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[ Abstract]

imu basin, Chaitamu basin and Hexi Corridor, are known as typical Gobi Desert area occupying a dimen-

The enormous inland basins in northwest China, mainly consisting of Zhungeer basin, Tal-

sion nearly 25% of the whole territory. All the streams draining from the mountain area flow into the
piedmont plain and become as the main water resources of the cultivated area so called “Qasis” like a
green island in the central part of the basin. However, since 1950s, the hydrologic situation is already
strongly affected by human activities, resulting in serious deterioration of the ecologic environment. This
paper focuses on the variation of the hydrologic system due to the impact of human activities in relation to
ecologic environments with special reference to the evolution of desertification in the arid area.

[Key words] hydrologic system; surface runoff; groundwater; oasis; desertification; basin system;
hydrogeologic zonation; eco-environment

[CLC number] P641
[Biography]

Consulting and Researching Center of Ministry of Land and Resources, engaged in and good at groundw-

A [Article ID]

Chen Mengxiong(1917—), academician of Chinese Academy of Sciences, member of the

[ Document code] 1672-6561(2005)04-0001-07

ater resources and environmental hydrogeology study.

sulted in the drastic changes of water allocation, decli-
0 Introduction nation of groundwater level, depletion of spring out-
flows, deterioration of water quality, even the inter-

The definition of “desertification” is made out in  ruption of streams and extinction of the terminal

United Nations Conference on Environment and De-
velopment held 1992. “ Desertification means land
degradation in arid semi-arid and dry sub-humid are-
as, resulting from various factors, including climatic
variations and human activities”. According to a lot of
research works during past 50 years it is already illus-
trated that the irrational utilization of the water re-
sources in arid area is a predominant factor influenced
the changes of hydrologic conditions caused the rapid
extension of desertification. For instance, many reser-

voirs had been built during that time, these have re-
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lakes. These tremendous changes in the water envi-
ronment by human activities have seriously affected
the ecologic system of the whole region especially dis-
played by the drastic extension of desertification. How
to prevent the harmful ecologic effects of such irra-
tional water development is the most pressing
hydro-environmental problems in arid area of

Northwest China.

1 Analysis of the hydrologic system

1.1 Origin of the surface runoff

As mentioned above, the inland basin in
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Northwest China are known as typical arid Gobi
Desert region, where the precipitation is only 50~
200 mm and usually below 50 mm in desert area,
while the strong potential evaporation reaches
2 000~ 3 000 mm, that is the rainfall within the
basin almost entirely diminished by evaporation,

On the other hand, all the basins are surroun-
ded by high mountain ranges, such as Qilianshan
mt. , Tianshan mt. and Kunlunshan mt. generally
with an elevation of 4 000 ~6 000 m, where is
widely covered with glaciers and snows. In con-
trast with the piedmont plain, the amount of pre-
cipitation in mountain area is comparatively plenti-
ful and increased with the rising of elevation (Ta-
ble 1) showing a rule of zonal distribution of pre-
cipitation from the high mountains to the desert
area of the basin (Table 2).

Table 1 Variation of the Precipitation Related

with the Elevation of the Mountain Ranges

Elevation/m Precipitation/mm| Elevation/m Precipitation/mm

>4 000 600~800 2 000~1 000 100~200
4 000~3 000 400~600 <1 000 <100
3 000~2 000 200~400

Table 2 Zonal Distribution of the Precipitation /mm

High mountain Low mountain Piedmont plain  Desert land

600~200 200~100 50~100 20~30

Therefore, the surface runoff in mountain area
mainly comprises of rainfall, melt-water and the dis-
charged fissure water (Table 3). According to the dif-
ferent proportion of these 3 major constituents, 3
types of the surface runoff can be classified:

(1) melt-water type (melt-water>>60%), the
stream flow is comparatively stable.

(2) rainfall type (rainfall > 60%), the
stream flow is comparatively less stable,

(3) mixed type. In which the rainfall type is
most predominant and the melt-water type is
mainly distributed in Talimu basin.

