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Fig.1 Map showing the Svalbard archipelago and the location of glaciers whose mass balance had been studied
1
Table 1 Basic information of the seven glaciers in Svalbard
/m
/km /km?
Austre Brgggerbreen 600 60 6.0 6.1 1967 -2015
Austre Lovénbreen 550 107 3.7 4.5 2005 -2014
Hansbreen 510 0 15.4 56.7 1989 — 1995 1998 -2014
Irenbreen 650 125 3.9 4.1 1995 -2015
Kongsvegen 1050 0 27.0 101.9 1967 -2015
Midtre Lovénbreen 650 50 4.8 5.5 1968 -2015
Waldemarbreen 570 150 3.3 2.6 1995 -2015
2
Table 2 Information of the two meteorological stations in Svalbard
/E° /N° /m
( Svalbardairport) 15.28 78.15 28 1965 -2015
( Ny—&]esund) 11.55 78.55 8 1975 -2015




704 39
3 -2 082 mm 39 mmo
Hansbreen -7 153 mm
3.1 272 mm. 2004 —2008
2009 o Iren—
o breen Waldemarbreen
N /
o Austre Brgggerbreen ~ Kongsvegen o
Midtre Lovénbreen - Austre Lovénbreen 2005 - 2010
1968 -2015 2011
—-453 mm- 42 mm -380 mm 1987 o
1991 3 5000r
o 3
0
- 2005 -2014 Austre Lovénbreen E -5000
ﬂ'g -10000F o Austre Broggerbreen
2014 8 —ax— Austre Lovénbreen
& _15000F —— Hansbreen
o Irenbreen B —&— Irenbreen
—e— Midtre Lovénbreen
Waldemarbreen -20 000} —e— Kongsvegen
—*— Waldemarbreen
-25 000 L L . L L .
—840 mm —700 mm 1967 1970 1980 22 2000 2010 2015
o Irenbreen 2010 5
° Fig.2 Variations of the cumulative mass balances of the
Hansbreen o seven glaciers in Svalbard
3.2
40 15m - 672 mm
™! ~ 1095 mm ( 3).
Austre Brgggerbreen + Kongsvegen
*' . Hansbreen Midtre Lovénbreen
-1 100 ~150 mm .
-298 mm. 1989 —-2005 Hansbreen 963 mm
2005 - 2005 - ~-1279 mm
2014 o Austre Lovénbreen v Iren—
1989 -2005 0 breen Waldemarbreen
2 ° o Irenbreen
Waldemarbreen
o Kongsvegen .
- Kongsvegen .
(0~1050 m)
. 1978 —2002
1996 .
1470 mm 1997 - 2004 2005 - 3.3
2008 o Kongsvegen ( ELA)



50

705

1200 12001
_ 600 \/\ ] 200 _M [
£ £ oo — &
¥ b PES
i -600 i 600 A L
£ g 8 ATV S A
-1 2001 TN 12000 % v -
-1 800L— ) A -1 800 . L A . ) ;
1967 1970 1980 1990 2000 2010 2015 1975 1981 1988 1995 2002 2009 2015
Sy
(a) Austre Broggerbreen (b) Midtre Lovénbreen
1200 1200+
600
\E. E 600 w
g o & of — &
B 00 = -l
g B -600 |
-1 200 1200+ N e
-1 800 A A . ) . ) -1 800 — . A ) . . A
1986 1990 1995 2000 2005 2010 2015 2008 2009 2010 2011 2012 2013 2014
4 4
(c) Kongsvegen (d) Austre Lovénbreen
1000
14001
\,.¥ \/\/’\/\/—\/ 500 \__————‘\\
E 700f g
s —x¥w £ o}
& oF A &
e B -1l x s — s
= | A o, (- B o
8 oo A g e B
-1 400F A T SN -L000F
_2 100 1 L 1 . L L 1 - 1 L L L
1990 1995 2000 2005 2010 2014 2002 2003 2004 2005
P 1
(e) Hansbreen (f) Irenbreen
1000
500k W
E
£l
& — L
g -500} L ERg
-1 000 R SN
1500 - Pt S
1995 1998 2004 2007 2010
A
(g) Waldemarbreen
3
Fig.3 Variations of the seasonal mass balances of the seven glaciers in Svalbard
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Table 3

