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-8!%."2%: Theresearch on thepresentsituation ofsoiland waterdevelopmentand utilization in Shiyang River
Basin showsthatwaterresourcesand eco-environmentsituation in thisareaareneartheedgeofcollapse. Sincethe
watercrisesoccurredinthe1970s, problemscausedbycontinuousdecreaseofwaterresourceshavebeen becom ing

seriousyearbyyearandeco-environmentcrisisoccurredasaconsequence. Uptonow, 10380haofirrigatedlands
have been abandoned due to sand coverage and watershortage in the basin. Ground waterwasoverexploded in
W uweiandM inqinbecauseofwatershortage.Groundwatertableinmanyplacesdroppedunder5m (whichisthee-

cologywatertablelevel),thusabout3000haof#A.*.5$37 .$537+&F(A&. forestcometodeadandanother5800habecome
feeble,andwind-driftsandneartheoasisbecomealive. Accordingto thecurrentsituation,ifwaterutilization scope

wasnotenlarged,awatertransfervolumeof600$106m 3/afrom otherareaswillbesuitabletokeepwaterresourcesand
eco-environmentsafetyinthebasin,andalso70$106m 3/awillbeleftassparewater.Underthisconditionthewaterre-
sourcesandeco-environmentofthebasincanreachthecriticalsafety lineof2.032$109m 3/a;orif180$106m 3ofwater

canbetransferredfrom otherareas,thewaterresourcescanreachthesafetywarninglineof1.732$109m 3/a.
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Fresh waterhasbeen attracted m oreattention sincethe
1990s, peoplem ayscrambleforfreshwaterinsteadof
petroleum inthe21stcentury, meanwhilewithmoving
ofbigenterprisesfrom developedcountriestodevelop-
ingcountries,m oreandmoreriversindevelopingcoun-
trieswillbepolluted, whichwillcausewaterresources
crisis. InJuly1998, M r. L R BROW N, directorof
Am erican W orld W atch Institute published the article
">2&$.’7 H.+*’ G2(’+.5* >(3AB G2.I* H(’AB J((B G*D3-
’&+8"afterhispreviousarticle"H2( H&AA J**B >2&$.".
The articles have caused a sensation throughout the
world and a new round of China Threaten Theory,
meanwhilem ore attention have been attracted on Chi-
na’swaterresources (BROW N andHILW EIL, 1998;
KANG andOHM RURA,1994).M r.ZHANG Guang-
dou, anacadem icianofChineseAcademyofSciences
and Chinese Academy ofEngineering suggested Chi-

neseGovernmentin 1999 topaymuch attentiontowa-
terresourcessecurity.KANG Er-si,professorofCold
and Arid RegionsEnvironm entaland Engineering Re-
searchInstitute,ChineseAcadem yofSciences,through
long-term study on the waterresourcesvariation fore-
cast, considered thatthereexiststhem aximalindeter-
minacyoftheresponseofwaterresourcestoglobalcli-
matechangein NorthwestChina.LIU Chang-ming,an
academician of Chinese Academ y of Sciences also
raisedhisopinionsonwaterresourcessecurityandrea-
sonablewaterresourcesdevelopmentand utilization in
Chinainthe21thcentury (LIU, 1995; LIU andHE,
1996).W aterresourcesissuesinNorthwestChinawere
alwaysthefocalpointofgovernmentandscientists. In
recentyears, severewaterresourcescrisisoccurred in
Northwestand North China have made the Huanghe
(Yellow)Riverbecutoff,therefore,eco-environment
deteriorationtheinTarim River,theShiyangRiverand
the Heihe Riverbasins have attracted m uch more at-
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Fig.1SketchmapoftheShiyangRiverBasin

