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Abstract  

Di晋erentaspectsofPatagonianglacialbydrologyarepresented，byanalysi喝bydrologicalstatis如scollected  
aroundthePatagoniaIcefields．Theresultsgivepreliminaryestimatesofspecificdischarges如m150to250  
e／km2＄intheicefieldregion．Studiesarealsomadeonthecharacteristicsofseasonalvariationofrunoffby  
frequcncyanalyses，andontherelationamongthedailydischarge，airtemperatureandprecipitationinabasinof  
theSouthernIcefield．Finally，theimportanceofglacialoutburstfloodsinthisareaisindicated・  

Weilas汰ehydrograpbicalcharacteristics払at主n汀10St  
CaSeSimpede廿把directmeasurementoftheamolユntOf  
Waterdischargedfromcalvingglaciersin紬軸rdsand  
lakes．Allofthesefactorshavecausedade王ayinthe  
instalまationofanadequateby（箋rologicalcontrolneモー  
UptonoⅥr，SyStematicmeasuremeTltShaveonまybeelユ  
Carried out withregardto alongtermdevelopment  
program（aftertheyear2，000）andtoexploitationof  
important hydroelectric potentialresourcesin the  
area．   

Int量1ispaper，thebydra11Ⅰ壬cfeatl汀eSOftbecontri－  
butiol｝SfrornNP‡a11dSP‡areanalysedonthel）aSisof  
regularmeaslirementdatasets．   

2．Analysedinformation  

Thefollowingdatavereusedfortheanaly紀S：  
hydrometric，preCipita貞on and air temperatt汀edata  
couectedbytheChileanElectricCompany（Empresa  
NacionaldeElectricidad：ENDESA，1975；1980）and  
theWaterStateService（Direcci6nGeneraldeAguas：  
DGA，1984），and part of the hydrometric data pub－  
1ished by the ArgeTltine Electric Company（Agua y  
EIl訂g壬aElむtr圭ca：AyE，197軌 Locationsof汰e14  
hydrometric stations and outlines of data used are  
ShowninFigs．1a，1band2．  

Thecatchmer王tareaSOfthebasimsⅥ7ereide†ltified  
bymeansof払efolioⅥ7ing王℃aterまals：1：250，000（in  
someareasl：50，000）topographicmapspublisbedby  
theInstituto Geogr急fico Militar（王GM），trimetrogon   

1．lntroduction  

Fotlrlarge王Iydro嘗rapbicsystemsoriginate打om  
tbeNorthernandSo11thernPata卯nia‡cefieids（NPI  
andSPI）；tbreedraintovardt壬IePaciぎicOceanand  
onetoⅥ7ardtheÅtlanticOcean（SeeFigs．1aandlb）．  
They arel）the Baker River basin，Which drains  
towardthe southeastern side of NPI，2）the Pascua  
Rivcr basin，Which drains toward the northeastern  
sideofSPI，3）theSerranoRiverbasin．whichdrains  
towardthesoutbeasternsideofSPI，allofwbichflow  
irltOthePacificOcean，and4）t壬Ie Sarlta Cruz River  
basin，Whichdrains toward tbeeastern side of the  
centralSPIandcrossestheArgentinePampatoward  
theAtlanticOcean－  

For tわe presenモStlユdy seveIユbasinsⅥ7ere COnSi－  
dered：tbeNefRiverandColoniaRきverbasiIISintbe  
BakerRiverbasin；LakeViedmaandLakeArgentino  
basins，WhichconstitutetheSantaCruzRiverbasin；  
thePaineRiverandGreyRiverbasinsintheSerrano  
Iiiverbasin；andthePascuaRiverbasin（seeTablel）．  
Furthermore，a number of smaller water systems  
reacb the Pac汀ic Ocean d主rectiy tbrough如rds or  
lakes，a托erflowingshortdistances．  

Knowledgeaboutthehydrology oftheserivers，  
especial王yaboutwatercontributionsfromglaciers，is  
stillveryiimitedattheprese‡軋 Thisisdl把mai一里王yto  
adverse conditions for measureme11tS，eXtremely  
barshclimateanddifficlユItyofaccesstotbearea，Very  
lowpopulationdensitywithlimiteddevelopment，aS  
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Fig．2．Locations，altitudes，CatClmentareasandperiodsofavailabledataat14hydrometricstations．  
Letter（a）attachedtothestationnamesindicatesstationslocatedintheNorthernPatagoniaIcefieldarea  
and（b）indicatesthoseintheSouthernIcefield．Stations4band5bareinArgentina．  

