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Meteorological and hydrological data for a drainage basin of a mountain glacier, the Gulkana
Glacier, Alaska, monitored by U. S. Geological Survey (USGS) for more than 40 yrs, are correct-
ed and retrieved. Interannual variations of daily mean air temperature and daily precipitation near
the glacier and daily runoff rate at a proglacial stream averaged over the ablation period (June to
September) indicate that the increasing rates of 1968—2010 and 1985—2010 are 0.012 C/yr and
0.014 °C/yr, 0.024 mm/yr and 0.041 mm/yr, and 0.092 mm/yr and 0.25 mm/yr, respectively. Thus,
the runoff rate and precipitation tend to increase greatly in the recent years. The daily glacier-melt
runoff rate averaged over the ablation period was obtained on the assumption of zero englacial
water storage change over the period. As a result, the glacier-melt runoff rate exhibits the linear
relationship with the daily mean air temperature near the glacier. The summer ablation of the gla-
cier was larger than the winter accumulation in many years, consequently indicating that the net
mass balance is negative in almost all the years. Especially since 1988, the net mass balance is
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negative in any years. The tendency of greatly negative cumulative net mass balance since 1988
suggests that the glacier thickness become zero in ca. 2160. Meanwhile, the glacier area tends to
decrease greatly and linearly since 1993 at the rate of -0.18 km?yr. This indicates that the glacier
area would be zero in ca. 2096. The large decrease of cumulative net mass balance since 1980°s
is common to the three glaciers, Gulkana, Wolverine and South Cascade, monitored by USGS
since 1960’s. The decreasing rate of glacier thickness in 1980’s to 2004 is -0.74 m/yr for Gul-
kana Glacier, -0.78 m/yr for Wolverine Glacier, and -0.71 m/yr for South Cascade Glacier, thus
showing the similar tendency in thinning.

I. 1 C & Iz

TR DM ERIR IR AL IS o (LRI OHE IR 240 &, FFIT 2000 AT A Y IR O IR SR A3 5N
EFICH D Z PRI TNS (Cogley, 2009). Z 2T, K OHFEE (shrinkage) &%, K
DEEFEDORD (retreat) EKIEDEHE(L (thinning) D WS 2 EE L 72kl 0 E&FD 2.
1961~2003 4E[IC BB TR O N ILFE KT OBEEN L T —212X 5 &, ZOROT 7 2%
DA DT AR 53.8 Gronlyr, £~ T F~F v b ~H T 21 ADKITCIE 30.7 Gronfyr T
% (Dyurgerov and Meier, 2005). %72, GRACE fi£IZ X 2EHED 5, 2002~2005 4FfH
DT T A J KW OIF-EHEIE R 1T 101 Gton/yr, 2003~2009 EfH Ot~ T ¥ ~F Xy h~h T a3
LR DG HERER I 47 Gton/yr TH Y (Matsuo and Heki, 2010), ITHIZIIT 2 HEER 0N,
K7 7 A KT OFE L WHEHRBED D, ol TDOMERRIE, HoHESICkDbND
KOS & HBIBFRIZ S D (Meier, 1984), T Z &iX, KFAOHHENL ORI X 5 HER
LV LEOBMFIC L ZHREICKREENTND Z L 2E%RT 5.

it 7, 1990 4E R4 12 B 1F 2 KT O HAE L, 7T A B KT TT7.46 X 10'km’, b v T ¥ ~F Xy
h~HF 2 LAOKFT 1.16 X 10°km* T, HHIIHIE D 155%TH 5 (Dyurgerov and Meier,
2005). SV, HAEEYZY OKELHE (mAKLRE) ITONT, 7IZAHTOKHEITE~
TX~FT XNy b~ 72V EOKF LY bIKEDORDED 2 HELL EEmnWT 12722 (Dyurgerov
and Meier, 2005). 72, 7 J X WIKH OFGHRDBFEFHIC K E WAL, 4% L < OFRPHLE
ThHDHMN, HMEEBOKRNKNE ZfRSE - A7 v - —BE-EH L CIREBHRT 2 OKK T
EE DI O 28R X, LB ToORER L OZ O#INEIHERFIICE ] (K5
JT, 2006, 2011) ZEDBERDO—DEEZLNLTWS, L2rL, 772 0OKIEELENIT 1949 4
~2009 F D RIE _EF-2RI1E 0.035C jyr 7225, 1970 ERP IR ICKIB OS2 e LR PR 5N, 1977
FLIRIIFR E EH L TWiawvy (Alaska Climate Research Center ; URL http:/climate.gi.alaska.edu/
ClimTrends/Change/TempChange.html) . 1970 AT DKIR > 7 M EVEHE AKIRZ B 23 KKUTE 2

