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Abstract: [ Objective] The characteristics and driving factors of runoff-sediment variations in the Shule River basin
were analyzed in order to provide a theoretical basis for the efficient utilization of water resources and ecological
conservation in the basin. [ Methods ] Measured runoff, sediment transport, and precipitation data spanning from
the time of built station to nearly 70 years by 2023 were collected from three representative hydrological stations-
Changmabao and Panjiazhuang on the Shule River main stream, and Dangchengwan on the Dang River-together

with meteorological data from three nearby meteorological stations (Jiuquan, Yumen, and Subei). Methods such
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as mathematical statistics, the Mann-Kendall non-parametric test, and Bayesian analysis were applied to analyze
the variation characteristics of the runoff-sediment relationship in the Shule River basin. In addition, regression
analysis and the cumulative slope change rate method were used to quantify the impacts of climate change and
human activities on variations in runofl and sediment transport. [ Results] Runoff and sediment transport in the
Shule River basin were unevenly distributed at both intra-annual and interannual scales, exhibiting pronounced
spatiotemporal variability. Runoff at all three hydrological stations showed a significant increasing trend. Sediment
transport at Changmabao station increased significantly, while no significant trends were observed at Panjiazhuang
and Dangchengwan stations. [ Conclusion ] Climate change is the primary factor influencing the variations in runoff
and sediment transport in the upper reaches of the Shule River main stream and the upper reaches of its tributary,
the Dang River. Specifically, the runoff and sediment transport processes at the Changmabao station in the upper
reaches of the Shule River main stream are driven by the combined effects of precipitation, temperature, and
human activities. Precipitation variation is the dominant factor affecting the variations in runoff and sediment
transport at the Dangchengwan station in the upper reaches of the Dang River. Human activities are the main

driving force influencing runoff and sediment transport at the Panjiazhuang station in the middle reaches of the

Shule River main stream, and their influence continues to increase with the intensification of human activities.
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Fig.1 Spatial distribution of river system and hydro-

meteorological stations in Shule River basin
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Table 1 Characteristic values of three hydrological stations in Shule River basin
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transport at three hydrological stations in Shule River basin

Table 2 Characteristic values of intra-annual distribution of runoff and sediment

% i v
R WS AL EH RAEWWRE WEWLO)/ RS RB REWHREE WEWLC)/

(C,x) (Cox) (m*es™) (Co) (Cy) (10%1)

1956—1975 1.00 0.37 81.65 2.06 0.70 160.23

B 1976—1995 0.90 0.34 75.71 1.99 0.68 141.70
= 1996—2015 0.96 0.35 113.97 2.15 0.72 254.79
% 2016—2023 0.96 0.36 140.59 2.31 0.74 353.82
1956—2023 0.95 0.36 96.34 2.09 0.70 205.37
1956—1975 0.55 0.19 16.64 1.82 0.58 193.93

Frid 1976—1995 0.62 0.23 15.67 1.87 0.63 185.63
K 1996—2015 0.82 0.30 26.36 2.11 0.65 190.25
JE 2016—2023 0.72 0.27 32.38 1.86 0.61 89.20
1956—2023 0.66 0.24 20.97 1.92 0.62 130.57
1972—1995 0.33 0.13 11.2 1.51 0.53 28.65

j'j 1996—2015 0.41 0.17 14.1 1.58 0.53 32.67
25 2016—2023 0.46 0.18 18.3 1.57 0.51 37.49
1972—2023 0.38 0.15 14.41 1.55 0.53 33.31

B2 B S50 i 5L 58 S /K S0k 52 I 2 4F
P42 i i i vb R AR 2o i 2 WA, 34
JK Sl B AR AL 0 A v AR N S A R R AR X . e
By By B K SC I AR VR RN Vb AR N 20 S B B Y
CHLIGE R T RAL , ERAR R AE 4—10 H 5 K 3
AL AF A B AR G A (R D B AR 6—9 A
SCURE e 0] 5 I8 S 7K S 3k AR e R i b A A 2 TC )
FHXH E 4
3.1.3 KV FIEREA

