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This article outlines the human activities and its impact on water-land environment
in the Minqin oasis of northwest China which is an area of typical arid features.
During the last century, human activities have caused a series of detrimental
water-land environment responses. Analyses show that runoff into the Minqin oasis
has been reduced, with the decreasing trend predominantly occurring during the per-
iods of July to September and December to February, perpetrated by construction of
reservoirs and diversion of runoff for irrigation in the upper and middle reaches of
the Shiyang River basin. In addition, excessive quantities of groundwater in the
Minqin oasis have been exploited, producing serious groundwater level declines.
Groundwater quality has also degenerated, with total dissolved solids (TDS) con-
centrations in the northern portion of the oasis reaching 5.76 g l�1. The continual
lowering of the groundwater surface and increased groundwater quality degradation
has produced negative changes in the ecological environment. The area of salinized
soil has doubled from the 1950s to the present value of 4000 ha, with vegetation cover
in the Minqin oasis seriously degenerated, marred by land desertification and
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frequent dust storms. Strategies for improving the water-land environment of the
oasis are proposed in this article, with guidelines for reconstruction of sustainable
water-land management in Minqin oasis.

Keywords arid region, groundwater, human activities, sustainable water-land
management, water-land environment

In China, slightly more than half of the land is situated in arid or semi-arid area, of
which 26.6% has an average precipitation of less than 200 mm per year (Tang &
Zhang, 2001). Water shortages have become an increasingly serious problem, parti-
cularly in the arid northwest which is an ecologically fragile environment. The total
water resources deficit in arid northwest China was projected to be about 15 billion
m3 at the beginning of the 21st century (Feng & Li, 1997). Situated deep in the hin-
terland of Eurasia, the arid inland watersheds of Hexi Corridor are among the driest
zones in the world (Wang et al., 2003). Water resources in this area are not only
essential for agricultural and economic sustainability, but also a critical environmen-
tal component in the dry climate (Ji et al., 2006; Ma et al., 2005). The shortage of
water resources and the induced degeneration of the ecological environment of this
once lush and highly productive agricultural region have attracted much research (Ji
et al., 2006; Jia et al., 2004; Kang et al., 2004; Ma et al., 2005; Ma & Wei, 2003;
Wang & Cheng, 1999a, 1999b; Wang et al., 2002; Zhu et al., 2004).

The Shiyang River basin is the region with the most overexploited water
resources within the Hexi Corridor (Wang et al., 2002). Since the 1950s, water-
related human activities have led to tremendous changes in the water regime of
the basin (Ji et al., 2006). With the population growth in the upper and middle
reaches, surface water runoff into the Minqin oasis in the lower reaches of the
Shiyang River basin have gradually decreased over recent decades. Groundwater
also plays an important role in the economic development and ecological balance
of the Minqin oasis (Cui and Shao, 2005). Unfortunately, human activities, such
as groundwater extraction for irrigation, have resulted in excessive groundwater level
declines and aquifer overdraft in the oasis, disrupting the natural equilibrium of
these systems (Hu et al., 2002). This overexploitation of water has produced many
adverse effects on the local environment, including soil salinization, vegetation
degeneration, and land desertification (Ma et al., 2006). Because of this, agricultural
yields diminished, forcing many farmers to abandon their ancestral homeland.

In comparison to the other oases in northwestern China, the Minqin oasis ranks
among the worse in terms of environmental problems. In fact, the Minqin oasis has
evolved into one of the most severe desertification regions, and is one of only four
sandstorm sources in China (Qiu et al., 2001; Zhang et al., 2005). Because of the
scale, complexity, and variety of environmental and human impact problems, the
Minqin oasis has stimulated a great deal of research interest, even garnering inter-
national attention by the popular press (New York Times, 2006).

