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Figure 10:Water Release into the Tarim River as Required by the Quota Sys-
tem versus Real Water Release

Source: Modified after Tang and Deng 2010.

In 2009, it was visible on satellite images (Landsat) that in May and June
most of the water of the Aksu River was diverted from the river into
reservoirs in Aksu Prefecture and the Xinjiang Production and Construc-
tion Corps. The Aksu River downstream and the Tarim River ceased to
flow.

By end of the Tarim Basin 1I Project, the prefectures on average ex-
ceeded their quota as set by the Tarim River Basin Water Resource
Commission by 20 per cent. The date as of which the prefectures shall
follow this new quota was postponed from 2005 to a non-defined time
between 2010 and 2020 (World Bank 2007).

This quota system faces the following difficulties: First, there is an
inaccuracy related to the forecasts on which the water allocation for the
following vegetation period is based. Second, the quotas permitted to the
river stretches and water consumers refer to annual run-off values rather
than monthly run-offs. As indicated in Figure 3, the run-off in the Aksu
and Tarim Rivers is low during spring and early summer. If the farms
along the Aksu River withdraw water with consideration only for their
demand for irrigation, in water-scarce years, they may deplete the water
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in the Tarim without exceeding their permitted annual water quota.
Third, there is a lack of control over the water withdrawal.

The Tarim River thus suffers from periods of water shortage during
spring and eatly summer. The further downstream, the more prolonged
the water shortage becomes. In some years, the middle and lower reach-
es of the Tarim River fall dry.

Investigation of the Adaptation toward Water
Allocation and Water Scarcity on the Farm Level

Since agriculture completely depends on irrigation, water is the crucial
input factor for agriculture along the Tarim River. Within the framework
of the hydrological conditions explained in Section 2, the administrative
settings as portrayed in Section 3, and the water allocation illustrated in
Section 4, I will now discuss the adaptation of farmers to water scarcity
in the region.

The cotton-farming systems along the Tarim River were investigat-
ed through semi-structured household interviews in 2002 outside the
Xinjiang Production and Construction Corps (Hofmann 2006), 2007,
and 2008. The interviews from 2002 described the basics of cotton-
farming along the Tarim River (Hofmann 2000). In brief:

Aside from the Xinjiang Production and Construction Corps, there
are two kinds of cotton farmers: The first group is local people in the
villages, mostly Uyghur, who grow cotton on small, family-run farms,
usually between 2 and 6 hectares. The second group of cotton farmers
are private investors, who reclaim land outside the villages along the
Tarim River and its branches. They grow cotton on a larger scale on
plots between 20 and 200 hectares.

Cotton seeds are usually sown in March and April. The seeds are
covered with a sort of cling film in order to reduce evapotranspiration in
this early stage of plant establishment and in order to keep the seedlings
warm at night. Fertilizer, pesticides and herbicides are applied (see Table
3). Plant hormones are applied in order to inhibit the stem growth of the
cotton plants. Thus more biomass is allocated to the cotton fibres during
the growth process of the plant. The harvest starts by September and
lasts until November. The cotton is harvested by hand.

The family-run farms in the villages rely on public water infrastruc-
ture managed by the county, while the private investors install their own
water pumps, which they run without any limits.
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In September 2007, 11 private investors and 21 family-run farms
were interviewed based on the questionnaire developed by Hofmann
(2006). In July 2008, the farmers were interviewed again regarding
changes in their water supply situation and their irrigation infrastructure.
The interviews were located in Yingbaza (80 kilometres south of Bugtir/
Luntai) and Tarim Xiang (Shaya County, 100 kilometres south of Kuqa).
Both areas are located along the Tarim’s middle reaches, thus along the
river stretch that fell dry in 2007, 2008 and 2009; the farmers thus repre-
sent those affected by periodical water shortages of the Tarim River.

The average farm size, cotton yields, gross income from selling cot-
ton, and the running costs are shown in Table 3. The running costs relat-
ed to irrigation — costs for water pumps, groundwater wells and water
fees — are significantly higher for the family-run farms.

