365 6l
2017456 A

o PR} o gt R

Progress in Geography

Vol.36, No.6
June 2017

Fd

BT E BB RRI T /R AT E 7k 32
OREL RS iy

SEEEN

%" £L,a8%%

(1. TS oA S E R TS0 |, o E R B e S S5 A ST T, 58 K S5F 8300115
2. P ERRERE K2, LT 100049)

ARV B E SR G, L XOKOEER XS WK 9 A BELRAT A O 1 B e i 1L DK
SCIERR , DARE K B R A 28 BIUA 10 288 SRS A RS 1A A, 57 ) BT B ) MIKEE SHE B2 - R4 A58 7 iy
iy AR R FIZE R = D7 TR T IR K 3G R . SRR R i A8 S8 ™ 7 /R SIS i 3 ) 7K SC
BEAU IR 1 RN FSCR , 1L E Rl HARTR A RBCR R EGE 0.71, AR R EL 0.85, {118 B4R F- HAR IR
h 146.66 mm , H B2 HOZETR AN 15 21.3% . WIRAYAE-F- 2R 231 mm, o5 SR K I 74% 76 475 73 9% B S K
AAET7-9 1, BRE FE T 5000 m LAE DX, ZEHICR LA 7-9 7 AP DR SRE o R AP RO BT AR R R ol .
FHASSE Y 5 v 0 TR R A T S AN A5 AT B T8 w8 X OB R A e FE 1L XK SRR AR . XA TR] K S
BERBEAT P ATIAIL , T SR B K G IR AL AT T R 2SO0 LU DR R ST R AR A

3K IR K CCREAR ;K SRR 5 3mSR 5 HF R JE TR

1 515

rh PG A P Bl 5 DX TR 22 A N T
T FEHC TR AR, R, PR A Ll XK A
IR B L XK GE IR P2 A Ak RS SRETR
ARBEXT T 1L 28 B iy A /K 9% TR A B SR e i 2
(P HTIEAE, 1992), TR SORE R 2 LR L dal R
KRR R EE T R RS2 ik 1L XA
F I TP S5 RN R S5 R4 52 0, TS K SCS
AR 3 B 25 6] S o e , i 2 7K SO0 W ity 5
> G R RURE 1 DX el /K S FRABEAEL A% X B o
(Marks et al, 1992), U5 T A (il %5 T2 Ffi
WA B 8 T BeAE K SCOE e v 9 13z 1 FH (e
XA, 2001), Ay LR = FE 1L XK SCHLIER AL 18T Y

KimBH:2016-08; 81T HEA: 2016-12,

SRR (R THE, 2014), Bif % (2014) F FH MO-
DIS 0 T 94 2 £ 111 2000-2013 4F 19 FLS5 A8 4k .
Sun 45 (2012) 35 T 12 JEEIHE X JCHOR} M X Y 7K SO
RIBEAT T %8 . Liu%5(2012) LLIE & ABFSE T 4%
A7 AT AE TR 1L DS 0 o 3 B R
TR LT R XK PR 28 Tz M,
X FHRCR A 5 i B — AR SO R AT
PEAY , T e = X AN WK SCd B 56 . Rl
AT TR B A G AL IS B S A
T B ] , 328 A 7R N Rl s b, 5 S PR A AE
AR A9 1% 22 (Prigent, 2010), B 3% 0 FH AT g 5 206
IR SCAE I TR R R R BT, PRI LG 7 FH A5 AR A A 5
DX IR ) S PR O, o) 2 JBRSCE HEA TAG 6 AR I
FESMRARE R 5T, PEAb b X L XA 7K 6 I

ES&WE 54 T A0 —H 80t H (374231001); b [F B2 Be 45 G 0F 58 I -2 5 H (Y674122); [ 58 A SR RL 2k 4
(41301039, U1503183) [Foundation: the Thousand Youth Talents Plan of China: Xinjiang Projects, No.374231001; Special In-
stitute Research Project of Chinese Academy of Sciences, No.Y674122; National Natural Science Foundation of China,

