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Abstract  

Anychangeinwaterconditionsofastreamdependslargelyonthesourceanditschanges．When  
weplantodevelopandusethewaterresourcesofacertainarea，athoroughinvestigationofthe  
source，Waterdistributionanddisastrousfloodsofthestreamswithinaspecificwatershedinthepast  
isurgentlyrequired．Aslongasthebehaviorandcharacteristicsofthestreamareunderstood，the  
まreamrunoffmaybeutilizd．T壬1eStreamSOnt壬IenOrthsiopざoftheWestKunl11nMou鵬ainsare  
vitallyimportanttoHotan’seconomic壷Ⅳelopmel軋A地oughtiユeモiotandistrictislocatedinanarid  
warm temperatecontinentalclimate zone，StreamS Originatingfrom theWest Kunlun Mountains  
irrigatevaststretchesoffarmland alongtheircourse and makelife thereeasyand comfortable．  
StudiesofstreambehaviorintheHotanareaaresignificanttofarm－plannlngandwaterresource  
managernent．  

1．Zonation o†studied area  

TbeHotaIlarea，fromeastof払eYarkantRiver  
dividetovestof払eÅndiRiver汰erlOrthslopeofthe  
WestKunlunMountains，Canbedividedintoseveral  
zones asfollows：   

1．The severely arid Pishan River watershed，  
includingsomeriverswithin PishanCounty such as  
thePishanRiver，SangzhuRiver，KarsuRiver，Suleazi  
River，BesiqarlRiverandDlユWaRiver，Whicbco‡1或i－  
tute8．5％ofthetotalsurfacewaterresourcesofthe  
area，thetotaldischargebeingO．75×109m3．  

2．TheseverelagfloodzoneoftheHotanRiver  
WaterShedincludingthreecotlnties（Hotan，Meyuand  
Luopu）a王1d three rivers（Yurunkax River，Karakax  
RiverandAqikeRiver），havi†lgaSurfacedischargeof  
4．65×109m3andtaking52．5％ofthetotaldischargeof  
the area．  
3．A severely arid blown sand zone containing  

twenty－threestreamsinCeleCourrty，YutianCounty  
and Min灸ng County，This area contai王ュS t量1e Cele  
River，Qiaka River，UrukeshayiRiver，Nuer River，  
ShayiwakeRiverandothers．Surfacewaterresources  
are2．21×109m3，being25％ofthetotaldischarge．  

4，Inland zone of the Qiangtang Plateauin the  
WeSternSeCtion of the north slope of the Kurllun  
Mou‡ltaina，ma呈nlyincludingtbeland witはn Hotan  
Cotlllty．Sl汀ねce vater resources are Ot37×109 m3  
Whichtakes4．2％ofthetotaldiscbarge．  

5．InlandzoneofQiangtangPlateauinthemiddle  
SeCtionofthenorthslopeofthe Kunlun Mountains，  
includingsomeareasofHotanCounty andMinfeng  
County，andtbeeastandwestsidesofKeriyaRiver．  
SurねcewaterresourcesareO．573×109m3，6．5％oft壬Ie  
totaldischarge．  

Tablelshowsthehydrologicalcharacteristicsof  
main streamsinthis are乱  

2．Streamtypes   

2．上西′g乃吻わ〆cねs5妨わ闇ぶわ℃α棚  
Mostofthehydrologicalstationsarelocatedin  

stream outlets so that tbe statiofis can measure the 
Wboierunoffoft王1eStreamS．WhereIlObydrologicai  
Stationis available，theinvestigation data at the  
Outletsareused．Rechargeresourceswillbeused as  
the mainindex of classification，and four types of   
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Tabiel．Cbaracteristics of main streams orltbe nortb slope of t‡leⅥもst Kuれ1ⅦlMot】ntains．  
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Min．annualrunOff  
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year  

km2  
m3／S  
い・  
bilユion m3  
bⅢ拍111113  
billion m3  
billion m3  

Meastlring time for sand content  year  

Mean翰ndco‡戒e王It  kg／mき  
Max．組ndcontent  kg／m3  
0ccぼrlng time  Yr、mO．da  
Sa11d tra王1SpO頭eda王mu温1王y  l00ton  
Percentage over a year frornJune¶Aug．  ％  
Ero＄ive module  t／km2  

