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Study on runoff simulation on northern slope of Tianshan Mountains
considering vertical zonality and glacier ablation
PAN Taihong'?, LI Xiaolong'*, HE Xinlin"*, GU Xinchen®*, DU Yongjun'"
(1. College of Water Conservancy and Civil Engineering, Shihezi University, Shihezi 832003, Xinjiang, China; 2. Key Laboratory
of Corps for Ecological Water Conservancy Engineering in Cold and Arid Regions, Shihezi 832003, Xinjiang, China;
3. School of Civil Engineering, Tianjin University, Tianjin 300072, China; 4. China Institute of
Water Resources and Hydropower Research, Beijing 100044, China)

Abstract; [ Objective | Runoff in glacial basins on the cold and arid northern slope of the Tianshan Mountains is jointly influenced
by vertical zonality and the nonlinearity of glacier ablation. However, the significant vertical gradient and high glacier runoff
contribution rate lead to prominent challenges in this region, namely poor snowmelt runoff simulation and insufficient
characterization of the physical mechanism of baseflow. Taking the Manas River Basin as the study area, the performance
adaptation patterns of physically-based and data-driven models under vertical differentiation are investigated. [ Methods ]
Integrating the CMADS dataset, a parallel runoff simulation framework combining SWAT, LSTM, and CNN-LSTM was
established. The Nash-Sutcliffe Efficiency ( NSE), Root Mean Square Error (RMSE) , and Percent Bias ( PBIAS) were used to
quantitatively evaluate the performance of monthly runoff simulation from 1979 to 2018, and the causes of model errors during the
snowmelt period ( April-July) and low-flow period ( November-March) were analyzed. [ Results|The result showed that; CNN-
LSTM exhibited superior overall simulation performance, with an overall NSE of 0.829—representing a 3. 6% and 2.2%
improvement over LSTM (0. 800) and SWAT (0. 811), respectively. During the snowmelt period ( April—July), CNN-LSTM
still performed best ( NSE =0.787), which was 6.8% and 3. 0% higher than that of SWAT (0.737) and LSTM (0.764),
respectively. In the low-flow period ( November-March), CNN-LSTM and LSTM showed similar performance ( both NSE =
0.859). Given the small runoff base in the low-flow period, although SWAT had a lower NSE (0. 782) than the two models, its
explicit physical parameterization of groundwater processes still endowed the result with higher process robustness and
interpretability, thus possessing unique analytical value. [ Conclusion ] Under the vertical zonality gradient, differences in model
performance are jointly driven by hydrological process mechanisms and model structural advantages. CNN-LSTM learns the
spatiotemporal patterns of meteorological factors via a data-driven approach and exhibits excellent adaptability to nonlinear
processes. SWAT, with explicit parameterization based on physical mechanisms, exhibits unique process consistency and
interpretability. The advantage boundaries and applicable scenarios of different models in runoff simulation in cold and arid
regions are identified, providing a key scientific basis for the development of integrated physically-based and data-driven runoff
simulation models.

Keywords : runoff simulation; CNN-LSTM model; SWAT model; CMADS; Manas River Basin; influencing factors

0 B = HHE LR T 1 R T AR TR FE XS T

(=]

FEEL X NIRRT s R /K ST ER A 1 - R K TR b
M, MR AT R R, RELE
(ARG ERRAE S [H) S P T 2 i AR A I 75 5
T, RS SR LR el R R m S, S8
EGEK SRR 5 M 354 T L 207 R 7E T b
AP 3 1 KL A4 28 B X s s S e
XTI DA RN IRAFAE RGN 22, T IRARTE
FOMUBEIF- PR THSE LIRS B 7 86 210 20 S0 s 1y L 5
AR AL FE R, A« -2k -5 (1Y
SERINGERGE S, WA T3 600 m (7K1 o5
X THkZY 30% AR, A M R £ 5 T8
TR GASNES 221 PR 2 S AR AL . I R A /K B R T

