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JIERZK XS SR PN 28355 e A 5 e HAA F B SRS, Y mir R Ll DX oK) 1 4 oS P-re o
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FIT A TR R A R 2%, R ARAKGERG HLoR A, dedsely AR B R b,
Hi VG A 85°01'E~86°32'E . 43°27'N~45°21'N (K1), J& T WA KRS %, 4R
SR 6.0~6.9 °C, K EHAE - S—
EHEEMEZ, FREKE 110~
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e, MUK SR ERAE T SRR,
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ﬂil 5156 km*™", Fig. I Location of the Manas river basin
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3.1 HERIR

AHIRGE T A B E 2 TR B . S R G s K SO (R 1), Hid g
FHOIE EFE (DEM) RN 40Kk IX 5 il Fbe B ® R, 24 SO R R 7K S 5
IR FERE ; MOD11C3 A1 TRMM 3B43 2 B4 FH ok 2 B L X AR RN 7K 1) 25 8] 43 A 1
Bl FEHEAEEC (NDVI) BOs S WO o3 X SRR o 7 o5 B AR AL SIS 55000 FH R AG 56
T BB 1) SRS B e S TSRS ()58 T 5 K SCRE S A A B T A2 3 AR AR RRAE G AIE
DK AU JEE 5 IR DX o) T RSO SHe U128 — vk ok ) 1 4 H B4R, BB AR
A Rl FABEZE o RS B RO IX AR B H 7

®1 BIEKE

Tab. 1 Data sources

KAy sy i) I3 HER A GTE S

DEM - 30 mx30 m b PR [ 5 dE 2 (http://www.gscloud.cn/)

NDVI 2000—20164F 250 m*250 m

MODI11C3 0.05°%0.05° & [ [ Z M4 LK R (https:/www.nasa.gov/)
TRMM 3B43 0.25°x0.25°

i #H E RS 457 B 0 (http:/data.cma.cn/)

[N

it B 00 PLAR K S

VK TR 2009 4 - FEX X BL2EE 5 0 (http://westde. westgis.ac.cn/)
SR 20144 3Cifk[20]

32 IRFAE

AN SRR P 22 Y SR SR 5 R H AR LUAREAL! 2000—2016 4F E4 7] i vk )1 | 1) o
s qk, B4, YEE(MODI1C3 #1 TRMM 3B43 750 H BRI T8k ABUR, Mitm
THOBCIE RS B 4 A e R DR R 8 R L XA R RN R K R T AR O AR R 2
(RMSE) FIHE ZE (R?) KPPHrid B s 0 SRS B o ARG, DAZS )4 BE /s
i) DEM 3088 F 5 #E, %FMOD11C3 I TRMM 3B43 #4723 IR BE . ), Bt e as i
A3 HERZIR ) MOD11C3 HI TRMM 3B43 iy A BE H AR LIS F X vk )1 49 TP A £k
THL .
321 SBERMKREERME A CFH I MODI11C3 Hl TRMM 3B43 & &S S 5L 2
gl A8, 51 ANDVIRIREL T i 44002, JEFig P 7 . K Gl
RS GEARAR D, PR oY XM S R, DR S R U i e M .
AR AR A S i A A o A v, RIACHIF 5 XY A/, HEACE 1 AN KRR 40k
(AT, A AR B BRAR ) S R B, SR SR A K A A JE Y R B A KL
Xo FESLIETHEFE IR ILIX 23 NG00 2 H LS4 84 . MOD11C3 #1 TRMM
3B43, NDVI M DEM Z50dE, FEE T 10 IX32 H SR M B R i s (X(1)), Hig
HAFIEREEE 2, £IPR,

y=A+ax,+bx,+cx, +dx, +ex, + fx,+gx, (1)

e y SR EHE; N EEG xR o MARE; xR x IR xR B
[ ; x A NDVI; x,o MOD11C3 8 TRMM 3B43 %45 a. b. c. d. e. f. g/ Rl
EY
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Tab. 2 Monthly average temperature regression model coefficients and accuracy verification