Tablel．Areas，dischargesandspecificdischargesineachbasin．  
A：Totalbasin  
B：IceLCOVered and adjacent mountain areas  
C：Ice・COVered areas  

BASIN   AREÅ（km2）   DISCHARGE（m37s）  SPECrFICDISCHARGE（E／km2・S）  
Å  B  C   Å  B   A  B  C   

NEFRIVER   1．064  212  18（）   105  62  ！  99  292  332   
COLONIARIVER   1，612  630  320   131  91   81  144  244   
PASCUARIVER   4，169   2，000  1，720   510  430   122  215  246   
LAKEVIEDMA   7，450  1，218  990   266  212   36  174  198   
LAKEARGENTINO  8，100   2，090  1，530   440  401   54  192  245   
PAINERIVER   535  219  88  43  36   80  164  366   
GREYRIVER   62ま  465  327  120  114   193  245  327   

SnOutS，andtheirdrainageareasincludelargeice・free  
areas．Thecatchmentareabetweenaglaciersnout  
andthecorrespondinghydrologicalcontroIstationis  
heretermedan’’interbasin”（areawhichisingeneral  
たee（）fice）．  
Ålthoughthespecificdischargeestimatedforthe  

Wholearea（AinTablel）doesnotproperlyrepresent  
thespecificdischargefortheicefield，uSinginforma，  
tion about water yieldin nonglaciated areas（DGA，  
1984），a discharge amount at a glacier snol止VaS  
Calculated（Bin Tablel）by subtractil唱the runoff  
generatedintheinterbasin，fromthedischargemear  
Sured at the controIstation．This calculated value  
represents the discharge from both theicefield and   

aerialphotographs takenin1944－45 and vertical  
photographstakenin1974p75bytheUnitedStatesAir  
Force（USAF），andinformationfromLliboutry（1956），  
Bertone（1960），Pefia and Esc（）bar（1983）and DGA  
（1984）．  

3．Hydrologica［regimeandspecificdjscharge   

ユ／∴lム，（川ゆl－再／γ（、‘ノ長l血7Jぎー，  
Åvailabie hydrometric data permitted the ana－  

1ysesofsevenbasinsthatdrainlargeareasoftheNPI  
andSPI（seeTablelandFigs．laandlb）．However，  
SOmehydrometricstationsaredistantfromtheglacier  
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effect（changeinthestoredwater）ofthelakecanbe  
eliminated by using this record and the otltlet dis・  
CilargeattbePasclはRiver．Infactveareinterested  
irldischargedataoftheinputriverstothelake，Which  
drain mostly water fromglacialarcas．Since this  
informationisnotavailable，WemayuSethedischarge  
dataoftheoutletPascuaRiverandadd（orsubtract）  
tlle StOred（or released）、water voltlmein Lake O’  
Higginstbrolユgbouttheyear，ObtainingtbiswayaIleW  
discharge value which we shaliname ttNaturalDis－  
Charge”（N．D．）．This value represents the input  
dischargetothelake．  

Figure3shows obtained seasonalvariation of  
naturaidischarge（N．D．）attbeI）ascuaRiver，tOgetIler  
Withthemeasureddiscilargeattberiver，andmonthly  

adjacent mountain areas whichinclude small－SCale  
giaciers andice五ee areas，Finally，and only as a  
reference，aSpeCificdiscbargefortbeice－COVeredarea  
ineachbasinwasestimated（CinTablel），aSS11ming  
thatrunoffattheglacierfrorltOriginatesexclusively  
fromtheice－COVer’edarea，thusneglectingthecontri－  
butionfromtheice－freeadjacentmountainare乱   

