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ABSTRACT

Water is the source of life. Leonardo da Vinci, constructor of the drainage system of a swamp area 
north of Rome, said that “water is the blood of the soil”. Without water there is not fertile soil and 
without any of them there is no harvest. 
Sustainable Agriculture Management is all about how to develop and improve the use of different 
resources to make agriculture more sustainable. This study is about how to apply this concept into the 
study area.

The Balkhash Lake is among the biggest lakes on earth, but due to unreasonable water utilization, the 
lake is facing the same fate as the Aral Sea. The lake belongs to the Ili Balkhash Basin IBB that is shared 
by two countries; Kazakhstan and China. Most of the water (around 80%), that feed the lake, come 
with the Ili River that is born on the Chinese side. Most of the water is used for agriculture purposes. 
Now the Chinese Government want to increase the irrigated area and develop more projects that 
require more water. If this is done without any improvement in the agriculture management, the IBB 
is under threat.

The irrigation systems in the study area are very precarious. The farmers are isolated with almost no 
possibility to participate in the development process. The government is not interested in any research 
in water issues and the information that can be found about water consumption and cultivated area are 
proven to be far from reality. A difficult situation facing the above mention problematic. 

The agriculture area can grow but the water management in the Upper Ili Basin needs to be reviewed 
and improved. Just by doing small changes like changing rice cultivation for a crop with a higher water 
productivity the amount of water that can be saved is considerable. Or by importing virtual water from 
a region with a higher water productivity. But first a general recognition from the Chinese side about 
water shortage is necessary. 

The Ili Balkhash Basin can be sustainable if it is treated as a whole. The boundaries of the system need 
to be set around the whole basin. A partial view of the basin can be dangerous and jeopardize the 
subsistence of the natural environment of the area. 
When the carrying capacity of the basin is measured, the only way to grow is under this threshold. In 
this case, by improving water productivity with better agriculture management.

Key words: Sustainable Agriculture Management, Xinjiang, Ili river, Ili Balkhash Basin, irrigation,  
        virtual water.
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1. Introduction

The Ili-Balkhash Basin IBB is a unique natural water system with a catchments area exceeding those of 
Great Britain, Denmark, Switzerland, Holland and Belgium taken together. The basin is rich in natu-
ral resources; it has a huge capacity for the development of agriculture, industry, transport, processing 
industries, tourism and recreation. The region also has a significant geopolitical importance. However, 
given its unique natural resources and capacity, this region is facing numerous social and economic is-
sues. Due to increasingly serious anthropogenic pressures, unreasonable water utilization and increased 
water intake for various economic activities, the Ili Balkhash ecosystems are under threat and Lake 
Balkhash is facing the same fate as the Aral Sea. (Carec, 2007).

Figure 1 The Balkhash-Ili Basin in Central Asia (adapted from Dostaj, 1999)
 

Source: Adapted from Dostaj.

In September 2006 a group of four students, including myself, from the Environmental Engineer and 
Sustainable Infrastructure Master program EESI went to Xinjiang, northwest of China, to do a field 
research on the IBB. The original idea was to work as an interdisciplinary team to study an area in 
China where there were problems with water resources. During that process of searching for a study 
area, we heard that in the Industrial Ecology Department IE of the KTH had done a study of the IBB 
but in the Kazakhstan part only (Spitsyna, 2006) and that they were interested in doing a study on the 
Chinese side. After some meetings with professor Nils Brandt and Björn Frostell from the IE in KTH 
we decided to carry on our study in this area and to travel there to find out more about the problems 
and to get a closer view of the situation.This is the result of one of the studies. 
This research is concentrated in the Upper Ili Basin, in the north of the Chinese province Xingjiang. 
It’s  a description of the situation of water consumption for irrigation purposes, the agriculture situa-
tion and it’s about how to make agriculture more sustainable to be able to increase the cultivated area 
without compromising the sustainability of the Balkhash lake.
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1.2 Aim, objectives and limitations

The aim of this study is to evaluate the situation of water consumption for irrigation purposes in the 
IBB on the Chinese side. Moreover the aim is also to try to find some guidelines for more effective use 
of water resources for irrigation. To accomplish this, we will try to find experiences from other parts of 
the world under similar conditions that may give us some advice in how to proceed.
The main problem of assessing the situation in the IBB on the Chinese side is the accuracy of the data. 
According to Christense & Schöner  the statistics for the area that is given from Chinese authorities is 
highly unreliable (Christense & Schöner, 2004). 
In our case we couldn’t get any information at all regarding water balance of the area. The Water 
Resource Bureau, that is the entity who take care of the information about water quantity in China, 
didn’t want to receive us. They argue that they were rebuilding their system and that they couldn’t 
help us. They also said that the information we wanted access to was confidential and not open to the 
public. 
This position is well known since the rapid economical development of the country and even before 
that, under the communist regime when China was totally closed to the outside world. Since the era 
of Deng Xiaoping, China has concentrated their efforts in economic growth and a proof of that is that 
the year 2006 was their fourth year with an economic growth higher than 10%. They are afraid that 
someone can come and tell them that the way they are managing the resources is wrong or is not car-
ried out in the best way. Their International affairs lemma is “ not to question others countries politic”. 
In the same way they don’t want others to mind their business.
This attitude is even seen in the academic world, as one of the interviews we had with a professor, Mr. 
Yu, from the Environmental department of the Tjanjin University (See interview 1 in the appendix) 
said: “ Europe and the western world did pollute an incredible amount during the industrial era to 
achieve the economical standard they have today, now they can’t come to us and tell us how to behave, 
now it’s our turn”. Under these conditions it is hard to get into their system and even if we do so, as 
explained above, one can not trust their data base that is open to the public.
The only data we could collect during our field trip was from the farmers in Yining. With the help 
from two of our colleges that are Chinese, we could get some information about the way the farmers 
work and the way they use water for irrigation purposes.
Regardless these limitations it is still possible to find some general guidelines to give to the subject, 
hoping that this somehow can contribute to the acknowledgment of the problematic. It is imperative 
to find strategies that can help us to learn from mistakes in the past and not to follow the Aral sea’s 
fate.



Sustainable Agriculture Management 3 

1.3 The history of the Aral sea

The destruction of the Aral Sea is a well-known example of unsustainable development. Atlases used 
to describe the sea as the world's fourth largest lake, with an area of 66,000 square kilometers and a 
volume of more than 1,000 cubic kilometers. Its waters supplied local fisheries with annual catches of 
40,000 tons and the deltas of its tributaries hosted dozens of smaller lakes and biologically rich marshes 
and wetlands covering 550,000 hectares.

Figure 2 The Aral sea from the space. The red line shows the original size of the sea.

 
Source: Nasa

In the 1960s, planners in the former Soviet Union gave Central Asia the role of supplier of raw cot-
ton. Irrigation was imperative, and the Aral Sea and its tributaries seemed a limitless source of water. 
Irrigated land was expanded from about 4.5 million hectares in 1960 to almost 7 million hectares in 
1980. The local population also grew rapidly, from 14 million to about 27 million in the same period. 
Water withdrawal almost doubled to an annual 120 cubic kilometers, more than 90 percent of it for 
agriculture.

Figure 3. The shrinking of the Aral sea through the time.

 
Source: NASA/GSFC
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The result was the collage of the prevailing water balance in the basin. Waterlogging and salinization 
eventually affected about 40 percent of irrigated land. Overuse of pesticides and fertilizer polluted 
surface water and groundwater, and the delta ecosystems disappeared: by 1990 more than 95 percent 
of the marshes and wetlands had given way to sand deserts and more than 50 delta lakes, covering 
60,000 hectares, had dried up. 
The surface of the Aral Sea shrank by one-half and its volume by three-quarters. The mineral content of 
the water has increased fourfold and most of the sea's fish and wildlife have died. Commercial fishing 
ended in 1982. Former seashore villages and towns are now 70 kilometers from the present shoreline.
This is an horrible experience and a clear example of unsustainable development. This doesn’t need to 
happen in the Balkhash lake if efforts are concentrated into create a sustainable base to develop the 
zone.

1.4 The Balkhash lake

The Balkhash Lake is one of the largest inland lakes of Central Asia. With 18,000 sqkm it is meanwhile 
larger than the dry-running Aral Lake. The Balkhash Lake is located in the Ili- Balkhash Basin in the 
south-eastern part of Kazakhstan (Fig. 1). 

Figure 2 The Balkhash lake sea from space.

Source: NASA

In the 1960s, the beginning of the recent developments, the water level of the lake varied only slightly 
between 342.7 and 347.0 m above NN (Fig. 4). At a level of 342.0 m NN the lake covers an area of 
18,480 sqkm and has a total volume of about 106 km3. Starting from 1970 and continuing to 1987, 
the water level of the lake sank continuously from 347.0 to 340.7 m above NN (see Fig. 4). The main 
causes of this retrogression were extensive land development projects and the large-scale extension of 
irrigated agriculture. In the Kazakhian part of the Ili-Balkhash Basin, the irrigated areas increased from 
405,000 ha to 583,000 ha (Dostaj 1999).
Assuming an average gross water consumption of 11,000 m3/ha (Tursunov 2002b, p. 11, 13), the 
inflow into the Balkhash Lake was thereby diminished by about 2 km3 / year as compared to 1970.
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Figure 4. Water level fluctuation in the Balkhash lake between 1880 and 2002

 
Source: Tursunov A. A (2002).

Since 1987, the water level of the lake has recovered somewhat, in particular during the period 1998 
– 2002, which was characterized by relatively high rainfall. However, this fact should not be misinter-
preted. Despite this relatively moist interval, the Balkhash continues to be a highly endangered inland 
lake. At a level of 342.0 m NN, the lake totals an area of 18,480 sqkm and a volume of about 106 km3. 
Due to its relatively low depth (about 5 – 8 m on average only), the Balkhash Lake has a relatively small 
volume, as compared to its surface. Considering the high evaporation of about 1,000 mm / year (14 
km3 / year), the lake is likely to run dry within a short time if the present inflow will be diminished 
considerably. At present, there are plans on the Kazakhian as well as on the Chinese side to further 
extend the existing irrigated areas. If these plans are being fully implemented, in the medium term the 
Balkhash will be threatened by the same gradual desiccation process which can be observed at the Aral 
Lake since the 1960s. To sustain the equilibrium of this originally stable natural lake (i.e. a water level 
of 342.7 – 343.0 m above NN as in the 1960s), the Balkhash Lake requires an average inflow of about 
15 km3 / year. According to Kazakhian sources, the Balkhash presently receives about 11.8 km3 of this 
inflow from the Ili River catchment which thus forms the main water source of the lake. The remain-
ing 3.2 km3 stem from various smaller streams (Karatal, Aksu, Lepsy etc.) on the Kazakhian side of 
the border. Hence, in a balanced stage, the Balkhash Lake receives a total inflow of about 15 km3, of 
which 79% (11.8 km3) originates from the Upper Ili area (see Christensen & Schöner, 2004).
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1.5 Background

At present time, of all the freshwater available in the planet,  around 75% is consumed in irrigated ag-
riculture. Shiklomanov (1991). Here is where the effort must be concentrated to design right policies 
and choose right technologies to secure a sustainable development of the Ili-Balkash Basin.

1.5.1 The study area
The Ili river it is 1,439 km long, 815 km of which in Kazakhstan. It takes its beginning in eastern Tian 
Shan from the Tekes and Kunges (or Künes) rivers. The Ili River drains the basin between the Tian 
Shan the Borohoro (P'o-lo-k'o-nu) Mountains to the north.
Flowing into Lake Balkhash it forms an immense delta with vast wetland regions of lakes and jungle-
like vegetation.

Figure 5. A map of the study area.

Source: Atlas 2003.