3

Information of mass balances of the seven glaciers in Svalbard

/mm /mm /mm /m /m /m
Austre Brgggerbreen —-453 -22 170 439 428 331 47
Austre Lovénbreen -387 -3510 297 431 360 57
Hansbreen -298 -7 150 272 358 314 -3
Irenbreen -840 -11 760 796 437 308 231
Kongsvegen -40 -2 080 39 553 535 56
Midtre Lovénbreen -380 -18 250 380 407 302 14
Waldemarbreen -700 —-14 740 685 427 292 103
o Irenbreen AAR 28% 2015
-0.92 o Midire Lovénbreen AAR
( 230 m) . Kongsvegen 23% 3 o Walde-
-0.97 marbreen AAR 18% 1998 2013
20: 29 AAR
o Midtre o
Lovénbreen AAR
-0.94 48 14 m o
140 m. Waldemarbreen
-0.87 20 4
103 m. 4.1
20 o
2 o Austre Brgggerbreen N 4( a)
Irenbreen « Midtre Lovénbreen Walde— 0.27 °C + (10a) ™ 1901 -2014
marbreen 3.05 C -6.01 C.
(
o Kongsvegen 7 o Mann-
Kendall 0.01
o 1999
3.4 7, 4( a)
( accumulation area ratio 0.79 C - (10a) ™
AAR) 0.21 °C + (10a) '
# WGMS .
AAR o
AAR ( (R=0.73),
0.84) . AAR
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12% 2000 2001 400 mm
o Irenbreen AAR 200 mm.
30% . Kongsvegen



4 : 50 707

8 -
.~ P N e 600
4r N il 0 BBRMAE X R K i
% ] BB E R :
T al 1§ 300
%
&
Bl
12— . " s — 0 u L - ! -
1967 1970 1980 1990 2000 2010 2014 1975 1980 1990 2000 2010 2014
4 oy
(a) =l (b) Pk
4 (a) (b)

Fig.4 Annual variations of summer mean temperature in Ny-Alesund Station and annual mean temperature in Svalbardairport

Station ( a) and winter precipitation in Ny-Alesund Station

2, 20%
1975 -2014 (10 4 ) Kongsvegen
4(h) o
o 40 (2) 672 mm
116 mm —1 095 mm o
1993 490 mm S
(143 mm) 1982
268 mm. °
12 (
) 0 °
. (3)
AY 26 (
. -0.89) (
4.3 0.84) , ( ) 100 mm
( )21 m
( )4.5%
27 o
« ” (4) 20
(R=0.73)
28 °
1
15~20 C 7 ’ ’
5 o
(1) 50 ( References) :

N / ° 1 LiPeng Yan Ming Xu Yuetong et al. Calculation methods of



708

39

12

glacier terminus variation based on GIS: a case study on Austre

Lovénbreen in Arctic J . Journal of Glaciology and Geocryolo—

gy 2012 34(2): 367 -374. .

GIS : Austre Lovénbreen
I 2012 34(2): 367 -374.

Zhang Guofei

ance change in east and west branches of Glacier No. 1 at Uriimqi

Li Zhongqin Wang Weidong et al. Mass bal-
riverhead China during last 20 years J . Chinese Journal of E-
cology 2013 32(9): 2412 -2417.

.20 1

J. 2013 32(9): 2412 -2417.
Su Bo

study on mass balance between the continental glaciers and the

Li Zhonggin Zhang Mingjun et al. A comparative
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 -1139.

] 2015 37
(5): 1131 -1139.
Xu Mingxing Yan Ming Kang Jiancheng et al. Comparative
studies of the glacier mass-balance and their climatic implications
in Svalbard Scandinavia and southern Norway J . Journal of
Glaciology and Geocryology 2010 32(4): 641 —648.

