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19804F | 19904F | 19954F | 20004F | 20054F | 20104F | 20154F | 20204F
Nl 2181.81 [2183.54 | 2183.86 | 2139.37 | 2117.28 | 2 086.76 | 2 066.09 | 2 021.19
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Table 1 (Continued)
FAFEA A R TR
I 2

1980 4F 1990 4F 19954F | 20004F | 20054F | 20104F | 20154F | 20204F

Wk 786.02 760.95 751.53 710.03 689.19 642.44 615.11 566.58
A 70.56 96.37 106.04 194.94 238.17 318.33 366.37 460.55
KAk 15.84 13.41 12.87 10.03 9.79 6.94 6.94 6.25
3! 0.35 0.31 0.28 0.21 0.15 0.11 0.07 0.01

(b) 1990 4F (d) 20004E

(e) 2005 4 (f) 201048 (g) 20154 (h) 20204
B2 FEKABRAE 1980—20204F L3 A A A AR
Fig.2 Map of land use type in the Lushui basin from 1980 to 2020

T2 FAKFEB1980—2020 4F £ 3 A KA A4S 45 15

Table 2 Transfer matrix of land use types in Lushui basin from 1980 to 2020 km?
| LwAmED 0T e TR
B PISON it b i
I 69.99 0.00 0.45 0.12 0.00 0.57
IS 9.56 5.98 0.14 0.16 0.00 9.86
1980 4 b 218.52 0.14 556.05 11.31 0.00 229.97
i1 162.14 0.13 9.94 2 009.60 0.00 172.21
B 0.34 0.00 0.00 0.00 0.01 0.34
LN 390.56 0.27 10.53 11.59 0.00 412.95
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Table 3 Variation characteristics of runoff and sediment in the Lushui basin from 1960 to 2019
. B AL m? LR =V
HfH 5 5 Z AL B L ¥E 75 S FR WAl L
1960—1969 24.31 0.26 2.92 61.94 0.63 12.58
1970—1979 26.73 0.29 2.18 66.14 0.59 6.81
1980—1989 25.56 0.21 1.96 48.44 0.44 4.80
1990—1999 30.87 0.16 1.57 65.81 0.46 3.59
2000—2009 25.75 0.23 2.34 32.34 0.47 5.41
2010—2019 28.83 0.30 2.53 40.80 0.70 26.16
ZAFTEY 27.01 0.25 3.41 52.58 0.60 34.94
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Fig.5 Double accumulation curve of annual rainfall,cumulative runoff depth and cumulative sediment transport in the Lushui Basin
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Table 4 Statistical value of impacts of human activities and climate on runoff depth in the Lushui Basin
i SRR | SSNCERAR | TR | KRR | ARSI | AR | AR S xR
M ) 325 W% =) = L Sy N g
W/mm o | W/mm | W /mm | 075 /mm Wtk /mm | IR BTRRAR /% | IR TR %
1960—1987 4 | 1550.76 833.46
48.26 49.18 49.53 50.47
1988—20194F | 1602.98 930.90 881.72
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Table 5 Statistical value of impacts of human activities and climate change on sediment transport in the Lushui Basin
g | TR | SRS | SR | REICE | AR | TR | ARSI
. H/mm T IO ] /7 t Wi /7t W I TTIRAS % | D I TTRR %
1960—19974F | 1579.95 61.60
-0.85 -23.76 3.45 96.55
1998—20194F | 1576.31 36.99 60.75
2.3 HSPFREERMES P82 I AR BB S ) R AT 5 FE UK, A 7 v R K

HSPF B [ 28 02 5 80 00E , L K S 800EAh 25 3%
Sy 6 FER 6 rn . i3k 6 AT, R B Br H
A8 it UL {55 A HUE T 4 AR AT 152 250 5.93% , #H]
KERECH 0.92, 9811 RECH 0.89, LI Z5 BLA 5 T
A % 1 B9 AR M (R <10% , R*>0.85,N.>0.75) . K iiF
W B A2 Ui UL DN (T 55 A 400 {1 18 AR R 2R 25 R

PEFEYD 5 U, S5 00T 3 A A 5 0 ke =2 3 T 3
DI I BEAU 5 S B i B0 A 22 5, E 100 52 0 ] R v 92
VUL S R M AR T AR . DR RN 2
Wi iy V0 i AR RIOCR o BRI, HSPF A2 81 % 1
e KA v i B ROCR B0 B B, FE AN
R RADOR R IR AT DL T — 20 A A