According to Kazakhian sources, more than two-third of the discharge of the Ili River are formed on 
Chinese territory. In the 1960s, the discharge of the (entire) Ili Catchment totalled 22.8 km3/year. Of 
this amount, 17.05 km3 (i.e. almost three quarter) were formed on Chinese territory. Of these 17.05 
km3, the major part (12.4 km3) was discharged to Kazakhstan, while the remaining 4.6 km3 were 'lost' 
on the Chinese side due to infiltration, evaporation, and water consumption. The quantities given by 
Chinese scientists differ from the Kazakhian figures. According to the results of the "Forschungsteam 
"Projekt 1515", in 1995 the water volume formed in the (entire) Ili Catchment totalled 16.45 km3. 
Of this total 15.86 km3 (96%) are formed on the Chinese part of the catchment and only 0.594 km3 
(3,6%) are formed on the Kazakhian side. The Chinese claim to transmit 13.52 km3 (i.e. 85%) of the 
water formed on their side go to Kazakhstan. According to these figures, the Chinese would use just 
2.34 km3 of the Ili water (see Christensen & Schöner, 2004). This figure, however, is contradicted by 
other figures of the same report, through which the Chinese themselves concede to use 4.37 km3 Ili 
water for irrigation purposes. 
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On the Kazakhian side, additional 6.4 km3 / year were formed outside the Ili Catchment and dis-
charged by tributaries from the Tsungarian Alatau (Karatal, Aksu, Lepsy etc.). Half of these water 
resources (i.e. 3.2 km3/year) eventually reached the Balkhash Lake, the remaining 3.2 km3 / year were 
used by man, again mainly for irrigation purposes. 

1.5.2 Problem background

At present, plans exist on both sides of the border to utilise the water resources of the Ili- Balkhash 
Basin even more intensively than today. The Kazakhs are planning a comprehensive extension of the 
Dzungarian irrigation complex. On the Chinese side there are plans to extend the existing irrigation 
areas along the Ili River ( Fig. 6). Moreover, there are also plans for a canal to divert water from the 
Kash, a northern tributary of the Ili, to the industrial complex around Karamay. A second canal is 
planned to divert water from the Keksu, a southern tributary of the Tekes, to supply water via the 
Chajdyk-Gol into the Tarim Basin (Fig. 6).

Figure 6. Development areas on the Chinese side of the Upper Ili catchment.

 

Source: Forschungsteam "Projekt 1515 des Ili-Gebietes", 1999.

Furthermore, a total of 15 dam projects are under discussion for Tekes, Kunes and Kash, the three 
main tributaries of the Ili River. (see Christensen & Schöner, 2004)
If these plans are being implemented, a critical situation may develop as modelled by Tursunov in 
cooperation with Dostaj (cp. Tursunov 2002a, p. 294).  Figure 7 illustrates the modelled results. 
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Figure 7. Future scenarios of the Balkhash lake.
 

Source: Tursunov, A.A. (2002): p 294.

The first of the two scenarios assumes that the water inflow from the western into the eastern part of 
the Balkhash Lake will shrink from 3.2 to about 1.0 km3/year and that the water supply from the Ili 
River into the western part of the Balkhash will drop off from 11.8 to 8.95 km3/year. The assumed 
declined water inflow into the Balkhash from 15.0 km3/year to 10.0 km3/year would induce a shrink-
ing of the lake surface as shown in Scenario 1. According to Tursunov (2002a, p. 292), this scenario 
is (at present) the more likely one. The water level of the lake would drop to about 340 m NN. As a 
consequence, the lake would split into two smaller, separated parts with a total surface area of only 
11,720 sqkm, which correspond to just about two-third of its original size in the 1960s (about 18,000 
sqkm).
In case of Scenario 2, the size of the lake area would be reduced even further. The water level would 
drop for another 2.4 m to 337.6 m NN and the remaining lake would cover only 6,800 sqkm, respec-
tively one-third of the original lake size. In this case, we may expect similar conditions and effects as 
being observed at the Aral Lake since the mid-1980s. The data and facts outlined above demonstrate 
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that there is a precarious uncertainty about absolutely crucial base figures for the water balance regime 
of the Ili river catchment as well as on the amount of water taken from the Ili for irrigation purposes. 
The Kazakhian side presents calculations which estimate the regeneration rate of the Ili, the main water 
source of Lake Balkhash at 16.6 km3/year and the inflow from the Ili into the lake at 11.8 km3/year 
(present discharge) respectively 12.4 km3/year (figure for the 1960s). Hence, the resulting difference 
indicates a water extraction in the order 4.8 respectively 4.4 km3/year on the Chinese side.
The Chinese, on the other hand, estimate the regeneration rate of the Ili system about 0.7 km3 lower 
than the Kazakhian figure (15.87 km3/year). At the same time, they claim to discharge 13.52 km3/
year (cp. Forschungsteam "Projekt 1515 des Ili-Gebietes" und Wissenschafts- und Ingenieurverein 
vom Ili-Gebiet 1999: 37 -39) which is about 1.1 – 1.7 km3/year more than the quantities given by 
the Kazakhian scientists (11.8 respectively 12.4 km3/year). According to their calculation, the Chinese 
side merely extracts 2.345 km3/year, about 2 km3/year less than in the Kazakhian calculation (see 
Christensen & Schöner, 2004).
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2. Methodology

The purpose of sustainable water resources management is to sustain both the water supply capability
and the environment, now and in the future. Water supply capability encompasses both the avail-
ability of water and the infrastructure to sustain water supply and use. The environment takes into 
account the water source and the land and air systems that support human production activities. As 
water demands in agricultural, municipal, and industrial uses change over time—because of policy and 
technological changes, among others—the relationship between water use and the environment needs 
to be continually reviewed and adapted. Sustainable water management should supervice the amount 
of water used by the different sectors involved. It should ensure that water supply is sustainable in time. 
Cai ( 2001).
Sustainability reflects a systems concept for irrigation water management, that is, applying a set of 
elements that interact in interdependent fashion. Moreover, sustainability, by its nature, implies a dy-
namic system whose status is determined by a balance of opposing forces or trends (Svendsen 1987).
When an accelerating flow of negative forces reaches a threshold beyond which it is impossible or 
costly to reverse the direction of the change and return to a more favorable equilibrium, the system 
becomes unsustainable. In the IBB case, this threshold is almost, or already, overloaded.

In order to make an analysis and evaluation of the situation in the study area, this work is divided in
three stages.
The first stage is about a general baseline for the agriculture situation in the Upper Ili Basin. This base-
line is an overview of the main aspects that affect the performance of the agriculture activities and more 
specifically about the irrigation system to give a general idea about the actual situation in the area. To
do this evaluation I have used literature to analyze the effects of the Chinese policies in agriculture and 
how these policies has impact the sustainability of the system. Regarding the cultivated area I have used 
different sources and compare them. However, the lack of reliable statistical information, as described 
in the Aim, Objectives and Limitations part, is one of the main problems to give accurate results. Nev-
ertheless with the help of the work made by Christensen & Schöner, 2004, one can come closer to the 
real picture of the area regarding the amount of land cultivated in the IBB on the Chinese side.
Finally, in order to evaluate the situation of the farmers in the area we have interviewed the people
in the area. These interviews were realized in September 2006 during our field study. We visited the
Yining city and the surroundings. Our Chinese colleagues translated for us and in some cases, where
the farmers couldn’t speak good Chinese, there were other farmers that could translate from Uyghur
to Chinese. This information has being used mostly to compare and verify data that is available on the 
internet and to compare it with other source of data. These interviews are annexed in the appendix.

The second stage is about the agriculture management concept in theory and which are the main
aspects to consider to make agriculture more sustainable. Here I have used different literature and
research in the internet.
Batchelor (1999) suggested several ways to improve physical and economic efficiency at the farm
level:

-
ing equipment); and

These different approaches will be discussed in this study to see how they can be implemented in the
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Ili Balkhash Basin, IBB.

Another interesting concept that will be analyzed in this study is the virtual water concept. As devel-
oped by Professor J.A. Allan, the concept of ‘virtual water’ has been introduced for water-short
countries in recent years. These countries can minimize their use of water and achieve food security at 
the same time by importing a portion of their food requirements from other areas or countries where 
water resources are adequate and available at a lower cost (Allan, 1996). Trading of other waterinten-
sive commodities such as hydro-electric power falls in the domain of this concept in a similar way.
The nations receiving food and electric power not only get the commodities but also the water that
is necessary to produce them. Since this water is ‘virtually’ embedded in the commodity, it is called
‘virtual water’ (Allan, 1999a).

The third stage is about others countries experiences in arid and semi arid regions in agriculture water 
management. There are several countries that despite their water scarcity have been successful in imple-
menting effective strategies and technologies to maximize the use of water resources. For examples
Israel that consumed 8,700 m3 per hectare in the early-50s and improved to 5,700 m3 in the late 80’s 
will be analyzed. This example are discussed and analyzed to see possible applications of their experi-
ences in the study area.

It is not the aim of this study to give a final answer to the problems in the IBB, but hopefully to give
some guidelines that can help to visualize the situation in the area and to suggest further studies.

As explained in the introduction this is a part of an interdisciplinary project composed by four students 
that did a field study in the area, mostly during September 2006.

In this particular part the agricultural water management will be analyzed. To get a wider view of the
situation in the IBB it is suggested to read the other parts.
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3. Results

As described in the introduction part, the future of the Balkhash lake is in danger if nothing is done to 
prevent a similar fate as the Aral sea. 
According to studies like Oliver (Oliver, 2007) and Tursunov, in cooperation with Dostaj (2002), the 
situation is going to scale if the actual development plans are executed. The main problem is caused by 
the agriculture activities where most of the water is used. It is here, in the agriculture water resource 
management, where efforts should be concentrated in order to find out right technologies and policies 
that can warranty a sustainable development for the IBB. 
As described in Oliver’s study the whole basin should be the minimum unit to evaluate the system. 
This is because the partition of the area can generate side effects that are not in balance with the whole 
system. So this should be the starting point to make a reliable evaluation of the situation. The problem 
is that there is no reliable data available to do this, to generate a good baseline for the system. However 
considering the Chinese statistics that are available, the satellite study done by Christensen & Shöner 
in 2004 and the field trip study done in 2006 by the KTH’s students, a general baseline can be con-
structed. 
Once the general baseline is constructed we can analyze different aspect that can contribute to the 
sustainability of the region. Here we’ll investigate different technics and strategies like the Virtual 
Water concept.
Finally we can analyze some developments in the semid-arid region in the Middle East to see how this 
policies and technologies can be applied in our study area. 

3.1 A general baseline for the IBB

The purpose to generate a general base line is to get an idea of the situation in the study area. Regardless 
the lack of information and the reliability of it, it is still possible to create a simple baseline to evaluate 
different alternatives for further researches. Aspects like history and evolution of the problematic can 
be analyzed easily. The sociopolitical situation and the governments management in agriculture issues 
are also discussed.

3.1.1 The actual situation of the Balkhash lake

Different satellite images show how the Balkhash lake’s level is decreasing. The western part of the lake 
is very shallow, and thus a decrease in the inflow of the Ili River has repercussions for the Lake’s level. 
Several differences between the satellite images of 1972 and 2001 can be observed in the figure 8.

The most obvious is the near-complete drying out of the reservoir on the southern part of Lake 
Balkhash. Only a small part of it remains, that is likely to disappear in the near future unless remedial 
action is taken. From 1972 to 2001, the southern part of the Lake’s surface decreased by approximately 
15.000 ha. (Le Sourd & Rizzolio, undated).

Another sign of the diminishing water level is the newly-formed island (next to the southeastern bank 
of the lake ). In other parts of the lake, some islands enlarged their surface area as it is shown in the 
figure 8.
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Figure 8. Satellite images of the southern part of the Balkhash lake.

  
Source: UNEP.
 
3.1.2 The Ili river and the water balance

The Ili River, which provides 80 % of the water flowing into Lake Balkhash, has its source in China 
in the northern ranges of the Tien Shan, and is 1 400 km long. The river flows through the sandy 
Sarysesik-Atyran Desert on its way to Lake Balkhash. (Le Sourd & Rizzolio, undated).

Flowing into Lake Balkhash it forms a delta of 8 000 km2, supporting the ecological balance of the 
ecosystem, which constitutes the habitat of wild animals and birds.

The Kapchagai reservoir, built along the middle reaches of the Ili River in 1966, and used for water 
storage since 1970, allowed the development of irrigation agriculture along the lower reaches of the 
river (see figure 9). The reservoir serves for hydroelectric power generation and for irrigation water sup-
ply. Since its inauguration, water use has increased along the lower reaches of the Ili River. The decrease 
in the River’s inflow deeply affected the Lake’s environment and water system.

In figure 9, next page,  is a satellite image of the IBB. The red circle is the study area, the Upper Ili 
Basin.
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Figure 9. The Ili Balkhash Basin.

Source: Google earth, 2007.

