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Science and Long-term Monitoring of Continental-type Glaciers in Arid Region in
China

Abstract

China has 48 571 glaciers with a total area of 5.18x10 4 km 2, which accounts for 11%-14.5% of the total
area of mountain glaciers in the world. These glaciers constitute a vital source of water for more than 100
million people and for wildlife ecosystems in this vast arid and semi-arid land in northwestern China.
Urumgi Glacier No. 1, the best monitored glacier in China, is located at the headwaters of the Urumgi River
in eastern Tianshan and is within the core area of central Asia. To implement the long term monitoring of
Urumgi Glacier No. 1, the Tianshan Glaciological Station (TGS) was established by Chinese Academy of
Sciences (CAS) in 1959. Since then, Urumgqi Glacier No. 1 has been the subject of extensive studies.
Internationally, it has been one of the ten referential glaciers in the World Glacier Monitoring Service
(WGMS), and considered to be of great importance because of its special geographical position. The
Urumgi Glacier No. 1 complements similar long-term monitoring programs covering more maritime-type
glaciers and glaciers in transitional climates in polar, temperate, and tropical regions. Over the past 60
years, the TGS has served as a research and training base for domestic and overseas scientists and
graduate students. It plays a central role in central Asian climatological, hydrological and glaciological
research. As such, it is well known and highly regarded by the international scientific community. As a
permanent year-round glacier station among glaciers in central Asia, it is the benchmark to which other
relevant studies can make reference.

Keywords
Urumgqi Glacier No. 1; glacier mass balance; glacier hydrology; snow-glacier processes

Authors
LI Zhonggin, WANG Feiteng, LI Huilin, XU Chunhai, WANG Puyu, ZHOU Ping, and YUE Xiaoying

Corresponding Author(s)
LI Zhonggin

Tianshan Glaciological Station, Northwest Institute of Eco-Environment and Resources, Chinese Academy
of Sciences, Urumqi 830035, China

LI Zhonggqin Ph.D., Professor, and Director of Tianshan Glaciological Station, Northwest Institute of Eco-
Environment and Resources, Chinese Academy of Sciences (CAS).He currently serves as Chinese
National Correspondent of World Glacier Monitoring Service (WGMS) at Zurich University, Switzerland,
and co-chair for glaciology committee of China Society of Cryospheric Science.Having worked on
glaciology research since 1987, Li Zhongqin has been engaged in the very first Chinese Antarctic traverse
and the glaciological investigation in Arctic Svalbard.He has led and organized numerous glaciological
investigations in Tibet, Tianshan, Altai, and Qilian Mountains.As one of the National Correspondents of
the WGMS, he has worked on the development of international glaciological monitoring, research
proposals, methods of glacier observation, and the establishment of a glacier monitoring network in
central Asia.He is the author of 5 books and coauthor of 7, and has published more than 270 research
papers including more than 50 SCI indexed papers.Li Zhongqgin was awarded a FirstClass Prize of the
Natural Science Award of Gansu Province in 2011, and a First-Class Prize of the Science and Technology
Progress Award of Xinjiang Uygur Autonomous Region in 2013. E-mail:lizq@lzb.ac.cn

This article is available in Bulletin of Chinese Academy of Sciences (Chinese Version):
https://bulletinofcas.researchcommons.org/journal/vol33/iss12/9


https://bulletinofcas.researchcommons.org/journal/vol33/iss12/9

FERFREFIE UL
CAS Field Station

KHEAZK ) F 5] 45
KEEMTREXKINEXSEMERR

FRE I FEM HEB IEE A T SRR
PEMFRAICESHFIERRMZRER RUKINMNIRERE S&ATF 830035

HE PR PHELRAN XA, ANHFARTSEE, KIEZREGIHFFRE T E0KER #E R
FABERKEZRTGRK, BANELI LYK KFREASTHEREHLF IR L ERBEMGES R AL
Aok REZT N FEAFERE L AN XIS OXATFTEA "KL ) #5F B KNS 4 2449 1959
F, BRLERFTR1IZAHN QAT A “15AN" ) 698, sbf B AN AF R GH R LA K
AR, TR BFRKNF G ERL AT AL R F D KRS SR X3 A a6y K LF A, K
BT RENETABKRIAR A, 60 5k, FAFEANZLM. K. AR AT R AN, 3R
RARGTFE, RLANSEEKNHEE. KNI AAE TG KK TkdpiFidss, Foakl.
KRG G ESFMR I QPR R GEAIAR, AFEGANFEF LMD T 2ATR R 400 B RSP o
(WGMS) #1501 3] A 2310 £ & M RG KB KN Z—, PptEA P Bt BFFRGLABIN, LK

