5541 B 15 W) S &~ £ Eild Vol.41,No.15
2021 4F 8 A ACTA ECOLOGICA SINICA Aug.,2021

DOI: 10.5846/stxb202007301982

VFHA DA, BT, O A TR M P 5 AR A R SRR S5 (I DAY 3T S (T3 B I AR 241, 2021, 41 (15) £6012-6023.
Xu M, Dong X N, Xie M M, Wang Y, Tong D.Zoning for urban space governance based on the disaster vulnerability and supply-demand match of
ecosystem services. Acta Ecologica Sinica,2021,41(15) :6012-6023.

ETAREFSESESREGERSEFT LR T ZE
BESK

#OH, EWAe e E R 2 s Y
1P E R R (Jbst) , dbst 100083

2 FARBEIETS LA R s, bt 100035

3 A S IREEER TR PR 0 B R TALE R p( 900 %, Jbat 100094
4 QLU REFARIR T 20 %, I 518055

FEEE L Ik T 2 ()3 T AR K S B AN R A IRIRE, R R I I S5 R A A T 3T A S R G R 55 BE TR A AT AE ZE X 4R T £ 28
(HHCAR T F AR B R S, DAZRIG AT ], 2 3% 5 3 T XS A0 1 AR R B e ) e FE A G AE B R g5 28 32 H
InVEST #5704 K 3 J 5 BT PEAR A= 28 R GE IR 55 (1L, R A 7R ¢ G 55 P T A ASE 28 Ay 55 SR, A1) FH A4 55 DS i 43 M7 131 iR 5 T LY
WU IX, WFREERFY . (D) RIGHASRGEMS A S &K S AT K AEESS & T R AR IR T R 4 Fh bz T
iR & T0 IR 55 11655 AR AR B 0 - R R 45 > /K IR R M 55> & R E B 9 IR 45 5 (2) FE {655 DU e 2 AU 3 5 UG 2 0 )
ST RIEREE X, & e AR RS X4 e X E AL Y H oA 29.23% ,21.70% ,33.06% ,16.01% , AR X 45 2 5 dE i ] Hh T
T HE 2 AR RS AR R D 2R 5 (3) MR IRURG: X 28 B 1 T 22 300 XU 2 A TR B X OO RUB: 52 VA B IX. | 28 5 XU & T3 1
X3 FEIIARER A3 X, A R GRS (TR DT IC 43 Bl A T 2R I 1 55 1 5 7 T 18 0 /R DG e A9 40 DX, Sy X/ 4t i - 2 1]
TR BRI OR [E + 25 A R E R RS,

SRR Il S VA B AR K MBS M 5 A= S R GRS s LR VL L ; PR T

Zoning for urban space governance based on the disaster vulnerability and

supply-demand match of ecosystem services

XU Meng', DONG Xiaonan', XIE Miaomiao*, WANG Yu’, TONG De* "

1 China University of Geosciences ( Beijing) , Beijing 100083, China

2 Key Lab of Land Consolidation, Ministry of Land and Resources, Beijing 100035, China

3 State Key Lab of Remote Sensing for Environmental Protection Satellites, Satellite Environmental Application Center, Ministry of Ecological Environment,
Beijing 100094, China

4 Future Cities Lab laboratory, Peking University, Shenzhen 518055, China

Abstract: Urban areas face the problems of insufficient ability to withstand and recover from natural disasters. The purpose
of this study is to construct an analysis framework of supply and demand of ecosystem services for identifying the risk zones
in urban space governance. A perspective of carrying vulnerability of natural disasters was applied in ecosystem services
demand analysis for improving the security level in urban areas. Taking Zhuhai in Guangdong Province, as a case study
area, this study selected three ecosystem services, including water conservation service, soil conservation service and