1野e empbasize that tbe above calclユ1ate（まva王ⅥeS  
are only a first approxirnat主on dlユe tO Variouserror  
SOurCeSinvoIvedin the computations．The errors  
maybe causedmainlyby delimitingthe ttDivortium  
glatiarum”（icedivides）andwaterdivides，andalsoby  
estimating the contribtltions ofinterbasirlS．With  
respect to tbeiast error，it can be see11from the  
estimated valuesshowninTablelthatthecontribu－  
tion oftheinterbasindischarge rangesfrom5％to  
20％ofthetotalbasindischargewiththeexceptionof  
the Nef and Colonia River basins（contributions of  
40 ％and30 ％，reSpeCtively）．These errors may  
expiairlStユCb discrepaTiCies as a very bigh specific  
discharge（BandCinTablel）intheNefRiverbasin  
comparedto alowvalueintheneighboringColonia  
Riverbasin．  
ThevaluesshowninTablelsuggestthefo1lowr  

ingCOnClusions：   
1）Tbemea†lSpeCif主cdi双hargesintIle Patago－  

niaIcefieldregionrangefrom150to2501／km2s（inclu－  
dingtheicewcoveredandadjacentmountainareas，and  
neglectingthevalueforthcNefRiverbasin）．  

2）Ifitis accepted that the annualamount of  
CO‡lderlSatiorla11d evaporatiorlare negligible compa－  
red to the annualprecipitation，a mean equlValent  
annualprecipitationof4，800to7，900mm／aisobtained  
asanaverageintheablationandaccumulationareas．  
Thissuggeststhatanequivalentannualprecipitation  
maybegreaterthan8，000mm／aintheaccumulation  
area ofぬeicefields，  

．‘i．ユ ふ－Jバり〃（J／J…・んJ／／りナノ（オナmJ一再▲．・ハl叩付〃リー′川′小・∫ふ  
Frequencyanalysisofseasonalvariationsofrun－  

off is first made for the Pascua River basin in SPI. 
WetlSethedischargedataatthePasctlaRiverstation  
neart壬IeOlユtietofLakeO’Higginsandalsothewater－  
levelrecordsatthelake．Thesehavethe following  
two advantages：   

1）Alargeproportionofthemeasureddischarge  
atthePascuaRivercomesfromice－COVeredareasand  
adjacentmolユrltainareas（84％，SeeTablel）傭  

2）Ålongtermrecord（）flake－level幻uctuations  
is available for Lake O’Higgins and the regulating  
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Fig．3．Seasonaldistributionsofthemonthlymeandischarges  
（measuredarldnattlraldischarges）打omtbePasαaRiver，arld  
comparisく〉nOf汰emw肋airte汀Iperatureandprecipitationirl  
puertoÅis軌andprecipitationinEsta11CiaPaine．   
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PASCUA RIV【R  
lT8－811  

S†A．CRUZ RIVEl卜しEONARIV［R  
155－も6I  

L〔ONA RIVER   
15～－66I  

S O N D J F H A H J J A  
†川朋≡lHOI疇†M  

Fig．4a・Seasonaldistributionofthemonth1ymeandischarges  
at three basinsin the Southern PatagoniaIcefield，eaCh re－  
gulated by its respective lake. 

mean air temperature and precipitation at Puerto  
Aisenin northern Patagonia．Values of N．D．indi－  
cateatypicaldischargeofglacialorigin，withaclear  
seasonalfluctuation．The maximum discharge oc－  
cursinJanuary，Withaspecificdischarge oftheice－  
covered and adjacent mountain areas of about 400 
E／km2s，Whichis about4．5times higher than the  
winter discharge．This seasonal variationin disr  
charge is thus closely related to the temperature 
variation，andascanbeseenfromFig．3，itseemsto  
be independent of the precipitation variation which 
doesnotshowaregularseasonalchange．Whenthe  
seasonaldistribution of discharge inthe different  
rivers which drainfrom the PatagoniaIcefields are  
COmpared，a1lofthem．show similar features having  
theirpeaksinsummerandminimumvaluesinwinter  
（see Fig．4a）．On the other hand，this patternis  
notablydifferentfromtheoneobservedinotherrivers  
Ofthe areawith smallglacialinfluence，SuCh as the  
Iba貪ez River（Station No．7in Fig．1a）．The dis－  
chargeoftheIbaaezRiverwasanalysed（Fig．4b），and  
itshowsasecondarymaximuminMay，prObablydue  
totheprecipitation．TheJanuarydischargeforthis  
riverisaboutthreetimeshigherthanthedischargein  
winter．  