Using remote sensing, digital image processing, and spatial analysis technolo-
gies, Sun et al. (2005) assessed the desertification processes in the Minqin oasis from
1988 to 1997, and showed that wind erosion and salinization are the main causes of
desertification. Later, Sun et al. (2006) developed a desertification index (DI), com-
paring 20 socio-economic factors to identify possible local driving forces behind
desertification risk, and found that the sheep number and the crop planting areas
can effectively represent the degree of desertification. Similarly, Ma et al. (2006)
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investigated the driving forces of desertification in the Minqin oasis, and discovered
that human factors on land desertification accounted for 56.3% from 1956–2004 and
66.2% from 1981–2004. All of these investigations show that land desertification is
mainly the result of poorly regulated human activities. From an ecological point of
view, Shi (2000) found that the poor water management has led to water mineraliza-
tion, vegetation degeneration, soil desertification, and ecosystem deterioration.

Some researchers have also focused on the effect of human activities on ground-
water conditions in the oasis. Using FEFLOW (Ma et al., 2002, 2003) and MOD-
FLOW (Zhu et al., 2005), numerical flow models, future groundwater levels
changes in the Minqin oasis were simulated, projecting that groundwater levels will
continue to decline under present human activities.

Similarly, there are studies that qualitatively illustrate the impacts of human
activities on water-land environments in the Minqin oasis (Ji et al., 2006; Kang et
al., 2004; Ma et al., 2003, 2005; Wang et al., 2002; Zhang et al., 2005). Lee and Zhang
(2005), Yang et al. (2002) investigated local people’s perceptions on water-land
environmental changes in the Minqin oasis using a questionnaire survey, revealing
that many people have perceived changes, but don’t realize the full impact of human
activities on the water-land environments. This psychometric scaling technique
employed in this study can be useful for designing appropriate measures for restoring
the local water-land environments.

In this study, based upon data spanning the last 50 years, the changes of
water-related human activities and surface water=groundwater were quantitatively
analyzed to delineate and clarify the relationship between human activates and
adverse water-land environmental effects. In particular, changing trends of monthly
hydrology were defined to illustrate how human activities influence surface water
flows and groundwater levels, which can vary by season. As part of this article,
comprehensive measures are presented that may improve the water-land environ-
ment in this area, which can be transferred to similar areas.

Study Area and Data

Study Area

The Shiyang River basin, one of three continental rivers in the Hexi corridor, is
located in the eastern portion of the corridor in Gansu province of northwest China.
Its source waters originate from the Tibetan Plateau, and has a catchments’ area of
4.16� 104 km2, comprised of two subbasins, the Wuwei basin (i.e., upper and middle
reaches of the Shiyang River basin) in the south and the Minqin basin (i.e., lower
reach of the Shiyang River basin) in the north. Because the Shiyang River is the only
surface water resource in the Minqin basin, water-related human activities in the
Wuwei basin can have significant impact on the Minqin basin.

The Minqin Oasis, located in the lower reach of the Shiyang River basin
encompasses a land area of 159.107 km2 and presently has a population of about
306,900. Surrounded by the Badanjilin Desert and the Tenggeli Desert (Figure 1),
the Minqin Oasis is typical of arid continental inland climate, characterized by low
and irregular rainfall, high evaporation, and prolonged drought periods. The mean
annual precipitation is 115 mm, but the potential evaporation exceeds 2600 mm,
with a DI (the ratio of potential evaporation to precipitation, Kang et al., 2004)
of 22.6. The annual precipitation and evaporation has not changed significantly
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in the last 50 years. Due to its arid climate and scarce water resources, the ecosys-
tem of the Minqin oasis is extremely fragile. This is particularly important, given
that the oasis plays a vital role in the ecological pattern of northwest China, even
all of China (Zhang et al., 2005), and is the source of agricultural livelihood for
many farmers.