222

BXOK IR HLEA EEREE Y

A R AR AT 43R Wy BEAIL 55 A5 8 5K 2 P
25, AR ERR, W SWAT, VIC &5 4
K SCASE Y B BE A AT I — + 39 — A B G 2 1) S
RGBS — H = 5 b 220 W i S RSO, X DA SRAIE VK
JIE R AE L sh Y, BB BRIk E T <5
SRR s WA LSTM HL#§ 24 ) #ER
FERCHE R G DX 22 0L I e e S 3420 A = %
TR A B IR Bl 1) RO B 3R 2 () i ) 22 Ak i) dnd =R e
3, MELURS 0 i BT Rl 5 AR R R B S T R
U AR, A BB Z M4 (CNN) 5 LSTM
BOTR A58 ( CNN-LSTM ) g #2112 78 5 7 [v] A 4l
FEH ABAR 2 R E SRR OE R, e iR

KFKEBER(PHRL) E57%5 2026 FFE1H



FARE T i b FAF FE R X K | IR SN FhE
VPRI 73 S R S AR i AR PR RS ), R T L
TEVKN A AL LAY, U HR 2 5 b A P 1 3 iy K b
Wt R g0 H S VLB M v AR FE 4y, B L
2 SRR B B LR B R B 7, 4 SMC-LSTM 7
B kR JE R X H R NSE 38 SWAT 2 71 2
20%" "', Transformer A& RIFE B ] v i 4% 3 000 b 52 30
NSE>0.77"'%" | PR R 4% (GCN ) HE 48 36 I o 25 o0 25
PR o PR 4 SRy 2 G ARAE | SRS i B A Tl B L
R, B ERTFPIEE — b, BERIRERMKE<
8% (HEAT WSS i AAE VKN 5 b 3 B M
25 R RN TR AL S R S B ik CNN-LSTM 453 (1) 5
P, RIS B Z X AR BE o LR A AR AT

AR HL SWAT A8 5 LSTM, CNN-LSTM A5 Y
EATXT HEBFSE I R R A T SWAT BRI k43 A 20K
SCYPRRIRI A s R R B Rl S AL AR X T Ak
R LR K ) 25 A BN e ) K AE FE R X )32 I FH 55
B, H AR A P ISR 7R A 2 K1 I S R Y B
MIBE$E, 1 LSTM & H 5 CNN 9 fill 5 5 % ( CNN-
LSTM) M2 E i 3k sh s A vh i e b AR e, I B
Heg ) HRAEE 4RSI R RE ) . it RS
X b B v EEAR R ELR iz P 2SR A P B L
FE5HI2ER, DI JE 2 X sk i B e B 5 e it
PR B S

A SCUAFS AT 7 L XA A B DX H A O B2
[, FERX KRR 2K SO, WEEHL
HIRERL (SWAT) S5%0HE IR S0 (LSTM/ CNN-LSTM ) 7E
A RPEAR GG 280 101 B 43 5 B S 3R sl L
AW, Wi, ARSCEE KPR SO 7R, 4
7@ SWAT, LSTM & CNN-LSTM Jf-ATHislfEdR, & s
1979—2018 4F H f& it ik A&, 38 o I FH 98 1 3% % R 4L
(NSE) . 34757 HR% 2% (RMSE ) R i1 3 Ho i 22 ( PBIAS)
SR i DA R TR A A A R O B K SO (il S
FZKHA) AP REI AL, BT R 25 77 AR ) BRAIL ] 5 2
IR SRRPE , I 2 - Bl O s A e A A
ST AR B 7 b DA AU PE B o AL, S FE SR VK|
TR A B e | el oI i AR AR S 5
BheE s SHR S

1 BRSO %

1.1 HAREREE

Fi 4 34 T 3% 35, (43°27' N—45°21'N, 85°01'E—
86°32'E ) MuAbrh B, R E RILIJLEE B, rEREK
B R, ACHCHERS R bR 2%, niEl 1 TR