No.41301039, No.U1503183],

EF R X0 (1986-) , B, U GES A 5T A, BN SGEFRST , E-mail: liujiaol102@aliyun.com.
WIAES X:(1977-), B, ILAR G A WF2E 5L, T8 FK SOKBEIEMFSE , E-mail: liutie@ms xjb.ac.cn.
SRR X, X4k, 258, . 2017, B8 R i 2R I6 It ik S RS 43 A (], BEA} 2230k 2, 36(6): 753-761. [Liu J, Liu T,

Huang Y, et al. 2017. Simulation and analysis of the hydrological processes in the Yarkant River Basin based on remote sensing data[J].
Progress in Geography, 36(6): 753-761.]. DOI: 10.18306/d1kxjz.2017.06.010

753-761 Jt



754 oo R

$36%

T AL S5 KA PR R A & A T AR (R T
8, 2014), VR T B Ll ik i oK 8 b i R
SR T R Y R I Ll DX R, Tl A R A AL R B K
RS AR A AME . BT Z A0 5E 8+
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Fig.1 The Yarkant River basin

b L X, AR K T LA E] 500 mm 22 A, {H
3000 m LA X3k, 4B 7K B AN /2 100 mm(5 55 5,
2010),

WX N HA AT R T — AT 5 (B 1),
TR R R 3090 mo AT PR R T3l S Y 2 AE -1
KK oA 96 mm, i 78 A& ML () A 3428 & ik 5]
1500 mm, RN K FE , 5074 2689 40K,
UK 7K A 5 685 km’(A BL4 55, 1991), # 4% 2010
4 Landsat5 M Landsat8 TM fi# 75 16 - i 75 55 1/, K
JIAR S B8 375 5000 m LA b X8, (5 B e i AR
) 26.14% . 5000 m DL DX 38 DA B Aa) | 244 L AR i
Bl Sy A A R T =, A3 o U TR Y
29% .20%F119.1% . 7E 3 1L H FfFE 3 A A D /i
B SR MRORIEAR . VKRS fb K Ry i 2Rk S8 T
TSR T & AR IR, R AR R i
7 68.75 4. m*, Horh vk &5 fil K (5 70% 75 47 (Chen et
al, 2010), AZ VK Rl/K A2 2, RBFEE AR Y
& HWMBENAHAY, 6-9 AR 5 4e4E R
TR Y 80%.

3 IRl A

MIKE SHE F| F 51 & . fie £ 1 2y &2 ~F 85 0 i 7k
Oy O7 BRI UK G IR L R R A 2 A
PR B AR AR AR AR S AR . TE
IKFTAT 1 3380 R 43 A 25 KA Ak R T DA, 45 A
M7 ASEL, SR IG5k B )2 0 R AR A Rk
Z K B &R s 7R B b 388043 LA
K2 I A KIZ ), RISk DL a5 4%
oA PR AL — BN TR R IR, MR
LI R K ELAT R R e, BE A T R Ak T
TERMEA TG . BlUK T BN, REE
KA G5 3R U Hb I AN A T8 |, 343
Tk A 32 . MIKE SHE #5HRLIE F K 43 [
WA 2 ML, BN E S S5KIEEFR, 5 Rl
M RAR WA T B 5 Mo JE 06T 38 1 M A1E H
RS L R R B A ST R K
Z 5K . A SCH I 73R 2 kmx2 km [
P A, ) FH 22 RS O S A TR A4 I IR S T 3
2000-2009 4 7K SCik 2 , Hidr 2000-2002 45 A T4
11,2003-2007 4F- A2 1, 2008-2009 4F A 50 UEH
3.1 =R