B\ ARG R B TR A % B Kok F T8 5B A i,

X8R B ERFTR1SAN, AN BR T, ANk, Fkids

DOI 10.16418/j.issn.1000-3045.2018.12.012

AT ER R I 10% DL E ok I prg s . vkl dErEuk) s .t EDR i B vk R, R & 7K
JE M ER I SR B, AR ROROK IR 1148571 %, AR 518X 10 km®, FLIR VKIS AR
1 68.7%. 4Bk (NGRS HE 20k ) LTI A 1km®, DR KEMEKN F . k) (55 7KEs )
Hovk)I 215 547 %, BVHEIFRGS 705 739 km®, BUARUKIISE VESHUKVRIBIEE R 22—, LI i e B ARk i e
PEAR R 3.28 km?, DAMTEMENGE R ARBOE WS LS BTN Z 060, 7EZ B 18 2 35 &

38 A H
KR A PEAMAPREBELEFHEEFR (AX) (XDA20060201)
WS EARIK R B A 2018411 A29 7

® FEAT I p7[1381



_ HERS RN IS

Gz, IR eRR R R . B REIER
PERHBBR R . a2k 304700k, AERuK)IhE i AR 47
R BT KPEFEA . sk RFESE I, Sk

BEGTE . WEG BRI AU % 112 52 (IPCC) 45
FORPEAG IR AR T, RO IR LK, BRI -1
EFHT 120m, FEJFERUEUKEEAPKHEAL, i EAk
TR ATEPE . R L vk D A Bk
(0.76+0.37 ) mm/a, J&fLUR THFFRAREIK 00T _E Tt
SR DTHRA o TRV B vk A e
TN 3 802 AR MIHN RN 1538 %%, AL
HFRGA 27 360.73 km®, #EFRN “EMOKEE” , RAERE
ARG R S A AR ™ LR RHZK Y E 2K 3¢
P X VKK A 0 L AR 25%—29%, — 5 THITE
KGR G A2 R AR, ST mER
PRIKEE” (KNI, FEAEBRANAR Y I RUEE L X A2 3
EF) CHIEEAT ATEE . UK R A R K B
AR, R R KL A FRAE R 1 AR S R G e PRI
Mo AR X KGRI AR, SE K1 K AR IR
BRI IR LS A KON A KA Y, BEE
IOV SR D, KRl 7K A T A 23 B 2 2 )
Do UKINEIZLR R, B 251 R vkIHEEK vk T AR
URINERBISFE VKK E

o AR 27 B R L oK O 8 v (LR AR <Rl
URINEE” ) L TR EPKNZE QI Z R 1959 4F, bRk
& PRV ARE SN TCRNA, AR5 GEE ) E A WL
W B E AR 150Kk (RUF IR <1 50k
N7 ) BIRFFE, X e B R 7 B 1 T8 R A2 e b 1)
TOCHEMEME . BEBR L, Sk 2 LA R P VK
JFIPK 35 A5 Ry St ol =2 S SR i e R 572 DX UK 1
WIS o R LKk LI AFF 5%, BELAh 173X — 40l
Lo, X E BRI 2 0 R A TR, Rk
Sl T AL 4 i T PG A A i ARSI D e R X, K U
Ytk 2 20 R RN 4t R A IR Ak, il X
WK R VR AT L IX o LK 3t R A5 48 R S 3l L

N 20 695 % .

1382‘2018&-%33%-%12,5}1

DX AT LE A WL 50 A FE A R K SO Y, B e T 3R
PN ] K SCRIFFE Ay, G 8 1 52 X ok K B Y
i 23 AR AL R X K ST AR BRI IR B WF T R, AR
R . VAL XK BEIR A LS S AR T . IR i
Fhox AIHES R R A AL R AL T H B AR ARG

60 Ak, AR E VK= | X . B RAA
BRI I, XPAMF OGS, Rk A
UK 2 S PR T BTk . Sy R 55 v

(WGMS) ¥ 1 5 7Kk)11F1 0 48k 10 S SO o i 2
FRVK N Z—, BIVE Ay v RS 5 X 2 Rk
KM RGN B8 AV 2 B G K1 A 5 i 2 B
At

1 B TKIINENMEEIETES, RAME

ﬂ?%ZWH\E%ﬂEWHEKYmﬁ
 EBHERIPSEHREERTHSENRG

%ﬁh,%mTﬁ%W@ﬁgm

ok )1 oA TR R R b, Il 2 . 2
SRR . R 2D R AZ 38 AN 255 22 AN K]
FFEI, VKA A R, 4t B0 A 50 4F DL 10
BRI PKIA L S 5%, 0 30 4ELL LI BERH k1|
IUF 40 %6 7c47 o vV B (e 2 BRiG IR R BE =, A
[[08 OlIke=P sz SV o s & SN NS R URIIE St SN -9
S ERE, A SR A TEIL T Rk, R
L) 3 — B T 150k 2802 Bk i 0L
9T, 1998 4F 8 H, MEPEZEinf s A AR 5150k I/E N
B ANER M RS BRI, B4 T 20 IR