FEEL LT Z 2 KT 10 FHAEIRSE) (Pacific Decadal Oscillation) 12K % & Wioit (Mantua
et al., 1997; Hartmann and Wendler, 2005), ZAUIXHIERIERE(L & 13MSZ L - HREH TH S, i
¥, FN— LV TEHESEPEWE ERIR LA RITE < (Shrestha et al, 1999), b~ F ¥ DKk
TUX 1977 ~19944E 4T 0.03~0.12 C [yr THD. T O EHZFIZ, 77 27 OKFHETD 0.014
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Clyr £V b@Ev (BRH, 2007). 51T, & 2 KFHROMERERIL, JKIFHBIFEET 5 Fiksim o
M) X AR & BN 2 HIERIRIC L > TRE2ZEPBN S (Liu et al, 2010). ZD XL,
AT BT DK DFE L WFEIRICOWT, BEMICIEE FROLLLHERT 5 2 LICERERD 5.

Z 5 L e oK ORI - SeF 2B E 2, ARERSCTIESKEME AT (U, S. Geological
Survey) 2% 1960 41t X 0 B 21T TWD 3 » AT OKIFIEOHh S, 7728 « HvhFk
I x5 & U TREBROIKIEENIC OWTHEGR T 5. & 2 TH A FIKRE 28 A E B f i,
ORI — 2 R OK L FF)IOFEERICH 0, KT OE BN BB S M~ )|
DT 5 2 2 BRI E IR 2225 TH S (Wada et al, 2011).

II. ARFRHOBME L BAFGE

KEMERER (USGS) ICk - T, 1960 FR0 564 H % TKINER - KEOBHRINTHON
TWDIKIEIX, 77 A D H NV HF KA (Gulkana Glacier, AL 63° 167, VhiE 142° 257 #%
1,125 ~2,473m) vy 7 U LK (Wolverine Glacier, Abf& 60° 24.5°, VPEfk 148° 5457 ;
E 460~1,640m) BIOU > b UMH T A - A — KK (South Cascade Glacier, Ab#%
48°21.37, AR 121°03.5°; £5 1,665 ~ 2,518 m) Dk TH 5 (URL: http://ak.water.usgs.gov/
glaciology/index.html). Fig. 112, A IAIRFFExIER D 4V A F- K] Ot & sk NS DAL E 2 7R
I Tk (@R 31.1 km®) EH A FKFREL DI T 27 =7 > - 7V — 27 OKAER
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Fig. 1. Location of a weather station, Delta Junction, and a glacierized drainage basin upstream of a gauging sta-
tion, site PC, at proglacial Phelan Creek, and a weather station, site WS, in the drainage basin, including the
Gulkana Glacier and the Pegmatite Glacier (modified after March, 2000). The three white circles on the Gul-
kana Glacier indicate measurement points for the glacier mass balance.
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HPC HR 2 REER (1,125m) &L, 7IAH « ZFFINOXFETAVZNOFEEBICH 5. i
WO E AT R 2,473 m TH D, PRI OIKFHEIE, B FoKE, BIOERS B HFK