15.37% , ¥ & R 50 0.88, 4 1 R &k 0.87, £ 41 PN 5o S o3 A Uk 80T T AR A6 X K Y R e
g HR B T A B bR E (15%<R <25% , R*>0.85, %6 HSPFAA A 3T
N>0.75) . & W B A W vb S 2 A %R 2%k Table 6 HSPF model parameter evaluation
’ i > s 1 e B T o e B i
32.38%, AT RN 0.73  BAULE R IK 2 15 Y BT S 2000—20094F | 2010—20194F
b #E (30%<R.<45% ,0.65<N.<0.75) . 5By B A R/% 5.3 1537
b BB A X R 22 0 42.65% , A0 AT R BN 0.65, ARl | R 0.92 0.88
FEPLZE AR B T A B AR . VD iR lR 22 N, 0.89 0.87
P L T 0 32 2 AE TR, BT 6 ol LA Y, 7 R % 32.38 42.65
FHN G REBLBLR 2 Wk S, PR R R 075 071
LG TR K A (2 o S YD AR A T — N 071 0.3
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Fig. 6 HSPF model calibration and verification results
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2.4 CA-Markov#ZEE RS

K H CA-Markov B XF 2020 45 3% 7K 3t 3k +- 1
FHHEAT AL, BB A% & G 8] 7 (a) 7 o 2020
A K U S8 Hb ) FH S B A A T An 18 7 (b) BT o
XoF ECASE DU S R A A T, G T I B A SOUA A% 3
K A PUR ED g SRR & R BN K
O A — BOVE R L K =0.861 8, AT UL A4 £ (Y CA-
Markov A5 0 Xt 35 7K 37t 388 - b A1) A% 00 A 2 2R 45
T, A FH T X% 38 R - i R A A5 0 ) A
LT

oo
ESLeEST] b Sy ESLeEST] AR
e, j*if‘ e, . A
- 455 - +35
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it it
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(a) 2020 4F 54U 4= H A1 (b) 2020 452 b + b F1
Bl 7 20204 F KR A AL 5B SUT

Fig.7 Comparison between simulated and actual land use in
the Lushui basin in 2020

2.5 SEMLHFATHESTRGRIEAKD M@
Rz 53 1

S AEAR AL 4 H A A Ak S K VAR A )
MR AR T T =405, LR S AR R
A0 i A FH AR A S SR VD R s, B — AL R
A 7K VD X A H R AR AR i R 55 A G
AR U % A AR A B4 e 1 5 5 — 2 5 A A
A1 b ) FH AR PR 6 3 K VD I 25 5 i B H Bk
R, ZHFAIGE R A SCEE I, % 2 R
KRR B RS P R, DL RN 28 AR A ok )
[B] 5., 454 1980 4F 2000 4F- 2020 4F- =31 + b ) J1]
5 5, 43 il Ak A AN b R FE AR b R R I B R
i) K 57 ik %6 5 2% i ) 4 Ml R AR Ak R v AR e Y
FEIRZ R F, L A R 58748 55O I E) A S5
Xof N7 B B B8 R 5040 4 o A A A b ) R AR
URSEITRUROR A 1D QN S AT W Tl =R Ny S
IS

@ 2000—2019 4E L HHE 41 A 1980 4F . 2000
AR 2020 4F 4 b A A 5%, BRI 4EL 2000—2019 4
SAELAETR IR V0 X A [ B B = 1 1 5
FRIIE B 5 ) e L 1980 4F + s A1l F % 5 4H & 1960—
1993 4 1 1994—2019 4F- 1 1~ B B 19 < 4 Bl , A
1 1980 4F 4= M A I 5% T, Wi 3K P8 X AS ] S A
SAE R N 5 @) X TR, 5T 1960—1987 4E R,
1 25 A ASEAEL 1980 A 4 Ml A FH 4% 14 A A% Bk i i
F T 1988—2019 4F A 2% 4 43 i BL4EL 1990 4F il
2015 4F R 200 R BOAR IR R 5 X T4 b, 3
T 1960—1993 4= S fiz Z5 A1 AL 48L 1990 4 -+l A1
ZME N OB I R, T 1994—2019 4 55
A3 BN 1995 4F F1 2015 4F 4 b A1 FH &5 14 F 09 %
b DA 1S O i w0103 RS R W 7 [ i P
A% 5 T sk Vb i e R S Al AR S
FIFH A A X 3K AR A6 1) BTk
2.5.1 IR X A H A AR AR S 0 e