Frequencyanalysiswascarriedoutforboththe  
Pascua andIba丘ez Rivers，uSing the following  
method：  

At firstthemonthlydischargesforthe observa－  
tionperiod（9yearsforthePascuaRiverand23years  
for theIba氏ez River）were ordered for each month  
from the smaller value（Qmin）to thelarger（Qm。X）．  

S O N D J F M A IIJ J A  
TIM∈ tMONIHI  

Fig．4b．Seasonaldistributionofrelativedischarges  
（i．e．the monthly mean discharge divided by the  
annualmeandischarge）atthePascuaRiver（natural  
discharge），Whichhasastrongglacialinfluence，and  
attheIba丘ez River，Whichhasa weakglacialinflu－  
enCe．  
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Fig．5．Seasonalvariation curves of the month1y mean dis－  
charge（naturaldischarge）witheachexcessprobability atthe  
Pascua River．   

Accordingtotheordernumberanexcessprobability  
WaSaSSignedto eachvalue．Thehighest order dis－  
ChargewasgivenanexcessprobabilityneartoO％，  
While thelowest order one wasgiven one near to  
lOO％・Thus the probability of having a monthly   
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dischargein excess of thelowest value recorded  
duringtheobservationperiod，i．e．excessprobability，  
isneartolOO％．  
Tbeseasonalvariationsofdiscbargeforvariot王S  

excess probabilities were calculated for the two ri－  
vers，andtheircurvesareiilustratedinFigs．5and6．  
AIso the standard deviation（0・）of the monthly disr  
dlargeS（¢）a王1d ot壬Ier parameterS are tabulatedin  
Tables2and3．  

TheresultoftheaboveanalysisforthePascua  
River，Which has a strong glacialinfluence，Shows  
relatively constant values of the standard deviation  
throughout the year．It resultsinalmost parallel  
seasonalvariationcurvesfordifferentexcessprobaK  
bilities（Fig，5，Table2），Whereasthe resuit for the  
Iba桑ez River，With a weak glacialin恥ence，Sbows  
greatervariabilityandpreserlt＄SeaSOnaltrendsinthe  
或andarddeviation（Fig．6，Tabie3）．Inth壬scasetbe  
seasonalvariationclユⅣeSforhigberexcessprobabili一  
員estendtobesimilartotboseco汀eSpOndingtobasiIIS  
withlarge主cecoveredareas，thatis，theyhaveonly  
OneanrlualpeakinJanuary．  
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Fig，6．Seasonalvar主ation cuⅣeS Of血emoぬiy汀Iean dis－  
chargewitheacbexcessprobabiiityattbema薫ezRiver・  

4．Relationship among discharges and meteoro・   
logicalvariables  

A11important feature ofio‡唱and short term  
fluctuations of the Patagonianice massesis consi－  

Tabie2，ぎreqりenCyanaiysisforthe Pascua Riverくnat㍊ra王d主∝baでge〉．  
¢：Mean of払e monthly mean discharge  
育：Meanoft毎annualmeandisc壬Iarge  
¢mi。：Minimum value of the monthly mean discharge  
（？max：Maximum value of the monthly mean discharge  
Q：Standard deviation of the monthly mean discharge  
G：♂／Q  

り．＝   
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Tabie3．FrequencyanalysisねrtbeIba貢ez River．  
Same column headings as Table2．  

MONTH   ¢  ♂  C影  弘一。   払8X   級筍  
m3／s   m3／s  m3／s   m3／＄   

JANUARY   251  50  0．20  411  160  1．60   
FE8RUARY  2ま2  58  0．23  329  121  1．35   
MARCH   155  23  0．15  213  102  0．99   
APRIL   169  54  0．32  345  76  1．08   
MÅY   170  69  0－41  356  47  1．08  
JUNE  121  67  0．55  298  17  0．77  
JUIJY  82  38  0，47  208   28  0．52   
AUGぴST  
SEP′rEMBER  
OCTOBER  
NOVEMBER  
DECEMBER  
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7S  78  卵  78  
Fig．7．Amnl】aivariationsin也e  
Charge）ofthePascua River，a11d  
an11ua重precipitaモion at Te‡1enCia  
1984．   