tentions from domestic and abroad (SHIand CHEN,
2001).In2000,M inistryofW aterResourcesconducted
concentrated water transfer program in the Huanghe
(Yellow) River, theTarim RiverandtheHeiheRiver,
and itraveled outthe problem ofthe Huanghe River
cut-off. Thuseco-environm entdeteriorationsituations
in the down stream ofthe Tarim Riverand the Heihe
Riverwere prelim inarily controlled underthe drought
conditionsofthatyear (ZHANG !" #$., 2001; 2002;
2004). Thisaction showsto theworld thatChinahas
theabilitytodealwithitswaterresourcessecurity.W a-
ter resources and eco-environm ent crisis in Shiyang
RivreBasin accountsthefirstin China, butwaterre-
sources and eco-environment security situation in
Shiyang RiverBasin are stillrem ain unchanged while
sam e problems in other river basins have been pri-
marily solved. ThewaterdistributionplanofM inistry
of W ater Resources does not include Shiyang River
Basin, so peoplearemoreconcerned abouteco-envi-
ronment problem s, ecology disasters and ecology
refugeescaused bywaterresourcesshortagein Shiyang
RiverBasin.
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The Shiyang RiverBasin islocated in the eastpartof
HexiCorridorin Gansu Province,China;and theriver
originatesfrom LenglonglingofQilianM ountainandfi-
nallydisappearesinTenggerDesert(GUO !" #$.,2000).
The basin mainly includes 3 basins, nam ely W uwei
Basin, M inqin Basin and Jinchang Basin (FU !" #$.,
1999;KHEM !" #$.,2001;LIU !" #$.,2001;ZHU !" #$.,
2001).Accordingto detailed topographym aterials,the
basin faces Qilian M ountain in the south, Dahuang
M ountaininthewest, LongshouM ountaininthenorth
andHelanM ountaininthetast. TheShiyangRivero-
riginatesfrom iceglacierandfinallyreachesthedesert,
andthewholebasinalm ostconsistsofhumid,sem i-hu-
mid,semi-aridandaridregions(FU,2001;GUO !" #$.,
1999;SHI,1999).
The river basin area taken for water resources re-

search is norm ally 41 600km 2 in the Shiyang River
Basin,where thereare8rivers,namelytheDajinRiver,
theGulangRiver,theHuangyangRiver,theZamuRiv-
er,theJintaRiver,theXiyingRiver,theDongdaRiver,
and the Xida River(Fig.1).Each ofthe rivershasits
isolated outlet, hydrologystationsweresetup ateach
outlet, andthe8outletscancontrolover95% ofwater
outofthebasin (SHI,1999).TheShiyang RiverBasin
belongsto W uweiCity,Zhangye Prefecture,Jinchang
CityofGansuProvinceandAlxaLeagueofInnerM on-

goliainadministration. Thoughsom ewaterwastrans-
ferredfrom theDatongRiver,themainwatersourcesof
JinchangBasin iscomefrom theDongdaRiverand the
XidaRiver, andbothofthem jointogetheratJinchang
basin.TheGulangRiver,theHuangyangRiver,theZa-
m uRiver,the JintaRiver,theXiyingRiverjointogeth-
eratW uwei, thengothroughM inqinBasinandfinally
disappearinthedownstream ofM inqin.

+ ,*#)( ()"-$(.)" /-0$1) *2% 3#"
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Likeotherinland riversin HexiCorridor, theShiyang
Riveralsooriginatedfrom QilianM ountain.Aftercom -
ingoutfrom them ountain, theriverrespectively goes
throughalluvialfan, southernbasinandfinallygoesto
M inqinlakeareainM inqinCounty. Becausethebead-
edand closed basin structure, waterresourcesin this
area hasa same source and is repeatedly transform ed
and used,which ensurestheuserateofwaterresources
reaching the highestin the world, over170% in the
ShiyangRiverBasin.