1 2000—2019 4E M 4544 T, 43591 5% FH 1980
4F 2000 4 2020 4F =0 A ) BoE  geitax =
1 HUOR 200 R s 1 2 AR RO
ST A ORI S AR R K VD (R 52

37 AN TR A H A A% AR K SR VAR
WIEM SR, B3R 7RI, 78 2000—2019 45 fi
SAFARAERE BT, 2020 4F R S 5 F B4R
PRI e K i v i des0N , T 1980 AF - b I A S
TR R RN R K. DL 19804 +
Hi I 5 A AR 7K Vb R SEE , 2000 4F 4 b A
MBS T FERREN I T 0.31 12 m’, HiE H
1.18%, & Vb 88/ T 0.68 J7 t, U8 IE Ky 1.85%, 2020
AP MR R S R A AR RN T 0.84 /2 m®, 3
WA 3.20% , fs v w2 1 2.43 T3, DR 6.61%
) 2000 4 4= 1 A1) ] 254 S B, 2020 4F - A ]
TSN MAEYRE RSN T 0.53 12 n’, iR N
1.99%, Hi Vb 59 /0 17 1.75 T3 ¢, ViR H 4.85% ., M
A5 5 ZBOR R, 2000 4F 12020 4F + A G 5 R
(4748 L o R U0 it B A PR U 22 /N T 1980 4F - b
R ST B AEPR I 8l o 4 R A Ak 32 SR
U FH Bl T ARG 3 0, PR a0 ) B SR AT AT
S SRR A S I 3 5K 2 S B0 AR U
QG T S SR N T AV OF 5 S o= W e b TN
UG P AR AT D , X6 I3 B YD Bl
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RT RF A R &4 T RSB A B LT £ (2000—2019 4 A5 544 T)
Table 7 Statistics of runoff and sediment simulation in the Lushui basin under different land use conditions
(climatic conditions from 2000 to 2019)

- 1980 4F + Hu 1 2000 4 + o 1) 2020 4 + Hu 1
Hi AL m? 26.27 0.27 26.58 0.26 27.11 0.25
HU> T 36.78 0.64 36.10 0.63 34.35 0.62

2.5.2 JKUDXF S A5 AR A i

Sy Y A ) DRI A R A 3 R ) B e, A A AR
DL 1980 4F 4= Hb ] HIF 5t o0 T #8808 | 53 5]
LA 1960—1993 4 F1 1994—2019 4F ¥ A~ i 34 512 1l
KEHREN IR AEAE 51 E 1980 4F 4 1 A
FHZEAETS sk WA B 0 A8 S0 18 5 R BT s oh i 42
Uit R D B ) 22 AR S (E, LR 8

1994—2019 4F- - ¥ [ W & L 1960—1993 45
Y30 T 50.59 mm, K& 29 R 3.25% . TEAH A+

R 4 E T, 1994—2019 4F 1Y 7 34 42 0 & T
1960—1993 4 (1 F- 42 Ji 35 M T 0.15 42 m’, i
W& 249} 0.54% 5 1994—2019 4 1Y F 2 % 70 & 1
1960—1993 4= 1Y~V S i Vb = 15 I 1 0.44 T v, Bk i
9 1.11%, R4 DL ERCES R L 3L, + 3 A A
AR, A AR A (B Sk o ) 2 5 i AR
Wi AV B . A 1960—1993 4F il 1994—2019
AR A B 1Y AR S RBORE L AEPR I AR AN
P TR AL A N R T i

£8 REFAMELM T FARBAK DAL £ (1980 F L3 F) A &4 T)
Table 8 Statistics of runoff and sediment simulation in the Lushui basin under different climatic conditions

(land use conditions in 1980)

- 1960— 1993 4 fiz 1994—2019 4£5 {5

P& W ft/mm 1556.69 0.17 1607.28 0.16

AL m’ 27.53 0.26 27.68 0.25

LR 39.58 0.73 40.02 0.60
2.5.3  AUEA LA TR BOK GG HIA 1980 428 AL F) 1990 4F |, 4 4% 14 A 1960—
M K 5% k2R 20 A 1987 4E78 Ak 7] 1988—2019 4F , 42 i 1 2 4F -1
2.5.3.1 AR+ R AR R R RS R L BT I T 0.76 A m* 34 O 2.79% ; £ HUR FH A 1980
[ AEARAE R 2015 4F , S A5 DN 1960—1987 4F7AE 4L,

