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Modeling the Response of Glacier System to Climate Warming

T aking Glaciers in China as an Example
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Abstract: According to the Glacier Inventories of China, glaciers in China can be divided and sub-divided as 16 large, 44 less
large glacier systems based on the watershed. On the basis of the structure of the glacier system and the nature of the
equilibrium line altitudes at the steady state, functional models of glacier system responding to climate warming were
established, using Kotlyakov — Krenke’s equation relating annual ablation of glacier and mean summer temperature and the
representativity of glacier system’s median size. T he models are applied to the study of theresponse of glacier runoff to climatic
change. T he effect of decreasing air temperature due to rising of glaciers” ELA and reduction of glaciers area were considered
in these models simultaneously. The modeling results under the climatic scenarios with temperature increasing rate of 0.02 K/
a and 0.03 K/a indicate that, by the year of 2030, glacier runoff of China will reach climax level, then it will fall down, and get
to the level of 20th”s after the year of 2050. If climate continuously warming,the glacier area will continuously reduce, and by
the year of 2030, 2050, 2100, the glacier area in China will averagely reduce for about 6% 9% ,10% 15%,23.2% 34%
respectively .

Key words: glacier system;variation prediction;recovering state; functional models

1
- , , ( ) ,
[1]
, i _ _ _ _ 21 46246
- , 59 400 km?, 5593 km?, 4 1

, 16

, , ) (

, , 1) ,

13 [4]

©) : 2005-07-06
: 40371027
CHA #(1937- ) B, s s A, 3R, 1960 SF 2 R0 BRE AR 5 R 5 45, A E BAE R BARAAF T



. 78. 12
, (ELAJ) \
[5 13]
100 (2] ,
[14]
, ELA, 4
; il
22 ELA,
21 10% , ELA,
°E 90° E 100° E Hue
e 87 —_— ] ELA,.,
45°N ——— [14
ELA., ELA,
/ N )
A 2.4
\ . S S (S¢/8)
40°NL__, X% $10 000 % (AAR), ,
1 . \\/ AAR ’
- - 7 AAR ELA, , AAR
- 40°N -
35°N - s Y ) ELA,.
-~ e : N~ S
e, -1 A ,
T T AARo
A )
¢ . v s 135°N 2.5
A\l . . . A
30°N A e N , « "
'\H(‘;‘v :.I/Q e o, N f 23,
PR N 20°N 4= 1.33(9.66+ 1) (1)
] Vit . a (mm) ;t,—— (6
|22 N 8 )
80° E 90° E 100° E , (1)
1 a ¢
(Ka) ,
2 ) ELAo Ka
2]
(V) (8) (v L4
() ,
[17]
( 70 , 60 80 ELA, (bn")
) 1980 (bn) 2% ,
2.1 261 , ELAe
2.6
erl/l](e L1el S ineds B 5 ELA,
L . y
S med ; ( )
, tras Y ELAn
2.2 t= tpat ARYF At (2)
i :Ah= hpa— ELA. tya— 600 mb 500 mb
6 8 s hpa—— )
y— (- 0.007 5
[17] [12,14,18] - 0.0055 K/m), Nj——
L1] B . OK 1.0K . K
(H ) 0.5k 1.0 1.5
(H ) AH 1961 1970 ,
2.3 _ ’
(ELA), ELA. ELA, S
[ 2] “ " [27] “ n 28]
(ELAwW 1



