity of lift irrigation schemes

The energy intensity of water pumping within the lift irrigation
scheme increases with each lift stage because of sequential pumping of
the same water. For example, in 2012 in the Samgar Lift Irrigation
Scheme, the actual energy intensity increased from 0.42 kWh/m3 at the
first lift stage to 0.57 kWh/m3 at the second lift stage, and to 0.82 kWh/
m3 at the third lift stage (Fig. 4). A basic theoretical relationship shows
that the energy required to lift 1 m3 of water (with a density of
1000 kg/m3) to a height of 1 m with 100% efficiency is 0.0027 kWh
[28]. Considering that the height of water lift is 67 m at the first stage,
47 m at the second stage, and 44 m at the third stage, the energy
intensity for lifting 1 m3 of water to the height of 1 m is estimated to be
0.0062 kWh at the first pump station (PS1), 0.0033 kWh at the second
pump station (PS2), and 0.0057 kWh at the third pump station (PS3).
Therefore, the energy intensity of lifting water at each pump station
separately is estimated as 0.44, 0.82 and 0.47 kWh/m3 for the first,
second, and third lifts, respectively.

This data shows the scope for reducing energy use intensity through
the renovation of pump stations and rehabilitation of lift canals. If the
renovation of pump stations of the first and third lifts increases
efficiency to 0.82, which is the efficiency achieved at the pump station
of the second lift, then the actual energy required to lift 1 m3 of water
would be 0.22, 0.375, and 0.52 kWh for the first, second, and third lifts,
respectively. It should be noted that energy intensity for groundwater
extraction in the upper lift stage zone is 0.26 kWh/m3 (Fig. 5). Thus,
even after expensive renovation of the lift irrigation system, the energy
requirements at the second and third lifts would be by 44% and two
times higher, respectively, than the energy required for pumping
groundwater. We have followed a similar analysis for the selected
three lift irrigation schemes using data from 2014 (Table 1).

The data presented in Table 1 shows that the energy intensity per
m3 of water lifted is increasing from the lower stage to the next upper
stage of water lift. The water supply from the pump stations at WUA
gates ranges widely from 3687 to 14,189 m3/ha, depending on the lift
stage and the availability of other sources of water. Payments for water
supply from the pump stations vary from 20 to 45 US$/ha, except in
cases when additional water is available from other sources or applied
deficit irrigation. The energy intensity per hectare, increasing under
high irrigation applications and at the upper lift stage, was on average
3413, 5864, and 5308 kWh/ha for the Samgar, Dehmai, and KhB lift
irrigation schemes, respectively.

The cost of energy per hectare ranged from 12 US$/ha to 51 US
$/ha, except two cases where additional water is supplied from local

sources. The low cost of energy per ha in the case of the third lift stages
of Samgar system could be attributable to using in addition ground-
water.

The ECR varied between irrigation projects in terms of reduction
from the first stage to upper stages of the lift irrigation schemes. A
value of ECR of less than one means that energy cost is not
compensated for by water delivery service fees. These estimates show
that the payments for water delivery services may compensate for the
actual cost of electricity for the operation of the first stage pump station
of Dehmai system, and for the first and the second lift stages of KhB
and Samgar systems, respectively. In the upper lift stages, the
payments for water do not even cover the actual cost of electricity.

4.2. Water and energy efficiency at farm level

The analysis of selected farms of Kushatov Farm Union did show a
difference in water supply between farms using water from Samgar Lift
Irrigation Scheme and groundwater. Fig. 5a and b show water delivery
to the farm gates for the first and third lift stage areas, respectively.

The data in Fig. 6a shows that the farmers located in the first lift
zone had a surplus water supply with almost no irrigation interrup-
tions. Water supply exceeded the irrigation requirements of main
crops. Intercropping and double-cropping were widely practiced by
farmers. The total irrigation applications were at 13,200 m3/ha.
However, this was different in the third lift zone (Fig. 6b), where the
farmers in the third lift irrigation zone received water two weeks later
than farmers in the first lift zone. There were frequent interruptions in
water supply from June to September; the total irrigation applications
amounted to 8800 m3/ha. The amount of water supplied was close to
the irrigation requirements of the crops at the seasonal level, but not on
a monthly basis. Irrigation of crops was based on supply rather than
demand. For example, water supply was higher in the April/May period
compared to the July/August period while crop water requirements
were lower. The farmers were only able to irrigate their main crops
under such conditions. As shown in Fig. 7, farmers using groundwater
for irrigation used a different strategy.

