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B, AE 43 B D s = Ho ) S 00 ) Al SR A Patch-Generating Land Use Simulation( PLUS ) 45 7 i il
2030 4F - b I T IE 55 456 K R R AR R, A B A 9T IX ) Storm Water Management Model
(SWMM) LAY s SR 2 fin-af i AR IS BT T 1 358 B A X T AS [ B A B RS 52, 255 bR FH 2 A
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Fig. 1 Overview and geographic location of the study area
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e R AT 1980 41, 1990 4. 2000 4., 2010 4=, 2020 4+ R FH AR, 73 #8524 30 mx30 m, KIFEF
22 B 300 A i ) FH A b 7 1t 3 JE 0 T KR 4 £ (hittps://www.resde.cn/DOI/DOLaspx?DOIID=54 ), & H &} ¢ 1 b
FIFH AR R 3 kb | Ml FEHE K3, s I RO R PSS 6 28, R B AR P34 | 4R
R N BB DX AR 7= SR R B2 IR IR B 5 500 e (https://www.resde.cn/) o HLMITT 30 mx30 m %k
FimFER A (Digital Elevation Model, DEM ) e TAF 1 JE £l m PR AL 28 0ok 25 SR AR AR A A LA S 75 21 1Y
Bor v B A AY P2 5y FABDEM( Forest And Buildings removed Copernicus DEM ) (https:/data.bris.ac.uk/data/
dataset/25wfy0f9ukoge2gs7aSmqpq2i7), 5 HAh 4Bk DEM A b, 12850405 46 5 50 40 3 f B ks 4 RS )32 it X
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2 Kappa Z2 UK = T 0.75 Aif, ARG R B 55 . A3 Rk
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SWMM BEAIZEIR T HEK | Bt 0S4 0 T A 32 B FH IO T 384 508, 16 F SWMM AR AU AR
P X IR =G 0, SWMM AR A R AR T3 22240 LA 3 A8 43
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BN IR PG X35, 1980—2020 4+ HuF 2RI AN A 2 Fron . p P 2 nl 260, W M 3 e (X ek 3= 22 + i 1) 2k
RSy RE b . ARH RN P . R DR T A A 1 075 S T, R AR 3 AR Y 28 S kg 43 A R TR IX
SR AR 5 A P, DR T AR A AR KR 4 3 B BE. 1980—1990 4, 45 IS TR 4 b LF AR 1E
AR ST AL FRZENE; 1990—2000 4F, EHA FHHBIS M 1 010 ha, “F-X343 7 100 ha/a, #EHL U D 1 294 ha,
WAL HERR T U 3 ; 2000—2020 48, Fis FHHBIEH G i, ARG INZY 6 784 ha, 7 LI N 21.25%, #fH iR
/02 6 562 ha, (7 LD 20.35%, 3 b E R Rl & R o Mkl S A T g ER 1L X, ETRRAE 1980—1990 4
PREFTRR, 22107 1990—2000 4 F3E N2 J5 2 s/l o 3 B T R b X, i AR AR B RN R K S
FRAE 2000 AERTA G IS, 78 2000 4F & W80 . A AR EAR A S

(c) 2000 4F

F A N
- W%,E
[ ESEES A <)%
[ EENi S
K 5

Okt

(R

0 5 10 20 km

[ = —

(d) 2010 4f (e) 2020 4F
B2 R XIS s 2] R S A
Fig. 2 Land use types in the study area at different time periods

TEH] PLUS AU Ay A S0 AL, S 1980 4F . 1990 4F, 2000 4, 2010 45 4= b1 FHE 4 Ay il 4
P, R AR L RE L ) MR ARSERREE | ARERK . AT X AR R R BE R B
WCTE IR RS | M I L PR PR P S | DA PR S PR K R R B 3 14 APIR SR 7, o 2020 4E L
FI R S A ARG B B0 E A 175 35, % 2030 4 - bR A S b4 T30, BERLmim&5 SR an sl 3 s . 1A
1% 2020 4 L3 F 5t rmKappa 50 0.85, WAL BEH &5, AT AR T2 X35 b ) AR S A4
R ME & % 5, (5 B Markov BEHfESR 2030 4545 MR AT SR B A A PLUS BEA b i FH LTS SR S84, T
MFEF] 2030 4F L Ho A R . HRHE 1980—2030 4F 6 3R FHE L, AT AR S 4% R 2 R0 i AR R 5
FEAB L (R 1) o #5400 2030 4F - R S 52 T, 042 T 1980 4F LA FH G 5, Bkt i AU /02 10 487 ha, 5
eI /b 32.51%, 7% FHHLE N2 10 521 ha, 5 Fe38 0 32.63%.
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Fig. 3 Predicted land use types for 2020 and 2030
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Tab. 1 Area and proportion of different land use types

