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Abstract: For the hydrological studies in cold and arid regions of China, a comprehensive system of observa-

tions experiment and investigation has been basically established in the areas of glaciers, snow cover, frozen

soils, alpine cold w atersheds and piedmont belts in northwest China. Numerous achievements have been ob-

tained since the 1980’ s. Recently, some new progress has been achieved in the studies of hydrology and water

resources. It might be expected that, in the next ten yearsor more, the studies of hydrology in cold and arid

regions of northwest China will enter a new stage of comprehensive research, which will probe the spatial and

temporal interaction among the hydrosphere, atmosphere, cryosphere, lithosphere and biosphere, with hydro-

sphere as a core. Furthemore, there may be some new breakthrough progress in the studies of water environ-

ment and w ater resources. All these will lay a foundation for making decisions in the sustainable economic de-

velopment of arid northw est China.
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1 INTRODUCTION

The hydrological researches in cold and arid re-
gions of China have experienced a course of 40 years.
Northwest China consists of vast plateaus, huge
mountain systems and piedmont plains or basins,
where drainage systems can be divided into interior
and exterior ones. The cold alpine region in the
southeastern part of the Tibetan Plateau is the source
of several large rivers of China flowing into the Pacif-
ic Ocean and Indian Ocean. Water resources in arid

northw est China are mainly distributed in a number

of relatively independent inland river basins, of which

* Received date; 1999— 03— 12; Modified date; 2000— 01— 18

the cold alpine areas are the runoff —forming regions,
while the piedmont plains or basins are the runoff loss
regions. Such topographic features and spatial distri-
bution characteristics of runoff result in the unique
hydrological and water resources systems in north-
west China. In the inland river basins the hydrolog-
ical processes both in the arid areas and cold alpine
areas are interrelated and interacted. From very be-
ginning the studies of glaciology and geocryology in
China have set the research objective as “Tapping the
alpine ice and snow water resources to mitigate the

» (1]

drought in northwest China Accordingly, hy-

drological studies in cold and arid regions of China were
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developed synchronoudy with the research of glaciol-
ogy and geocryology. During the period from 1958
101965, some pioneering achievements w ere obtained
in such research fields as glacial radiation and heat
balance, glacial accumulation and ablation, glacial
hydrology, river hydrology in mountain regions, and
the transformation betw een surface water and ground
water. During this period, a hydrological and meteo-
rological station was established at the Laohugou
Glacier in the Daxueshan of the western Qilian
M ountains, and the Tianshan Glaciological Station
was established in the source area of the Urumgi
River. The monograph entitled “Study of glaciers
and hydrology in the Urumqi River” was published
in 1965. The study of water resources in the Shiyang
River, Gansu Province, was initiated and a hydro-
logical research division of arid zone was set up dur-
ing the period[l] . In most of the glaciological investi-
gations at that time, hydrology was an important

(2]

item ~. Afterward, research of hydrology in cold
and arid regions were suspended due to the “Cultural
Revolution”. Since 1978, studies of glacial hy drolo-
gy, cold region hydrology and arid zone hydrology
have been resumed[3’4]. This paper intends to review
the hydrological studies in cold and arid regions of
northw est China since the 1980’ s especially in the
recent ten years. In addition, the future direction of

research is also discussed.

2 RESEARCH PROGRESS SINCE THE
1980 s

2.1 Researches on glacial meltwater runoff

With the progress and completion of the Chinese
glacier inventory[5 , the statistics reveal that China
has a total glacier area of 59 406 km> equivalent to
awater resources storage of 5 031X 10’m’. Based on
the systematic summarization of the available data,
Yang Zhenniang analyzed the precipitation conditions
responsible for the glacier development in the moun-
tainous regions of west China, aswell as glacier abla-
tion, glacier meltwater runoff and glacier water re-
sources and then published a monograph entitled

» (6]

“Glacier Water, Resources,of China” .7’In this book

she defined the basic parameters of glacier meltw ater
runoff, such as glacier meltwater runoff modulus,
glacier meltwater runoff depth and runoff coefficient.
By means of comparative observation and experi-
ment, discharge — temperature relation method and
glacial meltw ater runoff modulus method, she made
a detailed regionalization for the glacier meltw ater
runoff in China and calculated the glacier meltw ater
runoff amounts in various mountain systems. Ac-
cording to her calculation, China has a glacier melt-
water runoff volume of 60.5X 10'm’, of which 58 %
is distributed in the Autonomous Region of Tibet and
33% in the Xinjiang Uygur Autonomous Region.
For simulating the glacier runoff, a number of
statistical models and stochastic models were adopt-
ed, such as time series analysis[z 8], stochastic pro-