FEHIE A Z 0 L DX ek, 3 A5 AR B 2R AR £



561

X A8 ¢ T SRR ) P AR TS K SCE RN 5 A 755

ST DX S5l i A e PR A 25, RV 4y %3 A 1 3
370 (L A A W S R o K1 25 T8) 43 A (FF 5 oK 5%,
2015), 1 AE &% 55 (2014) ) FH LI 328 B A5 i+
(18 SR IAT A A e =, 7 L b DX SR B 3 T
R AP A5 SR K S5 5, o A2 2R I8 0T It b i s
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LI BX, S s 5 A e, TRIMIME 5008 (4K 8 D A BHLARL
FEAETE H R B (RS, 2013), ARAEIE AT K
T K JR 1 Bz 1l 2 S5 0 5 A 2000-2009 AT [ S
R K B , X TRMM 0 Hh 8 /K =44 (F R 7K R
T0.01 mm)AERRPERAT TR S, an=X(D)-2)FR .

TRSB

— dec
b. TRSB, +SBD,, M
TRMM
D — dec (2)
v TRMM,_+TRSB,,

2. DA D, 43 51 5 TRMM 45 4 7K 254 ) 1E A
BN TRSBue S TRMM F1 3l 5[] Asf 00 155
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Tab.1 Data used in the MIKE SHE model of the Yarkant River basin
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Fig.2 Regression result of the MODIS surface temperature and air temperature observations at the
Tashkurgan (a) and Pishan (b) stations
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Fig.3 Comparison of the simulated and observed daily discharges at the Kaqun station in the calibration

(a) and verification (b) periods

R3 BAXEREARSFHRIELE

Tab.3 Simulated values of the hydrological components in different seasons

Ay BRKmm BEH/mm @E/mm 6558 0/mm MW RZM/ mm A/ mm SEPRZE MR /mm
3~5A4 76.03 62.33 32.24 15.33 12.87 5.04 32.56
6~8 A 145.57 88.90 112.74 -29.49 75.45 13.68 59.73
9~11 A 40.55 32.68 7.34 17.39 22.26 8.71 2212
12~R4FE2 H 47.49 47.03 0.24 43.41 473 3.94 432
AR 309.64 230.93 152.56 46.64 115.30 31.36 118.72
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Fig.4 Temporal distribution of the base flow and surface flow contribution to stream flow
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Fig.5 Comparison of the snow covered area by MIKE SHE (a-d) and MOD10A2 (e-f) at the last day of March, June, September,

and December
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Fig.6 The mean annual depth of snowpack in different
elevation zones by the MIKE SHE model
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%4 MIKE SHE #&23f M /RIS AR & & AR
ZETERLERME
Tab.4 Simulated values of mean annual evaporation
from different sources by the MIKE SHE model

— —
S RI T *Eféﬁ“ﬂ KR jf,i HiBER
7&K H/mm 314 17.6 37.1 13.9 18.72

I TR A, A B RO 1 26.45% .
MIKE SHE #5784 X5 It 5 N AN [] 2275 H SF- #2880k
2 [ oA W 7 s, N T DLUE H kR 98
TA] YRS ) S PR ZE 1 R e ELAT B S 2R, 7-9
R EBRZERCR ANy, 5 SR 45.53%, Hk
4-6 J1 A 4E B 38.5% ., MAZS[E] 20T FE Ak
T R P e I ARy = A 2R X, A7
ZEHIR B KK 267 mm, T2 LUAE WA B2 RN ZE
VRN 32 5 HLU o R (B 26 15 1) o, AR 3 28 B R
N 140 mm A2 AT, IR ER A Ak A PER S 3 1Y)
T LA X, AR 78 R 32 mm,

5 i 5ihie

AL 78 BRI Dy S T g A
MIKE SHE # A , S 52 X g4 1L Xt bt 2R 9
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FH b ARG AL T Ll O R, HORUEE
_| % Nash- Sutcliffe & £ 7E 35 2 071, #H ¢ R 2UTE
0.85,

(2) MR JET A AR AR E L R K RN
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Fig.7 Spatial distribution of the simulated daily evaporation by the MIKE SHE model in different periods



760 oo R

$36%

b P FHEAR—EL, 6-8 H Aimisnd 2 ah S 2=, Wi E) i
WA RN IR , 5000 m DL FoN TR E RS
X

(4) MR LLKARZE &b FE Az LT, Rk
S 31.26% , 25 [R] /04 _F R 45 7 25 R A B
ARFIHRE A B ZE IR Kk, SRR e 7-9 H .