Svalbard
] 2010

32(4): 641 —648.

Hagen J O Liestgl O. Long—erm glacier mass-balance investiga—

tions in Svalbard 1950 —88 J . Annals of Glaciology 1990
14: 102 - 106.
Hodson A Kohler J Brinkhaus M et al. Multi-year water and

surface energy budget of a highatitude polythermal glacier: evi-
dence for overwinter water storage in a dynamic subglacial reser—
voir J . Annals of Glaciology 2005 42(1): 42 -46.
Lefauconnier B Hagen J O @rbxk J B
trends in the Kongsfjorden area western Spitshergen Svalbard
in relation to the climate J . Polar Research 1999 18(2): 307
-313.

Jania ] Hagen J O. Report on mass balance of Arctic glaciers

et al. Glacier balance

R . Cieszyn Poland: International Arctic Science Committee
1996: 28 —54.
Svendsen H Beszczynskamgller A Hagen J O et al. The phys—
ical environment of KongsfjordenKrossfjorden
Polar Research 2002 21(1):

an Arctic fjord

system in Svalbard J . 133 -

166.

Yan Ming Ren Jiawen Zhang Zhanhai et al. The progress of
glaciological studies in Svalbard and Chinese construction of glac—
Ny-

ier monitoring system close to Yellow River Station

Alesund Svalbard J . Chinese Journal of Polar Research
2006 18(2): 137 -147.
J.
2006 18(2): 137 —147.

Ai Songtao E Dongchen Yan Ming et al. Arctic glacier move—

ment monitoring with GPS method in 2005 J . Chinese Journal

of Polar Research 2006 18(1): 1 -18.
. 2005 GPS J .
2006 18(1): 1 -18.

Xu Mingxing Yan Ming Kang Jiancheng

studies on mass balance of glaciers Svalbard Arctic J . Jour—

nal of Glaciology and Geocryology 2007 29(5): 730 -737.
Svalbard

et al. Progress in

13

15

17

20

21

22

23

24

I 2007 29(5): 730 -737.
Cheng Zhenbo Shi Xuefa Wu Yonghua
Norwegian Svalbard islands and glacial geomorphology in the
Arctic regions J . Advances in Marine Science 2008 26(2):
260 -265.

et al. A survey of

J. 2008 26
(2): 260 -265.
Xu Mingxing Yan Ming Ren Jiawen et al. The studies of sur—
face mass balance and ice flow on glaciers Austre Lovénbreen and

Pedersenbreen Svalbard Arctic J . Chinese Journal of Polar

Research 2010 22(1): 10 -18.
Svalbard Austre Lovénbreen  Pedersebreen
J. 2010 22(1):

10 - 18.
Ai Songtao Wang Zemin Tan Zhi et al. Mass change study on
Arctic Glacier Pedersenbreen  during 1936 — 1990 - 2009 J .

Chinese Science Bulletin 2013 58(25): 3148 - 3154.
Pedersenbreen (1936 ~
1990 ~2009 ) J . 2013 58(15): 1430 -

1437.
Sun Weijun Yan Ming Ai Songtao et al. Ice temperature char—
acteristics of the Austre Lovénbreen Glacier in Ny-Alesund Arc—
tic region J . Geomatics and Information Science of Wuhan U-
niversity 2016 41(1): 79 -85.

. Austre Lovénbreen

I ( ) 2016 41(1): 79 -85.
Ding Yi Xu Yuetong. Analysis on the characteristics of tempera—

ture change from 1901 to 2014 in Svalbard in the Arctic Pole

J . Journal of Green Science and Technology 2016(2): 15 -
18. . Svalbard 1901 -2014
J. 2016(2) : 15 -18.

Hagen ] O Liestgl O Roland E et al. Glacier atlas of Svalbard
and Jan Mayen M . Oslo Norway: Norsk Polarinstitutt 1993:
12 -13.