KFKEBER(PHRL) B57H 2026 FFE1H

ERIS, %//%REEMTESK) DB IR LHE SRR AR

TR KR T B A, AR SRR K & 180 ~ 270 mm,
TEIEZER A 1 .500~2 000 mm, A FRZ) 2. 43%10° km®,
T 4 K 324 km, HbFRg A ALK, W KON 840~
5138 m, Hid Ik 3 600 m D b it IX 88 4R vk )1 B
B AEHRMEAN 12.9x10° m®, KEFE SN
25.73x10° m*, 15 7 FUARA 7K SCoti 67 RT3 1 YOG
ST, AL 4 637 km®, L EEILX
Bk 300 KNS M, RO X, At
FEE G 77 DX FE A R A K X

85°00'E 85°20'E 85°40'E 86°00'E 86°20'E
T T T T T
- N
= Z
- (=]
3 A A g
<t
z
2L g
a A 12
< [3a)
<t
g z
e 18
Q A 5
<t
[
@ I MTELHFEAK U
z :
sl A % L€/ P z
<, s 4 S
Q| — A A A
— PR
DEM/m
5197 km
L 799 0 15 30 60
1 1 1 1L 1
85°00'E 85°20'E 85°40'E 86°00'E 86°20'E

E1 #HREESKHRATE

Fig. 1 Schematic map of study area and meteorological stations
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Table 2 Key calibration parameters of SWAT model
TR HEY SRR YR X oo S VR[] HBUATE t-Stat P-Value
1 SMTMP. bsn i SR C 4. 64 [-5, 5] 15.71 0. 002
2 SMFMX. bsn KA N F mm/°C - day 5.2 [0, 10] 12.35 0. 001
3 SMFMN. bsn /NS mm/°C -+ day 2.80 [0, 5] 9.87 0.003
4 ALPHA_BF. gw HE o HF Tt 4 0.85 [0.6, 0.95] 8.92 0. 002
5 CN2. mgt SCS &3t £k %% Tt 63.18 [55, 75] 7.86 0. 005
6 TIMP. bsn TR I R Tom 0.15 [0.05, 0.25] 7.12 0. 008
7 GW_DELAY. gw Hb R 7K JE R 5 [R] day 150 [100, 300] -6.48 0. 009
8 SOL_K. sol TN K mm/ hr 28 [5, 500] 6.77 0. 007
9 SOL_AWC. sol AR KR mm/mm 0.18 [0.1, 0.3)] 5.94 0.015
10 SLSUBBSN. hru TR m 120 (80, 150] -5.12 0.012
11 SFTMP. bsn 85 e 30 C 3.8 [-2, 4] 5.71 0.013
12 ESCO. bsn I R AME R Y 0.13 [0.1, 0.3] 4.25 0.018
13 HRU_SLP. hru Y Ik m/m 0.35 [0.2, 0.6] 6.79 0. 004
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Table 3  Evaluation criteria for model performance

o NSE PBIAS (4% HE , %) RMSE

i F =0.75 <10 <15
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Table 4 Comparison of model simulation accuracy

R FK NSE PBIAS (4534, % ) RMSE
SWAT 0.811 -5.264 22.199
LSTM 0. 800 -3.620 22. 836

CNN-LSTM 0. 829 -3. 604 21.128
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Fig. 6 Comparison of overall fitting performance and scatter density of models
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Table 5 Comparison of model performance during snowmelt period

(LSBT NSE PBIAS(4834{H, %) RMSE
SWAT 0.737 -9. 600 30. 007
LSTM 0. 764 ~11.596 28.379

CNN-LSTM 0.787 -1.565 27.010
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Table 6 Comparison of model performance during dry season

TR FR NSE PBIAS (45 %3{H., % ) RMSE
SWAT 0.782 -4.570 16.259
LSTM 0. 859 1. 132 13. 059

CNN-LSTM 0. 859 -5.002 13.087
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Fig. 8 Comparison of scatter plots of various models during low-flow period

IRFKEBBA (FEEL)

B57% 2026 FFE1H

229



ERIS, %//%REEMTESK) DEBEIR LHE R R AR

RmEX 2B R, MAELmME 1 148K,
S e AR AP AR S R U o R R A A — R Y R G
%, e RN A TLSTM 8RR 7E Bl = vk HOIRES | b
UK B AR AR S S PR AR A AR AE B R, HE LA
W B K 0 DA T KRS 3 /K SCHL, PTRE
PR LI R A U S, TS | AR HE:
Bl