Data

Hydrologic observation data include runoff of the Shiyang River, groundwater
levels, and groundwater quality measured in the Minqin oasis, provided by the
Bureau of Water Resources Management of Wuwei. Average groundwater levels
of 34 and 36 wells, respectively, in Xinhe and Xiqu were calculated using individual
wells distributed within the Xinhe and Xiqu subareas, respectively. Irrigation data
including irrigation area, changes in available surface water and groundwater, irri-
gation schedules, and crop yield in 10 typical plots were collected from the Water
Conservancy Bureau of Minqin County. A survey was carried out on soil environ-
mental data at seven sampling points, including land salinization, vegetation
degeneracy, and land desertification.

The Irrigation Water Conservation Efficiency (WCE) in the canal system was
estimated as

WCE ¼
Xn

i¼1

Qi

Q0
ð1Þ

where Qi the discharge in the last fixed canal reach (m3 s�1), Q0 is the inflow into the
first canal (m3 s�1), both measured by standard flow measurement weirs, and the i is
the number of the last fixed canals in an irrigation district.

The Irrigation Water Use Efficiency (WUE) estimated as

WUE ¼ Ws

W0
ð2Þ

where W0 is the inflow into the first canal as measured by a standard flow measure-
ment weir, and Ws is the change in storage in the soil zone interval corresponding to
the root depth, and estimated by soil water profile measurements before and after
each irrigation event.

Figure 1. The location of the study area (Source: Lee & Zhang, 2005).
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Water-Related Human Activities

As part of the Shiyang River basin, changes in the water-land environment in the
Minqin oasis by human activities across the whole basin have occurred. In the past
50 years, many dams, channels, and ditches were constructed in the upper and
middle reaches of Shiyang River, which includes Wuwei City, Gulang County,
and Tianzhu County, all large irrigation areas. These water projects greatly altered
the natural water system and transformed the surface-groundwater relationship.
With increasing population, the irrigation area has been excessively extended to
the upper and middle reaches, particularly Wuwei, requiring additional water
augmentation via Shiyang River diversion, increasing from 4.96� 108 m3 in 1980
to 7.34� 108 m3 in 2000. Consequently, inflows into the Hongyashan reservoir in
the southern Minqin oasis have decreased significantly.

In the middle reach, the canal systems have a high standard of lining, which has
made water diversion efficiency relatively high. Presently, 81% of the main canals,
75% of the secondary canals, and 75% of branch canals are lined. The corresponding
WCE has increased from 0.38 in 1950s to 0.62 (Kang et al., 2004). This low canal leak-
age has reduced the recharge and replenishment of groundwater in the Wuwei basin.

In addition, local human activities have also impacted the water-land environ-
ment in the Minqin oasis. With the growth of new Peoples Republic of China, the
population in the Minqin oasis has increased over the last 50 years, and the total
ensured irrigation area has grown significantly, from just 6.67� l03 ha in 1950 to
43.85� l03 ha in 1976, maintained at approximately 40� l03 ha today. The crop yield
per unit area has clearly increased, from 1076 kg ha�1 in the 1970s to 5400 kg ha�1 in
2000, which partially attribute to the increase in use of irrigation water. Moreover,
while there were only about 5� 104 sheep and other livestock living in the oasis in
the 1950s , this number has jumped to about 32� 104 estimated in 2000 (Table 1).

The water inflowing into the Hongyashan reservoir is the only surface water
source within the Minqin oasis, with surface water for irrigation dropping from
2.02� 108 m3 in 1980 to 0.86� l08 m3 in 2000. This has shifted the demand to
groundwater, which has become the primary water resource for irrigation, with its
exploited quantity gradually increasing since the 1960s (Table 1). In 1980, there were
3,000 shallow wells and the exploited groundwater volume was 5.73� l08 m3. By the
year 2000, however, the number of wells had reached 9,160, with annual ground-
water volume extraction reaching 6.57� 108 m3, far exceeding the 4.29� 108 m3

annual groundwater recharge.