BT 1960—1987 4 S 45 45 1F 401 1980 4F +
A A5 44 A it w35 T 1988—2019 4 X,
1 25 Ak 43 S B AEL 1990 45 A1 2015 4F 4 M A1 H 2514
TR N, 25 R 9, 9T A, 4 R

F]1988—20194F , AP FHIRFLEIG M T 1.31 /2 m’,
BEWE N 4.81% . TF 1988—2019 4F M 14 F , +
H A FH A 1990 4575 AL 5] 2015 4F , Z4E - 44 1=
BT 0.55 /2 m*, B8k 1.96%

R FARABAEA LA A TACK R E 0

Table 9 Effects of climate and land use changes on runoff in the Lushui Basin

1960—1987 475 fi 1988—2019 45 fi )
S AL m? TR/ %
1980 4F L b | JH 1990 4F + b 1| JH 20154 1 F)H
(ebin e Sl LA LA IR LRI B | LR | A
MO T mrEg| T T | mrg| T | mRAM - -
fm’ Wi/ m Wikl m 24k AL e Ak
27.24 0.26 28.00 0.24 28.55 0.23 0.55 0.76 41.98 58.02

P R SCAIF 5T 45 S 0] 0, 1980 4E 5] 1990 4F - 1l
A AR iR B /0N IR G 1960— 1987 4F S A4 &
1980 4F + Hb A 1% 5t 5 1988—2019 - S fie 4l &
1990 4F + Hiu A 1% 56 F 19 2 457 ¥ 48 I & 1 22

B, AT & S A A Y 5 1988—2019 4F < fi
ZH A 1990 4F A 1 F) FH 1 5 5 1988—2019 4 < fi
G 2015 4F L b A I 50N 9 2487 S48 i i 1Y
ZEME St R AR f 3 B o AR £ b
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FI I AS A48 0428 37 e B 2 ) e, PR LA M
= ) ] B A Ak X A% 3 9 5 T i, 7531 1960
AR J5 A RN A b R A X AR O R A Al Y BTk
R4k 58.02% Fl 41.98%., Hi I Al L) 3 I 5
2.2.2 719 FE T A2 i W R A 4R sk, I — 2
FET 1960—2019 4712 it 2t A8 £k /2 v 4% W A1 1 b )
FHAE AL R 2 300
2.5.3.2 AN HA FHAR SRV D I 5200 K DR
T 1960—1993 4F S A 45 AL 4L 1990 4F +
Hu A 25 0F R 1 4 b e R, T 1994—2019 4R,
A6 25 A 43 SIS AEL 1995 48 1 2015 4F 4 1 1| FH 2%
VD IR R 8 DA A R R A
SR O 2T R (% 10) . 3R 10
AL, 24 A 1990 448 4k 3] 1995 4F , S A
211 M 1960—1993 425 Ak 3] 1994—2019 4E R, 4
VAR R E RGN T 0.48 5 t, BAME R 1.21% ;24
4 b A 1990 4F- 745 4k 3] 2015 4F, S 4 1F I
1960—1993 4E 75 4k, 5] 1994—2019 4R}, 2 4E - 1

b /b T 1.85 J7 t, RN 4.67% . TE 1994—
2019 S A 21T, 24 -+ M B M 1995 45 75 4k 5]
2015 4F I, Z AR W vb s /b 1 2.33 T e, DR
$95.81%.

F AT SCHIF 5T 45 SR T T, 1990 4F %] 1995 4F 4 i
I A5 A e B A2 /N TR I 1960—1993 4 S M 2 &
1990 4F + Hb A Fi 1% 5t 5 1994—2019 43 it 4l &
1995 4F- + b A1) H 1% 5t F 19 2 457 Bk v i 22
{EL, AT AR A Y 5 1994—2019 4F < fi
A 1995 4F + A FH A 5 5 1994—2019 4F S fi
H G 2015 4F L b A I 50N B9 2487 S5 b 52 1Y
ZEFEEN T A . BT 2
1960—2019 4= fig 25 Ak X i V0 1ot 384 01 %) BT iR R A
25.95% , - b ) FH A% £ %t i v a5 s 20 19 BT KRR
125.95% . I AT LASG UE 55 2.2.2 75 B TR 4 v XL
SR TTBREE , i — DR T 1960—2019 4F
AR AL 32 B R AR R B0 .

