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Fig. I The distribution of glaciers in the Qilian Mountains
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KN AT 4 Xt 3= Fe A, oK) T RN KA = BT o LGB 738 94.99%1195.09% . Hiv 4 115i%
L X UK H 23 A R0 SR kAR T, A s T vk B0 22 T Rl B4 vk i
FRAPNRTE W L5V, vREE B2 e B0 3465, BB ICH vk 35 45, mA Rk
BN 6.32 km® F10.17 km®, ARIE L3t XA vk o3 A e /D T CAIEMN) AT
JGo HFARIE L E/KIE S HE WA E RIS, #BE 63 B vk )1 Bk AR i 458
AV P K 2R G 5 R0 A A 1T e L5 IR MR GA R 2 18] (G JR S T 40, vk RlK A2 37
AN YT N W AT B (EIR—2T oy ) W FHORSE N, g, Hoka el
F K N K 8 P58 B9 vk 113k 2363 45 (88.04% ), T A2 1351.53 km® (84.59% ), vKfif &
70.74 km® (83.74%)

FIGFAAE LK B (1192 45) A RCHIR A, AR 1 BLUR ok g = #0 m  H i
B, 4307k 836.85 km® F146.54 km’, VY 5 1t k% B IR M B 0Kk 550 24 S i B
BN —RE L, (R A AR A AR = T . bR T AR L, HEEENES
Rl EERERLL S XA KN RS, HEEARE KSR . MK

F1 IBELEZKRKIINFR

Tab. 1 Glacier statistics by watershed in the Qilian Mountains

— B ) PR ) sl AT IKfi
(%) (%) (km?) (%) (k') (%)
F(5)4) Fd [ (5]42) 68 2.53 20.83 1.30 0.73 0.86
FAI(5Y41) 97 3.61 39.94 2.50 1.55 1.83
I (5Y42) 375 13.97 78.33 4.90 239 2.83
PG PR £ JEFIT(5Y43) 577 21.50 21527 1347 8.75 10.36
(5Y4) HiAT(5Y 44) 660 24.59 509.87  31.91 29.66 35.11
T (5Y45) 318 11.85 203.77  12.75 10.08 11.93
At 2027 75.52 1047.18  65.54 52.43 62.07
TR —F I (5Y51) 24 0.89 10.27 0.64 0.42 0.50
W IR (5Y 56) 268 9.99 283.52 1774 17.58 20.81
SRR NTIK F MRLEBI(5Y57) 108 4.02 78.73 4.93 456 5.40
(5Y5) iR IR (5Y 58) 179 6.67 155.08 9.71 8.69 10.29
EL & SR (5Y59) 10 0.37 2.20 0.14 0.06 0.07
At 589 21.94 529.8 33.16 31.31 37.07

e VKUK AR YE Radi¢ Fll Hock™ | Grinsted 2 i A vk oK At B3 AR A A 3 A 45 SR 249 1A .

®2 HRES5FBEEEBELR)KISZEIT

Tab. 2 Glacier statistics by province in the Qilian Mountains

% HEEM L& s VKITHAR VKA

(%) (%) (km?) (%) (kn?) (%)

W IR 718 26.75 508.99 31.86 28.17 33.35

) kA 739 27.53 245.65 15.37 9.60 11.36
H N

AL 35 131 6.32 0.40 0.17 0.20

it 1492 55.59 760.96 47.63 37.94 4491

Y] 825 30.74 729.79 45.67 42.79 50.65

Hilg o] 367 13.67 107.06 6.70 3.75 4.44

Gt 1192 44.41 836.85 52.37 46.54 55.09
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TEER R VKN 4 B b B IS — R vk 4 B A 55 4k B ast T, (EL 26Kk )1 TR E1 )N,
3,67 km®, Tian ZE09F5E 28], 1990s Fl 2010s 4B 3% 1L X oK) 1| 1 2455124 2041.5 km® il
1575.82 km?, T AUE /L 465.68 km® (-22.81%) . MRIEAFAEXABZE LA . . FHEA
RO A KO B A I 5% 255 FR0315- 2529 19505 . 1970s 2 1990s #1534 11 X 7K )11 4k TR 4R IR 74
M Tian 25 F 58 45 52 o 19 1990s 2K 1 T AR 4R R 40 34 11 28 — Wk vk 1 2 B Se 3 B4 T AR
(2014.96 km*), BPH Al 1T 1990s-20108s #1834 L Ho DX ok ) TR ARS8 . MATEUIX RIEF
T 50 4 H 48 A A AR L vk TR 08/ 1 218.97 km® (-22.39% ) Fi1198.44 km®
(=19.17%) o FFLBvk A (GPR) M vk REALAEEK)NITF R, H X oKkAs a1t
AR Z R R — A 50 A 50,

