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Urban adaptive planning methods based on simulation of stormwater process and
evaluation of sponge construction suitability in the upper Ting River basin in

Changting county

WU Jun, XU Jiangang* , YIN Haiwei, SHEN Zhou, MING Haolin, ZENG Jun
School of Architecture and Urban Planning, Nanjing University, Nanjing 210093, China

Abstract; Rapid urbanization has a tremendous impact on the water cycle, causing hydrological perturbations that are now a
major contributor to induced urban stormwater disasters and posing significant planning and management difficulties for
sustainable cities. Integrated consideration of the spatial layout of watershed sponges and their functional coupling
relationship with the stormwater process is an inevitable solution to the problem of urban stormwater disasters. This paper
takes the upper Ting River basin in Changting County as the study area, The SWAT and SCS models were utilized to
simulate the rainfall-runoff and stormwater inundation processes, and used the InVSET model to evaluate the suitability of
sponge construction. An in-depth study of the coupling relationship between them was conducted to propose an adaptive

planning method for sponge cities. The results show that: (1) The SWAT and SCS models constructed in the upper Ting
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River basin can accurately identify the water yield areas, stormwater catchment corridors and stormwater catchment nodes,
and reflect their spatial distribution characteristics. Based on the InVEST model combined with the indicators of stormwater
storage , water conservation, soil retention, and water yield to realize the goal of quantitatively portraying the suitability of
sponge construction, the integration of stormwater process simulation and the evaluation of the suitability of sponge
construction provides a new method for reconstructing the sponge system spatial pattern of the basin. The area of low safety
pattern in the central city of Changting county accounts for 37.51% of the total, showing a concentrated distribution along
the river, which exposes the central city to a greater risk of stormwater disasters; The suitable area for sponge construction
shows an uneven distribution, with the highly suitable area accounting for 7.91% of the total area of the basin,
concentrating in the large area of farmland to the north of the central city. In this work, the stormwater process simulation
was used to extract the stormwater suitability construction area, which allowed for the reconstruction and optimization of the
upper Ting River basin’s sponge system’s spatial pattern. The spatial overlap of the stormwater security pattern area and
sponge construction suitable area only accounts for 18.15% of the study area. In order to effectively mitigate stormwater
risks, the sponge ecological area and sponge functional area are also re-demarcated. Differentiated control objectives are set
based on the type of land use, and an adaptive planning methodology for sponge cities with structural and functional nesting

is developed, serving as a basis for reference for sponge city planning practice.

Key Words: simulation of rainfall-runoff processes; sponge construction suitability; spatial pattern of sponge systems;

adaptive planning methods

2010 4ELIK , 38 [ 32 3 T LB R | B 3 A BRI AR 2657.14 /2380, 5 BT I FE IS 1Y 54.99% , 11 2022
R4 5585.3 J7 AWK Z W E ) Sk, TR M I A n vl R P RO R R A IR e O R
Wt AR AR R, SRR X RV 9, IR SRR 0 TR T AR R B ST AE AR T SR, PR T Ak
5 K SCHE SR 2 i A T sk G 3R A , AL G i FLRIR 9 ik H 25 200 i DR i 3k 3k vl A3
Mz (A N A TR 40 2R, 2 AT R M A e 0 A ) 0 %) 98 0 3R T 5 I R T

EA I, TR R, I 2 PR S B PP s TR 5 ] A 3k 5 0 s hy S B 3 48R T 73
EHAEEIIEALT ) Hoh BT K SO R A TR A BRSO AR B B R BN, Liu 4 | R R S A
FH SWAT MIKE-SHE 2576 B0 0N it i R 00 42 2o L b MY 1 AR VR R KA BRGS0 #E ik
85 TARIRERT SCS-CN /K SCHIRLAN GIS 43 MRS A& J7 145 2 W L v v R Mo b g ' Fe i g ikt ik
WEECHETT L, F R 8 AR 25 A VA 5 A A B I 25 S RO | A A BT TR 2 R ik A IS A T
2R A R IR InVEST AR 7 V4 (At 1803 B PR VA T ) R AN IR 2210 IR e e & it
IR R SRR A AR B 2 255 A M U T L 5 | DR R SR T, LAz 8] AL i O 2038 5 T Sul o 4 4 9 U
AL B E AR (S, BT es M AE AL G 2 278 | o— B R i R A 00l v 4 AR A 4 L
PRI , Jovk A SO R SRR K S R A R AL E S R R e R A
FEARMELL B E 5 AT R T Aok R P R P R A 4 AR 15 5 B 14 DG R, 2 T ) 30 3T 408 2 [ At sy, LA 94
AR ERAT Yok T 338 o7 P R O e e — b B JEL e, A RR A