The biggest run-off  is China, is in located in the Ili Watershed. This is due the high precipitation rate 
in the area.  It is known as one of the three greatest inland rivers in Central Asia.  The main tributaries 
of the Ili River are; the Tekes River, the Gong Na River, and the Kash River. All belong to the former Ili 
River Basin.  The Teke’s River,  is the southern and main tributary, it has a length of about 300 km and 
an annual flow of 8.4 Km3.  It runs across Zhaosu, Teke’s, Gongliu, and Xinyuan Counties.  The Ili’s 
middle tributary is the Gong Na River, which has an annual flow of 2.4 Km3.  The northern tributary 
of the Ili, the Kash River, has an annual flow of 4 Km3 and a length of 290 km.  The Ili River Basin 
is one of the arid regions where water resources are more plentiful than water demand. It has  a total 
annual flow of 18.45 Km3, which is about 19% of the flow of surface runoff in Xinjiang.  There are 
also plentiful and good quality ground water resources in the region with a total of 4.75 Km3 in the 
basin. (Cunde et all, 2001).
This last information is from a Chinese perspective. They believe that there are plenty of water resourc-
es because the boundaries of the whole system ends up in the frontier with Kazakhstan. This surplus, 
according to their point of view, should be exploited for the economic development of the area. But if 
we take the whole Basin as the evaluation area the results are quite different. 
The water level of the Balkhash lake is already decreasing and if further projects with water withdraw 
are made, the situation can scale and predictions like  Tursunov & Dostaj can become reality.

However the main problem remain; the lack of information or more specifically the exactitude of it. 
The values that can be obtained from different sources can vary considerably. As can be observed in 
figure 10, the values from Chinese sources are quite different from the Kazakhian ones.
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Figure 10. Water balance data from Kazakhstan and China.
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Regarding the small amount of information that can be found on the subject it is very difficult to 
estimate who is correct either the Chinese database or the Kazakhian.
According to the Chinese scientist, in the “Project 1515”, the total amount of water formed in the Ili 
catchment was 16,45 km3 per year. Of this total 15,86 km3 was formed in the Chinese part, this is 
96%. The Chinese claim to transmit 13,52 Km3/yr to Kazakhstan. This means that only 2,34 Km3/
yr are used by the Chinese. However this value is contradicted in the same report that gives 4,4 km3/
yr as water consumption.
If we consider that the Kazakhstan value is around 4 km3/yr  and that the study made by Christensen 
& Schöner also gives a value of around 4 km3/yr,  we can be assume that the real value must be around 
4 km3/yr. Moreover if we consider the 483,334 ha that are intended to be expanded, as explained in 
Oliver’s, study (see Oliver, 2007) and the water diversion project of 80 m3/s, the water stress of the 
area will affect the environment significantly, and the survival of the Balkhash lake and the society that 
lives around it will be threatened.
Most of the amount of water that nowadays is withdrawn from the Ili river is used for agriculture 
purpose. According to Forschungsteam “Projekt 1515” (1999), irrigation water accounts for more 
than 98% of the extracted surface water. Even if this value is exaggerated it is still well known that 
agriculture stand for more than 75 % of the water consumption. So it is here where most of the water 
can be saved.
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3.1.3 The agriculture situation in the IBB

3.1.3.1 Historical Development of Land Use in the Ili River Basin

The South Xinjiang has historically been an agricultural area and the North Xinjiang, where the Ili 
River Basin is located, has traditionally had a nomadic, pastoral economy.  However, the Ili River Basin 
was the first place in northern Xinjiang where agriculture was developed.  In the second and third 
centuries B.C. the nomadic ancestors of the Kazakh people inhabited the area with the conquest of the 
Ghengis Khan and the Mongols, they were forced to migrate westwards at the beginning of the 13th 
century and with the expansion of Junggar Tribes in the late 16th century.  The Junggar Tribes was the 
first to made progress in agriculture.  However, until the middle of the 18th century A.D. there were 
low population and livelihoods depending on natural grasslands. 
During the period from the 1760s to the 1830s, after China’s Qing government conquered the area’s 
Junggar Regime in 1759 and reunified Xinjiang a first peak of human activities in the Ili Basin oc-
curred.  Kazakhs that had emigrated westwards began to return home; the area slowly became pasture 
land.  
During the 1830s to the 1860s, a second period of peak human activity occurred. Several irrigations 
project were built and land reclamation was encouraged.  At the end of the 1840s, the cultivated land 
reached about 66,000 ha in the region and more than 100,000 people were working the land.  By the 
middle of the 19th century, it was developed an artificial ecosystem of considerable scale.  The produc-
tivity of land, per unit area at this time in the region, was 69% higher than the national average.  
The western alluvial plain of the Ili River Basin was cultivated. The annual rainfall in this area was less 
than 300 mm and the alluvial plain was made up of Quaternary loose gritty sand, silt sand, and clay. 
This increase in human activities generated an expansion of sandy land, dessertification.

Since the 1860s to the establishment of Xinjiang Province in 1884, the productivity of the Ili River 
Basin has diminished. For ten years, during the decline of the Qing regime, the Russians occupied the 
territory. When they left the area they took with them about 70,000 inhabitants of the area. (Cunde 
et all, 2001). This caused tremendous impacts in the agriculture land. Given the natural geographic 
conditions of the area, the result was sandification and dessertifcation of the land. This mainly because 
of the fault of maintenance of the newly constructed artificial ecosystem. As an example, the natural 
landscapes of the Huocheng areas, where land had been reclaimed and animal husbandry carried out, 
became covered by sand. Until these days one can found abandoned farmland, canals, and ridges 
within the desert.

The Qing army reoccupied the area in 1878 and lan was reclaimed. From the time of the establishment 
of Xinjiang Province (1884) agriculture was gradually restored until the beginning of the last century 
when Ili became to be called the famous Granary of Xinjiang. During the time of China’s Republican 
era (1912 – 1949) the Yining Counties alone produced more than 18 million kg of grain.

In 1949, when the People’s Republic of China was founded, the population of the Ili region was 
around 423,000 and the cultivated area was about 146,000 ha. During this year 115,000 ton of grain 
was produced and there were 1,572 million head of livestock. Animal husbandry accounted for 46.3% 
of the total agricultural production. The emphasis on agriculture and animal husbandry was in balance 
during this time, with farming in the west and pasturage in the east (Cunde et all, 2001).



Sustainable Agriculture Management 17 

Figure 11. The Ili region.

Source: Roberto Jequier

According to Cunde (Cunde et all, 2001), from 1949 to 1960, the area of cultivated land of the origi-
nal Ili District, exclusive of that of the military-turned-civilian fourth agricultural division, increased 
from 182,900 ha to 423,970 ha reached the highest peak in history. However, after some years, the 
area of cultivated land decreased, as for example, the cultivated area in 1968, was about 339,890 ha.  
The cultivated area dropped further since 1985 and in 1996 the cultivated area was 284,920, the low-
est point since the 1960s.  Since then, the cultivated area has started to grow.  According to Cunde 
(Cunde et all, 2001), in 1999, exclusive of the military-turned-civilian fourth agricultural division, the 
cultivated area in the former Ili District had increased to 287,770 ha. 
These are values that goes much under the observations made by Christensen & Schöner in their study 
as we’ll see later on. The results according to satellite images revealed that the cultivated area in the 
region is much bigger than the Chinese want to admit.
Another interesting social aspect that is worth to emphasize is the Chinese migration to the area since 
1949. In the beginning of the Chinese revolution, the Chinese Han population in the area was only 
6%, today it’s more than 40%. This was in line to the Chinese strategies to developed the Industry 
sector as will be explained in the following section. Here is where the environmental impacts started.
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3.1.3.2 The China’s Rural Policies on Agriculture in China

The Chinese communists gained control over China in 1949. The major rural policies in China 
from early 1950s to late 1970s included the state-monopolized procurement and marketing system 
(SMPMS), collectivization and grain self-sufficiency policy (Yifu Lin J. and Zhang F., 1998). 
These strategies were implemented to provide cheap food and raw materials for urban areas. For na-
tional security the strategy of grain self-sufficiency was implemented and for saving scarce foreign 
exchanges for the development in industries. The low price procurement made the national grain self-
sufficiency degenerated to local self-sufficiency. Collectivization was a vehicle for implementing the 
procurement policy and acreage planning policy. (Yifu Lin J. and Zhang F., 1998).
In the early 1950s, the Chinese government adopted a heavy-industry-oriented development strategy 
to build the nation. The heavy industry was capital intensive while China was a capital-scarce, low-
income, agrarian economy at that time. (Yifu Lin J. and Zhang F., 1998). The heavy industry could 
not develop spontaneously under these economic conditions. The government created a series of in-
stitutions to facilitate the implementation of this strategy. There were three basic rural institutional 
arrangements that were developed for this purpose; the state monopolized procurement and marketing 
system (SMPMS), the collectivization, and the grain self-sufficient policy. 

Figure 12. Propaganda picture from the revolution time in China.

 
Source: Government of China.

Low wages for industrial workers was implemented by the government hoping that this strategy would 
generate larger profit that companies could reinvest in infrastructure and technology. To do this the 
government did supply the people with inexpensive food.

The production system it was completely monopolized by the Chinese government. They fixed quotas 
and target to allocate resources. Even though the SMPMS has been widely reformed in 1980s and 
1990s, the policy for cotton and re-actives (recently for grain) still remained. 
The collectivization process was implemented to facilitate the implementation of the SMPMS and at 
the same time increase the agricultural production.
The third element of key rural institutions was regional grain self-sufficiency policy. Grain is a land 
intensive crop and China is a land-scarce economy. China did not have comparative advantages in 
grain production. However, to avoid the use of scarce foreign exchanges from the import of capital 
equipment to the import of grain, the government adopted a grain self-sufficient policy. Under the 
low-price
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SMPMS, the more grain the surplus region sold to the state the more implicit tax the region paid. 
Therefore, the grain surplus region did not have incentives to produce and deliver more grain to the 
grain deficit regions to meet their additional demands arising from population and economic growth. 
Therefore, the national grain self-sufficiency policy gradually degenerated into regional grain self suf-
ficiency policy. The policy left local governments in grain deficit areas no option but to force collec-
tives to produce grain in areas where climate and soil conditions were more suitable to produce other 
crops. This policy was relaxed at the beginning of the rural reforms in 1979. However, the policy was 
reinforced by the central government when the grain price increased in early 1990s (Yifu Lin J. and 
Zhang F., 1998).
This phenomena could be observed during our field trip in September 2006 where the farmers ex-
plained that they were obligated to cultivate rice and to be self-sufficient (see interview with Mr. 
Ma).

The Effects of the Policy on the Sustainability of Agriculture

During the industrial development in China, a great demand for agricultural products was generated. 
According to Yifu Lin and Zhang (Yifu Lin J. and Zhang F., 1998) this increase in demand arose from 
three sources:
1) A dramatic population increased and therefore demand for food. 
2) Industrial development that demand raw materials such as cotton.
3) China had to export more agricultural products, in order to import more capital goods for indus-
trialization.

The state monopolized procurement system forces farmers to produce large quantities of grain and 
then sell it all of them to the government (except their own food grain). This policy deprived the farm-
ers’ rights to choose what crop to grow and what resources to use in the process of production and 
forced them to over use natural resources.

The only positives effects of these policies was that the government organized the construction of ir-
rigation system by massive use of rural labor force and the development in some varieties of crops that 
give a higher yield.
The rural policies from 1950s to 1970s also had negative impacts on the sustainability of agriculture in 
China. The increase in population and food demand led to over use of natural resources and environ-
ment degradation. The industry-oriented development policy raised the relative price of capital and 
industrial products and lowered the relative prices of human capital and natural resources. The reduced 
resource prices led to overuse human and natural resources with growing scarcity and shortages. The 
incorrect price structure also resulted in putting scarce resources to inferior, low return and unsustain-
able uses, when superior uses existed. 
Among others negative impacts it can be included; soil erosion as a result of farming marginal land, 
salinization of soil as a dependence on irrigation, decrease in soil fertility because overuse of farmland, 
dessertization, decrease in the area of inland lakes and rivers and increasing in natural disasters (Yifu 
Lin J. and Zhang F., 1998).
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Figure 13. Pictures from the Study area.