5．69  
202  
78．7．10  
1ユ90  

95．5  
8】9  

streamsaredefined（Tabie2）：StreamSfedbyiceand  
訂OW me粍StreamS fed by rainねIl；StreamS fed by  
CO細positesourcesandstreamsfedbysprings．   

a．Strea‡nSfedbyiceandsnowmelt  
Most of払e streamsin this area belong to this  

typewhichoriginatefromthehigherKunltlnMoun－  
ta呈ns where glaciers and父aSOllalsnow exist．The  
area covered byglaciersislO－20％of the whole  
runofトproducingarea，Becausethe amount ofdis・  
chargedependsonthatofsr10V，andicemelt，aflood  
CreSもgenera11yoccursinJulyandÅugust．SrlOWand  
icemeltrlユnOffis60…7（〉％oftbetotalmno托rainね11  
runoffintbesummeris8nly28－25％oftbeannlユal  
runoff，Consequently，therunoffinaridandhightem－  
perature yearsis greater than thatin rainy years．  
Ånnualrunoだislargelyく60－75％）concentratediれthe  
summer．Theflucttlationoffloodcrestgenerallydoes  
not exceed twentyもimes the mean discbarge over  
severalyears．Tbecoe抗cientofvariationCv，Which  
showstheyearto yearvariabilityinannualrunoff，  
rangesfrom軋10toO．30．Streambelongingtothistype  
are tbe Yurunkax River，Karakax River，Keriya  
River，PishanRiverandSangzhuRiver．   

b，Streamsfedbyrainね11  
This type of stream is characterized by small 

glacier00COVeredareaatthestreamsoureeandlittle  
snowmeltrechargeinspringandfall．Slユmmerpre－  
cipitationsupp王iesmorethan75％of血estreamflow．  
As t‡lereis no glacier to adjust the stream幻0VF，  

StreamSdisappearatsomelocalitiesinaridyearsand  
inwinter，FloodsareconceIltratedinrai野鼠ImmerS  
and（：anhavedisastrouseffectsonfarmlngandhuman  
life．We foundin the floodinvestigation thatthe  
cHmate of Hotarlareain the s11mmer Of1987was  
abr10rmal，air temperature waslower tban that of  
previous years and intensity of precipitation was 
greater；aSareSult，disastrotlS幻0く）dsoccu汀edinsm註1l  
and medium streams recharged mainly by rainfa旺  
PrecipitationinJuly at Cele hydrologicalstation，  
tブrukeshayiCommlユnity，Yuqing Village and Qiaka  
CommuTlity set‡leW reCOrds．Mo‡豆hly rainね1iat  
Badaha11rairlねlトgaugingstationwasover125mm  
（Table3）．the nl；l＼imum diurIlこ11rこIinfallbeing36．7  
mm，Whichisgreaterthanthe meanannualrainfall  
OVermanyyearSOfCeleCounty．Thisheavyrainset  
neⅥr discbarge recordsin UmkeshayiRiver，Qiaka  
RiverandCe王e River；in particularthedischargeof  
UmkeshayiRiverarldQiakaRiverreac圭IedtⅥ7icetbe  
peakvallヱeinthepast，damagl喝prOpertyandintln－  
datingalargearea offarmland．Thiskind ofwater  
floud continues only a short time and its diurnal 
Variation co汀eSpOndsモO that of t‡1e preCipitation．  
Oncethe rainy seasonhaspassed，Streamdischarge  
d既reaSeSabrtlptly．StreamsbeまonglngtOtムistypeare  
theSuleaziRiver，KarsuRiver，Aq主keRiver，Shake－  
WakeRiver，YimamuRiverandBuzangRiver，   

C．StreamsfedbycombinedsotlrCeS  
G壬aciersexistinthis area，buもthe giacier me主t  

waterislimited，S‡10うVfailis comsiderabiein winter   
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Table2．Types of rivers and hydrologicalfeatl】reS．  

Some main rivers  Type of  Summer Fall  Winモer  
runOff   runOff nmoff Cv  
（％）  （％）  （％）  

Ice－SnOW Spring  
river  recharge runoff  

（％）  （％）  

Tbose fed Yurunkax River  
byice and Karakax River  
SnOV melt Keriya  ＞30  10、6  

Pisban  
66，7】80  10．6－14，6 2．5¶1・7．0  0．14】0．23  

SangzhtlRiver  
Composite D11Wa River  
type  Niya River  

Nuer River  
Jijigan River  
ÅndiRiver  
Yeyike River  

Those fed UmshayiRiver  
by  Qaha River  
precipita｝  Aqike River  
tion  S王Iayiwake River  
Those fed  
by革PrlれgS  