(o]

cess simulation

(o)

el " etc. It has been found from multiple regression

and the multiple regression mod-

analysis that besides air temperature, vapour pres-
sure is also an important index to describe the water
and heat conditions in high mountains, and plays an
im portant role in the discharge simulation . Tn ad-
dition, glacier ablation function was established from
statistics and analyses[1 . In the studies of the phys-
ical processes of glacier melting, a method was devel-
oped to compute glacier runoff by glacier energybal-

ce[lzj, and then a parameterized energy balance

an
model of glacier melting w as developed[B]. In addi-
tion, numerous observations and studies have been
carried out on the englacial and subglacial drainage
systems[m, as well as on the glacier water chem-
istry[lj’ 16].
2.2 Experimental studies of the formation of
mountain runoff

Aiming at the understanding of runoff— gener-
ating in the mountainous areas, which are the runoff
generation area of the inland river basins, a project
“Studies of some problems of water resources in the
Urumgqi Prefecture” was jointly organized by the Chi-
nese Academy of Sciences and the Xinjiang Uygur
Autonomous Region Govermnment. In this project

comprehensive observations and experimental studies

of runoff formation were_carried out. during the peri-
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od from 1985 to 1987 in the mountatious w atersheds
of the Urumgqi River, mainly supported by the Tian-
shan Glaciological Station, CAS, and the Runoff Ex-
perimental Station of the Water Resources Bureau of
Xinjiang Uygur Autonomous Region[m . The project
includes precipitaiton features and its measurement,
glacial hydrology, evaporation measurement ect.
Through the observational and experimental studies,
some new knowledge and new progress was ob-

d[”],

taine such as precipitation measurement

method and its systematic error correction, aswell as
precipitation distribution in a mountainous area[lgj,
glacier energy balance, runoff — forming processes
and glacial meltw ater nourishing then'vms[lz' 19], riv-
er ice and its role in the formation of spring
runoff [20], evaporation measurement at the source

(21)

area of the Urumg River™ ", and evaporation esti-

mation in a mountainous basin 22]. In additions im-
proved methods for water resources estimation and
runoff simulation were put forward 232 oy par-
ticular importance was the experimental study of the
sy stematic error correction of precipitation measure-
ment, which was first put forward in China and has
attracted attention of international scholars. It has
also been adopted and quoted in the World Meteoro-
logical Organization’ s pub]ications[zsj. Other work
conducted in the period included such studies as the
change of climate, glaciers and runoff and its future

trend in the Urumgi River basin[%].

2.3 Study of the hydrological processes in the

cold regions

In addition to glaciated areas, the hydrological
phenomena of ground surface and the active layer of
permafrost in vast cold regions is quite sensitive to
climate change. For exploring the hydrological pro-
cesses, runoff forming mechanism and runoff gener-
ating characteristics in the cold alpine regions, Yang
Zhengniang et al. conducted hydrological observa-
tions and experiments in the Binggou basin at the up-
per Heihe River in the Qilian M ountains and in the
Ice—free Cirque basin at the source area of the U-

027

rumqi River in the Tianshan Mountains™". Parts of

these, studies, were conducted in cooperation with

Professor Ming— Ko Woo, McM arster University of
Canada. Through a series of field observations and
ex periments some new knowledge was obtained and
some problems were discussed, such as runoff forma-
tion and runoff generating patterns in the coldre-

(28] 91’ hydro-

logical processes in frozen soilsEZSJ, relationship be-

gions " runoff analysis and estimation

tw een runoff and meteorological elementsESO], spatial

(1)

and temporal distribution ofprecipitation™ ", water

(32,33)

balance and w aterresources , and water chemi-

cal properties in the cold regions[%]. Studies of the
runoff —generating mechanism in the cold alpine re-
gions show that it can be expressed by quantitative
mathematical models, and the runoff generation re-
sults from the infiltration and transformation of sur-

E35]. In

addition, from the chemical composition study of

face water and ground water on frozen layer

snowmelt runoff n the Ice—free Cirque basin in the

source area of the Urumqg River, it has been found

that there exists the “Ion pulse” phenomenon in the
snowmelt runoff[%].