[ IR HERE
57 A a b c d e f g RMSE r
1 5.41 .12 -0.64  -0.0020 0.210 0.0110 3.89 1.57 3.06 0.89
2 56.48 -047 041 -0.0040 0.260 0.0101 8.97 1.38 1.78 0.94
3 121.38 -2.05 -0.26  -0.0070 0.220 0.0130 1543 1.22 2.88 0.95
4 143.06 -2.54 -0.11 -0.0120 0.170 0.0060 6.88 0.84 1.82 0.94
5 140.79 -2.31  -0.05 -0.0100 0.170 0.0043 -1.61 0.76 1.16 0.95
6 127.95 -1.80 -0.04  -0.0130 0.136 0.0080 -4.57 0.63 1.16 0.96
7 108.19 -1.36  -0.04 -0.0130 0.120 0.0120 -5.25 0.66 1.42 0.96
8 109.65 -140 -0.05 -0.0130 0.120 0.0110 -5.25 0.63 1.16 0.94
9 111.77 -1.70  -0.04  -0.0090 0.160 0.0101 -3.00 0.72 1.30 0.92
10 81.19 -1.35 -0.10  -0.0058 0.208 0.0058 6.03 1.06 1.15 0.89
11 48.80 -0.57  -0.25 -0.0034 0.240 0.0110 9.49 1.18 1.27 0.90
12 51.62 026 -0.71 -0.0030 0.280 0.0120 -14.49 0.62 1.52 0.90
®3 BAKKEORARRRYREERIE
Tab. 3 Monthly precipitation regression model coefficients and accuracy verification
i [l TR I RiE
; A a b c d e I g RMSE r
1 19.27  -1.15 034  -0.0021 0.049 0.0036 -1.86 1.15 3.69 0.74
2 4242  -2.33 0.68  -0.0030 0.136 -0.0020 -38.85 1.18 9.31 0.76
3 -60.87 1.32 0.04  -0.0018 -0.006 0.0105 437 1.03 6.75 0.81
4 158.81 -4.82 0.65 -0.0113 0.108 0.0011 -29.90 1.64 10.33 0.85
5 63.84 -2.64 0.66  -0.0053 0.065 -0.0054 -24.15 1.31 13.20 0.85
6 -149.02 2.60 0.44 0.0095 -0.014 -0.0289 -19.10 1.01 14.41 0.88
7 -174.73 2.97 0.47 0.0145 0.106 -0.0261 -11.22 0.97 14.33 0.83
8 -83.76 1.29 0.26 0.0113 0.072 -0.0201 -11.61 1.11 19.69 0.84
9 -25.69 1.09 -0.27 0.0001 -0.027 0.0172 -20.52 1.51 8.43 0.82
10 38.29 0.60 -0.72  -0.0034 0.038 0.0143 -8.00 0.91 8.42 0.85
11 60.39 -1.92 0.28  -0.0047 0.035 -0.0002 -5.51 1.12 9.08 0.78
12 -497  -0.06 0.10  -0.0024 0.001 0.0007 -6.95 0.93 4.29 0.71

P HIRZE (RMSE) FIPE R (R?) SKIVAS SO AR Y )38 PP K % i i 3 <
SRR MERRTE . RMSE FH I i 5t 18 SR S <, %ﬁ%ﬂ%@ﬂﬁZ@%%ﬁ&E,ﬁﬁ
M BER B — 3 Z Al I AHOEME, RMSE M)y . R MR AR A3 FH MR B, 38 S8 S 8
NG TR ; RMSE UK . R E/INURIATS FH PR SS , d8 BR i R R B B IR, R
W X2 H SR B RMSE AT 1.15~3.06, R KT 0.89, F AR S i B [7) S 4
i 2 TR TR P AR EL AR DG e vy, R Wit A0 P GBS TR ) i Lt JR e i A %o L
X AR AR RIS . 32 A K RMSE ISR, HYE R 30 T 3.69~19.69, 1A
ﬁ%ﬁﬁ@ﬁ%ﬁ%@ﬁﬁZ@%ﬁhE&m,@Mﬁ&?m&a%ZH,%%:ﬁw