# 30 3K SCub B AR TR U A BR 2y I 4 AR
6. HR3TAL, B B e 3 KR RSE WS 347K 3¢

il A8 AT PR S 22 2R84 00 O 0.31,0.28 F1 0.16, 4F bR
BB L3 90k 4.22,2.75,1.83 5 4 vl iy Vb 4E PR s 2% &
B4 9ok 0.70, 1.04 F1 0.70, 4 b B {5 He 43 91 ok
36.21,96.15,21.35. 34~ 7K SCuh 12 I 4F PR AR 22 R 8
U AE b 2 B B T i, SR T T
FRAE , 2R WA O 4F Bn 28 A AR PR vh il o T B3, T S
LR T U 5 3 K SC ik i v AR B AR 25 2R RO (B
Ll 2558 i, 2% B B 9 Tl 9 SR A v A B AR b R 2,
T 58 d 1D AT PR AR 22 RBCFIARAE i & T B
AR RN B8 RS, Uk B T T i B v AR PR AR
PTG PR T T i R S0



o514 T2 LA < e I K U AR A RRAE S HH R 4 207
i 50 a AFHBAETR —o— I 7 1000 A F34 £ T 1 —— IR
20 PN
%E”: 15 ;2{: 50
QT“E 10 Q;ﬂ 0
= B~
m m
0 -50 . . . . . . . )
1 2 3 4 5 6 7 8 9 10 11 12
H #
30 500 —— EHRAE
W 25 400
B 9 300
a 15 = 200
g 10 X100
B~ B 0
m 5 m
0 -100
100 _ 700
g—b 23 *iiﬁ 500
€ 40 &, 30
iqé 20 5—3
B B~ 100
iy 0 I
20 -100

3 4 5 6 7 8 9 10 11 12
H #

7 8 9 10 11 12

B2 BRHAINKNBHESEFHRAZREMBMID EZTH ML

Fig.2 Variation curves of multi-year average monthly runoff and sediment

transport rate at three hydrological stations in Shule River basin
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Table 3 Characteristic values of interannual distribution of
runoff and sediment transport at three hydrological
stations in Shule River basin
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Fig.4 Abrupt change detection results of runoff and sediment transport at three hydrological stations in Shule River basin
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Table 5 Stage division of annual runoff and sediment transport at three hydrological stations in Shule River basin
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Fig.6 Regression relationship between sediment transport and precipitation at three hydrological stations in Shule River basin
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Fig.7 Cumulative runoff and sediment transport processes over years at hydrological stations in Shule River basin
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Table 6 Slopes of cumulative quantities at three hydrological stations in Shule River basin during
different periods and contribution rates of climate change and human activities
AT B R T 5
5 4 GkE SE B TR e BB SH SR A e
g K A B - A ke R e o A
i Bt e MK ORR i Bt Wk o AR~
Sp Sy Sk Cu Sp Sr Sk Cu/%
Col % Ci/ % Col % Co/%
1956—19984F  96.11 7.27  8.73 1956—19984F  96.11 7.27  284.61
B g 29.38 35.63 34.99 29.70  35.20 35.10
1999—20234  107.90 8.38 13.90 1999—20234F  107.90 8.38  456.14
. 1956—20044F  53.13 7.05  2.50 1959—20234F  51.56 6.84 158.37
R 9.03 30.63 60.34 —16.79 32.84 83.95
2005—20234F  54.91 7.93  3.92 1981—20234F  48.64 7.75 246.51
_1956—19814F 12645 6.39  3.06 1972—19984F 14240 6.75  61.99
B 103.01 62.50 —65.51 76.85 30.10  —6.95
1982—20234F 160.34 7.33  3.85 1999—20234 174.21 7.27  81.31