＞30  ユ3w24   娼－79  7．4－19 （き．04w9．6 0．封卜ぺL封  

＜20  13．4皿23．4 54w72   11．2－12  2，4州11．0 0．31鵬0》62  

Tab】e3．precipitatiollin so汀Ie areaS Of Cele Collntry．  

Nameof Lor王g．Lat．  
hydrostation OE ON  

Mea！1  Alititu（】e Precipitatior主  
precipitation  of 1987 
（mm）  （m）   （mm）  

Max，a王mual  
precipitation  
（111nll  MayJuneJuly A喝．  

31．517．6 37．8 0．7  
ヰ0．249．1125．912．7  
1（）2．960．5 90．711．5   
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2300   295．4  
23（狛   391．0  

and fall、While rainfallin summer functi（〕nS aS atl  
important recbarge source．T壬IeSe StreamS pO∬e∬  
Smallwater¶aCCtlmulating areas，a11d runoff冊prO－  
d11Ci喝durationa11di11tenSityvaryw・iththeweather．  
Sometimes，rainfaii幻00dandsnow－meltfloodoccur  
O‡1ea食era†10tわer，butrairはailrecbargeo托enmakes  
upover60％ofthetotalriverdischarge．Thearmual  
Variationofdischargeofthistypeofstreamisgreat；  
di由hargefluctuatesgreatlyandthevariationiscom・  
plicated．StreamsbelongingtothistypearetheDuwa  
River，Nuer River，Niya River，Jijigan River，Andi  
River and Yeyike River，Tbese＄treamSbavelarge  
discbargeinsummera王1darepartia王1yrecbargedfrom  
glaciersandsnowmeltiIIWinterarldねIl．Thestreams  
Canboldwaterfromyeartoyear，butsometimesdry  
up・   

d．Streamsfedbysprings  
OnaccountofspecialcrustalstruCture，discharge  

Ofthiskindofstreamisstableyear－rOundexceptin  
Summer When rainfallandice鵬SnOW melt create an  

Obvious flood crest（peak），indicat主ng constant re－  
Cbargeたomgro11ndwater，Iceandsnowmei拍7ateriII  
Springmaybeasmuch as20－40％ofthetotaldis－  
Charge，andgroundⅥ7atermaybeover40％．Onthe  
no沈hsiopeoftheⅥ7estKunlunMotlntainsexistsome  
littlestreamswbicbflowyear】rOunda‡ldhavestabie  
runo丘  

3．AnalysisofFl00ds  

‡‡eresomerepresentativestreamwaterfloodsare  
Cbosentoillustratetheformationanddevelopmentof  
幻00ds．  

二す．J⊥瑚．爪柚ブ〃■丑－ん用尺J日ソ・廿（J／り下血－〟  
TbisⅥraterSbed contains tvolarge tributar主es．  

The Hotan watershedincltldesthe Hotan River（inT  
Cluding the Yurunkax River）andits tribtltary the  
KarakaxRiver，Whichoriginatesamongloftymoun－  
tain peakswith snow year鵬rOund，flowing through   