The farmers using groundwater for irrigation had a uniform
uninterrupted water supply except for a few days owing to power cuts.
Fig. 7a shows that water supply met crop water requirements during
the entire crop vegetation season, except in mid-summer. In periods of
power outage, pump restoration or high-water demand, farmers often
purchased water from neighboring farms as recorded in August
(Fig. 7b). The lack of access to other sources of water induced the
farmers to utilize groundwater more effectively. Total irrigation
applications were 8900 and 6050 m3/ha, respectively.

The farmers received water from the lift irrigation scheme at the
cost of US$3.7 for 1000 m3. The farmers using wells paid for electricity
at US$3.9/1000 kWh to utility companies, which made US$1/1000 m3

of water received. Non-uniform water distribution under lift irrigation
caused water shortages at the ends of the canals, reduced crop yields,
and affected farm incomes. The data collected from pilot farms
confirms that the farmers from the third lift irrigation zone faced
challenges more often compared to the farmers from the first lift
irrigation zone (Table 2).

The data presented in Table 2 indicates that farmers producing
apricots and grapevine incurred economic losses under water-scarce
conditions in the third lift irrigation zone. Overall in the Kushatov
Production Cooperative, yields of cotton and grapevines were low even
under reliable water supply conditions (Rahmonberdiev, Kushatov
Production Cooperative, pers. comm., 2012, 2013). Farmers that
produced vegetables, melons, and rice achieved higher yields and
income under reliable water supply conditions, and quince proved to
be a low water-consumptive crop bringing high net profits for farmers.
High irrigation rates at the farm in the first lift zone indicate significant
losses of irrigation water, which became a main source of groundwater
recharge and drainage flow from the project area. The irrigation

Fig. 5. Energy use intensity for water pumping in the Samgar lift irrigation scheme.
Authors estimates based on field data.
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application at the farm level averaged 13,183 and 8858 m3/ha,
respectively, at the farms located in the first and the third lift stage
zones. Because of high irrigation applications for some of the crops, the
energy intensity per hectare was quite high, even in the first lift stage
zone. The average energy intensity was 5537 kWh/ha and 7264 kWh/
ha at the farms located in the first and the third lift stage areas.

The farmers from the first lift stage area received a net profit of US
$6557 from 63.9 ha, or US$103/ha. The expected payment for water
supply services (if 100% collected) totaled US$49/ha, or 47% of net
profit, which is quite high. The farmers growing mainly cotton in the
third lift irrigation zone incurred a loss of US$5978 from 112.5 ha, or
US$53/ha. The average irrigation rate at the farm was 8858 m3/ha,
and water fees totaled US$32/ha. Low incomes of farmers associated
mainly with cultivation of cotton, as well as high irrigation water
applications, are the main reasons for low irrigation fee collection rates
at the farm union. In case of groundwater irrigation practicing farmers,
cotton production generated minor profits (Table 3).

The irrigation applications were 8933 and 6052 m3/ha on average
for cotton production and for grapevine production farms, respectively.
The energy intensity was estimated at 2322 and 1574 kWh/ha for
cotton and grapevine production farms, respectively. These estimates
show that the energy intensity of crop production is much less at farm
using groundwater as compared to the farms using water from the lift
irrigation scheme. Because of higher incomes received from apricots,
the farmer gained US$9431 from 62 ha, or 152 US$/ha. The expected
payment for water delivery services (if 100% paid) totaled US$9/ha, or
6% of net profit. The other farmer growing mainly grapevine and young

Table 1
Performance parameters of selected lift irrigation schemes. Data for 2014. Exchange rate: 1 USD = 5.6 TJS.
Source: Authors estimates based on field data

Pump stations Lift stage Energy intensity per m3 Water supply per ha Energy intensity per ha Fees for water supply Cost of energy Energy cost return

kWh/m3 m3/ha KWh/ha USD/ha USD/ha TJS/TJS

Samgar 1 1 0.34 10670 3617 34 14 2.39
Samgar 2 2 0.49 6209 3047 20 12 1.65
Samgar 3 3 0.67 3687 2467 12 10 1.21
Samgar Project 0.44 7708 3413 24 13 1.83
Dehmai 1 1 0.67 9269 6243 29 24 1.20
Dehmai 2 2 1.08 4678 5061 15 20 0.75
Dehmai 3 2 0.93 14189 13151 45 51 0.87
Demhai 4 2 1.25 5576 6966 18 27 0.65
Dehmai Project 0.91 6414 5864 20 23 0.89
KhB 1 1 0.28 7801 2168 25 8 2.91
KhB 2 2 0.52 13000 6799 41 27 1.55
KhB 3 3 0.81 11052 8987 35 35 1.00
KhB Project 0.50 10714 5308 34 21 1.63

Fig. 6. Water delivery to farm gates under lift canal irrigation at the pilot farms of the
Kushatov Production Cooperative in 2012: a) first lift zone, and b) third lift zone.
Authors field data.