V=cA” (5)
K VRN GE R (km') 5 A RVKNTERD (km?) 5 e My MEE 25, ASC5501R H
Radi¢%"”", Grinsted”" " F1 Liu 55542 H 19 %UE .

T Radi¢ &0 5 kA vk vk fif 1 SOLAR i K, T Grinsted™ "y 15 45 52 |
/)y, T LinE R IR R ET (383) . AT LR 30 k- F ¥ E T
ST, FRIHIT 50 AR A Ll DX vk oA R4 2K 21.63 km®, HAH 2K %R -5.38 kmY/10 a
F1-5.67%/10 a.

3 AEFEITERRE LIRS

Tab. 3 Glacier volume changes in the Qilian Mountains by three methods

kIl 55 k)| VKNI AR A VKN kAt

GHEKGERG)  BEABRG)  lmw kmil0a %10a  WEARAR A
101.90 81.30 -20.60 -5.12 -5.65 V=0.0365A""" Radiéfll Hock™”
109.86 87.52 -22.34 -5.56 -5.69 V=0.0433A'% Grinsted"™"
108.44 86.49 -21.95 -5.46 -5.66 V=0.04A"* Liu %583

4.2.2 BE LRI ZAEME NS SR NTBAIXT AL (Bl 4a) SRE, ABE X T
FA< 5.0 km* YUK AR AR IR EE RS A, T TATAR= 5.0 kUK TR /D /NT 20%, b FR
< 0.5 km” HLIA AR KT 50%A9 K135 999 4%, izl X vk B8 19 33.32%, R IHAR
L X VKR 48 LU < 0.5 kn? A pK )1 A 2 o AR L8 5B/ T 0.5 ke A VK AR XS 4
b (K 4b), HA< 1.0 km® (99K AR/ 271.01 km?, 3 K105 T FRAG 64.40%; R
R THIAR= 5.0 k> A VK )1 B 455 5 1.0 km?, H KN BCERAR D, oK) AR AR A
R AR L X KO TR 1) 5% R, FEARE LXK, vk AR TEI 2
NP AR AR S 2 W AS AR TR <1.0 ke A K 1 o5 4 %o S S b

AT 50 AR ANZE 11 Hh DX A5V e s vk ) | T BRI X AR A 5 26 X AR AL 6B, 4K 4000 m
DIRINX KB 584k (B 5a), ¥k 4500 m DL R vk 32 R KT 50%, BES KR
ETE, v ERVAE L E S Fe B R R, TR 5500 m L b X sk AR SRR A AR LR
UK 4250 m LU R vk B Za A (RT80%) , (H Ik AR vl 1 i B A 5 vk
T AR AR IE Y 2.10% o 7K1 TET AR I8/ B AR H B0 K 4650 m [l (&1 Sb), T4k 4350~
5100 m 4 X [A] k) 1 T AR/ D Y T 15 km?, 38005 5 vk TR R 2% 7Y 84.24% .
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Fig. 8 The change of temperature in summer and annual precipitation in the Qilian Mountains from 1961 to 2010

5 45

(1) AR XS — k)N 9w BL BT, HA7K)113000 %, 1iF2014.96 km®, #K)I|
B AR Z T Z AT A TR v B o 25 koK) 4 HZRWT, 2005-2010 41 a4 3% 1L
XA VK11 2684 %%, 1AL 1597.81+£70.30 km?, KAi%HE2) 84.48 km®, Hidr, Hil&EEN K
JI 4 1492 4, AR 760.96 km?®, VK% & 37.94 km’; FHEA B k)L 1192 4, HH
836.85 km’, vKfifife 46.54 km’,

