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Abstract  

Usingacombinationofte汀eStrialandaeriaiphotogrammeモry（aerialphotograpbsw訂etakenin  
ま970），mappingofC‡10ngCeIceCapar主dofitsadja（：entgiacierscovering700km2hasbeencarriedout  
OnaSCaieofl：50，000．ThemapⅥ7ilibeptlbiishedbythee‡1dof1990．Theacct汀aCyOfsurveyingand  
mappingisinconformitywiththenationalstandard，Thestlrveyingnetworkofcontrolisanindepen－  
dentplanecooTdinatesystemwithGaussprojeetion．Themorphologicalpresentationsappliedinthe  
maparecontotlrS，SymboIs，hachurepoints，brushshadesandcolorstobringotltbasicfeaturessuch  
as glacialtopograpby，glacialgeomo叩hology，Climate conditions and siとes providirlg eVidence of  
Quaternaryglaciationandrecentadvanceorretreatofexistinggiaciertermini．Itisthebasicmapfor  
glaciologyandgeomorphologyinvestigationinthisregion．Thetechniquesusedaredescribed，  

1．lntroduction  

TbeCllOngCeIceCap（35サ20N，81．1¢E）wastakenas  
themainobjectforaSirlO…JapaneseJointGlaciologi－  
Ca‖三Ⅹpeditio11in1987tothel好estKunlunMolユntains，  
Wbichliei11tbe王10rthwesterr主partOfQi喝haトⅩiza田宮  
Plateau aまong 洩e border between Xi頭iang and  
Xizang．Many vailey glaciers and flatq州tOpped gla－  
Ciershavedevelopedinthisrange．Itisanidealplace  
forresearchonexistingandQuaternaryglaciers of  
the northwestern part of the QinghaトⅩizang Pla－  
teau、  

Tbe st汀Vey grOuP Of t壬1e Sino－JapaneseJoint  
GiacioiogicaiExpeditionintheうⅣest Klin王un Mou∫ト  
tainsinciuded2trained and experienced photogra－  
phersandalandsurveyor．Tbesurv野grOtlpCarried  
Otlttheirownwork arldserviceworkforotherscien－  
tificgroups，that主s，tOSurV野arldmaptheCbongce  
ke Cap，tO meaSl汀e glacier surねce ve10こity，Strain  
rateandterminalchangesofglaciers．  

During the1970’s，the mapping department of  
China surveyed this region and an aerophotogramv  
metrictopographicmapwasmadeonascaleofl：100，  
000、Bll仁the map does not satisfy t重Ie needs of the  
giacioio痙icaiexpeditiorlattbistime，becauseitdoes  

notexpressenotlghdetailsofglaciergeomorphology．  
C棉Seque汀tiy，mapping the CbongceIce Cap was  
plannedtodepictthcphysicalgeographicfeaturesof  
glaciertopographyandgeomorphologyinthisreg10n  
andtoprovidebasicinformationforfurtherscierltific  
researcb▲A map of the Cbongce‡ce Cap andits  
adjacentがaciers，COVeri喝700km2，WaS made by  
usmgcombinedterrestrialandaerialphotogrammetry  
（aerialphotographsweretakenin1970）onascaleof  
l：50，000with a contourintervalof20m．The tech．  
nlqueSuSedarereportedinthispaper，  

2・Combinedterrestriaトaerialphotogrammetry   
PrOgram  

During1982州Wi984，WeStlCCeededinsuⅣeyirlgand  
mapping碑eGonggaGlacieri11theHengduanMounw  
tainsalo喝theeasとern endoftheQinghaトⅩizang  
Platea11）bymeansofacombinationofterrestri′aland  
aerialphotogrammetrymethodsonascaleofl：25，000，  
anddiscussedthefeasibilityofcombinationmapping  
（Chen，1985）．Wehave accumulated some successful  
experienceirluS】ngtbismetbodformapplng・   

王ntheareaofoursurveyin198ア，とhedifぬ－enCei王1   
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altitude between the top of Chongce Ice Cap and 
GozhacoLakeis1408m，anditsaverageslopeiso‡liy  
3，5degreesinangle，5．5degreesontheChongceke  
Cap，Whichis a veryinconvenient condition for ter・  
restrialphotogrammetry，becausephotostationshave  
not enougb difference in altitude for photos to be 
taken from the ground surface．ln addition to such  
COndition，払e C壬10ngCeice Cap adjoins tbe Gozba  
Glacier（area32．74km2，length12＿2km）inthewest，  
WhileintheeastitadjoinstheChongceGlacier（area  
158．3km2，1ength27．2kmin1970and26．8kmin1987），  
Sincetheglaciersurfacewithitsnetworkofcrevasses  
WaSVeryhardtoclimb，thephotographicbaselines  
Verelimited．Tberefore，tberewerelargepbotograIn－  
metricgapsinthesurveyareacausedbyforeground  
Shroudingthebackground．  