typhoon protection service, which play an important role in improving the ability of Zhuhai to resist natural disasters.
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InVEST model and remote sensing image analysis were used to evaluate the supply of ecosystem services. An assessment
framework of carrying vulnerability of natural disasters was constructed to assess the demand of ecosystem services. Risk
zones were identified by the degree and type of supply-demand mismatch. The results showed that: (1) there were four
supply-demand matching types of ecosystem services in Zhuhai: high supply and high demand, high supply and low
demand, low supply and high demand, and low supply and low demand. The dominant matching types of the three
ecosystem services were all low supply and low demand. The degree of supply-demand mismatch in Zhuhai was soil
conservation service > water conservation service > typhoon protection service. (2) Based on supply-demand matching
degree and types, four categories of risk zones were classified. The proportions of high-risk zone, medium-risk zone, low-
risk zone and safe zone were 29.23%, 21.70% , 33.06% , and 16.01% of the total study areas. According to the land use
structure of the risk zones, there was a close relationship between the risk grades and the proportion of construction land.
The risk grades were affected by the allocation of ecological, production and living space in the region. (3) The ecological
security in high-risk zone was most seriously threatened and should be highly prioritized. According to the categories of high-
risk zone, three kinds of governance zoning were proposed: multi-risk comprehensive governance area, double-risk
compound governance area and dominant-risk special governance area. This study contributes to a new perspective for
improving the match analysis between supply and demand of ecosystem services. By identifying the hot spots where the
vulnerability to disasters is high and the capacity to withstand disasters is low, our framework provides a reference for the

enhancement of the capacity to resist disasters and the urban territorial space governance.

Key Words: urban space governance; vulnerability to disasters-withstanding; ecosystem services; supply-demand
match ; Zhuhai

] 25 )R B [ GO0 PR IBAR B 22 4 OR3P AEZSIREE & PINC i ] 4 2 ] B A oK R A kA 255
WA, AT S A el Y T4 1 Sl 2 1 2 (] 1) T 2 20 R M R i B B I AR R X, A%
AT SR AT AR [ s TR B OC O E R SR, T AR SIS R AR, A ARKE N EAE
[ R 5 7", Sl T Bl SR Al Bt AN R, 495 ] s (B HRAR 9 3 A RE T, LA A AR [ 42 )3 A
PEAE™ B0 A A A AR 2SS IR 2N SR T A AN s R ML A e T e R AR AR
BRGIRZ AR F BRI NG HERS R AZ5 R GER VA IR 55 30 T m W s

PR ASERBE 1] R A B 4R A 0 L R AR A T AR S R GE AR AN TR | RIS SR A 22 28 3%
BERAE A3 8] 73 A 14 25 5 T BO0 I 22 A DR R SR AP AR 2 ) S JT e, (0 0 DXl A 2 A R T i L AR S
Ko AEBRGURSS AT 2 R VCEAE I — R & AR RS R S AT RGNk, BRI 8 1 55 )5 i 2 (1]
K R U RE SR A 4 DX, S R AR 2 2R e AR S5 1 s R 1A 11 98 e s B

RLAZ VAl A= 25 R G55 T 0K — BB AR S R G55 BT A e e i JE R 5, RS RGN S5
R NS TR I B A SRR I A S RGN S B DB ST P I 2 AR 55 1 5 5K 2 5 kg
F189 S B T 0 9 % S50 >R A A, SCAR IR 55 75 5K AT BN ZI of 5% 00 14 i 4~ . RT3k 1 25 7 ThT S S 48 A AT 1
AT PRIV R S5 e R SRR iy AR AR A A R A A B A SR SRAE, I B I ORA IR 55 1 7 oK O B 1
R SIS T L NG AR S R GRS A R R N TR R AL R A Oy vk
M T 2l st 2 fi A5 5 SR AR AE SR A 1 AR S R G IR 55 755K, 18 5 T2 WLRUBE I 5 X IR AR A 25 R S iR
G5 P PR  BIFE 285 R ME LA g 3l Tl DX B 25 A P AU Y BB SR S mT AT RO . i RUBE e kit 5 %
TR SR AR AT KU, R o s R A i 07722 4 - HIRAR 0 T DX o 7 50 2 AT 1) 9 73 XU AR Sl it >R, A B
REA Ay 33k T 2 [] KU 3 BRI ST B A 28010 S