(2) AR X PN DL A< 1.0 ke B9 0K)I D 32, AR DAAS T 1~5 km® (2K )1 4
Fo EREKRVKNI R Z R 12501, HF 20.42 km® (20094F) . 44 4800~5200 m
RUKNEE AR X, KB AR B vk T AL A vk R A —2F DL E o AR vk
JIPER B AR 3K R 4972.7 m, Az LU Ko SR s, vk A i T AR F A 10 PY
BT e, th4483.8m FTFR 5234.1 m,

(3) FEAREE L XK1 4 B U edsirh, B hinn sk vk ) 1 AR Ak it s ek, 40l
AR LK AR B 1Y 31.91% 1 35.11% ;. FHORGERG R IE I dak, ok )10 f 2 () i 3l 2



1412 i B 2E 4 704

L B ERIK R, PR 2.20 km? o H PG bt DX 2R — R P i T ——— 2] 3 Sl 2 A0S
T2 L DX KT S T R e/ N DU e, ok PE I TERY 0.21 km'

(4) 1956-2010 474 14 11 DX 7K 1] TA] B RN oK A 2 53 1) 98 20 420.81 km® (-20.88% ) Al
21.63 km® (-20.26%) . THIAR< 1.0 ko’ A9 oK) 1| 208028 48 232 10 DX oK T AR s 20 1) 3 2
o HFUKIEREE, #4000 m LUF IHIX 2K B 58482k, 3R 4500 m LA R oK) AR
RIKT 50%, AR 4350~5100 m DX [ oK) 1| T AR 12 7 vk TRTBR 401 2K 11 84.24% . 1K
JIVECE: RN ARTE A A W) ) 4 S/ D283, Hrp sk TR A D e 2 (-210.34 km®), &
ZRUKNTE RO DR (=32.72%) , i vEALi my vk )1 A8 A fe 281 o

(5) AR Lok ) A2 A S B EH o A0 26 B iy e iy, R Bcuk IR e et by
BWE2, HARVE BN AR D R 22 el K A FARE I AR By G ik . A oF
ALK | T A A AR AL R A T 14.21~-19.97%/10 a, 17 T PG B Al 10 ] — 35 B 4%
TN -2.96%/10 a, FEMEAEE R 5 F, ARG INE—E B LyREh 7ok
YT, AR TCEE LA SR T R 25 v B S Pty e R s, DA TS 300K 1 T AR sk 2L o

£ % ik (References)

[ 1] KargelJ S, Leonard G J, Bishop M P, et al. Global Land Ice Measurements from Space. Heidelberg: Springer, 2014.

[2] Orelemans J. Modelling the response of glaciers to climate warming. Climate Dynamics, 1998, 14(4): 267-274.

[3] Shi Yafeng, Liu Shiyin. Pre-estimation for the response of China glaciers to global warming in the 21st century. Chinese
Science Bulletin, 2000, 45(4): 434-438. [tk A, XIETARL. o 7K1 X 21 28 4 R B i 17 14 104G 27384z, 2000,
45(4): 434-438.]

[4] Xie Zichu, Feng Qinghua, Wang Xin, et al. Modeling the response of glacier system to climate warming: Taking
glaciers in China as an example. Research of Soil and Water Conservation, 2005, 12(5): 77-82. [#f 1 4, {4 i&4E, LK,
A EVON RS A AT K AR, 2005, 12(5): 77-82.]

[5] Liu Shiyin, Yao Xiaojun, Guo Wangqin, et al. The contemporary glaciers in China base on the Second Chinese Glacier
Inventory. Acta Geographica Sinica, 2015, 70(1): 3-16. [XIIF4R, WkHeEE, 748K, 4. FLF28 ok 4w H 59 E vk
JUBLIR. HBE224, 2015, 70(1): 3-16.]

[6] Liu Chaohai, Kang Ersi, Liu Shiyin, et al. Study on the glacier variation and its runoff responses in the arid region of
northwest China. Science in China Series D, 1999, 29(S1): 55-62. [ X8, FE/RIU, XU, 45, 7ot T2 X k)11 251k
Fe AR FRNRGE . h RN (D #: HiBRRR), 1999, 29T 1): 55-62.]