Table 1. Population, irrigation area, crop yield, and livestock growth and changes of
water resource utilization since the 1960s

1960s 1970s 1980s 1990s 2000

Population (thousands) 193.0 230.0 247.7 279.4 302.7
Ensured irrigation area (103 ha) 14.71 32.56 37.41 38.75 41.74
Yield of unit area (kg ha�1) 1076 2258 3541 5099 5400
Livestock (thousands) 50 90 150 260 320
Surface water utilization (108 m3) 2.24 1.87 2.04 1.15 0.72
Groundwater utilization (108 m3) <1 3.5 5.73 5.92 6.57
Replenishment of groundwater (108 m3) 3.3 2.8 1.8 1.2 1
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In the Minqin oasis, water-saving irrigation has been promoted since 1990 to
improve WCE and WUE, reduce water consumption. These projects include lining
canals, optimizing irrigation schemes, and implementing new irrigation technologies.
The canals lined for surface water irrigation totaled 370.9 km in 1995, but it has
increased to 1392.0 km in 2005, 38.4% of all canals. At the same time, lined canals
for groundwater irrigation has increased from 21.7 km in 1995 to 2952.0 km in 2005,
with only 92.0 km not presently lined. The conduits for groundwater irrigation have
increased from 291.4 km in 1995 to 434.6 km in 2005 (Figure 2). Lining of canals and
conduit delivery improved the WCE from 0.5 in 1995 to 0.77 in 2000. At present, the
fields in the Minqin oasis are primarily irrigated with plot irrigation, a vast improve-
ment over the previous flood irrigation practices used for the majority of the fields as
recently as the 1990s. Partly because of this, the WUE had improved from 0.4 in
1990s to the present value of 0.68. The oasis has implemented other water-saving
techniques, including border irrigation, furrow irrigation, drip irrigation, low press-
ure pipeline irrigation, and sprinkler irrigation. These water-saving measures, while
cumulatively reducing crop irrigation, have also reduced replenishment of ground-
water via recharge.

Surface Water Responses

Yearly Changes of Inflow Into the Hongyashan Reservoir

Inflow into the Hongyashan reservoir established in the lower reach of the Shiyang
River is the only source of surface water in Minqin oasis. With the development of
human production activities, the need for surface water diversion in the middle and
upper reaches of the basin is evergrowing. The water inflowing into the Hongyashan
reservoir has decreased by 74%, although the total discharge of the five tributaries at
the mouth of the mountain valley has remained at a level of 9.28� 108 m3 since the
1950s (Figure 3). In the 1950s, the annual discharge of the Shiyang River into the
Hongyashan reservoir was 5.4� 108 m3, which accounted for 45.9% of total runoff
of the five tributaries. In the 1990s, only 1.2� 108 m3 out of 7.8� 108 m3, just 15.8%
of the total runoff of the five tributaries, reached the Minqin oasis. The discharge
quantity into the reservoir had decreased to 0.8� 108 m3 in 2002, only accounting

Figure 2. The length changes of canals lined and conduit for groundwater irrigation since 1995.
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for 7.3% of the total runoff of the five tributaries, and during this year the reservoir
went dry for more than 1 month. The gradual decrease of inflow into the reservoir
has been largely attributed to the expansion of the irrigation area and the high
standard of lining for canal systems located in the upper and middle reaches.

Monthly Changes of Inflow Into the Hongyashan Reservoir

As a result of human activities, monthly runoff of Shiyang River into the Minqin
oasis has changed over the last half century. The seasonal cycle of monthly inflow
into the Hongyashan reservoir exhibits very low flow during the irrigation season,
extending from July to September, when large quantities of water are diverted in
the upper and middle reaches, and then enters a high flow period from October to
March, with the maximum flow usually occurring in March from snow cover melt
(Figure 4). On average, the peak flow in March is 4.65 times greater than the lowest
flow occurring in July, and twice the September runoff. The interannual variation of
monthly runoff is generally higher for the colder seasons (standard deviation around
1.55–2.36� 107 m3) with small (standard deviation between 0.90–1.19� 107 m3) var-
iations during the summer months, with the exception of August (standard deviation
1.92� 107 m3), which is the rainfall monsoon season. In the summer season, the

Figure 3. Changes of annual inflow into the Hongyashan reservoir since 1955.