2004 4F 8 J1 12008 4F- 8 J1, 43 S LM 2% Jiki 2K 1 UK WiE 1l
FEAIRWET UKIME 72 5 kAR 58 = RN 2R DU 22 Bk

I FiI 23K T 2 2 BR UK 1 38 20 N7 A e 2 M X K L s 1L
FIBA 5 SR E RN KOS R RS, P R
— LA SV, B R ILARTE IS 1 700 km, #5
N IEE IR LK) 4 . 2011 45, RILpk )13k 5%
A XA F PO BT R %R L oK AR 5 B U

IV |



KR |23 SRAR R T 2K k) | B 5 SRS _

WhEuh” , EPT/RZE LA % . WK, B K3,
WK AL AF UL 2R 8. 2016 475585 AT HBUM B &
HEN PR ZR LU K VR BB R 5 ] R kR L G W T Y
W7 REARET R KN RS BRUKII T R A UL
WFFE. 2010 4E 10 1, R vk) stk k) LI B9 41 J 39
AR LK, e PR 300 7 VA Y e A s R e vk ) | i 44
bk S ERE B R A A K SRR
WFFE R X HTF e 7 22 R e WL B 9T . A G0 ]
KPR RS T2 58 7 W, oo 2 06 14 B T
VKN DU 4 Sk IR IR B A U1 2
T A BAR 48 Sy 1T BT R % LU A AT 18 A5 vk 1]
VG B L A SR U5 s i AR L 5 oK )1 45 547 LN A
Fo FRREAGAHENH (£ MHELE, BT 58%
B AL T R XK A W 2%, 2014 4, KLk 15
FEbR 7R E LR #7353 AustreLovénbreen Fl Pedersenbr
een P2 MUK B ORINAIE 58 AT, R R Lok 1 il ol 1T 0
IERY g bR N IARE EIL S

TEY™ UKL S Rl Ay [ i, R L ok )1 3l i 54 Ak
AR 7 W J5 36 A i 42 il 45 [ B A T 4L
oK B HAR S 7535 50 ) B Cok 13l Iy 248
A 5 AN S HOU I 4 1 ) RIS TR Lokl o) O
PAT, SR ALK FE DA 3732 1 AU A+
Fo 201045, ALK i vh.C 3 5 224 [ BRAH DE 441
125 FE f F oK | 00 3 TR 57 7 B 1l 2 AR 10 4F [ B
PR M0 R AN A 55, R ok 42 e v I
T A ) AR RN . 2013 4, K
oK NG e A PSR 4140 (WMO ) A Y 4 BR VK
RO (GCW ) T3 LUK s ORI 4503 7 [ P by 22
NG, fdE CRINGKIG R ) | FER KR
LR . KERERARIE T 65 PR LR A
i WGMS FI GCW ZR T, s 01k A T ih [ PRl
HE 2 (ICSU) . HEBR AN 2 5 BRI 2R B 2%
(IUGG ) | & EFREEMAE (UNEP) | BRA EZF
2! (UNESCO) FIARARHL (WMO) BRG iR

(%ERE Glacier Mass Balance Bulletin (% 3ERHMESS 9 1)
B 15Uk NE B, B 1) | Fluctuations of Glaciers .
Global Glacier Change Bulletin, )} GCW Muli; -4
154 [ 34 45 B0 %) 281 Environmental Data Report S 4
1 Geo Data Portal SR8, PLK (S ek
R A5 ) WGE, BTN Tk S AR T
IPCC A5 =R . HEVUUCRIEE HRPPAG A, AR 8 4
R FAE Nature F Science 11 SCFAH T 0L FEA

B Rk B fs (WGMS) 238 % Glacier Mass Balance
Bulletin % 9 212 1 5 7k A3 @

2 AR THENXINYBEEHRFRA, BEK
FE 5K B M Z s, A& B L3k
NESE 50 FAZLH T 2 RINEHREL
12, 18R T KR ERRRIE A E

20 {22 80 4FALHT, KLivk)I 3G ITi5 k)1 245 e
T BRI, S5 A RV AE RS, B
EREEEERENiDY I Eiie b 2 e i e e/ V11 B N PN W e
AOINATTE (F2) , S0 T oINS | vkOR
AT B WTRIR R Bl 4 Rz shALEE . JEad oK) AN Rk
L ARG B k) R LOI , U BB
Rl 7 AR 5 TR I P AR A Y PR DA T JRLEE A 2 T35 20 m LA
b, KN ERA SR B AR R, RS T K R A

® F AN 71383



_ HERS RN IS

VIR (mm)

500

—-500

—1000 -

—-1500

SRR, X SERESY, TR T PR RReE e TR S
B, WHIAER CUKNYE: ) #RH.