Bjornsson H Gjessing Y Hamran S E et al. The thermal re—
gime of sub—polar glaciers mapped by multifrequency radio-echo
sounding J . Journal of Glaciology 1996 42( 140): 23 -32.
Kang Shichang Yao Tandong Qin Dahe. Characteristics of cli—
matic change in Svalbard in the Arctic and comparison with the
QinghaiXizang Plateau J . Scientia Geographica Sinica 1998
18(4): 312 -319. Svalbard

1998 18(4): 312 -319.

Grabiec M Jania ] Puczko D et al. Surface and bed morpholo—

gy of Hansbreen a tidewater glacier in Spitsbergen J . Polish

Polar Research 2012 33(2): 111 —138.

Wang Weidong Zhang Guofei Li Zhongqin. Study on equilibri—

um line altitude and its relationship with climate change of

Uriimqi Glacier No. 1 in Tianshan Mountains in recent 52 years
J . Journal of Natural Resources 2015 30( 1): 124 - 132.

52 a 1

2015 30(1): 124 -132.
Ye Wanhua Wang Feiteng Li Zhongqin et al. Temporal and
spatial distributions of the equilibrium line altitudes of the moni-

toring glaciers in High Asia J . Journal of Glaciology and Geo—

cryology 2016 38(6) : 1459 - 1469.
J. 2016 38(6): 1459 —1469.
Zhang Guofei Li Zhongqin Wang Wenbin et al. Change



4 : 50 709

processes and characteristics of mass balance of Glacier No. 1 at 26 Jaedicke C Gauer P. The influence of drifting snow on the loca—
the headwaters of the Uriimqi River Tianshan Mountains during tion of glaciers on western Spitsbergen Svalbard J . Annals of
1959 -2009 J . Journal of Glaciology and Geocryology 2012 Glaciology 2005 42(1): 237 -242.
34(6): 1301 -1309. . 27 Chen Jianwei. North-Atlantic current J . Man and the Bio—
1 1959 -2009 sphere 2016( 1) : 33. . I
I 2012 34(6): 1301 -1309. 2016(1) : 33.
25 Jiskoot H Murray T Boyle P. Controls on the distribution of 28 North-Atlantic current have a new “support’ J . Ocean World
surge-type glaciers in Svalbard J . Journal of Glaciology 2009( 12) : 5. “ A I
2000 46(154): 412 -422. 2009( 12) : 5.

Variation characteristics of glacier mass balance in Svalbard Arctic
in recent 50 years

HE Haidi' LI Zhongqgin'>  WANG Puyu” ZHANG Mingjun' WANG Lin’
( 1. College of Geography and Environment Sciences Northwest Normal University Lanzhou 730070 China; 2. State Key Laboratory

of Cryospheric Science / Tianshan Glaciological Station Northwest Institute of Eco-nvironment and Resources

Chinese Academy of Sciences Lanzhou 730000 China)

Abstract: This research aims at analyzing mass balances of seven glaciers in Svalbard Arctic including Austre
Brgggerbreen Austre Lovénbreen Hansbreen Irenbreen Kongsvegen Midire Lovénbreen and Waldemar—
breen by using their long-time series of mass balance. Also the effects of temperature and precipitation on the
mass balance are discussed. Results show that: In recent 50 years glacier mass balance in Svalbard has been
mainly in negative balance and zero balance with slightly positive balance two states. Cumulative mass balance
has showed a negative balance without fluctuation in a short term except for Kongsvegen. Seasonally there has
been ablation in summer and accumulation in winter with ablation in summer more than accumulation in winter.

Between glacier mass balance and the equilibrium line altitude ( ELA) there is a negatively correlation ( mean
R = -0.89); between glacier mass balance and the accumulation area ratio ( AAR) there is a positively corre—
lation ( mean R =0.84) . Most glacier accumulation area ratio is going to decrease showing glacier mass supply
is in a disadvantage resulting in a negative balance of glacier mass. Summer temperature increasing is probably
a direct cause for accelerating glacier mass loss.

Key words: Arctic; Svalbard; glacier mass balance; equilibrium line altitude ( ELA) ; climate change