Source: Roberto Jequier

The Rural Reforms and Their Impacts

The household responsibility system reform started in late 1970s. The commune, brigade, and produc-
tion team system of agriculture production management, with its work point system of compensation, 
was changed in late 1970s and early 1980s. Farmland was reallocated to individual households by con-
tracts. The duration of the contracts was 15 years at the beginning of 1980s. In 1993, the government 
allowed the contracts to be extended for another 30 years after existing contracts expire. The current 
policy allows land to be subleased to other households. The households can also hire temporary farm 
workers. 
But under the new system land is still collectively owned. The current household responsibility system 
for land is actually a village-based communal land tenure system, in which individual families have the 
right to cultivate parts of the village land but do not have the legal titles to them. The restrictions on 
land markets, frequent land redistribution according to population changes and small scale landhold-
ings rooted in this village-based land tenure system have become the major hindrance to the efficiency 
of resource allocation and the improvement of agriculture productivity. (Yifu Lin J. and Zhang F., 
1998).
The government also reformed the pricing system while carrying out the household responsibility 
system reform. Higher prices were set for state purchase of farm products. Country fairs, where farmers 
sold their surplus products, were revived and expanded. After fulfilling procurement quota obligations, 
farmers were allowed to sell their surplus products. In 1985, the mandatory quota procurement system 
was changed to a contract procurement system.



Sustainable Agriculture Management 21 

Under this system, procurement quantity was determined by contracts based on mutual agreements 
between the government and individual farmers. The contract price was fixed and calculated as a 
weighted average of the basic-quota price and the above-quota price. The contract procurement system 
met problems in its first year, and reverted to the original compulsory quota-procurement system by 
the end of 1985.
The household responsibility system for farmland was extended to forest resources in late 1980s.

The Effects of the Reform on the Sustainability of Agriculture

The shift to the household responsibility system has been the most successful reform in China since 
late 1970s (Yifu Lin J. and Zhang F., 1998). According to Lin and Zhang, the reform improved farm-
ers’ incentives but land and other natural resources are still collectively owned. The contract of lending 
cultivated land to individual household with insecure property right may reduce farmer’s incentives to 
maintain soil fertility. The contract of forestland to individual household also led to deforestation in 
some cases. Decollectivation also hurts the government’s ability to mobilize mass labor for agricultural 
infrastructure (Yifu Lin J. and Zhang F., 1998).
Ownership of farmland, forest and other resources played an important role in determining the way 
in which farmers use natural resources. Different forms of property rights (collective, contract, pri-
vate, etc) over land, forest, management and farm products affect the use of natural resources and the 
protection of environment. The evolution of property right structure affected farmers’ behavior and 
decision making process (Yifu Lin J. and Zhang F., 1998). 
Yao (1996) find positive links between tenure security and land investment and land yields, which 
supports the idea that further reforms must be taken to strengthen individual land rights.
In many cases, the evolution of property rights affects the way of using natural resources through 
farmers’ expectations. In the early 1980s, when the government gave the farmers short period using 
rights of land, the expectations of the farms were of short-term. The land were over used with very low 
investment in long-term. Farmer’s behavior improved when the using rights were extended to 30 years 
in early 1990s (Yifu Lin J. and Zhang F., 1998).
From Lin and Zhang analysis, it’s possible to conclude that these reforms has both positive and nega-
tive effects on the sustainability of agriculture. The positive effects are due to the better incentive 
structure of the new system and the more secure ownership of resources. The negative effects are due 
to the remains of the old system and market failures in the new system.
The negative effects of rural reform on environment are mainly because that the property right is not 
secure so farmers have less incentive to concern about long-term sustainability and the government 
is less effective in mobilizing labor for environmental protection projects. (Yifu Lin J. and Zhang F., 
1998).
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3.1.3.2 The cultivated area in the Upper Ili Basin

The main limitation of this study, as it was outlined in the introduction part, is the lack of reliable data. 
The Chinese government is not interested in revealing their activities and data related to the sources 
of their economic development. 
Luckily now a days it is possible to take advantage of high technology tools as satellite images and 
Geographical Information System, GIS that can provide an extra source of information.

The study done by Christensen & Schöner (2004) is an example of this development. Through their 
work it is possible to get an additional source of information to analyze the situation in the study area 
on water issues. They did an extensive research on the Upper Ili Basin with interesting results. With 
the help of satellite images they could map the area and estimate the amount of cultivated land as well 
as the amount of water used for irrigation purposes.
It is hard to evaluate the accuracy of their foundings but at least it may give us additional information 
to evaluate the situation in the area. Moreover the objective of this study is not to give accurate results 
but to give a general idea on the agriculture situation in the IBB and to give some guidelines for future 
researches. So let’s first have a general view of the mentioned study:

Figure 14. Gross cultivation area in 1976/1977 and 2000/2001.

Source: Christensen & Shöner 2004.

First of all, Christense & Schöner divided all the area in to different zones as shown in figure 14. Later  
tthey analyzed each of the zones with the help of satellite images to find out about the cultivated area 
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and the irrigation situation in the IBB.
They did a digital image classification to estimate the area that was cultivated in the zone. They also 
double checked this information with a study trip to the zone. In the figure 14 they compare the situa-
tion between 1976/77 and 200/01. The orange parts of the map indicate areas which were taken under 
cultivation between 1976/1977 and 2000/2001. Old and new areas together make a total gross area 
of about 9, 300 sqkm. This corresponds to an increase of about 2,000 sqkm respectively 27% over 25 
years. Quite opposite to the features given by Cunde et all 1998 in the history of the area. 
These new areas are scattered over most parts of the Upper Ili catchment, but show some concentra-
tions in the upper part of the Kunes catchment in the East and in the upper Tekes catchment in the 
southwest. To get the net irrigation area, under certain assumptions, they took away some settlements 
areas, rivers areas, rainfed areas and open land (non-cultivated areas). At the end they came up with a 
net irrigation area of about 6,600 sqkm. Almost three times more than the information given by the 
Chinese authorities (2,229 sqkm).
It is also of interest to analyze the classification of cultivated crops that can be found in the study area. 
The interpretation of the digital images was rather complicated, as explained in Christensen & Schöner 
research. However some crops cultivation such as rice was easier to classify as we will show later on. 
Moreover, with some field check and the digital images, they could give a comprehensive general view 
over the irrigated crops in the Upper Ili Area and their spatial prevalence within.
According to their foundings, the crop cultivation in the northern and eastern parts of the area (regions 
Northwest, Central and East) is based on full-scale permanent irrigation, due to the very dry and hot 
conditions during the vegetation period. According to information collected during their fieldwork, 
the (net) irrigation quantities vary between 2,000 and 3,750 m3/ha for ‘normal’ crops and 10,500 – 
14,500 m3/ha for wetland rice. Within this ‘net irrigation area’, the major crops are (winter) wheat, 
maize, soybean, sunflower. These main crops are supplemented by sugar beets, water melon, and 
lavender and possibly some winter rape (Central area only).
The south-western part of the Ili catchment (region Southwest) is characterized by fairly different 
natural conditions. The area is located at about 1,200 -1,400 m altitude, i.e. 700 - 900 m higher than 
the northern parts of the project area. It is therefore considerably cooler and it receives about twice as 
much rainfall. As a consequence, there is no need for full-fledged irrigation. Hence, rainfed agriculture 
is by far the prevailing land use. The two dominating crops are winter wheat and winter rape, covering 
about 77% and 23 % of the classified areas respectively (see Christensen & Schöner, 2004).
With this general information it is possible to get an idea of what is going on in the study area re-
garding agriculture activities. Not exactly to get accurate results but more or less a general idea of the 
situation. 
Another aspect that is interesting to analyze is the evaluation of the quality of the information that the 
public have access to, the open database. If we compare, for instance, the information presented by this 
two German researchers (Christensen & Schöner) with the information that can easily be found in the 
Statistical Yearbooks, which is an official source of information, the differences can be considerable. 
To see how this information differs from the Chinese data we can compare for instance the Statistical 
Yearbook 2001, and the results from the Christiansen & Schöner study on irrigation on the area. As 
illustrated in figure 15 the difference is striking. More than 4,000 sqkm!
The following graphic show these differences.
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Figure 15. Comparison between satellite images and the Statistical Yearbook 2001

Source: Statistical Yearbook 2001 and Christensen & Schöner study.

As we can see on the graphic some areas shows more differences than others. The only area with less 
difference is the Yining City area. 
When they processed the digital images and did the classification for the irrigated crops they found 
that about 1,800 sqkm could not be specifically classified and therefore were estimated as unclassified 
area. But still there is a difference of about 3,000 sqkm compared to the Chinese figures. And if we 
consider that some of this unclassified area anyway belong to some sort of irrigated cropland too, the 
differences are even bigger.
The last aspect that is worth to analyze from the mentioned study is the foundings on the area of rice 
cultivation. According to information from local experts, in daily practice the consumption of irriga-
tion water is, more or less, similar for all kinds of crops cultivated in the area, except for wetland rice, 
which needs about four to five times as much water as a ‘normal’ crop. 
In figure 16 it’s easy to see the borders between cultivated and non cultivated areas. Due to the aridity 
of most parts of the Ili Basin, the boundaries between irrigated and non irrigated lands are rather sharp 
and thus easy to delineate, at least in most parts of the project area. It is also easy to see the rice fields 
that are covered by water. 
Here we can see the result of the grain self-sufficient policy explained in the 3.1.3.2 part, about the 
China’s Rural Policies on Agriculture in China. Even though the study area is not suitable for rice cul-
tivation there are still vast extensions of land that are allocated for this purpose. This could be observed 
during the study trip. Mr. Ma, a small farmer near the Yining city (see interview with Mr. Ma in the 
appendix) explained to us that they are obligated by the state to cultivate rice. He told us that a farmer 
with more than 15 acres of land can be selected to cultivate rice. 
Here we can also compare the information that can be obtained by Chinese sources and by the satel-
lite images in the Christensen & Schöner study. It is again a considerable difference in the amount of 
cultivated area. Figure 17 show that the rice cultivated area is 3 times larger than the amount given by 
the Chinese authorities. Once again the differences are striking.
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Figure 16. Satellite image that show clear boundaries between irrigated and no irrigated land.

Source: Christensen & Shöner 2004.

Figure 17. Rice cultivation in the Ili area in 2001. Comparison of the figures of the Statistical Yearbook 
with satellite images.

Source:  Christensen & Shöner 2004.
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3.1.3.3 Water pricing

From the 1980s, according to Iijima (2001), Chinese policies on the water fees have been studied 
trying to avoid large budget for water projects investments. The current system of water fees can be 
described as follows (Iijima, 2001):
a) All users of water resources must pay a fee to the managing organization. At the same time such 
organization must design a system to provide this fee.
b) The fee that is collected must guaranty the recover of all the investment of the water infrastructure, 
the maintenance and the operation. 
c) The water fee must be collected by the managing organization.
d) Normally the water fee is calculated by volume (volumetric charge) but in the some cases, as in ir-
rigation water for agricultural purposes, the fee is also calculated by area. 

This could be observed in the study area where the farmers in some parts were paying by the amount 
of cultivated area and some others by time of irrigation. According to some farmers in the area near the 
city of Yining they were paying 82 Y/acre per year. Further north others farmers were paying by hour of 
irrigation 40 Y/ hour by day and 17 Y/hour by night. 1(See interviews with farmers in the appendix).

Figure 18. Farmers from the Yining county

Source: Roberto Jequier.

It was not clear who decided and how the pricing system should be applied but it was clear that there is 
not a common policy to address the issue. Moreover several farmers complained about increased water 
fees which shows that at least it seems that the government is trying to make the farmers to think more 
about water saving. The problem is that the farmers didn’t feel any benefit from the system.
The water fees should be used for operation and maintenance (O&M) and stored in the organization 
for future rehabilitation or reconstruction. Concerning water saving, which each level of the Chinese 
government encourages recently, some provinces have increased the water fee for irrigation in order to 
encourage farmers to save water. This seems to be happening right now regarding the farmer’s com-
ments. The problem is that probably the money collected goes to the village and is not reinvested in 
the irrigation system. This is just an assumption, further research might be needed.
 One of the major problems associated with a water fee in China is how to collect the water fee from 
each farmer. Every province is tackling this issue. 
According to Zhou et al. (2002), present water pricing administration and procedures for determining 
water fees are as follows: 

1 1 Chinese acre = 667 m2
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Generally, the Chinese Central government, i.e. State Council, issues water pricing methods and prin-
ciples, and specific tariff standards are issued by relevant administrative authorities.
a) As for large water projects bordering several provinces, the water fee is proposed through consulta-
tion among the provinces, and subject to approval by the State Development Planning Commis-
sion (SDPC). If the project is directly under the administration of the Ministry of Water Resources 
(MWR), water fees are proposed by the relevant river basin commission, and subject to MWR’s review 
and SDPC’s approval.
b) As for the projects under the administration of the Province, the project management agency pro-
poses the water fee plan, which is subject to review and approval by the Provincial Water Department 
and Pricing Department.
c) As for other projects rather than above, water fees are proposed by the project management agency 
and subject to review and approval by the Water Resources Department and Pricing Department at 
the same level as the projects.