KA T, SO TR FH I g L3 7 s G5 X6 L DX 7K S B A1 175 150, 2200 1 2 Ay A
Wio SRR SIR MK R BBARARG BE TR 25 R, R et 3 SR G i R v M 2 UL 38 K 1L
XA AR ACRE

G IR B FH T I e R K SR UL s vk ) [ 40 S S AP ASE UL RS, 23 ) 43 B AT TR 35
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SRR NSRS T I R R /= 18 S 1 2 TE) A e, DA SEBX Jmy Aok 4
FIRPH, R, TR AR RS G, DL 30 m 43R DEM £l bnifE it
TR ROBE AL B, 1R BIRFSY X 45 S Rl i TR K A i 0 >
3.2.2 BEHRE XTI SHEHERCREL, Fid BN BTl SRR iR
A=DxPDD (2)
Kb ARNEET BN K SRS RIERK S & (mm we.); DRIK)IOK/A R H R ¥
(mm/(d-°C)); PDDAHEETEIERE (°C), Al FaURMAE .
PDD= [, —1 L“ng_akln)dnh (3)
i o2n 20
Kb RFENAHRET, (C) BIESS; THRHAEFHSRE (C); SRR mbriE
%5 N NoATHERGRIE B, BEBOY N=N-N+1,
oS (SR EEAL) (A e R
B,=P+A+f (4)
A BAHENBN )N S (mm wee.); PRFERBENBK) R mAR 2E, B
BAREKE (mm); ARHAE (mm we.); fURUKBEGEREAS (mm we.),
R DAH AL 1) 10%K 1530,
[ AR R K ] F I R R A A

P T<T,
T,-T
= </ <
PS TL_TSP TS T TL (5)
0 T=T,
P,=P-Ps (6)

A PO PO S SIS EKE (mm); PO A ERKE (mm); 772 A<k

(C)s TANT 23500 [ 255 WS K G FUELEE (°C) 5 38 AR S K 1L 2 & ARSI 1

SO (RIFRES IR 151 WSS SRR SCSCHRB E , 70 HK-0.5 CFI2 C™,
AT B BT o

:l n
B, S;&& (7)

A SRR (m?) o K XAl B 3278 m 2= INTIHE 4 100 m 4734 20
AR, wn o XA R vk 1 T AR o

JEH N HA WA W5k, S 7R T R KA E— K P St B A
SRIE, T EALE TR H TRk KB H P21 AT AR 8 B A YOO a2 e
b A B SCRRBORHIT AR, SRR SR v L AR (RS B R S X R, e Jm 2k T
283 (GU(8)) FRHK XA i A ali AT B H X o vk 1 oK H T A ] e
FE . BERE . Bl RO AF LA T 2R AT, MR T HAEAR P A ST
SRR (20(9)) RIS R v K BE H IR

m=ux%— (8)
A DOIBREEHHEF(mm/(d-C)); p WEEE (kgm’); p HKEE (kg/m’).
D,=-105.7¢+96.84+0.032-0.8 COS(a) - 180) +20.3sino—3447.4 (9)

Kb DRVKNIVKE HIRF (mm/(d-°C)); o RLREE (°); ANEE (°); oh¥im (°);
B ().
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3.3 HRBILGHE