1 FE L DXt 3k AR R 0 M BRI AK
SCELR W2 (B0 Af S b R, B Al M T
AEAF IS KGRI FE I A% o N2 Sl i 4570
Aol A5V A T A2 R 3K S R A PRI ME B G, 28 [ 4
A1 )38 I A v FE 1L XK SO LA ST 42 10 T R
U B BHEDR , AE AR SEBR I FH P, 75 2 B i v
PEVEATPEAY, I8 FHIE B 5 I A TAS IE o MK HEA
Rt AT K SCad AR, BT TR A 7K SC
SR PEATIAE ST , DA T VA TR A A e K R )
Eedb At A7 7 23 50 A0, N I T /K B IR A A
PEOMRIE . A SCHR AR DASZIN Y 5 R Fehl A0 1E T i
TR (R S SRR /D 3 BB B B 23 43 A Y
KEH0 BE A T e — A A, X TR R 2% SR i Al X e

FNIEAD 75 S — 2D () S i oR
S 3L #k(References)

WA= TE, BRI, T AHE. 2014, v [ 25 FE X K S0 il — s
IR FIZELT). KBl HEJE, 25(3): 307-317. [Chen R S,
Kang E S, Ding Y J. 2014. Some knowledge on and param-
eters of China's alpine hydrology[J]. Advances in Water
Science, 25(3): 307-317.]

R 7, ZEHE, JURE I, 25 2014, PEL TR IX AR AE A K
SOKBHRRZ W FE2E R (7], HUBR 2417, 69(9): 1295-1304.
[Chen Y N, Li Z, Fan Y T, et al. 2014. Research progress
on the impact of climate change on water resources in the
arid region of Northwest China[J]. Acta Geographica Sini-
ca, 69(9): 1295-1304.]

A TRDGE, )5 . 2001, 8 S ARTE K S0 T I TS
HERE[T]. AKFLA# 3 e, 12(4): 547-559. [Fu G B, Liu C M.
2001. Advances in Applications of remote sensing data to
hydrology[J]. Advances in Water Science, 12(4): 547-559. ]

IR, Sk, R AR, S 1992, E PE AL ML X K
PRI, W VP B, 12(4): 1-12. [Gao Q Z, Shi S S, Wen P
A, et al. 1992. Water resources in the arid zone of North-
west China[J]. Journal of Desert Research, 12(4): 1-12.]

g, gk, IHAIZE, 45, 2010. 1961-2006 4F /RIS [ iz
TR Rl 7K A8 A B2 XA T B 52 R (7], DK AR =, 32
(3): 445-453. [Gao X, Zhang S Q, Ye B S, et al. 2010. Gla-
cier runoff change in the upper stream of Yarkant River
and its impact on river runoff during 1961-2006[J]. Journal
of Glaciology and Geocryology, 32(3): 445-453.]

BRI, B R 3C, TAR AL, 4. 2013, BRVL UL TRMM [ 7K 51

i 1 15 22 4R AF 5 52 A [3]. K B 2430 J, 24(6): 794-800.
[Hu G B, Yang D W, Wang Y T, et al. 2013. Characteris-
tics and sources of errors in daily TRMM precipitation
product over Ganjiang River Basin in China[J]. Advances
in Water Science, 24(6): 794-800.]