Sinceaerophotographywasdonein1970，Changes  
havetakenplaceinthoseglacierzones，particularlyin  
theglacierterminus，inthepast17years．Consequent－  
1y，tbe pl・eSent Situatior10ぎtbe glaciers cannot be  
PreSentedonthemapof197（）．王nordertoremedythe  
above mentioned defects and to meet the needs of  
glacier research at this time，Weused a combined  
terrestrial－aerialphotogrammetricmappingmethod  
Whicbisd潜erentfromtheme血odtlSedformapping  
tile Gongga area due to the difference of払e data  
condition．   

Inthesurvey area，the mapping of topographic  
andgeomorphicfeatureswerecompletedonaTopo－  
Cart－Bautograph，withthedatafromaerialphoto－  
grapby董n1970andairtriangu王ation．CbongceIceCap  
andterminiofitsadjacentglaciersマFeredrawnona  
StereOautOgraphr1318／19，Withdata fromterrestrial  
photographyin1987．  

Fig．1．Mapshowingthetriangulationpointsandphotostations．   

edanalyticmethodofte汀eStrialphoわgrammetry，  
FieldcontroIsurveyingwascarriedoutfromthc  

endofJunetothemiddleofAugust．Surveyworkto  
Selectcontrolpointsandconstructbeaconsproceeded  
SmOOthly at the beginning，because surveyors could  
traveibycar．ButsurveyworkmetdifficultyinJuly，  
as the mountain slope became muddy，CauSed by  
SnOWfalloverseveraldayswhichinducedmeltingof  
frozenground．fIence，thecarmetveryhardandslow  
gOlng．  

Triangulation was carried out by a Wild T2  
theodoiiteandaZeissOlOtheodolite．Horizontaldirec－  
tioninthetriangulationnetworkwasobserved3sets  
in round method．The heights of the controlpoints  
Weredeterminedbytrigonometric］evelinginforward  
andreverse．Two＄etSOfverticalangleswereobserv－  
edin middle－Wire．The mean error of horizontal  
angleobservationwas3．29seconds．Themeanerrorof  
Verticalangieobservationwas2．4seconds．Thecheck－   

3．Mappingcontrolbasis  

Controlpointsarethebasisofatopographicmap．  
So allcontrolpoints have to be unitedin the same  
COOrdinatesystemforthecombinedterrestrialqaerial  
Photogrammetric mappmg．The coordinate system  
u父daGau＄prOjection，T‡1ereis110COOrdinatedpoi11t  
inthesurveyareaofChol唱CeIceCap．Themapping  
COntrOlnetworkincluded9points，Whichwereextend・  
edtothesurveyareafrom2coordinatedpointsonthe  
ShoreofGozhacoLake，With5secondsordercontroI  
SurVeylngStandard，Fig，1showsasketchmapofthe  
COnモrolnetwork，Tbe photo co王1とrolpoiTltS Of tile  
terrestrialphotographsweredeterminedbyanunclos・  
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Fig・2，MapshowingChongceIceCap・   
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lng pOints vere determ主ned by forⅥ7ardi‡1terSeCtio王1  
with2seもS．  

T壬Ie ad紬まmerlt Ca王cuまatior10f the controineト  
WOrkⅥ㌻aSCarriedoutorl洩esamepiane、Thecontro王  
network plane system MJas adjusted by conditionai 
Observation．Theadjustment calculations were com・  
pletedo11amicro【COmputer．T‡lemea‡1SqlはreerrOr  
Ofa weigbtlユnit was2朗secondsa免許adjustmenも．  
T王Ierelativee汀OrOftheweakestcontrolpointwasl：  
25，000，and positionalerror of the weakest controま  
pointwas（）．4m．Thebeigbtadjustmentく）f軌econtrol  
networkⅥraS Carried out by a grap払ic successive  
approx主mation me払od．Aたer adjllStment，汰e汀妃an  
明uareerrOrOf払eⅥreigbtunitintbetrigonometric  
leve王ingwasO．8449m払rakiiometer－  