Figure 4. Seasonal changes of inflow into the Hongyashan reservoir for different decades.
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annual inflows into the reservoir are primarily determined by human extractions, but
in the winter season, the annual inflows are primarily determined by natural con-
ditions, as diversions for agricultural activities largely cease.

Trend analysis of the monthly flow over the period 1961–1997 reveals a dis-
charge decrease during most months (Figure 5). Total trend decreases ranges
between �1.25 to �1.92� l06 m3 from December to February due to reservoirs
present in the upper reaches of the Shiyang River. Over this period, runoff has
decreased from 1.29� l08 m3 in the 1960s to 0.47� 108 m3 in the decades of the
1970s–1980s (Figure 4). The same downward trend also exists for the period from
July through September. Runoff has decreased significantly from 6.67� 107 m3 in
the 1960s to 2.23� 107 m3 in the 1970s–1980s to just 0.44� 107 m3 in 1990s as more
water was extracted for agriculture and industry in the upper and middle
reaches (Figure 4). Since 1980, there were 14 years when the total inflow into the
Hongyashan reservoir in the months of July, August, and September were less than
l� l07 m3, with 7 years having no flow during these months (Figure 6). In addition,

Figure 5. Monthly mean, standard deviation, and change trend of inflow into the Hongyashan
reservoir.

Figure 6. Interannual changes of inflow into the Hongyashan reservoir for irrigation and
no-irrigation seasons.
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there is also a decreasing trend for the months of May, June, and October, but the
changes were not significant for March, April, and November.

Groundwater Responses

Lowering of Groundwater Level

Because water consumption in the upper and middle reaches has greatly incre-
ased, surface water discharges into the Minqin oasis have declined precipitously.
Consequently, groundwater exploitation has increased for farmland irrigation. Con-
currently, because canals have been lined to a high standard, and various water-sav-
ing technologies implemented, groundwater recharge has become marginal. This
combination of factors has produced an imbalance between replenishment and
exploitation of groundwater within the Minqin oasis.

The reduction of recharge has caused groundwater levels to decline at increasing
rates over time, from 1–9 m in the 1970s to 12–28 m in the 1990s, especially in Xinhe
and Xiqu (Figure 7) Since 1980, the average rate of groundwater declines in Xinhe
and Xiqu are 0.62 m and 0.75 m year�1, respectively, with both regions almost
exclusively dependent upon groundwater for irrigation. The most affected region
is Xiqu, where groundwater has been dropping at the high rate of 1.4 m year�1 since
1995 when available surface water is insufficient for agricultural production. Ma et
al. (2003) simulated the groundwater system in the Minqin oasis with a numerical
flow model (FEFLOW software (Wasy, 2002)) and his results projected that ground-
water levels over the period 1997 to 2010 will continue to decline by 9–34 m if
groundwater exploitation is not controlled.

Generally, groundwater level in the Minqin oasis is lower from June to Septem-
ber because of high groundwater pumping extraction for irrigation, with gradual
recovery of groundwater levels beginning in October (Figures 8 and 9) when demand
drops. The groundwater levels in August were lower than in January, on average by
1.16 m and 1.41 m, respectively, in Xinhe and Xiqu in 1980, but dropped by 1.68 m
and 2.01 m in 1999 with the increasing overexploitation of groundwater. The
groundwater levels have dropped by 12.39 m and 14.96 m, respectively, for Xinhe
and Xiqu during the irrigation season since 1980, and 11.86 m and 14.17 m during
the nonirrigation season. The average rate of annual groundwater level declines in

Figure 7. Mean groundwater levels in Xinhe and Xiqu regions since 1980.
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Xinhe and Xiqu have increased from 0.39 m to 0.71 m per year and from 0.67 m to
1.33 m per year since 1980, respectively.