AT DT~ E A KA GRY, MEOEHBLRIIBLZI:1THD (Fig2). K&
%meeﬁﬁ(%%lmmm)ﬁ«77y4bﬁﬂ@%ﬁﬁxdﬁww%KM®E#4b-%v—
v EAIET D, B, TNAAFIKMOKRIBIIENT 7 ) TEOILTWD, HAhF K&~
~Z A MK OEFHERE AL, 1967 45T 22.2km” (RIKEED 71.4 %), 1993 4£T 19.8km® ([F]
63.7 %), 2004 4£T 17.3km” (F155.6 %) THD. Zhn bR BILDAKITHEERE OB HRIX
1967~1993 4 T 0.092 km’/yr, 1998~2004 4T 0.23 km’/yr & 721, JT4EDFE L WA FE#E /N2
OOLID, 2B, PCHURIZRIT 2 WEIIIKF _ EDOKIRDIE & 72 2 KIFVHFER 6 H~ 9 H TH
MK 90% & &, O OFHROBUN - KINKBREETHL Z R0 5. WRIC, Hv
F1 F KT T OBRRIF A2 LU TR ISR T

KT OE BN 1L, K EoRFEH3 A Fig 1l 0AR) ICAT—27 L ¥y b E2FET, KT

Phelan Creek

Fig. 2. USGS gauging station, site PC, at a proglacial stream, Phelan Creek, from the Gulkana Glacier and the
upstream view (June 2006). The drum on the right is a shelter for the gauging station.

REOEHELFELEBHNE T4 0T v 7 AE%E L ->TWS  (March, 2000, 2003; March
and O’Neel, 2011; Mayo et al, 2004; Van Beusekom et al, 2010). Z® 3 i (#% 1,370 m,
1,690 m, 1,840m) %, FEEOERVIEIZ, KA OIEFE (FERIEREREICINR), FlRmE (F
FEREENSE ») ffi, WER EREREEMCNIE) ORERELTHEHSNS. Zh
HDRTIE, AFIOKNNEREINTEESOR, TROLEAKEZEPEFEIH~5ADOHIC
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—ERE SN, BERICEEELEET KL EOENMEE S~ 10 HoMic—EllEsnsd. Z
MU ZDEDOER 100 m MROHEREZR L, HERICEOFEORKINEETHRT S LT, £hE
K EEOAFERINT, BEFEENZEZKYE (m) &L TROTWD, KR, ZoOERE
FEOEWREEN L TROOND. £, ZOLEIFEOTMEREE (Eem bELND.

KA A & ORI, 725>« 7 ) —27 OKALIE PC HiE T 15 22 Mg THlE S, [F
R T OBAFEEE O PR FEBLA 2> & AR ~FR R 25k T, KA SiEICE#RIND, 0
HEYT—21%, USGSO U =7 ETAMIALTWS (URL: http://waterdata.usgs.gov/ak/nwis/
uv/?site_no=15478040&period=14). 7 =7 > + 7 V) — 7 [ZFHHEEE) KI5 M O B0 K2 Eh)
MREWew, BEEHEOBIRREZEIT S5 ~10 % FEETH S (March, 2000, 2003). [RGB
WS HS T, KR - BkE - B2 15 2R CEHIIE A TR Y, HEBHKIR - HlE « B
WEEOMEIT Y = 7 F (URL: http://ak.water.usgs.gov/glaciology/gulkana/met/index.html) 2>& 4 7
vu— RKPBAHETH 5.

I T—420EBEEER

USGS 12 X 2 A NHF KR OBEEINFK - KB - KALT—# 13, 1966 4% 7213 1968 54 H
FETHLATNDN, &F, a7 —2KEPDHL. £, BHIKGROERTPETIC LD RN
REOERGBDOOLND., DD, LIS T2 OEITCEEEPLETHD. v, K
WL THWD 7 =21, BT KD 0 ORER S E-S 5 6 A~ 9 AEHOfE - Kl -
HgEAKET =2 ThHY, USGSICL > TR SN 2010FE9 A0 HETOT—FTHS.