WEF I ARSI EE T T SWAT SCS Al InVEST 5 R (14 85 il AR HEZR | B A6 8 FH T 0F 58 7T 71 _E it i Jsk
R HEBE | I A 23S [R) B Y T L e AR (W B M B s K 28 4 K BEUR K AR SRR IREE 4 A D7 T
PEA i 4 A 150 B B i) 249 DR R 5 e T o 3 7 9 ol R 5 R ) 9 4 23 A R R R A A, RS AR
A AT S WU o X R o A A R SR i ik SRAMS R 4R R B R G Z RN 250 5 TR 22 Sk, 1k
TE A E b LAV % R IO S 3 R T XU , o4 2R e Ak A Sl b 1 T BLIg il Ty e AR R R A 2 2

1 TREXHBLR
TTVT_ L ssl B i A 472.62km” , FR YT VL] 0 38 424 Tl 9t 3k 408 7 YT 3t 48K b L ¥ 97 3R 0 B i 9 3

http ; //www.ecologica.cn



16 1 SR AR BT T R AR DL VA A O E M BT R 3T T R R T 7053

ARG (TR 1) 5 8N I DABE I A9 1L B R 350
DL B B B o 9 3 T AR 74.55% 5 AR AR 15 R A
83.47% AR K B 171 mm, SR, 1E R 2 44 1 [
F7 B SCA A I, AT B Ok X RS T3 38R 37 A 2
Hi v M BACST-3H | AR St B TR ST R S 32 Bt R
FIREIN , 1T 2018 455 3l 1 4 3 7 4 100 R0 K] A 44
il AR, DA S A K TR i R T Bl b HE w7 (R &R
PRI T % 4 R e

2 HIESHRAE

2.1 Kok wAk B
ARTCR ) Kt 32 B A4 1 M) B i R A
B A SRR S MR GRS K SRR

At R Sk Y N T A T 17 AR
B BORRREBUC IR 1., )RR T AR B AR kM
2.2 WIREMS L r:q:,wz%w -;iﬁ %ﬁﬂ%ﬂ £ i
SIAN — S Ly DH%B{ E] — ]
T, 3 AR A R P RN IR R VTV i A
TN THEAR T RN 1 2 A, ) el 5 RN Ak o R P 22 24 S E1 ST ESRERK TR0 R

SRIG  WARBEIK 224 TR K R AR 3KAE A W§fksKk  Figl Map showing the study area (upper Ting River basin and
FREEA AT, SPGB R R g, Chensting Comer G

KA DA HE P O A6 , PP IR 20 P A T

VPAT S BT TR SR AU T R K SR BRI AR 2 T R e Ik 35K P I K
—SE{THE LAY LID BRI MBI R AT Bk R . M PRTIFIORE S A 2 e

F*1 WREIERE
Table 1 Data sources

HiilnEm B A U5 Bl Ak i
Data types Data sources Data preprocessing

MRIEDT S XS BR B0, 45 MR A 75 B o = TR 00 i ity M 288 [ g i 26

o S -
LRI ig*%'f" RATAEIRRIL e v il JRIOH L ¥ i B 52 0 33 A M K B
Ty 8 Fif - s A FH2E Y
B AR WEAMLHINGE B 15 T FIH ArcGIS M HIEAT #0905 5 TR AR S 3R 4E, 20 UBE 70 T 7 DEM
Digital elevation model AR Bl
WIS X N - HES M4 oy 8 b L 748 34 KR AT d 90% LA |, 39
R =] KITESE WA EHEAE RS W hFEMEPEL, A @A 5850 % J5 2 (USLE) J57 AT SPAW ( Soil
Soil type b Plant Air Water) =38 /K 55 M 4K 4 11 53 1 5838 % & (SOL_BD) A #UHF /K &
(SOL_AWC) AT /K F (SOL_K) -4 57 HHEm i3
2008—2020 4EK T (58911) K4 ul3% H Mok JREE XGHE AR AT BE K FH 4R
SGHA FER GBI O/ R E SRS E SR E . b AR9E Penman-Monteith 22 30355 11 2020 4F
Meteorological data AR TR HAEEHEAE (V3.0) A A4 P A ZE Y, FRAI T Anusplin SGAH(E T 2 2020 4F AR FEK K& AR
S-SV A 25 WO (O s [eT B A B
IKSCHAR

H . RATEF B ACCHE S WFHKICHG 2008—2020 4F5200 H A2 3
ydrological data

221 JTVC R e RN A

T Y0 0 30 o4 RIS 4 1 2 [ 43 A A 28950 I dsoxe) 448 37 LA T Sk %) 8 35 R AR 8 4 T DR bR P 4 A
IKSCASERY SWAT iR Wi K SCIE A P B A . WF5E 8 F DEM 808 5 55 7K 3R 800 1 i s e A7 40 4, 38
A 172 AT, 30148 R 1353 ANK SR B 596 ( HRUs ) o BFSE X 4R 6 H B /K B e, T b 2k A vk

http ; //www.ecologica.cn



&t
B

7054 25 (14 44 %

— M __WEEN
SWATAHEME || 3 e BB
i RV wr | [wwss] [ HPACHR IR )
L il t R SRR 4 |1
somaR| i 1 H ]
5 S 5 U BN
YL VO i %ﬁf *ﬁ@ﬁf ég gﬁ%
LELE] AR
et K wan | [ _[-| WA A X
n A M — )|
R O St W | | 4K WIS
K | il
il | 45
| 3 || B BUEE 5| 5
IPRr || AR i
DAL
I PRI I ST U RO || i _[ B K5
BEIE TP B X R PREESE TR || R LID B
i

