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[ Abstract] 　The eno rmous inland basins in no rthwe st China , mainly consisting of Zhungee r ba sin , Tal-

imu ba sin , Chaitamu basin and Hex i Cor ridor , are known a s typical Gobi Dese rt a rea occupying a dimen-

sion nea rly 25% of the whole ter ritory . A ll the streams draining fr om the mountain area flow into the

piedmont plain and become as the main w ater re source s of the cultivated area so called “ Oasis” like a

g reen island in the cent ral par t o f the basin. Howeve r , since 1950’ s , the hydro lo gic situation is already

strong ly affected by human activities , resulting in se rious deterior ation of the ecologic environment. This

paper focuses on the varia tion o f the hydrolog ic sy stem due to the impact of human activities in rela tion to

ecolo gic environments with special reference to the evolution of dese rtifica tion in the arid area.
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0　Introduction

The definition of “desertification” is made out in

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 w orks during past 50 years it is already illus-

trated that the irrational utilization of the water re-

sources in arid area is a predominant facto r inf luenced

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-

sulted in the drastic changes of water allocation , decli-

nation of groundwater level , depletion of spring out-

flows , deterioration of water quality , even the inter-

ruption of st reams and ex tinction of the terminal

lakes. These tremendous changes in the w ater envi-

ronment by human activi ties have seriously affected

the ecologic system of the w hole region especially dis-

played by the drastic extension of desertification. How

to prevent the harmful ecologic ef fects of such ir ra-

t ional w ater development is the most pressing

hydro-environmental problems in arid area o f

No rthw est China.

1　Analy sis of the hydrologic sy stem

1. 1　Origin of the surface runoff

A s mentioned above , the inland basin in



Northwest China are know n as typical arid Gobi

Desert region , where the precipi tation is only 50 ～

200 mm and usual ly below 50 mm in deser t area ,

while the strong po tential evaporation reaches

2 000 ～ 3 000 mm , that is the rainfall w ithin the

basin almost enti rely diminished by evaporation.

O n the o ther hand , all the basins are surroun-

ded by high mountain ranges , such as Qilianshan

mt . , Tianshan m t. and Kunlunshan m t. generally

wi th an elevation o f 4 000 ～ 6 000 m , where is

widely cove red w ith g laciers and snow s. In con-

t rast w ith the piedmont plain , the amount o f pre-

cipitation in mountain area is comparatively plenti-

ful and increased w ith the rising of elevation (Ta-

ble 1) showing a rule of zonal dist ribut ion o f pre-

cipitation f rom 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

Elevat ion /m Precipitat ion /mm E levation /m P recipitation /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

H igh mountain Low mountain Piedmont plain Desert lan d

600～ 200 200～ 100 50～ 100 20～ 50

　　Therefore , the surface runoff in mountain area

mainly comprises of rainfall , melt-water and the dis-

charged fissure w ater (Table 3). According to the dif-

ferent proportion of these 3 major constituents , 3

types of the surface runoff can be classified:

(1) melt-wate r type (melt-water>60%), the

st ream f low is comparatively stable.

(2) rainfall type (rainfall >60%), the

st ream f low is comparatively less stable.

(3) mixed type. In w hich the rainfall type is

most predominant and the mel t-water type is

mainly dist ributed in Talimu basin.

1. 2 　Transformation of surface water and under-

ground water in piedmont plain

　　All the streams that originate f rom the rainfall

and melt ing snow s including dischargedg roundw a-

ter in high mountains form a larg e vo lume of run-

of f f low ing into the piedmont plain and usually

passing through tw o or three basins sepa rated by

rock gorg es , f inally f low ing enter a terminal lake.

The surface w ater and groundw ate r t ransform into

each o ther repeatedly in the enti re catchment area.

Almost 60% to 80% of the runoff pene trates into

the g round when passing through the gravel beds

in the G obi area. It emerges in the fo rm of spring

clusters on the f rontal part of the alluvial fan and

f low s into the main cultiv ated land so-called Oasis

to become the chief w ater source fo r i rrigation

(Fig. 1).
Table 3　Component of Surface Runoff in

Mountainous Region of Northwest China

Name of the

b asin

Nam e of the

drainage

component of surface runoff /%

Meltwater Rainfall Groundw ater

Hexi C orridor

Shiyanghe

Heihe

Sulehe

4. 5

11. 5

37. 6

65. 4

54. 1

22. 9

30. 1

34. 4

39. 5

Zhun geer Basin

Urum qi

Tou tun he

Manus’ he

10. 0

6. 1

34. 6

66. 7

73. 8

40. 8

23. 3

20. 1

24. 6

Talimu Basin

Muzhat ihe

Wetakh e

Chilehe

81. 1

65. 7

61. 3

　