5 79-
1
Ls a0 Wo AH
(N) So/km? Vol km? Smed/k m? ELA/m AAR /10, /mm [ km> /m
5Y4 2194 1334.75 61.9473 1.54 4633 0.76 0.16 894 1. 19395 2100
5Y51 5Y59 1581 1865.05 128.5280 3.25 5112 0.73 -0.54 724 1. 32862 2840
5Y81,5Y82 446 252.73 12. 6330 1. 11 3915 0.73 1.96 1444 0. 36483 2125
5A25,5Y12,5Y76 416 293.20 16. 4924 1. 41 2879 0.84 4.76 2670 0.78277 2134
5X04, 5X12 2385 2048.16  143.7127 2.50 3768 0. 66 2.94 1818 3.72447 3560
5Y7 3399 2250.19  137.3461 1.45 3813 0. 69 2.09 1491 3.35485 2845
5Y64 5Y69 10439 18354 2212 7.00 4989 0.71 -0.83 660 12. 04997 5931
5Y61 5Y63 1368 2132. 14  173.3425 3.47 5368 0.78 - 1.98 444 0.94625 2042
57, 5213 7812.62  772. 1809 7.74 5770 0. 69 -2.43 374 2.91790 2307
5L 380 316.32 17. 8845 1.12 5219 0.75 1.75 1371 0. 43367 4100
5N 2021 1730. 18 115.4290 9.79 5274 0. 68 1.84 1402 2.42623 4000
502 10813 14491.22 1293. 1336 5.15 5312 0.62 3.03 1855 26. 88121 5400
01 2192 3609.31 327.1103 7.15 5552 0. 69 - 0.01 851 3.07152 5400
50 2033 1451.26  93. 6509 2.25 5668 0.76 1.77 479 0. 69515 2900
5]3,5]4 176 172. 41 12.2941 3.22 4668 0.83 0.60 1012 0. 17446 2162
5K 1332 1895.01  147.2649 4.28 5290 0.77 0. 14 818 1.55163 4800
46246 59400  5592. 8945 5.75634 5141 0. 69 0. 68 1037 61.57458 59316
T.:
3.1 T_lhl 180(+ 1){53 218, 1= ( 11)13] 10(+3210(}
. ,
i ) 151, ( 10)
,(10) ,
w [29] . S;
_ _ &
W= (rot ra) (5= Sa) e S= Sl G or)
T P P Se— S, Se,  (11)
84— ; T., T.< 1
’ ’ ’ 3.2
Wo S4 (3) (11 :
o= UL (4 , $ et
ro+ rq
So Si, ( 10)
T b= v e T. S . S= S
b, N Lap=ro, | | = re, = . 50% . Sm]
o= :—; (2) T., ; 50%,
Sot S med T, s
Si= or 1 (5 , ,
S, , T, )
S.= o (6) Sl . !
o+ 1 Wi i (
(3 (4 ) ai Si
Te (1, Wi= a:Si/1 000 000 (12)
h= 53. 2150— 11.32 (7 1 000 000 ai mm km
So (7 (6) 3.3 ( )
vy , (1D Si
vi= vo= o= 53. 215" 1- (oﬁ) L3_ l(xfzf(] (8) . ZSO_
S i S() 1A
5= "’+T‘ hy : , .
hd= ”—f: 2l0(+_ll{53.21800_3[1_ (L) L3_ M } :
5 ot 2 ot 1 o 1 Vai= | ba| Si/ 900 000 (13)
(9 i

| bl



80- 12
y Vi y | bm‘l S; (T3) 1470, 820, 590 390
= (14
v, 900000V, > s
4.2 100
2 |bm'| Si 2 ’
’ ’ 900000V, W/Wo, S/ So VIV
(T5) 1, S s 8 120 (1980 )
Si=0 T WIW, , SISy VIV,
( 10) ,
3.4 0.01,0.02,0.03,0.05K/a ,
, 11. 5%, 23.2%, 34%  54.
AAR, R 4% , s s
s : s R 0.05K/a ,
AELAo= K 1(AS/ So) *+ K2(AS/S0)*+ K 3(AS/ So) (15) s
ZK 1 Kz K}
5 1.4~
ELA 1
JAY; s ,
M= YAELA (16) ’
SY— , - 0.0075 §:\ 0
- 0.005 5K/m 0.
ELA, ) 0.
’ [31] ’ 0.
4 0. 1200 1600
T/a
s 1.2
’ 1.
) 10 ,
4 S :0.01 K/a 0.02K/a 0.03 K/ 0.
w
a 0.05K/a, s % 0
’ 0.
4.1
s T, T, 0.
Ts ( ) Ty, 0. . -
(Wiav); T> (W= Wy :T5 , 400 800 1200 1600
(W= 0), . T/a
T, 5 ( @o 1:0
) ) ’ T T ’ 0.9
AW max! W o 0.8
0.7
g S
T, X 0.6
. 0.5
0.4
’ ' ' 0.3
y 200 mm ) Tl 300 l 0.2
0.05K/a AW ol W 5 o1 1 ,
T, T, ) 0 400 800 1200 1600
9 T/a
, T PE:1.0.01 K/a:2.0.02 K/as3.0.03 K'a:d. 0 03 K.a
T> . :1.0.01K/a;2.0.02K/a;3.0.03 K/a; 4.0.05K/a
: Ts : 2
T, s
5
,Ts
1 0.01 K/a,0.02 K/a, 0.03 K/a s