VK40 J50 - 487 2 2 Ak DK )1 AR 28R il o ] ) o 2
KINESHZ —. WGMS K3, 15 K14 50 i
£ 5 4 BR vk 4 BT # P B i A 1, JEis e A2 Ak
W B 13 S A A A LA AR AL (2, PR
AT LI R 1A oKL Bk R TR A 3R L vk Y
S ST AR R . FE WGMSS VK T 19 4% o
15 PR o [ A e 5 X 2 B vk . 2007 4R,
WGMS B30 2 BUKI R LIN A5 5L, 2l th A Bkvk
N9 0P b il 2, 1 28 7 B b 5] AR K 2 i
IR TR, WS kIS AR, K k)
VW, 1960—2017 4F, 1 5 0KJI[ 24 J5i~F- iy
341 mm/a, UKJIZIMEBATES . 1960 4L,
UK T3 T PO i fil g A 28— R AR AE 1985 4F
HiJA, B AR B B Bl 1960—1984 4F
) —81 mm/a &% 1985—1996 4F ) ~273 mm/a; 5 K
M 1997 4FETT R, B sRAN, Bffi1997—2017 4FHY Z4F
S 440 JFT- R 2 —690 mm/a, HiH 2010 4E 0K )1 5
SRR R 1327 mm, A A I BEORF LR 9 SR AR A
2011 4ERIR, UK BT i R I s e, e
I3 2011—2014 SE R By Be eIl s 22 J . PR A =i ¥
g iR . 1960—2017 4, 150K B 00T 15t
519774 mm, BUEGE A ER AT, vK)IEEET

o
!

—— SRS MRTE
—o— RIRSRIK) ||

T T T T T T T T T T T T
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

B2 B&KRFMR15AINGR TS RSB AN T3 85 T
% b

1384‘2018&-%33%-%12,5}1

Y 19774 mm 7K Y4

BT 1S uRIRFSE, $87m Ltk P i i iy
PURALER" ™, @ R AR T, B Rk Rl
., AR BB ERER, SRR,
WA RN T 7 B I . @ vk PRI
TR, WD A K 2 T IR R T 0 T Rl i 0 AR
TIPS Tk, R T UKD A58 1 14 A e
@ Fi T K1 A Rl DX T AR BT 1 - Bk ) 1 3R T B B AR
R 0 1 S I ML o AP S 3 0 7 A = 2 ol K 1| T K
2> (cryoconite ) FIH™ Pk RT3 180, vkAS <R+
SR, BEAR A TR A . @ Pk s REAL n
o) o BBE TR B DK T — 7 TG 00K A RO B,
THRRR AN, 53— J7 T VKT RlK 525 5 #EA KN A,
WA VKN, IR SRS AE A
AT EEE, AR 2011 AEEH R QAR ER A
¥,

3 BEARTFAMBKFERZR, AT K
ERMIBK X[ KRS NIHIRER R AY
BAMELR, HEE T HRERFEAREIK SR
A

PEF[E VY AL PN REFISE I o+ 5 X, K BT i 29
Fox 25 R R BSR4 2 AR S IR A ik Ll XK
FERAE X, KRR, LA & AT L DX es &
WL B, fas 7okl RS gt X
REKAR AL, i K- S B BE KPS, B
FERLUL T I X AR AL S 8L . MK S 3 T K e ik
AR I R K SORERURR 5 1 T3, AU T
TR R SIS RN . X —BFTE, BE T IR
PN Bl T O K SOK B IR SRR o R Lok 1959—
1965 AFEub W TFIS vk T RE &7 . oK1 RO
T EIANAVERT L PR UK SCRAE | Hi /KR T 7K
F AW DI R ST o 1979 4E K L pk )1 s R 52 o 3t
ZJe, TR EARFEM AT TR SCRIR B, TF



KR |23 SRAR R T 2K k) | B 5 SRS _

Joe B 5 R SR L DX 3 4R 30 T I RO S 0L B 5
R TN K SCRBRR GAR ELAE TR T8 i i 56
F, TR T R E UK F K SOR R G 5 R R 56
WFFEIFEAKESE . 1995 4R LIS, RILvK Iy KA 51X
S, R JEVKNK SCAEEAS T e i A>T 52 XA k1 K
BEURASA 5 R LA o

