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AR TKINSVRMAIHRXERET, N EENREREBRLETREM
7K B P45 B B (Oerlemans, 1992; Kang Ersi, 1994). iX S04 7Y B 45 32 82 78 vk )1 F07K )1
{E RS TR RELH. ERRK)IEREZREAGRED, FEHHRRK)
ROV 36 45 SR Y A B K ok )], RO B R S R k)l R AR R A SR
A F) ) 2 ] R

A AR R AR L A6 38 BLAR 0K )1 R 4t (Krenke, 1986) AR XT &, KA&RLLNL
TR AR RI(PE B 2 Hr BT R, 1986), vk EF FX WX FGILE
HEVB /R K S8 ARFFN . SKHuyal, = o o] i F B BE A A b 3 % S AT R X (o
B R 2B Z MK )RS BER BT, 1986). KB EBMASFRENE | fin. REBEXKE
/RUESE #5107 S A ST RIE M KPR 43° 067 N, 86° 507 E, ¥k 3539 m)
FAT O 00 0 P A 2 R L )0 0 3 B e ) R R KR, AR 3 i RAS IR L AL 3 vk )i
RBHFITRE, BRBLRA. KIREB U RBHH@E, HXK)RERKE
=M IT I BB

F1 RWXRBRILSEEKISHRR
Table | Distribution of glaciers at the north flank of the Tianger Mountain

in the Tianshan Mountains

KRS E A ORI | KSR
LB . X
% BN % & (E) ¥ K (m) (km°) (km”)
43° 00’ ~43° 35’ 86° 06’ ~87° 24’ |[2880~5290 610 179.26 5.7987

* RE CREN)IEF ).
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2 UKINRFRRI G HFFLE

2.1 gk

— MR RG] 5 AETERAHE N FRE. W FREMKNFRKE
FESFIE FHE. AWEL - RERFREKN 2K 0K (Kososanos, 1979),
RLIBFIE - R G0k ) S B2 AR L

PR E 52 AL AR AT KL b SRS AR X oK) B 3%, EBEARYE 60 AR 70 4
RAVEAEH 1 5 AALME IS, 1986a). AL R RAE/R LB KRS
SRR AR BESEIF LIS X oK) 2R G

RARRLALI AT R R EREB/INGE 2). BARKRNAR, BEXBKKIESHLEHF
T 5.216 10" m' 93k, MY FRBFRE/RLAEN SEARFE, LEF, =d5
M EE 2 4P SRR R 4.2 15,

F 2 RBRUIE KN — LRSS

Table 2 Some morphological features of the glaciers at the north flank of the Tianger Mountain

L] H B /)N oy B X
AR (km?) 0.02 0.29 3.28
PO (km) 0.10 0.81 3.50
PKINBE (m) 6.00 19.97 65.00
PKIEFR (km®) 0.0001 0.10095 0.2132

* Hitukl 610 &.

K KA IR L AL RN R GEAR KN R 4329 15 TR G, & — T RERIK
JSREFEASRAEFHE, TERL 15 £ FPHEINGR 3). B 1 RARER WL K L ¥k
NEBTFE N, NW Ml NE =43\, X=4Bm Kkl F4. mHRmERS 5 b
87%. 92%F 93%. Ht, FHK)I MK HEFRAL, KBRWLAEE KL FTNR
A AL, KEREREZERT 3537~4269 m 2 6], XRERMNEFRMHULE
A TR PR X o L e 2 R0 K 0 A ORI S SR A 5 A~ KA AR LB 38 ok 1 B9 AR AR B

40 nulL | - RIEIA
V22 vk L
20 o0k [y ko fd

()

() 01

A1 RAERILAEEK) 4. m AR BRSS9 5 A
Fig. 1 Distribution of number, area and volume of glaciers with exposure at

the north flank of the Tianger Mountain
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22 KJINER KE SRNEEHXRE

EFFKMXSENYFEESRIBRS, KNAYETPER - ITEENTE.
—&0K) | S Y T 2R T oK) RE BB AR, T B k)N 9 R AL B
B KREMESEE TR RNKN S NPT R, — X oK) TS RHE R
PN YR PR B — RN SR, B, BR— RK)IEHR KE AR
MEENXER, BRFRAREEK)IREEHH—AEEFE. ABIRLULRTE, %
NEHEEMTRZ RN XREFRRFIHES, 1986b), KN RBEH/RILILEX—
AR A ER Fkm?), KE LmAMER V &m)) 50K FHEE H,m)E %
£, FICREX 610 FAKNHEFT TR, BETUTFRRR:

