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Response of Runoff and Sediment Yields to Land Use Change in
Fu River Watershed Based on SWAT Model

Liu Xueyan', Zhang Huilan"?, Luo Zeyu', Zhang Jiaqi', An Ni'
(1.School of Soil and Water Conservation s Beijing Forestry University, Beijing 100083, China ;
2.Three-Gorges Reservoir Area (Chongqing) Forest Ecosystem Research Station s Chongqing 400711, China)

Abstract: [ Objective | The aims of this study are to quantitatively analyze the response of runoff and sediment
yields to land use change in Fu River Watershed, and to provide scientific evidences for the planning and
management of water and soil resources and ecological construction in the river basins. [ Methods] The
SWAT distributed hydrological model was applied. Three natural scenarios and three extreme scenarios were
set up to qualify the variation of land use change during 1990 and 2010 and corresponding contribution rates
to watershed runoff and sediment discharge. [ Results] (1) From 1999 to 2010, the upper reaches of the
watershed was dominated by woodland and grassland, comprising approximately 46 % of the total watershed
area. The middle and lower reaches of the watershed were primarily composed of agricultural and urban
areas, with cultivated land accounting for approximately 51% of the total area. As a result of rapid

urbanization, urban land and bare land expanded significantly at rates of 95.86 % and 434.43% , respectively.
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Under the natural scenarios, the change rate of water yield was less than 5%, and the change rate of
sediment yield is less than 15%. (2) SWAT model had strong applicability in Fu River Watershed, the R®
and NSE values for runoff at calibration and verification periods were 0.86, 0.85 and 0.80, 0.78, respectively,
and for sediment discharge were 0.68, 0.67 and 0.68, 0.43, respectively. Scenario simulation analyses
illustrated the effects of specific land use types on runoff decreased in the order: woodland™>grassland™>bare
land. Compared with the base period, the woodland cover scenario reduced runoff by 35.66%. Impact of
different land use types on sediment yields decreased in the order: bare land > woodland > grassland.
Compared with the base period, the bare land scenario increased the sediment yield by 56.74% ., and the
woodland and grassland decreased sediment yield by 43.57% and 30.04% , respectively. (3) The importance
ranking results of independent variables based on random forest algorithm showed that the first three land
use types affecting runoff were farmland, woodland and grassland, and the random forest weights were
2.057, 2.030 and 1.148, respectively, while grassland, farmland and woodland affected sediment yield most
significantly and the random forest weights were 1.753, 1.208 and 1.003, respectively. [ Conclusion] In
addition to farmland, the response of runoff to forestland change is the most significant, and the response of
erosion and sediment yield to grassland change is the most significant. The conversion of land use type to
grassland and woodland significantly reduces water and sediment yields in the basin, while the bare land has
a significant impact on sediment yield in the watershed. This research can provide scientific basis for future
land use structure optimization and rational planning of water and soil resources in the Fu River Watershed.

Keywords:land use change; SWAT model; scenario analysis; Random Forest; Fu River Watershed

o DS R S P o = 7 el o D
R g AARAE AL 5 TR S S R AR R S B R
T AE AL, 1 35 52 W) L ki AR AR R A 2 0 R R
3 AT/ B A B R TR T R OB L
QAR 2 M L 008 i AR, R A 25 R R T I
WAL ALE] KRR FE 5 A AR T
AR H A R AR A DA S AR 3 5
A AR Y B LR BB S o i R
AR T B R0 A 28 AL AN 2T Bl 22 18] &2 2% A
HAEMIBOCHER R . BEAE N 2R S0 b ) AR
iR BE G I KA (Y AR R B 2 R AR AR
o B bt A 5 X2 S B0 B B R 4
R A Jay e A 2 A, R T 5 | R oK Rk AR 2
Foft A= Z5 PR B AR R) R, PR G BF 5 O 0K V0 %o L M A
JH 7 A4 18 e SO 175 250 5 %o 3L 307K B PRORIK A O A 1Y
IR SRSk R A R