3 W ®B

AW RGEX T SWAT #y 3 AL ) 4 10 5
LSTM, CNN-LSTM Z5%§ 4 5K 3l 51 75 7 i 74 9 52 X pK
Sk 3 A i Tl (O AR SRR HUL R B 76 T Ay M
T I G, UK AR A A T AR T
3600 m T ILIX, HLGE B 0 H P B B 5 vk ] b 25 3t
IR sl Tk SCERAYZS R Y SRR
BEEZ VKN /BRI Rl -5 O 3K ) K AR F 28 (8] 4 5
PR AR L R A, MRS 7K ) 3222 R - i R
B FOKHEIPLE £ 5, EEURR ERESRE

SEILFHH | CNN-LSTM 70 J B A S A vk 4
i, HERT BRI B AR 280 3k
HEP G AT 9 2z 2 I E R R R 25 AR
A, DT 3 RS i R B A 348 AR I
Fi s ORI IR 3 R I Ge Tt oI, THEXT AL
8 2, B O Sl AT A A BT A R R — B
AFFE B A SR PR, M2 T, SWAT A& R il 4% .0
P IAE T I T e R BIRAE AL @ %
Wi, R KOG AR ) B BCEA, RO T
(AL B P 5 ok P AT e, UG 220 e 1L X 2 it
KBRS SR+ T Bl 7 R B iR B — 5
PEROT RS A A AR VE R 22 E A R, (H
BB 22 5% B H AT,

SR 1T P AR 7 SRAE T 52 XA K SCHIL R I ATS
FETEJRIPBR . SWAT A Y B — H 7k il 25 1S e 32 AR it
SIRBEESE, TE—C R L ZmE T 55U Y 8l
B, SRS R I R G EARAL, HEL
Fo BT R UK TE Az <SR -AR T SRS
PIFAHLE, SR BR IR WL F SPHY 45 HoAth 4 BEAR 7Y |
W E TS e AR DR o B R ARG B
LSTM 5 CNN-LSTM HREA I 7 3h 4, W Tk
ZUR B URGETREE | Hb R /K SRS s BIOR S AR )
ShASHA Y BB A IR R A X S B B
sl MELAE GG 220 I R 45 0T 95 R T K 248 HE i
AR, MEZT, Bk s R R R
HFZ A A B SC 2R, T A BELATL A A 7R ) L 5 L2

230

AR AR OE S PRI G B AMERAE T R R
R e LML IR 24 B 55 550 42 4 58 71 (0 P 3L il — 2%
P IR BN A A R AL K

BEXT LR )8, SRR LA AT LA = Fh 7 If
FF. — Rl sh SWAT @l S5 A He A E - H 32 ) 58 it
PHEFHEZET SR, FFREA UK 4 o~ A 18 D 4 o i S
PELN I FRATRE T s AR F IR g | AR+
™ R KRR A Y B R, LA R K
WIS, = BRI RGNS KA, DL SWAT
iR K S B R CNN-LSTM iy, M A AL E8 2% ~)
PERCAY R B R AE DL AL SWAT S8R E, Ml SE B4k
P 0K 2h 5 Py PEALH TR RL G

S5 BT AR 7N AL T PR BB 1 B LA S A FE R IX K
BRI 0 R B RN AR SE BRI 55 TR
T PR SO R AR SR SR AR B, ARG
J5 AR A TRV (4 I 34 [ Bt b — 25 i i v VA
P 1t DX P SR URI 5 R = 0, AR e i (A A
XA, PRAIER XOK RS TR AR v SR

4 % B

AHFST % L SWAT, LSTM 5 CNN-LSTM 44
TR BT i 4 1979—2018 4F J R AR fi AL L e
REXS b SHLERARAT , IFEas Rl hanZs i, BE Ak
FEIATAE R 1L b3 2R B A 7 A Y e B AR AL} 2
S FELIBNT,