The cotton farmers flood their fields after the harvest, in November
or December, because most years the Tarim River carries water even to
the downstream stretch during that time period. The soil remains moist
until the spring of the following year, as the frost period starts by De-
cember and lasts until the beginning of March. If abundant water is
available for irrigation in autumn, the salts can be leached from the fields
in order to prevent soil salinization. The farmers start to irrigate again by
the end of May/ beginning of June. So, June and July, until the onset of
the summer flood, is the bottleneck period for irrigation.

Starting with the 2007 planting season, 9 of the 11 private investors
in Yingbaza drilled their own groundwater wells, 3 to 5 wells per farm.
Among the family-run farms, 12 had access to groundwater wells, either
their own or ones shared with neighbours. The costs to drill a groundwa-
ter well were roughly estimated at 1,000 CNY per metre of depth. The
private investors drilled 40 to 60 metres deep, while the family-run farms
used wells with depths between 20 and 50 metres. The lifespan of the
wells was estimated at 5 to 6 years. However, the groundwater is only
exploited when the last available river water has been pumped (cf. Figure
5), as the running costs of the groundwater wells (mainly electricity costs)
are much higher than they are for the water pumps.

By 2008, half of the private investors replied that the water level in
their wells dropped, and two of them drilled new wells. Only four private
investors started to use drip irrigation, while none of the family-run
farms introduced this technology. A farmer must invest 9,000 CNY per
hectare in order to install the main tubes. The main tubes have to be
renewed every 15 years. The tubes, which supply the plants, have to be
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renewed every year, demanding about 1,500 CNY per hectare. Switching
to more water-saving crops like wheat or native medicinal plants was not

considered adaptation at all.

Table 3: Income and Running Costs for Growing Cotton per Area Unit
Farm type Private investor Fa?:lri;—lrun

Average farm size (ha) 135 8.7
Yield seed cotton (kg/ha) 3,510 3,465
Selling price of seed cotton (CNY/kg) 5.90 5.60
Gross income from selling seed cotton
(CNY/ha) 20,709 19,404
Breakdown of running costs per atea planted in 2007 (CNY/ha)
Seeds 585.90 525.00
Cling film 790.50 735.75
Fertilizer 4,175.25 3,907.35
Pesticides 89.70 87.60
Herbicides 88.95 88.95
Hormones 145.20 58.35
Labour costs 2,300.70 3,791.85
Tractors and machinery 122.85 658.20
Water pumps 82.50 216.90
Groundwater wells 398.70 1,221.45
Water fees 251.70 588.75
Total running costs per area planted in 2007
(CNY/ha) 9,031.95 11,880.15

Source: Protze 2011.

Discussion of the Adaptations on the Farm Level

The decisions on the farm level are driven by the risk-minimizing strate-
gles of individuals. Most farmers decide to combat the threat of water
scarcity and crop failure on an individual basis. They drill groundwater
wells on their own, even though this measure may help only for a short
time — some wells fail to deliver water after one year. Only some of the
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farmers invest in a long-term adaptation to combat water scarcity, like
drip irrigation. The reasons for this are a lack of capital and a general
uncertainty regarding both the availability of water and the price fluctua-
tions of cotton.

As of now, the administration bureau of the Tarim River Basin Wa-
ter Resource Commission is powerless to allocate water all along the
Tarim River in situations of water scarcity. The access to groundwater
technically is uncontrolled, so there is no limit on the amount of
groundwater a farmer can extract. This drives the farmers into an open
access dilemma regarding the water utilization.

Cai (2008) concluded that there is a “deadlock” regarding agricultur-
al water management in China due to the following conflicts: First, farm-
ers waste water though they suffer from water shortages, resulting in
water shortages for the municipal and industrial sectors. Second, farmers
cannot afford investments in water-saving techniques and are not willing
to pay a water price that reflects the value of water. Third, the national
policy still puts forward the aim of food self-sufficiency, so irrigation is
urgently needed in order to maintain high crop yields.

In this case, it is true that most farmers waste water since they do
not introduce water-saving irrigation techniques like drip irrigation. But,
this affects the farmers further downstream more than the industrial
businesses in the area. The amount of water allocated to the oil exploita-
tion is fixed over the whole range of run-off of the Tarim River. Fur-
thermore, the oil-exploiting industry has sufficient equipment and capital
at its disposal to exploit groundwater as needed. The oil industry even
has the capability of pumping so much groundwater that the groundwa-
ter level drops too deep for the farmers to access.