2 MREBBESRAEZR
Fig.2 Research framework

SWAT . sk o A 2K SO ; SCS . A& i I R B ; InVEST 2 28 R G IR 55 D B LE & Al AN RS 753 T A 4B 78

15, B SWAT AU H R I AR FDURS B2 B ey, PR BE BB 2020 4F 6 H 1) HRUs $ii ih 2 i 47 W SR I A R AR
L5007, 4T SWAT 2007 ET, SRR AT T 2808 8 51IE .,

18 7K B A e A R 8 7 K i, Y6 BE Penman-Monteith BT S AEZE B RS | SR FH 2 i o0 A g
BAF R B L, RS T s O i B

WYLD = Y. SURD, + LATQ, + GWQ, (1)

ol WYLD Sy 2k & (mm) ; SURD, 55 i 4> HRU (LR G i (mm) ; LATQ, 45 i 4> HRU 77 /E 1Y
B (mm) 5 GWQ, A5 i 4> HRU F=AE B9 (mm)

TTVT RIS RA TR — ik S0 DT 6—24 /N, FIHHRTT B2 A 5 B 22X, SR 22 Jn s w280 2 i 4 T B
Wt R R RN D I R 120, B A) DK 10min, FUEARXNT 5 0.375, FEEEE T SCS BRALAY 4341 2K SO
T A A [ F A A9 7T 3 B R 37 17T SCS AR A K S A8 5 AR SR RE Al AR R S A
UL 3R AR ST e A SWAT AR SE RN |- HEHUAR R HRUs B9 TG 40 S BRI I AL (CN) |, DLFIR
A BT IBCEYY | TRl 2 AR S 5 A B AL 45 T3 CN BUE™ e L LR 1 R AR B AR & 0 8
SRR & GBI LT GIS S A Bl U T Ve AR, TR ER VL VAR A A AR, 2 RS =2 R ) B
WM U SIBCH R B 8 MAbA% B TT R R, 1 B Rl N A K B v, 5 AR KK i 25 (G R IR 25
SRIHEE 13855 BNAS 2 24 57K K7 =R T Al /K 15 908 B R Pk R0 BT A RN R

V.= ipixel.area X (Hy +x - H,) (2)

P, VO YT VE BN R K R ( m’) ; pixel.area S AZ T A T FH ( m’) ; H, FFpF 5 B FR(E (m) ;
x KK AR B ASHIFSE R RN 0.01m; H, o3 BeAIHE G IT R B AR (m) 5 m 9 ¥ OIS A5
2.2.2 VL3 4 (R B F T4

ARSCR A InVEST BB f2 A 3307 T VT U 0 Sl o 8t i B K DRI 77 | AR 5 RO B AL BE 7. ALA]
InVEST 37 W b FiF B AR DFAG AN [7] - ) P 2AS T8 1% T 7 i B T B 280, O L% AR B 3 ) AN i 7k 3%

http ; //www.ecologica.cn



16 1 SR AF T T R 5 A A B A A T B O R i 7055

AT (38 % 5 ) X JHHE ARGz 3 1 s ), RT3 25 SR A TIE 1E , 255 InVEST B H P - e B0 1) 45 2%
SRS KR IR InVEST 172 K He A5 3, 38 F 2% Semk Y | e B 38 -, i3 DEM 3
AR AR MR A8 5, A1 I A R AOR RN R EO T AR T e A L 45 B8 s R], X PR K A T 1E R
K IR Hoh KR A ZE B S A Anusplin G (1 T EL AR Y 2020 4F A 4F S [ K B
AR M TR AR ZE S DM B8 7, 39 TR P O 5 M AR AR TR P R a2 SRR R T A
TR B SR R S P R i T A Y KRR SR R A R T .

0.9xTI

Kﬂﬂil
xmin (1,—— )XY, 3
Velpcity ) >min ( ’300) ! (3)

A, WR /K IEMFRE (mm) ; Velpeity NHLERE, TEN, S MR WIFIE SR, K, 30 S K
F(em/d) AR PR, R E EAR T IT & B SPAW + HE KBt 8 B8 3, 11 e 5%, vl
i DEM i1#&.753 .