()R (4—7 H ) #7984t o R il
CNN-LSTM FEA 25 ] - i 7 Rl A 0 35 dnb 325 48 - H00KG
JE, MK (11 A ZWAE 3 H) 5E 0 Fa S ff v il
SWAT AR FE FOXT L~ 7K o B2 19 8 X s S 404k,
FEARLL R A R fa vl | S AR v AR I 5 K e Al ]
PE 7 T JE B AR (B, T LSTM 5 CNN-LSTM B 7F
NSE S58UEFar LRI R AF, (B B AR X )
R B B, B B IR AR R AR R AR RS
YIELAIL Iy 18T A P FE R BR

(2) Py BRAL AL (SWAT) HAT i 72 v fige B 5 19 £
B BT SE Ak ER i 57 B P S BB 8 A M R AR
L, B IR SR (i H CNN-LSTM ) 75 fil 35 #4241k
PR AL S B 2 (B AR A X2 R, R,
B — B BE PRI AR B LR . IANIR BN R RIS R
ANT) 7K SCHH I RNAS TR F 9% (X A7 AE A PE REA 38 Je 22 53
X F AR B AR s A T R e A R e R L
AEEHRFEX,

(3) R HETT 10 I, SWAT A4 B - H vE 5 1)
R P A AT 8 S AR, , TR V) 4 o ST A A

KFKEBER(PHRL) E57%5 2026 FFE1H



i,

SHAS SRR T B Rl A2 S, CNN-LSTM

s 3 AR IR LR AR AU R A B E N,
FI Wy BRLA R RSB HE 2 O B ) 4 2 5 2 X
D P A B AR R AL

S % 3k ( References) :

(1]

IRFKEBBA (FEEL)

ZHUANG X W, LI'Y P, HUANG G H, et al. Assessment of climate
change impacts on watershed in cold-arid region: An integrated multi-
GCM-based stochastic weather generator and stepwise cluster analysis
method[ J]. Climate Dynamics, 2016, 47(1) : 191-209.

WM, i, BT, S BIE T REOK SR AT
[J]. RFI2AHE, 2018, 49(1): 9-18.

LEI X H, WANG H, LIAO W H, et al. Advances in Hydro-
meteorological Forecast under changing environment[ J]. Journal of
Hydraulic Engineering, 2018, 49(1) . 9-18.

W, G2k, IMETT, S ARAE AN T 5 A R oK BE
DRSEARBT S R [T ], AKBTIR K TR, 2015, 26(2) .
72-78.

ZENG JJ, JINY Z, SUN D Y, et al. Research progress on impact of
climate Variation on water resources in arid inland river basin[ ] ].
Journal of Water Resources and Water Engineering, 2015, 26(2):
72-78.

WRikde, #9e, o0, %, BT GAMLSS BEI /KT R4
Bse. DA EO B[], BT, 2021, 40(9):
2670-2683.

CHEN F L, YANG K, CAI W], et al. Study on hydrological drought
index based on GAMLSS: Taking Manas River Basin as an example
[J]. Geographical Research, 2021, 40(9) : 2670-2683.

ERE, FNE, BT, & RUICLERGAES R # R
W23 AR B AR AT ()], MBS, 2025, 44(2) : 515-537.
WANG D M, YIN X J, WANG J J, et al. Spatiotemporal evolution
and driving forces of ecosystem health in the mountain-basin system on
the northern slope of Tianshan Mountains [ J ]. Geographical
Research, 2025, 44(2) : 515-537.

AT, RIEDT, XURE, 4. FET L YR R 14 3 20 T i ek
U BT AR 1], HBERAEAR, 2020, 75(1) : 98-112.

ZHAO G N, ZHANG Z Y, LIU L, et al. Changes of glacier mass
balance in Manas River Basin based on multi-source remote sensing
data[ J]. Acta Geographica Sinica, 2020, 75(1): 98-112.

TANG X L, XU L P, ZHANG Z Y, et al. Effects of glacier melting
on socioeconomic development in the Manas River Basin, China[]J].
Natural Hazards, 2013, 66(2) : 533-544.

FEL, K, SBREE, S PRI TR T R XA R
RASCANASETE S MBI J]. KRB, 2024, 48(3): 859-
874.