2. 4 Interrelationship between hydrological pro-
cessesand atmospheric processes in the
glacierized basins

During the period from 1985 to 1989, the Tian-
shan Glaciological Station conducted a series of ob-
servations and experimental studies of the energy
balance, mass balance, water balance and runoff —
forming processes in the glaciated basin of the source
area of the Urumqi River, of which the field obser-
vations and studies of glacial energy balance and
glacial climate were conducted in cooperation with

Professor Atsumu Ohmura, Swiss Federal Institute

[37’38]. Based on the above — men-

of Technology
tioned work, Kang Ersi et al. developed a hydrolog-
ical discharge simulation model by means of combina-
tion of energy balance with water balance and the as-
sociation of atmospheric processes with hydrological

[39'40]. The model not

processes in a glacierized basin
only can be used in the runoff process simulation but
also can be used in the simulation of runoff change in

a decade

. (38
basins

to century time scale in glacierizted

With. conventional meteorological ele-
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ments measured at standard meteorological stations
as the initial inputs, the model was usedin the simu-
lation of energy balance of snow and ice surface,
snow accumulation, runoff generation and hydrologi-
cal processes in the glacierized basin at the source
area of the Urumqi River 1.
2.5 Studies of some problems of water resources

in the Urumgqi Prefecture

“The studies of some problems of water re-
sources in the Urumqi Prefecture” is a subject put
forward by the Chinese Academy of Sciences to meet
the demand of economic development in the arid re-
gions of northwest China and the westward migra-
tion of the state’ s future construction priority. Sup-
ported by the Xinjiang Uygur Autonomous Region
Government, Shi Yafeng and Qu Yaoguang, in co-

directed

this project and organized many multidisciplinary and

operation with relevant local institutions,

comprehensive studies, such as water shortage issue
in the Urumqi City, city development scale, rational
distribution of water resources among industry, agri-
culture and inhabitants, water resources formation
and variation, water quantity and quality, broaden-
ing the water sources and economizing the water con-
sumption water resources exploitation and utiliza-
tion extent and their bearing capacity etc. ) e
main research results have been summarized in sev-

(7.42-44) " Tyig research project rep-

eralmonographs
resents China’ s first systematic multidisciplinary re-
search in a mountainous area and piedmont belt in an
inland river basin in arid northwest China. These
studies have increased our understanding and yielded
fruitful results in the following aspects: region’ s
runoff formation and transformation processes, geo
—chemical features of water environment, water re-
sources ex ploitation and utilization, water conservan-
cy, status of industrial and agricultural structure, fu-
ture demand and distribution of water, water pollu-
tion and environment protection, and water re-
sources bearing capacity etc. .
2.6 Impact of climate change on water resources
As for the research project “ The Impact of Cli-

mate Changes, on Water Resources in Northwest and

North China”, directed by Professor Shi Yafeng, the
Lanzhou Institute of Glaciology and Geocryologys,
CAS, undertook its sub— project “Impact of Climate
Change on Water Resources in Northwest China and
their Trend Evaluation”. The institute carried out
studies of the change of water resources of arid
northwest China from various angles, and a wide
range of information was used; such as paleoclimate
information recorded in the ice cores, glacier change
and its trend, seasonal snow cover change and its
trend as well as river runoff change and its trend
ete. “ 9 Iy the studies of the river runoff change,
the main climatic factors influencing the runoff
changes were analyzed, then the regional distribution
of runoff change was revealed, and the influences of
climate change on the mountain runoff was simulat-
ed. It was found that the 1970’ s was a turning peri-
od of climate change in northwest China. From then
on, the summer temperature has been gradually ris-
ing. From the late 1960 s to the early 1980’ s, the
precipitation reduced significantly in most of the re-
gion. During the late 1980” s, a positive precipitation
departure occurred in the whole region. The runoff
change also showed a feature of positive departure
during the late 1980 5[47]. In addition, a water bal-
ance model was used in the simulation of runoff
change and its influence on the w ater resources under
different climatic scenarios in the Urumgi River

basinug]and the IL River basin[49].

the greenhouse effect on river runoff in west China

Furthermore,

was also discussed®®. Based on the studies above
mentioned, the futurechanging trend of surface wa-
ter resources was predicted under various climate
change scenarios in arid northw est China[45] .
2.7 Hydrological studies of the high— altitude
Asian cryosphere

As apart of the project “ Response of High—Al-
titude Asian Cryosphere to Climate Change and Its
Effect on Environment” supported by the Chinese A-
cademy of Sciences, the research of “Response of
High— Altitude Asian Glaciers and River Runoff to