Fig. 7. ET potential (red line) and water delivery to farm gates under groundwater
irrigation for (a) grapevine, and (b) cotton production (blue line) in pilot farms of the
Kushatov Production Cooperative in 2012. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.).
Authors field data and estimates.
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apricots using groundwater still gained US$2428 from 28 ha, or 87 US
$/ha (Table 3). The expected payment for water totaled US$6/ha, or
7% of net profit. The estimates presented show that farmers using
groundwater charged for power supply pay 3.5 times less than they
would pay for irrigation water supplied. The power supply cost per
hectare is low, and that is why farmers using well irrigation cover the
full operation and maintenance cost of the wells themselves. Another
advantage of well irrigation is a good setup of groundwater governance
in the production farm, which has the following features:

• wells for irrigation are owned by the cooperative, and farmers
operate and maintain the wells on a contractual basis;

• the local Water Authority provides well maintenance services for
farmers on a contractual basis;

• farmers pay the cost of the electricity to operate wells to power
utilities and cover the maintenance cost of the wells themselves;

• charges for electricity for operation of wells are significantly higher
during the inter-season than during the vegetation of crops from 1
April to 1 October; farmers rotate water during periods of high water
demand and jointly cover the electricity cost.

The combination of good water governance practices, reliable water
supply, and low cost of power supply creates favorable conditions for
groundwater development.

5. Discussion of alternative strategies

5.1. Rehabilitation of pump stations and canals

Currently about 40% of the pumps do not function in Tajikistan [29].
The flow rates of the functioning pumps are lower than the design flow
rates. Consequently, the actual irrigated areas are less than the areas
initially developed. Burt [29] highlights that the government of Tajikistan
invests 10 times less in O&M of the irrigation systems as compared to
investments in advanced irrigation schemes. Based on analyses of the
status of the six pumped projects in 2012, he concluded that doubling the
investments and improving pumping plant efficiency can improve water
reliability at the WUA gates. Estimates of the Sughd Province Water
Authority (Khodjiev, pers. comm., 2015) showed the need to invest about
66 M US$ for rehabilitation of pump stations and canals in the Zafarabad
Lift Irrigation Scheme in northern Tajikistan, supplying water to a 36,000-
ha area. This approach may improve the reliability of water supply in lift
irrigation areas. At the same time, the investment has to ensure improved
water delivery services at low cost, which then have to be reflected in water
and energy prices. This study shows that even after rehabilitation work,
irrigation in the upper lift stages above the second lift will require high
energy expenses. Without considering efficient use of local water resources
and redesigning lift irrigation schemes, this approach could be costly for
the Government of Tajikistan.

Table 2
Net profits of farmers from crop cultivation under lift canal irrigation in the Samgar irrigation area.
Source: Authors field data and estimates

Crop Irrigation rate Energy expenses Payment for water services Crop production cost Yield Income Profit
m3/ha kWh/ha US$/ha US$/ha t/ha US$/ha US$/ha

First lift irrigation zone
Apricot of 1998 planting 7540 3167 28 142 1.2 197 55
Alfalfa 14,090 5918 52 573 6 630 57
Vegetables 17,684 7427 65 2574 18 3105 532
Melon 21,677 9104 80 674 12 1008 334
Sorghum 18,051 7581 67 763 10 839 76
Rice 40,089 16,837 148 888 3 1261 372
Third lift irrigation zone
Cotton 10,128 8305 40 1182 1.9 989 −193
Apricot 3640 2985 14 165 1 160 −5
Grapevine 5248 4303 21 173 0.6 90 −83
Maize for grain 9310 7634 36 696 4 882 186
Maize for silage 9060 7429 35 603 18 735 133
Alfalfa 11,030 9045 43 535 6.5 692 158
Quince 5120 4198 20 191 4 560 369
Sorghum 9680 7938 38 799 10 840 41

Table 3
Net profits of farmers from crop cultivation under groundwater irrigation in the Samgar irrigation area.
Source: Authors estimates

Crop Irrigation rate Energy expenses Cost of water supply Crop production cost Yield Income Net profit
m3/ha kWh/ha US$/ha US$/ha t/ha US$/ha US$/ha