513

SR R SR K VD A AR AR B U PR ) A

211

4 W w
4.1 EiEhumis A ATABER

FI T ArcGIS 5144 X5 #F 98 X 2E 47 40 B 5 8 59 .
8 st it AL S e AE S R TH AU 2 44
F K B X I AE 1995, 2005, 2015 F1 2020 4F 1)
+ b R A A . AR i b R R A A L 8
= b A SRR 43 Sk Bk AR b R K Sk R
b A I M 6 28, % E Tl 1 TR 8 T AT, A ST B BT
(7 B AR b R 15 P b A5 S AR v 7R T O 3 i
X, B 200 i 40 A o AL AreGIS %) 1995, 2005,
20151 2020 4F 4 1) 4= b A FI R BU AT T 0 B (R D,
H 23 BT &5 SR AT AT, 92 DX 3 A ORI A R DL b R R

a 1995

b 20054

IR b oy 2 % 4R 7 R RR B 97 %0 DL b B AR
MK SR K 1 R M A TS 2 300, A X 1995,
2005, 2015 A1 2020 4 4 H1 + 1 F1) FH 1 50 X B 43 45 mT
DL B, ok o ) i 7 G At 288 70 4 b 17 B 2 A AN [
FREERGC Lo R R A R MG K B B . X
JE W T AV R IF R BOR S T, 4l 45 44 A B
DA T R it ol PR K R Bl T i R A R ) b
Pk o 1995—2020 4 oK Al A Hb &7 b T B D
1.64 %0 , o rfy S 43 7 4k g BF b R 2 15 b, DG A /)
T AL R R R K I, R ARORF AE NS
IS T8 A R e R e = A Sl e L DA R R
IR L Bt R A A P TR PR Ak bR b R b T K
3T AR AL 0 R i A AR e O 5 52 25 44 A% )

c 20154 d 2020

R Rl T R T E e R T S P 10 20km
T LR s 2 b Sl i A L 3R 4 0N E
8 FEWM . FILEKHKBERE. . EITHFMME 1995—2020 F L F AR
Fig.8 Land use types in Dunhuang City, Subei Mongolian Autonomous County,
Yumen City and Guazhou County from 1995 to 2020
R7T HETRAEREXRAAE ETHHRME 1995—2020 &£ L #7547
Table 7 Analysis of land use types in Dunhuang City, Subei Mongolian Autonomous
County, Yumen City and Guazhou County from 1995 to 2020
1995 4F 2005 4F 20154F 2020 4F
M A R
11 1 /km? et/ % 1 1 /km? A/ % 1 R /km? et/ % 1 1 /km? Lt/ %
HF H 1060.82 0.89 1524.87 1.28 2007.70 1.69 1811.61 1.52
R 572.28 0.48 613.71 0.52 594.66 0.50 620.66 0.52
M 20 913.85 17.59 21 872.82 18.40 21 602.96 18.17 21 827.06 18.36
7K % 652.94 0.55 628.19 0.53 638.86 0.54 733.35 0.62
AR b 142.12 0.12 221.91 0.19 265.51 0.22 333.85 0.28
A b 95 536.81 80.36 94 017.30 79.09 93 769.12 78.88 93 552.27 78.70
4.2 BREHERIE KD TR W E R S AR SCHG 1980—2016 4F 14 K4k 43 7 45 Hh [ K A2 1L 2

5% Wi 5L 0 3 A R A VD AR AR A A R &
R K BRI B A vk T K B, A
By B AL ZRARER AR K AR K% AN - b A
PRI AR A . H FER B A R OK U 2 R IA
ST E S P AR R W N R BT L R
ZEUSIRIESE T 1961—2010 45 S A5 A8 Ak %) 5 B 30| 7 42
AL Ak B 5 T 5 A B A G 6 B B R RS R R

500 R R AR R AR R R, NG B

5 WA ] o AR AR A = R B R
WFFE T 1990—2020 4F i #3707 78 38k b U0 oKk 1| AL 25 AR Ak
POpR T RE N RSN IR A I i o8 S TR (TN
U6 S AW, S K D S R E SRR R
FE A AR TR p T OB P 8 0 R TR, AN
7] B B BT A5 1 25 1t 4 A S W) o %5 il T3 b