Bul王etin ofGlacier Research  ヱ26  

oasisandfarmlandintodesert，Mostofthewat：erShed  
re封ectsadesertlan8∝ape．T‡1eWaterSbedisbolinded  
byt壬1eKeriyaRiverwatersbedontbeeast，byKara－  
kunlun Mountains，Klユnlun Mountains，Kashmir and  
Tibetonthesouth，andbytheYarkantRiveronthe  
WeSt．TheYarkant Riveristhelargest river on the  
north仙facingslope ofthe West Kunlun Mountains．  
The Yurunkax Rivermeetsthe Karakax River，the  
biggest triblユtaryin tbis area，at Kuesbilasbiin tIle  
northern Hotan area，and runs continuously from  
SOuth to norththroughthe Taklimakan Desert（the  
SeCOndlargestdesertintheworld）andfinallytothe  
TarimRiver．Itstota‖engthis823kmandthealtitude  
atthestreammorl払isoniylOlOma．s，1．Tbewater－  
acc11mlユIatingarea attbel叩perreaCh，at Tollg酢IZト  
1ueke HydrologicalStation，Whichis a river runoff  
COntrOllingstation，is145，750km2．Thewholewatersh・  
edisdividedintothreepartspmountainouspart，  
hillypartandflatdesertpart．Themountainouspart  
fromstreamsourcetoTongguziltlekeis98kmlong，  
the meaninclinationbeing19．2％．Rocky r主verbeds  
andriver flood plainoccuralternately．Many tribu－  
tariesconvergehere，andrivervalleysareusuallyV－  
Shaped∴Downward cuttingly streamsis alsointense  
andmakesroughtopography．Hence，thi＄isawater  
accl昔nulatingareaofぬeriver．TheKarakaxRiveris  
SimilartotheYurunkaxRiver，butitsupperreach，i．  
e．themountainouspart，isoverlainbyglaciers．Ac・  
cording to data provided by Lanzhou Tnstitute of 
GlaciologyandGeocryologytheareaofglaciersatthe  
source of the Hotan Riverin the Kunlun Motlntain  
areaisll，447km2．RunoffintbeモiotanRiverwatersムー  
edis controlled by relief，tOpOgraphy and climatic  
factors．As the Pamirs and Tian Shan form tWO  
naturalprotective screens on the west and north，  
respectively，COldairandwatermassesfrommiddle  
Asia arld Siberia are blocked．At the same time tbe  
QinghaトⅩizang Plateau and Kunlun Mountains on  
the south impede the southwest monsoon from the 
IndianOcean；COnSequently，theTarimBasinhaslow  
precipitation．Such climatic conditions，and geogra－  
phicallocationmake Hotana warmtemperatearid  
areawitbirlaCOIltinentaiclimatezone．A王tboughthis  
WaterShedhassomerainfall（Table4），itisnotenough  
forrunofftoformbecauseevaporationismuchgrea－  
terthanprecipitation．Hence，Onlytherainfa11inthe  
glacier area cangenerate runoff（overland flow），in－  
dicating that alpine snotv and glacier melt are the 
mostirnportantrecharge sources of this vatershed．  
Forexample，′intheYurunkaxRiverarea，preCipita－  

Table4．Precipitation on the north slope of Kunlun Mou－  
ntains．  

Locality  A王t互ude（m）  Mean vaiue（mm〉  
別
7
5
5
0
0
0
罰
 
2
 
3
 
6
 
7
 
7
 
1
 
1
 
1
 
2
 
2
 
 

14．1  
34．8  
58．9  
245．0  
コ（1れし）  

Hotian  
Tongguzilueke  
Aomixia  
Bl】ya  

Karag戚age  2750  195．2  
Umwati  1850  79．7  

tionwhichcontributestorunoffisO．162×109m3，Only  
7％of the totalriver discharge．The dischargein  
Willterisconsideredtobe払ebase幻ow．Itisfolユれdby  
meansofbydrographtbattberechargefromground－  
Water，Whichis O．58×109m3，25％of the totaldis・  
Charge，isgreaterthanthatfromrainfall．Otherdi＄－  
Charge comes fromglacier and snowmelt，Whichis  
approximatelyl．548×109m3，60％ofthetotalrunoff，  
Åsaresult，thefioodingtime and amount of幻00ふ  
WaterCOrreSpOndtoglacierandsnowmeit，OrtOair  
temperature，heat balance and solar radiation．This  
kindofriverischaracterizedbyalaggingdischarge  
peakandhigh1yconcentrateddischargeinsummer．If  
there exists corltim10tlS high air temperature，SnOW  
andicemeltingislikelytocreatedisastrous幻00ds．  
LiketheYurunkaxRiver，theKarakaxRiver主schara－  
Cterizedbyalargeamount offloodwater，1agflood  
CreSt（peak）andobviousdiurnalvariation．Theannual  
VariationoftheYumnkaxRiverisgreaterthanthat  
OftheKarakax River．TablelshowsthatCv（coef≠  
ficie‡ltOfrunoffvariationきoftheYurtlnkaxRiverisO．  
23，While that of the Karakax Riveris O．20，Which  
indicatesthatthefloodoftheYurunkaxRiverismore  
SeVere than that of the Karakax River．Thefl00d  
dischargeofthetworiversvariesgreatlyandhasa  
Simiiar arlnualvariation．Floods of t壬Ie tVO OCCur  
during high air temperature periods from July to 
August．Accordingtostreamgaugingoveraperiodof  
SeVeralyears，the maximum flood discharge（flood  
peak）isfrommiddleJulytomiddleAugust．   