14. 2

26. 2

18. 9

20. 1

12. 5

Fig. 1　A Shcematie Diagram Showing the Configuration

of the Hydrologic System in An Inland Basin of Arid Area

　　A hydrologic sy stem in a basin is fo rmed by

the combinat ion of the surface w ater sy stem and

the g roundw ater sy stem intert ransfo rming into a

unif ied body. The surface w ater system is usually

consisting o f st reams , canals , spring clusters ,

lakes and reserv oirs , in w hich they are clo sely
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connected w ith each othe r;while the g roundw ater

sy stem in piedmont plain can be classified into 3

sub-sy stems:

(1) local g roundw ater system.

(2) sub-regional shal low aqui fer system.

(3) regional deep aquifer system.

The mutual t ransfo rmation o f the surface w a-

ter sy stem and the g roundw ater system is actually

very complicated as show n in Fig 2.

Fig. 2　A Shcematie Diagram Showing the

Relationships Between the Surface Water

System and the Groundwater Flow System

1. 3　Hydrogeologic zonation in piedmont plain

All the basin can be divided into 3 dist inct

zones based on either geolog ical or hydro logical

aspects , which are (T able 4):
Table 4　Hydrogeologic Zonation in Piedmont Plain

Geomo rphic

zona tion

zone of

gobi plain

zone of

Oasis

zone o f

low land

Q ua ternary

geolo gy

g rea t thickne ss

o f g rav el beds

medium to fine

g rained sedi-

ments inte rned-

ded

M ostly fine

g rained sedi-

ment s

aquife r sy stem

mono-aquife r

with deep wate r

leve l

multi-aquife r

bo th o f con-

fined and un-

confined with

sha llow wate r

level

multi-aquifer

wit h very shal-

low wate r le vel

wa ter quality f resh wat er

fresh wate r

combined with

brackish wa ter

Brackish wa ter

combined with

sa line wate r ,

fre sh wate r can

be found in

deep aquifer

g roundwate r

sy stem

zone o f re-

cha rg e , ve rtical

infiltration of

surf ace wate r

zone of g round-

water runo ff

zone of dis-

charge mainly

by evapo ration

　　(1) zone of Gobi plain , also can be called zone

o f infi lt ration o r zone o f recharge.

(2) zone of g reen land (Oasis), also can be

called zone of unde rg round runof f.

(3) zone of low land , also can be cal led zone

o f ev aporat ion o r zone of discharg e.

In zone of Gobi plain , about 80%～ 90% o f

the running w ater penet rates into the under-

g round. The g roundw a ter is deeply buried w ith a

high hydraulic g radient and strong pe rmeability to

serve as a large natural subsurface reservoi r. In

zone of Oasis , there is the main cultiv ated land in

the basin. The w ater-bearing beds become medi-

um to f ine grained sediments to fo rm multi-aqui-

fers including both of the conf ined and unconfined

aquifer.

In zone of low land , the g roundw ater level

becomes very shallow , show ing st rong evapo ra-

t ion both of the shallow aquifer and the surface

w ater. The w ater quality g radually w o rsens f rom

fresh to brackish accompanied w ith saline w ater.

Fresh w ater can be found in the low er part of con-

fined aquifer. Sw amps and sand dunes are usually

spread he re and there.

2　Relationships between basin sy s-
tem and water resou rce sys tem

　　As ment ioned above , a complete hydrolo gic

system usually comprises of 2 o r 3 sub-sy stems re-

presented by the connected basins of a drainage

system , where each sub-sy stem fo rmed by the

combina tion o f the surface w ater sy stem and the

g roundw ater sy stem inter-t ransforming into a u-

ni ted body. The se basins f rom upper reach to low-

er reach clo sely connected to each o ther by a river

drainage can be also called a basin sy stem usually

comprised the upper basin (T able 5), middle ba-

sin and low er basin , in w hich the to tal amount o f

w ater resources of the these basins are mo re or

less equivalent to the total surface runof f o rigina-

t ing f rom the mountain area. Therefo re a basin

system is also representing a w ater resources sy s-
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tem , the total inf low of the surface runof f f rom

the mountain area is allocated by these separated

basins to form a natural balance wi th each o ther

depending on historical development .

