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Abstract: Due to land use change and reservoir operation, the flood process has been greatly affected in the upper reaches of the
Ganjiang River Basin since the 1980s. It is of great significance to analyze the influence of land use change and reservoir operation
on the flood process in the upper reaches of the Ganjiang River. Taking the Pingjiang River Basin in the upper reaches of the Gan-
jiang River as an example, based on different underlying surface conditions, this study divided the watershed land use from 1981 to
2021 into 1981-1992, 2000-2010 and 2011-2021, recorded as 85 period, 05 period, and 20 period, respectively, used scenario

analysis to create land use and reservoir operation scenarios for these three periods. The flood process was simulated using MIKE
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SHE under various scenarios, effects of land use change and reservoir operation on flood peak, flood volume, and peak time were
further analyzed. Results showed that from 1985 to 2020, the proportion of grassland and cultivated land decreased by 3.49% and
1.72% , respectively, while forest land and construction land increased by 3.98% and 1.41% in proportion, respectively. Under
such condition, the flood peak and volume for 2020 decreased by 6.14% and 7.03% , respectively, compared with those for 1985,
and the peak time was delayed by 1.5 h, which accounted for 48% , 50% , and 51% of the effects of the changes in the underlying
surface. Due to the effect of reservoir operation on the flood process, the flood peak and volume decreased by 6.60% and 5.72% ,
respectively, while the peak time increased by 12.29% , contributing to 52% , 50% and 49% of the changes in the flood peak,
flood volume and peak time, respectively. Furthermore, the results showed that the flood peak and volume were reduced to a certain
extent due to land use change, but the delay degree of peak time was different. The effects of major and medium flood events were
lower than those of minor flood events, which related to the land use cover machanism of land expansion and vegetation cover
growth. Under the influence of reservoir operation, the peak and volume of major flood events were more sensitive than those of me-
dium flood events, whereas those of minor flood events were relatively insensitive, and the peak time of these flood events was de-
layed. This study analyzed the impact of reservoir operation and land use change on the flood process, which can provide a scientif-
ic basis for watershed flood forecasting.

Keywords: Land use change; reservoir operation; flood process; MIKE SHE; Pingjiang River Basin; upper Ganjiang River
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Fig.1 The river network of Pingjiang River Basin
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Tab.2 Monthly changes of LAI, RD in different types of land use from May to August

. i A B Hiifh R PN
inpLE]
LAl RD/mm LAl RD/mm LAl RD/mm LAl RD/mm LAI RD/mm LAl RD/mm
5H4 5 650 2.3 320 45 800 3.5 500 1 200 0 0
6 A 6 700 2.5 350 4 600 4 700 0.95 170 0 0
7A 6.5 800 2.3 320 3.5 500 4 700 0.9 150 0 0
8 H 5 650 2.2 310 3 400 4 700 0.9 150 0 0
F3 HHEIKUR R
Tab.3 Soil hydrological constant values
+ 45 M FI 7K AR/ % HH [l Rk 2/ % THZE R % AR S5 S/ (x107° m/s)
e+ 45.7 28.0 14.3 4.05
g+ 47.2 30.6 14.2 3.54
it 44.4 27.6 16.0 3.34
TG HE 4 44.6 27.2 15.4 3.66
i3 e 41.9 24.5 10.5 1.68
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Fig.2 Land use types situation in three typical years
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Tab.4 Areas, proportion and changes in area of land use types in three typical years

1985 4 2005 4F- 2020 4F 85HZE 05 HHIIE  8SHHZE
THEY myy 5w wWEY N @BV gy RPN 20PN 20 R
km? % km? % km? % fbiE/km?>  fbE/km?  fLi/km?
W 777.30 26.79 656.96 22.64 727.41 25.07 -120.34 70.45 -49.89
pzs:il 1965.00 67.72 2143.89 73.88 2080.42 71.70 178.89 -63.47 115.42
HEA 1.95 0.07 1.31 0.05 0.75 0.03 -0.64 -0.56 -1.20
Bl 104.00 3.58 26.41 0.91 271 0.09 -77.59 -23.70 -101.29
PN 27.41 0.94 26.95 0.93 23.41 0.81 -0.46 -3.54 -4.00
i  26.08 0.90 46.22 1.59 67.04 2.30 20.14 20.82 40.96
it 2901.74  100.00  2901.74  100.00  2901.74  100.00 0 0 0
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BN 40 ) T — B £ Bt T JeA A i, & AR Bl 3] At R4t i 3 S0 Ak e 13 /KT, 0 i i AR
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Z s EE L,
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HRHE R SCHE e TR B ) (GB/T 22482—2008 ) , 45 SR WA B4 28 71t K, 22 5 & 4%, B #6 R Ny
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Tab.5 Calibrated values of main sensitive parameters in different periods