+67 ,89:; (:<=>;?:< /=@>A: 89 ->9@:9 =B 1=>C98DC
According to calculation based on hydrology materials
for49years(1952!2001),thelong-term averagerunoff
attheoutletofthemountain for8 riversin theShiyang
RiverBasin is1.293"109m 3/a. Thewaterusevolume
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Fig.3 Compositewaterdischargeof8rivers
inShiyangRiver

forindustry and agriculture within the controlarea of
hydrologystationsis32.47!106m 3/a, andtherearealso
48.1!106m 3/aofwaterin allstreamsoutofthecontrol
ofhydrology stationsand 58.3!106m 3/aofwaterorigi-
nated from waterproducing areain frontofthe moun-
tain, thusthetotalwaterresourcesvolum eattheoutlet
ofthem ountain fortheShiyang RiverBasin is1.432!
109m 3/a,outofwhichthelongterm averagerunofffrom
Jinchuanxia hydrology station in the Xida River and
Shagousihydrology station in the Dongda Riverisre-
spectively133.2!106m 3/aand297.6!106m 3/a.
Afterthecalculationbasedontheobserveddataatthe

sam e time from the two hydrology stations, the long
term average runoffatthe outletofthe m ountain re-
ceived by Jinchang Basin is 430.8!106m 3/a(1961"
2001), andthatreceivedbyW uweiBasinfrom theGu-
lang River,theHuangyang River,theZamu River,the
JintaRiverand theXiying Riverisrespectively322.7!
106m 3/a, 134.3!106m 3/a, 225.9!106m 3/a, 134.9!106
m 3/aand63.1!106m 3/a, thusthelongterm averagewa-
terresourcesvolumeattheoutletofthe mountain will
be880.9!106m 3/a(Table1).

!"# $%&’()* +, -.(% &’/ 0+12&3)4 5)*+647)*
Thewaterresourceschangeproceduresatthe outletof
the m ountain are specialin the Shiyang RiverBasin.
According to composition procedures atthe outletof
the mountain (1961"2001),waterresourcesvolume is
slowlydecreasedingeneral,butthechangeisvariousin
differentdecades: in the m ostsufficientyearsofthe
1960s, theoutletwaterresourcesvolumewas1468.2!
106m 3/a; in the ordinary yearofthe 1970s, 1342!
106m 3/a; in the slightly sufficientyearof the1980s,
1442.9!106m 3/a; and in theextremelydroughtyearof
1990s, 1253.7!106m 3/a. Sincethe1990salltheyears
areindroughtconditionexcept1993, ayearwithsuffi-
cientwater. In addition to waterresourcesreduction,
waterdem and increase caused by enlargem entofirri-
gatedlandisalsomainreasonsforeco-environm entde-
teriorationanddesertification inM inqin County(Fig.2
andFig.3).
Currently in them iddlereachesoftheShiyang River

Basin, wastelandnearoasiswereover-cultivated, asa
result, transitionzonesbetweenoasisanddesertdisap-
peared,consequentlycultivatedlandslosttheirecologi-

Table1W aterresourcesvolumeforeachriverwithinShiyangRiverBasin(!106m 3/a)

Observedrunoff

W ateruseamount

Restoredvolume

131.20

2.00

133.20

287.40

10.18

297.60

321.00

1.71

322.70

133.10

1.22

134.30

223.20

2.77

225.90

125.00

9.82

134.90

59.70

3.36

63.10

12.50

1.41

13.90

1293.10

32.47

1325.60

Jinchuanxia Shagousi Jiutiaoling Nanying

Reservoir

Zamusi Huangyang

Reservoir

Gulang Dajing

Reservoir
Total

runoff

calprevention beltand were easy eroded by sand and
wind.SituationinHuqu,theeastpartofM inqinCoun-
tyisnotonlythedeath of1,:080( 50:);76’<7 and some
bushes,butalsoasituation ofpeoplemovingbackward
whilesand movingforward, thereforewaterresources
andeco-environmentcrisisbrokeoutallaround.Sowa-
terresourcesand eco-environm entarenotin asecurity
situationinthebasin. Theentiresituationshowed that
oasis area is over-burdened and water resources are

over-burdened.

