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Fig. 1 Location of Urumgi Glacier No.1
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Fig. 2 The equilibrium line altitude and its anomaly curve of

#, Bt BT 90 m,

HONBLRIK LR (AAR) 2 i it
- 2% 185 JE A5 Al ) — A~ T B4R R,
AAR g% 5 B R 22 X TR 7K1
BURBO L3, LA/ Wevk )1 44 4%
PRIOTES o BEVT4rAi M, AAR 5T
Lk BE S WL B I G, MG R |
RM0.95, V- 4k = i i AAR f14 38 K 1
T FWE . B AAR BOW /N T TH 5 24 |
MAREFER, BAWIBEEAT %% o ¢ 0 ¢ © & 8 & 3 = 8 5 o

Urumgi Glacier No.1

0 A O O T 0o AN 0 © T 0o Aa v
ALK, T RN R, (k)] Sss=z22=s=2=2=2=28 8§
F ST B 98 0 2 TR, PR SEHE5 28532 3R SR
P L TR S B LAY, MO K| P
B S Uk A B 2B - gk sy - Tt B3 1S UKIRIX LR (AAR) 21k

1&% WKJII %lﬁﬂ‘ ?*ﬁ XqL E@ %/_\Héllj(jf [mo Fig. 3 The accumulation area ratio change of Urumqi Glacier No.1
HEFZUN R B X FLRZR, 08 T AARAYAER L, TERFSEIIN, 15 0K)1] AAR 501
BHYFREE (B13), KRATFET 17%, AARZBLIEFEN T 0~78%, F1 7 46%; i F-1f
AEA ) AAR AT 0%~69%, “F-338%; IE-F-AG4E ) AAR AT 45%-~78%, 444 63%.
22 FHEESESYRTE

PR DL b, KN R IO, TR B DU R s .
ML m EEAL , VKNI B A A 2 o AR s B A8 A2 oK) ) o A 0 sl i S e, 40
FV AR, RETUK I RlERsRZY, P ATZ S ey BT MBS, SRITK)ITR
HZ, WAL R4 TS, B4 02 15 vk)1] 1958/1959—2009/2010 4F - £k 15 i
F AT R . W ATLAE H, 2009/2010 4F3Z 0K 1| P17 2 s SR 3 1 s de v,
TN ES, v FIE AR, SERRULINZE , 1%uK)1] 2009/2010 4F- 14 4 5 °F-
-1 327 mm (RRYKIAPEA00E 7 1.47 m), 2052 a®) V-0 g S fe il , s vk
INTEZ D) BV A A A T iR ZIE Rl . AR oV (by) RSP 28 e 32 T A AH B G
R, BT HMNGT R

ELA =4 018 — 0.17b, (2)



128 H %/ % O % i 30%:

4500 Pt RHCR H 0.80, Hei 4%

w0 | W1, T 5T G A 1

w00 | HEHE, PR PH/ 100 mm, 674
ELA=4018 -0.17b,

R=0.80,N=52 FEKE ETH17mo fiaC (2) AT, wk)IAbF

g““‘ g T RIS I 0 A i i (RS k)1 4
= 4100 f i o Wy A N R TR B ), B

4000 1 gLk

I ELACH 4 018 m,
3900 | 23 FEEASESAERSE

N , LR UK AR, LRk
S0 1000 s o s 000 IR, UUREEMBURN. WK

e L IREL, P B LT, UK

T IR TR 200012010 ‘ N R, FRL MBI R, K

4 PAPREIL (ELA) TICRET () Ay i 25 BT i 2
ig. 4 The equilibrium line aItlt.ude (I%LA) Versus mass (0221 I . S i O

balance (b,) of Urumgi Glacier No.1 (e o AF1 ﬁﬂk}llﬁ 52 a E/J:F@Ijz'ﬁjgli

4500 ST TR AT T AERE AT, SE SR

CHEBEMS (), HETERBR Y
0.81, 7254 5 JE X St s il A5 e ) 2
0T FLAZ394a+ 144 WA U . 1R 5 R 5
RO F, TR, P
s 0 5 Tl B0 T R
WA . A0 260, SRR I 10x
10°'m®, gk s Tt 14 m,