Climate Change” was carried out. According to

ayailable records, . the energy and mass balance pro-
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cesses of the high — altitude Asian cryosphere
Cs1)
d

wereaddresse . Theories and methods concerning
glacial system as well as energy — water balance
runoff model were employed in the simulation of pos-
sible change of glacier system and runoff on the
northern slope of Mount Tiang[er,] Tianshan Moun-
52

tains, owing to climate change ™. The response of
hydrology to climate change in the cold area on the
northern slopes of the Qilian Mountains was also
studied, and the runoff and environment changes in
the cold area were preliminarily predicted in accor-
dance with their periodical variation”?? Studying
the influence of climate change on runoff of the major
rivers in the Tibetan Plateau found a declining ten-
dency of runoff owing to climate warming and the
desiccation since the mid 1960’ s. Nevertheless, the
early 1970’ s was a turning point, since then, pre-
cipitation has been increasing in different degrees in
various basins, but the annual river runoff volumes
still fluctuated below the nomal values™®. In addi-
tion, through field investigations and observations,
the follow ing research has been also carried out: ab-
lation features of the continental glaciers in Chi-

(s5)
a

na ", the evaporation of winter— accumulated snow

in mountainous areas[%], the glacier hydrology in
the Gongga Mountains[Sﬂy the hydrological process-
es in the Dongkemadi River basin in the Tanggula

Range of the TibetanPlateau[58]

» the climate change
in the Qinghai Lake basin together with its influence
on water balance and its changing tendency over the
past 30 years[sgj.
2.8 Glacier Meltwater Flood and Snowmelt Runoff
During the period from 1985 to 1987, the Lanzhou
Institute of Glaciology and Geocryology, CAS, and the
Water Conservancy Bureau of Xinjiang Uygur Au-
tonomous Region jointly organized a scientific investiga-
tion of glacier meltwater flood in the Yarkant Riv-
er® ). The studies showed that sudden flood events of
the Yarkant River were due to the outburst of the glacier
—dammed lakes, especially the rapid expansion of the
subglacial drainage channels. The Kyagar Glader and
Singhi Glacier at the upper reaches of the Shaksgam Riv-

er are the main source areas,of such floods. It was con-

cluded from the investigation that the two glaciers will
significantly retreat and become thinner by the end of the
20th century under global warming, hence the flooding

sale of the glader— dammed lakes will become small-

&

er® . This research result not only enriches China’ s hy-
drological studies, but also provides a scientific basis for
the planning and management of the Yarkant River and

the economic development of the southern part of the
)

Xinjiang Region™~ . In addition, some dangerous glacial

lakes and their outburst issues were studied in the Hi-

malayas[@], and comprehensive studies were also carried
out on the flood disasters caused by the outburst of

glacier—dammed lakes in other regions of China[64].

In the snowmelt runoff research, emphasis was on
the analysis and prediction of spring runoff in the upper

Y ellow River[65'66] and in the Hexi orridors, Gansu

© 1n the prediction of snowmelt runoff, a re-

(68 and a method

Province
gression method with biasedestimation
of gray systemanalysisfﬁg] were employed, and as a re-
sult, a good result of prediction was obtained. In addi-
tion, the processes of flooding and sediment transporta-
tion were also studied in small watersheds in some moun-
tainous regions[m] .
2.9 Hydrological studies in the arid areas

In the hydrological studies in the arid piedmont
plains and basins, some new progress has been achieved,
such as water resources transformation and water quality
variation, stages of exploitation and utilization of water
resources, potential capacity of water resources water
relating to oases and the simulation and prediction of
water resources. The studies in the Urumqi River basin
indicate that an inland riverbasin can be divided into sev-
eral independent but interrelated hydrogeological units,
groundwater movement and dralation processes are
closely related to the surface water, while recoverable
and renewable groundwater mainly comes from the con-

T3 Water quality varies

version of surface river water
obviously with altitude, and the lower reaches of rivers
are the accumulated areas of VaI‘iouspo]lutants[71]. Ac-
ording to the development history, present status and
future trend of exploitation and utilization of water re-
sources in arid northwest China, the stages of exploita-

tion and utilization of water resources can be divided in-

to, firstly, the stage of exploitation and, utilization of
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surface w ater, secondly, the stage of joint exploitation
and utilization of surface water and ground w ater, and
thirdly, the stage of economical utilization of water re-
sources. These three stages reflect the level and rational-
ity of exploitation and utilization of water resources 7.
In the studies of water relating to oases in the Hexi corri-
dors the formation and evolution of oases and their rela-
tions with water resources were explored, and the future
development scale and direction of oases were in-
403

ferre . In the simulation studies of water resources
transformation in the Urumqi River basin, with water
balance as the basic principle, great efforts were made to
resolve the problems in the present exploitation and uti-
lization of water resources. Through the simulation of
transformation mechanisms among the river water,
ground water and spring waters a model with predictable
functions was developed[M].
2.10 Research on some other aspects