Figure 19. Some of the biggest channels in the IBB.

Source: Roberto Jequier

Although several reforms of water pricing have been made and irrigation water fees commonly have increased 
since 1985, irrigation water fees are still far below the supply cost in most areas. According to statistics, the 
average national irrigation water fee was 0.026 yuan/m3 in 1997, while the average water supply cost was 
0.0718 yuan/m3, the water fee accounts for only 36% of the supply cost (Zhou et al. 2002). Water fees in 
the north are normally higher than in the south of China because there is much more rainfall in the south 
than in the north. Development of water resources and water supply cost have great differences.

Future Prospect of Water Pricing Reform

According to Zhou et al. (2002), a future water pricing reform is expected: (1) to promote high effi-
ciency of water use and to realize water saving and proper allocation of water resource, and (2) to guar-
antee steady and sustainable development of water supply projects. Specific measures are as follows.
a) Strict execution of principles for determination of water fees, i.e. pricing according to supply cost 
for grain crops and supply cost plus minor profit for cash crops, thus ensuring financing of operation, 
maintenance and rehabilitation of irrigation projects.
b) Adopt basic pricing and water volume pricing. Basic price is to ensure normal operation and main-
tenance under any operation conditions. Water volume pricing is to set tariffs based on the water 
supplied, which aims to cover depreciation and overhaul costs.
c) Set water quota and supply water according to this quota, higher pricing for any water use exceeding 
the quota.
d) Adopt different tariff systems for different seasons or change pricing based on relationship of supply 
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and demands. Higher pricing is set when supply is smaller than the demand, lower pricing is set when 
supply is larger than demands.
e) Properly decentralize pricing approval authority. Pricing authority stipulated in Water Fee Method 
is too concentrated and adjustment procedure is too complicated. The Power for water pricing and ad-
justment should be decentralized to County or Pricing Department over the jurisdiction of projects.
Water pricing reform requires the covering of total cost, which is an advantage for cost recovery of irri-
gation projects, ensuring timely and adequate maintenance of projects and facilities. In the mean time, 
irrigation project management agencies can have and sustain further development and provide better
service to farmers. Increases in the water fee will also reduce government subsidies and burden.
Chinese government expects the water pricing reform will promote water saving and better use of 
water resources, and encourage farmers to adopt new water-saving irrigation techniques (Zhou et al., 
2002). However, it may require increased initial input to adopt new water saving techniques.

3.1.3.4 Irrigation technologies

According to the observations during our field trip the irrigation technologies used for cultivation of  
the land  are very basic. Most, if not all, is based on surface irrigation using open channels and simple 
gates to drive and stop the water course of the Ili river.

Figure 20. Some irrigation channels in the Yining county. 

Source: Roberto Jequier.

As illustrated in figure 20, some of the channels have concrete walls which are more efficient in the use 
of the water but a great number of channels are simply open, made in the earth with no concrete at all. 
(As shown in the picture in the center, above).
The situation of the farmers seems to be very rudimentary. They don’t have any advanced technology 
to irrigate their land and know-how to make the best of it. According to some farmers, they are willing 
to learn and adopt new technologies to improve their yields and to be efficient in the use of water but 
they feel abandoned by the government and have little hope to reach some improvements. 
They are not allowed to get organized and to manage projects on their own. It is difficult for them to 
make improvements when there is no knowledge available and they are not allowed to demand it. 
Regarding concepts as Sustainable Development, some of them have heard the word but didn’t know 
for sure what does it mean. They just follow the guidelines given by the authorities and are very limited 
to develop new strategies and plans.
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3.2 Sustainable Agriculture Management

Food and water are basic needs for humans. We can live without TV, cars, newspapers, etc, but we 
simply couldn’t survive without food and water. Sometimes we take it for granted and we forget how 
important it is. 
The source for food production is agriculture and the ground for agriculture is water and soil. If we can 
make these components sustainable there is no need for worries. 
Cases like the Aral sea are horrible examples of unsustainable management. It is not only a catastrophe 
for the environment, but also for the society that live in that environment. So sustainability is clearly 
related to the environment and the society. The key issue to reach a balance between these two is to 
develop a suitable management that can warranty good results in space and time.
In the following part we will analyze different aspects that are crucial to consider to develop a sustain-
able agriculture management.

3.2.1 Irrigation Management for Water Efficiency

Incorporating a crop demand-dependent irrigation schedule saves water without affecting crop yields. 
In order to efficiently apply water to the root zone, we need to estimate the water demand based on soil 
type, precipitation, crop needs and soil moisture retention. The process for developing an irrigation 
schedule is described below. 

-
tions and frequencies. For instance, sandy soils may require more frequent but shorter duration ap-
plications.

-
vidual crops. 

content is right according to the needs, no additional water is required. 

-
tion mentioned above. 

3.2.2 Agronomic strategies

“More crop per drop”. Increasing the productivity per unit of water consumed:

Changing crop varieties to new crop varieties that can provide increased yields for each unit of water 
consumed, or the same yields with fewer units of water consumed.

Crop substitution by switching from high water-consuming crops to less water-consuming crops, or 
switching to crops with higher economic or physical productivity per unit of water consumed.

Deficit, supplemental, or precision irrigation with sufficient water control, higher productivity can 
be achieved using irrigation strategies that increase the returns per unit of water consumed. Improved 
water management to provide better timing of supplies to reduce stress at critical crop growth stages, 
leading to increased yields or, by increasing water supply reliability so farmers invest more in other 
agricultural inputs, leading to higher output per unit of water. Improving non-water inputs in associa-
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tion with irrigation strategies that increase the yield per unit of water consumed; agronomic practices 
such as land preparation and fertilization can increase the return per unit of water.

3.2.3 Institutions, Water pricing

Historically irrigation projects have had low levels of water fee collections and consequently they 
haven’t been sustainable without large government subsidies and over time, they have experienced 
significant declines in productivity. Many of these same irrigation projects have experienced over-
irrigation, rising water tables, and rising salinity levels.
A system of effective water fees is usually designed to at least cover the cost of operation and mainte-
nance (O&M) and to make an irrigation project more financially sustainable. Where water is particu-
larly scarce, projects have been using water pricing to encourage water conservation.
The concept of Water Pricing has three different aims:

Cost-recovery of water delivery.1. 
Incentive of water saving.2. 
Budget for further investments.3. 

The OECD has introduced a water pricing mechanism and listed eight categories (Table 1) gleaned 
from experience in OECD countries.

Table 1. Water Pricing Mechanisms in some OECD Countries.
Type of Water Pricing 

Mechanism 
Descriptions

Area pricing Charges for water used per unit of irrigated area. Sometimes area-pricing is dis-
criminated based on the crops that are irrigated, on irrigation technologies, or on 
the season of the year.

Volumetric pricing Based on actual records of consumed volumes or on measurements of time use of 
a known flow.

Two-part Tariff pricing Makes farmers pay a volumetric charge for each unit of water as well as a fixed 
annual charge (usually based on the fixed cost component to recoup provision of 
irrigation water).

Tiered- pricing Different prices for the volumes of water expected to be used in different ways
Betterment Levy-pricing Charges irrigated land based on the increased value of the land, due to the provision 

of irrigation water.
Volumetric Pricing with a 
Bonus

Farmers are required to pay for any water that exceed a certain volume and are 
financially rewarded if their consumption is bellow another threshold.

Passive trading The district offers a price-presumably the one which equates aggregate water sup-
ply and demand and farmers make use of whatever amount of water they want. 
Farmers’ consolidate rights to water are then charged at the average price, but those 
whose consumption is higher have to pay the offered price and those consuming 
bellow the rights receive a payment for their thrift.

Water Market Public agencies can elicit farmers’ “willingness-to-pay” for marginal units of water 
and set prices accordingly.

Source: OECD (Agriculture Water Pricing in OECD Countries-Working Party on Economic and Environmental Policy 
Integration-, 1999).
Improving cost recovery hinges on appropriate pricing and effective fee-collection mechanisms, which 
requires decisions about what costs to recover (e.g. fixed, variable, environmental costs) and what users 
pay what share of the costs (e.g., irrigators, cities, households, industry). Beyond that, a system needs 
good management mechanisms and incentives to raise collection rates, reduce water usage, or both. 
Creating a willingness to pay and achieving high collection rates may require a number of management 
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reforms. In effective systems, farmers feel that costs are legitimate and are not inflated with unnecessary 
expenditures or employment.

Mechanisms to Improve Cost Recovery

Financial autonomy. Transferring management to a financially autonomous organization—government 
agency, local water user organization, or private entity can improve cost recovery in a number of ways. 
First, system users are more assured that their payments go back into the project rather than being 
commingled with other taxes in the state treasury. Second, the service provider has a direct financial 
link to the users, who can use that link to demand quality service. Finally, autonomous organizations 
that have strong user participation and a transparent process for setting water charges have had the 
most success in collecting water fees.

Incentive systems. It is important for a system to establish incentives to prompt collection of fees by 
employees and prompt payment by users. Some systems encourage employees to collect fees by linking 
pay to collection levels. Policy makers need to monitor against corruption. When irrigation officials 
extract large, unofficial “rents” from farmers, introducing reforms, like raising fees, is difficult. 

Transparency. Farmers are more willing to pay fees when they can see how much water they received, 
how their payments are used, and how the water charges are determined. In Shangdong, China, farm-
ers purchase prepaid integrated circuit (IC) cards to operate machines that measure and control irriga-
tion water releases (Box 1). Suppliers can also use awards and penalties to motivate their personnel to 
achieve high collections.

Participation. Evidence has shown that user participation through water user association (WUAs) in-
creases the likelihood of prompt payment. This allows farmers to voice their priorities for improving 
system design, maintenance, and operations. 

It is difficult to say that effective and fair allocation of water resources will be attained by applying the 
WP mechanism. One should evaluate WP according to the different backgrounds, such as geophysical 
or historical characteristics of the country.

Box 1. Automated Irrigation Charge Collection, Shandong, China
Shangdong is one of the biggest agricultural provinces in north China. Irrigation water accounts for between 70 and 
80 percent of the total water use, but water is scarce. Consequently, to improve water use a card automated system was 
adopted, where irrigators buy prepaid integrated circuit (IC) cards. The card must be inserted into an automated server 
before water is released, and it stops when the card is removed. After each irrigation, the farmer receives a receipt, stating 
the amount of water used, the price paid per unit, and the total deducted from the IC card. All servers are connected by 
the Internet, so they are easy to control and monitor, and administrative costs have been cut. Thus, if no one steals water, 
a 100 percent collection rate is assured. Each irrigation server costs 1,000 Yuan (about US$120), roughly the same value 
as the water saved annually. With more than 200,000 IC servers, the province saves about 5 billion m3 of groundwater 
annually.

Source:Wang and Lu 1999.
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3.2.4 Water Efficiency technologies and methods for Agricultural Irrigation

Agricultural irrigation uses considerable volumes of water. 
Technical interventions to save water could take place at 
the basin level, the project level and the farm level. Interven-
tions at the project level or on-farm level would have to be 
analyzed to determine to what extent projected water savings 
would also constitute savings in the river basin.  At the proj-
ect level, canal lining or upgrading the technology for water 
control in the irrigation distribution system could save 10 to 
30 percent of water for each 10 percent increase in efficiency 
(Van Tuijl, W. 1999). At the farm level, traditional surface ir-
rigation can be improved or replaced by sprinklers irrigation 
or micro-irrigation. These practices are designed to minimize 
deep percolation, water losses from evaporation, and runoff. 

3.2.4.1 Micro-Irrigation

The most efficient watering method, micro-irrigation employs low-flow technology to deliver water 
directly to plant roots at rates that prevent deep percolation and runoff losses. In conjunction with 
proper irrigation scheduling and soil management techniques this equipment delivers just enough wa-
ter for plant use. Water savings from micro-irrigation on the farm are reported to be 30 to 50 percent, 
compare to surface irrigation, and yield increases can be substantial (Easter W. and Liu Y., 2005)

Typical micro-irrigation devices include:
Drip emitters: small irrigation heads that deliver water at a drip or trickle directly at the plant base.
Soaker hoses: hoses with tiny openings that allow water to ooze from the hose. These hoses are 
placed at the base of plants and are suitable for row crops.
Bubblers: similar to drip emitters, but deliver water at slightly higher rates. These emitters are used 
primarily for trees, shrubs and closely planted flower beds.
Micro-sprayers: similar to overhead sprinklers in miniature, they deliver a fine mist and can be 
controlled by either the size of the spray head or by a system controller.