LIZY, YANG Q, MA Z G, et al. Responses of vegetation to climate

change and human activities in the arid and semiarid regions of

B57% 2026 FFE1H

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

ERIS, %//%REEMTESK) DB IR LHE SRR AR

Northern China[ J]. Chinese Journal of Atmospheric Sciences, 2024,
48(3) : 859-874.

MUTTIAH R S, WURBS R A. Scale-dependent soil and climate
variability effects on watershed water balance of the SWAT model[ J].
Journal of Hydrology, 2002, 256(3/4) : 264-285.

BEHEF. HT SWAT BERIIC A} b X o /1N i 4 78 A 4B B 5
[J]. /KL%4, 2025(4) . 103-105.

HOU Z X. Study on runoff simulation of small and medium-sized
watersheds in ungauged areas based on SWAT model [ J]. Water
Safety, 2025(4) : 103-105.

RUIE, XIMERE. T SWAT B =5 X A ] A2 L 1 43 Y
B AT ANl Eife B[], AR sE s i (A AR R
2[R, 2018, 36(1) : 89-94.

ZHU M F, LIU H L. Simulation analysis of inland river basins in Arid
Area runoff components: A case of the Upstream in Manasi River[ J].
Journal of Shihezi University ( Natural Science), 2018, 36(1): 89-
94.

MA K, FENG D P, LAWSON K, et al. Transferring hydrologic data
across continents: Leveraging data-rich regions to improve hydrologic
prediction in data-sparse regions [ J ]. Water Resources Research,
2021, 57(5) : €2020WR028600.

NEARING G, COHEN D, DUBE V, et al. Global prediction of
extreme floods in ungauged watersheds [ J ]. Nature, 2024, 627
(8004) ; 559-563.

REE, WIBAE, FH M, 4 S TS89 CNN-BILSTM-
attention M A A£ RN [J]. ARIIL, 2023, 54(12) : 96-104.
ZHU H, HU Y Z, YIN M C, et al. Monthly runoff forecast based on
CNN-BiLSTM-attention-FA-SSA[ J]. Yangtze River, 2023, 54(12) :
96-104.

ez, 8, XVBk, A BET IR I RIARAS 3% 4 Ik 98
TR AR )], MR 2, 2025, 44(3) : 631-
641.

SIW A, HUANG Y, LIU T, et al. Application of deep learning and
temperature spatial field in the runoff simulation of headwaters of the
Yarkant River[ J]. Progress in Geography, 2025, 44(3) : 631-641.
XU Y H, LIN K R, HU C H, et al. Deep transfer learning based on
transformer for flood forecasting in data-sparse basins[ J]. Journal of
Hydrology, 2023, 625. 129956.

YUHF, AL T H, YANG M, et al. Integrating domain knowledge
and graph convolutional neural networks to support river network
selection[ J]. Transactions in GIS, 2023, 27(7) . 1898-1927.
ESE, EIEAN. B K25 R R f B S XS [T]. AR &
JERFFE, 2025, 25(8) : 93-98.

ZHANG R M, WANG Y J. Ideas and measures for the development of
water economy in the new era[ J]. Water Resources Development
Research, 2025, 25(8) : 93-98.

FED, EWR, BHSE, G BT SWAT BAIXE A HT A i 5
RWABEALBETE[T]. KBRSk TR 2R, 2018, 29(6):

231



ERIS, %//%REEMTESK) DEBEIR LHE R R AR

[22]

[23]

[24]

[25]

[26]

[27]

[28]

232

19-24.

LU C X, WANG J R, GONG X L, et al. Study on runoff simulation
in Zhuzhaoxin River Basin by SWAT model [ J]. Journal of Water
Resources and Water Engineering, 2018, 29(6) : 19-24.

M7, HHESR. ST CMADS 3K T SWAT RERY ) ALYL I A% i
U], RITREBE bR, 2020, 37(11) : 27-32.

TIAN Y, XIAO G R. Runoff simulation for Aojiang River Basin using
SWAT model driven by China meteorological assimilation driving
datasets[ J ]. Journal of Yangtze River Scientific Research Institute,
2020, 37(11): 27-32.

BHR, BRI, )7, . LT CMADS Rl SWAT R () 35 44
Wik SCRE BRI () ] K BRI SR TR A4, 2021, 32
(2): 116-123.