HeHy BRI 85 B 05 Ky 20 B
i1 E I KIR/ mm 100 150 120
WA K/ m 0.015 0.035 0.04
HErp R SR A K 0.07 0.12 0.15
TR e rb i R TR ) i/ d 4 5 3
HErh iR B AR 0 d 15 20 8
PRSH R LA K A 0.25 0.25 0.3
PR FE T S 1) R/ d 20 10 10
HhHs 2.86 2.33 2.5
i, 2 3 3.2
YL %?%ﬁ/(mlﬂ/s) =5 2.5 2.2 2.2
A 1.5 1.2 1.2
KA 30 30 30
A 25 25 25
T REE/ (s/m"?) 0.032 0.035 0.035
KRB IR R 5L 5%107° 8x107° 5%107°
AR VAP R 7K IR/ m 0.5 0.5 0.6
FER B 5 10 2
JERSHL 0.2 0.15 0.3
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Fig.3 Effects of underlying surface changing on typical floods
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Tab.6 Assessments of some flood processes simulation

Btk ek i?ﬂﬂjﬁ#mﬁ/ ﬁiﬂ;@#”@/ bRz, UbiER2e/ m%jﬁlﬁfflﬁl Efﬁﬁ:iﬁ B
(m’/s) (m’/s) % % R2/h X4 Eh
FEM 1985062420 1020 1626.84 37.3 79.7 -1 0.331 &
1982051317 922 863.23 -6.8 -19.3 1 0.923 =
1984052008 2150 1813.16 -18.6 -14.5 -3 0.773 JE
2002103016 1890 1836.85 -2.9 -12.3 -2 0.923 =
2012062408 1100 1082.50 -1.6 -6.3 0 0.930 2
2016071900 1990 1732.55 -12.9 -21.3 -3 0.890 an
2019060918 2120 2023.10 -4.5 12.4 -2 0.735 =
Loan G| 2007061417 1220 1175.00 =-3.7 -9.6 1 0.910 &
2008061816 1360 1758.60 29.3 34.2 -1 0.725 &
2016061613 1320 1142.10 -15.2 -17.5 -1 0.938 S
2021052013 1140 1058.20 -7.2 14.6 -1 0.875 p o

T AREGHOK S R

Tab.7 Average changes of simulated flood factors in different magnitudes floods

K 85 MY ZE 05 mH 05 W ZE 20 W 85 A i 2= 20 mHY

BERX gy SRR OHE 20MH — - B B

: LR/ % AL Y% AL %

dhigs/ (m3/s) AUtk 1995.03  1879.53  1833.77 -5.72 -2.72 -8.44
itk 1871.11 1757.60  1656.17 -6.00 -5.84 -11.84

/hitZk 1236.94  1195.83  1157.06 -12.04 -5.86 -17.90

S 1701.03  1610.99  1549.00 -7.92 -4.81 -12.73

tE/fz m® o Kbk 4.33 4.07 3.98 -6.01 -2.33 -8.34
rhtk 3.78 3.55 3.34 -6.87 -6.03 -12.90

