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Risk Prediction and Optimal Control of Waterlogging in

Urban Land Based on PLUS-SCS Model
—A Case Study in Changsha City, Hunan Province
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(1. School of Architecture and Planning , Hunan University, Changsha, Hunan 410082, China ;
2.Hunan Key Laboratory of Sciences of Urban and Rural Human Settlements in Hilly Areas, Changsha » Hunan 410082,
China ; 3.Hunan Provincial Land Spatial Planning and Development Research Center, Changsha s Hunan 410082, China)

Abstract; [ Objective ] The urban land use in the future and corresponding waterlogging risk intensity was
predicted, and the optimal control of the waterlogging risk and its implementation effects was explored in
order to provide references for improving the prevention and control level of urban waterlogging and optimizing
the layout of urban land use. [ Methods] The study was conducted in Changsha City, Hunan Province. Urban
land use layout and its waterlogging risk under a baseline scenario were predicted using the PLUS and SCS
models. High-risk waterlogging areas were used as limiting conversion factors in the PLUS model to simulate
the urban land layout and its waterlogging risk under a waterlogging control scenario by coupling the PLLUS

and SCS models. The implementation of the optimal management and control measures was verified by
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comparing the waterlogging risk differences under the two scenarios. [ Results] The high-risk waterlogging

area of construction land was predicted to be 96.47 km?” in 2035 under the baseline scenario, and the total

waterlogging risk area of the urban construction land under the waterlogging control scenario would be reduced by

36.94 km® compared with the baseline scenario without reducing construction land area. Furthermore, all

high-risk areas in the new construction land would be avoided. [ Conclusion] The waterlogging risk in urban

land will increase significantly in the future. An optimization control method based on the PLUS-SCS model

will help cities avoid waterlogging risk.

Keywords: waterlogging risk prediction; optimal control of risk; PLUS model; SCS model; future scenario

simulation; Changsha City, Hunan Province
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Fig.1 Technical roadmap of study on risk prediction and optimal control of water logging

1.3.1 AT PLUS # & a9 Kk L3 A AAEM BEDR
A AR H R AR AR 8 UL L Y (patch-generating land
use simulation model, PLUS # %) J& DI ST g B sh#ll
Shy Bl R A ) AR R R A R B T R Lk 4y
BT SR s 1) e A L 0] 42 i AE 2R (LEAS) L T 22 28 Rl
PLBEHR AR FHLEN ) CA BRI (CARS) IABEH . 1%
2 RO I - ] AR 5 2 T M 0 B 5k B 03 O SR
FE BRI 2 H Ml R M 232 L AR 5 38 o Bl AL 30 e 2 G

15 {328 DAL o) L2 % 5k 8 A % i I 4 O X B B v
H 3l A i B R A BN B L B
Sl B 2018 4 K& 2020 4F - b A S B0
FIT5 kappa F BOR 5 UE A AL DAY RS B2 L DL 2010
A - bR T RICHE O Bk L e I A AR LR 2 28 T R A5 ]
HEY 3 UK S N 13k 10 T, 55 DEM B 3]
N F4E BE GDP B 2K % 1 B 25 | 10 3 79 R L BE A
T A B L EORF B B R DA R T R R B A



198 7K R E

%43

PLUS #5 A5 2] i 57 X 45 Flr 4= b ) F 28 A0 9 35 7Pk
MESR PR E AR BOR 2K, s B AR R A& Lk
A AR A AT K BT AR Sy BRI DR L B A
P AR TR 2 J5 45 B F 5T X 2018 4F 2 2020 4F + b
FI B 78 PLUS 5550 o (180K B 56 UF AR e iy A B
L0 5 B2 A R R R L B E 10 260 1 Bl BIL R B
AKOF, i i A5 ] 2018 AEBLHLLE R Y kappa R ECH
0.873, MR BE K 5] 93.0% 52020 4EHY kappa 2EH
0.896 , AR BE 1K 21 94.3 %6 ., 3 id W A4S TR A5 ULRG JiE 55
. AT LT 2035 4 Y 4 R RS,

P ER A b A A R B 5 4 N A5 3] 2035 4F
14 - Hl R R R AR RSB, DL 2020 AR 4
FI IR Ky 5L L35 )1 PLUS B2 50458 48145 3] 2035 4F
A SO A S AR R RS, S TR L
UE P35 40 AR5 s 0 e S e 1 8 25 3 B0 1T S 1 R S o
175 55 3 S5 SR AE R 7 XURS: DG 1 A8 455 I 1 05 ' N % A A
1 5 I 5 Z X% b .
1.3.2 & F SCS # A 65 K &k A 3 A 25 K K 77l
SCS #5578 fy & [ Al &6 /K AR5 il L B RE S
U S5 W AN [ 1 - b ) P O] g T A8 3 R 1 1
B SE 2 L R A BIE 5 ST L A ity A R S 1Y)
P A8 B0 T HE K B N L B T B
G. BN 2017 AR VD T 8 S A Ty s A A Y g B
3 T S < A s T 5 ) N = s N S 2| I R
B WA 1 K AT O o (o A5 98 VT A U B b KO LR R
PRI MM 122 % T 19 5% AT DU AR & O AR, BT LU T SCS
RS T B YA 1 o BIF 5 2R FH AR T T 0 5 s o I 7 2
F14) T B T B O R i PN 5 DRI ik