20 e 80 AR LI, vk I Y IR 45 5 | & 1 7K
PRI 28 3 AT FUK B I B A8 Ak, TG B8 25 W8 1 1 A
JRy A JRAR Aty R TR Z S o AR A6 X 5 DX A LN A6
USRI, FEACIR U3 DX 1K 1T B T 114 30 i D P
HRTHEmOE R, BRAEORA R T R, SRS T
K AREE 1T ARl AR L 0 A A8 P i B 2%
IR, BT ok oK e, — Bk
RO, N SR K BERCRE 7 A SEME R R o PR f X R
LU 7 b XK B 1 5 0 AN [R] S 1 28 R . % T
LN TR0, W05 B AR SR A, ok Rk 2
[ R N N5 7 1 DO R Tl NE SN2 R ER (B
F o X LUKV Ry F 00030, AN g i 45, ok )11l
IKAR AR DR — RE Y A0 AR 58 2 7K R 1 oK1 Ak 7E
IR AR A, K BRI AL AR R W R Z T, B
7 oA S 32 DX SR B PR o 1 =, R P H A
#2040 4EZ AT, ARIE LR F R A 90.7% vk (KL
B R, VKN RREE K 59.4% DL s Sk
[k, bR AT 79.4% Muk AR Z A7 AE, i RLR
RACKEAE 30.6% LA b o S, kP oK IR REA SR
KBV AN R A o i TR vk ) e 2040 4F i
TRATREAT 429 2T 1 TRt K K R 25
B (30%Lh 1) UK B 208 2 23 R IAE 7 A S
B, PR, A B R K AR A, R
fap g%, (EASE S T MBESE . 2k 50 4F, A1
SR VK I RFLR AR, B 20 45 T /K AR L 1 1tk 25 7 T 5
M, (EARW K I, #2040 44T, Bl KA TK
NI AR, 3 K IR R AR S IR BT ks, (H A3k
BB IRABIT

RS, TR T UK AR Ak B HxE K B I
e AR IR, FE s RIS T A 1] b DC oK) K B85
RIS 25 A8 Al S HR K SC . AR BRI RE R, Sy ] 5 E R e
L POALHL ORI L S mROR L IR At o AT
FRol & e IR LR it T T BB, IRk
TARBE E ORI H R AT Hp sk g DK B
IRIERF T IR R E A GRS S A 45 e e
AR IR 5 BURF USRS T TR, SRR 4 5 /R FHR X
BUMPFAN R < 244 F0 4 Ja — A~ T SR K R B0 R e 1Y)
BSHESCOE” P2 MOCHURARAS 2013 4F B2 2016 4F B2 T
SRAEE IR IR KB A

4 I TGS KRR, S$RFK) T h#HIT
RIAF M, EXREREPEKIRREK
T2, HTREREHRE, AKIZK
FIMiTE. k) IRIPERE T RF KR

TGS VKA R AL vk 1 3 [ £ 0 & B vk 1 ST 15
DNASEAY | A 3 — AR, AT LSS B A% R | RUBE A X3
JOBE VKA AL AR TG >2Y BOR 4G . (D M3 |-
ANTF BV R AR AE A L S8 T 585 @ BAVKII
T AR St/ ) V-7 61 A0 7 R S A% O ) P AL s ()
38 F L KA A B VRS RY , f 45 4 vk Ui
B R B K SRR VKA LUK RS R s @ k)1 5t
P LR AR IR S E M & i 2 Bk 2 sk
VRN ROBE AR AR, A5 K| ISR SRR 4

FIFZAALS 150K FEARIET VKR 72 5 1K
U 3% I R Y DR AR 2 L — DK AT T A48 T30
(K3) . Z5RExR, £ RCP4S LB RT, 221
R, FUA T UKME 72 5 DKV R 7R VA DRI 33K 75 2% 1f AR
KF2 km® WPk A oK o pKIARER T BRI BE 11
AL REANTR], R B AR B . ARk & A HE
B ET , RS R RO 4 s THRRAT 5, &
ZHCEA R, (AR SR HAE R . X T — 28/ K
N, AFETHESE SR KN AR E AR, P T ILF