WR=min(1, )Xmin (1,

T7=1 Drainage_Area (4)
el Soil_DepthxPercent_Slope

U, Drainage_Area 2K XA ECE , T 49 ; Soil_Depth i 3R (mm) ; Percent_Slope M3 H 43 Eb .
+HARFRE T i InVSET (IR VDR A HO SR L, 4 S EURIEAI S % 3Gk s E . Horp Bk (2l
1 TR Wischmeier' " 2856 A5 KAS ; 3Ttk B 785 Williams 555 05 3150 S BE K R 7
i DEM MR B A4 7 55 5 7K A4 P AR P AR R i W 3145 K B4 Ak BB 1 R InVEST (47K 5 v
A5 AR H B P EL 7 i TRIFSE X JC NOR P4 R B0 B, IR AR BB 1 A el S
W), 2 BESCHR B S F T X N P 4 Hh SR BORIVAE s A s
BT InVEST BOBUTHRAG AT KR b & K IR SR | 30 R Budr 8 prME, FIH GIS == 8] 434 T
HEATIH— LA B ; SR 5 38 2 AT 347, 75 2T DI 2 3l 1l 3 3 B R o, I3 A SR AT s o i T
SR P AR SRS E SRS . T InVEST R P A5 A SIS AT RIS PR EA B S R
PRI, SR FHAR TR A BT3RS T S 185 17 A PPN A Dy
USR,+WY +SDR +NDR,
fes= ) (5)
o, fog NIRRT B BOE FASE USR, WA — LRI L & &5 WY, yIH— oK IR R TR & ; SDR, A —1b+
Heffrit; NDR, IH— K B e
BT UL AT TR R A R A2 5 Ve A0 AR A U R P DX P 225 T G A R AT T PR A %% B 4 A 1 T
Sl VA A v XSS DX R G ™ ety PR e Yt ol A 3 DXl ) v (AR B 7 2 ) B SRS O i — 2P
0 U 2 T R X VAR A A X AR U SR A AR G A (R SRy, B U X R L ) S )

3 EROW

3.1 {TVE AT R P AR AR A SR A

UNPEL 3 s, T L G Dl Tt e XU XSl {3 2 S 3 A1, AR 7K 1 22 2 Jg XA A T T B o i X
FIBATR L DX P AP A5 g et DX S B PP 20 o O R R0 Sl i £ DX ) R i XU, e 35 i 1 A J] 1 X
S o DT A I 1 A 1 B 20 0 A e AR, S 73 B A 7 A DX 3 R A A R B
DR AR A5 A o R HE P 30 X T30 B TE A 1Y s A A0 S R, 7 K e ey 1) DXl A T O
Bl i19: D PN ERRE SN 15 1k W5 NI < 1 o e S 11 v v W v 0 7 SR 1Y 1= 91 T I A 27 e
VBRI S BE DN 345.13km , BT — A GO R IE A2, fa 7 BT 7K 2R B3R T IR TR AT A T
HERE T 22 S IEWT 07 1D, VTV /N b = 9 DA IR s A 8 o5 B WE S X = G L IR A Y
819 , HoHR R IT B FE3 DT T VL IRT/INIAT BRI BT /N 585 S Ak A A 30 Al — 19 TR 09 i, 3 I X 22 4

http ; //www.ecologica.cn



&t
4

7056 H Eire 44 %

R TERIK L AR

I3 R A A
® LA
— LR ERE

FEIK RS AR

O — =i X
= R FERIX
. =R X
105 735 X
X

>z

EE L WA
il

% /m W2
B 3.1 ) RRER
- - R

fi&: 0 B (2 A% )R

I /M e
4 FREGERE
v TTEAR

0 5km
[

B3 T LEREmERngedEsm

Fig.3 Analysis of rainfall-runoff and stormwater inundation processes in the upper Ting River basin
FEVTVL W St K Bl v (1 3) DA TT B F 30 XU W 7K Sl PO 57 8 Ry 161, 9 o8 R o TR 06 VS
VAR B UM B R R AT RS SR AN 2 Fos T E NI 20 4F— 1 LUR I B 3 R A 8 i, koK
VT AR B A O B O 20 AF a8 LA E I BRI I AVE AR I B

R2 ARERWTHRLIREMULER

Table 2 Simulation results of inundation process under different return periods
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Table 3 Indicators for constructing stormwater security patterns in the upper Ting River basin
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Table 4 Indicators for evaluating the suitability of the Upper Ting River Basin
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Fig.4 Analysis of the suitability of sponge construction in the upper Ting River basin

3.3 JTUT LUt sm e ot o e R 40 A e Uil B X sl 18] e A i 3 A
HF% ¢ B AL A V5 XU i e 1) DX AR 7R el L A X (B 5) o VTV B LA s X i TR 2 11
AT A/ N A, 30 B I PR AR TIE RO B, ST R T B, 100 AR — B 5T, A0 SRIX Y

http ; //www.ecologica.cn



16 1 R A T T AR DL A R B M VT 3T 3 R R 7 i 7059

PR BRI 8.44km” , o5 HEE R 18.53% , H U3k IX Tl 18 22 4th % A Tt 5 0 3 | S 24098 T TR 40.99m
IR BEUREE A 1.69m , A% %8 A3 M A 25 5 07 TR 9 T A HhCo R DX 1) 20 A B % 2 AR v | 3k 5 90k Tl 1k
HARAE T AR K ZR BRI AR SR A — 5 B R BB 104 M X 43 A TR B VAT 5 7 T V) 580 Ak DA Kb
FRRRA ] 5T VLIRS Ak, 5 W AR It 2t R0 K] 43 B4 DU R L G A A, I Y o e K T A
T KWK E