Groundwater irrigation (cotton production farm)
Cotton 9313 2421 9.5 1303 2 1348 45
Vegetables 14,980 3895 15.3 2560 15 3025 465
Maize for silage 10,263 2668 10.4 457 15 630 173
Apricot 3939 1024 4.0 75 2 564 489
Groundwater irrigation (grapevine production farm)
Grapevine 4288 1115 4.4 75 3 577 148
Apricot 3055 794 3.1 377 – – −377
Vegetables 14,480 3765 14.7 2249 13 2818 569
Sorghum 10,210 2655 10.4 793 24 840 48
Alfalfa 14,480 3765 14.7 594 8 840 247
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5.2. Conjunctive use of local water resources

Current irrigation practices in northern Tajikistan form significant
return flow from the irrigated land exceeding 30% of water resources,
available for irrigation and aquifers are full. This is because of high
leakage from irrigation canals and conventional furrow irrigation
practices applied by farmers. Because of the low-efficient water use
and undeveloped groundwater, multi-stage pump irrigation covers over
60% of the irrigated land. Improving efficiency can permit increasing
the area under gravity irrigation.

Flow estimates from small rivers that include Khodjbakirgansai,
Isfara, Aksu, and Isfanasai show that from 361 Mm3 in low-water years
to 393 Mm3 in high-water years are available for irrigation during the
summer crop season. It is believed that introducing water-saving
technologies can reduce irrigation applications up to 6000 m3/ha on
average, which can allow applying gravity irrigation to 60,000–
66,000 ha of the agricultural land. This may result in doubling the
area under gravity/low-pressure pump irrigation in the small river
basins. In some lift irrigation projects with no upstream small river,
supplemental irrigation can be applied in the upper lift stage areas for
cultivation of pistachios and low water consumptive winter crops. In
some cases, such as the Samgar Lift Irrigation Scheme, groundwater
development could be an alternative solution to lift irrigation in the
upper lift stages.

The lower zone of the lift irrigation schemes is favorable for
conjunctive use of groundwater and lift canal water. In this case,
groundwater irrigation, which is the usage of the return flow within the
area of its origin, in combination with water saving technologies may
cover from 67,000–77,000 ha area. In total, the area under gravity/low
pressure pump and groundwater irrigation may add up to 127,000–
143,000 ha. There may be still 95,000–112,000 ha of land under lift
irrigation, which are currently 195,000 ha. The redesigned scheme of
irrigation will require less, by about 200 MkWh/yr, power supply. The
proposed strategy of water management and introducing water saving
technologies may result in lowering the groundwater table and redu-
cing water storage. To avoid the overdraft of groundwater, managed
aquifer recharge (MAR) activities need to be planned in advance.

5.3. Managed aquifer recharge

The adoption of water-saving technologies may reduce groundwater
recharge and cause the decline of the groundwater table. This can be
prevented by MAR activities (see also [30]). The hydrogeological
conditions of northern Tajikistan, characterized by a combination of
wide and naturally well-drained zones with high conductivities and
narrow and poorly drained as well as no-drainage zones, are favorable
for MAR. Water-bearing deposits have high conductivity in the
naturally well-drained zone, and vertical fluxes dominate in the poorly
drained and no natural drainage zones [31]. The no-drainage zone
forms a natural barrier to the subsurface flows. Temporarily storing the
excessive water in the aquifer can ensure long-term and sustainable use
of groundwater.

There are two sources of water for MAR in northern Tajikistan:
winter flow of small rivers and water transfers through transboundary
canals. The winter flow of three main small rivers – Isfara,
Khodjabakirgansai and Aksusai – is about 199 Mm3 ( ± 20 Mm3) on
average. The recent shift of the upstream reservoir on the Naryn River,
a tributary of the Syrdarya River, from irrigation to hydropower
generation has increased the winter flow and reduced the summer
flow of the river downstream. There are excessive hydropower releases
in the winter at 3000 Mm3/season from the upstream reservoir, which
can flood the irrigated land downstream; the transboundary water
winter transfers may contribute to storing part of the winter flow
underground for summer use. There are two main transboundary
canals, the Northern Fergana Canal (NFC) and the Big Fergana Canal
(BFC), that deliver water from the Naryn River upstream to the study

area. The canals have carrying capacities of 5 m3/s and 13 m3/s,
respectively [1]. The annual planned amounts (‘limits’) of transbound-
ary water transfer from the NFC and the BFC in the summer amount to
71 Mm3 and 202 mm3, respectively. In the winter season, there are no
planned water transfers, and channels of the canals are dry. During this
season, the BFC and NFC canals could be used for transferring winter
flows from the Naryn River to the recharge areas in the Syrdarya River
midstream. The carrying capacities of the NFC and BFC could even be
increased to 11 m3/s and 23 m3/s, respectively, for the tail-end
segments. This proposal of close cooperation is different from the
scenario of delinking Tajikistan's allocation from the BFC and
Uzbekistan's allocation from the Isfara River, advocated by [32]. The
proposal highlights the potential for transboundary water transfers in
the winter when excess water in the upstream system could be stored
underground to cover summer water shortages in the tail-ends of the
canals..