1.2 Transformation of surface water and under-
ground water in piedmont plain

All the streams that originate from the rainfall

and melting snows including dischargedgroundwa-

ter in high mountains form a large volume of run-
off flowing into the piedmont plain and usually
passing through two or three basins separated by
rock gorges, finally flowing enter a terminal lake.
The surface water and groundwater transform into
each other repeatedly in the entire catchment area.
Almost 60% to 80% of the runoff penetrates into
the ground when passing through the gravel beds
in the Gobi area. It emerges in the form of spring
clusters on the frontal part of the alluvial fan and
flows into the main cultivated land so-called Oasis
to become the chief water source for irrigation
(Fig. D).
Table 3 Component of Surface Runoff in

Mountainous Region of Northwest China

component of surface runoff/ %

Name of the Name of the

basin drainage Meltwater Rainfall Groundwater

Shiyanghe 4.5 65.4 30.1

Hexi Corridor  Heihe 11.5 54.1 34.4
Sulehe 37.6 22.9 39.5

- Urumgi 10.0 66.7 23.3

Zhungeer Basin Toutunhe 6.1 73.8 20.1
Manus’ he 34.6 40. 8 24.6

Muzhatihe 81.1 18.9

Talimu Basin Wetakhe 65.7 14. 2 20.1
Chilehe 61.3 26.2 12.5
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Fig.1 A Shcematie Diagram Showing the Configuration
of the Hydrologic System in An Inland Basin of Arid Area
A hydrologic system in a basin is formed by
the combination of the surface water system and
the groundwater system intertransforming into a
unified body. The surface water system is usually

consisting of streams, canals, spring clusters,

lakes and reservoirs, in which they are closely
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connected with each other; while the groundwater
system in piedmont plain can be classified into 3
sub-systems:

(1) local groundwater system,

(2) sub-regional shallow aquifer system.

(3) regional deep aquifer system.

The mutual transformation of the surface wa-
ter system and the groundwater system is actually

very complicated as shown in Fig 2.

Y
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Fig.2 A Shcematie Diagram Showing the
Relationships Between the Surface Water
System and the Groundwater Flow System
1.3 Hydrogeologic zonation in piedment plain
All the basin can be divided into 3 distinct
zones based on either geological or hydrological
aspects, which are (Table 4) .
Table 4 Hydrogeologic Zonation in Piedmont Plain

Geomorphic zone of zone of zone of
zonation gobi plain Qasis low land
medium to fine .
. . ) Mostly fine
Quaternary great thickness grained  sedi- , .
) grained  sedi-
geology of gravel beds ments interned-

ments

ded

multi-aquifer

. both of con- L.
mong-aquifer ! multi-aquifer
. , fined and un- .
aquifer system with deep water . ) with very shal-
confined  with
level low water level

shallow water

level

Brackish water

combined with
fresh water .
saline  water,

water quality fresh water combined with
. {resh water can
brackish water

be found in
deep aquifer

zone  of re .
) zone of dis-
charge, vertical

groundwater zone of ground-

charge mainly

system infiltration  of  water runoff Rk
by evaporation

surface water

(1) zone of Gobi plain, also can be called zone
of infiltration or zone of recharge.

(2) zone of green land (Qasis), also can be
called zone of underground runoff.

(3) zone of low land, also can be called zone
of evaporation or zone of discharge.

In zone of Gobi plain, about 80% ~90% of
the running water penetrates into the under-
ground. The groundwater is deeply buried with a
high hydraulic gradient and strong permeability to
serve as a large natural subsurface reservoir. In
zone of Qasis, there is the main cultivated land in
the basin. The water-bearing beds become medi-
um to fine grained sediments to form multi-aqui-
fers including both of the confined and unconfined
aquifer,

In zone of low land, the groundwater level
becomes very shallow, showing strong evapora-
tion both of the shallow aquifer and the surface
water. The water quality gradually worsens from
fresh to brackish accompanied with saline water,
Fresh water can be found in the lower part of con-
fined aquifer. Swamps and sand dunes are usually

spread here and there,

2 Relationships between basin sys-

tem and water resource system

As mentioned above, a complete hydrologic
system usually comprises of 2 or 3 sub-systems re-
presented by the connected basins of a drainage
system, where each sub-system formed by the
combination of the surface water system and the
groundwater system inter-transforming into a u-
nited body. These basins from upper reach to low-
er reach closely connected to each other by a river
drainage can be also called a basin system usually
comprised the upper basin (Table 5), middle ba-
sin and lower basin, in which the total amount of
water resources of the these basins are more or
less equivalent to the total surface runoff origina-
ting from the mountain area. Therefore a basin

system is also representing a water resources sys-
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due to the rapid increasing of water consumption
in Zhangyi basin of the middle and upper reach. In
compare with 1950’ s, about 80% of the vegetation
seriously degenerated and 30% ~50% of the forests
or bushes diminished and replaced by desert.