F =9.0% 10'“}1;‘*‘455 (1)
L = 4.245% 10‘211:'“745 )
v, = 8.766% 10"H§8688 3)

E, —MRKNEEREL, S5EKNEH. KEMERNHENEENK, X%
AT 23 (X DK 1| FR G R A B4 25 (B4 A RRAE b R B 9 — FpoP s 38 bR . B0, R
PKNEER A 1 m, WRBTER(D~G), REBEFR M) FHERERL 7.2%, oK)
KEREA 4.7%, WoKIEHERD 7.4%.

3 R UK AR B

31 SimMpEAENLES

B K TSR 1959~ 1993 4F [ B IR F0 R 7K UL 1 B34 45 A LA B+ (8] (4R ) A AR 3R
R, A/ _RFEEE, REUNRBAEHEERR Sa @B PY _ KPR ES T
2, RUSHE LHSBEMEKSESSENBES LRI ELES. R4THTARE
ZY. ARAEE 12 AZRE 11 AN ENARON TFH<EARKBIBE IS
B, 4P UAEHETBHHEXREEER KRR, A 8 MET 0.01 KKFE, 34
it 0.05 K/KF, 2 4@ 0.1 BKF. :

#4#W, 1352 RSBAFHERLHETFHKRER LT, TERKERD
THEFHMEM 5.1%, HEFETMANSHBEHBERERANER. KEMELETH
BEE K06CEA, MBEKEBHLAREMN. HFEERE 1.45C, BKEHREL. B
EHBLRAEE, EREKENED T 31 mm. B HBM S~9 ARk RZHR A
7~8 A, SEMAERN, EMKENEERS. Hb7~8 FPFHSB LA 0.2C, B
KB X 30.4 mm, 7 fE 20X T4 R ok )1 2 4 AR R AR .
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3.2 KINEERE

R GEARFER 1 S0K) 2 REH — 8 — K E5 EY R FEMUK) | 2R 8 7K
N, REYFREEWIET K 1959~ 1960 & 1965~ 1966 £ 1979~ 1980 F 1983~
1984 4, HEEFEWRTBEMKNHRR. HRXERURKIHZENHMES<E
BB X R, &R T 1958~ 1959 4EFE N 1960~ 1961 F 1978~ 1979 4E B ) I -4
BRIGkE®E, 1981 HESHEE, 1984), FAHFTKIYRTESRELHRR, 1§
BN EFEEBEZBKNEHY, APEFEZERROPWE. LEES19)NAL
FTEIEA ., M T SEARFEE 1 BKNYRFESHRESERERZHXREL, 78
B BEE5~7 ABRKR3I~4 ABREMNLYFYRTIEENFESIRER. 308
WK 8 B B SC SR O F R iR RME R Bk, Y R E RS B iE R
1B A FEK B i 6 1R 7 51 — B

F£4 KEAKRKIG3° 06' N,86° 50’ E, ik 3539 m)1959~1993 &£
SEHEAR S 2 BHEBBEFH
Table 4 Trend analysis of the 5 years moving average of air temperature and precipitation
at the Daxigou meteoroloical station (43° 06" N, 86° 50’ E, 3539 mas.l)
during the years from 1959 t0 1993

1959~ 1993 4

B % F B HXRY T

£ F T (C) T =-15.19+0.0185¢,+0.005¢2, 0.75 +0.63
(12~2 A) P (mm) P=8.6+0.31891,, 0.92 +10.8
7' F T (TC) T=-5.41-0.04261,—0.0012¢2, 0.83 -1.45
G~5 /) P (mm) P=76.8-02432¢,+0.0229¢2, 0.51 -8.3
5 = T (C) 7 =3.97+0.0004¢,,+0.0005:2, 0.28 +0.01
6~8 A) P (mm) P=1237.9-0.9027:,+0.0972¢2, 0.63 -30.7
® T (C) T =-5.0+0.0172:,—0.0006¢2, 0.41 +0.58
9~11 A) P (mm) P=56.6140.17731,10.0291¢2, 0.37 +6.0
7~8 f T (T) T =4.58+0.00591,,+0.00071;, 031 +0.2
P (mm) P=179.4-0,89361,+0.1240:2, 0.64 -30.4