HEEAR, TR, 258, 45 2007, JLEEH X MODIS BUE 7 i,
MODI10A1 Fl MOD10A2 4§ B 43 Bt 5 WA [1]. vk 115
-+, 29(5): 722-729. [Huang X D, Zhang X T, Li X, et al.
2007. Accuracy analysis for MODIS snow products of
MODI10A1 and MOD10A2 in Northern Xinjiang Area[J].
Journal of Glaciology and Geocryology, 29(5): 722-729.]

Ziie, 2 %K. 2013. TRMM B /KBl £ P R LU X RS BE DA
SR, TR IXHL B, 36(2): 253-262. [Ji X, Luo Y. 2013.
Quality assessment of the TRMM precipitation data in Mid
Tianshan Mountains[J]. Arid Land Geography, 36(2): 253-262.]

35K, KSR, T, 45 2011, 2009 4FwE B R 1R 98
T DI T BELZE ) K o) BR S W 0], i3, 29(3): 276-
282. [Niu J F, Liu J S, Wang D, et al. 2011. Monitoring on
ice- dammed lake and related surging glaciers in Yarkant
River, Karakorum in 2009[J]. Journal of Mountain Sci-
ence, 29(3): 276-282.]

&S, AELEAC. 2014, R I daR v 0 P DI A A U 57
e HC S B K ASE 48 56 i [J]. B 2% 38 4, 59(7): 605-614.
[Xiong Z, Yan X D. 2013. Building a high-resolution re-
gional climate model for the Heihe River Basin and simu-
lating precipitation over this region[J]. Chinese Science
Bulletin, 58(36): 4670-4678.]

VFFER, ARFNES, XI55, 45 2015. GIS 3CHF I RN K &
i I AR AE D). 2R 24 A ARBR, 51(2):
166-172. [Xu BR, Zou S B, Liu Y, et al. 2015. Terrain rep-
resentation for the precipitation stations in Heihe River Ba-
sin based on GIS[J]. Journal of Lanzhou University: Natu-
ral Sciences, 51(2): 166-172. ]

BAE, XIS, 26, 45 2014, 3T MODIS 34 i 2000-
2013 4FP4 B Ll ATt AR = T AR AR AL 7], M P
RE2 3R 2, 33(3): 315-325. [Yan W, Liu I S, Luo G M, et
al. 2014. Snow cover area changes in the Yurungkax River
Basin of West Kunlun Mountains during 2000-2013 using
MODIS data[J]. Processes in Geography, 33(3): 315-325.]

W, EERE. 1991, MR G s B vk 1 B8 U5 b o A
REAE M/ b KO 4 5 (8 HARTT N R 3 ik 2R g3
W), b5t Bl Rk, [Yang H A, An R Z. 1991. Yar-
kant River Basin (interior drainage area of Tarim Basin)
[M]//Glacier inventory of China. Beijing: Science Press. |

Chen Y N, Xu C C, Chen Y P, et al. 2010. Response of glacial-
lake outburst floods to climate change in the Yarkant River
Basin on northern slope of Karakoram Mountains, China
[J]. Quaternary International, 226(1-2): 75-81.

Cristobal J, Ninyerola M, Pons X. 2008. Modeling air tempera-
ture through a combination of remote sensing and GIS data
[J]. Journal of Geophysical Research, 113(D13): D13106.



563 X 55 H TR B 1 R IR K SCE RS 761

Fan Y T, Chen Y N, Liu Y B, et al. 2013. Variation of base-
flows in the headstreams of the Tarim River Basin during
1960-2007[J]. Journal of Hydrology, 487: 98-108.

Hulley G C, Hook S J. 2009. Intercomparison of versions 4,
4.1 and 5 of the MODIS Land Surface Temperature and
Emissivity products and validation with laboratory mea-
surements of sand samples from the Namib desert, Namib-
ia[J]. Remote Sensing of Environment, 113(6): 1313-
1318.