BETORI M PER RPN IE R G R B NS B R eSS P i — TP R RE B | AR I e 55 1 1
SUNAE—E AT S G000 50 R, KIN8R8 38 52 1R 93 B vl BB O 00 0 R 1Y i TR i g
SR T SRATAN K SEbr VA 32 T XI5 AR BEAE SRy 7R G MR AR 25 R GE MR S5 W SRR 22 45 e
MR A S R GRS RGP . ASSCIRDE 13 TR G 55 VE VT (9 A= 285 2R 8 I 55 1 e DG J5C 7 3k iy 2 [

http ; //www.ecologica.cn



6014 A E = 41 4

Wi B P A N IR AS . AR T S 1], ) S DXCSRARAED F1 AR 9 RE D AR ) B B8 U AE S R B
55, KA R TR R e S P A 1) A 25 R G IR 55 (L5 24 ] DC CAE 22, e o (3t 5 DC P 235 SR DR 1 0 i ol o8 Ak A 25
LA TR A DX, S S s TR B TR, DAy 39 e ] 255 RIRAR S Y BE I PR AL IIERT I

1 &BERSGERSHEETEILE

1.1 PR IXHEN

BRMETH A T R4 B30 BRI P 2 (113°03'—114°19'E 21°48'—22°27'N) ., 41l Hb i FX 1711.2
km?, FEEFINIX VB X SFITIX 3 AMTEUX BRI T me AT 28 KU T A0, AR, AR 3 Ry
22.5°C 3 SAGIRIE A ST, AE A T N 2061.9 mm; BRI T 5 52 1 WA A XUBY S, R E RS E
TR WAL, 3T P9 7 A Rk [l H 2528 1 8 e PRk U % | SR 5 R0 15 XU 37 =33 Al 45 I
JRAZS RS MR 55 LT D RCRAF 5T
1.2 LT R ME 55 ) A 5 DG e AfE 42

R 55 DX SR I AR AZ SR IE B AR W s 0T R i A A R R EE 0 TR RS T R G B
LRI G . KB LT S 0 E O AR I S AR R B M AR O B = Tk TR
PR Z RN HAEL TR AT K-S Fe bR, X A SR 9CE W 55 PE AT REEL, AR A AR 450, A
SCHET Py sl 9 B oK 3 AR R ME IS PE RN PR R, DA A B RN U A S P TR O AR bR, K
FEFR R FEW T KA KERFALIE IR ELTARNL N O R , T8 % B 25 o g Rk Z i 2 |, 76
[F] 55K Ty RAG LT 0T 2 5 @ BR8N A3 A B 4R | 3 A A0 R P RE M M o R R 55 1k e
X A 25 R G R 55 101 b1 B e AP ¢ 35 408 2R ) s SRR 5

¢ TP FH I T 1 B BCH R B R 1) R s R M RIS FRAIE 5 48 TR R DI T A 1 A R e
WKEITIT R G A s N OB R A bk g 1 XN A SR 88 8 | e 6 fIE AR 0 520 R Je RS2 1
WEBUR R EE (8] 1) o BARISARINTT - /K BN BT % 3 () ORI 6 KU AR 0 g SR B3R — 2R AR R
BB 55 BTN ) SR I 1) By e 5 b T K 5 2R B A R B AN B K LU R AIE K 35 e U iR s s A N B 3R
TEZ I I T BRBE R (B 1) . #5388 W CH 13, BBCEVE FIAS B ., D BRI Tl i & ok 25
KRR o