the biggest inland river in
northwest China, had an annual flow 49. 8 X 10°

m® for the last 20 years, a great quantity of water

Talimu River,

has been diverted into the fields along the upper
reaches so that the surplus of annual flow on mid-
dle reaches is only 9. 5X10® m®, i. e. decreased by
81%; the lower reaches of the river dried up, the
groundwater level decreased by 8 m, and the salt
content in groundwater increased dramatically.
The forest of diversiform-leaved poplar and red
willow withered; more than 2X 10* hm® of grass-
land disappeared, and more than 6, 67 X 10° hm? of
cultivated land was abandoned and was followed
by desertification. A great part of the previous
“green corridor”, with a length of 300 km, was
reduced to wilderness.
3.4 Contraction or depletion of lakes

Lakes at the terminus of many rivers have be-
come depleted and even dry up. For example, the fa-
mous Luobupo Lake on the lower reaches of the
Kongque River at the southeast edge of the Talimu
basin had an area of 1990 km® in 1943, decreased to
530 km?® in 1962 and is dry at 1972. The Manas Lake
at the terminus of the Manas River in Zhungeer basin
had an area of 550 km® in 1968 and is also dry at pres-
ent. The area of the Aibi Lake in the west part of the
Zhungeer basin decreased from 1 070 km? in 1958 to
570 km® at present. Most of the above examples have
been replaced by desert. The Juyanhai lake in the
lower reach of Heihe had a dimension over 120 km?
before 1940’s and depleted in 1980’s,

Table 9 Contraction or Depletion of Lakes

Name of lakes 1940°s 1960’s 1980°s
Juyanhai/km? 267 35 0
Luobupo/km? 1 900 530 0
Manas/km? 550 0
Aibi/km? 1070 570

Table 10 Variation of Dimension
and Quality of the Lake Juyanhai

Dimension Average

Years of the lake/ concentration/ Chemical composition

km? g/
1940°s  >120 <1 HCO3 —SO; —Nat —Ca?*
19507s 75 1~2 SO; —HCO3 —Na*t —Ca?™
1960’s 35(1966) 2.3(1960) SO; —CI~ —Nat —Mg?*
1970’s  23(1980) 7.4(1979) SO7 —CI~ —Na*t —Mg?*
1980°s 43(1982) 9.7~34.5 SOy —CI~ —Na*t —Mg?™

4 Evolution of desertification

The variation of eco-environment in arid area
is closely related with the changes of the hydrolog-
ic environment due to human activities. Especially
as the changes of regional water allocation or
changes of irrigation system are usually as an im-
portant factor related to the changes of water envi-
ronment and finally with a result of rapid exten-
sion of desertification,

The evolution of desertification can be sum-

marized in following schematic diagram (Fig. 6):
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Fig. 6 Evolution of Desertification
in Arid Area of Northwest China

During the past 50 years, the desertified land
in N. W. China reaches to an area of 262. 2 X 10*
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km? occupying about 27. 3% of the whole territo-
ry. Since 1980’s, the expanding of desert area has
increased from 1520 m?/a to 2 600 km®/a. In
Xinjiang Autonomous Region, the desert area has
increased by 3. 4 X 10° km?®, resulting in a lose of
3. 4X10° hm?® of arable land. In the Talimu Basin,
857 000 hm’ of lands have been dasertified during
the last century especially in the bank region of
the river, 38 000 hm’ of land have been daserti-
fied. In Hexi Corridor, the desert area is increased
from 4. 5X10* km?® to 5. 31 X 10* km? with a rate of
158 km?/a.

5 Conclusions

(1) Optimal water allocation between upper
and lower basin is an important problem in a
hydrologic system. The main principle is to guar-
antee that the water surplus of the upper basin ie.
the inflow to the lower basin can satisfy the water
requirement without any harmful effects to the ec-
ologic environment in the lower basin. The total
water consumption of each basin must keep bal-
ance with the total amount of inflow of surface
runoff from mountainous area,

(2) Depending on the rule of hydrogeologic

zonation, an irrational irrigation system must in-

clude channels, streams, springs, and water wells
to integrate as an united system to adopt different
approaches in different zone. The main purpose is
to obtain not only economic value but also the eco-
environments effect,

(3) As to the law of repeated transformation
between surface water and subsurface water in the
piedmont plain, the most important things is to
work out a unified program of rational utilization
for both surface and subsurface water.

(4) Strictly to control the groundwater level
in a optimal condition for more favorable to the
growth of vegetation in order to protect the eco-
logic environment.

(5) To apply remote-sensing technique for
monitoring the development of the desertification
is the most effective measure to prevent the exten-

sion of desertification.
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