deredtobe（：auSedby払efluctuationsofmeteorologi－  
Calvariables．Thisisalsoofgreatinterestinprac・  
ticalhydrology such asrunOff forecasting，reSOurCe  
evaluation，floodcalculations，egr、  
Figure7sho耶Variationsin the a11nualmeall  

di∝harge（N・D・）aちthe Pa虻ua River，the annuai  
precipitation and the annuaimean air temperature．  
Wecannotfindclearreiaとionsbetweentbedischarge  
and the precipitation／temperature．The period of  
availabledatamigbtbetoosborttobeabletodraⅥr  
definiteconclusions．  

7き  88  も1  8； 幻   8も  

annt】almean discbarge（nattlraldis－  
the annuaI mean air temperature and 
bke O’‡iiggins sねもion，from1975to  

Theanalysisofdailydischargeswascarriedout  
ねr tbe Grey River（StatioI17b）and shows a fairly  
goodcorrelationbetweenthedailymeantemperature  
andtあediscbargeintbeprecedingday，aSShownin  
Fig．8．Toclarifythistendency，COrrelat毒onanalyses  
Weremadeforthespringtosummerperiodof1982－83，  
among tbe daily discharge，the daily mean  
temperattlre，anddailypreeipitation．Theresuitsare   
listedin Table4．Two regressionequations，Which  
have bigb correlationcoefficien吟are shownin the  
table．‡tisnecessarytonotice，however，that these   
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Fig．8・ロailymeandischargeブairtem鱒ratⅥrea118pr∝主pitatわnatGreyRiverbas主n，たomDecemberi982toMarc壬Ii983．  

Table4，Relationship amongthe daily amount of discharge（Q）．the daily mean air  
te王npera吏ure（㌻）and払e daily amount of precipまtatio王1く彗at tbe Grey River basin，  
Tbe subscriptti’indicates a day．Tk best－fittedlinearregressiorlS Wi払two or  

tllree jndependent variables are：  
REGRESS王ON（3）：¢ど＝0．913（ヨトⅠ十5．16r（℃¶＿1ト7－4j  
REGRESSION（6）こ¢乙＝0．902Qト1十2．47君【1＋5．42［（℃＿1卜7．7】  

REGRESSfON  
No．   

¢ゴ＿1   

2   ¢ぎ仙1，   
3   リ十★t十   

4   ¢f】l，   
5   ¢ト1，   
6   ¢ト1，   
7   ¢ぎ一ま，   
8   ＆＿王，   

results over－eValuatetheinfluence of the preceding  
dayTs discbarge due to the regulation effect of the  
lakeslocate（ゴupstreamofthemeasurementpoint．It  
is noted that the daily discharge seems to depend  
StrOnglyontheprecedingday’stemperature（γ【1）．  

1956；Liss，1970），CoioniaGlacier（uiboutry，1956）and  
DicksonGlacier（PeぬandEscobar，1983）．Consider－  
ingthegreat’extension oftheice－COVered areas and  
theexistenceoflargelakesattheglaciersnoutswhich  
produceanimportantregulationeffect，itispossible  
tosuppose払atthispilenOmenOnmightbeanimpor▲  
tantandnotinたequeI徳Characteristicoftheregion．  

TherearesomeconditionsinthePatagoniaIce－  
fieldsthatcontributetothegenerationofanoutburst  
flood，These are：   

1）The existerlCe（）fvast flat areas on tbeice◆  
fields，partly surrounded by mountains，Canlead to   

5．Outburstf10Odsofglacia［origin  

Severalsudderl幻00ds of g王acialor室ginin t壬Ie  
Patagonia‡cefieldshavebeenreportedandstudiedヰ  
ThebestknowncasesareMorenoGlacier（Lliboutry，  
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Resumen  