PEN A28 R GRS IR 25 BT 5 B - 2018 4 = 1 1) /78 9k B0H SR FH o R 27 B 1: 10 J7 Eo A9 ROEICHE P28 o
30 mx30 m AOECHE = i s DEM Rl B A 504 ok B M B 25 [0 808 = (hitp ://www. gscloud. en/ ) 3 R EU I K
AT EARZEEE M (hitp . //data.cma.en/) 5 FHEECHE i 55 0k 4 B 852 PRI . 75 K B 248 . /K
12 2R 5 BRI T AR B A & A5 s RN S MR AR A5 b B K 3 0 (L RE T B TRV B 8 D BT A A )
BRI H ﬁ?{ﬁ?ﬂ?%( http : // zrzyj.zhuhai.gov.cn/ ) BB S PR EG I ; G X R FrhEXRE
AW (http ://typhoon.weather.com.cn/ ) 3 A 1% B i A B #2419 2016 4 4 5 —J6 1 H R FHUE 2%k
PEARI, AR LT 7B R A9 N 1 %% B B8 B B e I R LSS 40 A, A 250 220 R 30 m 73 HER , WGS84 4%
FEABKR 3 InVEST AR 7K 50008 75 A 55 1 PEAS DR 35 F i 0RO K SRR i, B L, 2 78 R GE R 55 1 AL 45
TR PEM B e FH G — U B | Witk DEM B35 28 ArcGIS Y /K SCOMr R BUAS 21 78 £ 48 A3 X |4
BT LT DT RC S, 5 R RS 43 DX 45 5 | DU Ry 3uk i 2 ()7 B E i
1.3 AEBRGMRS T ITEAG
1.3.1 JKIEFEIR S

IR IR T RE AL G BA B K, R 3K A RN T AR i 5, X T BE & A I B A IR L 35 00 P 95 A i Jl N 28
PR SO G B TR AR Ve o WIFFE3k T A Kk D oA 75 R 55 (AL 55 100, BB Ry 3nk T A1 7 10 4% i R B2
2% ARIGE A InVEST BR = K AL AR 2] 7= K )| 14 R 508 1 5 15 20K I8 90 77 IR 55 1 (i 45
U MR,

http ; //www.ecologica.cn



15 1 VR A TR E S A A5 R GUIR 55 (5 DU IC Bk iy 2 )3 B 70 IX 6015

mk B
MR
s R
W
| i
<~ -
//[::f::] \\ C wwsnmir )
KAHE KB i
[ wwgs || mr | ot i
v v v AR
REB Rl REBWHE | | ANRBE AR
KR GUCH R | | AR I
L GUBEE | | i
I l | pommicsmE |
\\7 |ﬁ#ﬁmiiﬂﬂ@ | <// S INVESTHUI GEAKE KA BRI
AR =
T it
C WABE RS - B A R )

E1 EFEARBEHETNHESRERSUETHCREIRIES
Fig.1  Theoretical framework of spatial matching between ecosystem services supply and demand based on vulnerability disasters-

withstanding assessment

AET,
e R R ()
. 249 . 0.9 x IT . K
R =Min|1,— | X Min 1,)XM1n l,jXY (2)
V, 3 300

X, VO« MR 2SR R AL K s AET, R o A 25 3t R B S A A S R 2R
ity P, O x WM& RYAERE K R o R A Z AR HK I SR it (mm) 5 IT B HEE0 K o BRI GK A (em/d)
V, U FRE Y K,
FA I P 57 9 T 583 M AR AR FR PN K IR IR SR IR 55 IR K o BT K B Mk H 50 Ak 4R 5 e R B7 7K
R URAE AL E 18 SRPEE 32 NIE B A8 ST W KR PR SRS G2 v IX IR 2 A5 A 6 s I 87 K AR Wi
RIS Kok o PRE O 0 Sk 40 R S S 4Tl 8 Bl TR FE RN 4% BE A OG | e B IO B MR &
AL (LSMM) ARAF A A K LB FRAE " 5 AT 32 88 3 iy A0 288 BE RAE . A B8 250 e 508 T B AS 328 7K LE 19138
SN INIVRRIE  TEAS S M AR A S T 5 T R SR e sh R i s Ak, X i sh R i N 1125 B2 IO B0 16 Jm
FRREZL SRR (A3) .
X =Axe" xlog,C (3)
X R KPR TR A 55 5 2K 5 A KR R G W X 5 B AN K LU ¢ S NIV
132 HIORFREIRSS
TR S5 S 1A R G I AR bl ik B ORGP I RE ) . BRI TTRE RIS, Z I el , By &
A - g Dl B R B TSR RE . RTINS OR R RE T 0 G2 A RN T B AR kg | e b B R B
FEAYE L, A InVEST BOAL YR V488 LU DAL - HEARRE AR 55 O I i 0 BRI A B AN R
SEDRET =R XK XLSx (1 -CXxP)+ (1 -SDR) xRxKXLSXCXP (4)
P SEDRET Jy -3 Fp i | B L SEORAR IR 55 k2 ik s R IR AR by IR K g -3 ] 1 P LS Sl 3B
K C W FZE PR T P /K BRI ; SDR R IPHIFL 1L