3.3.0 KIEREE ST IR K P B o8 R =, SO HRA 3 AR e e
82 km. 108 km 5 15 VK1 A4t G A AR 515 0k)1 (fRiFKk 515 0Kk)1) [R5 1
I IT R AAG IO AP 25 A T S . YR 1S k) R k) 22 (WGMS)
FE R AERE S WA+ 52 Bk 2 —, s EEE K . Sch 2GRk, 8
FAENUKNGE S X L2, 515 0K)IIRE TR It s m pk ], HAE R R 1Lk
SN 38 25 — AN 7 W 2 BB K], T 1998 AEFF U AR AR TF 8 1~2 YOWI , LA | 79 4% i 750
VKN4 S5~ A B LI RIS AL 25 SR B A AR S 452 . W fE 150K 1 R H AU
KT I VK P TP K PR, AR5 S 5 0 4 SRR o — 3", SR AR 2%
B B AR VK ) - ) SE PR AR AR B G, A Ui 98 XI5 R T 5 R 15 vk 1 ) o~
BB RAG I H iR . k)1 20002016 4F[E S E-2419 B A -577.13 mm w.e./a,
MRS T 1Sk UGS558 1 1996—2015 4F 5] -2 5 -4 h—- 677 mm w.e./ab,
Zhang Z57E 51 5 k)1 BT BE H ARSI 1999—2015 4E 18] 4 5 -4 7 -370 mm w.e./aP,
T LA 2 5 ) JE R AT RE S5 P KT R K R S B AR RN Bns A G, 2 uk) 1 T A B P
W FrARREK 2, XU AW, oK)= B SA AN Rz, k)= i
Ko HHMFHTRILIX SRSIRAE AT A, VY R A EREEARRT S, X F80K
JUTHE RIS o PO, ASEHBLAS SR A v b S e 1 3] 3 3k 1 | 400 S P A P AR AR A
3.3.2 wkJIIEhzk VKR K 25 0 5T i i A A G, IR AR SR P o T B 4G A
BEREI e bR 22—, AR S A ) 0T A AR A I A BT A AF vk Rk i B LT )11 4%
THIANGR (2 4), F5RINACHITHE VK Bl ACEMA FRARDBOT e & B, W5 7O T 5 1 g
IR L DX SRR K RN R A 27.13% 5, SRR T A 25% b — 3, i s iR AE 4L L g

Fz4 2000—2016 F k)4 FFE R K| Bk 4RI

Tab. 4 The changes of GMB and contribution rates of glacial meltwater to runoff from 2000 to 2016
. EWE-rE Yy Js-F- iy UVIIFGITIS AlpKI R AlipKIr R AR UVIIFGITIS

6 25 (m) (mm w.e.) (10° o) (10° mn) S (10° o) [ S
2000 4538 ~545.86 3.29 2.72 0.83 16.29 0.20
2001 4550 -566.88 2.99 2.60 0.87 14.43 0.21
2002 4530 -551.41 351 2.82 0.80 18.74 0.19
2003 4558 -584.20 3.22 2.72 0.85 11.05 0.29
2004 4560 -620.49 3.47 2.90 0.83 12.28 0.28
2005 4532 ~575.59 3.37 2.71 0.81 13.39 0.25
2006 4588 -632.19 3.63 2.99 0.82 13.18 0.28
2007 4537 -602.90 3.68 2.81 0.76 15.47 0.24
2008 4569 -624.72 3.27 2.82 0.86 13.77 0.24
2009 4507 ~464.85 291 2.56 0.88 11.00 0.26
2010 4533 -527.05 3.36 2.84 0.85 16.62 0.20
2011 4560 -602.95 3.65 2.90 0.79 11.74 031
2012 4555 -597.01 3.46 2.79 0.81 12.54 0.28
2013 4553 -587.42 3.41 2.79 0.82 13.37 0.25
2014 4556 ~563.95 3.21 2.75 0.86 10.65 0.30
2015 4573 -605.61 4.01 3.20 0.80 18.35 0.22
2016 4528 -558.11 3.48 2.82 0.81 15.45 0.23

i 4549 -577.13 3.41 2.81 0.83 14.02 0.25
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RSt Ak B8 1 BT Rl K D25 FT IR 34.6% 5, BAHIFSE 45 v, AT REFE T /K SCubi o7 A
A, H SRR (608.3 km?), B UK IS (HRK SR SO 2, 30
IKAMGE IR . H34b, ZEi . S ARSI SR B A, )R K I At A pk =5 kb
SERIATL, A ROK STEREE ST 29.4%07 . 26.7%, L5 TR Rl K ANA AR . T
P B, TRl K A R A S A SR LU, RIS A B AUL 45 R LA T i