ユごん丞l・rJ斤∫J－げ  
ThemeanriverrunoffisapproximatelyO．7115×  

109m3；Cv＝0，17．Theriver originatesinhighmoun－  
tainsover5000ma．s．1，，fedbythemeltingofglaciers  
andsnowonWusitengtaqeandLu＄hitageMountains．  
GlaciersintheGuliya area aremorethan3000km2；  
runoff from themis over60％of the total，Rivers  
dischargeisa maximuminsummer，When66，7％of   
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Table5．Distribution of mean annualrunOff of some rivers．  
Ⅶinterr潤0だ Percenta野  村eanann℃ai  

OⅥ汀ayear runoだ  
（×1肋13）（％）  （×mi呈Iionm3）  

ぎailrunoff Pe托entage  
8マer a year  

（×10000rn3） （％）  

粥ameof Spri昭一皿0仔 飯rcen短評  Sm訂一皿0だ托托enta酢  
riv訂  ◇Ⅴ餅a year  Oマer a year  

（×10000m8）（％）  （×1仙Ia）（％）  
575g．5  2．5  2298  
7641．9  3．4  2226  
4960．4  7．0  712  
939．6  2，8  340  
741．0  2．9  250  
D鑑．－Feも．  

Yurunkax 13135．7  5．7  185759．7   80．8  25143．4  10．9  
Karakax  24394  10．9  161187．8   72．4  29338  13．O  
Keriya  8356．5  11．7  47455．2   66．7  10387・8  14・6  

Pisham  4442．9  13．1  24267．2   71．4  43柑．ヰ  12．7  
弘ngzbu   3057，2  11．8  19391，6   74．S  2736・5  12－6  

Seが．⊥抽札  N戒e  M訂．対ay  J澤errA喝▲   

andintensityofprecipitation．TheperiodfromMayto  
August，1987，WaSraining，theprecipitationreaching  
itsmaximtlminlateJuly（Tabie3）．勒ycanthisarid  
area‡laVeSuCblargerainfall？Becatl記tbeorientation  
ofthe Kunlun Mountains makes a turnhere，Which  
makesitpossibleforthecoldairmasstomeet the  
warmairmass．Thisrainfallinducedrecordfloodson  
thetworiversonJtlly30；thedisastrousfloodsinun，  
datedaiargeamo11ntOfcropsandfarmiandaswellas  
livestock and damaged many flood controIworks・  
Thiskindoffloodalsoexistsinothersmal1streams．  
Accordingtoourinvestigation，in1987，StreamSfedby  
iceandsnow…meltwereattheirusualYaterlevel，  
but streams fed by rainfail had the highest water 
levelsinbistoIY．Emp壬1aSissbotlldt〉elaidontbeim－  
portanceoffloodsofsma11streamsoriginatingfrom  
thepiedmont．  

Asstatedabove，thevarioustypesofstream on  
the north slope of the West Kunlun Mountains are  
匹Cuiiar，Disastrous 恥ods may occurin tbese  
strea壬ⅥS．‡n orderto solve tbecontradictionbetween  
water deficit and floods and to take effective mea－  
surestoprotectfloods，Weneedto knowthecharac－  
teristicsofrecharge，runOffanddischargeofrivers・   

theannualdischargeoccurs（Table5）．Theriver，530  
kmlong，alsohasconsiderableannualvariation．The  
蝕）Od peak（crest）genera王iy occursin September．  
Besides軌esefeatureswhichtbeHotanRiversbares，  
thisriverisfeaturedbyabrupt，Short～1astingfloods．  
Itisbelievedthatkind ofabruptfloodisinducedby  
the bursting of anice dam．Forinstance，the flood  
CreStdischarge，OnSeptemberll，1963was780m3／s，  
iastingmorethantenhours，a‡ld onÅpri11，1967it  
was135m3／s．Theicedamburstingmayoccurdlユring  
thewinterfreezingperiod．Thiskindoffloodthreat－  
enshumanlifeandproperty，andmayinundatealarge  
area offarmlandandforest，  
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These are smallstreams，but they cause severe  
flood disasters．TheQiaha River and UrusayiRiver  
withinCeleCounty，forexample，arelocatedbetween  
the Yurunkax River and the Keriya River．They  
Orig主natefナOmtbepiedmo‡1tandfomtbeirownin－  
dependentstream野Stem，Wbicbbasasmaiiwatersb－  
edare乱Theriverbedsarecomposedofgraveland  
Sand，are broad and flat，and have a considerable  
amount of water seepage along their course．River  
dischargeisfullycontrolledbythevariation，duration  