http ; //www.ecologica.cn



6016 A E = 41 %

M I FE A A L B R A B S AR i, A A TR I 5 R AR AR AR R PR R R IR S5 T R
ﬂﬁﬁxiﬁﬂiréﬂaimﬁxﬂziﬁi%n;u&ﬂﬁﬁ%um 177 AHTE T 3 (BB ) BORZRAE, HTT 9 3 48 B 1 R 4L
AL G L 2GR I R GE 7™ WA A 22 U A 2 5 o P %) 1 O ¢ 3 R A T B R B A A (B A5 B 9T X
AR 15 9 T R AR O 5 N 18 B R A I 52 ) s B 2 B AR R R B P N 12 B OB, PR HE o0 A
e S5 RFRZIB SRR (A S) .

=A X log,,B (5)
K X O B IRS T5 5K A K H AT 9% B A NHERE,
1.3.3 SRR

RGN 5 KT E B B 37 A 5 AR 119 61 4 B 1 IR 14 Bl IXUSORE , 22 4t BRE e e A K B AR X Bl
P i AR SAE R BRI S AR R B A & KUK B R TR A AR AR 5 - A e R LR &
JRGEE B A RRZAC sk 2200 PRIk A S A A K AR R R B AR SR 6 KB B AR 55 RO IR 45 BE 7, SR Bk (4% 00—
SBEAIT 2009 2018 AF (14318 JEG A5 b B4R HRURE 94 7 55 B AR 0 7 55 BE A 70%—100% 1Y IX 38 0) 43 A v 7
XY R 2009 ,2018 7 AR [A] A v 7 a5 XA RS B AR KRR X, BV KU I 45 AL 4R IX, & XUB IR 45 19
P2 FH v 2 T X SRR 2 R R

P g 5 K FE S5 HEFR PRI ZORTTAN & B IR S5 oKk . 5 KK 5y BB 1990—2014 4 (1) 4 [H 5
B AR B A AR 2 1) 15 IXUSZ I 3K RAE, DL 5 WA MR R E 100 A HL (5 R 20 XU 1 52 ) >
12) B Gz oh X K G2 vh X 558 XS, B— N & K2 A R 1, 1990—2014 4 245 3 A 6] IX Y 5 4
ZRANR 5 WIF IR T B G IR 2 T A R RN 1 R R A O, U el e R B A3 /K L f3i)
AEPT N B B i N V3 BERAE . T & XU M SRR 7K 510 st 18 /0 | o L B 5038 A SRy 38 0 36
FRAE [ s PR AR A o3 A e 34 Xk N 1285 B2 BB s Ak Sy A 2030 sh AR ik (A2 6) o

X =¢""" xlog,C (6)
Ko X R B R IRS T 2K A 5 W2 KB s B N ANEK L] € S N B
1.4 BB RGRS LT 25 B VAL

ARIFGTRAS R GRS AL TE TC R R A T2 (B D C , AR 240 % o 3 DT e, AR A SR W7 Mg B S R G0 il
F LS TR BN AE R T 25 (8] 3 4%, A as () oA BRI SR . AR RGNS 48 5 7% KB AN [F]
A, R Z-score P4 3 A RGNS LA RN TG SR bR AEAL , 1 bR A0 52 bR AL IS I Z5 R T4
B A2 SCT I IV BRAR R R i 45 i 75 R (H-H) IRHESA R 7ok (L-H) MBS IRF R (L-L)
LA ART K (H-L) PURMIETR ICEOIRE . B RG MR SHLA FIT K Z-score FRifEAL AR .