stk 2.43 2.21 2.09 -12.06 -6.49 -18.55

S 3.51 3.28 3.14 -8.31 -4.95 -13.26

WGP R /b Rtk 20 21 22 9.30 4.70 14.00
itk 11 13 14 11.70 7.40 19.10

stk 12 14 15 19.50 23.10 42.60
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Fig.4 Effects of underlying surface changing on the major floods, medium floods and minor floods
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Tab.8 Effects of Changgang Reservoir operation on flood process in three periods
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Frtk 3.78 4.08 3.55 3.85 3.39 3.70 4.17 1.60 5.77
stk 2.35 2.51 2.25 2.42 2.03 2.20 4.07 0.86 4.93
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WGP R /b Ktk 20 18 21 19 22 20 8.89 4.45 13.34
itk 11 12 13 13 14 14 8.67 3.40 12.07
Ntk 12 11 14 12 15 14 8.42 3.05 11.47
-1 13 12 15 13 16 15 8.66 3.63 12.29
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Fig.5 Contribution rate of different factors on major floods, medium floods and minor floods in three periods
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TE N HE AL T RIS SRR K PR 45 T U KBTI S5 3R, 75 31 - tth ) FH 28 fh % g dal 7 K o 2 1 5
LAWY 85 B 41 20 A4, b ORI A AR fh s R a0 6.14% , o5 T S AR AL T AR AR 48% , b
FHAS b3S B R/ 7.03% , 7 T S ARG T bR AR AL Y 50% , W B ) AE S 12.94% , 7 T B Ak
51% , B0 1.5 h, i — 2 UESE VTSR R AR R, ik 0de Bk i — G R B R ATG, ik Kk ad i 1y 3Bk
KRR 7 L3, WU BB () O P 55 K R S A0l o L TR — 2 sl i ) T R 484 o = O 3 K T AR
BRI T ISR DS T R B R AN T L B EOK &, e D B R K B T B M R AR AT T
R T R o S, FAP AR T T 0, ML B 3 0, A R AR AR 3R T A, AR SE R B oK RN
VR, SN M e 7 K B M A TR R AR Y 5 R A M R T R A S R A R b A A A 25 5
TS T M A T 2 ] L T i L 3 Ml X B A S A 1] A SR AT RS RN L A R
Sof AN 5 G kK b R AR Ak & I E A 225, 85 B ZE 20 B4, bR AR £k S 35 A it K b 04 R A1
1.47% H bR BRI REAR 5.31% /NBE K BEIEREAIR 11.34% , K o /NBEZK I 43 T AR 2.39% \4.43% . 14.26%
WL ) 43 SN 0.66% \7.03% (31.13% , IR BTk /K SR i/ b , - iR P AR T 842 04 5 e A A



622 J. Lake Sci.(#3a#2) ,2025,37(2)

4 it
4.1 T F) BT TR i A e R

AHXTF 1960— 2001 4F, #5yT - JiF 2002— 2020 4FAE R 0820, AR H I i AR F 2 4R — B itk kA=
PRI R TR, T S AF— 8 (0 SRt K Stk DR 3 At St ol b0 1) TSR a3 ™ o ST
b FIT BV, 1970— 2021 AR Sk 1 I 2 30 o o B K K & A ARl D (i

T I X AN [R) TR A3 3BT D15 B S A ) P AR A G K B s ), SV S R AR e R
Sk A B b = R N4 B TR SRR R K RS R R NS AR R TR .
BT F i P - A 2R 235 3 A 0 22 S, ko B2 S B k0 R D i d . BT/ NIRRT 2
JrrER X =K, AR R KR, BEA T B A A TR U K R A B K, MK DT AR K FE RS
FIAE R IR, BRI SR I K B IR K B SR ] A, 7K 43 76 Tt v 25 B T4, % -t ) AR Ak
FRT I 57 BN ) AR X B, S B R R IR o ARV 1 K AR S R /B 26 8L (LUCC) R, b i g
UL i, LUCC X /NIt A i B B 5, 5 4 — 38 DL _E K A ke An it 555 23 S8 3% 1 7.6% |, T /1N
F 2 AE— B PR At I RIS N IR0 5.419% AN 11.91% ) 5 Ze 3 ] i RS 385 K T 7 514 S0 T 3 Ak
R [RGB /KR I, /N K S R 5 8 A0 TS -t M) ) S 750 ke 73 o v/ K S o W 3 o W5,
PG R R R 5 IR SR - R IR ( FLUS ) BRI R NS [ SRS i v [ 2000— 2010
AF LUCC XK IS > o 3 FUASHIFSE 55 i ABIRSE , #0521 A ) 0t /I X - b A1) P 28 b £ i 7 A 1
128 5 AR, — 5 T R TR B AR NASR] , b R P 2SR A A i AN (), b | e 4 4 (0 28 AU AR AR )
225, BT AR FE X T 0B (B s e 58/ 25 1 53— D T, 350 - b R A A6 T D S K B A 5 45 A 4 b
AL FE T A 750 T 24 b A DG 114 [ MR , 152 AN T) = Mt R A S, Rk i 40 W R ) A b ) 8 78 % ik K o
A, SPULREE T T O E Ba s AR RS E B 4 a3 AL )) (2021 — 2035) , BOVTAR | = 2440 Sk
% KX & Tty 0 b SR I B Ak i, AR AT 35 0 i 5 1A FH b SR A R R R - b ) FH AR R
PR R RARBEZ AN o AR AT S5 - A I TROIASE 26 T >4 4t 0 K] 3 — 25 3 A S ) = b ) ) 288 784
XL P SE IR
4.2 7K EEVE ¥R 4 B T i e it Ak e Rz