B
> W



212 pi s U E SR

W46 %

T &, A% A R 7 AR A 32 S AR Al CRE K R
NS S py 2[R 9K 8l , o A P R £ R AEH
MR T3 45 AL o, 8 S R KSR RN 280 Bl XF
7 U AE Ak 1Y BTk R 4r B ok 29.38%, 35.63% #NI
34.99% ; XF i vb 4B Ak 1 BT Mk 2 50 B S 29.70%,
35.20%0 F135.10% o 32 PR 2 0 42 Uik A 10 A8 Ak Y BT
HORAGE, R R K Rz 2 W R A R, H
SR S AR A R K R TRD XA U 5 i v AR A Y
R R (PO RTE s a0 b R 1A
Sl X, N B P A PR BT S0 X T E 8
Ui L AR A U AR b B B NS S,
g5 S AR 5N 280 B 6 AR R VD A Ak Y BT
kR0 A 60.34 % F1183.95% , iX S T B 41 9e] T i
i Ry R NS R IX, B AR M 25 H AN O Ak
FH R UF M A, N 235 Bl AN W 1 5 BT 5505 X T
ISR = R/ B TR e S W R R A B2
Wi, HH K S S 3 S . AR R WKL AR
S B K X AR ORI BV AR Ak 1 BT Ik 2R 4 )
103.01% 1 76.85% , 3% /& 1 F 48 ¥l |- i 9 1o 1fy AR 4%
AN, BRI F, N EE B T A B [ R K
T 376 5 T T, B AR O RN A v 32 [ K ) 5
M) 5000 B 3

5 & w

(1) B 3y 00 37 3 A58 30 0 i U0 A9 4 PR AF Bk 3 T AR
¥a), BN A B S Bl K T hliE, TR T
SCURT I A5 ) S A S SR o TE AR AR b, 34 K SC
B A58 T B S N S R A i v R AR R
JOMI ], B I 8% 0l i b B 5 G G R W KRR
AR R Y < E N

(2) ZEASKy B 25 R B, B T 0% 0 42 UL o A o 10
TEITE 1998 4F & AR 2748 o Wk G 11 il 42 Ui 2t RN Vb 1t R
A= AR AE AR 43 5 R 2004 4F F1 1981 4F 5 38 01 3 42 Tt
AV U B R A SR AR 43 ) Dy 1981 AR 1998 4F

(3) B 70 37 AN ) A7 B A AN [R) B BE 5 ) 4% 3
MY ENESEEANR. RIE R AR
B Tk SR T N W -3 AF f a3 A N IR T R/
e 0 S A T B AR R B VD AR A B RN, A
B SPFRT Bg o 1 AS R X 8 TRT TRUE R F AE A
OB Hov, B KO B2 T L I AR I A A VD AR
Tl r 8 5 PR3 5 I O A YT A Ui AR R A D o AR
Z R K R AN sh ) 3[R VE 9K S o

22 3L #f ( References)
[1] Fu Bojie, Wang Shuai, Liu Yu, et al. Hydrogeomorphic

[2]

[3]

[7]

[8]

[9]

[10]