x:x S—x 7
| @

562;2 X; (8)
1 n _

s = ;ZL‘:l(xi_x) (9)

A, v HAEBRGRS MG T RIBRAECIE; «, A5 i D RoT it & TR x B FEE ;s haem
FrifE2E s n IO BT AL,

2 RBEX R R H = EEES X

A2 R GUIR 55 B 25 18] DT BCR B0 A 22 5738 FEAN ] DX S HE 1 S XU | 52 40 e J32 00 1 ) 8 it A i 22331
ARSCAE B =I5 AE 25 2R e e 55 (A DT BC A 2R , 3] o3t AN [5] S5 0 R 2K 0 g JXUR: X, AR IXUIRS: DX & i 418 H 1o 44 )
B 31X

http ; //www.ecologica.cn



15 1 VR A TR E S A A5 R GUIR 55 (5 DU IC Bk iy 2 )3 B 70 IX 6017

RS DX S50 BRI 73276 5 I8 T S KU R BN DL ST DEICRERE RS =T IR 55 00 2 A o 7 2 2
BE TP B B XKE 3 R XU A 5 MR 40 I 75 2 1) DT I P D b 288 2R AU X8 SO A (L-H)
Hfe (H-H) fRAE(L-L) (Z4x (H-L) 4 B35 G AIFFE 58 SCAEA T da i) JXURS: DX 2 091 v 7 358 P XU 25 20 e i Y
WS DR, B 2T i T e i KU, DX v A XU, DX AR e USRS DX A 28522 4 DX U RS XU X, 7 D DR 288 XL [X A
PR A 118 AR IR SRR E LR G R E R XTI 2) , AREXUBS: X D 2 ()3 B
SRR 22 HERI R 731X 5 A KU X P A 2522 452 B ) e, R AR DR DI S By DX, -4 1R 55 KL
SRR 3 T = RIEE X, 2000 o Z2 XS £33 10 BX OB &2 G iR B1IX R XU L TG B, m] Dy
T BRG] S AR

BRGE)
T ERRARKX Y 14 s R X N
(B HRELS K)
yz A %
SR AR
o B 22 S 6 U I
- £ S f S X i
M - B R A I WK E- AN
P 5 SRR X e g SR X
H R T e KU X MR el o KR IX
| ARKEBEARKE )\ ARKITRARK )
BEMD © RERERE ) (  &aszeR ) B&®
SO RRIK BARAIK
P R A A S [
BT - R A U B
H R A A KU X
AR F A A A I
_ A/l>\ Y,
BRAL)

B2 REXHEH

Fig.2 Categories of risk zones

3 HBRA

3.1 BRGNS T VTR A A4 5

A= 725 R GR S5 BETT VT 25 0] 43 5 S IS [] Xk 28 AR IS 5 AE TR Z M A 7 G . (RL4h ok R &
REMEBRGRFS AR R X, 2000 TN A N E @R X, 2 17.09% 1 578
IK UG FE R 5 HELE A, 220340 TN VB4R T X5 23.53% BV ) - 30 3 IR 45 IR 28 R J2 | 80046 T
PR R R P I R 2T | AR S VD BELRT A N X 43 B 3 5 21.08 % 1 T 35k 15 KUB 7 IR 45 HE 45 R 2
ZALT HAEE SR LM SRR DCORER 7 il (181 3) .