WS HIH DKL 1967 F 10 A 1 BB E5HETHELNL TSR, KIRITDOWTIE 1968~1998
HIIFEEX 10 CoTFHr o —, 1996 4£~2010 tFi3FEE = 0.1 CoTVH VB —%H
WTHIE &7z (March and Trabant, 19965 March, 2003). /R, 1996~1998 4E ¢ 3 4F[H 1L &
VY —EERLcEESETH L. oW oOnWT6 A~9 Ao R EBERIEEZ LD L, TV
I Y —DE (y) BT Ferltr—off (o) KVK12CRET—BL TEWI Lbhro
7e. ZoBFRERRATRT L,

y=0994-2+122 (R®=10.986, P<0.001) (1)

ThHo., ZoEIFREHWT, 1968~1995FD 7 F v J{EEZT VX NMEE L TEBR L. E77,
WSH#IED 6 H~9 HIZOWT, KIRITOWTIE 1976 4F & 1992 4F, /KT 1992 4F & 2004 4F
1220 HUL EOXRPIRH D, ZDesd, WSHISEOILILE 86km ICH DTV H - Vv v 7 v a v
Zeyk (B 389 m; Fig 1) OX%7T—ZzHv, 6 H~9 A D& OFHKIR & I HEKEIC
DWW, WHEHOMBENS, KA ZFOH OfEZRkDiz, #RLLT, FEHKIE (C) ko
WTi,
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Y= 0747 -z, — 486 (R* = 0.958, P < 0.001) (2)
TEYHBKE (mm/day) [ZDWTIH,
yp = 0.200 * z, + 1.38 (R* = 0.645, P = 0.025) (3)

DEYFAPELNTZ. ZIT, x4 1, TENTENT VY - Vv 7Y a3 VEETOR A DR
B ESEHHBAKE, yn y, ZTNEFR WS S OKH OEHKIE L FHHEARTH D, FHH
BRI OV T, EHRIRICHAHEBEIIE. LaL, oK ML (7l 21X, WS Hig
ORI 26.5km [TdH D37 Y U Z2H) IR L BRI bEW D, ZZTiE, WSHIA
BAET—ZOETHELT Q) REAVDZ L E LR, FERELT, (2)(3) XEH, WSH
RITHRIT D 1968~2010 £l 6 A~ 9 A 0% AFHRIR L % A FH HBKEPE L.
PCHIETHD 6 A~9 HRET —Z 122\ T, 1979~1989 FEiF &< KL TR Y, ZoHifo
F— A EETTHMLEND D, M, WSHE TORET —FI1E 1976 4, 1992 4E, 2004 4D 6
H~9 Blc RIS S o7, fERE LT, iEOFHHIM 1968~1978 £4F, 1990~2010 ££D 5
H 1976 4, 1992 4F, 2004 FFEZBRNTZFED 6 H~9 AT —Z 122\ T, [PC #iE D B i)
& ITWSHUROFEKIR T ('C) & ¥ HEKE p (mm/day) ] & DR OBIREZTR T, ZDORER,
ER & LT,

g = 000244 - x> + 0311 - 7, (R*= 0.853, P < 0.001) (4)

PELNTZ., T2 T,q X PCHIETD 6 A~ 9 AMOESH FEHE (mm/day) T, E4 H i E (m?/
day) ZFEmERE 311 X 10'm” CHRLEZMETH S, £, z,=/+T +p T, 22T, f=60(—1E)
Ll DLE2S, 1968 4E~2010 4FI2>WT, 6 H~9 ALY ORIE - HEKE - HiH &2
Boirz, Zhic, 1966 F~2010 FH O F#EE  (equilibrium line altitude; ELA), 1966 4
~2009 FEFDOKEEINE, 3 XU 1966 F£~2009 FEB DKM EFE (—4H % March and O’ Neel
(2011) ICREH) DT —F %Mz D LT, INIFKAOBEOE#F#IDHZLLT5.