Figure 23. 1: Drip emitters; 2: micro-sprayers; 3: bubblers; 4: soakers hoses.

Source: google pictures.
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Figure 22. Micro-irrigation appliation

Source: google
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Drip irrigation also prevents desertification and reduces the environmental hazards of surface irriga-
tion, such as soil erosion, run-off and deep infiltration of fertilizers and agro-chemicals.

3.2.4.2 Sprinkler Irrigation

Sprinkler irrigation employs overhead ir-
rigation spray nozzles and a large diameter 
piping system to apply irrigation water 
to crops. Using big water guns results in 
excessive evaporation and deep percola-
tion losses. Their use should be minimized 
or eliminated from irrigation operations. 
Evaluate the following irrigation conserva-
tion practices and incorporate the most ef-
ficient and cost effective into the irrigation 
designs.
Most sophisticated sprinklers and drip sys-
tems have been developed in the U.S. and 
Europe in order to decrease labor costs. 
Therefore many systems are unsuitable for 
use in developing countries where labor cost 
and skill levels are lower, like in China.

3.2.4.3 Improved surface irrigation

In the IBB, surface irrigation is the common system used to irrigate the land. Surface irrigation can be 
improved through: 

Land leveling;
Better distribution of water among individual furrows in furrow irrigation, with the size and time 
of furrow flow selected by the desired depth of irrigation, soil characteristics and slope of the field. 
In theory irrigation efficiencies of more than 80 percent can be obtained with modern surface ir-
rigation methods if design and management are reliable (Van Tuijil, 1999).

Techniques for achieving high irrigation efficiencies include:

Land leveling by using laser techniques;
Syphoning irrigation water from a head ditch into the furrow;
Flexible or rigid PVC pipe to distribute water into the furrows;
Buried PVC pipe with risers. A recent development in trans-irrigation employs a moving piston 
in a rigid pipe to irrigate several furrows at a time; however this system is too complicated to be 
used by smallholders in developing countries. Large-scale land leveling in projects in the fields of 
smallholders has proved to be very difficult. There are few, if any, successful land leveling projects 
in no-rice growing areas. Land leveling also must be maintained every two years and this is not 
always done.

Figure 24. Sprinkler application

Source: google picture.
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3.2.5 Virtual water

The virtual water concept was introduced by Allan (1998a,b) when he studied the possibility of im-
porting virtual water (as opposed to real water) as a partial solution to problems of water scarcity in the 
Middle East. Allan elaborated the idea of using virtual water import (coming along with food imports) 
as a tool to release the pressure on the scarcely available domestic water resources. Virtual water import 
thus becomes an alternative water source, next to endogenous water sources.
Water can be save by importing water intensive products rather than produce it local. A water-scarce 
country can get great benefit by doing this, importing virtual water. Moreover, Oki and Kanae (2004) 
introduced the idea of a ‘global water saving’. A country with high water productivity, let’s say that 
need less water to produce certain product, can export to another country with low water productivity. 
This can means that water is save globally. On the other hand, the opposite can also happen if a water 
intensive commodity flow from a low water productivity country to a one with higher productivity.

Figure 25. Yining market

Source: Roberto Jequier

We can take an example of this concept application. For instance, Morocco had to domestically pro-
duce the products that are now imported from the Netherlands, it would require 780 million m3/year 
of its domestic water resources. Morocco thus saves this volume of water as a result of trade with the 
Netherlands. The fact that the products imported from the Netherlands were produced with only 0,14 
km3/year while it would have required 0,78 km3/year when produced in Morocco, means that – from 
a global perspective – a total water volume of 0,64 km3/year was saved. The reason for the large dif-
ferences of water use per unit of product in Morocco compared to the water use per unit of imported 
product is two fold. One reason is that in the Moroccan climate evaporative demand is relatively high, 
so that other circumstances being equal, crops will consume more water than in for example more 
moderate climates. The second reason is that current agricultural yields in Morocco are very low (FAO, 
2005). Both factors together lead to a situation where maize, for example, produced in Morocco has a 
virtual water content of 12.600 m3/ton, while maize produced in the Netherlands has a virtual water 
content of 410 m3/ton (Arjel et all, 2007)
The volume of water used to produce a commodity is the virtual water content. This must be measured 
at the place where the commodity was produced.
Here we have an example of water saving. In our case, the IBB can save water just replacing rice cultiva-
tion for another more suitable crop regarding the conditions of the area. The rice can be imported from 
a region with higher water productivity. This can also be applied to cotton and meet production. There 
are uncertainties about the amount of cotton and rice that is cultivated in the region. Even if we can 
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find information in the Statistical yearbook, as demonstrated, there are doubts about the credibility 
of the information.  However it is probably a considerable amount of crop that can be switched to 
mitigate the impacts in water consumption for agriculture in the study area.
As a way to illustrate the idea behind the virtual water saving concept we can analyze the following 
figures given by the www.waterfootprint.org:

The production of one kilogram of beef requires 16,000 liters of water.
To produce one kilo of rice requires 3,900 liters of water.
To produce one kilo of wheat requires 1,300 liters of water.
To produce one kilo of maize requires 900 liters of water.

Just by looking at these numbers one may get a quick idea of where water could be saved.

3.3 Successful experience in the Middle East

Many countries in the Middle East experience water stress and available water resources are becoming 
more and more costly to mobilize. Countries like Israel, Cyprus and Jordan use the most advanced ir-
rigation technologies and water savings techniques. A case study carried out by Willen Van Tuijil (Van 
Tuijil, 1999) for these three countries shows some interesting characteristics that can be worth it to 
bring up for discussion to see how they could be applied in the Ili area. 
Water shortage have caused Israel, Cyprus and Jordan to search for innovative solutions to irrigation 
problems. Another common element that has contributed much to the adoption of advanced tech-
nologies on the farms has been the presence of strong local or export markets for agricultural products 
which provide sufficient financial incentives to farmers to invest in new technologies. 
From the beginning we can see that in our case, in the IBB area, the situation is quite different. There 
is not a real consciousness about water shortage, at least not on the Chinese side. The Ili river have 
plenty of water and as we have seen in our field trip, people are not aware of the problems that the 
Balkhash lake is facing downstream  and the view of the whole basin as a unit of evaluation is far from 
the Governments point of view. Moreover the intervention of the Government in the agriculture in 
China has showed that is not their first priority to reinforce it but industry. This makes it difficult to 
develop a strong market for agriculture products and therefore to invest in suitable technologies and 
water efficiency improvements.
The IBB is also a semid-arid region with probably higher amount of rain per year than in the Middle 
East countries. But nevertheless can we learn from their experiences and analyze possible applications 
in the study area. 

3.3.1 Water conservation 

In Israel, irrigation has developed in three distinct phases. During stage one (1948-65) the main in-
frastructure was developed, the legislative and administrative frameworks were established and surface 
irrigation was replaced by sprinkel irrigation. 
Stage two (1966-1979) focused on increasing water efficiency through micro-irrigation and develop-
ment and use of treated water effluent and brackish groundwater.
Stage three (1980-  present) has focused on refining irrigation technology, allocation cutbacks for 
agriculture, decentralizing the structure of the water economy and more widespread use of non-con-
ventional water resources. During these developing periods the area under irrigation increased from 
30,000 has in 1948 to 213,000 has in the 90’s. Water use (metered gross supply per consumers), which 
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amounted to 8,700 m3 per hectare in the early-50s  improved to 5,700 m3 in the late 80’s and the 
yield per unit of water increased from 1 kilogram per m3 to about 2.5 kilograms per m3.
In addition to the recognition of water shortages, an important factor in irrigation development in 
Israel has been the receptiveness of the farmers to innovation because most settlers had no previous ag-
ricultural experience. The receptiveness was also linked to the farmers’ sense of security, which resulted 
from strong Government support for the agricultural sector. 
In our case things are different. Historically the Chinese Government has supported more their Indus-
trial sector putting the agriculture sector as a base for it. A kind of subsidy for the Industrial sector. 
According to our interviews, farmers feel left outside the system. With poor governmental support, 
they get very little information about technology improvements and lack the overview of the whole 
system. For instance it would be healthy to see the IBB as a unit, all the basin,  and treat it like this to 
elaborate policies for the sustainability of the whole system and involve the farmers in new solutions.

3.3.2 Institutions

In Israel, one of the principal elements facilitating attainment of the development objectives was the 
early establishment of the Water Commission (WC) and the enactment of a comprehensive code 
of water laws during 1955-1959. The executor of these laws is the Water Commissioner, who is ap-
pointed by the Minister of Agriculture and armed with an extensive array of legal powers granting 
him discretion on all matters concerning the allocation of water, control of water use, planning of new 
schemes and their operation, imposition of sanctions, etc. Important roles have also been played by 
the Irrigation and Soil Field Service, established in the mid-fifties under the authority of the Water 
Commission and assigned to deal exclusively with extension in irrigation; the Israel Center of Water 
Work Equipment (ICWE) established in 1965, also responsible to the WC and responsible for the 
development and application of water use efficiency devices and to draw up specifications and stan-
dards for irrigation equipment together with the Standards Institution of Israel; the Israel Water Work 
Associations, an association of agricultural settlements and cooperatives and regional water supply as-
sociations, and which has as objective to enhance the technical qualifications and know-how of those 
responsible for O&M of the water supply and irrigation systems.
Comparing with our study area we here find a scale problem. China is almost 500 times larger than 
Israel and the Xinjiang province alone is about 80 times larger. Bureaucracy problems might be ex-
pected. In the Israeli case a strong and tight institution has helped to develop and enforce efficient 
water policies. In China things are different. The country is so big in extension and considering the 
long communistic tradition of governance the bureaucracy involved in the process make it difficult 
to find effective methods to address water issues. Nowadays the Water Resources Bureaus (WRB), 
that depend on the Minister of Water Resources, is in charge to administrate the water resources at 
a provincial level. It seems like that there is a no good coordination between them and neither with 
other entities that deal with the water quality such as the Environmental Protection Bureaus (EPB). 
See Oliver 2007.
This was also observed during our field study, where some areas were charged by area for irrigation 
water and others by volume of water. Here it would also be appropriate to create a strong administra-
tion for the whole basin involving the farmers in the decision making process or at least making them 
to understand the background of the new policies and strategies. It would be also recommended to 
put together water quality and quantity in the same institution as we have seen soil and water can’t 
be evaluated separately. They are closely related to each other and policies regarding synergies of the 
system must be considered.
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3.3.3 The irrigation infrastructure

At an early stage Israel has planned a fully integrated water supply grid that now covers most parts of 
the country, its main artery being National Water Carrier, which transfers water from the relatively 
water rich north to the arid south. Initial developments settlement schemes were mostly from ground-
water resources, so that when the national grid was completed they could be immediately connected, 
resulting in a rapid utilization of the major irrigation infrastructure and an efficient conjunctive use 
system of surface and groundwater. Only surface irrigation existed in 1948 which was first replaced 
by sprinkler irrigation which was the predominant method in the early 1950’s. Beginning in the mid-
sixties micro-irrigation (drip and spray) systems were developed and introduced on a gradually increas-
ing scale; they cover presently some 170,000 hectares or 80 percent of the irrigated area, the balance 
still being under sprinkler irrigation.
The IBB is mostly, if not all, irrigated by surface irrigation methods. There are not clear signs of inte-
grated grid of the water resources. There is a lot to do in these matters.