Eartbcurvatureandreなactionbavea許eate穐さCt  
OntrigorlOmetricleveling，buttheeffectcanbealmost  
eiiminated for height of controlpoints which was  
SurVeyedbybilateraiobservation、So tbe height of  
mapplngCOntrOlpoinとSWaSmOtCOrreCtedaccurateiy，  
butthee汗ectofeartbcurvatureandrefractionbave  
tobeCOrreCtedincomplユtingheightof珪1eCbeckiTlg  
points arid pbotocontroipo呈nts ofterrestr主alphoと0－  
酢ap壬1y・Tbeねctorsaffecti喝reなactionarecompiex  
（Glユ，1976）；int壬1eSurVeyarea，tbecoe抒icientofeart‡i  
CurVatureandrefractiorlCanbecomputed主nversely  
from‡1eightdifferenceintbedirectarldreversedirec－  
tions．Tbe coe撒cient，0．093，in this survey areais  
approximatelyequaltothoseinthehighmountains  
regions，QomolangmaandGongg乱  

PhotostationsⅥ7ereSⅥrVeyeddirectlyintbefield▲  
琵a皇子oぎphoもObaseiiれeSWereCOnneCteddirectlywi洩  
COntrOまpoi‡丑S and tbe ot‡lerIlalf w訂eiocated by  
resection，Wi班ameanpositionalerrorofO．78m．Tbe  
lengthofthephotobasel主newasdeterminedbyusing  
aninvarsubtensebar．Twosetsofparallacticangles  
WereObserved，Witha‡neanerrOrOflsecond．  

5．Photography  

The p豊10七Ographic maもerialused was a kind oぎ  
ultr洩violetI王typepboto－p里ates．‡tisⅥrellknowhtb融  
Om＄nOⅥra王ユdice，圭t重sverybardtotakeideaipilOtO叫  
grap‡1S．‡nthesurveyarea，tbeareaofsnowandiceto  
becoveredextendedfromtheglacierterminustotbe  
north 
appearssopurewhitethatpeople（：annOtdistinguish  
まtstopography．Tberefore，tOtakeblack－and一－－Wbite  
OrCOiorpho紬graphswitb宮00dstereoscopiceffect，it  
isimportanttoselecttもeoptimumpbotographicper－  
iods、Frompract主calexperieTICe，theoptimumpbotoサ  
grapbicperiodsinaglacierregiorlare，attbeendoぎ  
SnOⅥr㈹iceab王ation；n8tOniyarethe許a払sdesとroyed  
bysr10WSl一正acemelting，Weakerlきぬgdi軌紀iight，blユも  
aiso挽esnowsurfaceca11bebecomernoistwhicbcuts  
tbegiare．Second，inaday，thebesttimeisabotIt2  
hoursafterst王nriseorbeforesunset．‡tisnecessa吋to  
avoid cloudy or backlighting；Sideiightis best－fn  
Short，p豊10t喝rapbsaretaken一頭1enpeOplewitheyes  
Candistinguisbthetopo許aphybest．  

4・Terrestria［photogrammetry  

O‡ltbebas主sofanalyzing軌eモOpO許apねyinthe  
馳rVeyarea，琉epositior10fpbotobase王主nevaspiann－  
edfirstona汀はpWitllaSCaleofl：100，000．Firsttbe  
mainbaseiirleⅥraSSeiected，iaterthesecon（重arybase・  
iine，tOmakep如to酢aphicgapsassmai王aspossibie－  
Thenthcpositionsofphotostationsandlengthwere  
determinedaccordingtotopographiceonditionsand  
pbotorangei‡itbe鮎Id．Photosねtまonswerejoinト  
SurVeyed with the conとmlpoints．Accordingねre－  
quirements oftileCOmbined terrestriaトaerialphoto－  
grammetry program，10 photo baseii‡1eS COVering  
aboⅥt300km2（48％asもOtaまareairlthesurveyarea）  
WereSetⅥpfFig・1）．Pbotostationshadanavera㌍d  
heighとOf5800m，andaわigbesモat6366m－Thephoto  
basei葺nes averaged560minler感h，Witb maximum  
PbotogrammetricdistanceaboutlOkm．  

6．Photo contr0lextension  

‡nterrestr主alp壬10tOgrapbs，tbereareⅥnaVOidabie  
efねcts（：auSed byi王統erior arld（〉uter Orientaion．Ⅰれ  
Ordertoachieveac甲raCyCOmparableもOSurVey王ng  
andmapping，3pbotocontrois圭meacbstereopairare  
needed to achieve absolute of呈entation of the stere  
modelandtocorrectfortbe 
beco‡neS meCOnOmicalif∴話まIpboto co†ltrOig vere  
determinedin the f主eld．In tbe survey area on′ケtbe  
ChongceIce Cap，Since topo餅aPhy appears very  
S汀100th，aCCuraCyOfcheckingpointscannoとbeassur－  
ed．Tbus，Checking only30utStanding topo餅apbic  
po緑scamnotachievetherequireme‡1tSOぎmapplng，SO  
PbotocontroIshaveねbecompietedintbeoだice．  
The space coordi11ateS Of pho紬COntrOIs were  

extendedもy a‡1a王yticaite汀eStrialpboto許ammetry】   
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Tbepbotocoordinatesweremeas11redbyZei∬COOr≠  
dinatometer．  