ecosystem responses to natural and anthropogenic
changes in the lLoess Plateau of China [J]. Annual
Review of Earth and Planetary Sciences, 2017, 45:
223-243.
A W, BB R, SRR I 8L K Vb B RS R B
Ol oy #r [T, 1 5 X8R 5 3R 5, 2019, 33(3) -
98-104.
Lian Yuntao, Wang Yu, Zheng Jian, et al. The trend of
runoff and sediment transport in the upper reaches of
Heihe basin and its cause analysis [J]. Journal of Arid
Land Resources and Environment, 2019, 33(3):98-104.
Sivakumar B. Global climate change and its impacts on
water resources planning and management: Assessment
and challenges [J]. Stochastic Environmental Research
and Risk Assessment, 2011,25(4):583-600.
Dai Aiguo, Qian Taotao, Trenberth K E, et al. Changes
in continental freshwater discharge from 1948 to 2004
[J]. Journal of Climate, 2009,22(10):2773-2792.
Liu Xingcai, Liu Wenfeng, Yang Hong, et al. Multi-
model assessments of human and climate impacts on
mean annual streamflow in China [J]. Hydrology and
Earth System Sciences, 2019,23(3):1245-1261.
Wu Yiping, Chen Ji. Modeling of soil erosion and sedi-
ment transport in the East River basin in southern China
[J]. Science of the Total Environment, 2012, 441:
159-168.
BEL W IR SRR MG L 45 . i A VT AL A A VAL kR i v
AR [T] K AR FFBESE, 2024, 31(1) : 144-150.
Wei Xia, Yang Zhenghua, Zhang Zhenpeng, et al. Study
on the variation characteristics of runoff and sediment in
Shule River basin [J]. Research of Soil and Water Con-
servation, 2024,31(1) :144-150.
0/ R SN A N - e =R A AR R o s o T U B
2013,33(4):80-83.
Yao Zhangmin. Study on variation of main rivers sedi-
ment in Pearl River basin [J]. Journal of China Hydrol-
ogy, 2013,33(4):80-83.
Bussi G, Darby S E, Whitehead P G, et al. Impact of
dams and climate change on suspended sediment flux to
the Mekong Delta [J]. Science of the Total Environ-
ment, 2021,755:142468.
PRGBS AN AR R oK Vb e e 2 RS B fh
FRIE R SE M IR [T ] IRV BT, 2023,48(2) :59-66.
Lu Han, Wang Yu, Li Xiaoning, et al. Multi-scale
variation characteristics and influence factors of water
and sediment fluxes in the Heihe River watershed [J].
Journal of Sediment Research, 2023,48(2) :59-66.
Walling D E, Fang D. Recent trends in the suspended

sediment loads of the world’ s rivers [J]. Global and



SR R SR K VD A AR AR B U PR ) A

213

[12]

[13]

[16]

[17]

[18]

[19]

Planetary Change, 2003,39(1/2):111-126.
XA, IR D B S T A AU A G K Y A A A3
Br[J]. K FI 24z, 2007, 38(12) : 1444-1452.

Liu Cheng, Wang Zhaoyin, Sui Jueyi. Analysis on
variation of seagoing water and sediment load in main
rivers of China [J]. Journal of Hydraulic Engineering,
2007,38(12):1444-1452.

PR 1 A deo , B R AR, A5 T O 48 T G P i 9 S0
LAt 78 A B S i PR3 A A LT . B AR KR 7K
H,2024(10):7-14.

Chen Jiping, Niu Zuirong, Huang Weidong, et al.
Analysis of the variation and influencing factors of mea-
sured mountain runoff in the inland river of Hexi, Gansu
Province [J]. China Rural Water and Hydropower,
2024(10):7-14.

W, BB XITFE 55 3 7] U Sl e v i B R AR
W S B LT ] e YIS, 2022,47(3) 1 31-37.

Wu Jian, Wang Yu, Liu Kaiqing, et al. Patterns of the
sediment transport in the Taolai River basin [J]. Journal
of Sediment Research, 2022,47(3):31-37.

B T AR X A3 1 1 B AT T AL AR Ak B S
PR M [T] K A B2 5 98 X TR, 2024, 710D
79-84.

Huang Xing. Analysis on change of Tarim River main
stream and climate factors based on set pair [J]. Hydro
Science and Cold Zone Engineering, 2024, 7 (10) :
79-84.

TR F5 0 A2 A T G AN [ I [ ORE 7K Y0 AR AL T
FE[J]. K F K RWFFT , 2024, 24(10) : 106-116.

Ma Junxiu, Zeng Jianjun. Study on variation of water
and sediment at different time scales in Shiyang River
basin [J]. Water Resources Development Research,
2024,24(10):106-116.

PR AN < N N i ) R i T R I K
FoKU RABFELT]. T R IXH L, 2019,42(1) :47-55.
Yan Yuhong, Huang Weidong, Wu Jinkui, et al. Sedi-
ment distribution and runoff-sediment relationship in the
Shule River basin [J]. Arid Land Geography, 2019, 42
(1):47-55.

RIS by KA, SR BEGE  3T 50 4F K B il 1 Vit < 4t AR
A B H R i F AR s e [T ] K T R BFIE R L 2014, 34
(4):39-45.