IV, KAIDRRFEEE & KRN

1966 4E~2009 FFIC 3 1F 2 BNV FIOKR OB &EINGE (m KYE) OEL% Fig. 3 1R T. 40
BENXIE, Z<0FTI~2mAKYEOHAICHY, BEO KLY RELTHIEE—ETH
5., HOEENZIL, £ TOFETATHY, BT 1993 FELKE, KELSBOLTWDZ EBbrs.
FERELT, EROEENKITIEEALOFETATHY, EONFKLFEE, 1993 FLIEK & <
WAL T, FICRTEIFBEMROEE TR L, XOEENFIT+6.1 X 10" m/yr, EOEEIL
1% -0.020 m/yr, IEBEOEEINIE -0.021 m/yr T, B OMEED TOKITIEDRE 2 D % £,
Ko ERILEN 2R L TWD. E72, [FEEIC 1985 £E~2009 4E [ T, & DB &IV 13 0.0022 m/
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Winter
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Fig. 3. Interannual variation of the summer, winter and net mass balances in m water equivalent for the
Gulkana Glacier.

yr, EOBEEINFKIL -0.034 m/yr, EBROEEINEIE -0.032 m/yr T, IEFICAPNWEEED LF,
B L EROBEENEZOEADBHBO S, ZHUTEEL T, 1966 45~2009 4 0 H v H 3 Kiw]
DOEFEZEAL % Fig. 4 1TRF. 1966~2009 4F [ O FREH D R 1% kL K E LT -0.077 km’/yr Th
5. LaL, EROERENEN 1993 FLFERE JEPLTWD Z Lkt L, 1994 45 5 Ef

25
20
\—eeeovoa\ —
OG0TTDoE
mw‘;o\..'
~~ .w\
=~ vy =-0.0772x +171.25 /
= 2_
g R”=0.856
= 10
ko] y =-0.177x +370.96
2 R*=1.000
O
5
0
1960 1970 1980 1990 2000 2010 2020

Year, x

Fig. 4. Interannual variation of the Gulkana Glacier area.
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BT L TR Y, 0P #HIE -0.18 km/yr T 1966~2009 D 2 fETH 5. b LI D%
ERAT D L FTHUE, HLH KL 2096 4EE TITIEIE AT S L FRENS. LaL, EBITE,
JENT 7 ) TEOIVIZIKIHIIK R ~O A H3H S h, AR50 OBEVIEEE L L TEb
5728, ZOE D dead ice & L CRlITIERD Z L3 EXHINLD.

Fig. 3 TOIEME R OE Ik, KT NI Fig 4 OEBEZEICEBEB L TN+
K] O IEBRARFE DFEE L % Fig. 5 1R T, 2B, HICIEADERE 1000kgm® & L THEL =
KTEEOEREROEEZ LR, KLY, 1988 £FITH HKAOE & OAH - BEITE
BRI L, R TR & 40D 1988 AE~2009 4 0 4 v J1 S KR K JE 0 2 388 B 1k
-0.862 m/yr, [RIZK{ &k E &2 IT -12.2 Mton/yr, FEZELRIIT-122 X 10°m’yr TH 5.
F7o, EBROEREENCOREEIL, 1966 4-~2009 40 43 £ T -21.8 m, 1985 4E~2009 4=
D 24 [T -17.1m, 1999 H~2009 4 10 M T-79m TH Y, FEWIRITZNZH -051
m/yr, -0.71 m/yr, -0.79m/yr TH 5. T LV, EFEICmMWEE{L (glacier thinning) 2303 L
TWHZERbb, 1976 465 A 28 HIT, A B F K LD 2T — 27 3&%i&E A 3 45 (Fig. 1 DEAL)
TR—=F TN« TAAL—H—ZFAWTKERHE S 7z (March, 2000). Zhic ks &, HEE
I 5 T 50~150 m, EHHRATIT A T 70~270 m, JHEKL T 180m OKERDH -7z, ZDLED
ORI AR DNEEPKIE Z 150 m & 34U, 1976 420> 5 2009 4 FE TOKER 73 22m 2 EFET 5 &,
2009 4 D FHPKIEIE 128 m & 72 5. Fig. 5 DEFR, y, = -0.8612x + 17082 Z V5 &, ZD
BB w L 5 FRIL 2160 FEIC2 5, Db D, EWREOM/ N 61X 2100 FHEH, KEDHD
D25 1% 2160 AT H VI FOKWAHEA T2 Z LB TFREND.