Liu J, Liu T, Bao A M, et al. 2016a. Assessment of different
modelling studies on the spatial hydrological processes in
an arid alpine catchment[J]. Water Resources Manage-
ment, 30(5): 1757-1770.

Liu J, Liu T, Bao A M, et al. 2016b. Response of hydrological
processes to input data in high alpine catchment: An assess-
ment of the Yarkant River Basin in China[J]. Water, 8(5): 181.

Liu T, Willems P, Feng X W, et al. 2012. On the usefulness of
remote sensing input data for spatially distributed hydro-
logical modelling: Case of the Tarim River Basin in China
[J]. Hydrological Processes, 26(3): 335-344.

Marks D, Dozier J, Davis R E. 1992. Climate and energy ex-
change at the snow surface in the alpine region of the sier-
ra Nevada: 1. Meteorological measurements and monitor-
ing[J]. Water Resources Research, 28(11): 3029-3042.

Prigent C. 2010. Precipitation retrieval from space: An over-
view[J]. Comptes Rendus Geoscience, 342(4-5): 380-389.

Prince S D, Goetz S J, Dubayah R O, et al. 1998. Inference of
surface and air temperature, atmospheric precipitable water
and vapor pressure deficit using advanced very high-reso-
lution radiometer satellite observations: Comparison with
field observations[J]. Journal of Hydrology, 212-213: 230-
249.

Schmidli J, Frei C, Vidale P L. 2006. Downscaling from GCM
precipitation: A benchmark for dynamical and statistical
downscaling methods[J]. International Journal of Climatol-
ogy, 26(5): 679-689.

Sun W C, Ishidaira H, Bastola S. 2012. Calibration of hydro-
logical models in ungauged basins based on satellite radar
altimetry observations of river water level[J]. Hydrological
Processes, 26(23): 3524-3537.

Tang H, Yang D G, Zhang Y F. 2013. Food security and agri-
cultural structural adjustment in Yarkant River Basin,
Northwest China[J]. Journal of Food Agriculture and Envi-
ronment, 11(1): 324-328.

Zhang Q, Xu C Y, Tao H, et al. 2009. Climate changes and
their impacts on water resources in the arid regions: A case
study of the Tarim River Basin, China[J]. Stochastic Envi-
ronmental Research and Risk Assessment, 24(3): 349-358.

Simulation and analysis of the hydrological processes in the Yarkant River
Basin based on remote sensing data

LIU Jiao", LIU Tie", HUANG Yue', BAO Anming'
(1. State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, CAS,
Urumgqi 83001, China; 2. University of Chinese Academy of Science, Beijing 100049, China)

Abstract: In the desert- oasis ecology system of northwest China, water cycle in the mountain region is very
important for the water resources management in downstream regions. To accurately understand the hydrological
processes in high altitude and cold mountainous areas, a MIKE SHE model was applied to the Yarkant River
Basin based on the remote sensing data of precipitation, temperature, and potential evapotranspiration, and the
hydrological processes were analyzed based on the simulated outputs of runoff, snow, and evapotranspiration.
The results suggest that the corrected remote sensing data are suitable for hydrological modeling of the Yarkant
River Basin. At the Kaqun station, Nash efficiency coefficient and correlation coefficient are 0.71 and 0.85 at the
daily scale. The annual mean stream runoff was 146.66 mm, among which base flow was 21.3%. The annual
mean snowfall was 231 mm, which accounted for 74% of precipitation; 73.9% of the snowmelt occurred in July
to September, and the snow storage is primarily distributed in the elevation zone above 5000 m. The
evapotranspiration mainly occurred in the mid-low mountains covered by vegetation in June to September. The
satellite data processed by appropriate methods are useful for the hydrological study in high- cold alpine
catchments; multiple hydrological components could improve the understanding of water resources’ transition,
storage, and distribution, which will contribute to the water resource management in the downstream regions.

Key words: hydrological model; hydrological processes; remote sensing data; Yarkant River Basin