Degeneration of Groundwater Quality

Equilibrium of the groundwater system in the Minqin oasis is maintained mainly by
evaporation, transpiration, extractions, and irrigation recharge. Increased reuse of
water resources and decrease in surface water runoff has led to significant saliniza-
tion of groundwater. The deterioration of groundwater quality has extended from
north to south of the oasis. The average concentration of total dissolved solids
(TDS) in groundwater within the Minqin oasis rose by 0.3 to 1.8 g 1�1 over the per-
iod 1975–1985, with an annual rate of increase of 0.l g 1�1 (Liu & Chang, 1992). TDS
levels are presently as high as 4–6 g 1�1, with a present rate of increase of 0.02–0.35 g
1�1 per year.

Water analysis indicate that 70–73% of the deep wells (usually the depth
exceeding 300 m) have mineralization contents below 2.0 g 1�1 while 10–12% have
more than 3.0 g 1�1 (Kang et al., 2004). In the northern part of the Minqin oasis
where groundwater for irrigation is typically recycled many times, the TDS levels
have increased from 2–3 g 1�1 in the 1980s to 5 g 1�1 at the beginning of the 1990s

Figure 8. Comparison of monthly groundwater levels in Xinhe between 1980 and 1999.

Figure 9. Comparison of monthly groundwater levels in Xiqu between 1980 and 1999.
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(Chen & Qu, 1992), and more recently to 5.76 g 1�1 in 2000, with 16 g 1�1 in partial
zones (Ding et al., 2003). Some long-term data in 12 wells were collected and are
presented in Table 2, summarizing TDS variations over the last 50 years. The exist-
ing groundwater TDS (g 1�1) for about 76.1 thousands persons and 12.4 thousand
livestock exceed the National Standards for Groundwater Quality (NSGQ)
(GB=T14848-93) (Ma et al., 2003). So is necessary to improve the quality of
groundwater.

Land Environment Responses

Land Salinization

In the Minqin oasis, high evaporation has led to the accumulation of salt in the
upper soil layer for long periods. In the past, the land was flooded once a year to
leach salt into the deeper layers and make the top layer croppable. Recently, unfor-
tunately, with a shortage of available water resources, there is insufficient water to
leach salt out from the upper soil horizon, and the accumulation of salt is becoming
more and more severe. Moreover, because large areas of farmland are irrigated with
deeper originating saline-sodic groundwater, the phenomenon of soil salinization has
increased significantly in recent decades. Based upon the data, the area of salinized
soil was ca 2000 ha in the 1950s, but the present figure has doubled to ca 4000 ha,
with the average salt content of 0–20 cm depth up to 1,6715.18 mg kg�1, rendering
most of the land unsuitable for cultivation and habitation (Wang et al., 2002). In
Xiqu, the situation is particularly extreme, with more than half of the land salinized.
The area of cultivated land that failed to yield crops due to excessive salinization is
1.54� 104 ha, with only 1.13� 104 ha presently suitable for cultivation.

Vegetation Degeneracy and Land Desertification

Generally, plant growth in the arid desert region is controlled by the groundwater
table (Kang et al., 2004). Under natural conditions, when the depth of the ground-
water table exceeds 6 m, which is regarded as the eco-warning depth within the
Minqin oasis, many desert bush and date trees will die or seriously degenerate
(Ye et al., 1998). As a result of land reclamation and groundwater level declines,
vegetation has drastically degenerated. According to statistics, within the Minqin
oasis, 70% of sand-fixation vegetation has degenerated, 60% of artificial forests
has died, 3.3� 104 ha natural bush forest is dead or semi-dead, and the natural grass-
land has on average has been reduced by 3.2% every year since 1960 (Ma et al., 2003).