0.05 K/a ,

’




s 2
) [4]
( ) 2 2 2 2 2
s 80 2 30 40
s s 0.034 s
(2] (31 300 400 20
[34 80 [13]
0.30¢
0.95 s 20 80 60
0' ) i 0.4 K, 0.02 K/a,
| 0.03K/a : 0.5 K/a, 1, 0.025K/a 20
J0.15F .
N 0. 02K/a 80 ,
e T , 1985 2001 1958 1985
<0.05
0.5 KI*7, 0.03K/a 5 2 R
0.00 40 (0. 06) (0.03 K/
-0.05¢
a) R
-0.10} )
_0. 15 L A1 1 1 Il Il 1 1 1 1 1 J
1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
T/a
0.0 so/ S0 /
0.05K/a km? /a o /kmz (K- u’l) la 1%
- L \
0.1 0.02K/a 1 L9400 28  0.0% 14 1.95  0.03 30 0054
J0.2F \ 48.041 B 0138 [38]  45.99 0.03 28 0137
N 03K/a
99,3} 13,846 277 0.0% [4 1788 0.02 27 0GS
<
102,215 27 0.0% [4 19816 0.02 27 06l
0.4} 0.01K/a
255 B 0.1 [®] 13L4 0.05 6 0164
-0.5} \ 899.31 31 0.017 [40] 947.2 0.03 31 0017
-0.6 P T S S R T TR W T RO S 8498 3 0.02 [4 8493 003 31 0082
1980 1990 2000 2010 2020 20}0/:040 2050 2060 2070 2080 2090 2100 20s B 00 (4 405 002 T 007
MR B 0.1%9 [4 &8 005 3 020
0.01K/a 13425 3 0.0 [4 138425 0.03 31 0.05
0.02K/a 202.66 3 0.107 [4 20266 0.05 3 0.05
\ 2899 3 0.0M [4 28929 003 3B 008
\0\% 804.9 46 0.071 [41] 28920 0.02 4 0071
25410 3 0.06 [4 225410 0.02 3 0062
0.05K/a
46474 B 0.09 [4 4610.4 0.05 3 0.05
-0.5¢
0. 536.98 3 0.0 [4 53698 0.03 R 004
-0.6 L L L 1 L L 1 L L L L 5924.85 3 0.049 [4 531531 0.05 3 000
1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
T/a 206.65 3 0.09 [4 240282 005 3 002
59400007 4 0.05 [ P40.07 0.03 40 0055
3
[1] Kor axoB B M (PS,U,aKOp). [ s o ormre awmin C joBapyf M| . Jlepunrpam; 'mpposerearsmar, 1984. 1- 206.
[ 2] s s , . E— [J]- ,2000,22(2): 106-

112.
[ 3] [IPCC, Climate Change 2000: the scientific Basis| M]. (eds By Houghton J T. et al). Cambridge UK: Cambridge
University, 2001. 1- 98.
[4] , , .o [A].
[M]. : ,2002. 18- 50.
[5] KormkoB B M, I'posBa s M . Tioprep@® M B. Peakims o JefieHeny g Ha TIpe 1 rosiiiienav eHery g K uMaTa. MaBecrus AH CCCH J] .
Cepusa 'eormduueckas, 1991, 5: 34— 45.

[6] Kor mxoB B M, JleGeneBa 11 M, Boav ok Hble vaveneHus a0 /WMy JeIHA KBOrO CrOKaBbl (OUaMIIMX TOPHBIX TpaH Asud B CBssU C



. 82. 12

r ot JeBM 11 orer jeavem Kmvama| J]. MU, 2000, 88:3- 15.

