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Fig. 1 Location of the study area (the Tianshan Mountains in Central Asia)
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Fig. 2 Trends of temperature and precipitation of the world, Northern Hemisphere, and Central Asia during 1960-2014
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2.2.1 KIHBHEFAE  Fi K XA K 10778 2%, MHEFLZ M 13566.6 km® (glims.
org/RGl/index.html) . 7F 1961-20124F (0], 2545 97.52% M9 VK )1 I AR 48R3, £ 2.14%
BRI 3G, 0.34% 0K AT BB AR ALY, ARSO6 K L Ll XOAS ] X3k A B Bt 20
22 60 4-4X-2000 4 . 2000-2012 4F [ LAY K ) ARG AT T 20T, 45, 78201
22 60 4FAX-2000 -], PER ILAVK I R GE R i K, i5-20%; HUJEH R, i
FN—-15%; bR ILIFNT LA AR TR 3k L XA oK) T 3B D 91 —13% . =3.1%. Ti{E
2000 4F LIk, PH R LA R I K A0 33 o R B i 22, 5300l A -8.1% . —10.1%; Tfidt
RAVFIR IR A A 38 LU XK s 9 R 43 liE 5-13.8% . —7.45%. WAk
PR R PGERABIX (PER AL, A R PG R ALK a3 10 47 Al vk 1R 47 R 2 ]
WALT AT BB, RIS (PR IDARES . JER AT & A&k vk R4 # 5 2E
B BT — B

XoF A T VAR 1 E A K N AR A M it e s, LT BT A Y B P %) oK) e R S U
R, FUR A AT DX S oK 5 e v DX 3R oK) TR 4 58 R BH & . ndedb R 1L
i) Karatal ] i3, 1989-2012 4F 9K ) 1| 1 PR e IR 4 0 A & B B T 47 m, PA3288 m I
453335 m™, A3 AR 3600 m AF 5 BE 0K IR AR R 29 R -27%, 1o A FE K
3600 m LA LK) IR 4 R 2N -16% . FLHE 1989 4F 2001 4F K 2012 4F 3 AN Be i vk 1|
AR, TR FE 20 AAREIR], IR VK] FE 1989 4F 1) 243 4508/ 31| 2012 411 214
2%, UK AL 142.8 km’ 38/ 5 109.3 km?®, 870 T 23.45% (1),

*1 diEX Karatal River gk )l 254k

Tab. 1 Changes of glaciers in the Karatal River Basin of Tianshan Mountians

e VRN AR (km?) /280 H (55) AR AR (%) AR T4 21 (%)
1956 4F: 1989 4§ 2001 4F 20124F  1956-19894F 1989-20124F 19562012 4F
Terisakkan 14.1/36 8.4/21 6.5/21 5.1/17 -40/-122  -39/-1.68  —63/-1.13
Koksu 108.6/167  75.3/149  64.1/140  56.1/135  -31/-0.93  —26/-1.11  -48/-0.86
Shyzhyn 8.7/19 4.9/11 4.2/10 3.8/10 —44/-132  -22/-132  -56/-1.0
Kora 49.3/66 50.8/62 45.6/55 42.7/52 -22/-0.68  -21/-091  -39/-0.69
Total 198.9/285  142.8/243  122.2/226  109.3/214  -28/-0.86  -23/-1.02  -45/-0.81
Glaciers <0.1 in 1956 3.6/73 2.36/77 0.76/39 0.59/34  -34/-1.0 -75/-3.2 -83/-1.5

222 ME@MARD LXK FE AT 5 XK S IR & EA5 0 . R4S MODIS
FUEEIE, 24T T 2002-2013 4F 10 A4 ] Hp K 1 R 5 KRR S T AR S e /N S T AL AR
fbo S5 R, 2002-2013 4F IR L L X A RS AL AR R s ke, Hop, RIS
AR D o B, e RS TR A NR S TR B 5 31 -672 km’/a, —60 km?/a,
VORI A RS T A BTN, e KA S Tl ARURD fe /NS T B {4051 2.3 km¥a, 16
km*/a. 25 AN [R) DX 380 de K e /NS 7 5 AR S P98 K AL b (e R/ A/ VR
TETR) B, PRINAER R RS 3R S BRI, 90 -0.32% .
-0.28% , 1M PG K 111 8 e Ko/ /N VS B o T R SR Ik g, T 12 4R 43 B T
0.01%. 1.02% (F£2).