GU X C, XIAO S Y, YANG G, et al. Hydrological process
simulation of Manas River Basin based on CMADS and SWAT model
[J]. Journal of Water Resources and Water Engineering, 2021, 32
(2): 116-123.

EHAR, SBA=ZR. AR A X T S AN T I ek SOK BRR A 5
W], KBFESERE, 1998, 9(1) : 77-83.

HE X L, GUO S L. Impacts of climate change on hydrology and water
resources in the Manas River Basin[ J]. Advances in Water Science,
1998, 9(1) . 77-83.

RIBELL, ZE2GAF. Zond i I A REAY b e R 4 Ak 0T R LA [T ].
Giit 5, 2022, 38(6) : 5-9.

GAO X H, LI X Q. Comparison of dimensionless methods in multiple
linear regression models[ J]. Statistics & Decision, 2022, 38(6):
5-9.

TR, XEB, B, SWAT BIAL I | 4584 Kon 5T
[J]. HuBERLEHEE, 2003, 22(1) ; 79-86.

WANG Z G, LIU C M, HUANG Y B. The theory of SWAT model
and its application in Heihe Basin[ J]. Progress in Geography, 2003,
22(1): 79-86.

DI LUZIO M, SRINIVASAN R, ARNOLD J G.
JAWRA Journal of

Integration of
watershed tools and swat model into basins[ J].
the American Water Resources Association, 2002, 38 (4).: 1127-
1141.

GREEN C H, TOMER M D, DI LUZIO M, et al. Hydrologic
evaluation of the soil and water assessment tool for a large tile-drained
watershed in lowa[ J]. Transactions of the ASABE, 2006, 49(2):
413-422.

KHAZAEI B, HOSSEINI S M. Improving the performance of water
balance equation using fuzzy logic approach [ J ]. Journal of
Hydrology, 2015, 524 538-548.

A, BRIETE. POILT R X G S A Bl e 2SR AL RRIE K
HEHE N TR KRR 1] LS4, 2020, 29(11)
2179-2188.

QIN J L, XUE L Q. Spatial and temporal variation characteristics of

vegetation in the Manas River Basin in northwest arid region and its

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

spatial relationship with topographical factors [ J ]. Ecology and
Environmental Sciences, 2020, 29(11) : 2179-2188.

2R W, WS, 5. SWAT B S HUBUR M I S A 3%
SE PSR TE . AT AR AR [ 1], K BRI 5K T
P24, 2010, 21(1) : 79-82.

LIH, JINS, LEI X Y, et al. Study on the importance of sensitivity
analysis and auto-calibration of SWAT model: Taking the case stndy
of Manasi watershed [ J ]. Journal of Water Resources and Water
Engineering, 2010, 21(1) : 79-82.

WU WJ, LICL, LIY]J, etal. Prediction of particle mixing process
in a rotating drum based on convolutional neural network[ J]. Powder
Technology, 2025, 465. 121311.

WU J R, ZHOU Y, LEI J Q. Coupling the stormwater management
model with Long Short-Term Memory networks to predict node overflow
[J]. Desalination and Water Treatment, 2025, 323 101378.

X, sKEE. EETIRIBARR S I X KRR UK
ISR A I [ T]. K B REFUFSE, 2010, 17(3) ; 44-48.
LIU Y, ZHANG P. Analysis on the correlation between abundant or
low runoff and alpine snow cover based on remote sensing data: A
case study of Manasi River Basin in Tianshan Mountain[ J]. Research
of Soil and Water Conservation, 2010, 17(3) . 44-48.

BT ENLR, fRothe, L BT ZUEUE I 50a F 4 7
W PKNIASAR T T]. KN, 2015, 37(5) : 1188-1198.
FAN X B, YANL L, XU J H, et al. Analysis of glacier change in
Manas River Basin in the last50 years based on multi-source data[ J].
Journal of Glaciology and Geocryology, 2015, 37(5) : 1188-1198.
ZRUE AL R AL P B ES AT B DX o R R 5T
[J]. MMZz=2dlE, 2021, 50(4) : 563.