[7] Xie Zichu,Liu Chaohai, One Nobuo- Fluctuations of glaciers in Tianshan and Qilianshan Mountains and its influence
upon desertification in Central Asia[ A]-Proceedings of theJapan— China International symposium on the Study of the
M echanism of Desertification[ C] - Tsukuba, 1993.25- 35

[ 8] , , - [J]. ,2001,23(1):7-
15.

[9] Liu Chaohai, Kang Ersi, Liu Shiyin, et al. Study on the glacier variation and its runoff responsesin the arid region of
North west China[ J] . Science in China (D), 1999, 42(Supp) : 64— 71.

[ 10] Ye Baisheng, Chen Kegong. A model simulation the processes in responses of glacier andrunoff to climatic change[J].
Chinese Geographical Science, 1997,7(3): 243- 250.

[ 11]  Ye Baisheng Ding yongjian, Liu Fengjing, Liun CaoHai. Responses of various-sized alpineglaciers and runoff to climate

changel J1 . Journal of Glaciology. 2003,49( 164): 1- 7.

[ 12] ) . 21 [j].“ ”,2000, 45(4):434— 438.
[13] , , — [A]. . . , —
[M]. : ,2002.
[ 14] , , . — [J]. ,2002,24(1): 16— 27.
[ 15] . [D]. : , 2003.
[ 16] HKpeare A H, Ma odmen B enmmkdeix aicrevax B reppuropuun CCCP[J]. JL, 151upporereonsnar, 1982, 1- 288.
[ 17] , , , . [J]. ,2004.26( 5) : 551- 556.
[ 18] s . , . [A]. s s
[M]. : , 1998,98- 117.

[ 19] Kysmunuenox B A. O paciere [ a1pefeHeHus TOPHLIX J@IHM KOB 110 Bol core| J] . MIM, 1996, 80: 195- 199.

[20] Hess H die Gletscher- Braunschweigl M| - Verlag von F. Vieweg u. S. 1904. 426.

[21] Kpeurke A H. " it Jemple v Perv aa Jeable Sa kagoiepHoau 1losm AKkymy jamy B Jlenmik @eix Cu aevax| J| . A Tiac Cuaex HO—
JenoBbix PecypoB Mupa, 1997, 11(1) :205- 230.

[ 22] , , . [M]. ,2003, (4):380- 388.

[23] Kotlyakov V M, Krenke A N. Investigation of the hydrological condition of alpineregions by glaciological methods[]].
IAHS, publ. 1982, 138: 31— 42.

[24] . B . [A]l. [M]. : , 1996.
13— 29.
[ 25] , , ;o [J]. ,1996,18(1):1- 9.
[26] ) , . [J]. , 1994, 16(2) : 119-
127.
[ 27] . [M]. : , 1990.
[28] ArnmcCmxuo emnoBeix pecypB Mupa. Tou. 1. " aBubit penakroB] M| . B. M. K or ymka, MockBa, 1997.
[ 29] ) . [A] ( )lcl.
, 1996. 455- 461.
[30] , . [A]. , ( JIM].
, 1986, 1- 6.

[31] TponoB M. B. Maepuus Coxparerus JlemukoB, 'eorpadudeckuit COopruk IV, I' miluo ®rus, usnat] J]. AcafleMuu Hay &
CCCP, 1954, 5- 19.

[ 32] . [J]. ,2002, 24( 3) : 219- 206. 16.

[ 33] , [M]. [M]. : ,
2002. 56— 58.

[ 34] , , . [71. ,2005, ( ).

[ 35] , , [A]. , ,

[M]. : , 1998.145- 160.

[ 36] , 40 [J],1996, 1§ ): 281 288.

[ 37] , , , . 1 40a [J]. , 2003, 25(2): 117- 123.

[ 38] ) , . [J]. , 1996, 18
(4):331- 336.

[ 39] ) , , . [J]. ,2002, 24( 6) : 701- 707.

[ 40] ) 5 , [J]. ,2002,24(5) : 559- 562.

[41]  Yu K Narozhniy,S A Nikitin. Recent glaciation of Altay at the beginning of 21th century [ J]. MI'I, 2003, 95: 3- 106.