TSk Ve A A A B S e (IR (R 2 ) ) RIS B AN & 5 B, VT VT b I i 4 R el 1
PR AR DX 32 DX T AR B 18] 53 0l A < e Y R R 9.25% | i 3 AR 8.43% AN 5.13% AF 1B A
55.73% V3 15 6.07% BEY 15 20.12% M BBV 55 1.33% . AE W3 A 5 MR —2R DL E ¥ 5 K AR
FHGE XA, e 2 R DI BV T VT30 AR Tl R g i T 43 A T st 26 P 0 388 DX A 7 A0 40 X S PR
HE IS ) S AN R A A R | 33K S s X5 B4 A LR FH b 7 O A A e R R v A i

T Y A 2 VRS EL IR A R A A

. 0—1.5] I AR R (99%EAE ) U (90%F1E BE)
13398 B B A R (OS%EME) I BN (95% B E)
1672—10.08 A s (90% BAE BE) B RGN (99%EAEE)
B 10.08—17.49 P NTE

Fig.5 Kernel density of stormwater inundation and analysis of cold hotspots for sponge construction suitability in the upper Ting

River basin

3.4 BT Ik AL A A RS B AT A TT VLR A s (R R SR EE A

B AR =02 A R S T A BOE B PP S R A T R I A R AN IR 6 o, A S A L
A BT AR ST DX ARG 18.15% , AR 22 4ok Jay- i il ELPE IR 2t R - o o B IR 2 s Sy
e DA DX A1 R AR | U I A HP O XA B T 22 A TR 20 i, e R TR 8 XSS o K BF 5 DX I o D e 4
DIREIX A5 T2 A 25 DX PRI AN [R] B T 200 A DX, 3-8 3 2 ) S o AR DX I, R DT 52 IXC ) T 4 AR 28
(1A% J (181 6) o HerP e 4 D BEAERE X 7 % 4t Jr- el B DX, A FE R T I 2 Ak T 2F R 203 Hofe—
SE BT B BE ) 5 VR D RE R 2 Xy 85 22 s Sy - P R DX, SR BN ST B, T R R B A TR L 4%
PFBR , A v L BAR S At - 1/ VA 240 8t 403 5 Vg 20 D) REAIE A IX Dy o 42 et Jey -y 125 L P DX B, 2 ik
P57 XS 77 6 ) B DX o £ X2 B DI PR 5 1 200 2 25 DR X0 2 gt Jrg - ol R IXCOBK, 32% IX 3
BN AR MR BT 5 5 T A AR B X O IR 22 A M SRy - T B X, 32 0 A A 3ok i A 10 A T, L4 i
R R AR ATt ) S BE A1 0 A AN TR SR X O A 2 oS- r B DX, 3208 2 M X7 Jg L i, AR K
TRFFRE I

http ; //www.ecologica.cn



7060 o SO

&t
H

i 4 15

o BB R S
0 5 km
I

Y22 A% J5- T S F WA A S IRERR R

Bl SRR ] h Rk - IEE o CERINRAERX ) EAASREX
B R s T % 2R - H S R ORI X 0 WA AT E X
O "R e R-GE N I %2k R-hEE C0 Mg REOLALIX T S A 2 7 X
CO Azt m-md it R 2R R - IS E: Sowmmnietis SR mmeETA

L1 2 2t R-hod ik

E6 ETHMHZER-BHEZRERESNHKITERTHEIESR

Fig.6 Changting sponge spatial pattern based on stormwater security patterns-sponge construction suitability analysis

4 THeE54ie

41 ihg
WPt BB A SR K SRR R T R 7K SCAE 2 1% S S i, 12 Vg 2 38 T i i A0 T B V8 44
IAHEE 38 B AT RPN DU Vi 4 3R T R 15 0 X Al A 98 B PR M R i T —Fh A A FH SWAT  SCS
F InVEST BEARUATALURN 5347 R ik 72 K it 4 AR s B0l MRS B O R IR R Jr I HESE S T i g 4 R 48,
B RIT E ik Lo sE e . 5 UEMFSEAI L, 256 SWAT H1 SCS B8 fy ik A 4bl vk $2m T
ORI AL A8 B 20 A B ) Y e AR R T T AL 4 sk R 2 S (R IN 3F InVSET AR 1) 43 A7 7 ik A A o R 7
VRO 7 V5 TE 227 18T Ik SV A R 0 U R R R B FH DG &R O T T A A A A R MR PR A R AL TR Y
g
Vg AR ARt 1 RURE /N B30 O R RN D) e 42 07 U B R Ak i LR S i i s SN A iRAERESE
SEIL LT R P AR A B U A A TR B DX I RE A e 5 T IR B P A Ll K R T O AR AR TR
PR IRBEA GO IR RGN A AR SE RN, A0 AR 2 R B it ) 23 Tl A sy S e T X SR AR T RN It
2EER G RGBT @RS PR DR . BA L T XHEAR D) RE 4R XA AR A SR F X,
HFZEK P T SR R S, T TR B A R B R G, CE R A T 8 0 A% SR G R B
Wb K TS R | SR R IR X K T T B R LR T RETE L IX Ak X R 4 A 2SR E X, Al LIAR PE
T2 A% S R 2 AR T3 B 1 28 T e A 245 R ) MR DX AR AR A Tl BT, DT s A5 98 40 X N A AR
Pel F1 LID Wi SE DRI . SR, 76 SCPR T AR AR TR 2 3k Ty st i AR F5 e, A5 45 6 b {2 s AT
KA P — 2 b AR A PR FR bR, VR AR LID it 0 5 oK R R 5 B PR A SR SR X i 4
AR TRFR D, NS SR T AR A S AR R R G RO, B Rk S bR E R ). £5 BTR  FRIX
AR RSN P 56 5 8 TR (AN ALV B ) B e (VT ) 1 RUBE IR, ) 7T V0 388 1) U 2 A6 ) 5 T Fh R 381
R85 X U B2 R 35 A FE R LID BEiias W58 R FH T AR i s il A 2R | I3 % W9 AR A28 7 A 3t k-