B0 e e e a0 3 TR X A AR A ) A
AN0'm®
2% (=) U B BT fE E
S L BUKITHLERIE (ELA) S50 CARFRN, 15N PERFE
(A) HFEZ HBESIRBIEMI, 5K,
Fig. 5 The equilibrium line altitude (ELA) versus net 2'—‘1%”%%@%)%%%55%%@ N ﬁiﬁéﬂ(
ablation (A) of Urumgi Glacier No.1 2SR R, W T4k 5 S XS

s A B BURYE . K6 25 T 15 0K)1] 1958/1959—2009/2010 4F- -4k i Ji 5 K P A 4
v YR (5—8 1) AEMUKEAE R, LUF RIS R mE (ELA) 5
AR (T, FBKE (P) Mg ER:
ELA =3 860 +66.8T. (R=0.50, N=52) (3)
ELA=4 158 —-0.20P (R=0.18, N=52) (4)
GEREW, PHAEHESESVHRE (5—8H) REENIEME, “HHERK
R70.50 ({2 MK Sig.=0.00<0.05), 4 Z VI RFE, “FArdk m R 2l -
[E 6(a)]. X455t i et 1958/1959—2009/2010 4F V-T2 vas i o B 257 2 A R AR AR 1Y
U . BRI, PSR B A2 X K s, B ORI 2, P AL
AN TR, SRR [E 6(b)].
o Ll XA B B K R AR PR AR AL, LR i VK| 0 S AL S R R T 24 v



134 ETR % 52 aRINGEARFFM L5k AL M B S U RITSE 129

4500 4500
@ o (b) ©
4400 | 4400
4300 4300
4200 4200 |
g g fe) (@]
= [m] RS (e}
< 4100 1 o EDE o < 4100} 88 2°00w s
o o o Q 0
4000 4000 00 07D o
@ OB 0 pas 3860 + 66.8T, RO, °
3900 - R=0.50,N=52 3900 1 ELA=4158 - 0.20P
3800 | 3800 - R=0.18,N=52
3700 L : ! L : L 3700 L : L + : . .
15 20 25 30 35 40 45 50 300 350 400 450 500 550 600 650 700
HEVHIRBE/C Rk B /mm

K6 15k m S E 2R (@) FROKE (b) RR

Fig. 6 The summer temperature (a) and precipitation (b) versus equilibrium line altitude of Urumqi Glacier No.1
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Study on Equilibrium Line Altitude and Its Relationship with
Climate Change of Urumgqi Glacier No.1 in Tianshan
Mountains in Recent 52 Years
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Abstract: Urumqi Glacier No.1 is located at the headwaters of the Urumgi River in eastern
Tianshan, it is one of the ten reference glaciers around the world in World Glacier
Monitoring Service (WGMS). It is considered as a key element of the system because of its
special geographical position in arid Central Asia. As a reference glacier in the WGMS
glacier monitoring network, it provides the longest glaciological and climatological
monitoring record in China. Equilibrium line altitude (ELA) is defined as the altitude where
the annual mass balance is zero. Glacier behaviors such as advancing or retreating are
controlled by ELA variations, and fluctuations of ELA provide an important indicator of
glacier response to climate change. In practice, the ELA is a narrow zonal area, and not very
easy to be identified on the glacier surface, therefore, the determination of ELA is mainly
done based on the contour map of the annual mass balance of the whole glacier. This paper,
based on ELA data of Urumgi Glacier No.1 during 1959-2010, studies the changing process
and characteristics of ELA. The results show that ELA experienced three phases during the
whole observation period. ELA presented a slow ascending trend in a normal fluctuation
range before 1986, with a mean of 4051 m a.s.l; it descended slowly from 1986 to 1996,
with a mean of 4035 m, however, it ascended promptly since 1997, with a mean of 4125 m.
In 2010, the highest ELA was observed which surpassed the glacier summit, implying that
the whole glacier was ablating in this year. During the study period, ELA range was
between 3948 m and 4484 m, with a mean of 4067 m, and the general tendency was
ascending continually, ascended about 90 m. Accumulation area ratio (AAR) as an important
indicators of the ELA change showed obvious decreasing trend, descended by 17%. Analysis
shows mass balance and ELA has significant negative correlation. When mass balance
decreased by 100 mm, ELA would ascend 17 m and glacier ELA was in a steady state,
namely zero ELA (ELA:) would be 4018 m. As the net ablation increases, ELA shows an
ascending trend. Data analysis shows when net ablation increased 10x10° m®, ELA would
ascend 14 m. Analytical results of the ELA sensitivity response to climate change suggest
that every 1 ‘C summer temperature increase would lead to 82 m ELA ascendance, and ELA
would descend 41 m when annual precipitation increased 100 mm. According to the
difference of ELA sensitivity in response to summer temperature and precipitation, ELA
ascendance was controlled mainly by summer temperature.

Key words: equilibrium line altitude; mass balance; climate change; Urumgi Glacier No. 1



