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Fig. 1 The distribution of glaciers in the Qilian Mountains
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Fig. 2 The formation process of the glacial service and its value assessment system framework
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Tab. 1 Evaluation methods and parameters on glaciers service value in the Qilian Mountains
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Tab. 2 The service value of glaciers in the Qilian Mountains in 2016
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Fig. 3 Service value and percentages of glaciers by watersheds and cities in the Qilian Mountains
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Fig. 4 Changes of the service value of glaciers in different watersheds and cities in the Qilian Mountains from 1956 to 2010
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Tab. 3 Service values of different ecosystem types in the Qilian Mountains
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AL IS R A B 0.01 0.38 0.07 18.00
[ - RN/ L HE S TP - 24.03 9.87 16.03
S S R R 0.04 24.68 - 7.79
FEAEL T SRR/ IR PR e 0.85 1.02 0.04 0.11

BRAEM ST 0.04 - - -




13] PN A5 - AR LA IR G5 (BT Al B G 2 4 187

VKN AR 55 38 2 5 Ak Sk = it 8V FH 2 = e R 1 O QS 3 Pk 3 sl i) — 3B = o,
1R 55 A BRI E 3e nl (] 422 R o PV 6 s B — 3R =B . IRk, vk RS (B X 38
7 RMELR HE ) G R AR ER T vk IR 45 3 IX IR 55 R DTk R B, BV IX sk 22 5% % JE Xt vk )1 |
R 55 BMRHBEE o ARFEASCIPEAG 25, VKR5S I EAEARE L R S AT ) A X,
AEFE A (2027.24200) TR HOBIN 12.01%, X EREE, 2016 4E4R 1% 11 HLIX 2 1/8 1Y
D3l A = Bl A VK BRI AR 55 ) A5 1, RV TR I = AR i A 5 4
R ER Y EERE MG, DARZEILSTT ON) sK)NRSS B e b7 DXk A 7= BB E ik
F, WV SRR H A oK BRSBTS DA 7= B E R sk ik (22.84%), Hkh
WAL A VAN (16.11%), BT X 3R 2 5% & e St vk 1 R 45 AR B eI (0.21% ),
CAZH X A A AR A S P AR T S 5K

AR LK R SS A ( B4 28 (B 43 fE R st 23 A8 Ak 32 B 5 0K )12 (8] 43S FUEE FIGIT 50 4F 2R vk
NS AGAS AR R A S, 4R L 24 86% B K A /INT 1.0 km® &, i MRS/ Nk ) 1 ek
AR TR ARG, XSk AR 45 53 1956—2010 4F 432 L1 vk 1R 55 (5 3% A f
fi%, FIRAUR 870 T, #E—25 RBHITFAR UK I IR S5 (A 0 0 B M 2L, XN
RV AR S5 (A IR S FR PR L T BB AESE B . SR, ATPAL 25 R B fE—E R
JEE T S T AR L K TR S5 I 8 B L 2 AR AR, (EXF ok 9 52 2% R AT BE LA
RS AP RN E 4 e REMTFIRAN S, i JF R ANE A GY, J14k
FiB M IEE B RGEHAR, I EZIIRE SRS ; dE— 52 vk iS4
328 A MRSS BT TE RV S B A s, R KT RS I B EAS B 52 22 1] () ] e DL R
MR 55 W VAL 25 SR RS b o TRl ARSCH 2 5 T UK R BB ) B — 2R — kI, XA
T TIUK . VKA AR KR B R A IR S AN (LA A S S AR W R R A T 1)
Z—o KRG ER SR, KX, EE. BEFENKRMHEERNAR—R5
HATLEEIIIE, PEAN RIS 25 . IAE RN AR A AR AL T S B VKR VB 450 it ) AR Ak L
HABLTR, MR T — 0 s PRI N2 .

6

(1) FEFARIE NS — . ek 4 HEE , SR FH A 1 FRUIR 55 A A% s AN (i Y i ()
FHEEAZ I XU IR S5 . 2016 4483 LK IR S5 (B R 243.54427T, Hod S 4
R VA R B2 X K FZE R R S5, R OMIRAK B IR AL ZS FIoK ) &, DU 4393l
BB Y 60.58% . 33.14%. 3.47%H11.75%, HABZEBIAR S M K 2.5912.7C.