5~9 3 T (C) 7=2.31-0.0003¢,,+0.0006 2, 035 +0.01
P (mm) P=368.0—1.1074¢,+0.0932:%, 0.64 -37.7

& T (C) T =-5.4+0.0016¢,,+0.0009¢2, 0.38 +0.05

P (mm) P=4159-0.6497¢,,++0.1487¢% 0.62 -22.1

E: B THEREER=3], NALRRABFERBIRINT R, o HUENSARIE, T(C)h
FHSR; P(mm)YREKE.

321 FYRTEELEE
#1958~ 1959 4E & 1992~ 1993 £E3t 35 a [ SEAFTIE 1 Sk EY F T HE
5a W TEHHBMT, BREUTABTE:
B= — 13412~ 10.04¢ _ (4)

OF Wk IR KB G FR, 1~ 1288,
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XH: BAFEYHRFEKBEmMm); 1, H4F B FF] A0SR E A MR E. iz
B n=31, HEXFRH r=0.69.

XDFRR, GEARFME] Bk 35a kR FHME. —ELTF RO FEFER
S MEYRSHBLHEFEL 10mm WEMK, AN R PEEMKELIT S
—341 mm. ARFEYFEFERMITE, 35a %k 1 Sk)NYERSHREHL KR 4445 mm K2
&
322 YR P EMSBEERN LR

EERERRFTESNT SEBAFTE 1 S5 HFEYRFERNXABIRE<E
MBEKBXER, EREYHRLEKERE Bmm)5 7~8 JFYSE T, (CMY FT4E
£F 9 ARKE S ANERKE Py (mm)XREL, HFEEN:

B= — 698.55— 148.11T,_, + 2.92P (5)

X HEEMHTEYES a BIITHHE, BERFE =31, SHXZEH r=061,
*ﬁ?&%ﬁr&rm = — (.30, Top, = 0.51,

AO)FR, FYRFERNER 7~8 ASBARMEM, IEEMEEREKEE M
. XK | HREREEPTE 7T~8 AR/ARWE, 1994b), # 1 SoK)IKI KM
W, 7~8 ARKE 5 FSREMEN 84% (Kang Ersi, 1994). FHit 7~8 B FHSEME
YT R BB, FER I To-s AKNTERIT Py FK)IIRRI. ERARKE
RET, REFRIEKN KT QY EFERSE, 7~8 ANFYIRN 464C, MEM
BN FEY PR 0. MATWILY 7~8 AFYREREITIC. I
i, EIHERKFEMET. BEREKIPYRTHRRE, KEBIRE 7~8 ARFYS
BETHOI9CL E. MR 4TH, KABEIRY 7~8 AFHRIE 35 a kA Z#
FHH0.2C, EXFELET, KINKRYFTEEERSEEN. 55 HRBWHRKR
MR EARRE . BT k) XA EERE A (Kang Ersi, 1994), H#ETRLE DI
ROMEENHABETERA KK, MRHERERb GRS ARERNE,
1994b), KERHF/NTEE, XEEMANI KK HBE. Fn, KEEIRE 7~8
ARKBIREZEEBHE N304 mm(E 4), TLHEHBETGREAKIKERE RN

112 mm,

4 KNRGERHEERELTE

41 HEAHFE

4.11 sk RIT &
RN A B REK T B R /RS, 1994 a)28:

-5 Y H)- SEgep 6)
R=7—(Hy+ H)~ T5E (

M M

L
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R RAKNER; © A TERE; Ly AREER Hay IEES; Hs IRHGE
B, L AZEEY ERNRRE, PL ABSEKE. AXPAHELITE, BEWRE
IG(FR/REE, 1994a, b), K(6)HITHEBLA:

_ Lkt

M

A PREREKE. ROFER, KRR B KSRACHER 2K LR BBSHR
KA. ZNIRBAMEUTE, KITHRAEEN GRS, B BHTEY
G BERAT R 0.11 fE AR ERALAEI AT, KEREKER 93% MES, BRKER
F, (N7%NBERK BEERS5K)IBREK. #ES0TEETET:

H,= R (1— o)+ ¢ 6T  — ¢ oT. @®)