http ; //www.ecologica.cn



16 1 SR AF T T R 5 A A B A A T B O R i 7061

3T - - ] B TG- LD TRt PR G DR RIS 4 | 3k BRI 2 5 v rh Ik X B AR v R E AR o

o 2o R AT L U3 DX R A I T DT 1) 2 b v R i R R S YT KA L R i T
FE, IR X A E A R . DRt A v 3 B 2% SR 382 1 2 V24 2 1) P T L 0 35 VR 7 Al X
B4 S B AR A T I3 B Tl AL 7 R T R P A B e R AR 2 D S IR A 1Rt 1 3 42 SRR S R
BOR o O3 —J7 1T, RS AU 57 ) A B A s 8 0 RN A5G R G0 10 A8 A X W 6 9 3 1 R A e 31—
FIVERT , WIFFEAS 21 04 SR it 2 ) A3 ey VB 280 ) Wk — 2525 FEoR 25 28 B N 10 A5 228 A0 R RN 98 ¢ 5 e
) 7E A8 5 B B iR AT, PRI AR S 48 1S A T b i PR 40 5 g AR R il R I i, M TR AR 2
) SEUE R i — 2D G e
4.2 4Zhig

ARSCUARIT BTV _ B 1], 5 e 7 W it R R i 4 (A i 3l M . 25180 T .

(1) BB B BRI A HELRAE TT VL b I i Sl o0 b B ARG 0y M, 38 0o 9t o R 400 v 2
BBUT 0 358 R P DG B ™ U DX VI JER 0 R 3 9 A, JE AR TV b i s S A R I 2 A A R 5 RIS, BT InVEST
1) 226 bR PR 7 12 RE 4% G0 5 WM 22 o i Sl V407 0 0058 3R 0 i v A4 A 1) 3 E P A T X, o R e A A e
PRI T BRI T — R i T A

(2) KT B3k DX b RS 3¢ 1o, 40 A S o ol B DX B B TR A IR DX G T 7T T D0 3 1) W 3 22
S Ry R S B U 2 BTG A3 R AE , L IR O 2 A% R T AR 19.88km?, (% A A% Jmy B THT BRI
23.1% , 7T VT e 3ok ] 3 R B BRI VT v 3 DXz T 8t v XU, X3k 5 e 4 i e 1 ‘e DX 3 22 B0 o 25 (i)
SIARANEI ST RRIE Sl B XS AR 37.31km?, 7 T s S TR 7.91% , 3224 e v O3 DX A6 3 FB
B A T IX 35,

(3) AL AR ZS [BIA% AR HE T F SR IAEE 57K 38 4% 1 e BEA &5 0T 48 S i Bl 4 I i B . B 5o
T4 2 ()R 3 A R AR AR X RIDIRE X, Ay sl v 4 B8 IR 22 R A R R R BRI T 258 RIBT, A IX N AS
[7i) 22 ] R Vg 2 AR SR At i3 it P S 78 00 | R 5 8 REUR 23 R A JRy A SR AIE TR , o] = b ) -5 W e R A A
JA R JERL T WIFAZE A DIRESSH B AN BRI I R &R

£ % 3L Hf ( References) :

[ 1] IPCC. In: Core Writing Team, Pachauri, R.K., Meyer, L.A. (Eds.), Climate Change 2014 . Synthesis Report. Contribution of Working Groups I,
1T and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. IPCC, 2014.

[ 2] Brown R R, Keath N, Wong T H F. Urban water management in cities: historical, current and future regimes. Water Science and Technology,
2009, 59(5) . 847-855.

[3] =eiffd, 2R, e, hEEBAIRTIIT RS RS, 4B, 2017, 26(5) : 896-901.
Fletcher T D, Shuster W, Hunt W F, Ashley R, Butler D, Arthur S, Trowsdale S, Barraud S, Semadeni-Davies A, Bertrand-Krajewski J L,
Mikkelsen P S, Rivard G, Uhl M, Dagenais D, Viklander M. SUDS, LID, BMPs, WSUD and more - The evolution and application of
terminology surrounding urban drainage. Urban Water Journal, 2015, 12(7) ; 525-542.