Xu Haojie, Yang Taibao, Zhang Xiaoxiao. Climate
change in upstream area of Shule River and its effects on
runoff-yield in last 50 years [J]. Bulletin of Soil and
Water Conservation, 2014 ,34(4) :39-45.

BUFY IR TAML, A e, S L B AR AR AL S
GETLT] T RIS, 2022,39(5) : 1588-1597.

Jia Ling, Zhang Baizu, Niu Zuirong, et al. Analysis of

[20]

[21]

[26]

runoff variation and forecast in the upper reaches of the
Shule River [J]. Arid Zone Research, 2022, 39 (5) :
1588-1597.

SRMG BRER , B, A5 L AR R R A R
B e R [T oK B8 IR A5 K TR AR i, 2013, 24 (5D
165-172.

Zhang Peng, Zhang Yu, Luo Ying, et al. Response of
runoff at mountainous area of Shule River to climate
change of upstream [J]. Journal of Water Resources and
Water Engineering, 2013,24(5):165-172.

A T ARG A A AR S Y H R A 8 T
UL AT AL AT K R e D AR X R E S LT ] K K
WY ,2021,21(4) :45-49.

Wang Hechuang. Study on functional zoning of shore-
line in the main river channel of Shule River basin,
Gansu Province based on pilot reform of water flow
property rights confirmation [J]. Water Resources
Development Research, 2021,21(4):45-49.

XU XA H N A8 B K R s ) R TT IR S
LR BV T] KA K RHIESE,2020,2006) : 40-43.

Liu Xin, Liu Jianjun. Discussion on the methods and
experience of spatial control of shoreline in Shule River
basin, Gansu Province [J]. Water Resources Develop-
ment Research, 2020,2006) :40-43.

T L AR K B R I 23 DR R IR Bl g g B
(D] HH 22 H AR K%, 2023.

Yang Jing. Spatio-temporal matching and driving force
analysis of water footprint and land resources in the
Shule River basin [D]. Lanzhou, Gansu: Gansu Agri-
cultural University, 2023.

Yin Zuotang, Chang Jun, Huang Yu, et al. Multiscale
spatiotemporal characteristics of soil erosion and its influ-
encing factors in the Yellow River basin [J]. Water,
2022,14(17):2658.

RITEY W s Wk E A 1957—2008 4 I AR
AR P9 43 e A8 4k [T, Hb B RE 2% 3F 8 2011, 30(5)
550-556.

Guo Qiaoling, Yang Yunsong, Chang Xiangsheng, et
al. Annual variation of Heihe River runoff during 1957-
2008 [J]. Progress in Geography, 2011, 30 (5) :
550-556.

kI 22k, XU W] AE LRI A ) 3 5 A8 A 0
TP WXL LT KRR AR, 2020, 51(2) £ 38-47.
Zhang Yuan, Li Changbin, Wang Liuming, et al.
Application and comparison of several test methods for
changepoints diagnosis in streamflow variations [J].
Water Resources and Hydropower Engineering, 2020,
51(2):38-47.

(T # %249 70)



513

/N A5« VDS DX FR W 2] A Jry o) 30 1 3¢ XU TD 3 3 19 52 T 249

tal study on erosion behavior of sand dust on photovoltaic
modules [J]. Renewable Energy Resources, 2020, 38
(1):19-23.

(6] BXBIE, 30, i —ng, 3 VDR R EE v A 55 N IR Al
PFf AR T[T ] R PHAES£ 4, 2018, 39(3) : 744-748.
Zhao Mingzhi, Zhang Xu, Miao Yiming, et al. Study on
output characteristics of PV module under cover of dust
in desert environment [J]. Acta Energiae Solaris Sinica,
2018,39(3):744-748.

(7] NG, RLLAE AR, A XU 45 4w i A T A 00T 5%

MRS RE] MR TRS TR, 2021,41(2)
146-161.
Pu Ou, Wu Honghua, Li Zhengnong, et al. State of the
progress and prospect of research on the impact behavior
and affection of wind-driven sand flow on structure [J].
Earthquake Engineering and Engineering Dynamics,
2021,41(2):146-161.