Table 5　Division of A Basin System

sub-sy stem
upper basin

in upper rea ch

middle basin

in middle reach

lowe r basin

in lower re ach

st ructure type
int ra-mont ane
depression

fo re-depression
type

fo re-depression
t ype

neo-t ectonic v ery st rong strong mode ra te

scope o f t he basin mode rate larg e ve ry large

ve ry large
zone of oasis

v ery narrow

zone o f o asis

we ll-developed

zone of low land

mo re developed

wate r balance I - Sp=W I -(S p+Z+E)=W I -(Z+E)=W

　　In sho rt , the amount of out flow from moun-

tain area is nearly equivalent to the total w ater re-

sources of the w hole basin system. The inf low of

the f irst basin is approximately equal to the total

w ater resources of the who le drainage , while the

inf low of the second basin is the cor responding the

surplus of the f irst basin , and the inf low of the

third basin is co rresponding the surplus of the sec-

ond basin. Therefo re the high consumption of w a-

ter resources in the upper basin has caused rapid

decrease o f the inf low into the middle o r low er ba-

sin , even caused the inter ruption of the st reams o r

deplet ion of the lakes.

A w ater resource sy stem in a drainage basin

can be illust rated by following simpli fied equa-

tions:

W(total w ater resources) ≈R≈W1+W2 +W3

W 1 ≈S1 - S V1≈W -(W 2+W 3)

W 2 ≈S2 - SU2≈W - (W 1+W 3)

W 3 ≈S3 ≈W - (W 1 +W 2)

R:surface runof f;P:precipitation;M:melt-w ater;LK:t er-

min al lake;S 1 , S2 , S 3 :inf low of each basin;SU1 , SU2 , SU3 :

ou tf low of each basin;SWS:surface w ater system;GWS:ground

w ater system;W1 , W2 , W3:water resource of each basin

Fig. 3　A Schematic Diagram Showing the Close Relation

Between the Water Resources System and the Basin System

3 　Hydrologic effect due to human

activities

3. 1　Changes of irrigation system

During the past 50 yea rs , many reserv oirs

and irrigation channels have been bui lt for develo-

ping new cultiv ated land known as the man-made

new oasis. These developments have resulted in

the reduct ion of g roundw ater recharge that has

caused the drastic depletion o f spring outf low s and

the reg ional declination of groundw ater table. In

consequence , the original spring i rrig ation in natu-

ral o asis is now most ly replaced by w ell-i rrig ation ,

while the o riginal land o f stream irrigation most ly

replaced by channel ir rig ation (Table 6 , Table 7).

Table 6　Comparison Between SpringOutf low

and Infiltration of Stream Flow in Wuwei Basin

it em 1956 1961 1986 1971 1978 1980’ s 1900’ s

infi lt rat ion 10. 73 8. 83 7. 18 5. 86 5. 35 1～ 2 <1

spring out flow 8. 63 7. 10 5. 78 4. 74 2. 12 0. 69 0. 3

% 80. 4 80. 4 80. 7 80. 8 39. 56

Table 7　Changes of the Inf low in

Minqin Basin 1950’ s～ 1990’ s

years 1950’ s 1960’ s 1970’ s 1980’ s 1990’ s

inf low 5. 74 4. 31 3. 15 2. 29 1. 7

　　Fo r example , in the Shiy anghe river basin ,

all the surface runo ff f rom mountain area is almost

enti rely obst ructed by the reservoirs in mountain

val ley and diverted by cemented channels flow ing

into new oasis in piedmont plain for irrig ation. Be-

cause of the spring outf low is already nearly ex-

hausted , thus the o riginal spring irriga tion in nat-

ural o asis is enti rely replaced by w ell-i rrig ation ,

while the original irrig ation system of st ream flow

in Minqin county of low er reach is also replaced by

w ell-i rrigation and part ly of channel i rrig ation.