[ 7] Zhang Jiutian, He Xiaojia, Shangguan Donghui, et al. Impact of intensive glacier ablation on arid regions of northwest
China and its countermeasure. Journal of Glaciology and Geocryology, 2012, 34(4): 848-854. [ik JLK, ] 5 7, B4
W, 5. DIVl T e 3 T P 2 DA ) B FGIE I X 5. D)1 1, 2012, 34(4): 848-854.]

[ 8] Wang Yuzhe, Ren Jiawen, Qin Dahe, et al. Regional glacier volume changes derived from satellite data: A case study in
the Qilian Mountains. Journal of Glaciology and Geocryology, 2013, 35(3): 583-592. [ £ ¥, 155 3¢, Z& ki, 5.
TR R DK RS 9204 AR . DK )11 £, 2013, 35(3): 583-592.]

[9] Zhang Mingjun, Wang Shengjie, Li Zhongqin, et al. Variation of glacier area in China against the warming in the past 50
years. Acta Geographica Sinica, 2011, 66(9): 1155-1165. [5KBH4Z, T 348, A= 10, 45, 3T 50 4S8k 5 52 F [
VT BUROL M. 2741, 2011, 66(9): 1155-1165.]

[10] Liu Shiyin, Shen Yongping, Sun Wenxin, et al. Glacier variation since the Maximum of the Little Ice Age in the western

Qilian Mountains, northwest China. Journal of Glaciology and Geocryology, 2002, 24(3): 227-233. [XIH4R, I K, #h

SO, SF. AR PY BN LR B U AZAERFE. oK) L, 2002, 24(3): 227-233.]

Liu Shiyin, Ding Yongjian, Li Jing, et al. Glaciers in response to recent climate warming in western China. Quaternary

Sciences, 2006, 26(5): 762-771. [XIMF4R, T KA, 24 f, A5, vl [ 70 30 I 08 T 39 A0 22 152 () g iz, 565 O 28 AT 5

2006, 26(5): 762-771.]

[12] Chen Hui, Li Zhonggqin, Wang Puyu, et al. Change of glaciers in the central Qilian Mountain. Arid Zone Research,
2013, 30(4): 588-593. [k, Z= 08, FBEE, 4. JAPRARIE 1L TP Bk AR k. TR IXWH5E, 2013, 30(4): 588-593.]

[13] Bie Qiang, Qiang Wenli, Wang Chao, et al. Monitoring the glacier variation in the upper reaches of the Heihe River
based on remote sensing in 1961-2010. Journal of Glaciology and Geocryology, 2013, 35(3): 574-582. [ |5, 8 ST,

[1

—



94 PNV 2 ¢ AT SO AFAARIE Lok 1 A2 1 1413

T, 2. 1960-2010 4F 2T sk vk ) AR A i 3 AL vk 1% 1=, 2013, 35(3): 574-582.]

[14] Cao Bo, Pan Baotian, Gao Hongshan, et al. Glacier variation in the Lenglongling Range of eastern Qilian Mountains
from 1972 to 2007. Journal of Glaciology and Geocryology, 2010, 32(2): 242-248. [ A, ¥ % M, & 4010, 4%, 1972-
2007 AFAS L AR B RIS B VKN AR AERIESE. DK)1R £, 2010, 32(2): 242-248.]

[15] Zhang Huawei, Lu Anxin, Wang Lihong, et al. Glacier change in the Lenglongling Mountain monitored by remote
sensing. Remote Sensing Technology and Application, 2010, 25(5): 682-686. [Fk/EA], E-428r, LMNLL, 55, JLT 180
ABFE AR T IR vk )N AEALFSE. 1 E AR 5 R, 2010, 25(5): 682-686.]

[16] Tian H, Yang T, Liu Q. Climate change and glacier area shrinkage in the Qilian Mountains, China, from 1956 to 2010.
Annals of Glaciology, 2014, 55(66): 187-197.

[17] Yao Xiaojun, Liu Shiyin, Guo Wangqin, et al. Glacier change of Altay Mountain in China from 1960 to 2009: Based on
the Second Glacier Inventory of China. Journal of Natural Resources, 2012, 27(10): 1734-1745. [WkIE 7, XIHF4R, 587
BR, A5 3 50a ke [ BT R B LK1 AE A BT 1508 Rk 4 HBUR. FARBRIR1, 2012, 27(10): 1734-1745 ]

[18] Paul F, Barry R G, Cogley J G, et al. Recommendations for the compilation of glacier inventory data from digital
sources. Annals of Glaciology, 2010, 50(53): 119-126.