(2) TEABIE L IX v 40 H = Zeitisirh, sl sk vk ks i fe s, b 7771427t
(31.91%) 3 HUOREIG IR ST i AL FmT it 3843310 43.214258 (17.74%) F132.814247C
(13.47%) ; L5 SR 2 vk AR5 M (E e AR e 3k, AN B (B 19 0.14% o FEATILIX &)
e, HR A RN A 5 N B A LUK A R S5 A LS B A3 1 R 116.08 /27T F 127.46 14
JG,  H AT SR T AR VG S O A A N BT oK) IR S A (SR, A3l 77.58 42T
(31.86%) F1111.24427C (45.68%) .

(3) 1956—2010 4F-HAMRIARE L vk N B S5 fH EB 2k 4.354250, HoK)I RS i fE2s ik
SIS ) Mo o A, KN RSSO (2 B VPE el AR SR bR 3 A6 TR % Ll AR b B
B AR AL R L R BEAG B B B RD 2R B b 3 A A S ) Sk IR 45 ¢ (B AR LA T
-40.31%~-23.98%; MR LATE AY 5 Aok ) IR S (2L A T 2.81%~10.08% . AT
B IXRIRE, A FARE Ll 7R B r gk it AL e B 36 M k) IR S5 M R ek, 4l



188 i B 2E 76 %

H-36.37%F1-28.70%; H VG Bt YT S5 T RN P 552 o I 1 6 N k)T AR 55 I (B 2 A 3
25, AR 5.04%F15.74%

5% L Hf (References)

[ 1] Qin Dahe, Yao Tandong, Ding Yongjian, et al. Introduction to Cryosphere Science. Beijing: Science Press, 2017. [Z5 K
T, WRRIRR, TOKAE, 45, DKURIBIRLAEE. JUat: BlA HipkE, 2017.]

[2] Qin Dahe, Zhou Botao, Xiao Cunde. Progress in studies of cryospheric changes and their impacts on climate of China.
Acta Meteorologica Sinica, 2014, 72(5): 869-879. [Z& I, JEI WV, RUATFA8. KRB AR fb S HOX v [ A ) 5 ). /<5
27412, 2014, 72(5): 869-879.]

[3] Wang Zongtai, Su Hongchao. Glaciers in the world and China: Distribution and their significance as water resources.
Journal of Glaciology and Geocryology, 2003, 25(5): 498-503. [ .52k, 77 #A. T FLATH A vk 434 Bz HoK BE iR
TS VR, 2003, 25(5): 498-503.]

[4] Gagné K, Rasmussen M B, Orlove B. Glaciers and society: Attributions, perceptions, and valuations. Wiley
Interdisciplinary Reviews: Climate Change, 2014, 5(6): 793-808.

[5] Sun Meiping, Liu Shiyin, Yao Xiaojun, et al. Glacier changes in the Qilian Mountains in the past half century: Based on
the revised First and Second Chinese Glacier Inventory. Acta Geographica Sinica, 2015, 70(9): 1402-1414. [FH3&F, X
IR, BEIGE 2, 46, 3T 50 AFERAR I 1L DRk AL AL 38T b [ 205 — | ool 4 FECHE. 2R 27412, 2015, 70(9): 1402-
1414.]

[ 6] Kraaijenbrink P D A, Bierkens M F P, Lutz A F, et al. Impact of a global temperature rise of 1.5 degree celsius on Asia's
glaciers. Nature, 2017, 549(7671): 257-260.

[ 7] IPCC. Special Report on Global Warming of 1.5 °C. Cambridge: Cambridge University Press, 2018.

[8] Barnett T P, Adam J C, Lettenmaier D P. Potential impacts of a warming climate on water availability in snow-
dominated regions. Nature, 2005, 438(7066): 303-309.

[9] Xiao C D, Wang S J, Qin D H. A preliminary study of cryosphere service function and value evaluation. Advances in
Climate Change Research, 2015, 6(3/4): 181-187.

[10] Xiao Cunde, Su Bo, Wang Xiaoming, et al. Cascading risks to the deterioration in cryospheric functions and services.
Chinese Science Bulletin, 2019, 64(19): 1975-1984. [&UA718, 53, FHEH], 25, vk 1B T BE K H R 55 3R A9 Bk K
. B2, 2019, 64(19): 1975-1984.]

[11] Wang X M, Liu S W, Zhang J L. A new look at roles of the cryosphere in sustainable development. Advances in Climate
Change Research, 2019, 10(2): 124-131.