0 oog 0
O@gl

—_ '99 900000 : : i i
e/ I - 1 ! ' —_
E 50 _'.OOODUQOQOQ i Mass balance 15 3
= | ®s oo T i | =
X | o e, vy =-0.8612r + 1708.2 E
— _IUU R . . 7o TR . . e . _10
- i i R*=0992 3
S B Volume or mass i ]
£ = ; : 2
E = -150 i i -5 F
z = =
= = | ’ ‘ i i <
=T | 1y ==12.23x + 24226 ! i ]
E‘.: = 200 I R 4 . . S S . NS S——— R TR
9 oZ R*=0.986 E
£ E i i i 2
R . | T e = 4 25 w©
3 5
o ! ! | s ! =
i) =
£ | | | =
S -350 : : i -35

1960 1970 1980 1990 2000 2010 2020

Year, x

Fig. 5. Variation of cumulative net mass balance (m water equivalent) and cumulative net change of volume
and mass for the Gulkana Glacier. Regression lines and equations for 1988 — 2009 are shown.
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WS #i,5 D% 5T —4 & PCHIUEDRET —Z 122\ T, 6 A~9 AMOEERIE - F H Bk
&7, BXOEYRKESORFELE Fig 6 I d. KPoRME, BEUFK (2)~4) ZHNT
BHRLIETH D, KIRT 3ERIL, WIFNLEAD ML v K2R/, KR, FkE, &
IZOWT, ZRF10.012°C fyr, 0.024 mm/yr, 0.092 mm/yr O _LF-LKE2EFHS (Kb oFEH). B

8
Q 7~
Air Temp. \/ \ 8
Q Q@ K Q o K Q 6 5
<
25 ; i 5 £
\ Runoff R ){! y &=

S ¥ \ {\o
y 3
Precpitation

i A V5 S 0 o { Quoboes &R
A eSS ¥ Y ot N
0 i i i
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Fig. 6. Interannual variation of mean air temperature and mean daily precipitation at site WS, and mean dai-
ly runoff rate at site PC over June to September. Gray lines indicate 5-year moving averages. Black circles
show the data retrieved by regression equations (2) — (4).

Precipitation or Runoff Rate (mm/day)
5

1985 E~2010 £ » EF-RI1¥, 424 0.014 C /yr, 0.041 mm/yr, 0.25mm/yr T Y, Fig. 3 D
HOAOEENSITHIS LT, IEFEOREEEAPEE THS. 2B, 6 H~9IHD4 » A%
KIGZHIRE & L, Z OB TORMRK - FIAKDKATNETE & PC #iS B CORFE - RIERE
DR TE S L9, Fig. 6 TOHWMME DD HEKE L ZE LB W IZEKIEHRIC X 5 B i
HEc/2 5, £, PCHE LFEOIKIKICITzE EMA TR <, REITEEOEREZ VW LILE
BEOEWT 7 ) TEHDLIWTRY, EREHOEAKETITZT 2T - 7 V=7 DJIKEDHRTHD
(Fig.2). ZDZ Eh b, PCHIR EFOIEANIR TOARBBEIIEETE L. £z, 9 HHHU
BeaBRWNT, 6 H~9 H ORI REC)IKHE TIEAR LV bt L ARG OB L L TF
BN BA, K OSGETRRICH 32 (FH, 2007; Chikita et al, 2009). —J, 14 H
R B DK IGEARE TEOKIM N OB TR T 77, S X o> TR —KUCHE s h o A X
FRFEAET D (Kido et al,, 2007). LU, /KIGHIR 2 adIic LR, IFREEMIE
HBH/NE W Z L A3 Kido et al. (2007) 12X > TREALTN S,

PA L7226, Fig. 6 1C3617F 2 K@l fE B it s o B EE T EicZ Y L vwx 5. Bl
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6 A~ 9 AM®IFE B KRl e & WS HS ORI & OBfR % Fig. 7 1CRd. W oM
WCIEE B2 (R?=0.558, P<0.001) 23538 5h, 0O EIXKIR O A0 B IKI ElffE %z KD
% Positive Degree-Day % (Braithwaite, 1995; March, 2000, 2003; Ohmura, 2001) D%k % 7R
95, gkl (2007) 12 XAuE, TEEEHIRT T om0V JOKI o Rl iR B B I BV 1k & Posi-
tive Degree-Day i C5~7 % DEXH Y, TIUIBREDO HFEOFIEEZRL TND.