8 29:;5 5;<=>5$;< ?;95@AB $9C9$@:D

Long term average surface water volum e in Shiyang
RiverBasin is1432!106m 3/a, and netshallow ground
watervolum eis530!106m 3/a. Totalpopulation in the
basinwas2.4!106 in 2000, withpercapitawatervol-

Fig.2W aterdischargeinShagousiandZamusi
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Fig.4 W aterusequantityandrunoff

Table3W aterutilizationindifferentsectionsin2000inShiyangRiverBasin(!106m 3)

W ateruse Gulang W uwei M inqin Yongchang Jinchuan Alxa Total

Agriculture

Industry

Urbandomesticuse

Others

Total

127.72

0.90

2.65

"
131.27

1047.48

16.68

35.42

0.72

1100.3

653.27

"
"
"

653.27

410.78

87.99

13.87

"
512.64

36.03

"
"
"

36.03

"
"
5.61

8.29

13.90

2275.28

105.57

57.55

9.01

2447.41

umeof816m 3/a, which isfarbelow the"lackingline"
of1000"1700m 3/aacceptedintheworld, andthereare
634 000 big domesticanim alsand 3 413 000 smalldo-
m esticanim alsinthebasin. From theview ofaverage
percapitawatervolum e,waterresourcesintheShiyang
RiverBasinareunderthesecuritywarningline.W ithin
theoasisinHexiCorridor,multiplecropandintercrop-
pingindexreachesto70% ,thehigherm ultiplecropin-
dexeswith higherwaterdem and. W aterresourcesde-
velopm entand utilization in W uweiand Jinchang has
faroverthem aximum lim it. So the surfacewaterre-
sourcesinthebasinareover-burdened.Intherecent10
years, groundwaterdevelopm entandutilizationindex
in the basin rem ainsat12, every year670!106m 3 of
ground waterwasover-explored, thusground wateris
alsoover-burdened.Evenifwetake thereuseofwater
resources into consideration, the current water re-
sourcesarestillnotin securitysituation. Especiallyin
M inqinBasin,waterinflow reducedfrom 350!106m 320
yearsagotolessthan100!106m 3inrecentyears. Ifplus
120 !106m 3/a of transferred water from the Huanghe
River,totalsurface watervolume in the basin is still
only200!106m 3/a,thewaterresourcesandeco-environ-
m entsituation are nearing the edge ofcollapse.

!"# $%&’( )’*+,(-’* .’/’0+12’3& %34 5&6067%&6+3
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Overexploration ofwaterresources in Shiyang River
Basin is m ainly concentrated in W uweiand Jinchang
cities, butwaterresourcesdevelopm entandutilization
inupperstream isverysmall. Likeotherinlandrivers,
the waterresourcesdevelopmentand utilization in the
ShiyangRiverBasiniscontinuouslyincreasedsincethe
foundationofP.R.Chinain1949,butithadarelatively
slow increasespeedbeforetheyear1984,andincreased
fasterafter1984. Theincreasespeedsloweddownafter
1995 becauseoftheinfluenceofwaterresourcesshort-
age,butstillinatrendofincrease.Itshowsthatitisdif-

ficulttorapidlycutdownthewaterresourcesdemandif
waterresourcesdevelopm entand utilization reach to a
certainstandard. W ecanseefrom Table2, intheex-
trem elydroughtyearof1991,waterresourcesdevelop-
mentand utilization is stillatthe levelof 2424.6 !
106m 3/a, withauserateof261% . W aterresourcesde-
velopmentand utilization include considerable ground
water, buttheground waterordinarily m eansshallow
water, within 50m underground, which isalm ostthe
reappearanceofsurfacewater.Thedepthofwaterwells
fordom esticusehasreachedto300m , andthiskindof
waterisnottherecycleofriverwaterbutun-restorable
ancientsealedwater.
W ecan seefrom Fig.4,naturalwaterresourcesvol-

um e doesnotmatch waterresourcesdevelopm entand
utilizationvolum eintheShiyangRiverBasin, andwa-
terutilization volum e isabout2 timesofinflow from
themountain. Reuseofwaterresourcesensureswater
resourcesutilization volum ein thebasin rem ained ata
relatively stable levelof over2400!106m 3/a (exclude
ruraldomesticwater,whicharenotontherecordofwa-
terresourcesstatistics,andwaterfrom self-servedwater
wells in some companies and organizations,200!106
m 3/ain total) and also increased wateruseefficiency,
butitdirectly broughtaboutsharp dropping ofground
waterandeco-environm entcrisis(Table2"Table4).