In addition to the work described above, many oth-
er associated mstitutions also conducted a lot of field in-
vestigations, observations, experiments and studies of
hydrology and water resources in the cld and arid re-
gions of China. For example, the Lanzhou Institute of
Desert Research, CAS, conducted studies of rational ex-
ploitation and utilization of water resources in the Heihe

River basin[75];

the Xinjiang Geographical Institute,
CAS, conducted studies of water resources in central A-
sia; the Xinjiang Bureau of Hydrology and Water Re-
sources conducted studies of hydrology and water re-
sources in arid areas; the Integrated Sdentific Investiga-
tion Team of Taklimakan Desert, CAS, conducted stud-
ies of the evaluation and utilization of w ater resources in
the Taklimakan Desert; Commission for Intergrated
Survey of Natural Resourcess CAS, conducted investiga-
tions of water resources in the Tibetan Plateau and Xin-
jiang Region; and Institute of Geography, CAS, wn-
ducted studies of water resources in the Tibetan Plateau
and northwest China, and so on. A lot of related mono-
graphs and papers have been published and all these
studies have made a great contribution to the studies of
hydrology and water resources in the cld and arid re-
gions of China.

The above described studies and achievements indi-

cate that a comprehensive observational,, experimental

and studying system has been preliminarily established in
China to study hydrology and water resources in the wld
and arid regions including the areas of glaciers, snow
cover, frozen soils, alpine watersheds, piedmont plains
and basins. Numerous encouraging research results have
been achieved. During the 9th five—year planning peri-
od of the state, more attention is paid to the studies of
hydrology and water resources in the cold and arid re-
gions of China and these studies are taken to be priority
projects. For this reason, the Cold and Arid Regions En-
vironmental and Engineering Research Institute, CAS,

whidh is a new institude reorganized based on the three

institutes of Chinese A cademy of Sciences Lanzhou
Institute of Gladology and Geocryology, Institute of
Desert Research and Lanzhou Institute of Plateau Atmo-
spheric Physics, should strengthen its ties with interna-

(76) . Now the director of the insti-

tional research plans
tute, Academician Cheng Guodong, has organized rele-
vant sdentists of the institute to undertake studies in the
state’ s key project in the 9th five—year planning period
“Studies of rational exploitation and utilization of water
resources and eco— environment protection in northwest
China” .

were “Studies of rational exploitation and utilization of

Two special subjects the institute undertook

water resources and their harmonious development with
society and eco—environment in the Heihe River basin”
and “Studies of the changes of snow and ice water re-
sources and mountain runoff and their trend prediction”.
In addition, the institute is now implementing the Na-
tional Natural Science Foundation” s key project “ Basic
studies of water resources formation and changes in the
inland river basins of arid northwest China”.

In these studies, new progress has been achieved.
A model has been developed for simulating the response
of runoff from the mountanous watersheds of inland riv-
er basins to climate change in the arid areas of northwest
Chinam].

snow was investigated in the arid area of northwest Chi-
nal™ 7

Change of water resources of glaciers and

. Response of the snowmelt and glacier runoff to
the climate warming in the Xinjiang Uygur Autonomous
Region in the last 40 years has also been discussed ™.
In the inland river basins, the variation of precipita-

(s1]) (2]

tion”  rtunoff ™, glacier meltwater runoff[83], forest

hydrology[M] and runoff chemistry[SSJ have been further
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studied. Research on the runoff variation and trend fore-
cast has also been carried out at the upper reaches of the
Yellow River[gf']. Furthermore, new progress has been
achieved on the multi— criteria decision analysis of water

(88 89)

(87)
resources , current problems of waterresources

the relationship among the ewlogical system, environ-

©0-93) " The rational utilization

ment and waterresources
and exploitation of water resources have been studied in
the inland river basins of the arid area of northwestChi-
na[94~96]. Research has also been carried out on the car-
bon cycle of sandy lands in China and its global signifi-

(o7)
cance .