30

b
L
T

b
=
T

i y=351x-7.78
. R°=0558(P<0.001)

=
-

Lh
T

Glacier-melt runoff rate,y (mm/day)
7

Air temperature, x (C)

Fig. 7. Relation between mean air temperature at site WS and supposed mean daily glacier-melt runoff rate at
site PC over June — September in 1968 — 2010. Black circles show glacier-melt runoff rate calculated from
the retrieved runoff rate at site PC in 1978 — 1989 (Fig. 6).

IV Fg F KA O AR BE (ELAS m as) I OW T FREADS Y, 1966 4~ 2010 4Ef] T 1.00
m/yr, 1985 4E~2010 4T 28 m/yr ThH 5 (Fig.8). BED LHARTEZ D L, P 2150 £l
EE 2200 m ICEL, BEEMEEALEE TS, ZHICFig 4 \ORTEEZEL & Fig. 5 ©XK
EOWRYEEETD L, HhFIKIIETERE 2100 4~2160 12137 7V THbi7z dead ice %
BLEELTWD ZENTHEINS,

A, BE Bl —2 %26 HA~9 AT —ZIto\T, BEOEH & EMEIR
ZEEDIFEREE Table 11TR$. 1968 4£~2010 4F (F 721% 1966 4-~2009 4, 1966 4F~2010
) [ & 1985 4E~2010 4F (F 7213 1985 4E~2009 4F) IDFEHMHEIC OV T, ERERENE 2K
& 1985 4E~2010 4F (7213 1985 4E~2009 4F) HIDF 300w <, SEFEICm > THIML T
DI ERbrd. Fio, ZLHEIT 1985 F£~2010 4 (F721F 1985 4E~2009 4F) FHIAFEXTAYIC =)
W, BRI, B &R (ELA) O _B7-2R1T 1968 45~2010 4F (% 7213 1966 4E~2010 4F)
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1 ! 1 1 ! 1

ey = 20.0221x + 43,394 o

5
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1900 =
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1800 2
1700 E
: £
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Fig. 8. Interannual variations of net mass balance (Fig. 3) and equilibrium line altitude (ELA) for the Gulkana
Glacier.. Regression lines and equations between year (r) and net mass balance or ELA (y) are shown.

Table 1. Mean and standard deviation of mean air temperature and mean daily precipitation at site WS and mean
daily runoff rate at site PC over June to September, equilibrium line altitude (ELA) and net mass balance of
the Gulkana Glacier, and their annual rate in 1966 (or 1968) to 2009 (or 2010) and in 1985 to 2009 (or 2010).

Years 1968 - 2010 1985 - 2010 1968 - 2010 1985 - 2010
Mean *+ Std. Mean * Std. Rate Rate
Air Temperature (°C) 54*09 55+ 09 0.012 °C /yr 0.014 °C /yr
Precititation (mm/day) 43+ 1.7 44+15 0.024 mm/day*yr 0.041 mm/day*yr
Runoff rate (mm/day) 155 £ 4.0 16.0 = 4.4 0.092 mm/day-yr 0.25 mm/day-yr
Years 1966 - 2010 1985 - 2010 1966 - 2010 1985 - 2010
Mean *+ Std. Mean = Std. Rate Rate
ELA (m asl) 1771 = 65 1777 = 60 1.0 m/yr 2.8 m/yr
Years 1966 - 2009 1985 - 2009 1966 - 2009 1985 - 2009
Mean * Std. Mean * Std. Rate Rate
Net mass balance (m w.e.) -0.44 £ 0.64 -0.64 = 0.69 -0.022 m/yr -0.033 m/yr
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