4

4.1 ik )| X KB AN pE K 4L 45 4E

LU PO DX S A7 A g g 1 A 5 S50k, SR LU b A A2 2% 2278 FLME DA 4 g i), i)
257X IHR VKN IR ABIETY, BORIBORS B 1) A5 AR AR B s % vk LA FIBIE 58 143 B 220
2000—2016 4F F ] it 3 oKk 1| X AR 00 R K AR s (K12a, K 2b), 4EEE
H=1.57 °C, TEWFH 4200 m A SIRASALIH 8, VK1 R v 2 4200 m AR LL 0.57 °C/100 m
U, 4200 m F 4700 m A IR SN T -8 CA A, MiTE4700~4800 m 22 [a) 28 Ak i oA i 51
PRI FE T4 1.48 °C/100 m, HAFHEHR 4800 m B Ik B AR J-8.85 °C. HFSE AN IK
JI X AR RS K M 410.71 mm, TEMEFR 4200 m K IRA B84k, AR AR BIH R
{E R 418.25 mm, VK)IA i 2 4200 m AL ER A 4.89 mm/100 m, 4200 m % 4700 m L)
2.66 mm/100 m AU, 1E 4700 m Ak PR KB /ME R 399.89 mm, ZJ5 XL 5.17
mm/100 m A9 R I

E A BRI, BRI S AR AR AR Y B AR e R 2R, o il
PKINIXE R (5—9 ) IR AFEKEFT A (Bl2c. El2d), KBS L%
IKTEA A S A B —8E, [ AR S A AR 32 1 Rl A AR A2 . T
BN EIR 4200 m AL TR SR S K AR A oy A 4, R AR ELEE M-0.65 °C/100 m,

8.00 1 a 330.007 b .
~ = = 0.059x+71.724 ) =0.0624x, - 6.2122
| ¥,=-0.0065x,+27.081 et 3 3

g 4007 H s
5 _ S 290.00 -

2.00 - ¥,=-0.0017x,+7.3022 & y,=-0.0204x, + 395.87
& R>=0.6441 ] S R*=0.6985

0.00 1 e & 27

-2.00 ; ; -~ . 250.00 ; ; . .
3200 3700 4200 4700 5200 3200 3700 4200 4700 5200
TS (m) g3 (m)

200 © . 44000 d
9 QoYs = 0.0057x+ 15.145 g = 0.0489x,+ 217.84 , _  0517x, + 154.76
g 4001 R2=0.9335 B 420001 R=08168 5 ' p-009527
: A A
% 600 9, =-0.0003x, — 6.6894 § 400,00 A \A}A\AAKE

6.00 - ol 00 1
& 8 00'042 = y,=-0.0266x, + 527.37
£ 800 0oee0e— 0o E 380,00 { R =0.6387

o) B
—-10.00 T T T ] 360.00 T T T |
3200 3700 4200 4700 5200 3200 3700 4200 4700 5200
3 (m) 3K (m)

P2 EGR R ARl AR R K B S I AU Ol PRk 2 1l
Fig. 2 Annual average temperature, annual precipitation and temperature and
precipitation in glacier ablation period in the Manas river basin
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HENR-0.17 °C/100 m, SRR H BRAE T4 4800 m FfH3T 5 B /K AEAIR T 4200 m A4 5.9
mm/100 m, 4K 4200~4800 m Z [A] ] K —2.04 mm/100 m, 4800 m Z K )I| TH 0] Fy 6.24
mm/100 m, VK1 IX 5 KRFEKAAL T 4100~4200 m2Z A, 385 20 HrAFGE 30 Pt vk 1| 1X 4>
A KT R AR AR T AT, R SR AR S L DX A A R v Za 4R s T vk X R B
PIEIE, R S e TR S B K 8 2 ] o A A
4.2 IDAAEIK ) ) R A T L 45 4E