[12] Zhang Kai, Ran Shenghong, Tian Yujun, et al. Influence of oasis urban expansion on water resources in arid areas: A
case study for Shihezi city. Resources Science, 2011, 33(9): 1720-1726. [5KEl, F13¢%%, W E %, 4. T X ey~
XK IR FEM: LA A ). BEEARE, 2011, 33(9): 1720-1726.]

[13] Bateman I J, Harwood A R, Mace G M, et al. Bringing ecosystem services into economic decision-making: Land use in
the United Kingdom. Science, 2013, 341(6141): 45-50.

[14] Costanza R, D'Arge R, de Groot R, et al. The value of the world's ecosystem services and natural capital. Nature, 1997,
387(6630): 253-260.

[15] Costanza R, De Groot R, Sutton P, et al. Changes in the global value of ecosystem services. Global Environmental
Change, 2014, 26: 152-158.

[16] Xie Gaodi, Zhang Caixia, Zhang Leiming, et al. Improvement of the evaluation method for ecosystem service value
based on per unit area. Journal of Natural Resources, 2015, 30(8): 1243-1254. [ =3, Tk, sk W, 25, R
TR E Y T I AE S RGR S M EL T RN, AR IR2E4R, 2015, 30(8): 1243-1254.]

[17] Zhang Zhengyong, He Xinlin, Liu Lin, et al. Ecological service functions and value estimation of glaciers in the
Tianshan Mountains, China. Acta Geographica Sinica, 2018, 73(5): 856-867. [3K1F 55, fal#r Ak, XUk, 5. H =K 1Lvk )|
A= 25N 55 DRE KA (EITAL. HhBE~A4R, 2018, 73(5): 856-867.]

[18] YangY, Wu X J, Liu S W, et al. Valuating service loss of snow cover in Irtysh River Basin. Advances in Climate Change
Research, 2019, 10(2): 109-114.

[19] Liu Xuemei, Zhang Mingjun, Wang Shengjie, et al. Diurnal variation of summer precipitation and its influencing factors
of the Qilian Mountains during 2008-2014. Acta Geographica Sinica, 2016, 71(5): 754-767. [X) 5 #f, 3K %%, T %74,
4. 2008—2014 47 4R34 11 X E =R 19 AR AURAIE S HSE R 3R . HUBEAA41E, 2016, 71(5): 754-767.]



13] PN A5 - AR LA IR G5 (BT Al B G 2 4 189

[20] Jia Wenxiong, He Yuanqing, Li Zongxing, et al. The regional difference and catastrophe of climatic change in Qilian
Mt. region. Acta Geographica Sinica, 2008, 63(3): 257-269. [ 5% SCHE, f[JCHKR, 225548, &5, 4R 1 X S AR Ak 1 IX
2= AL B IR0 B4R, 2008, 63(3): 257-269.]

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

[22] Liu S Y, Guo W Q, Xu J L, et al. The Second Glacier Inventory Dataset of China (Version 1.0). Lanzhou: Cold and Arid
Regions Science Data Center, 2014.

[23] Wang Zongtai, Liu Chaohai, You Genxiang, et al. Glacier Inventory of China I Qilian Mountains. Lanzhou: Lanzhou
Institute of Glaciology and Cryopedology, CAS, 1981. [ 53K, XN, JoAREE, 4. EpKI] H S TARIE 1L IX. 22 4H:
T ERREBE N KR BT, 1981.]

[24] Guo W Q, Liu S'Y, Xu J L, et al. The Second Chinese Glacier Inventory: Data, methods and results. Journal of
Glaciology, 2015, 61(226): 357-372.

[25] Liu Shiyin, Yao Xiaojun, Guo Wangqin, et al. The contemporary glaciers in China based on the Second Chinese Glacier
Inventory. Acta Geographica Sinica, 2015, 70(1): 3-16. [XII4R, Wke4s, S5074K, . FT-55 — ok )i 4 5 A9 [ vk
JUECIR. HBE2A4, 2015, 70(1): 3-16.]

[26] Chen J Y, Ohmura A. Estimation of alpine glacier water resources and their change since 1870s. Hydrology in
Mountainous Regions, 1990, 193: 127-135.

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

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

[29] Liu S'Y, Sun W X, Shen Y P, et al. Glacier changes since the Little [ce 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.

[30] Su B, Xiao C D, Chen D L, et al. Cryosphere services and human well-being. Sustainability, 2019, 11(16): 43-65.