[19] You Lianyuan, Yang Jingchun. Geomorphology in China. Beijing: Science Press, 2013. [JLEXTT, 5t &, RS, Jb
oL Bl R, 2013.]

[20] Wang Zongtai, Liu Chaohai, You Genxiang, et al. Glacier Inventory of China I Qilian Mountains. Lanzhou: Lanzhou
Institute of Glaciology and Cryopedology, CAS, 1981. [ 55K, X, JoARFE, 46, vk B 5 TARZE 1L X, 22 )H:
o AR B 2 PRI ER L BFFERT, 1981.]

[21] Shi Yafeng. A Concise China Glacier Inventory. Shanghai: Shanghai Science Popular Press, 2005. [t i X\ 1 B v [ vk
JIESR. Lt Tl Kb, 2005.]

[22] Guo W, Liu S, Xu J, et al. The second Chinese glacier inventory. Journal of Glaciology, 2015, 61(226): 357-372.

[23] Yan Lili, Wang Jian. Study of extracting glacier information from remote sensing. Journal of Glaciology and
Geocryology, 2013, 35(1): 110-118. [ A, T3 JL @By vk 15 B IBOT ek . vK1R £, 2013, 35(1):
110-118.]

[24] Racoviteanu A E, Paul F, Raup B, et al. Challenges and recommendations in mapping of glacier parameters from space,
Boulder, Colorado, USA. Annals of Glaciology, 2009, 50(53): 53-69.

[25] Shi Yafeng. Glaciers and their Environments in China: The Present, Past and Future. Beijing: Science Press, 2000. [Jii
G E VKON S PR TR 3 ZeRRok. Jbst: BTk, 2000.]

[26] Su Zhen, Zhao Jingdong, Zheng Benxing. Distribution and features of the glaciers' ELAs and the decrease of ELAs
during the Last Glaciation in China. Journal of Glaciology and Geocryology, 2014, 36(1): 9-19. [J312, X H:- %<, FPAN 24
F E AR A RIS AR DR P AFEE T FEETSE. WK1 1, 2014, 36(1): 9-19.]

[27] Radi¢ V, Hock R. Regional and global volumes of glaciers derived from statistical upscaling of glacier inventory data.
Journal of Geophysical Research, 2010, 115, F01010. doi: 10.1029/2009JF001373.

[28] Ding Yihui. Assessment of Environmental Evolution in Western China (Volume II): Science Press, 2002. [ T —iI.. F1[#
PUFSABE AR AL (35 4. dbat: Bh i, 2002.]

[29] Zhang Huawei, Lu Anxin, Wang Lihong, et al. Glacier change in the Shulenan Mountain monitored by remote sensing.
Journal of Glaciology and Geocryology, 2011, 33(1): 8-13. [TKAEAE, G-4c0r, FINLL, 55, #R3% gk # g L s X pk 1] 48
R AT S . KR+, 2011, 33(1): 8-13.]

[30] Gértner-Roer I, Naegeli K, Huss M, et al. A database of worldwide glacier thickness observations. Global and Planetary
Change, 2014, 122: 330-344.

[31] Grinsted A. An estimate of global glacier volume. The Cryosphere, 2013, 7: 141-151.

[32] Liu S, Sun W, Shen Y, et al. Glacier changes since the Little Ice Age maximum in the western Qilian Shan, northwest
China, and consequences of glacier runoff for water supply. Journal of Glaciology, 2003, 49(164): 117-124.

[33] Duan Jianping, Wang Lili, Ren Jiawen, et al. Progress in glacier variations in China and its sensitivity to climatic change
during the past century. Progress in Geography, 2009, 28(2): 231-237. [Bt& -, LRRIN, A£ T 3¢, &, I8 7 482k [E= vk
754k By RS A58 A SRR B 5 4 S . MR35, 2009, 28(2): 231-237.]