LA R AR A IS RGN S AU R GE BT SR B T N Y X 38k, R 23l T 289 K R A 25 30
SR T R R BRI D IRAE B L IR DX N BRAR A B XU X KIS AR TR = AR S R GRS
WE 3 FiR KRR S B A TR X B T AP B A A IR & X, 7 19.37% 510.59% 1Y i 35
J& T BRI S5 b4 R e oK, 2000 TRE KB W45 48 R R RIS AT SR A1 & KU 9 IR 55 s 4 v
R X 4 L 20.73% , E LA AR K3k 1A N DXR | 17T IX 9 2 55

TRBELA KT RN = (LR TR SR A F IR RS N 1% AR Ay DX 3, e s (R 25 A0 75 SR il X A
SR DK A AR B, AR AR X S A EEAE R KR TE | RHEARE B KB B R AR SR X H

http ; //www.ecologica.cn



6018 A E = 41 4

IXIN 26.77% 27.64% 21.74% , T EE5PATTE ] [ 18 W55 400 R K AR = bR BRSO B 4, IRIE 4R IR
R A fe ) R IRIRTR | SRR R A5 KBTI AR LA R 75 2R X 35015 36.77% (38.24% M1 36.45% , 21
AR TS B AR X (1 3) o

&
=
=
.ﬁ,
MR 55464 /(mm/a) AR55 TR R 554367 DU 2 K
N 12124—167.42 Bl 2.95—4.40 G R TR
B 87.60—121.24 . 229295 e A ETR
B 56.25—87.60 B 185229 ] AR Tk
I 37.44—56.25 o 1.33—1.85 SRR R
[ 22.04—37.44 [ 041—1.33
i ﬁ
=
®]
.H
w IR 55645/ (t/a) AR55 TR p AR 5543t VUL 2 A
B 36694.46—99202.78 N 98.41—213.21 R ER
B 19611.44—36694.46 B 65.94—98.41 N S AE TR
W 9128.67—19611.44 I 47.81—65.94 [0 AL AR R
[ 3693.17—9128.67 [ 34.97—47.81 ] ARk
[1198.91—3693.17 [120.62—34.97
&
B
¥
S
X
g

I35 B2/ %
B 9631765
B 645963
Bl 410645
[ 20.3—41.0
703203

3 HKBTASRERSHE=ELEE

&5 &

. 5.40—6.57
434540
I 3.55—434
1242355
C10.81—2.42

0 20 km
S

e 55 3% G P 25
R R R
AR AR
AR
(B S TR S

Fig.3 Spatial matching diagram of ecosystem services supply and demand

http ; //www.ecologica.cn



15 4 VR A TR E S A A5 R GUIR 55 (5 DU IC Bk iy 2 )3 B 70 IX 6019

32 KX
IRUBS: X IR FE R E A R GRS LA AT RARDT |, K F & B 25 5 52 B a1 X3, 43 A7 45 S X
RS DX A B 2548 A AR IR AN = Mo R S5 4 mT SR i B i SR A (K 4 &1 5)

P X e 7

AR X
[ o AU X
] fiRfE X IX
Bl ESEEX

oI SR

7 #kit
[k
N A
0 ki
[ ity

e fi&fe Ba

Q,‘ o G4

18°/ 08"/

0.4%

4 REXAEBEHTMF AEN

Fig.4 Risk zone types and land use structures

B GRS X AL 2550 LI I BAICE (R KU IX T2, i e KU X 4T B i 3 A 29.23% , Hr 25
B i A AU DX 14.29% , XK e £ XU DX 4.08% , B¢ % i fa RUBS X 7 10.95%  Fhofe IRURS: DX o 4 T S0
B 21.7% , o 255 vhofe KU X XU v e AU | B9 3 v s IRURS: DX 43 3) oy S B Y 5.18% ,11.15%
5.37% o ARSE XU X o5 AT G 33.06% , H 256 UK FE | B FARAE KUK X 43301 7 26.02% .3.31% |
3.73% ., AKX TR 16.01%,

PR SRR X B F AR R L0 PV R N X R RIS BRI BT X
AT EIE P KU X 25 A U DX 1) P B4 R RV B R A i, — R | R KR H S S
FE BRI DI, RS U X A e R, 200 T3 T IR &S X, AR X E BT 3F 18§55
B KA SRR RS SEAE R