72 TSR ) S B A 0 T AR T CN A, S I 58
T A F W A 19 2 % EH 45 2 WF 52 X CN {E 1 ) s
1B, A 2 35 45 G SEIE X Y038 43 b X CN B 17
TR IR I Y TR 2 A R O SR v 4R3I IX SR £
AIF 5 B i 52 AF 0 X e 24 CN (B (R 2) . AR T
PN 7 B T6 B o T A VD T N B B YA BT B N R
F 50 a, BUARBESE BT B RETR G 5 50 a — i, HET
WFFEIX 2020 4F A Hi A A A 4 48 28 R 5008 o+ H
FHE B840 A Bk i bR M B3t | 3 4 L 3 b 6
KBTS IX — SR 508 437 ASTFILKIX, i SCS
BERIZE 5 ArcGIS B 25 ] 43 # 488 He it 5345 21 &0
K XA B R T

FEXTIF 5T DX 4] 43 P 5 DR 26 s, DA B 400 7 i
K 22 S BRALE R P RO R AR AU i A T
Ay gk A ) Sk T AL, 7R W KRS 0.15 m
B S S K )2 23 0 7K ML Bl 2 b Rl R 4 T I AR K
(AR B 8 SO R BRUK s E KR A 0.4 m B BR T

A R A R, AT N R e ) XU 2k i
7 7 SRy A gk g I O R O W TR K TR 0 ~
0.15 m AR AU ,0.15~0.4 m A, 0.4 m Lh |
by e RUE 5 DT K BF 5 X9 P 995 DAL s B ) 3 Sy o
K 3 &

F2 MIEXCNE

Table 2 Values of curve number (CN) value in study area

+ b R FH 2 1 A B C D
HF 62 71 78 81
R Hh 30 58 71 78
b 39 61 74 80
K I 100 100 100 100
5 FH b 77 85 90 92
B H 77 86 91 94

TE T R R Bt 5 b % R S X K R B R W
A B X B A CN AN ) AR A K BB 08 3843 0 ALB.C.D 4 26, H
AR EHONEER R R B EEMRENEL: BRI B S
PEBHR A+ C R LB B+ D 3 O E KR 5
ML,

1.3.3  #54 PLUS-SCS # & &9 & & A 3 W 3 K%
WEE BRI GE R T R E N WA it S it Y
RUaR AR SOV B UE R N O A 45 P AN SO HEAT X L
G3M 38 3 b ST B R AR ST R SR Bl T P b 1) o B
XU 175 I, o B V17 5% JE 42 20102020 4E 1 1 Hi1 F FH
ARG, W A S A B PLUS #5870 e i1 B
S AL T RE R S BT P B KURS: X A . A A
PLUS B AYFN SCS B A, i i SCS 5 A4 fir 15 1Y K
FH Hb P95 5 KU XA S PLUS A6 50w g BR 4 % 4k X
Sl L BREADUGT N 95 e XU DX R A 745 4 5 5L 1 R O = b
AT RGO . P9 8 08 e i BAR S 3 5 0k -
SO 20 00 P9 87 i KU DX B B ok, 5 A s 41 2k Lk
IR FEAR A K RIR] i — e, 2 [ 1 Sy B i 5% 1k 1X 45k
B\ PLUS #BI i) CARS B, Hifh B 8438, N
AR - 1l A B30 T SR T R AR A A 2 ) Y A D
O 20 BAUAT B A P B G BT 2035 4F 19 - R
Gy AIE B

X AL B 1 YT A ARG SR 2035 AF R ]
SR TF N w7 R PEA 55 B UE 5 57T 19 1 87 XU
HEATXT . 5 & E] DEM B4 | 4 38 B0 45 J 100 o HfE
DL A 5 R AR A, B AT DLAR R SCS 5  rp B £ M
FITEAE LA 2 8O  F DEAG 45 800 53 Ry e I
3 G0 K HUAF 5 X 4 B D B i R b i IRURS: KN 42
WM 2035 47 @15 FH Hi i A8 Ak L, 20 A 0 R S T
G T FH b 1 XURS: 22 5 DT AT LA A5 381 5 it P 97 XL
x0T A 4 4 Tl 1) S PR AR 25 R/ IN IR B TE T A7



%5 3

FENESE BT ARG PLUS-SCS L 8Y B 38T F 3t A 7 IS 003000 e A0 1 8 4% 199

2 R5aPr

2.1 RELF BEBER

RSk A MR AL L 2010, 2020 4F - b A FH %L
i Ry FEAE (B 2), 2010 45K V0 17 FH Ml 28 780 DLBR b | BF
b R0 AR FH b A S B PR | R b | KRR L
Wb 6 25 I b 9 1 FR 43 03 Ry 3 460.96,7 174.87,
138.01,255.41,3.87,782.94 km?, 43 31| (& 7 dui i 1fi FR
2 29.29%,60.72%,1.17%,2.16%,0.33%,6.63 %
2020 4EAH LT 2010 45, B L AR b | B BR Hb A D
TS HE U/, v B b RbR T A 0% B8 i e KL 43 )
b A4.3% 1.5 %0, I A M BRI L A
2010 FFEHEK T 38.6 %0, BEWIIE 10 a 3l T 76 W 75K
= A TR PG O A R b B R X AR B L SR R
XA FE R LA SR v B i sk s o W

a 20105 £ x4

C phh O Ahtth O sty [0 ki DO st D %2 3% FH 3
B2 KibwmiiF ARMER

Fig.2 Simulation results of land use in Changsha City
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Fig.5 Spatial distribution of waterlogging risk of Changsha

City in 2035 (waterlogging control scenario)
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