P
=2
s
=3

® FEAT% 571385



_ HERS RN IS

: ‘ ; PGB, QBRI AR | S b
g . . AR BRI B S - AL

3 3 | S L 26 k1 BT 45 SR 0 BT 420 0k 1 AR

TS R A R 2 S T . T

TR T U K 1R 4 o DRI 4 P e

TR AL R T DB (0 T S

. YesE T U PRBRE, 21T SRR UK 90 T 5 P

= T 5 02 e, TN 4145 6 4 AT MO 5 36

- BV TR, KB 97 (R, LU iR

%)mo 2o B0 G5 A WA PRSI WA s

..... e W — LT 2 MO 2 TR K B 1725l e 7 P JE A

o i o BT g i ol 5 D25 2 Y 5 2 22 vk 1k

et e e o ORI OSRARGE . X  DLEL U Y

RAARERILE WK, FEk B, LA A A BB AT R

(RIPHERR . ZHMTE . M FEBVNT 30 km* vk

5 S B THIR G R AR B ) 30 AE IR 4042300, JEHIKIIL  Nevd, vk 9T AL RSk vk R AR b AR e 4 2

OB BRI U HERE S AR AR, 76 RCPAS TSR, 512100 4F, 2BRETEVN

A L5 ARG BN, B R SRR IS 2k SOV BRI TRV T 10 km? (97K1I7K

fo, WOINEHSERGF %, HERMMS BRI RAATAR L BT 30%,

S5,
. IR ES| = e == N
ST 1 kI B TN A R ke © DIPY 85, BURMMNEIAS—IRE KK

ERAKE

0.5

IRRERTR.

.‘\-‘\L
2000 2020 2040

N k =k e A= - E B B4~
W, g R R R RO, A 261 e R OOVER EEEREE, AERELT

W1 B, AeiR, I RCPAS HEHCE R | =
B PI 2E 2090 4F 2 T A TSI, 403 i BUAT K PR LA OB . Rl

JIEBORTEFRY 91.9% F144.4%, JRITRIARA 23 50K 13522002 4F 7 H7E 150Kk 4 130 m FRLE X HE T
A B ARAEAT /R FEA . RINMBIXCHY KA 5870 260K iRER Y, JFBELE . REHUIMEAE TAE (K4) o W
JARATRELL 1 584 . I RARE, 2Bl G ok ILE A o A R R B RIS ok i s e f . SRR
ORI T LU 74.0% F121.5%. 1€ RCP4.5 HERUIE = T, FESAFE SIS . FUK. PKGERERL A . X TAE R 2R 42
F 2090 4FRT ), FIARH 2147 R0k —FLLEMGERE  Womge ik, Ebs EEE R, E 2010410 H, £
AR (55.1%) , HAREZOVHNIINAE, WH o SR SUINIRERTSY, 18R 1 Sk —uk)1 vk
BACB R UK N DL RS . BRI 1838 4% LAY B b og Bad e . 0 H S | T (45 36 L 1l
ARER T — A L TRARE R, S BA KIS FAARSZANEZRHNS S, SEPRRTAR K
SHBORLE ALY 68.5% F1 17.0%. 7E RCP4.5 LI T, WRIH (PGPL) o AHSCHCRAEFE PRk % T 1) A
22040 4FHIJE , FRATHY 846 A5UKIZIAT 87.6% SEHTEARIE R 60 ZRi“FARIE I, FHAE20084F 12 H £ AGU Bk F451Y

1386‘2018&-%33%-%12,5}1




KR |23 SRAR R T 2K k) | B 5 SRS _

Lw’ _—

et I

b

B4 KE—RE—KNKiEpIL. T2 In 5 B T4E

LIRS RN

WEFE R, keSS gl — RV B R R AL
PRNPK™, SRR, SRRz TR RBIF)ZL
FAFKNHC R A R . A R X AR A B+
IMBUE. 520 4D 60 AFFUA L, Tl T S 2|
RO A A=A, FRAR DGR T 1 dikc T . DR T A
DI DK A B R R 1) B S 4 i KT DRE S5 R AR A 2R T
BFELA, RIS ZIEERGN . G507 ARk
T AR o RO S R A BOE s o KA TS
PSRBT RE IXRF LR R, W Rk, HAl A5l
VKRG Z 1A B SR RS, B 2 ok 1 TOUAT i1 2% R 52 i S04
SR BB TR XA AE . RN T R IC R AL 2
Rz i, BRI B ks 24y
BRILK . HREEE T AR R ERIC RS2
TE Rl A BRIV F S 5 R A X E SR B T A £
FARKBIAE, il 5 H B -3.6°C, KT IX
—URBE, TR PRTC SR B2 AT LA Z AT, o T
—iE, W EXNC R EIE . AT, R T
AR IR AL, BRAR T UL B 20 B . S —ik
VDK feid i o7 A AL A 5 DR R ok A A2 e, —T5
T2 T KSR R AR, 55— 5 T 3 vk )1 | 1)
CHEVE” FEYERYIZE AL, T k)X SR A
AR