3 TREND AND PROSPECT

Water is a life giver; and also the largest limit-
ing factor to economic development. Fresh water re-
sources on the Earth are limited. With the increasing
human demand for water, the contradiction betw een
water demand and water supply is becoming increas-
ingly acute. In the 21st centurys water crisis has be-
come a matter of worldwide concern. China is one of
the severest water— deficient countries in the world,
while northwest China is the driest region of the
country. In the present —day hydrological studies,
much attention is paid to the impact of global change
on the hydrology and w ater resources, aiming at pre-
dicting the long— term change of water resources.
For this reason, great efforts are being made to study
the relations between climate change and water re-
sources and this also includes the forefront subjects
of hydrological research, such as hydrological process
interface and scale conversion issues. At present,
hydrological studies have entered such a stage that,
with the hydrosphere as a core, great attention is be-
ing paid to the studies of the interactions among the
atmosphere, cryosphere, lithosphere and biosphere,
thus we can conduct a dynamical model of the water
cycle. In addition, how to make the most optimal
use of limited water resources, and the influence of
water resources exploitation on the environment are
also the problems facing us in the sustainable utiliza-
tion of water resources. In view of this, the author

is making a progpect ta the studies of hydmlogy, was

ter environment and water resources from the pre-

sent—day up to 2010.

3.1 Cryosphere hydrology and water resources in
high—altitude Asia

The physical models concerning energy and wa-

ter ex change among glaciers, frozen soils, snow cov-
er, vegetation cover and atmosphere and runoff —
generating mechanism should be established, which
will contribute to the understanding of distribution of
water resources and their change in space and time.
The relations betw een w ater resources variations and
climate change and their affecting processes on the
plateau eco— environment will be numerically simu-
lated and analysed, and thus we can further predict
future water resources change and their environmen-
tal effect.

3.2 Systems of hydrology and water resources of
the inland river basins of the arid area of
northwest China

The energy and water transmission models at snow
and ice—atmosphere interface; ground— atmosphere in-
terface, soil—atmosphere interface and soil— plant— at-
mosphere interface should be established and a scale con-
version scheme should be put forward. Furthermore,
distribution parameter hydrological models of inland river
basins should be established and wupled with regional
climate models as well as GCMs models to predict the
outflow runoff from the mountainous watersheds and its
long— term changing trend. Great progress should be
achieved in the basic theories, cncerning the influence
of human activities in the exploitation and utilization of
water resources on the water resources and e — envi-
ronment, and then we can establish a dedsion—making
system for a high— effective sustainable use and sdentific
management of water resources in the inland river
basins.

3.3 Water cycle in the arid area of northwest China

Study of systematic error correction for precipitation
measurement should be continually carried outs and com-

putational methods of land evaporation should be im-

proved. Therefore, the alculation accuracy of the water

balance has to be improved. The water budget and re-
newal rate should be studied for both the gladal water

and ground water, . then the water cycle in different peri-
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ods can be revealed. A numerical modeling should be
carried out for the transformation among atmospheric
wates snow and ice water, surface water, soil water
and ground water in the inland river basins. Centered
around w ater, interactions should be studied among wa-
ter, atmosphere, snow andice, frozen ground, land sur-
face and vegetation, then a dynamic model of water cycle
will be preliminarily developed for the arid area of north-
west China.

3.4 Water environment of arid northwest China

Through studying the SPAC (or SVAT) system,
factors affecting mass migration in the hydrological sys-
tem, the main characteristics of mass migration process-
es, the water chemical dynamical processes and the rela-
tions between water quality change and environment
change should be revealed, thus a model of hydrological
mass migration can be established in arid northwest Chi-
na.

The studies mentioned above require us to strength-
en field observations and experiments, especially system-
atic and long—term studies in selected typical experiment
basins. Field observations also require to continuously
improve measurement techniques and data collection, to
strengthen international cooperation studies and to adopt
advanced academic views and research methods. Ground
observation systems must be combined with 3S systems,
and special attention should be given to the application of
microwave remote sensing. In addition, there is also a
need to extend the dimate and hydrological time series
using ice core and tree ring methods. It may be expected
that in the next ten years or more, the hydrological stud-
ies in the cold and arid regions of China will reach a com-
prehensive stage, during which much work will focus on
the spatial and temporal interactions among the atmo-
sphere, cryosphere, lithosphere and biosphere with hy-
drosphere as a core. And there will be some new break-
through progress in the studies of water resources and
water environment, providing a basis for decision—mak-
ing for the sustainable economic development in the cold

and arid regions of China.
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