K P 38 3 R B e AT A AT AR AT R A, R 1) R IO ke A TR R AR s K SC A, KRR T AR R K
R V) R 5 K R 3R U ST ) She 8 AR T IR K XUIS: o K P8 9T T 9 Sk A 7 g o7 F 9 K 22 LA K SC A A
HITEE LA R K R T T s MK R R E R Y . He 2R X R R K, K T
7K FRL 3t SR P M X 2L R 3 32 R K 2 R 42 T R AR R g 5 5 — SRR S K, AR SR A X 4
SEVLR IR K 2 P4 02 L MIKE Hydro River —ZEAEAL, , S AR EE UL 3 9, TP F 4T 4514 T /K R 111 5
RERL IR Ak Ry — 13.38% , B LI ARy —7.32% , ASE4DLIEIIURT [A] SE SR 1.5 b, 7K 2 34 X it e ) 1) 55 1 PR A
K, RO REIR T AR H] o SEBR b, PR o Rk 0 I BT [ I S AR K A /N R 7K s R B T R AS [ i
SN 9 AT, KK K K R T A, b Rt K 7 R A 5 R K, /N K R I K
VAP BB AR X /N o ZEAR )T S TR I 3, S VLIRS K L it K B/ INEE K A i e |3 e B g B ) LA
W25 5, SZOKIRVRFESE IR, K T 0 1 o A 8 R /K B /Nt oK, R /K it et sl 2D dth K F b itk
BNtk 5 st K kARl AR B DR T/ N K TG R/ AR B 5 /NI KA I 5 R K DA RS [R) S 5R 2 b, TG PR
HEAK B /INBEAKAESR 1 h, ASBIFSE 8 3% R K /N5 MR TR0 J5 A R A9 0GR, T K I A P % i
HHHAKEE I 3T 0% 18 T KR/ B G BRI IR 51 T 32K R E A % WL 3 R, i
PETR U B AP G BRI K PR AN AR T T BT A % G2 0 B G | R R GOK P T U B AP S . VLIRS
A — JAE R S K T R RPN S R 10 SR A L AV SRy R TR, Xt K R i A AR R
CULVE 28 24 E B RIK 2R B R RS ) (4 BAC XK PR HUR 40 ) , KR T BB 3P % 4 R A 46 4 E B i
S BN, RPN D 30 U7 B T — R 2K R E 2T F A T X 4 I 3 Pk f koK, G
SEFBPRE AR UL K, AT A b BT b T U K PR B S I B U R B, 0 AR B E  7, R G A it K K
E R IR T S, XA 1 I A A A — BRI DRI, RS A ST TR



T4 0% B . 2 A R T AL e K B R 3R At KT A2 09 R

VASR T bR IR A ) 623
DL B DU B B — A UK A 8 K T AT RO BRI A I s TR UK i R AR B, o] DLk
AR Ik B AR A A i

29 KXIKFE R N KR EREAELR

Tab.9 Average change rates of flood factors under the operation of Changgang Reservoir
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