FE] A A7 2 38 B O e ot R T /8 728 A 3k 7K S
1o R R W B BIF 5 5k R ABE U1 45 DA X 6 O Je i K SR
iF 2 B0 8] F 571) 12 0 3L 4 K SCRE RS0 3 3 280,
T VS AT LA 7S i SO B — R R AL
T AELAR X R T v R 2 g Js BV S AR RL A /S O J5
WAL REAEA 7] By B & Ak 3 AE L B2 2R g A1
B HA AR o K SCRFE S 80wt E] 51 1 B 43 A
R ] B 5 e i R P /7 A K SO IO A R I 2 R
(10 72 Ak e AT (F T 3k AR B 3 S8R 114 s ) S R vk L 32
E2LSENEE S A/ SR R I RDY A

b A A A A R OK G 5 2Z TRl 56 &R . SWAT #
TIWEN A 2 PPAl BAT AN TR] o R | SR04 PR 2R A
18 L Bk K Vb RT3 W I 1Y e TS R 2

T VL R VT B Ui i 2 00 X, B T A L
KON HPE . BB A HAE T 2 80T
Ui 3t T 25 A R DX B 2 A R B AR AR . AR
JLA-4F e Sl B Al T R B9 5T AR B I A
AL 830 R A ) 7 O 7 b e e A T O AR
BA BB FE R 2 M5 78 A A0 -l ) A2 e 25 5 5
Wi (14 A1 B2 HEAT 50 A o X HAR st ) 2 AR AR 17K
YO mE S B A BT A DR DB — e i A T SR R
AR AR 0 15 E e S 17 5 5 R DAY b M) S R i
SR K U IR B W S 2 O R R B A 0 B A
TR ARG B . ASWEFE LU LR O SR 5 BT
SWAT BIRIKGEE 6 Bl 3 48 B M o 15 57 o 7 B 23 7 I
S s R SRR S 15 B B9 K U AR I S N L
{189 A5 LA KT A 3t 40 P 722 A B9 i 7 LA A AN [R] 4 3
A FH 26 5w e B % A LS Ry i VO oK
DR TR AP 0 A 25 i B PR B 2 A

1 #MBE57EE

1.1 HRE#EHR

RV 3 e — Wi B VLA R N I
KIS K AT F 00 )1 48 8 e & IR L35 52 TS, 420K
AR 36 400 k™', JL 3 H 171 45 il 3 A /INAT 307K SC
v, S 103.73°—106.27°E,29.30°—33.05°N, 7 =



%3

X 5 FAT - BT SWAT B () 35 VLU0 o b ) 28 £ 19 K 0 g 1o fF 5 81

W RN Ve SF 2 LU RE 2 0 0.8 %0, T I8k e R e v T
K 5 465 m, M SR A% B AR S AR 221 m, MR UK
ToYe | R AL AR IREE ) R S A YR
A AT I 23 25 5 K, EL TR R R 4 o, k87 ¢ 0
B RTS8 B R B T B R
TR RN (5 50 %0 A b o BV VT b i — ke 8 IX 4%
WA VEVD I R IE M — & 1 A R VTR ek b B A
BB R O K SCE R B
101°E 102°E 103°E 104°E 105°E 106°E

Z Z
o r . 15
o] 4 34°N e
433°N S
4 32°N §
E L {31°N | =
< {30°n «
11 29°N
Flesessce 1#
— —
[aa] o
w5465
'z 02040 80 120 160km’ z
o | S S — — o
< L 1 1 11 o
o o

101°E 102°E 103°E  104°E  105°E  106°E
B1 FIRESaE
Fig. 1 Location of Fu River Watershed
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Fig. 2 Calibration and validation of SWAT model in Fu River Watershed
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Table 3 Calibration and validation of monthly streamflow and sediment simulations results in Fu River Watershed
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Table 4 Comparison of land use in Fu River Watershed from 1990 to 2010
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Table 8 The relative importance weights coefficient of the influence of land use types on water yield and sediment yield
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Fig. 11 The order of importance of the influence of land use types on runoff yield and sediment yield
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