3.3.4 Special actions undertaking by the Israel’s Government 

A first water master plan for the water sector was prepared in 1951, which has since been updated 
several times. The 1960 update revealed that the total renewable water resources were 28 percent lower 
than estimated. This sounded an alarm and motivated the WC to initiate a number of programs to 
increase water use efficiency, including;
Monitoring, measurement and documentation of water related activities in four settlement village over a 
three year period, which indicated substantial waste caused by human error and equipment failures.
Development of water saving devices, such a volumetric valves and pressure regulators and the produc-
tion of enough prototypes for use in a long-term observation study.
The used of the four model villages as a focal points of demonstration and dissemination of improved 
practices. The WC also convinced a manufacturer that a market existed for the equipment and assisted 
in establishing the plant by providing financial guarantees.
The launching in the early seventies of a country-wide, four year long campaigns aimed at the dissemi-
nation of information and financial support on more water efficient systems and devices through field 
trials and demonstrations and financial support for the purchase and installation of the new devices. 
It was estimated that this water use efficiency campaign resulted in about 10 percent water savings, 
mostly from improved sprinkler irrigation.
A national wide salinity service, aimed at determining the effect of the relatively high salinity water 
on crops and soils, the results of which were applied to the development of a policy and plans for the 
supply of water of different qualities for different crops and different areas.
The IBB needs a strong leadership that can deal with the issue from the bottom and concentrate efforts to 
solve the situation. At the moment nothing like that is happening. Some agreements with the Kazakhstan 
government has been made but no real projects plan to make the IBB sustainable (see Oliver, 2007). 
There is not even a clear base line that indicates the limits. Only vague information with poor accuracy.
In order to make this happen, we probably need a third part that can arbitrate and make the necessary 
measurements, someone independent without any economical interest in the possible results.

3.3.5 Demand management

In view of its scarce water resources, Israel choose to rely heavily on demand management. This policy 
consisted of a comprehensive package of legislative and administrative measures in order to strictly 
regulate water use through a licensing and allocation system. The primary tools used to discourage 
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inefficient water use are metering, pricing and allocation. All water use is metered, water users are 
licensed by the Government and the license must be renewed annually. Failures to use water in a man-
ner consistent with the license can lead to its cancelation. Each license prescribes the quantity of water 
that can be withdrawn from any source, including groundwater and sewage effluents. Water allocation 
is based on established water norms by crop and ecological region, which are constantly being reduced 
because of water scarcity on one hand and agro-technical advances on the other. This has compelled 
the agricultural sector to invest heavily in improved irrigation technologies and to strive for higher 
yields with less water.
In the IBB area there is not such a demand management as we have seen. This is very important to 
take in consideration because this can be the base for future water savings. According to the farmers 
the Government started to increase the water fees but it appears that nobody really know what they are 
doing and that water measurements are still far from being accurate.

3.3.6 System operation

Israel have developed a management system for minimizing losses and for optimal utilization of both 
surface water and groundwater. 
Water is supplied to consumers on demand. The Irrigation and Soil Field Service ISFS advises farm-
ers on irrigation practices. When and how to irrigate and with how much water.  They also prepares 
detailed irrigation schedules for the settlements schemes; these were initially prepared manually on the 
basis of auger tests and laboratory determinations of soil moisture. Subsequently more advance meth-
ods were introduced, using inter alia, a wide network of Class A evaporation pans and tensiometers 
to determine crop-water deficit. The use of tensiometers reduce water application to the field in many 
cases by 30-40%, while yields also improved (Van Tuijil, 1999).
The preparation of irrigation schedules is now computerized; the schedules are up-dated monthly.
This is far from the real situation in the IBB area but considering China as a major technology pro-
ducer this is not at all far from a possible reality.

3.3.7 Technology development, transfer and research

Here we can see that Israel, Cyprus and Jordan from Tuijil’s study (Van Tuijil, 1999) has adopted dif-
ferent technologies according to their specific situation. 

Irrigation technologies:

Israel have developed new irrigation technologies like sprinklers and micro irrigation systems becom-
ing one of the leaders on these kinds of applications. They have also installed measurement systems 
to charge the farmers. Volumetric valves which shut off after delivery of a set quantity of water rather 
than on time basis, thus eliminating the influence of pressure variations. In the Ili area the system is 
not even consistent and, as was discussed earlier, fees are charged in different ways.  Information in 
m3 quantities that is withdrawn from the river is missing. In the IBB there is not such a technology to 
measure the amount of water that is used.
Israel has also shifted to low volume irrigation, in particular drip irrigation, which also promoted the 
widespread use of fertigation, chemigation and herbigation.
Cyprus use more pipe-basin systems and hose basin systems that became popular for orchids in 1965-
1975. Mini sprinklers are also popular and widely used.
In Jordan drip irrigation is wide-spread. Despite the initial high cost investments this systems were 
rapidly adopted by the farmers as they greatly alleviated the problems cause by chronic water shortages. 



Sustainable Agriculture Management 39 

Americans and Australians were brought in to train Jordanian technicians and farmers. Credits was 
also extended by suppliers and commercial banks for the purchase of the drip systems. Moreover the 
high costs were not constrains due he booming exports of agricultural products to the Gulf states. 

Agronomic research and agro-technologies

All these countries have invested in agronomic research. Finding optimal crop water applications for 
all major irrigated crops, which also give the basis for water allocations. They also experiment with 
different crops, seeds, greenhouses, stricter weeding and  practices to reduce water applications. 

3.3.8 Financing

An important subject is the way these countries have succeeded in financing these developments. 
It apperas that in all cases there has been a cooperation between the state and the private sector. The 
governments have promoted and supported the acquisition of new technologies, given to the farmers 
low rent loans, some grants and different kinds of subsidy. This has been a very important part in the 
whole development of the system. At the other side the private sector  have also contributed to the 
adoption of new technologies by giving the farmers special conditions to purchase the different sys-
tems, and giving them also support during the installation and maintenance of the systems. 
One can also observe that after some time, in all cases, these countries started to produce sprinklers and 
micro-irrigation systems locally. This has brought cheaper products to the market and new sources of 
income. A future business possibility for the Chinese?

3.3.9 Water users associations

In Israel it appers that the system is getting decentralized. The farmers want to take a more active part 
in the management of their water, the construction of new projects and deciding on water allocations 
within their own region. 
This is not at all like this in our study area where, according to the interviews with the farmers, they 
have only access to the water resources but no more. It would be more appropriate if they could also 
feel and be part of the system to understand the main goal of the management and actually could be 
part of the developments. 
Now, they are not allowed to organize themselves in order to get better prices for their products and 
invest in new technologies. Even though China is in the eyes of the world as a new market economy 
wonder, their internal behavior is more related to the old communist school where decisions are taken 
by the Government and the farmers simply are their servants.
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3.4 Evaluation of potential water savings

There are too many uncertainties in the Chinese database after analyzing the results of Christensen & 
Schöner. The data available is not reliable as was underlined many times in this study. 
Nevertheless it is possible to use some of these values just to get an idea of the actual situation and to 
see how far it is possible to go. 
The idea is not to give final results but to visualize the potential achievements for the whole area.
Here we can try to find the limits to get an idea of where the roof is set and the directions to get 
there.
As we have seen in the water balance part of this study, the amount of water withdrawn from the Ili 
river in the Chinese side is around 4,2 km3. Now, with the values that we have gathered from Chris-
tensen & Schöner study we can make an analysis of possible gains under different circumstances. We 
could also take the Chinese statistics to make this evaluation but this it would be too optimistic. So as 
a worst case scenario we can start with the values given by Christensen & Schöner.

Rice paddy’s area = 214.5 km2
Other crops area = 6,070 km2
Total water consumption = 4,2 Km3
Rice water consumption= 13,000 m3/ha
Other crops consumption= 3,000 m3/ha
Yield: 1
Efficiencies: 50%, 60%, 70%.

If we simply take away rice from the cultivated area and replace it with other kind of crop we could 
save about 430 millions of m3 of water! If we combine this action with increasing the efficiency by 
only 10% (from 50% to 60%) in the irrigation system, we can save more than 1 km3 of water. This is 
around 25% of the actual consumption as illustrated in the following figure:

Figure 26. Water savings by changing rice for other crop and increasing efficiency by 10%

Source: data from Christensen & Schöner.

Water savings in the IBB

75%

25%
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In the Christensen & Schöner study they used 50% efficiency to make their assessment. This was based 
on certain literature on the subjects that they found but regarding our observations in the study area it 
wouldn’t be surprising if this value got lower. This means that with only some small improvements of 
the Agriculture Management System a major amount of water could be saved.

Now let’s look the upper limit. With a lot of investments in technology, better managements of water 
issues and a real improvement in their market system for agricultural products the results that could 
be achieved should be enough to more than duplicate the cultivated area without compromising the 
future and sustainability of the Balkhash lake.
Features for the upper limit:
No rice is cultivated in the area. (-430 millions of m3)
Surface irrigation efficiency is improved to 70% and half of the area is switched from surface irrigation 
to drip-irrigation with an efficiency of 90% (Van Tuijil, 1999). This could save another 1,38 km3 of 
water. As illustrated in the figure 27.

Figure 27. Potential water savings under optimal performance.

Source: own compilation

If we add the savings and the rice area we come to almost half of the water amount that today is used 
to cultivate the same area. Now if we also add improvements in water productivity and increase in 
yields, like double as it can be observed with this kind of technologies, the water required to produce 
the same amount of grain would be almost 25% of the original value. This would take a lot of effort 
from the Chinese Government as well as for the farmers and probably some time to come there. But 
according to other experiences, as we have seen,it would be possible.
According to Oliver (Oliver 2007) there are several projects of development for the area that is going 
to demand a huge amount of water that exceed the carrying capacity of the system. This is the wrong 
way to go. First the carrying capacity of the system should be estimated. The amount of water that the 
Balkhash lake requires to maintain its natural level. Once this is made the extensions of cultivated area, 
dams, etc can be developed according to the saving of the new managements.

Sustainable Agricultural Management upper limit

33%

32%

25%

10%

Savings Surface Drip rice



Sustainable Agriculture Management   42 

4. Discussions

One of the aims of this study was to evaluate the situation of water consumption for irrigation purpos-
es in the IBB on the Chinese side. According to satellite images, the Balkhash lake is starting to show 
water shortage. If more water consuming projects are implemented, like extension of the cultivated 
area or water deviation for other purposes, the sustainability of the lake is under threat. 

Around 80% of the water that feed the lake comes from the Chinese side, trough the Ili river. The main 
problem to asses the water balance and obtain the amount of cultivated area for the basin is the lack 
of reliable data. On one hand there are the Chinese data that try to show lower figures and hide the 
real water consumption to avoid conflicts with their neighbors Kazakhstan and to avoid international 
pressure and comments. On the other hand the Kazakhian data try to show higher values and accuse 
the Chinese for taking too much water resources and blaming them for the water unbalance in the 
Basin. Under these political circumstances and typical upp-down stream conflict, it is hard to judge 
who is right and who is wrong. But thanks to the application of high technology tools like the GIS it is 
possible to get an additional source of information.  In the Christansen & Schöner study (Christansen 
& Schöner , 2004) based on satellite images interpretations new figures can be obtained to evaluate the 
basin. These values shows how far the Chinese data is from reality and how unreliable the figures are. 
The only figure that seems to be in the Kazakhians and Chinese levels is the total water consumption 
for the Upper Ili Basin, that is around 4 km3/yr.
 
According to the Chinese statistics, the cultivated area in the Upper Ili is 2,229 km2 and according to 
Christansen & Schöner it’s 6,600 km2. This is a huge difference. Moreover the rice cultivation area, 
which is relevant for water consumption reasons, also show similar differences. The satellite images 
reveal that the area of rice cultivation is almost four times larger compare with the Chinese data (6,100 
ha v/s 21,400 ha).  The production of rice, doesn’t seem to be appropriate for the climate in the area. 
Even so, a considerable extension of land is allocated for this purpose. 
The issue about rice cultivation came with the creation of the People’s Republic of China in the 50’s 
when the Government of China wanted to make the state self-sufficient in food production and then 
the system degenerated into regional self-sufficient. Moreover, with the development of the People’s 
Republic of China and their policy to develop the industrial sector, taking the agriculture as a base for 
it, started a painful process that would stress the water and soil resources of the area until today. Since 
the 50’s until now 2007, the Chinese population in Xinjiang has increased from 6% to 40%. This was 
to develop the agriculture in the area and produce cheap food for the industrial workers that needed 
to pay as little as possible for food in order to make a living and to produce cheap Chinese industrial 
products. The quota has reached the limit. Now the area from being mainly a pastoral economy, in 
the old days, is becoming more and more agricultural. And even though this can also be a favorable 
thing to do, the curring capacity of the basin is facing its limit. Now it’s about efficiency in water al-
locations.
According to Oliver (Oliver 2007) there are several projects of development for the area that is going
to demand a huge amount of water that exceed the carrying capacity of the system. This is the wrong
way to go. First the carrying capacity of the system should be estimated. The amount of water that the 
Balkhash lake requires to maintain its natural level. Once this is made the extensions of cultivated area, 
dams, etc can be developed according to the saving of the new managements.