The farmers investigated here who only invest in groundwater wells
cannot afford further investments due to their current income and future
income prospects. This finding is in accordance with Cai (2008) regard-
ing water shortages in northern China.

Since the major crop here is cotton, the goal of attaining food self-
sufficiency in China is not a driver for irrigation in Xinjiang. But the
targets set for the prefectures in the Tarim Basin in the framework of the
tenth Five-Year Plan — such as doubling farmers’ incomes and contri-
buting to the regional GDP (World Bank 2007) — drive the local deci-
sion-makers to propose cotton-farming. For many local decision-makers,
the most uncomplicated way to attain economic growth is to farm cotton
because all the infrastructure of cotton-processing and cotton-marketing
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is at their disposal. Considering these economic goals, the local decision-
makers foster cotton irrigation within the area they are responsible for.
These economic targets counteract the goals regarding water saving.
Such contradictory goal-setting between economic development and
resource protection is a common weak point regarding the implementa-
tion of environmental laws and regulations (Zhang and Wen 2008).

Conclusion

Periods of water shortage along the Tarim River occur during spring and
carly summer, during the growth of cotton. This period is the bottleneck
for irrigators along the Tarim River. These periods of water shortage are
a result of the natural hydrological conditions combined with excess
water withdrawal along the tributaries of the Tarim and a weak water
allocation administration.

Currently, the administration bureau of the Tarim River Basin Water
Resource Commission is not able to ensure water flows all year round
along the entire Tarim River, mainly because it is not able to control the
water withdrawal by the water consumers along the Aksu River — the
Xinjiang Production and Construction Corps and water users within
Aksu Prefecture — during spring and early summer. As long as Xinjiang
is regarded as an area set aside for cotton production, local decision-
makers will promote cotton production. This most likely will result in an
increasing area being irrigated along the Aksu River and the upstream of
the Tarim, which will result in water shortages along the middle and
lower reaches (Bazhou Prefecture).

In order to realize a run-off throughout the year, the water alloca-
tion quotas must be determined on a seasonal or even monthly basis,
and the position of the administration bureau under the Tarim River
Basin Water Resource Commission must be strengthened. Furthermore,
a mechanism must be introduced through which the Xinjiang Produc-
tion and Construction Corps, which is not under the administration of
Xinjiang, but is administered directly from Beijing, must follow the water
quotas set in Xinjiang.

Under pessimistic premises — that is, if the administration bureau of
the Tarim River Basin Water Resource Commission is not strengthened
— the Tarim River may shorten to the point that it will not flow perman-
ently into Bazhou Prefecture anymore. If that happens, the Aksu and the
Tarim will sustain only the irrigation agriculture within the Xinjiang Pro-
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duction and Construction Corps and Aksu Prefecture. The downstream
Bazhou Prefecture thus has to make use of the “leftovers™: the run-off
during late summer and autumn and the irregular run-off during spring
and early summer. As a consequence, Bazhou Prefecture would concen-
trate on the Kengi River as its main water source, because the Kengi
River Basin lies entirely within the boundaries of Bazhou Prefecture.

If only flood pulses and no continuous run-off reach the middle and
lower reaches of the Tarim River, the natural vegetation can be protected
from further degradation because such flood pulses recharge the
groundwater from which the natural vegetation supports its water de-
mand. Even if the flood pulses occur late in autumn, the natural vegeta-
tion will survive. Although, the generative recruitment and thus the long-
term conservation of the genetic diversity cannot be preserved under
conditions of single flood pulses (Thevs et al. 2008a).

Irrigation agriculture under a hydrological regime of flood pulses in
late summer and occasional run-off during spring and early summer will
only be possible based on massive groundwater exploitation. Ground-
water exploitation is costly and the amount of water extracted is very
hard for the water administrators to control. Therefore, a more feasible
option for farmers along the middle and lower reaches of the Tarim
River would be to reduce the area used for cotton and increase the utili-
zation of plants that are part of the natural vegetation. Two promising
candidates might be Apocynunm: venetum and Apocynum pictum, because they
cover their water supply from the groundwater and can be used as me-
dicinal plants and fibre plants.
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