2.2.3 KEEERD  ARASE MLm= I TRl X Ak R4, il T X
DK RS 25 [ 25 /K R A T ™9 30 XK g sl . A8 ORI H GRACE 77 112 A st
AT S ERE, KR IIIX 2003-2014 45 [ i oK fifs s AR AU T3S, A5 R 1l X B
HiK A B s, NS N -3.72 mm/a ([&]3), [RIBHER e k3, A
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Tab.2 Snow cover changes of the Tianshan Mountains in Central Asia during 2002-2013

R e/ MRE?
BER%) R (km7a)  AEEE(%/a) HWEE%)  HEEAEk(kmYa)  AEEE(%/a)
(NI 87 2.3 0.001 14 16 0.085
PN 79 -672 -0.32 4.7 -60 -0.029
E[SNII 90 -78 -0.28 0.51 -20 0.02
AR 54 -240 -0.09 2.1 17.6 0.08
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Fig. 3 Terrestrial water storage variation and temperature trend in the Tianshan Mountains during 2003-2013

[7) 4l X A KA AR AL AR — 3, i 3am] WL, KL DK A /D e R 5 0 A X e 2
IIATETRIN—H, i5-5.5 mm/a, P8R IL— KGRI IE A/, 29°-0.12 mm/a,
Kl X Ak R 1R 45 KoK itk /b 55 R F AR H R VIR . R 3b Al L,
R 1L —71 £E 2003-2014 4F 8] T 3 ik 5] 0.4~0.8°C/10a, 17 P K L1 4 T 88 T e AS L B
b, B IR RS ORI AT, 7F 2003-2014 4, KLl X AR /K &
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TR, ESECRILL XK AR S EE N E
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D, KOG ELR KA TR, IR . v RS ZE DR A s Ak i T e 7k SCd A
B AR N B 2, KRR ARG s . o B K e 25 50 4R S AR At 7k 3¢
S RRAEART . WAEZREOR . KNS s 45 R R, AURARRR SR vk L R
AR A B X 358 25 S RO S A AR A 7 () A PR IR T R FH K SO R e ok . S 42
TFIE HIANH 2 S

2.3.2 SETEMAT LUK R KRS A ERGAIERE K E @K R 0005,
HK G R Z V)N F Bk AR 350, R FARIRRFEE R S A S I sh 5 R VK AR S
B4, S S K IR, o LAVK) T Rl KRS A 5 B30 303 ok 5 B0 A2 07
e | B T TN = 7 L N 5 =IO by s e 1 2 N 1,/ e S T T T 0 N
W, KSR — ISR e L AFE AT T (UK B 150 50 16.2% . 4.2%) AYAR IR
B, 7F 1998 4E 2 J5 AH Hb Z /20 BIHE AN T 26.2% 1 14.9% , Hd 43 B4 35%~48% Fl 9%~
24% B TR RN A VK BlK s 7 Karatal WI3EIE, vk TR G BILE 5% 9T 38,
HIAR R 5 b THEa R, vk TR FRAE 2% L0 R I s, A is oA i 35 28 5L 3k
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AT (TR I PG ZE s R, LT A N AR L AR AR e A,
TR RETE 3.2%~36% 2 A1, (HJE, X FRINARB A —Leiiil, hFukImfEsN, vk
IKGRIRANA AR, RREIAIE, HEBH TG, o e g B k)|
THER S AR TR T AR R I AR 235 Sk 38 VA N B R, k) AR LA 1%, R
TE 1998 4 J5 43 W/ T 12.5% A3 11 6.6% , X HUERH T vk e il , #2807
MK TRIRE R TE Bl R BT LA AE , vk 35 AR 10% L) ERY TR, AT
HEnEAR, MK RS EETE 10% AT A, #2070 5 I Sl s/ R e
233 SBETEHT TERWENSTMRE AT HEZ TN 7 XK 5 EE
SRS, TSR TR N BECRE . T ARURARRE, R XK AR E RlK #h45
TR B B KR R RIS 28 B T Z 4 ARk, BB ok I AR S T Rl 4 vy . A230
U $R AT 25— R BN K SO R DARR SR GlK Ry BN R IR A, /K SCad B XA e AR 2
BRI 7 e PR B KA TR RT RS , R AR 2 LUK BKRNG R ET, —
MERI N 6-9 AW B RIS, WKL, RmER ™, g, 7Tk
LB R3] A S 3 Naryn 37, T4 220 B THRIH B R R T Rl 356 I8 /9 R B0 T
LI VK R 20 tH20 90 4R AR 19 1019 km? 1B 45 £ 2000 454X 41114 926 km?, & A4
FAR I B RN s X RAVK ) Bl RMA A BRI R 5, 16 1998 FF LR 42, HZ
FUE ZE AR TR & 2 9 0 13% . 15%F0 15%, 1 LA Rl S5 22 0 kb 25 32 94T AT T3 i
B, 3 RTINS R 65% . 56%F1 1%, WAE T LiBtvk K F LGRS /K kb
FE AT A AR B R ) 25 St . TRIRE, ARt A L DX ekt A B T R AR AR
SEY H VKRS Bl KRS TR B K SRR ks, an s L X R s, mE H R
A AR T WA PR AT, ALY I 0 55 1 I i 7 AR A —5 SR L ik e
TR R E KN F RUK R AR 30 K, vKERl/KAR AL 25 30 435 1 33%
~38%0,
2.3.4 SETEXNT TAKEEME  KILXKE/KZEIE EZ @bk SRk . dil#
M B K LA S AR L 3 25 4 BRI R, P L 2 2y, et A 5 XA AT AR5 A€
Ttk KILOE, KLl X KGR EE [ SR SRR B K A6 P01k R AR 45 25 AR T B 55 1)1
TR R . SRR S S RS s, AR L Rk AL i e s I, (R 3
IR BRRANA RN AL 4y Je e AR Ak, X AR AL EREE T A8 7K S R A SR R A FUAd 4 ok T 8 i)
Pk