The other aim of this study was to find some guidelines for water efficiency improvements. The tech-
nologies implemented in the irrigation systems for the area are very poor with low efficiency. The farm-
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ers do possess very little knowledge about technology possibilities and sustainable concepts. The water 
shortage problem and the water balance for the IBB is something totally new to them and even though 
the farmers showed real interest in new technologies and better managements, they are trapped in an 
old bureaucratic system and can do very little. Here is the first area where changes must take place. 
All the stakeholders of the IBB need to take conscience about the water constrain that they are facing. 
Special water conservation campaigns can contribute to quicker adoption of water saving measures. 
Without this first step everything else is useless.
On the Governments side there are not consistent water saving measurements and a proof of that is 
that the farmers are charged in different ways in different zones. By area in some parts and by time in 
others. Moreover, there are no reliable systems that can measure the water by quantity. This should be 
the first step regarding technical managements, to start to measure the water supply by m3. Doing this 
the system can change from being water supply oriented to water demand oriented. Graduated water 
charges to improve water use efficiency should be given more attention.
But even before that, a general baseline should be built to make the starting point for future develop-
ments. If we consider the Balkhash lake as the thermometer for the system one could start taking the 
temperature today and make this the zero point. This value should be the threshold for the system. 
According to Kazakhian sources today 15 km3/year is the amount of water that reaches the lake. The 
problem is that the Chinese would say something else than the Kazakhians. Here is needed a third part 
to do an impartial evaluation and to monitoring the system. Someone who doesn’t benefit from the 
results of these measurements. Maybe the UN would consider the system as a World heritage?
Once this is done, we can get the threshold for the water withdraw. Any development project that use 
water resources should be made with the water surplus obtained in improvements in water efficiency 
and agriculture managements.

There are different ways to save water. One of them is the Virtual Water Concept and agronomic 
research. Morocco, for example, have saved an incredible amount of water just importing it from the 
Netherlands. In China, the same strategy can be applied. Rice for instance, can be imported from 
the southern part of the country where there is high precipitation, saving a huge amount of water. 
Just changing rice for other kind of crops that are more water productive, 10% of the actual water 
consumption can be saved. Together with theses strategies, agronomic research should be promoted in 
order to identify remunerative crops and to formulate better irrigation practices.
Moreover to release stress from agriculture activities, other sectors should be developed i.e. the Tourist 
Sector (see Pang X., 2007). This can generate other sources of income that can increase the amount of 
virtual water that can be bought from other regions where water productivity is higher. 

Another way to save water is by improving water efficiency and by water charges. From experiences 
of semi-arid countries from the Middle East, different policies and technologies can be applied in the 
area to save water. 
The irrigation infrastructure should be upgraded and the Chinese government should improve their 
policies and institutions to achieve more efficient O&M, operation and maintenance. They should 
also promote more advanced on-farm irrigation technologies, improve surface irrigation, sprinkler or 
micro-irrigation. This requires a substantial improvement in the farmers situation. There is a long way 
to go. Farmers need to be trained in sustainable concepts and in water efficient technologies. 

As we have seen in the baseline part the water pricing in the area is not consistent. The water consump-
tion should be charged by volume and not by area, as it is in some parts nowadays. This would improve 
the water efficiency and would incentive the farmers to save water.
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Moreover, market mechanisms for profitable crops that justify on-farm investments in irrigation and 
access to agricultural credit must be developed. The fact that the farmers of the area doesn’t really own 
their land is a also a minus in improving water efficiency. It prevents the farmers from investing in new 
technologies. This also needs to improve.

Although Micro-irrigation has been successfully introduced in traditional farming communities in 
Israel and Jordan it’s not an easy task. Small scale pilot test should be implemented before doing it in 
a big scale. Pilots projects should be used to test new design concepts under local conditions, assess 
impact on yields, etc (Van Tuijil, 1999).
The farmers participation in the agriculture management system is also an important aspect to con-
sider. During the field trip they complain about the extra fee that they had to pay for building a new 
channel that was not of any benefit for them. They need to feel that they get something back.
If the farmers are involved already in the design of the new system they can hopefully be more engaged 
and contribute to the success of the project.

If all, or some, of this managements are implemented there should be enough water to sustain the 
natural environment of the whole Ili Balkhash Basin and even for new irrigation systems to cultivate 
new agriculture areas. Sustainable Agriculture Management is the key to do this.

5. Conclusions

A water conservation program should be implemented in all the Ili Balkhash Basin. This should be 
the first step. To gather all the stakeholders in the basin and take conscience about the water shortage 
problem and to see the whole basin as a unit of evaluation.
When all the stakeholders are aware of the necessity to find sustainable managements that can war-
ranty the sustainability of the system, a general baseline should be constructed. This should be the 
zero level or the starting point for water efficiency improvements. The water withdraw for irrigation 
and other purpose should be evaluated on the Chinese side and on the Kazakhian side as well. Which 
amount of water reach the lake? This should be the threshold of the system, the roof, the carrying 
capacity for water extraction. New projects that require water utilization should be implemented only 
if this threshold is not overloaded. The surplus water should come from increasing water efficiency.
On the Chinese side the Grain Self-Sufficiency policy should be eliminated and no rice should be cul-
tivated in the area. They should consider to adopt more water productive crops saving a considerable
amount of water.
At the same time the Chinese government should develop market mechanisms for the agriculture sec-
tor that improve the profit of the farmers and generate new capital for investments in the irrigation
system. Together with this the farmers should be able to own their land so it will be easier for them and 
more tractive to invest in new technologies.
Surface irrigation should be improved and new systems should be develop such as the micro-irrigation 
system and sprinklers in order to increase water efficiencies.
Technical and financial support should be implemented to train the farmers and water users in general 
in the technical possibilities available and how to access to them. At the same time generate new finan-
cial instruments that can help the users to access to these technologies.
The water demand management should be implemented and an autonomy institution for water ad-
ministration and water charge should be created so the users can feel that the payments are reinvested
in the system and that they get something back.
Participation of the farmers in water management should be promoted.
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Appendix

Interview 1

5th of September 2006.
Tianjin University Environmental Department.
Mr. Yu.
We did contact Mr Yu before visiting him in China. He wanted to cooperate from the beginning with 
our project but when we get there it was difficult even to meet him. It appears that he got afraid due 
to the sensitive issue of the project. This is what we got from the interview:
Environmental management is changing in China; a bottom-up approach is adopted. Provinces are 
independent. Projects are supported by local governments or sometimes few private actors. The differ-
ent actors for environmental management and environmental projects are:
- Environmental Protection Bureaus (EPBs). They decide projects at the country scale.
- The China National Science Ministry. It is difficult to apply because they finance only large projects. 
863 projects (e.g. restore an area) are actually funded by this ministry.
- Local governments have less money to work, they can ask EPB but locally, they do not have much 
resources.
For instance, in Tianjin, water quality and quantity are generally treated separately. There are too many 
branches/offices and they do not know how to assign the water. Some projects at Tianjin University 
concern water supply. They use numerical model for studying water quality.
Mr. You believe that China (and other countries too) have been suffering from U.S. and E.U. pollu-
tion during the last 50 years. Now China also has a “right” to pollute to develop. The U.S. and E.U 
should help China if they do not want to face the pollution emitted by China now. As an example of 
cooperation, China is allowed to use E.U. patents freely to protect the environment.

Interview 2

5 September
Ulakashi Inner Mongolia
Mr. Liu.
 
Mr. Liu is an enthusiast in promoting environmental practices. We could see it in the way he talk 
about it and in all the differents project that he has in mind. He is also aware of all the obstacles that 
the Chinese system has in its structure. Corruption is one of the main problems that he mentioned and 
the ignorant of the people in sustainable concepts. He is a sort of lonely fighter inside China, a country 
that is hungry to growth at any cost without considering the sustainability issue in their plans.
The main thoughts that we could get during our visit to his farm it was:
People are afraid of the government. Most of them can not bring up their own ideas.
Environmental agencies are corrupt and pollution doesn’t stop.
No freedom to develop your own ideas.
He tries to develop the concept of sustainable farming.
They try with solar energy and wind power.
They separate waste, burn plastic and they feed animals and do composting with the organic waste.
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Mr Liu.Interview 3

14 September
Mr. Ma. Yining county.
 
When we arrived in the city of Jining it was interesting to see the different cultures that mix as in a 
cosmopolitan city. The way people look and dress, the food, etc everything was richer. 
After the denial from the Chinese authorities to give us information about the water issues in the zone 
we felt frustrated. The last chance was to visit the farmers and try to get at least information about the 
way they cultivate the earth and their relationship with the system. 
We hired a taxi and went outside the city to the north trying to get contact with some farmers. Luck-
ily the taxi driver knew a few farmers and he drove us directly there. In this way we met Mr. Ma who 
kindly received us in his house and showed us the way he worked. This is the main information we 
obtained from the interview:
   

The coordination for water use is coordinated in the village.
The price of rice is fixed by the government
They have to plant rice for regulation on an annual quota. If one owns more than 15 acres one has 
to plant rice.
The amount to be planted is decided by the village and then distributed. 2 acres / person to 5 acres/
person.
They pay 23 Y/acres per year for water to irrigate the land.
For rice they pay 82Y/acre per year. In some other parts the farmers pay per hour.
Grapes need less water than rice.
They are happy if they get 1.000 Y per acre this is 1.000 kg maize per acre. They consider this yield 
as a good harvest.
They use the surface irrigation as a technic and they don’t know other technics for irrigation.

Interview 4

15 September
Mr. Womah Gang in Yu Qiong Cur (upstream)
 
Following day we started early in the morning and went to the north again, upstream to meethopefully 
with other farmers. We met Mr. Womah that kindly invited us to his house and told us about the way 
he worked and his view of the water irrigation system. These is what he told us:

They pay 40y/hr before 20Y/hr
According to them they need 1,5 hr per acre. 
They plant mostly maize, weat (maize need more water)
They are free to cultivate what they want.
They pay 40Y/hr during daytime and 17y/hr during nighttime. The different in price is not be-
cause is more water effective to irrigate at night but it is more difficult to see so they got a kind of 
motivation to do it at this time.
Each farm has a number and they irrigate in a successive sequence.
1 acre maize need 3 hr. In a dry year they need to irrigate 5 times.
They use the Hashu river and they feel that the river remind the same but they are aware that the 
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Ili river is decreasing his level.
400 people lives in their village
Small town/county around 5 to 10 village
Regional level. Provincial level.
They have potable water
They don’t have an irrigation technique other than just overflowing the land.

Interview 5

16 September.
Meeting with farmers in the Yining County.

The 16:th we went north again and this time we met a group of farmers, some where Chinese and 
some Uyghurt. The chief of the village a strong old man that only spoke Uyghurt invited us to his 
house where we had a meeting with other farmers. The taxi driver didn’t speak Uyghurt but luckily 
another man could speak Chinese an Uyghurt and translate to our Chinese colleague Cui Wei and he 
in his turn translated to us in English. These are the main points we got under the meeting:

The people are not allowed to get organized to defend their interest. Only the government can do 
this. But it is corrupted so the system is banned to fail.
They have to pay more for water but the money goes to finance other projects that doesn’t benefit 
them.
In the countryside they use diesel to pump water and wind to charge their batteries.
They sense that since the 80’s economical revolution the environment is getting worse.
During this time the land was assigned to private people and now they limit the amount of heads 
that they can own.
1000 acres for 37 sheep. 1 acre is 667 m2
The Government talk about sustainable development but the people don’t believed in it because 
all the corruption.

 Interview 6

18 September
Meeting with Yan Heqing. 
Project officer from the Xinjiang Environmental Protection Bureau (XJEPB)

The first time that we met Mr. Yan he was very exited about our project and wanted to arrange a meet-
ing with all the authorities that might be involved. This was a very good start for us. We didn’t expect 
to get such support. Unfortunately the next meeting he changed altogether and was completely closed 
to us. It appears that his boss told him to stay away from us and that couldn’t tell us nothing more than 
general information.
This was the information we got from the Xinjiang Environmental Protection Bureau:

The region is far from the coast so the development is low.
Oil extraction is the main income, natural gas and coal.
A new law was made in 2003 for environmental protection (www.sepa.gov.cn)
The Xinjiang environmental monitoring station control the institution water, air, flora and fauna.
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They have a national monitoring network.
They believed that environmental protection is a step for sustainable development.
They have a treatment plant for the water in Urumqi.
In the south of Xinjiang the desertification is a serious problem.
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