A Bt ity H i 7Kk B AA
1980 19 210/59.56 8061/24.99 59/0.18 678/2.10 4235/13.13 8/0.03
1990 19 135/59.33 8 080/25.05 58/0.18 681/2.11 4289/13.30 8/0.03
2000 17 915/55.55 8353/25.90 58/0.18 688/2.13 5229/16.21 8/0.03
2010 15 003/46.52 8244/25.56 59/0.18 560/1.74 8378/25.98 8/0.03
2020 11 353/35.20 8205/25.44 64/0.20 538/1.67 12 083/37.46 8/0.03
2030 8723/27.05 8 155/25.29 60/0.19 548/1.70 14 756/45.75 8/0.02

TE: R /7 BJE BAE 5 AR (ha) S i (%) o

32 FELRRBIERE

AT AF ST X 045 X 7K R 38 B SR A 2R AT T B AR A BT AT HE AL, A AL B AL 45 N T HEK RGaA%
b RIRIK ZMEAL B K KA AL S 3 AEB 50 o AR A SEBRHEZK S P B S5 7K 434 X IF 5 X 48 I 2647 fif
s SR T S0 2ok DR T RS A A R T DI A P 58 Sk R T B e s a1 T A, O FLAE S T AR 1Y
HEKAE P HE 171 A 152 9 55, fff X3 PN RT3 5 WK A R S — I R G, 7RS4 FILOK X, e F0F5%
X1 55040, R GIS BIAIEER AR 2008 T HXHEST X IREA RIS R 43, P28 SRR DX S | b R e 50
2 IR T A ) A RE I, R — R4 LK X AT IE o 5% X A AR A5 2] 710K X 1 780 A4, 19 4%
1783 4>, & ANAEE LT T 2 894 Br, e & ML ES SRANE 4 iR . MRS R S A AR AL 5 5 X
AR AR TS AT RN 3 DX 7 AT | AR5 X8G4 AR VR B TR T o 1 43t 1 o DA R i i, DL B
DX 38 S PG WA HE K AT, AR S R A T . AR K S T A R S K v AR flad

MR AR TR ST, PRERTE XIS & AR R H OB N S8 2 1 /K A T3 FIRHIE . 2013 4F
“HEdE” AWM, 2013 45 10 H 6 H 4 B FFIR S 2013 4F 10 A 8 H 13 B, HEAE 7 oY &2 5l 45 23t
57 h PRI 343.0 mm, PRARKKOE 05 B Bk A3k 4.45 m, THIRIEHb AN R /K67 3.96 m. 2007 4F “B97 &
KU TE], AN 2007 4F 10 H 7 H 4 BFFF46 2 2007 4F 10 J1 8 H 1 B, HE M i & 0 45 Rt 45 h fER i
267.5 mm, WRMOKAL 5 B = 7K 4.30 m, PHENR ARG 5 = 7K AR 3.50 mo SRHH 2013 4F “FERE” & XU
PRIAR A ASE 3t B PG {2 00 1 &7 1149 S I 7K A8 XA R 3R A7 385, BEAUTF AR IS IR] ol 2013 4F 10 H 4 H 0 B, A4S,
A A 2013 4F 10 A 10 H 0 B, KA RE L5 R IE 5o AR K A UK A 5 S K A3 FE R g AT 38R
FHHR 0.96, THIE IR SIS ALK 5 SEMAK AL TR RN RCR R 0.94, Z35E 5, B S0
BN 2 i
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Fig. 4 Schematic of the SWMM model for the study area
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Fig. 5 Water level calibration during typhoon "Fitow" in 2013
&2 SWMM REISSHEUE
Tab.2 Parameter values for the SWMM model
SHA TR SHRS iy SHORUE SRR SRR L& SHORE
BRI T FREL N-Imperv 0.015 BNTFBR MinRate mm/h 80
KX 2T R N-Perv 0.05 NB DAL Decay h! 4
AKX K B Dstore-Imperv mm 7 T[] DryTime d 7
7K DX B K Dstore-perv mm 8 IS TREREREL RoughnessP 0.013
RRKTFBE MaxRate mm/h 100 T3 S TR R AL RoughnessR 0.04