Table2W aterutilizationandwaterinflow inrecent10yearsinShiyangRiverBasin(!106m 3)

Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

W ateruse

Runoff

2424.6

928.1

2456.9

1173.7

2512.3

1612.1

2473.0

1219.4

2492.0

1211.1

2515.0

1190.6

2480.8

1182.6

2436.2

1146.8

2430.7

1073.6

2447.4

1234.7

!"#
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Table5W aterutilizationvolumeindifferentirrigationareasofShiyangRiverBasin in2000

Gulang W uwei M inqin Yongchang Jinchuan Total

Irrigation area

(!103ha)
Farmland

Forestry

Orchard

Grassland

Total

Totalwaterutilization(!106m 3/a)

Perunitareawateruse (m 3/(ha!a))

23.88

1.24

1.10

"
26.22

127.72

4871.00

92.71

5.61

"
"

98.32

1048.20

10661.00

57.14

"
"
"

57.14

653.27

11433.00

38.45

1.20

1.22

0.98

41.85

410.78

9816.00

7.22

1.10

0.90

"
9.22

36.03

3908.00

219.40

9.15

3.22

0.98

232.75

2276.00

9779.00

Table4W atersupplyvolumeofwaterresourcesengineeringprojectsin2000(!106m 3)

Projects Gulang W uwei M inqin Yongchang Jinchuan Alxa Total

W aterstorage

W atertransfer

Electricalwell

Others

Total

79.27

"
52.00

"
131.27

467.53

196.78

435.99

"
1100.30

64.73

"
588.54

"
653.27

391.91

33.40

87.33

"
512.64

"
"

36.03

"
36.03

"
"
"

13.90

13.90

1003.44

230.18

1199.89

13.90

2447.41
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Totalirrigated land in the2000 in Shiyang RiverBasin
was232750ha,withtotalwaterutilizationof2447.41!
106m 3/a, and perunitarea waterutilization of 9779
m 3/ (ha¡⁄a). Agricultureirrigationsituationindifferent
countiesare:127.72!106m 3/aoftotalirrigationwaterin
Gulang, with per unit area water utilization of
4871m 3/ha;1047.48!106m 3/a of totalirrigationwater
in W uwei, with perunitarea waterutilization of10
661m 3/ha; 653.27!106m 3/aoftotalirrigation waterin
M inqin, with per unit area water utilization of
11433m 3/ha;410.78!106m 3/aoftotalirrigationwaterin
Yongchang, with per unitarea water utilization of
9816m 3/ha; 36.03!106m 3/aoftotalirrigation waterin
Jinchuan, with per unit area water utilization of
3908m 3/ha(only6400haofland wereactuallyirrigated
withperunitareawaterutilization of5630m 3/ha). W e
can seefrom abovem entioned inform ation thatGulang
andJinchuanhavethelowestperunitareawaterutiliza-
tionvolumecomparedwithotherregions.Gulangislo-
catedneartheQilianM ountain, withacoolerclimate,
so ithasalowerirrigation waterdemand than otherar-
eas; Jinchuanislocatedneartheedgeofthedesert, it
should have a similar irrigation water demand with
M inqin County, butdueto theseverewaterresources
shortage conditions, perunitarea waterutilization is
nearthelowestlimitation,similarwith thestandardsin
Israel. Ifwe see from above information in general,
W uweihasa large waterutilization volum e, sim ilar
withM inqinnearthedesert, butmultiplecropindexin
W uweiism orethan70% ,ifwetakethisintoconsidera-
tion,theperunitareawaterutilizationforsinglecropis
only6270m 3/ha(Table5).