R H +007P ™

AP R WEBEH: « ARFE, o ARIKEBHRE 6 AMBF-B/RESHER
T, #SEK); ¢ AREHHRE; T. ARTREXK). REWWXBEHRRRNE,
1994b), K@M EUSHEHERRAZRTEMR. UKXAWILRENH BN HD, <
B T (CHE=E C0.0~1.0), HHESEBAFIR 1 5ok HB X BT K FEHLA
EREAnAXREEREAN:

R,= R (0.2139+ 0_5354% ) ©)

a=082— 0.037_— 1.74x 10 'T.— 1.14x 10 ‘T’ (B®@) (10)
a=0.27-001T_ (KiE) (1)

e, = 0.69(1+ 0.42C) (12)

e,= 097 (13)

R R(W/ m)NE—ERERMEEEL T RS EROKHEES; HD, h%x3 AR
¥. B4, LEHENEERTA - MMERK C B HEES N MK F R
A Cor BSBHRSERME, 1994a), Xf 1 Bk, C.HEERR:

€= — 0219+ 0.1147_+ 0.008T | (14)

mf

4.1.2 BN Y- R
LK P A B K )| K O F B SRR B PR R RE, Wi LR () ek )il
LTSRN SR, AT RS Tk B P8t 5

1.117
(L

B=P - H,)C,, (15) .

AR R A IR L b 39 T8 L 75 A e K L AR 22 DA B e K B M 4R 43 7 B RS B 9 (B K
K%, 19920k )il K B & i+ B (Kang Ersi, 1994), KN KM ESEFHEKEN
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650 mm.
4.1.3 WK R ERFXT AL A

BR BRI, BRI R T EELBARN T, BETINT KABRSRE
1959~ 1993 £ HHE, KB KREFHEMIRA, HREBEAE B XN TGS
K, FERBERHEGT, FXEFEMMMKIRFR «. KEASEH R (W/ m)
MBRHGEER H (W/ m)EEk. WERAER, REETRGERNE, 1994bitHE.

: H =097U T _ (16)

KA Uy, ARABSREFEFHREmM /s). KEAEH H:
R, =¢0T, an

KF: T,=273.16+T, TR, RE\AA0). (1) AYMUDR IR K ZEHZ N

= - 003-3.48% 1077, - 3.42x 107" T, () (18)
2%~ — 001 (k@) (19)
aTm

2R

L _ 3
T 4¢ oT (20
aH

S = 0.97U 1)
aTm m

H5h, MEEKBEL, ASCERER G REZR, VHE T g e vk ) ok T R
B, KNI 20 B AR 58 T R B 1 R L AR K B 9 R B SO AT . KB E
R KN R FEREAADRTE. B, WAESFHELD, KIHRITY
FOFEIT PSR E T BER L. B TERBRLIEAKIIF, A S8ASFHR
1 SK)IFLKMER, FED | S0K)IER - KP4 TR E-FERRAEK), XL
WX KN BLLRE N E, EHRNFE - SREMRER K. $E 1962~ 1987 FH5
W, RIWKNBAER G 61%, BN L 13%, FREM S 26%(Kang Ersi, 1986). &
B, PSRRI RFEREER BRI YR PR, RE—TMRER
B RIEHFIL TN SEAFTR R 1992 FEAMRE KGRI TR EFRER), 24
AR HE, BU—/> 0.34 RAHIRE T, SRHESRIAR/R LI oK) R G 80 ) -4

HNNBEEMEL, HFEANER KEMKRBRMRL. 1ERKIRENFHEL
KoL, AT~ G)RHER, B

aoF — 4 08455
£ = x 10 H 22
7 16.61 . (22)

Ly gyax 10720

aHg g 23)
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aVv —7 18668
£ =2508x% 1 H
9Hg S. 0 .

(24)

A UK Q2)~ Q¥R 3 PRTFHAKNETHE. WR-FA)IRER. KEM
EBUNFEEKN FREFHUOINER. KEMEREOE, MASZRKIEH
. BT, ]k R ERRAER K RER R

4.2 ItHERTL

DA B A ST IR 5 LU H A oK) BRI BTR A 1959~ 1993 453 35 a KRS (] FF 51
TRV AR, HMtEMHEAERTELBES, Uk 6~8 AFHIEAR 0.5C,
LOCHERKBRFFE, BHLIS%MEI0%HIREREZHT, 1993 FLUEHR
35 a RAGIR ALK B BARM AT AT RERRALRAL.  HAEXT S EA T 1 50K AKX
W, 6~8 ARMESFRABA 96% (Kang Ersi, 1994), Eik, 7)1 HR AR KR
WHF=EEERE 6~8 A, MENBBEUIN KN ERIEERELHLZ@ES, BT
i 6~8 HRYSIR L Kokl T RE ) 2.