2013410 A 6 B “HEHRe” & XA RIPR AR KA 3l S0 B i kKA R 4.30 m, A48l i 36 /K 467 4.70 m, 7Y
BRI b A M S f = E /KA R 3.96 m, BRI Rkl 4.33 m; 2007 4F 10 H 6 H “Z 97 & KU ] R
TRASE 3 S fe v e K5 4 4.45 m, BSEDUIR St /K A7 4.81 m, PHIENTHb ANk S 5 = kK A7y 3.50 m, B
KA R 3.83 mo T EAS PRAAK A7 3 25 E 3] L 6 E 0] B4 e v AR S AR X IR 25 40 B 9.30% A1 8.09%; P IR
T2 Ml A R R ) | 0 I A B s K AR T R 2243 A 9.62% T 9.14% . 3% e AR HDURG FE 4 i, T R BT A4
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BT 5 SRR .
33 TFIATHI LR

A3 AT AR LR XTI DX R A RE I, 1 T 2 AR R S R A SR A EF
SR A5 R W, AE T LT Ml DX PR A T R R ASTADL A SR FH 2 N RE R B ASCR AT, I H— R BRI R ARG
LR, PRI AR SR FH DL R B S B R, 2 RN i 3 2 =R FH W V4 (3 RN o S 133 b 1 ) (DB
33/T1191—2020) AT 7 %8 Fo e B 28 =X

;. 8716x(1+0.9581gP) an
(T+5.861)0674
Ko TR E (mm/min); PRI (a); + MR I (min) .

ASCHCE 2 W E B 20500k 50 4EF0 100 47, RN DTS A 120 min, 854858 X8k 07 5 B i 0k mi g
FEURE 0.3155, i [A] 20K ZEH 5 min, BT[] 5] F oA A Jm) T 0PI G O, Rl A X
HEK 11 H R b . K S AR AR AR bR, I M X SR bR S ARIE KR Z B KR

R RN BUYA 50 4FF1 100 4E1E 5 1, 1980—2030 4 6 AN [H] = Hu A1 A% Js i 24 h P IX 3t 7k g it g
i WL 6. FHIEl 6 AT, 1980—2030 4, R BB 50 4F —#1E 50, PG 430k 249.8. 250.9,
280.0.362.3, 476.7 F1531.2m’/s, Bk s 1125 J7. 1128 J7. 1191 J7. 1394 J7. 1640 JiF11 821 J7 m’;
I T PRSI 100 4F— 8 5 R, SRR R0 0 R 314.5. 315.6. 347.0, 435.4. 568.3 1 616.0 m/s, Bk i
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Study on the impact of land use change on runoff production and confluence in

urban areas

WANG Bin', YAN Xiaolin?, BAO Zhenxin"**, WANG Jie', WU Houfa’, WANG Zejun'

(1. The National Key Laboratory of Water Disaster Prevention, Nanjing Hydraulic Research Institute, Nanjing 210029, China;
2. Unit 31110 of Chinese People's Liberation Army, Nanjing 210016, China; 3. Research Center for Climate Change of Ministry of
Water Resources, Nanjing 210029, China; 4. Nanchang Institute of Technology, Nanchang 330099, China; 5. Yangtze River Survey,
Planning and Design Research Co., Ltd., Wuhan 430010, China)

Abstract: Urban land use changes alter the runoff production and confluence relationships, thereby affecting the
occurrence and development of urban flood disasters. This study focuses on the western district of Hangzhou, utilizing
the Patch-generating Land Use Simulation (PLUS) model to predict future land use scenarios, and constructs the Storm
Water Management Model (SWMM) to analyze changes in runoff production and confluence in the region. The results
indicate that: (1) The PLUS model can predict future land use scenarios in the study area, with built-up land increasing
by 248.43% and arable land decreasing by 54.59% by 2030 compared to 1980; (2) The SWMM model effectively
simulates the runoff production and confluence process in the study area, with an error margin of less than 10%; (3)
From 1980 to 2030, the overall impervious surface area in the region increased by 27.91%, with peak discharge under
50-year and 100-year return periods increasing by 281.4 and 301.5 m?/s, respectively, and total flood volume rising by
6,964,594 and 7,507,033 m’; (4) The peak discharge and total flood volume simulated by the SWMM model show a
good linear relationship with the proportion of built-up land in the region. The findings provide deeper insights into the
mechanisms by which urbanization influences runoff production and confluence processes, offering scientific support
for urban flood disaster prevention and control.

Key words: urbanization; runoff production and confluence; land use change; PLUS model; SWMM model
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