R0 FEARARBEAEF LA A T AT b 68 Hh

Table 10 Effects of climate and land use changes on sediment in the Lushui Basin

1960—1993 475 f 1994—2019 45 fi%
SR /T TR/ %
1990 4% + 3t 1| FH 1995 4F + 3 F| F 2015 4F 3 F
AL L) EZ S aL LA 1% I B W 52 A e o8 7 1
SR A5 A5 R K KR
wigi | R g | r | gy I m | U
39.63 0.73 40.11 0.60 37.78 0.59 -2.33 0.48 -125.95 | 25.95

2.6 AR HFFIE S THIZKID IR 5 47
2.6.1 A A M A A 5 0

AR AT A AR - iR R S
R FE S A AR Xof = > A A 1 S5 194 4 b ) AR 10 3
A3 B0, I P A R R A S Y R R AT Y
2030 4F 2050 4F - MR H L RIFE DR B A= AR 20 2 451
T AT B It B R AR AT B 1, T 2030 4F
2050 4F 9 = MR R B0 o AR 50 B 44 2022 4ETF
UEHEAT IR T B S M AL P B9 K BOR A
S = ARG R—— P U 1Y 2030 4F

R, B AE SR  A AS LT R A, P A R i B
b AR AR Ak, 0 2030 48 (Y - b R FAR S o S
gER LR 11 5K 8,

FE 4T R BR3P sk A 2 BR ] , ik
JH Hl VT FEAS W38, A b, bR A7 35 B AR o T
FEORN s /0, 000 4 (Y 2030 4F L2050 4F £ 15 ] Hb
T AR 43 ) o 4 3 T FR Y 20.40% . 25.31% 5 7E 1)
B B b R A BOSR BT R A B M R AP B R IR
Pk 3z B — BRI, 2030 4F HE 5 Hb 1w BUE 5 4
Tk R Y 20.22%

Tl HAATRMNAEX TR AR AN LR GRE L

Table 11  Proportion of future land use types in two prediction models %
AR 2 HEBEFH b PIZS Bt A i
X BEZH (2020 4F + 3 A H) 15.08 0.20 18.55 66.17 0.00
i % AR (2030 4E £ F) D) 20.40 0.21 17.73 61.65 0.01
Hrsts i (2030 4 L3RI ) 20.22 0.21 18.56 61.00 0.01
HT % SRR (2050 4F + H A ) 2531 0.20 16.57 57.91 0.01
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Fig. 8 Future land use map under different development modes in the Lushui Basin

(c) R AT 2050 47 3 )

2.6.2  JKVBXF Ak A H A A S5 A 0L 4 B BT Ay A PR R AR 5, 340 i 22 AR K A 88K
ARGEAE L M A TG 52 WK Vb B, 4 T 52 7K, 43 A PR A - bl R A S XK T AR AR Y
TR SR AR SR A B AR e 41,2020 RN AR LR 12 ~ 14,
AF 4 3 R FPR AR Sy X BEAT, 3% 44 #4719 HSPF
R12 FRERARNETTELARNEDBRET A
Table 12  Statistics on the area of land use types under different land-use scenarios km?®
AN [R) = Hb ) A 5 A IS A pN: 250
XJ AR (2020 4F - Hb A HT) 460.55 6.25 566.58 2021.19 0.01
i 5 1CYTT & A 2030 4 LA ) 622.72 6.31 541.44 1882.73 0.01
1 2 (Bt PR =X 2030 4 LB AT 617.41 6.52 566.86 1 862.87 0.01
17 357 3 CH AT &SRB 2050 4F - R D) 770.37 6.19 504.41 1762.73 0.43
K13 AAB T TABA LBRRRIEFRAETITILE
Table 13 Comparison of annual runoff from historical precipitation in the basin under future scenarios iz m’
R AEAR Y AR Ak
R 7K AF
PR |1 | M52 | W3 | 1S 10 IR | o 2-xt IRAL | s 3-xTIRAl | 2T
FIKAE2014 | 32.896 |33.152|33.145 | 33.421 | 0.256 (0.778%) | 0.249 (0.757%) | 0.525 (1.596%) | -0.007 (-0.021%)
SFIKAE 2005 | 27.944 | 28.243 | 28.237 | 28.582 | 0.299 (1.070%) | 0.293 (1.049%) | 0.638 (2.283%) | —-0.006 (-0.021%)
HiZK4E 2003 | 20.242 |20.470 | 20.461 | 20.703 | 0.228 (1.126%) | 0.219 (1.082%)| 0.461 (2.277%) | —0.009 (-0.044%)
T (E 27.027 | 27.288 | 27.281 [ 27.569 | 0.261 (0.966%) | 0.254 (0.939%) | 0.541 (2.003%) | —0.007 (-0.026%)
T R E S R BAE AR T i AR
F14 AREF TR LK BRF T E 3k
Table 14 Comparison of annual sediment from historical precipitation in the basin under future scenarios 7t
AEE VD ARV AR L
WK A
XPRRZH | WSS | M2 | W R3 | MR I-XTIRAL | MR 2-XIRAE | R R3-XTIRAE | R 2-TE R
FIKA2014 | 53.020 | 51.019 | 51.257 | 48.913 | -2.001 (-3.774%) | —1.763 (=3.325%) | —4.107 (=7.746%) | 0.238 (0.466%)
SFEIKAE 2005 | 27.612 | 27.047 | 27.076 | 26.419 | =0.565 (=2.046%) | =0.536 (=1.941%) | —=1.193 (-4.321%) | 0.029 (0.107%)
7K 4FE 2003 | 24.942 | 24.062 | 24.102 | 23.209 | —0.880 (-3.528%) | —0.840 (-3.368%) | —1.733 (-6.948%) | 0.040 (0.166%)
A 35.191 | 34.043 | 34.145 | 32.847 | —1.148 (-3.262%) | =1.046 (-2.972%) | —=2.344 (-6.661%) | 0.102 (0.300%)