FeF oy A VIC KR XA AR AL RZ 0T B4 Ba] 5 S5m] 5 R S AR I 4L 43 I AR AR b
AT T8, @B, vKIREK . USSRk RN R RS 2 51 o5 28 3 47 5 ] A AT AR R
A 43.8% . 27.7%. 28.5%F123.0%. 26.1%. 50.9%F, Fin, KIETHEKILMNLE
ARFEH, 7 1950-2009 4E A AR B0 T 10%2Y, Hrf 1994 45 L) 5 69.7% 4 T hn 2 i
TN EK S350, K ELK T & HBI N 62.8%38 N3] 72.1%5; v T 1L 74 B ) 4 AL
TR, H I A O UK RG0S, SR T eh A R AR ek Ay, B
MARFAT &7 e s, [ 20 4t 704 LK, FRre Wil S slok) 1R 48 T 22%, BEmRR
1 1966-1975 -1 9.8%1ik /0] 2000-2008 4F- 1 7.8%
2.3.5 SETUMBEITASGESME RSB SZ KIBUKIGARUK KRG MR EE, I T
T K SCH SRR BT @M . Rl X A ARG X vk ] AR Rk o, il
FVKNBEER . vk AT TR R A LA B DR A /K S S5 i A A 7K SC A2 R S ) 7 3
KPR SGEFRNG S ARF B 2, Wi S K SCER R A A0 RIS R R v [ Y
b 5 X A i 7K SCEFA 0 %2 AR A H 20 120 80 4EAC LRI A9 40 ¥k /10a, 4% 20 20
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SOAFEAR G ISR 1y 78 ¥Rk/10a 5 H ] f K1 PR i —3% BTN, 2009 4F 12010 4F - JiE i
KK HIN 14.02%10° m*, 72x10° m®, S5 BRI A 7K S0 sk Dok AR i it e il
WALy, “HMEMESE L. MR RER, MESBAR, vk EREAL,
RIS RZE (AR 2RREOEUE K, fifl$]2070-2099 47, 18 B A ]
T VKR 32%~90%, FEARF /D, KEFEEHUNE, Aifatgit—Em
J]
3 Z5iE

F 1998 4F IR BRI T FTHRAF RIS, hE X 5 ek AR R a s —2, 1
&, EHA A, 1998 4F LR —Hb X (AR E— HAL T & M S RS, B Z AT
() 30 AR EE T T 1.0 °Co HE R IR FE RO KGR, 2 R Rt i 1
R, WS4, SRS B AP s, (EAREN e BFoME I+ 5K,
SIRTH R R i A A ) B T R, i K L Xk AR al Ak, e 7 LLvk
JI BV ERE “BEAOKEE” RTERRZESE, INE TR XK RGN, XFRK
HROI b X1 i JR N 2298 2 [ 28 Ty el s AR FE BN

SBRARBE N T I X KN ARk, R T o)A S mlok &, Rl K 7E et —
ERTE NSRS Rk 2, RRmEimeig ., (B2, mKEkE, mTk)lzE,
VKNG RIS, TERBASMEFRFEA R . KSR AR S5 T, )42 3 e A
S, LHRREE R, mE, PR XA S SRR G St —
A

SRRARIE SR KB 2 A . BB R AR, IR T KSCl s, AR T K
TEA BRI AL 5Y, A7 AEIAEE T K SRR AR A Tah ok TR Bk, Mk, &
BEE— 2 s L XK S IR A AR B R S AL SE , s X AR AL 4 AR Ak
Ko XS e A A N, (I FE , SRR PR K SR A AR E . Bl HUK PR R (IR 2
filh, MRS TER W —Hdi.
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Impact of climate change on water resources
in the Tianshan Mountians, Central Asia

CHEN Yaning, LI Zhi, FANG Gonghuan, DENG Haijun
(State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography,
CAS, Urumgqi 830011, China)

Abstract: Changes in hydrological processes and water resources under climate change in the
Tianshan Mountains of Central Asia have been investigated based on data analysis and paper
review. Under the context of global warming hiatus, temperature of the Tianshan Mountains in
Central Asia has been in a state of high variability, which has accelerated the melting of glacier
and snow. Warming has resulted in a series of changes in water resources. Snowfall fraction
decreased from 11%-24% in 1960-1998 to 9%-21% in 2000-2014, 97.25% of the glaciers
retreated in the last 50 years; and water storage decreased at a rate of —3.72 mm/a during 2003-
2014. Warming has led to changes in mountainous hydrological processes and water resources.
The runoff in the Tianshan Mountains has increased due to the accelerated glacier/snow melt,
however, the runoff will decrease in the long term under continuous warming and current
precipitation conditions.

Keywords: climate change; glacier and snow; snowfall fraction; water resources; Tianshan
Mountains, Central Asia