Wy 5 -5 75 A KO T R Rl R AR R LA AR, F T I BT 5 A P vk ) | 4 o ST A e R
HARLE A OTHERIRAS, Z4F BT 5 -9811.19 mm w.e. (BI-577.13 mm w.e./a), #H
BTN 11 m, B/ DO BLAE 2009 4F (—464.85 mm wee.), d KA H
PAE 20064 (-632.19 mm w.e.) (F84). i ZAFY) V- FE PR RN SRR P8 ] Bz e
HARPRARACARAE, BFos WA 7AEBES(E M IE (K 3a), BRIk W g5, sy
AEOYIESPAE G, KNS aERZ, Horp 2009 4EHSPEAR (112.28 mm wee.) . 2006 4E
e/ (-36.72 mm wee.); RFUEFHHZE R, 200020024, 2008—2010 444 [H] vk
JTH EAE B2, 1M 2002—2008 4F . 2010—2016 4F [a] k)1 T4 G Brhnal,  AH X s 2% A
R R0 17.98 mm w.e./a. 81.18 mm w.e./a f1-29.55 mm we/a. -8.71 mm we/a, H
TE 2005—2009 4[] R V-l — ELAL T3 00P M DU, Rt e By B ok 1| =7 458 e i
F1. 2008 4F SRR A F R/ ME  (=110.08 mm w.e.), FE K 2003—2008 4 [f] FE P18 44
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Fig. 3 Anomalies and cumulative anomalies of annual mean GMB, and monthly runoff with GMB changes
in the Manas river basin
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Changes of glacier mass balance in Manas river basin
based on multi-source remote sensing data

ZHAO Guining', ZHANG Zhengyong', LIU Lin', XU Liping’,
WANG Puyw’, LILi', NING Shan'

(1. Shihezi University, Shihezi 832000, Xinjiang, China; 2. State Key Laboratory of Cryospheric Science,
Northwest Institute of Eco-Environment and Resources, CAS, Lanzhou 730000, China)

Abstract: The glacier mass balance (GMB) is an important link between climate and water
resources, which has remarkable regulation functions for river runoff. The research, using
MOD11C3, TRMM 3B43 and other multi-source remote sensing data to drive the degree-day
model, simulates the GMB processes and analyzes the recharge of glacial meltwater to runoff
in the Manas River Basin (MRB) during 2000-2016. The results show that: (1) By constructing
the temperature and precipitation inversion model, the accuracy of the meteorological remote sensing
data can be effectively corrected, and the characteristics of climate change in the glacial region
can be well described after downscaling. The annual average temperature and precipitation in
the glacier area were -7.57 “C and 410.71 mm, respectively. The place at an altitude of 4200 m
is a severe climate change zone. Above 4200 m, the temperature drop rates and precipitation
gradients were -0.03 °C/100 m and -2.66 mm/100 m, respectively; while below 4200 m, they
were -0.57 C/100 m and 4.8 mm/100 m, respectively. Besides, at a higher altitude of 4700 m, the
precipitation increased by 5.17 mm/100 m. (2) During the study period, the glaciers in the basin
continued to be in a negative state, with a cumulative GMB of -9811.19 mm w.e. and an average
annual GMB between -464.85 mm w.e. and -632.19 mm w.e. The vertical GMB increased by
244.83 w.e./100 m and 18.77 w.e./100 m in the ablation zone and the accumulation zone,
respectively. From 2000 to 2002 and 2008 to 2010, the melting of glaciers slowed down, and
the ablation was intensified from 2002 to 2008 and from 2010 to 2016. Strikingly, the loss of
glaciers was most serious during the period 2005-2009. (3) The river runoff responded strongly
to the change of GMB within the year, especially in July and August, namely, the GMB loss
accounted for 75.4% of the total amount of the whole year, and the river runoff accounted for
55.1% of the annual total. The inter-annual glacial meltwater recharge rate fluctuated between
19% and 31% , which may be due to the differences of precipitation and snow melt water
recharge rates in different years. The contribution rate of glacial meltwater of the MRB is close
to that of other river basins on the northern slope of the Tianshan Mountains, which can further
confirm the reliability of the GMB estimation results. Above all, the research can provide
reference for the study of GMB in other river basins.

Keywords: multi-source remote sensing data; degree-day model; glacier mass balance (GMB);
glacial meltwater; Manas river basin (MRB)



