37 5 Vol.37 No.5
2015 10 JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Oct. 2015

doi: 10.7522/j. isnn. 1000-0240. 2015. 0127

Su Bo LiZhongqin Zhang Mingjun et al. A comparative study on mass balance between the continental glaciers and the temperate glaciers: Taking

the typical glaciers in the Tianshan Mountains and the Alps as examples J . Journal of Glaciology and Geocryology 2015 37(5): 1131 -1140.

_ J . 2015 37
(5): 1131 —1140.
1 2 1% 1 1 1 1 1
(1. 730070; 2.
/ 730000)
1 NN + Careser
Sarennes 60 a
: P343.6 A : 1000-0240( 2015) 05413140
39-11
0
12
1-2
\ o 20 50
i : 20
4-8 15-16
: 2015-0541; : 20150748
: (2013CBA01801) ; ( KIZD-EW-G0301) ;
(41471058) ; 2015 ; 2015
(1994 )

E-mail: gssubo@ 163. com
: E-mail: lizq@ lIzb. ac. cn.



37

1132
17-19
L 1
20
25
17
N . 5
1 ( 1
20-22 ) R
+ Careser
Sarennes ( 1 5
( ).
; 26 (430 -
45° N)
0 C
2-23
N (WGMS) 1986
6 000
2 a 10 (1994
) %
5 WGMS
24 1 <<
» * 4
WGMS {Fluctuations of Glac—
iers) ¥ {Glacier Mass Balance Bulletin) *

Fig. 1

(@) Rilifk

48°N

(b) Fr/R BL 407 LAk

Maps showing the geographical location of the studied glaciers: (a) in the Tianshan Mountains and ( b) in the Alps

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1133

2.1

31

. 2
5 2
1500
1000
500
0
o 500
é -1000
& -1500
§ -2000
-2500
-3000 82741 —=— Sarennes*5 7k JI|
-3500 ——REusE skl —*— Careser'5 ikl
AT —— FREFERRA
_4500 L L 1 'l L L L L 1 L L L
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 20104
2
Fig.2  Variations of annual mass balance of the five studied glaciers
2000 5000
0 . J
, W ok

a 2000 [ y,=-84.336x+165517 3 E o®
- + R*=0.8228 <

£ -4000 B 5000 by=-52882c103170

& 60001 $,=-197.15+388163 b R=03018

= -8000 R*=0.9328 g -10000 |- ¥,=-658.96x+10000

K -10000 | 8 R*=0.9896

2000k B -15000 - *

B 12 P=-67332x+10° B 2%
-14000 - R=0.9958 20000 - y,=413.9x+811131
~L6000 T (c) 152kl oo | @ ERSER £709543 d
-18000 N L L L -25000 1 1 I I

1955 1965 1975 1985 1995 2005 20154F 1955 1965 1975 1985 1995 2005 20154F
0 5000
0 1,=166.07x-330088
-5000 - 2
som O R=06197
-10000 | |
p=28175v+549523 B R

E -1s000}  R=08732 £ 1s000 -0.

£ & -20000 [

5 -20000 - y,=114.05x-232108 § -25000 -

= R=0.4789 9

§ 25000 ‘*§~ -30000 = 1475.7x+3x10°

& -30000 | & -35000 1 R=0.9874

B 15000 - ,=928.78x+2x10° B& 40000 - ‘

(o) FRAS A R=0.9886 -45000 |- (d) CareserykI| N
40000 L L L L N L 50000 1 L 1 1 1 1 L 1 L
1050 1960 1970 1980 1990 2000 20104 1965 1970 1975 1980 19851990 1995 2000 2005 2010 20154
0
-10000 | ;
g 2000 y=S1320xi99630
2
£ ook R=09628
ﬁ 40000 2,=86.31x-188447
& - R=0.5979
§ -50000 |
B -60000 | ;
$=-1782.1x+4x10° o
~70000 [ (¢) SarennesykJI| R=0.9525 %
-80000 ! 1 ! ! ! 1
1945 1955 1965 1975 1985 1995 2005 20154
3