£5 SBRAFTER1SKNFRASEFETERIIEHRETHSER
Table 5 Results from calculation on the ablation and runoff of Glacier No.1 at the source

asea of the Urumqi River under different climate conditions

. ~ ~ )i [ > Ji KB

6~8 ASUR| FHOKE | AW | KR | MR |8 | W | A | WM | HH | W

46 (C) | Ak (%) | /)| (mm) | (mm) | (mm) | @mm) | (mm) | mm) [ @) | @m)

122;315923 B - 307 | 729 | 805 | -155 | ~127 | 172 | 141 | 6.01 | 4.94
rﬁﬁt—ﬁfm ﬁ]&fﬁ:}m 445 | 1056 | 1146 | 496 | — | 551 | - |198| -

0 505 (11991294 | 644 | — | 716 | - [2506| -

= |s19 [1232|138 |94 | — | 771 | - |2700| -

+0.5 +5 505 [1199|1296 | 629 | - | 699 | - |2447| ~

1993~ 2027 ~10 | 547 [1299 1396 | =779 | ~ |86 | — |[3020]| -
#3352 +10 | 505 | 1199|1297 | 614 | - | 682 | - |2387| -~
0 577 | 1370 1472 | 822 | - [ 914 | - [3197] -

-5 | 590 |1401 | 1504|870 | - | 966 | - |3383| -

+1.0 +5 | 577 (1370 | 1474|807 | - | 897 | - |[3140| -

~10 | 617 [1463 1568 [-950 | — |1055| - |3695| -

+10 | 577 {1370 | 1475 | -792 | - | 880 | - |3080| -

TE 1959~ 1993 &40, w14 T REYR T HARAS, XR X B KA
FHFRERN. KB 6~8 73Rk PiE B A9 Rl K B IR K T ok L i 45 B 25 Rk
B 605 mmGE S). Bk, KNYEFEHRR. PR LR &N SEAFEIE 150K
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My S5 T i R oK 1 ok PR B A AL B SR I (A BT, MR 22400 22% (K 5). EFE T
BRI B A R

R R TR AT & Wk ) B R RE L, FEVEE 1959~ 1993 4235 a iR
BARFFHE 1 Sk ZRENEM . 3T 1993~ 2027 Gk 3k 35.a HE KT
R LA R BRI SR BRI E(FE S). ERBHBRKNELBEER R THE
BF, REKNERPAY RS RGN LR 35 a G EMRE, XRHTI
MBI ERM S E R R TR, WIRTE 1993 FLIEH 35a, 6~8 AX
BFAEOSTH L.0C, wKIHRHAY SRS RBEEM. MREESERN LR,
SEREK BRI 5% 10%, IT3EE R R X A K E B8 XT ok IH A 5 175
W AR K. BINAFEREKEBRD 5% 10%, ol fFEmBEmY 7%~ 8%, MKW S
WD 15%~20%, WRERNKH 352, 6~8 AEA® 1.0C, FEREAKEED
10%, MZEARFMIE 1 Sk HBERL 37T m. BT, 308 K&K LK)
RAHSEAFN, KHE., =t feEEREm A A FRE, Mok EEEROZE
D TREEFETIE: 1 1959~ 1993 FHEMRA; 2) 1993~2027 F{F L4
35 a AR Y ARALIR L. 3) 1993~ 2027 4 88 AR R B ERAT B K 6~8 AEHR
B4 BIFHE 05T, 1L.0CHEMKBHFFARZMS RSB 5%, 10%8 k)| R
B ZE LR B