[31] Marshall S J. The Cryosphere. Princeton: Princeton University Press, 2011.

[32] Millennium Ecosystem Assessment. Ecosystems and Human Well-Being. Washington, DC: Island Press, 2005.

[33] Xie Gaodi, Lu Chunxia, Leng Yunfa, et al. Ecological assets valuation of the Tibetan Plateau. Journal of Natural
Resources, 2003, 18(2): 189-196. [} Hh, &5, ¥4 o ik, 4. 3 JE A VP AN (A 1EAS. [ SR WE IR 24 4,
2003, 18(2): 189-196.]

[34] Wang Fang. Evaluation of ecological assets value of Qilian Mountain Nature Reserve [D]. Lanzhou: Lanzhou
University, 2012. [77. #RiZ 1i F ARG IX A 5 M EPFAEHTIE[D]. 22900 2202, 2012

[35] Ding Nana. The study on forest resources asset value of Qilian Mountain Nature Reserve [D]. Lanzhou: Lanzhou
University, 2014. [ THRBE. 4535% L1 B SR O IX ZRAMGEIR TE A= (EIFEAR IR 98 [D]. 22 220 K%, 2014.]

[36] Jiao Liang, Zhao Chengzhang. The analysis and evaluation on grassland ecosystem service function value of Shandan
Horse Field in Qilian Mountain National Nature Reserve. Journal of Arid Land Resources and Environment, 2013, 27
(12): 47-52. [$E5%, BUNEE. AR 1L E 5 A SRR IX L 3 A A5 R G IS5 DIREAN (B3 BT B PP, T 5 IX IR
LR, 2013, 27(12). 47-52.]

[37] Shi Fuxi, Song Changchun, Zhao Chengzhang, et al. Dynamic of service value of farmland meta- ecosystem of
mountain, oasis and desert and multiple regression analysis of the influence factors in the Hexi Corridor, Gansu, China.
Journal of Desert Research, 2013, 33(5): 1598-1604. [ 45>, R AR, BAKE, S, ] P4 55 (L e —2p i —Se B g &
A A R GRS I (A8 A0 K 2 55 o [l PEE, 2013, 33(5): 1598-1604.]



190 i B 2E 76 %

Assessment and spatiotemporal characteristics of service value
of glaciers in the Qilian Mountains

SUN Meiping"?, MA Weigian', YAO Xiaojun', ZHANG Mingjun', LI Zhongqin®’, QIN Dah¢’
(1. College of Geography and Environmental Sciences, Northwest Normal University, Lanzhou 730070, China;
2. Northwest Institute of Eco-Environment and Resources, CAS, Lanzhou 730000, China)

Abstract: Glaciers provide essential resources and services for human well-being and socio-
economic development in arid regions, and estimation on service value of glaciers and its
spatiotemporal characteristics are vital for socio- economic sustainable development and
environmental protection. Based on the first and second glacier inventories, this research firstly
constructed an assessment system of glacier service value. The glacier service value and its
variation with time and space were then estimated by combining the unit area service price
method, equivalent factor method and glacier service change index. The total glacier service
value in the Qilian Mountains for 2016 was 24354 million yuan. The main parts were climate
regulation and runoff regulation, which occupied 60.58% and 33.14% of the total value,
respectively. The minor parts were freshwater supply and hydropower, which contributed
3.47% and 1.75% to the total, respectively. The service value of the rest parts was about 259
million yuan. For glacier service value of the watersheds in the Qilian Mountains, Shule River
ranked first with 7771 million yuan, or 31.91%, followed by Haerteng River with 4321 million
yuan (17.74%) and Beida River with 3281 million yuan (13.47% ). From an administrative
perspective, the glacier service value of the Qilian Mountains in Qinghai province was 1138
million yuan higher than that of Gansu province. For Qinghai, Haixi Mongolian Tibetan
Autonomous Prefecture had the highest glacier service value with 11124 million yuan,
accounting for 45.68%. For Gansu, the correspondent value was Jiuquan with 7758 million
yuan, or 31.86%. During the period of 1956-2010, the loss of glacier service value in the Qilian
Mountains increased faster from west to east, reaching 435 million yuan. This suggested that
the change of glacier service value in the study region showed an obvious longitudinal and
zonal differentiation.

Keywords: glaciers; function and service; value estimation; spatiotemporal characteristics;
Qilian Mountains