[34] Wang Shengjie, Zhang Mingjun, Li Zhongqin, et al. Reponse of glacier area variation to climate change in Chinese
Tianshan Mountains in the past 50 years. Acta Geographica Sinica, 2011, 66(1): 38-46. [ £, TkIAZE, 2= b8, 48 3T
50 4738 ) R LL oA 1 T RS AR A e i 7 . HBEER2E4], 2011, 66(1): 38-46.]

[35] Xie Zichu, Liu Chaohai. Introduction to Glaciology. Shanghai: Shanghai Science Popular Press, 2010. [ F 2, X114



1414 i B 2E 4 704

UKN2Ee. L RS KR, 2010.]

[36] Gao Xiaoqing. Discussion on the relationship between glacial fluctuation and climate change. Plateau Meteorology,
2000, 19(1): 9-16. [ lhéi. vk 5 AR I R A THT. R4, 2000, 19(1): 9-16.]

[37] Wang Haijun, Zhang Bo, Jin Xiaohua, et al. Spatio-temporal variations analysis of air temperature and precipitation in
Qilian mountainous region based on GIS. Journal of Desert Research, 2009, 29(6): 1196-1202. [ L} %%, 5k, #iigte,
S5, T GIS BB L X R AR YIS 238 0534, TV, 2009, 29(6): 1196-1202.]

[38] Zhang Liang, Zhang Qiang, Feng Jianying, et al. A study of atmospheric water cycle over the Qilian Mountains (I):
Variation of annual water vapor transport. Journal of Glaciology and Geocryology, 2014, 36(5): 1079-1091. [5K K, 5k
o, T, A5 ARIE L O SUKIRFRE A (1): 28 KB AR PR AT, VK1 1, 2014, 36(5): 1079-1091.]

[39] Lin Shu, Li Hongying, Dang Bing, et al. The latest evidences of a warm-wet climatic shift in Hexi Corridor, Gansu.
Journal of Glaciology and Geocryology, 2014, 36(5): 1111-1121. [AKZF, 222035, 3K, 45, 7R 7 V4 7 R 4 X< A
TG RS Y Eopr SR 52, vk 1, 2014, 36(5): 1111-1121.]

Glacier changes in the Qilian Mountains in the past half century:
Based on the revised First and Second Chinese Glacier Inventory

SUN Meiping"?, LIU Shiyin’, YAO Xiaojun', GUO Wangqin®>, XU Junli’
(1. College of Geography and Environment Sciences, Northwest Normal University, Lanzhou 730070, China;
2. State Key Laboratory of Cryosphere Sciences, Cold and Arid Regions Environmental and Engineering
Research Institute, CAS, Lanzhou 730000, China)

Abstract: According to the Second Chinese Glacier Inventory (SCGI) that were mostly
compiled based on Landsat TM/ETM +images, the Qilian Mountains contained 2684 glaciers
covering an area of 1597.81+70.30 km’ and ice volume of ~84.48 km’ from 2005 to 2010.
While most glaciers are small (85.66% are smaller than 1.0 km®), some larger ones (12.74%,
with each having 1.0 and 5.0 km®) cover 42.44% of the total glacier area. The Laohugou No.12
Glacier (20.42 km®) located on the north slope of the Daxue Range is the only one larger than
20 km’ in the Qilian Mountains. The average median altitude of glacier was 4972.7 m a.s.l. and
gradually rose from east to west. Glaciers in the Qilian Mountains are mostly distributed in
Gansu and Qinghai provinces, which have 1492 glaciers (760.96 km®) and 1192 glaciers (836.85
km?), respectively. In 11 watersheds, the Shule River contains most of the glaciers in either
area or volume. However, the Heihe River, the second longest interior river in China, has the
minimum average area of glacier. Comparison of glaciers from the SCGI and the revised
glacier inventory based on topographic maps and aerial photos taken from 1956 to 1983
indicated that all the glaciers in the Qilian Mountains were receding, which is consistent with
other mountains and plateaus in western China. In the past half century, the area and volume of
glaciers decreased by 420.81 km® (—20.88%) and 21.63 km’ (-20.26%), respectively. The
glaciers which are smaller than 1.0 km® constituted the main body of glacier number depression
and area recession. Due to shrinkage, the glaciers below 4000 m a.s.l. completely disappeared.
Keywords: glacier; glacier inventory; glacier volume; climate change; Qilian Mountains