T 2 PR AR AR U i AR AR
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T & A B 2030 4F b F (B 1)
AHEL T 2020 4F HHUA T, 16 50 1 i TR 3 K AR
Rl D I TR 5 A S AT ANl A R A s e Y
W ETFT 0.778% ~ 1.126% , 5 SR B Hb 5 bk 5
FU ) B a2 , A2 R 5% 1 T R R e A T AN
FKTAAR, PR AR VD B T 2.046% ~ 3.774%

A, 4 A R A SR (14 2050 4F - b 1 H (1
5t 3) AT 2020 4F + bR H N B K TR A L
EBAIN, AR D AR D R U AR IR
LT T 1.596% ~2.283%, v B R BT
4.321% ~ 7.746%.

HEHb AR A5 2R A9 2030 4F 4 1A FH O 5% 2)
FHEE T 2020 4F + Mo R L 18 Se 2 aFE AR i BT
0.757% ~ 1.082%, 4F iy ¥ & N [ T 1.941% ~
3.368%. HIRAE T16 5 1,18 5t 2 M3l ik 2
B —E BRI, AR A R FE T 0.021% ~ 0.044%,
ERYE ETHT 0.107% ~ 0.466% .

S5 A Bk H v FRAR A 5 v AR A R B, A L
2020 4F £ b R FHAE 5, B b OR B A T 4Rlb # Fl
T AR B AR AR B T3k, R HRaE R
SR B b R B 2.973% A H T4 BT kR
B, BF O AP BN Al B 1 AR T 4.695%
AR v A B FF 0.301%. 25 L ik, Bk i
P 28 e O Bk e AR A ] B O A B S
JRZ = % Tn) R, i e SHfe I At 2 28 355 R e R i
L.

3 e

A LA K 3 ok B 5 DX, T 1980—
2020 4F 18 JEGZ AR, B BOT o Mz 8N + b R
AR SR B R FR i — 20 bR
TR - 52 B RS TR B 50 HIE 5 A B 4% B UK I 3
1960—2019 4 52 7K V) B4 I 53 B HoAZ AL B,
AFF 5% 7K U Y AR Ko H 0 S AR A 5 N 283 B 1) e
INE 5 A 2 43 A7 2K SRR I 52 B ARE 7Y 11 538 2 K
Bk AR, B T8 A0 A S A5 5 iR AR Al X
IKUD 3 R S ) 5 i, 18 PR R Ok & SRR,
FE T K SCRE AR T - b ) P 500 5% 30 8 5 K o 1 b
IR S X6 7K Vb A8 AR 5 T, Sy 3 S8R0 Ja K £
WRPIAIRMES %, FRARINES IS R A .