Because of the sho rtage of recharge , the highly o-

ver-exploi tat ion of g roundwa ter hastened the dec-

lination o f the g roundw ater level and seriously re-

sul ting in the deterioration of eco-environment .
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1-Surface w . l rrig. Area;2-Spring w . lrrig. Area;3-Springs

and streams lrrig. Area;4 , 5-Well-i rrigation area;6-Reser-

voir;7-Inf low of st ream;8-Spring out flow (108 m3 / a)

Fig. 4　Changes of Irrigation System

in Shiyanghe Drainage Basin

3. 2　Extension of salinization

Because a lot of rese rv oirs had been const ruc-

ted , a large volume of w ater is diverted into the

bar ren land of the piedmond plain fo r reclamat ion

of new Oasis , how ever the flo od irrig ation has

caused the rising of g roundw ater lev el immediately

and result ing rapid ex tension of soi l salinization o-

ve r vast area. Acco rding to statistics of the sec-

ondary salinizatin in arid area o f N. W. China rea-

ches 1. 13×106 hm2 . T he cul tivated land in Xin-

jiang Autonomous Region has a dimension o f 3. 15

×106 hm2 , including mo re than 1 /3 wi th salinaza-

tion to various deg rees , in w hich mo re than 6. 67

×105 hm2 of salinazed land w as abandoned and de-

sertif ied.

Table 8　Secondary Salinization in Some Inland River Basin

river
Salinized

soil area /km2
rat ion to

total land /%

Cultivation

salisoi l /km2
ratio to total

cult ivated soil /%

Shiyanghe 2049. 81 4. 98 295. 37 11. 54

Heihe 1584. 21 2. 27 256. 73 1 075. 00

Shule 4713. 64 4. 57 273. 21 21. 70

Urumuqi 796. 80 5. 65 275. 02 19. 24

3. 3　Changes of water al location

Because o f the rapid development of economic

const ruction , the high consumption of w ater re-

sources in uppe r o r middle reaches of a rive r , has

caused the drastic decrease of the inf low in low er

reaches due to the change of wa ter allocation be-

tw een upper and low er basins seriously inf luenced

the deterioration of ecolo gic envi ronment .

For example , the inf low of Minqin basin in

the low er reach of Shiyanghe River is decreased

from 5. 47×108 m3 to (1 ～ 2)×108 m3 during past

50 years. As resul t , the groundw ater table drops

down 3 ～ 10 m , g roundwa ter st rong ly o ver-exploi-

ted more than 3×108 m3 /a , the mineral concen-

t ration of g roundw ater increased from 0. 5 g /L to

1. 77 g /L in south area and 0. 41 g /L to 5. 57 g /L

in no rth area , salinized soil increased f rom 20 ×

104 mu of 1970’ s to 40×104 mu of 1980’ s , the a-

bandoned cultivated land reaches nearly 40×104

mu about 40% o f the total fa rm land , the river

course interrupted and most ly covered by sands ,

the terminal lake disappeared , 50% of pasture or

vege tation degene ra ted or desertif ied.

Fig. 5　Figure Showing the Decay of Woods and

Vegetation Along the Bank of Talimu River Due

to the Drop Down of the Groundwater Level

The simi lar condition can be observed in

Heihe river , in w hich the inflow of the low er

reach known as Ejina basin is reduced abrupt ly

f rom 8×10
8
m
3
/a to (2 ～ 3)×10

8
m
3
/a in 1980’ s
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due to the rapid increasing of w ater consumpt ion

in Zhangy i 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.

Talimu River , the biggest inland river in

no rthw est China , had an annual flow 49. 8×108

m3 fo r the last 20 years , a g reat quantity of w ater

has been diverted into the fields along the upper

reaches so that the surplus of annual flow on mid-

dle reaches is only 9. 5×108 m3 , i. e. decreased by

81%;the low er reaches of the river dried up , the

groundw ate r level decreased by 8 m , and the salt

content in g roundw ater increased dramat ically.

The fo rest of diversifo rm-leaved poplar and red

wil low w ithered;more than 2×104 hm2 of g rass-

land disappeared , and more than 6. 67×10
3
hm

2
of

cultiv ated land w as abandoned and w as followed

by deserti fica tion. A g rea t part of the previous

“g reen co rrido r” , w ith a leng th of 300 km , was

reduced to w ilderness.

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 km2 in 1943 , decreased to

530 km
2
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 km2 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 km2 in 1958 to

570 km2 at present. Most of the above examples have

been replaced by desert. The Juyanhai lake in the

low er reach of Heihe had a dimension over 120 km
2

befo re 1940’ s and depleted in 1980’ s.