!"6 +(,-. /-0%1.2-0 $-21.&,5 4)(’50&0
TheShiyang RiverBasin hasa largepopulation, vast
land and isin shortage ofwaterresources. W aterre-
sourcessecurity issuesare mainly focused on shortage
ofwaterresourcesandeco-environmentdeteriorationin
thedownstream . Someresearchersthinkthateco-envi-
ronm entinmiddlereachesofthebasinisalsobecom ing
worse,butactuallyitisnottrue.Althougheco-environ-
m entin some areas of middle reaches has been de-
stroyed, the m ain reason isnotshortage ofwaterre-
sourcesbuttheenlargem entoflandbylocalpeople. In
general,oasisplantedbypeopleinthem iddleandupper
reachesofthebasinhaveexpendedalot, sowecannot
reachafinalconclusionthateco-environm entinoasisis
becom ing worsen. Eco-environm entdeterioration and
declineinthedownstream arereallycausedbyoverex-
plorationofwaterresourcesinthem iddlereaches.

!7! 8.&,&2(’ 9&)- ()* +(.)&): 9&)- ;%. $-21.- +(-
,-. /-0%1.2-0 <-=-’%>?-), ()* @,&’&A(,&%)
W ater resources and eco-environment system in the
ShiyangRiverBasinarenotinsecuritysituation.There
are two waysto solve the problems: one isto reduce
cultivatedland,conductreasonablewaterallocationbe-
tweenagriculture,industryandeco-environm ent,toad-
justproductsstructures.Ifwereduceirrigationwaterby
m eansofusingwatersavingtechnology,itisnotpracti-
cable because there is no water saving spaces in the
Shiyang RiverBasin undercurrenttechnology condi-
tions;anotherwayistotransferwaterfrom otherareas.
To solvewaterresourcessecurityproblem , theonly

wayistotransferwaterfrom otherareas. Accordingto
investigations, totalwaterdem and ofdifferentsection

!"!
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in currentstage in the Shiyang River Basin is about
2950!106m 3/a, and watersupplied bywaterresources
engineering projects is rem ained ata relatively stable
levelof2400!106"2500!106m 3/ainrecent10years. If
plus rural dom estic water use and self-served water
wellsofsomecom panies, thetotaldem and willreach
2650!106m 3/a, watershortagegapis270!106m 3/a; if
take consideration of 260!106m 3/a of over exploded
groundwater, thetotalwatershortagegapinthewhole
basinwillbe530!106m 3/a. Itwillbepropertotransfer
600!106m 3/aofwaterfrom otherareasunderthecondi-
tionofkeepingcurrentwaterutilizationscope, thuswe
can primarily solve waterresources and eco-environ-
m entproblem s,and stillhave70!106m 3/a elasticspa-
ces. So waterresourcesand eco-environmentsecurity
criticalline is:to keep waterutilization at1800!106"
1900!106m 3/a, orto transfer600!106m 3/aofwaterto
thebasin,andtom akethesurfacewaterresourcesreach
2032!106m 3/a,asaresult,therearesom eelasticspace
leavedforagricultureirrigation,andeco-environmentin
thedownstream canberehabilitatedstepbystep.
Ifwe do notconsidertransferring waterfrom other

areas,waterutilization am ountofless than 2300!106
m 3/a willbe the security warning line for water re-
sourcesand eco-environm entin thebasin. In drought
years, iflessthan260!106m 3 ofground waterareover
explored,thenthegroundwatertablecanberestoredtoa
reasonablelevelof2"3m duringwatersufficientyears.
Through thisway itwillnotcausesoilsalinization and
secondarysalinization.Ifwedonotreduceirrigatedland
area, and transferanother180!106m 3/aofwaterfrom
otherareas, to ensurewaterinflow to M inqin County
reaching320!106m 3/a,waterresourcesandeco-environ-
m entcanalsoremainatsecurity warninglevel.