Degeneration of vegetation and grasslands has directly led to land desertification
in the Minqin oasis. Presently, there is 1� 104 ha of moving sand dunes and 69 paths

Table 2. TDS changes in groundwater for different regions (g l�1)

1950s–1960s 1984 1990s 2000 Ratio of Increasing Per Year

Xiqu 1.7–2.3 2.98 4.0–6.0 5.76 0.05–0.08
Quanshan 1.5–2.0 2.29 3.0–4.0 4.909 0.04–0.05
Xinhe — 0.998 1.83 3.07 0.02–0.04

TDS ¼ total dissolved solids.
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for sand storms, with dunes advancing across the oasis at a rate of 10 m per year. The
sand damage is particularly serious in the north of Xiqu. In the last 10 years,
the dunes have moved across the oasis by 50–70 m, with 406.6 ha of cultivated land
covered by sand, with approximately 8� 104 ha of total land under desertification.
Because the oasis has desert on three sides, land desertification has produced fre-
quent sand storms, with an average of 37 days of sand storms observed from March
to June, and 25% of the area of the Minqin oasis experiencing these storms in recent
years. In fact, Minqin County has become the most prevalent source of sand storms
in China (Ma et al., 2003).

Strategies for Improving the Water-Soil Environment

Increasing Surface Water

Reduction of surface water inflows is one of main factors responsible for groundwater
level declines and ecological deterioration within the Minqin oasis. Given these
impacts, it is imperative that the total water resources within the Shiyang River basin
is appropriately allocated between the upper, middle, and lower reaches. Presently,
the water inflow into the Hongyashan reservoir is less than 10% of the total flow of
the Shiyang River. According to calculations (Ding et al., 2003), the effective
irrigation area within Wuwei should be reduced to 14.17� l04 ha. At the same time, it
is estimated that 4.6� 104 ha of farmland located along the north side of the Qilian
Mountains should be transformed into grassland or forestland to help achieve a better
balance of the water-land resources. These measures can save 0.58� 108 m3 water per
year and increase discharge into the Hongyashan reservoir from 1.08� 108 m3 to
1.66� 108 m3.

In addition, diverting water from the outer river is also an indispensable remedia-
tion. The current water resources in the Shiyang River basin are not sufficient for the
current demand imposed by industry, agriculture, and economic development. For a
typical year, when probability of exceedence p ¼ 50% of annual rainfall, the total
demand of water is 29.43� l08 m3, but the total available amount is just 26.61�
108 m3 (including surface and groundwater resources), yielding total water shortage
of 2.82� 108 m3 (Kang et al., 2004). Under this extreme water deficit condition, it is
impossible to solve the water shortage in the Minqin oasis by only allocating
additional water from Shiyang River. Some water diversion projects have also been
undertaken to further reduce the water deficit problem. For example, the Jingdian
project, which is diverting water from Yellow River, can transfer 1.0� 108 m3 water
to the Hongyashan reservoir, and thereby satisfy irrigation requirements of 1� 104 ha
(Kang et al., 2004). Although the cost of diverted water from other rivers is higher,
and farmers would consequently prefer to continue to exploit groundwater, local
government entities can provide farmers with subsidy incentives to reduce ground-
water exploitation.

Developing Water-Saving Agriculture

Agriculture is the largest consumer of water resources in the Minqin oasis because of
the outdated irrigation system, which wastes far too much water given the scarcity
of the resource. According to experimental research studies, regulated deficit irri-
gation and alternative furrow irrigation have significant water-saving capability,
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and should be largely extended in this region (Kang et al., 2004). In addition, other
advanced irrigation techniques including low-pressure pipeline irrigation and drip
irrigation should be introduced into the irrigation system to establish a water-saving
agricultural economic system. Moreover, some super-absorbent polymers, surface
moisture covers, and other measures should be considered, where appropriate, to
help seeds germinate and establish crops, while reducing water loss from soil or
plants. The planting proportion of summer cereals, autumn cereals, and industrial
crops should be adjusted in accordance with the annual runoff distribution. Local
governments should also encourage farmers to cultivate drought-resistant varieties
to save water from crops.