LI H X. Snow cover degradation in upper Manasi River Basin of
central Tianshan Mountains based on remote sensing data[ J]. Acta
Geodaetica et Cartographica Sinica, 2021, 50(4) : 563.

2R, KU, SREEAR, 4F. RILFEAIR W m 3R IE SR Uk 1A
WAL )], AT TE IR, 2012, 8(5) : 41-47.

LIJ, LIUS Y, HAN H D, et al. Evaluation of runoff from Koxkar
Glacier Basin, Tianshan Mountains, China [ J]. Climate Change
Research, 2012, 8(5): 41-47.

ZEOLR, R, Aavh, AR BRI bR KA R B 1K S
BT, vkEL, 2009, 31(2) : 293-300.

LI HY, WANG J, BAL'Y J, et al. The snow hydrological processes
during a representative snow cover period in binggou watershed in the
upper reaches of Heihe River [ J]. Journal of Glaciology and
Geocryology, 2009, 31(2) . 293-300.

ZECAE, Yk, B, B T RE TOPMODEL A2 X6 5 44 i yef
TEARTAIBAUT]. A7 a2 4 ( A AR AR | 2015, 33
(6): 779-786.

LI W Q, TANG H, XUE L Q. The application of TOPMODEL for
runoff simulation in the Manas River based on snowmelt[ J]. Journal

of Shihezi University ( Natural Science) , 2015, 33(6) . 779-786.

KFKEBER(PHRL) E57%5 2026 FFE1H



ERIS, %//%REEMTESK) DB IR LHE SRR AR

[38] X, 40, ¥4, & FETRIRAN AR S flokE 5[ J]. HERBLFUER, 2006, 21(12) ; 1324-1332.
WAL J]. mKAL I HOKFIRRE (e s0), 2025, 23(5): TIAN K M, LIU J S, KANG S C, et al. A primary study of the
1173-1184. environment of frozen ground in the Nam Co Basin, Tibet [ J].
WANG L, NIU G, SANG X F, et al. Machine learning meltwater Advances in Earth Science, 2006, 21(12) ; 1324-1332.
runoff model based on runoff component constraint [ J]. South-to- [42] BRik, RBEFY, SCEIR, 5. AR SR I H A T AR
North Water Transfers and Water Science & Technology, 2025, 23 B SET]. KFIRBIIST, 2025, 25(9) ; 58-62.
(5): 1173-1184. ZHANG L, ZHU X L, JING X J, et al. Thoughts and suggestions on

[39] Bk, kA, (FaHe, 4. FEF CNN-BiLSTM [ 45 & #E A8 promoting the preliminary work of major water conservancy projects in
TR T]. HEELM T 240, 2024, 42(10) : 1031-1035. the new era[ J]. Water Resources Development Research, 2025, 25
OU Bin, ZHANG Caiyi, FU Shuyan, et al. CNN-BiLSTM-based (9): 58-62.
deformation prediction model for extra-high arch dams[ J]. Journal of [43] Rk, BRPRZES, BMET), 45, W35 BN G W 4R 76K SCHb B
Drainage and Irrigation Machinery Engineering, 2024, 42 (10): TR BT B FE SRR [ T]. KRR R ( FI"JJ%B'C)
1031-1035. 2025, 56(7) : 13-25.

[40] WRIEE, 2260, 2S5 &5 SWAT FIRIAE ST - I 0 sk 1 i ZHU L, QIAN C Z H, GONG H L, et al. Review of applications of
PESRHLT]. AR, 2013, 28(8) : 1404-1413. physics-informed neural networks in hydrogeology and engineering
LAIZ Q, LI S, LI C G, et al. Improvement and applications of geology[ J]. Water Resources and Hydropower Engineering, 2025,
SWAT model in the upper-middle Heihe River Basin[ J]. Journal of 56(7): 13-25.

Natural Resources, 2013, 28(8) : 1404-1413.
[41]) BIEH, UG, HEtih B, 45, PHSEANACHS TSR0 - FF B 4 0 (REHRE T E%)

KFIKBHEAR(FHX) #5755 2026 FE1H 233