Fig.3

Cumulative mass balances of the five studied glaciers with linear regression curves in various phases
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Table 1  Basic information and phasic mass balance information of the studied glaciers
1 Careser Sarennes 3
1959 1957 1953 1967 1949
* /m 3743 ~4 484 3 467 ~4 209 2507 ~3 739 2 880 ~3 278 2650 ~3 175
ELA/(m *a™") 4056.1 3820.9 3092.2 3282.7 3 100
% /C -9~ -7 -7~ -5 -5~ -4 -4~ -3 -3~0
% /mm 500 ~700 1008 1374 1 450 -
1959 - 1985 1957 -1972 1953 - 1973 1967 - 1973 1949 - 1976
/mm 374 520 925 400 420
/mm -708 -780 -1229 -1280 -2990
/(mm ah) -94 -65 -334.4 -241.3 -707.4
/(mm *al') -84.34 -52.88 -281.75 —-280.95 -513.21
11:16 8:8 5:16 3:4 7:20
R? 0.823 0.302 0.873 0.765 0.963
1986 - 1996 1973 -1992 1974 - 1981 1974 - 1980 1977 — 1984
/mm 106 110 760 990 990
/mm -723 - 1480 -310 -320 -110
/(mm *a") -242 -648.1 -67.4 -65.7 -216.3
/(mm = a™") -197.15 -658.96 114.05 166.07 86.31
4:7 1:19 4:4 4:3 5:3
R* 0.933 0.990 0.479 0.620 0.598
1997 -2014 1993 -2014 1982 -2014 1981 -2014 1985 -2014
/mm 63 602 32 -130 760
/mm -1327 -1 467 -1797 -3 317 -4153
/(mm *a™") -670 -417.7 -898.2 -1397.7 -1809
/(mm *a™") -673.32 -413.9 -928.78 -1475.7 -1782.1
1:17 6:16 1:32 0:34 2:27
R? 0.996 0.954 0.989 0.987 0.953
/mm *a”! -308 -399.9 -582.3 -999.8 -1102.2
(% *a™") 0.30 0.45 0.57 1.50 0.95
1966 - /mm -17 572 —-22 542 —-31 283 -48 992 -58 590
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1
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1
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E. Thibertl (2) ( )
Sarennes 100 mm 1 N . .
} Careser Sarennes
1982 ( )17+ 21, 31, 16, 61 m; 1 N
S Careser
1976 1976 ~ 1982
1985 115.8. 154.7. 237, 129.4 m
2
Table 2 Some characteristics of AAR of the studied glaciers
1 Careser
AAR 1% 45 ~78 42 ~80 53 ~81 16 ~98
AAR/(% +a™") 63.20 61.30 71.30 63.20
AAR 1% 0~69 0~54 0~72 0~32
AAR/(% < a™") 38.00 33.60 41.50 3.95

AAR /(% +a2) ~0.39 ~0.70 ~0.71 ~1.10
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A comparative study on mass balance between the continental glaciers
and the temperate glaciers: Taking the typical glaciers in the
Tianshan Mountains and the Alps as examples

SU Bo' LI Zhongqin®'  ZHANG Mingjun'  GUO Rong'  SUN Meiping'

CHE Yanjun' YING Xue'
( 1. College of Geography and Environment Sciences Northwest Normal University Lanzhou 730070 China; 2. State Key Laboratory

of Cryospheric Sciences/Tianshan Glaciological Station Cold and Arid Regions Environmental and Engineering

Research Institute Chinese Academy of Sciences Lanzhou 730000 China)

Abstract: Under the background of global warming most of glaciers retreat all over the world. According to the
water-thermal environment that glaciers developed in as well as glacier physical properties continental glaciers
and temperate glaciers can be classified out. The two type glaciers exist significant differences in degree process
and mechanism in respond to climate change. So it is of great significance to conduct the comparative study on
mass balance characteristics and mechanisms in respond to climate change between the two type glaciers. In this
paper the Glacier No. 1 at the headwaters of the Uriimqgi River and Tuyuksu Glacier respectively in east and
west Tianshan Mountains and Hintereisferner Glacier Careser Glacier and Sarennes Glacier in the eastern
central and western Alps respectively are taken as sample glaciers. The characteristics and mechanisms of the
mass balance change are compared for the two glacier types. Based on a comparative analysis on the differences
in amplitude of fluctuation and phasic change of the mass balance during the 60 years. The results show that the
temperate glaciers have greater amplitude of fluctuation than that of the continental glaciers due to their differ—
ences in water-thermal environment and in sensitivity to climate change. Phasic change of mass balance was simi—
lar in the Alps but was much different not only between the glaciers in the Tianshan Mountains and the Alps
but also between the two glaciers in the Tianshan Mountains. This indicates that the difference not only exist
between different property glaciers but also among the same type glaciers. In addition on the basis of predeces—
sors” research on glacial retreat mechanisms the similarities and differences in mechanisms of glacier mass
balance between the continental glaciers and the temperate glaciers also studied. The air temperature rising during
ablation season and the glacier surface albedo reduction are considered responsible for the accelerated ablation not
only for the continental glaciers but also for the temperate glaciers. Moreover the ice temperature rising and the
glacier fragmentation are another important mechanism for speeding up ablation of the continental glaciers and the
temperate glaciers.

Key words: glacier mass balance; the continental glaciers; the temperate glaciers; Tianshan Mountains; Alps;

climate change