Protecting Ecological Environment

According to analyses and calculations (Ding et al., 2003), the irrigation area for sus-
tainable development of the Minqin oasis should be limited to 3.17� 104 ha, which
only constitutes 47.5% of the present 6.67� l04 ha cultivating area. To further pre-
vent groundwater overexploitation and induce groundwater level recovery,
3.5� l04 ha farmland located near desert lands should be transformed into man-
made grass forest land. When groundwater depth is less than 6 m, vegetation
degeneracy can be effectively controlled (Ye et al., 1998). Moreover, shrub forest cul-
tivated on the edge of the oasis can slow the migration of sand dunes moving across
the oasis. In order to reduce the pressure of livestock on land ecology and increase
financial returns, farmers should raise livestock at a fixed site instead of in the desert
meadow. It has been proven that raising sheep in sheepfold is feasible from both
economical and ecological standpoints. As a less desirable alternative, local govern-
ments plan to relocate some residents of the Minqin oasis to other regions to reduce
the stress of human activities on this delicate water-land environment.

At present, other measures have been used to control desertification in accord-
ance with local conditions. For example, barriers made of straw, clay, or small
branches are set on the sand surface to fix the sand and stabilize the surface. Wheat
straw sand barriers have proven effective in sand fixing and can last for many years.
Some plants are also used to fix the sand, such as Haloxylon ammodendron, Calligo-
num sp., Hedysarum scoparium, Tamarx ramosissima, which can endure drought,
sand burying and cutting, wind erosion, and sunshine (Kang et al., 2004).

At the same time, surveys have shown that some people living in the Minqin
oasis are not aware that agricultural activities can damage their local water-land
environment, even though they perceive ecological and environmental changes
(Lee & Zhang 2005; Yang et al., 2002). Some strategies for improving the water-soil
environment may be difficult to implement because people are often not willing to
sacrifice short-term economic gain for long-term sustainability. Consequently, it is
imperative to disseminate the vital importance that water resources play in sustain-
ing both the Minqin oasis and its inhabitants, and educate locals on the severe and
indeed irreversible negative impacts of uncontrolled agricultural activities on their
environment.

Conclusions

As with other arid areas, the fragile environment of the Minqin oasis can be easily
damaged but is exceedingly difficult to restore under pervasive conditions of low
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rainfall and water resources shortages. Human activities have adversely impacted the
water-land environment of the oasis, with an increasingly negative trend evident in
the data. Excessive river flow diversions in upper and middle regions have caused
surface water deficits and a deterioration of the ecosystem. Overexploitation
of groundwater has produced significant declines in the groundwater surface, dimin-
ishing water quality, while advancing both vegetation degeneration and land
desertification.

Water resources in arid areas are inextricably linked with human production and
ecological sustainability. On the one hand, human activities impact the quantity and
quality of water resources. On the other hand, diminishment and degradation of
water resources can result in deterioration of the natural environment, which limit
human’s ability to flourish. Consequently, it is imperative that we implement mea-
sures to rationally use water resources, so that a harmonious balance between the
environment and sustainable economic development in arid-inland areas like the
Minqin oasis can be attained.

Available water resources within the lower reach of the arid-inland basins are
limited by utilization within the upper and middle reaches. However, all three
reaches must be viewed as a closely integrated system in planning the use of existing
water resources. In order to promote rational utilization of finite water resources and
improve the water-land environment of the oasis, water efficiencies should be max-
imized by popularizing water-saving technologies, and appropriate allocation of the
water resources between upper, middle, and lower reaches should be instituted. In
addition, diverting water from other rivers is necessary to help solve the total water
shortage in the basin. Finally, transformation of farmland to grassland or man-made
forest, which in combination with better water management, will help to control
desertification, should be urgently adopted within the Minqin oasis.
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