Table 9　Contraction or Depletion of Lakes

Name of lakes 1940’ s 1960’ s 1980’ s

Juyanhai /km3 267 35 0

Luobupo /km3 1 900 530 0

Man as /km3 550 0

Aibi /km3 1 070 570

Table 10　Variation of Dimension

and Quality of the Lake Juyanhai

Years

Dimension

of the lake /

km2

Average

concent ration /

(g /L)

Chemical composit ion

1940’ s >120 <1 HCO -
3 - SO =

4 - Na +- Ca2+

1950’ s 75 1～ 2 SO=4 - HCO -
3 - Na +- Ca2+

1960’ s 35(1966) 2. 3(1960) SO =
4 - CI - - Na +- Mg2+

1970’ s 23(1980) 7. 4(1979) SO =
4 - CI - - Na +- Mg2+

1980’ s 43(1982) 9. 7～ 34. 5 SO =
4 - CI

- - Na +- Mg2+

4　Evolution o f desertification

The variation of eco-environment in arid area

is clo sely related w ith the change s of the hydro log-

ic envi ronment due to human activities. Especially

as the changes of regional w ater allocation or

changes of ir rig ation sy stem are usually as an im-

portant facto r related to the changes of w ater envi-

ronment and f inally w ith a result o f rapid exten-

sion of dese rtification.

The evo lution of dese rtification can be sum-

marized in follow ing schematic diag ram (Fig. 6):

Fig. 6　Evolution of Desertificat ion

in Arid Area of Northwest China

During the past 50 year s , the desertified land

in N. W. China reaches to an area of 262. 2×104
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km 2 occupying about 27. 3% o f the w hole terri to-

ry . Since 1980’ s , the expanding of deser t area has

increased from 1 520 m
2
/a to 2 600 km

2
/a. In

Xinjiang A utonomous Region , the desert a rea has

increased by 3. 4×106 km2 , resulting in a lo se of

3. 4×10
6
hm

2
of arable land. In the Talimu Basin ,

857 000 hm2 of lands have been dase rtified during

the last century especial ly in the bank region of

the river , 38 000 hm2 o f land have been daserti-

f ied. In Hexi Corrido r , the dese rt area is increased

f rom 4. 5×104 km2 to 5. 31×104 km2 with a rate of

158 km2 /a.

5　Conclusions

(1)Optimal w ater allo cation betw een upper

and lower basin is an impo rtant problem in a

hydro logic sy stem. T he main principle is to guar-

antee that the w ater surplus of the upper basin ie.

the inflow to the low er basin can satisfy the w ater

requirement wi thout any harm ful ef fects to the ec-

o logic environment in the low er basin. The total

w ater consumption of each basin must keep bal-

ance w i th the total amount of inf low of surface

runof f f rom mountainous area.

(2)Depending on the rule of hydrogeo logic

zonation , an irrational irrigat ion sy stem must in-

clude channels , st reams , spring s , and w ater w ells

to integrate as an united sy stem to adopt dif ferent

appro aches in dif ferent zone. The main purpose is

to obtain no t only economic value but also the eco-

environments effect .

(3)As to the law of repeated t ransfo rmation

betw een surface w ater and subsurface w ater in the

piedmont plain , the most impo rtant things is to

w o rk out a unified program of rational utilization

for bo th surface and subsurface w ate r.

(4)S trictly to control the g roundw ater level

in a optimal condition for more favo rable to the

g row th of vegetat ion in o rder to protect the eco-

log ic environment.

(5) To apply remo te-sensing technique for

moni to ring the development o f the desertification

is the most effect ive measure to prevent the exten-

sion of dese rtification.
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西北干旱区水资源的合理开发利用与荒漠化防治

陈梦熊
(国土资源部咨询研究中心 , 北京 100035)

[ 摘要] 　西北干旱区分布的巨大内陆盆地 ,如准噶尔 、塔里木 、柴达木盆地和河西走廊等 , 被认为是典型的戈壁沙漠地区 ,

约占国土总面积的 25%。由冰雪融水与降水补给形成的山区河流 , 流入山前平原 ,在戈壁带入渗地下 , 转化为地下水 , 并在

绿洲带溢出地表 ,成为绿洲耕地的主要灌溉水源。自 20 世纪 50 年代以来 , 由于大规模的水利化建设 , 导致水资源条件发

生巨大变化 ,生态环境严重恶化 , 最终导致大片土地荒漠化。因此 ,重点论述干旱区在人类经济活动影响下 , 水文系统的演

变及其与水环境和生态环境之间的相互影响 、相互制约关系。

[ 关键词] 　水文系统;地表径流;地下水;绿洲;荒漠化;盆地系统;水文地质分带;生态环境
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