[ 5] Sandstrom U G. Green infrastructure planning in urban Sweden. Planning Practice and Research, 2002, 17(4) . 373-385.
Tzoulas K, Korpela K, Venn S, Yli-Pelkonen V, Ka_zmierczak A, Niemela J, & James P. Promoting ecosystem and human health in urban areas
using Green Infrastructure: A literature review. Landscape and Urban Planning, 2007, 81(3) . 167-178.

7] e, OB, XAT, AU DIBUK G R BT ML HELE. AR, 2016, 36(11) ; 3137-3145.

[ 8] BRAN. HET vt 13 M T 2 TR R Fy S i 7 17 A4 5 107 2l B2 BE D340 MBS, 2017, 36(6) : 1138-1146.
Liu W, Zhang A, Wang L, Fu G, Chen D, Liu C, Cai T. Projecting streamflow in the Tangwang River Basin ( China) using a rainfall generator
and two hydrological models. Climate Research, 2015, 62(2) . 79-97.

[10] GRIBEAG, sKdt e, ERER, PAE, B/ RAIEE T K S5 & R 5 Pk —— T 3T W A0 5 45 2. KR 2 3k, 2014, 25
(5): 752-764.

(11] Bk, shlpde, MG 2805, #hosfl, BRI BET U4 A% R ST ARG ot e BEURP . BB SY, 2018, 37(9) : 1704-1713.

[12] TR FETEFEORMIE NS 5 & X R EREITENIE[ D], Kt KR, 2018.

[13] VF¥, BFE, dbE FETIRAEAL N EST s S be 4. Sl I, 2015(4) ¢ 2-11.

[14] Debruijn K. Resilience and flood risk management: A systems approach applied to lowland rivers. Delft: Delft University of Technology, 2005.

[15] kR, BB, T, LT FWep sty X S8 KR4, 2011, 42(9) : 1129-1134.

[16] MTuK, 250, Mg, D%, TWE, X8, o6, XLOug. 3T InVEST BB Bt # 4 5 UK IR M 35 et 22 A4k, Bz, 2016,

http ; //www.ecologica.cn



7062 JAE = 44 %

[17]
[18]
[19]
[20]

[21]

[22]
(23]
[24]

[26]

[27]
[28]
[29]
[30]
[31]

[32]
[33]

[34]
[35]
[36]

[37]
[38]
[39]
[40]
[41]

[42]
[43]

[44]
[45]

[46]

[47]
[48]

[49]
[50]
[51]
[52]
[53]
[54]
[55]

35(4) : 664-676.

R RN AR IR T BT A LL IR T K R R AR R . TR, 2016, 40(3) : 95-102.

ATFLIE ) ok, ST AE S IR IR AR 2 X S kb R GE—— DL AR ). iR, 2007, 31(12) : 89-92.

ALY, 1V, ZEdE ) RS, WK RGE TR R, AT T, 2015(1) . 75-83.

B TK, SRR, RPUAE, T8, T, KA. T ARL BRI LM B X G AR EE A EDR EUN S5 407 k. AR EIEAER, 2020,
35(5): 1190-1200.

fRERHE, BEWS, TS, 22210, Z24Rl. ST AR M RN E 425 B E B R 5 K ——PDIARM T STE X 6. [ IR IR,
2020, 35(1): 204-216.

Kz, FrfL. FHE Y R S SO R AR —— DL Tl R . SRl 2007(8) « 64-70.

ArfL, TR, Z=fE ) 7. JERURTT Y R BIR A — AR RGNS R 5. TR, 2010, 34(2) . 19-24.

e N RALFNE o N RBUT. 56T ¥ i 5 G Ak 2 B0 8 36 40 3k T 2 1% 7 3 A (938 %01, (2023- 12-31) . hitps ://www. gov. cn/zhengce/
zhengceku/2021-04/26/ content_5602408. htm.

Lin B Q. Simulations and analysis of landscape pattern change impacts on catchment runoff at different temporal scales based on SWAT [ D].

Fuzhou: Fujian Normal University, 2014.

MR, BEXA, BSOS, M, RO, RN, MR . JET SWAT AR ZRAR I AN SL /K W 55 4t 22 A 8] R BE 3. P2
i, 2020, 75(5) : 1065-1078.

VR, Wttt i BET SCS M GIS WA [ e 7 Sk iy A R PBT7 125, IRTCRR 2B B4l , 2019, 36(11) : 16-20.

RABE, FLEHE, TONEL, HET, TR, 2L TR R AR DI A SCS-CN BRI, Aol TREZAR, 2021, 37(22) : 85-94.
HZLHG, thoss, B, EilgR. 2 Aiak SCS-CN AR MR IS IEME AL 7 ] M. KL 24 E R, 2023, 34(4) : 553-561.

B, e, B, TR FET R AR Bk ME BT F SRS, K s ks, 2013, 32(5) : 30-34, 40.