ITEERGEE OFEH, LHAFN B 1959~ 1993 EHE K EBE LT 6.7%,
HONTE R T 13.0% . B 1964~ 1992 FFHRME 1:10* fimERTH, SEARFA
WA N ERAW D T 138%EEMKRERHBHENEE), IMTBELERAUYE. EXR
B, AR ST, = o o] 0 B o] 33 o 1 | 9 AR 20 KA D 5 B oA 5 ]
— 3., WRKEMA) B TEERTE, WM 1993~ 2027 FRAER L H 7K F
HOBB A 61%, TR 49%. XFFAXBAKBOERE. —FaEaTFIERT£
VRO T R 0 B R B R R T M E S S BRI TE R B RIE RSN, B E
BHTRBRLIEFEAN EFEIRENE2), ERTEENERT, MINEESH
7o, B, KASRU SN #E R R P B g . RINTE 1993 £ LU/
352 6~8 ASEABE R 05T, Wk EEHKELD 76%. TRBEL 61%; WLRAR
R 10T, WK EER L 85%, EHREA 72%. iHBEERHAGE 6). ASETLKEH
F. EREAKERI 5%M 10%, Itk AEGEmBH/DS, KRR D, WHER
KBE L IMEN R, 10%0FRAORDE, A FBOKN KEE AL 5%, 0K
6%, BITERRKN 35a 6~8 AR 1.0C, FRAKEHED 10%, WRHIK
AL 3 2K I B B4 90%, TEARML 78%, BIKESAvK)IKET. BRI LIk A,
BT RERILEEK R TR, MRASSBETRUNBERETE, KIBER
%35 METEIN KRBT,

B FoONAL T S R E ARG DR P, W RRSRAK B SRR, B
Fok )1 K BB S R ISR RGN, 7E 1959~ 1993 4EHHE], SEARVK)I AR/, Bk E
KX B RS L A BTN, Hh BB ARFFRK)I B AME L E AR 15% AR,
MR B 12% . (BIET] 2027 4, 6~8 AKEFH 0.5~1.0C, HTKINKE
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A Study on Changes of the Glacier System and Its
Runoff at the North Flank of the Tianger

Mountain in the Tianshan Mountains

Kang Ersi
(Lanzhou Institute of Glaciology and Geocryology, Chinese Academy of Sciences, 730000)

Abstract

The glaciers at the north flank of the Tianger Mountain develop in a small scale, facing
basically north. The spatial distribution of the glacier system has some characteristics on an
average as a whole. that is, the changes of area, length and volume of the glaciers in the sys-
tem coincide with those of their depth.

The trend analysis indicates that, during the recent 35 vears from 1959 to 1993, at the
high mountainous zone of the source area of the Urumqi River, the annual ‘mean air temper-
ature increased slightly, by about 0.1C, while the annual precipitation decreased by about
5.1% of the mean value during the years, but the monthly and seasonal trends are quite dif-
ferent from each other. Under the present conditions of air temperature-and precipitation, the
mass deficit of the glaciers will continuously increase.

The calculation on the change of the glacier system and its runoff indicates that, during
the 35 years from 1959 to 1993, the glacier number and area were reduced by 6.7% and
13.0% respectively in the Urumqi River basin. This is basically identical with the change cal-
culated by the aerophotography maps. During these years, the number and area of the gla-
ciers at the north flank of the Tianger mountain were also reduced correspondingly. If the
trend of the climate and glacier changes during the years keeps continuously, then, during the
next 35 years from 1993, the number for glaciers could be reduced by 61%, and area be re-
duced by 49%. Suppose that, in the future 35 years from 1993, the air temperature of June to
August increases by 0.5C, annual precipitation decreases by 5%, then about 3 / 4 of the gla-
ciers could disappear. Suppose that, in the above mentioned years, the air temperature of
June to August increases by 1C, the annual precipitation decreases by 10%, then the over
whelming majouity of the glaciers could disappear. The calculation indicates that, if the an-
nual precipitation increases by 55% and 10%, it doesn’t influence the glacier changes much
more, while 10% reduction of the annual precipitation will cause about 5% reduction of the
glacier number and 6% reduction of the glacier area in the region. During 1959 to 1993, al-
though the glacier area is reduced, because the glacier melt in intensified, the feeding of gla-
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cier meltwater to the rivers at the north flank of the Tianger Mountain was slightly increased.
Under the conditions of air temperature reduction during June to August by 0.5C and 1T,
because a large amount of glaciers will disappear, the feeding of glacier meltwater to the riv-

ers will largely reduced.

Key words: glacier system, trend analysis, glacier changes, glacier meltwater