Thus, up to 170 mm3/year and 350 mm3/year of water from the
NFC and the BFC, respectively, could be available via gravity for MAR
in northern Tajikistan during the winter. In total, considering small
rivers and transboundary canals, the potential winter flow available for
MAR is up to 370 – 550 mm3/year, which is in the range of potential
extractions of groundwater in the lift irrigation zone of northern
Tajikistan. The estimates presented above indicate that there is no
reason to pump excessive water from the Syrdarya River for irrigation
and form high return flows to the river channel. Instead, local water
resources can be used more efficiently, and groundwater can be
captured within the lift irrigation schemes. The MAR activities can
contribute to preventing the potential future depletion of groundwater
storages.

5.4. Incentives and approaches for adoption of the proposed strategy

Rehabilitation of the lift irrigation schemes requires significant
investments from the state budget of Tajikistan. The approach pro-
posed in this study aims to create the potential for improving water and
energy efficiency in the studied region. The government can focus on
installation facilities for groundwater recharge, such as facilities for
flood storage on small rivers and temporary water courses in under-
ground aquifers. As the study showed, this is a less energy- consuming
approach that can be used to restore reliable irrigation water supply in
lift irrigation areas of northern Tajikistan.

Every year, Tajik migrants send approximately $2–2.5 billion US
dollars from abroad to Tajikistan, which are utilized to support their
families and to invest in small businesses, including farming (see e.g.
[33]). According to various sources, between 800,000 – 1000,000
(26.4–43.9% of economically active population) labor migrants from
Tajikistan work abroad [34]. The latest available estimates show that
remittances accounted for 29% of GDP, and Tajikistan was ranked
third in the world with respect to the importance of migrant remit-
tances to the economy of a country [35]. The government can
concentrate its efforts on providing incentives to the rural population
and encourage farmers to invest remittances in water-saving technol-
ogies, groundwater development, and improving irrigation infrastruc-
ture. These will help farmers to grow high-value crops such as grapes,
potatoes, and vegetables. Farmers will be encouraged to grow winter
wheat in lift irrigation areas because of timely and sufficient well
irrigation, especially during the crop-sowing season. The cultivation of
wheat will allow farmers to grow a second crop after the wheat
harvesting, which will eventually increase their income from farming.

6. Concluding remarks

Inefficient pumping stations with low O&M budgets limit the
sustainability of pump irrigation systems in high lift zones in the
developing countries. The main strategy advocated by governments for
sustainability of lift irrigation schemes is the rehabilitation of pump
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stations and canals, as well as increasing water and energy prices [5].
This is the traditional approach of rehabilitation of the pump stations
and irrigation canals, which is considered a costly practice. Current
analyses of energy intensity at different lift stages of the selected pump
stations presented by the study indicate the possibility of exploring
alternative strategies to improve water and energy efficiency with the
purpose of increasing crop production and income for farmers. This
strategy proposes redesigning energy intensive lift irrigation schemes,
especially their upper lift stages. Redesigning the lift irrigation schemes
may include improving efficiency and the area of gravity and low-head
pump irrigations and the adoption of water-saving technologies. These
practices potentially can double the area under gravity irrigation.
Groundwater development is another alternative to reduce the energy
intensity. Governments can concentrate their efforts on providing
incentives to the rural population and direct farmer investments
towards water-saving technologies, groundwater development, and
irrigation infrastructure. It can focus also on installation of managed
aquifer recharge facilities.

Reducing the energy intensity of the lift irrigation schemes in the
Syrdarya river basins may contribute to mitigating the competition for
water between upstream hydropower and downstream agriculture. The
results of the study also indicate the importance of transboundary
cooperation, which can eventually increase basin scale water produc-
tivity and energy efficiency. The transboundary cooperation can
provide multiple opportunities for low-cost water gravity transfers
and storage, which can form new basin water management more
befitting the new socio-economic environment of Central Asia. Further
analyses of energy intensity are required, particularly in relation to
water-saving technologies, water governance, input prices, and market
opportunities in Central Asia for both energy and agricultural products.
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