6 £5iE

60 4Fk, R 1L K 32k T 1) DR ity 4 k) 1 v T 5
DU, LG8 [ B ok 1 2 2 B D el 34 22 ok &5 K
R KRR TR, UK Skl vk
SO VKGR A A T TS T A R G A
Ho ML FE 20 R, KERFARBIC 1300 K5, H
H SCTIB L 300 AX%s . LG PR K1 2% £ =& Journal
of Glaciology 50 4% o 557 T KA vk BB} 2= Gl AR 75
AA . FeIE AR E R A TRHRE 10 50, HhEE AA
Rl ZAR 1 0, EERARORBED A Z AR 1 00,
TR FUSRBLAA R4 2 I, A4 ST, ARFRERRL 4L
KRR R T AR T, 2 RIRR T EREBE
FPAMEHEERRR S . EBRK%2s (1GS) FIM&ll s
EEBI T ICE (2011 4F 157 ) 481k “1 S uk)ILZ AR
A DB LA S 50 AR T A0L I 9 Rk vk
MZ—o BEXF 1SN B HAE R A 8, LA—Fh
TEEARWI =, KB KX G KSR
Hu SR T B L DR, B TR R Ll X AR 2R B
B Rk N AR AR . s, Rk g —A~Ebr G

T, b E R A 5T B A X — AT 0

MBFFER L B,

SE
1R, Rl AN LA K30 36 @ B Ao e 2. kN % £, 1988,
10(3): 290-295.
2 F% g, rHa . Kb A JLR X335 105 k69 @ 5 & 2.
AN £, 1998, 20(4): 280-286
3 &g, P E K AN A RS04, LW R F B MRAE

2011: 1-486.

4 . HEi2L5 Y B B A 1R Kb O 35461 37 KK
I Aew A S Ak, 2016: 1-150.
5 2% Ey. AN B AR E M GRS AL 20 P EAFEE

X F X 3R 555 TAZAF 50 P, 2008: 1-84.

® F BN 57| 1387



_ HERS RN IS

6 FHEM, Fo¥, R KNS P XERR LSRN
M g . AL A F AR, 2009

7 O#AE ®RE RLEERFTRITANE T EOGRE
B RN . AL A a4, 1965: 1-14.

8 Cai B L, Xie Z C, Huang M H. Mathematical models of the
temperature and water-heat transfer in the percolation zone of a
glacier. Cold Regions Science and Technology, 1986,12(1): 39-49.

9 Huang M H. The movement mechanisms of Urumgqi Glacier No.1,
Tianshan Mountains, China. Annals of Glaciology, 1992, 16: 39-
44.

10 Li Z Q, Li H L, Chen Y L. Mechanisms and simulation of
accelerated shrinkage of continental mountain glaciers, a case
study of Urumgi glacier No.l in eastern Tianshan, central Asia.
Journal of Earth Science, 2011, 22(4): 423-430.

11 % RLEERFARISANAEHARE L. L7 &
% Ak, 2011.

12 Li Z Q (Guest Editor). Special Issue on Science and Monitoring of
Glaciers in Northwestern China. Journal of Earth Science, 2011,
22(4): 1-118.

13 Wang PY, Li Z Q, Li H L, et al. Comparison of glaciological and
geodetic mass balance at Urumgqi Glacier No. 1, Tian Shan, Central
Asia. Global and Planetary Change, 2014,114: 14-22.

14 Nozomu T, Li Z Q. Characteristics of surface dust on Urumgqi
glacier No. 1 in the Tien Shan Mountains, China. Arctic, Antarctic
and Alpine Research, 2008,40(4): 744-750.

15 BRAGHR, FETER. & & RFTAME. K. BRAERE KR
.o EAE (BiE) , 1988, 6: 657-666.

16 &7 W, /R, KB R, F. & & AT KAKFRY S e
JE. AR AR B ARAE, 1992: 1-189.

17 Kang E S. Energy-Water-Mass Balance and Hydrological
Discharge. Geographisches Institute ETH, 1994, 178: 164-170.

18 & /R, Atsumu Ohmura. X L KN AE R AL 2. KEFW
JR A BARAALR, ¥ B (B4) |, 1994, 24(9): 983-991.

19 Li Z Q, Wang W B, Zhang M J, et al. Observed changes in stream

1388‘2018fﬁ-%33%-%12ﬁﬁ

flow at the headwaters of the Urumgqi River, eastern Tianshan,
central Asia. Hydrological Processes, 2010, 24: 217-224.