Aspectos de hidrologia glacialenla regi6n Patag6・  
両ca  

E‡leSteeStudiosepresentandi短reTlteSaSpeCtOS  
relativosalahidrologfaglaciaidelaRegi6nPatag6～  
nica，bas畠ndose funda汀1entaimerite en eStad‡sti（：aS  
hidroはgicasrecoiectadaspor重osServiciosEstata王es  
CbiienosyÅrge王It隻nos，eiIlねrmaciるndelrendimienもO  
hfdrico delas畠reas pr6Ⅹimas a10S Hielos Patag6－  
nicos Norte y Sur（Balance Hidro16gico Nacional，  
Cbiie，DGA，1984）．Desdeestoscamposde bielo豊  
or主ginancuatro grandessistemasilidr喝rゑficos：1as  
CuenCaS delR拍 Baker，Pascua y Serrano que  
descargarlenelOc佼anoPac壬fico，ylacuellCade】Rio  
Santa Cruz que des（ニarga en elOce畠noÅtはnti（：0，  
babiされdoseinciu言do e11elestlユdioinformac童るn de7  
subctlenCaSdeestossiste‡℃aS－  

Eian畠IisisefectⅥa（ioperm主tiるbacerunaestimaサ  
Ciるndeloscaudaiesespec壬ficosdelas孟reasconbielo  
y t椚a CaraCterizaci6n dela variaci6n estaciorialde  
estas descargas．EIcaudalespecffico medio enla  
ZOnadelosHielosPatag6nicos，deacuerdoalestudio，  
fhc柏a entrei50y 250りkm2slo que equivale a  
Vaioresdeprecipitaci6nanuaimediade4．800a7．900  
mm／a爺ocomoprornedioparaまaszonasdeacum111a【  
Ci6n y ablaci触．Considerandoias precipitaciones  
medidasenまosalrededoresdeicampodebieま0，ylos  
antecedentespreserltados，SeeStimanvaioresdepreciY  
pitaci8nsuperioresa8，800mmね鎧O parala zonade  
actlmtliaci6n．Encuanとo ala（iistriblユCi6nestacio‡laま  
deloscaudales，Seefectuさunan畠iisisdefrecuenciade  
lainforTnaCi6n mensualdelRfo Pascua en r6gimen  
natural（N．D．）．Dicho an急1isis entrega caudales  
m畠ⅩimosenE‡lerOCOrトValoresmedi（）Sdeaproxima－  
damente400りkm2s，elc11aies4，5vecesmayorqtleei  
caudaldeinvierno．La distribuci触estaciona】de‡  
Caudalenlosdiぎerentes r壬OSque drenanlos‡iieまos  
patagるnicosessimilar，mOStrandounaestrecharela岬  
CiるれCOnlavariaciろnestacionaldelatemperatura，nO  
asiotrosriosdelaregi如COnmeriOri‡l幻uenciagla－  
Ciaま，iosctは1espresenta王うun汀ま急Ⅹimosect壬ndario en  
Mayo．   

largewaterstorageandthedevelopmentofimportant  
Supraglaciallakes、aSinthecaseofDicksonGlacier◆  
2）Highmeltingratesoficeandmuchprecipita－  

t主onpermittbe presence oflarge waterstorageon〆  
Withinglac主αS．  
3）Tbeperiodical軋ICtuatioれSOfsomeglaciers  

（suchasMorenoGlacier）makeitpossibletoblocka  
StreamWitぬanadva王1Ci喝glaciaitoれgueandtoorig圭一  
nateagまacierdammedlake，  

Tbis aspect of giacialbydroまogyin Patagonia  
SholユId beinvestigatedbecause ofitsimportance for  
futuredevclopmentoftheregionalwaterresources》  
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上京）  Bu11etin ofGlacier Research  

Ådemまs，Seanaliz61arelaci6nentreeleaudal，ia  
temperaturadelaireylaprecipitaci6n，tantOanivel  
anualcomo diario．A nivelanual，＄e Observ6una  
granindependencia entrelas variables，aunquela  
longituddelosregistrosno permite deducir conclu－  
Sionesdefinitivas．Aniveldiario，elan点1isisdecorre－  
iacionesmuestraunafuertedepende11Ciadelcaudalde  
undiaconelcorrespondientealdel蛮aanteriorycon  

1atemperaもura d主aria，y una relativaindependencia  
COnlaprecipitaci6n．  

Finalmente，Se destacalaimportancia delas  
crecidas por vaciamiento violento de lagunas 
glaciares enla regi6n（J8kulhlaup）ylas caracte  
rfsticas propias dela zona que ねvorecen dicho  
短n6meno．   