1) Z ANAER G5 R R BURERZE R,
TE 1980—2020 4 9 [1] , J5¢ 7K It 3ok e i ARk 20> 17
7.36% ; B Hb 1 FRUE D T 27.92% 5 FEE FH 1A BB
Y 552.71% , + MR €728 £ 7E 1995—2000 4F
V), L i 5 3ok vl A ) 4, S 15 P il %) T AR 4 4k
SLHEIN .

2) SAEARAL 5 TR B AR T ) BTk R
43 51 49.53% . 50.47% ; i i v vk 2 49 BT R R 43
MR 3.45% .96.55% . 45 FFR W] AR I K A A
J NS0T B AV AR fb SR R AR G 25 3 i v
R R )N o R RN AS )

3) BE 5 BB B, A A X A8 I A
Ut (AR SR e o AR AR O A X R 22 38 /N T
25% , A BB R T 0.85 5 B v AH X 22 B /N T
45% , AT 2B RN T 0.65, FEAS Tl AR JEAE 1
PIEER . Syt A0 72 A R - b ) R AR % 3 R
JKYP I EE I, R FH HSPF #5570 T g 3 4156 . 4516
W @ A SR PR B b ) g S
b2 FHEAR TR v b ;@ 4 A H [
TE AR AR (R RN B ) 25 5 85000 U4 U 2 RN
YRR B AARAS AL | A bR AR b X A2 I
Ty BT Bk 2R 0 1 A 58.02% . 41.98% ., A2 AL Xt
B > B N ) DT KSR 25.95% , - 3 R AR Ak X
fiy V> e 9 B DT BR N 125.95%

4) 43 B AR K - H R RS 56N B9 K U e N, 25
A AR BE M i & e 2, 2030 4F 4 R (1%
5t 1) 5 2050 45 = #b I O 5% 3) AR KT ALY He
B, B AR TR G s, S R BUE AR I
LT VDR R AR O R R AL B T
FULACRAE AR FIRm 9k, T 8amisfh, 35
BV T 2.973% . M LT 24 A SR AR A,
B b R 38T A Al B D it R B T 4.695% , 1
Vb AL 1 0.301% Z5 Tk, B Hb AR 4 2
AR B A b AR 8 [ B, 9 A B I i s K - 2k
), 3 BB A 2 22 0% % M i AL 152

[%% 30k ]

(1] #0332 A AR 0 o o 2 % R W E 9% 7 25
ZH . BTN A A AR N R 5 e ke R P D A Ak R
WFa )], o E TR R 2%, 2022, 24(1) : 93-103.
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Study on the evolution pattern of water and sediment in the Lushui Basin and

their response to land use changes

LONG Yuannan'?,ZHENG Moruo'?,YAN Shixiong'?,LIU Yizhuang'*
(1.School of Hydraulic and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114,

China; 2.Key Laboratory of Dongting Lake Aquatic Eco-Environmental Control and Restoration of Hunan Province, Changsha

University of Science & Technology, Changsha 410114, China)

Abstract: [Purposes] This study aims at exploring the effects of land use change on water and sediment
changes in the Lushui Basin. [Methods] Based on remote sensing image data and measured water and sediment
data, this study analyzes the trend of water and sediment changes and their response to land use changes in the
Lushui Basin. Further, the CA-Markov urban expansion model and HSPF Chydrologic simulation program-
Fortran) hydrological model were constructed to quantify the impacts of land use changes and climate change on
runoff and sand transport. Based on models, future land use scenarios in the Lushui Basin were predicted and
future water and sand process were simulated. [Findings] The area of built-up land in the Lushui Basin has

continued to grow since 1980. The measured runoff in the Lushui Basin showed an increasing trend and the sand
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transport showed a decreasing trend, with the abrupt change points in 1988 and 1998 respectively. The
contribution of climate change and human activities to the increase of runoff is 49.53%, 50.47%, and the
contribution to the decrease of sand transport is 3.45% and 96.55% , respectively. The land use scenario till the
2030 under the implementation of the arable land protection policy safeguards the area of arable land without
significantly exacerbating the problem of soil erosion, and takes into account socio-economic development and
urbanization. [Conclusions] The increase in runoff in the Lushui Basin after 1988 was the result of a
combination of land-use change and climate change, while the significant decrease of sand transport in the
basin after 1998 was largely attributed to land-use change.

Key words: water and sediment variation; Lushui Basin; HSPF model; land use change; CA-Markov model;

contribution rate
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