! "#$"%&’(#$’ )$* *(’"&’’(#$

W aterresourcescrisisin the Shiyang RiverBasin has
goneonsincetheendofthe1970s,andincreasinglybe-
comeworsen.W aterresourcesshortagesituation ofthe
basin ranksfirst in China and very few in the world.
Becauseoverexplorationofwaterandlandresourcesin
theupperstream , som esprings, withsufficientwater
beforethe1970s,graduallycometo drought;inflow to
M inqinCountyreducedyearbyyear; waterqualitybe-
comeworsen; avastlandinM inqinCountywerecov-
ered bysand orbecom esalineland. M eanwhile, be-
cause shortage ofwater resources, ground water in
W uweiandM inqinwasoverexploded,thusgroundwa-
ter leveldropped lower than 5m .Itcaused3000haof
!"#$#%&’( )&%’(*+,-"+) forestcometodeath and another

5800ha of .")$)%&’( )&%’(*+,-"+) forest and /-0’"’(
$’012)*+3) forestbecomefeeble (FENG and CHENG,
1998;FENG $* )".,1999;FENG $* )".,2000).
Duringrecent20years, thegroundwaterlevelinthe

Shiyang RiverBasin was ordinarily dropped 5"10m .
Thefunnelareain W uweiisabout34km 2, and in the
centerofthe funnelground waterlevelisunder75m ;
funnelareainYongchangCountyis37km 2,andground
waterlevelinthecenterofthefunnelisunder62m ; in
thedownstream ofM inqinBasin, thesituation iseven
worse, and waterwellsforruraldom estic use have a
depthof300m .Bytheyear1995,6670haofcultivated
landwereabandonedduetoover-exploitationofground
water, and 3710haofcultivated land wereabandoned
duetowatershortageandwindysand,ofwhich3150ha
werein M inqin County. Itcausesecologicalrefugees
andecologicalm igrations(FENG $* )".,1999).
Atthesametim e,oasisinmiddlereachesofthebasin

gradually moved to theupperreachesbecauseshortage
ofwaterresources, asaresultwaterresourcesreserve
forestsin mountainousareaweredestroyed, grassland
shrinkback, soilandwaterwereseverelyeroded. Ac-
cording to investigation, peoplelived in m ountainous
areaincreased from 90 000 in 1950 to 260 000 in early
1990.About3000haofnaturalforestweredestroyedin
varying degrees, ofwhich 800ha were severely de-
stroyed.Bushesandgrasslandswerealso destroyed,to-
taldestroyed areareached 53 400hain recent20 years.
AttheupperreachesoftheXiyingRiver,theZam uRiv-
er,theJintaRiverandtheHuangyangRiver12900haof
land werebroughtundercultivation, 670haofland in
Huangcheng and about 3330ha of land in
Caoyuanzhong were also brought under cultivation.
Theseactivitieshavesevereinfluenceonecologicalbal-
anceinthemiddleanddownstream .M oreoverground
waterenvironmentisalsobecomeworsen, m ineralin-
dexingroundwaterover-explorationareahasincreased
to3"10g/L in recentyears, inHuqu, down stream of
M inqinCounty,m ineralindexevenreachto18g/L,wa-
terqualityproblem isextendingfrom southtonorthand
caused extrem ely difficultiesforliving (FENG $* )".,
2000;CHRIS $* )".,2001;LAN $* )".,2000).
Asasumm ary,waterresourcesand eco-environm ent

in the Shiyang RiverBasin arenotin secure situation.
Onereasonisthatglobalwarm ingcausedlessprecipita-
tion;anotherispopulation increase,overdevelopm ent
andunreasonableutilizationofsoilandwaterresources,
allthese lead to waterresourcesand eco-environm ent
crisis.Someadjustablespaceshould beleaved in water
resources m anagem entplan in the future; otherwise
sm allnaturalwaterresourcesfluctuation willcausese-
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verewaterresourcesand eco-environm entcrisis, and
willbe no tranquility in the basin area (W ANG and
CHENG,1999;2000).
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