(8] wy— WL, Ao A3, A B /0 s A 280 XTI a3 174

ERES NS GRS PN E L Bk Y R T AR A N G|
HE2# i ,2025,46(3) :394-403.
Gao Yifan, Li Shouying, Liu Jiaqi, et al. Wind-induced
response and vibration suppression measures of flexible
photovoltaic support array based on aeroelastic model
wind tunnel test [J]. Acta Energiae Solaris Sinica, 2025,
46(3):394-403.

[9] Jubayer C M, Hangan H. A numerical approach to the
investigation of wind loading on an array of ground
mounted solar photovoltaic (PV) panels [J]. Journal of
Wind Engineering and Industrial Aerodynamics, 2016,
153:60-70.

[10]  Fif, &R, e, 55 W BB L o b R i BUR A=

LRSS0 B0 (1], T 5 BOBFA . 2025, 42(2) : 349-359.
Wang Hao, Li Shengyu, Wang Haifeng, et al. Wind

tunnel experiment and numerical simulation of surface

[11]

(12]

[13]

[14]

[15]

[16]

erosion and accumulation in desert photovoltaic power
stations [J]. Arid Zone Research, 2025, 42 (2) .
349-359.

A REL L TE GAR E 3l B IR A 28 e A M A
AR T]. K AE L 2013(15) : 20-22.

Wang Jianbo, Zhu Rui, He Ju. Numerical simulation of
wind load attenuation characteristics in photovoltaic
power station arrays [J]. Solar Energy, 2013 (15) :
20-22.

Yao Jianfeng, Tu Zhibin, Xu Haiwei. Experimental
investigation of wind pressures on photovoltaic (PV)
array mounted on a hilly terrain [J]. Solar Energy,
2025,291:113256.

Xu Ang, Ma Wenyong, Yuan Huanxin, et al. The
effects of row spacing and ground clearance on the wind
load of photovoltaic (PV) [J]. Renewable
Energy, 2024,220:119627.

Zhang Kai, Wang Zhenghui, Wang Tao, et al. Numeri-

arrays

cal simulation of flow field deposition and erosion charac-
teristics around bridge-road transition section [ J]. Journal
of Mountain Science, 2024,21(5):1491-1508.
BRI R A S LA SRR AR gl g 2 A
(CFDOBEAY 1Y e BE b 38 RV W5 A 32 Sl ReAE L] v
VB, 2023,43(6) :71-78.

Liao Chengxian, Wang Haibing, Liu Xiya, et al. Simu-
lation of movement characteristics of wind and sand two-
phase flow on the Gobi surface based on CFD technol-
ogy [J]. Journal of Desert Research, 2023, 43 (6) :
71-78.

Zhang Kai, Zhang Hailong, Tian Jianjin, et al. Flow
field, sedimentation, and erosion characteristics around
folded linear HDPE sheet sand fence: Numerical simula-
tion study [J]. Journal of Mountain Science, 2024, 21
(1>:113-130.

[VAEVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVAVAIVE VAVl

(E#%2137)
[27] ERELE, 1S =8, B0, 55 il N R K AN 2R 3l
XA A AR Y TR A BT - R AU R RS R T AR
7 B B B [T, M B 2 4R, 2012, 67 (3)
388-397.
Wang Suiji, Yan Yunxia, Yan Ming, et al. Contribu-
tions of precipitation and human activities to the runoff
change of the Huangfuchuan drainage basin: Application
of comparative method of the slope changing ratio of
cumulative quantity [J]. Acta Geographica Sinica,
2012,67(3):388-397.

[28]

[29]

L & AR T3 X A DN S~ PO N IR R TE: W) A 87
MABFFELD ]G A3 A L R, 2024,

Yang Yimeng. The Impact of climate change and human
activities on water resources in the Shule River basin
[D]. Shijiazhuang, Hebei: Hebei GEO University,
2024.

T3 AR A KN b 28 B G S A Y A2 Al B H X B B 1 i
(D] H A 22 M 22 M 2238 K2, 2024,

Fang Chunshuang. Glacier-fed basin runoff changes and
their response to environmental factors [D]. Lanzhou,

Gansu: Lanzhou Jiatong University, 2024.