From anaiysis oぎe汀Or theory for te汀eStriai  
photo評議mmetryandpraこticaまexperまellCe，ithasbeen  
showntbatpbotocontroまscanbeextendedonlyusing  
anapproximationcloscdanalyticalmethodinwhich  
ぬe e汀Or Ofconverge‡1Ceis co汀∝ted▲‡n urilarge－  
scaiemappl喝Withgeneralaccl汀aCy，怯eaccwacyof  
extensionpoi‡漣SareObtainedもOaChieverequまrementS  
formappingヤConsequemtiy，itisnotnecessaryもOuSea  
ciosedanalyticalmethod，becauseaclosedanalyticai  
method needs4coordinated pointsin a stereo pair  
（Wang，197艶sot壬Iatphotoco涙roIsillaStereOpair  
needriOtbeextendedagainforte汀eSもriaまpboto宮ram－  
metricmapping．AcIosedanaiyticalmethodisused  
fornomtopo酢apbicp豊10tO酢ammetⅣarldlarge冊SCaie  
mapplngwithhighaccuracy．  

TheerrorofconvergenceiscalculatedirlVarious  
ways伽stituteofGeograpby，AcademiaSinica，ま980）・  
T‡1isとime，抜eerroroぎconvergence，γ，WaSdetermin－  
edfromthedi拝erencevalⅥebetweentbeborl10logous  
arlglesofhorizo‡ltals耶ng，α，atle食andrigbtstatiく〉nS  
onthesamebaseline，thatisr＝αLNαR，buttheangle  
ofborizoIltaまswingiscomputedfrornhorizorltala‡ユー  
glesofhomo‡ogouspointson払ephot（喝rapb呈cover－  
1ap．It mustbepo主nted out that t壬Ie me汰odisnot  
clo既dtodeterminee汀OrOfconv訂genCe，becauseitis  
assumedthattbeopとicaxisofnormalpbotく）許aphyis  
located correctly．Infact，the direction ofthe optic  
axis呈n normalpbot咽raphyis used to make the  
correctiorl，btlttherearesomesettingerrors，atieast  
in洩edirectionoftheopもica！axis．  

Ånalyticalcompl止ationsねr‡血otoconもrolvere  
carried out on a pocket computer（PC】，‖リ〉・・1500）・The  
accuracyofextensionwassufficientformappmg・   

7．ConcIudingremarks  

Åsmen貞onedintbisrep（〉rt，tbemappingoぎgla－  
Ciertopograpbyandgeomorphoまogyintbereg主onof  
the ChongceIce Cap andits adjacent districts was  
COmPleted by combined terre＄triaトaerial photo・  
grammetricmapplng、  

Themorpbologicalc王ほraCterOfthe giacierst‡r虫  
ねceandperigiacialgeomorphology主nthesurveyarea  
areprese三強edindetailoIltbemap．Tbeaccuracyof  
SurVeying andmapplngOfthismap conformsto the  
natio】1alstandard．Itis a basic map for sttldying  
existingandQuaterna抒glaciers－Thearea，1e喝tbo書  
giacまers，beig如ofsnowlineandothersこanbeobtain曲  
edfromthemap．Figure2shoⅥ㌻SapartOftbeCbongce  
IceCap．TbemulticolorrnapofCbongceIceCapand  
theneighboringarca onascaleofl：50，000wi11pub－  
lished at the end nf 1990 with place names in both 
CbineseandEngま主sh．  

References  

Chen，ブ．（1985）：Map（）書抜eMounもG（）nggaGlacier，aCOmbinaび   
貞on ofterrestrialand aeria王phoも0酢a！TmetTy．Annalsof  
Gまaこio王ogy，さ，34－36．  

G仇‡＝1976）：SlエrVeyiI鳩OfthesummitofQomolangma主Ilheigbt－  
Sc主e！1tiaSinica，l，ア4冊7乳  

‡nstitute of Geography，Academia Sinica（19朗）：Terrestrial   
photogrammetryanditsapplication．Beijing，Surveyingand  
MappingPress，378…40＄軸CbirleSe）、  

War噂，Z．（1979）：王）もot〔噂rammetricpr主mipieヰBeijing，Surveyi噸   
andMappingPress，315－316紬Cb重言IeSe）．   