20 F%%, P, AR #7580 T4 TAL R At KR 69 ¥
v A 5. F e LA 5T, 2010, 30(1): 96-106.

21 Sun M P, Li Z Q, Yao X J, et al. Modeling the hydrological
response to climate change in a glacierized high mountain region,
northwest China. Journal of Glaciology, 2015, 61(225): 127-136.

22 FxY TRAIERREXEWNAAD: HBTHELRTAX
KPR RGAAR (faRE) . bw: P EIER, 2012:
87-94.

23 Li H L, Felix N, Li Z Q, et al. An extended “perfect-plasticity”
method for estimating ice thickness along the flow line of
mountain glaciers. Journal of Geophysical Research, 2012,
117(F1). Doi: 10.1029/2011JF002104.

24 F% B KN YR A A RS LT A F R
#+,2017.

25 Li Z Q, Ross E, E. Mosley-Thompson, et al. Seasonal variability
of ionic concentrations in surface snow and elution processes in
snow-firn packs at PGPI site on Urumgqi Glacier No.1, eastern Tien
Shan, China. Annals of Glaciology, 2006, 43(1): 250-256.

26 Wang F T, Li Z Q, You X N, et al. Seasonal evolution of aerosol
stratigraphy in Urumqi Glacier No. 1 percolation zone, eastern
Tien Shan, China. Annals of Glaciology, 2006, 43(1): 245-249.

27 Wang F T, Li Z Q, Edwards R, et al. Long-term changes in the
snow-firn pack stratigraphy on Urumqi Glacier No. 1, eastern Tien
Shan, China. Annals of Glaciology, 2007, 46(1): 331-334.

28Li Z Q,Li CJ, Li Y F, et al. Preliminary results from
measurements of selected trace metals in the snow-firn pack
on Urumgqi glacier No.1, eastern Tien Shan, China. Journal of
Glaciology, 2007, 53(182): 368-373.

29 Li Z Q, Zhao S H, Ross E, et al. Characteristics of individual
aerosol particles over Urumgqi Glacier No. 1 in eastern Tianshan,
central Asia, China. Atmospheric Research, 2010, 99: 57-66.

30 Li Z Q, Gao W H, Zhang MJ, et al. Variations in suspended and



KR |23 SRAR R T 2K k) | B 5 SRS _

dissolved matter fluxes from glacial and non-glacial catchments 31 Felex Ng. 50th Anniversary of Tien Shan Glaciological Station and
during a melt season at Urumgqi River, eastern Tianshan, central Symposium on Science and Monitoring of Glaciers. ICE, 2011,
Asia. Catena, 2012, 95: 42-49. 157: 16-19.

Science and Long-term Monitoring of Continental-type Glaciers in

Arid Region in China

LI Zhonggin WANG Feiteng LI Huilin XU Chunhai WANG Puyu ZHOU Ping YUE Xiaoying
( Tianshan Glaciological Station, Northwest Institute of Eco-Environment and Resources,
Chinese Academy of Sciences, Urumqi 830035, China )

Abstract China has 48 571 glaciers with a total area of 5.18x10* km®, which accounts for 11%-14.5% of the total area of mountain glaciers in the
world. These glaciers constitute a vital source of water for more than 100 million people and for wildlife ecosystems in this vast arid and semi-arid
land in northwestern China. Urumgqi Glacier No. 1, the best monitored glacier in China, is located at the headwaters of the Urumgqi River in eastern
Tianshan and is within the core area of central Asia. To implement the long term monitoring of Urumgqi Glacier No. 1, the Tianshan Glaciological
Station (TGS) was established by Chinese Academy of Sciences (CAS) in 1959. Since then, Urumgqi Glacier No. 1 has been the subject of extensive
studies. Internationally, it has been one of the ten referential glaciers in the World Glacier Monitoring Service (WGMS), and considered to be of great
importance because of its special geographical position. The Urumgi Glacier No. 1 complements similar long-term monitoring programs covering
more maritime-type glaciers and glaciers in transitional climates in polar, temperate, and tropical regions. Over the past 60 years, the TGS has served
as a research and training base for domestic and overseas scientists and graduate students. It plays a central role in central Asian climatological,
hydrological and glaciological research. As such, it is well known and highly regarded by the international scientific community. As a permanent
year-round glacier station among glaciers in central Asia, it is the benchmark to which other relevant studies can make reference.

Keyword Urumgqi Glacier No. 1, glacier mass balance, glacier hydrology, snow-glacier processes
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glaciology research since 1987, Li Zhonggqin has been engaged in the very first Chinese Antarctic traverse and the glaciological investigation
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