B, BOLHK, WT A, KA. BT DEM F SCS B ARG /NGB ILEE U 5 & X TR/ v 9 B AR B e AU A AT ol 2 Bl 2x.
RS 53 B A0 FE AL F) A1 B8 A7 s —— v ) 9 3 B A P02 XU 2 A7 2 0l 2 D32 368 T AF 2 18 SCHE . XURS: 23 A e L S s ) 4213 3
Wy e [ R B A p 2 AU 3T M 28 D 2 5 L AR 2318 S04, 2012 94-98.

FAiEA =, W LR AR T AL BT L DRI 2 e B B T Y —— LA = AR A 51 [ DL dbat . destpal R 2020.
Tallis H T, Ricketts T, Guerry A D, Wood S A, Sharp R, Nelson E, Ennaanay D, Wolny S, Olwero N, Vigerstol K, Pennington D, Mendoza G,
Aukema J, Foster J, Forrest J, Cameron D, Arkema K, Lonsdorf E, Kennedy C, Verutes G, Kim C K, Guannel G, Papenfus M, Toft J, Marsik
M, Bernhardt J, Griffin R, Glowinski K, Chaumont N, Perelman A, Lacayo M, Mandle L, Griffin R, Hamel P, Chaplin-Kramer R. InVEST 2.6.
0 User’ s Guide. Stanford: The Natural Capital Project,2013; 24-49,233-250.

XL, XUPTT, BRI, 20b%. LT InVEST AR 8 5 Ji e XK IR SR DI BB 28 AV RHAE A3 HT. AR 252841, 2020, 40(17) : 6161-6170.
KR, RIS RILTEARMOK IR SR Re S A RitA. 42554k, 2016, 36(24) : 8120-8127.

Redhead J] W, Stratford C, Sharps K, Jones L, Ziv G, Clarke D, Oliver T H, Bullock J M. Empirical validation of the InVEST water yield
ecosystem service model at a national scale. The Science of the Total Environment, 2016, 569/570, 1418-1426.

Yan F P, Shangguan W, Zhang J, Hu B F. Depth-to-bedrock map of China at a spatial resolution of 1007 meters. Scientific Data, 2020, 7: 2.
JESCAkE, X, W& SIE . P E A RS K43, Journal of Geographical Sciences, 2005, 15(1) : 5-14.

o, tRin, EETE, 20, Ef. BT KRR BRE R, A2, 2013, 33(3) : 789-797.

H L ZET InVEST RS [ [ 75 o b DX A 25 RS IR 55 D REITAl —— LAt A AL R Bt [ DY AR ARy, 2019,

Wischmeier W H, Smith D D. Predicting rainfall-erosion losses from cropland east of the rocky mountains: Guide for selection of practices for soil

and water conservation. Washington: US Department of Agriculture, Agriculture Handbook, 1965, 282-282.

Williams J R, Arnold J G. A system of erosion—sediment yield models. Soil Technology, 1997, 11(1): 43-55.

BAE, BT, B, SRORBE, BIA, XM, CRSEE. ARYWAT VEST SR + SRR DI REXT L. M ERATSE, 2014, 33(12):
2393-2406.

PERY, Bk, BRIHE T, M. R A S RS RS DI RE %S AR IE AU I R . AR50, 2013, 33(3) : 746-755.

Zele, XURE, Wk, WA ST InVEST BERY (K Z8 0 111 o+ S 2% 2+ OR3P A, VLU RS ¥R 35, 2014, 23(9) .
1242-1250.

Vigiak O, Borselli L, Newham L T H, Mclnnes J, Roberts A M. Comparison of conceptual landscape metrics to define hillslope-scale sediment
delivery ratio. Geomorphology, 2012, 138(1) . 74-88.

R, BARE, AR, BT FET InVEST B 7K BTdH b D REN 25 40 5 0F5T. HEMEHEK 2542, 2022, 41(3) : 105-113.

eI, P, W, PLe, PREE. BT InVEST BOAL 5t 42 BRVL I BOK B DI BE 73 B, B mtbRol Rr e it . AR AR,
2016, 40(5) . 87-92.

PR, ARKE, B PRIE. AL W R SR AN B S R, PRIERLA, 2014, 35(12) ; 4537-4543.

s, ST I, BUILUR, A, =R DX SR 0 X M R R R IS AR, 2016, 53(1) : 189-201.

BRPTIe, S, Mo B, 205, W PETTIE AR R TIT B Bom i IX I ULIE B MR P A S5 20 DX AR BEIREEAR, 2022, 37(8) : 2195-2208.
TRAERD, S, M7, 45, WA T AR R B A SR T IR K AR AG D7 IR TS IR AR, 2018, (15) : 17-21.

WL, AN, AREF. JET IO B SIHUAAREE I T A X T P IR RCREE. B AR BTIRA R, 2017, 32 (07) : 1158-1169.

KRG, HRA. BT GIS By =10 AR IR i @ B0E TP 5 4 K RIEBESE. 47KHEK, 2018, 54(12) ; 108-113.

TWIRTE, ARERNN, B2 T BP 20 19 45458 T (1 1 4 0 T 2 BOE M PR —— AR B A KT H Ol AR &R, 2019, 35 (11):
222-229.

http ; //www.ecologica.cn