JRUBRE X 28 25 5 15 FH i L 8] g T 0K XU 45 0t v 2 16 P e o BB A, A 25 b B R 7 /N (TR 4)
e fe RS DX e b TR AR o AT AR 37.9% , o Pedie e, FLUCR B, fE XURE X oMl Ry 46.19% , 15 H i
i, U B0 7 33.4% F1 14.7% , A2 55 A 7= A R HOAE X EIMIE A& IXURS: X 93 A A KT AR
H MR R AR RS B R ARG 37.5% KIS IR AN b7 32.4% Mt BB Y 14.6% 15.1%,
DI A ST R AE S PSS . R X R i ), TR 62.4% IZ X AR B, B AT K

http ; //www.ecologica.cn



6020

41 %

)

5
ﬁﬁ e

\
H A4, Y PN
B \ P  —REAIE
‘ - M it iE ," .

4 BN KA IE
’# ‘1 ( it

HEY N

PICAESEES

B 2 A R X

W - RE AR X
I 357 B R E T R IX
I PR A R X

N e v f U IX

A XK F R E XU X
N AP RRX

0 - M e fe UK IX

E 3t - A3 R f R I
[ | W R X

[ R d s K X
[ AR F M X
[ e e X

[ |
[ |

» ‘!"i"A D

y
>

A - R K AL X

HFE- B RK EASE X
[ R R AE KR X
20 km I & Rk S5 fa M X
' |

Bs5 KEXFE

Fig.5 Risk zone subcategories

BAR, AR Z ASRIAR RS S R GRS L4 T8
3.3 Bkl A AL X K H SR g

PRI T AR S R G S5 2 0 X IR = AR 2 0 R SR 18 A 43 A ) A b DX L A5 DQ 3 1) i U DX 408
et N RERE R E o T B oA 5 AR A T KGR IX, A S R G R 45 b 45 o vl s 2 T oK, SR AL T R vk
KBS HEBRRGAT BB, SR TR Z RN E TR . ARRGEMRS ROV 2 W XIS A F3F X
SV, TR MRS ARG SR — | DR St U b A R YR PR TR R T A AT AR AL
i e AR 20 A A OB THR T B R A 8 R G MRS R LA 3 X, ARk i1 AR 8 2 2l ™ S 1 = s
RS X )53 T = KA BRI 73 X (& 6)

Z IS LRAIR I AL T2 T PV AR R R 2D DL T L Mg e b, s
i DXIRAE A B | AR 25 AR GE IR A5 ME LU TR, MR YA N T A 25 M 0 3 B DX e 0 A AR RSk
7 T AT I RO B, BRI X B, R A SR T AR R (SRt iRt i M B R BT KR,
P v UL A [ s 2 1 PV 4 ST P a5 T B, R 3l Tl 3 oy PRI A A RN R X 1 4R B s

LIRS B A5 1A B X A 45 - 5 WK B SRR N B - B MR ERE AR HIX, -6 NKEL S
WEHE XA L0 SV LS AN T T I X 2 Xk 2 5 32 31 45 KR FR 51 & 0 A 359 T 0k 5 i i, i
TEIUA SR T PR AR A DL A FR SRR P4 254 | i s 0 55 B 4 D RE 19 S i R 5 7] Ao 2 1 0o i 55 4R
AR Fe T X IR A S B RE T, B -6 KUK F 2 G B T 5 SRR A 2R3, ik 2B X
Sof IO T A T T B D B S I R B P AR ER A B S AR A B R R RO SR, ISR X R K R IR
Hu PR A SR KA ST RE BT X R B U HEBT AR )

F TS B IUE B XA FE BT MR B RRE B TAHEIX B & TG B XA T R RIS B AL,
TR X AT DA BRI T M ERk RS A, 3 2 b T %) 35 W /K RE 0 5 ol 1 3 im0 o/ N b TRT A2 3 R 4K
PR I K RE T s A SO K AR S5 F 1T, 5850 R FE LA E WK I VE R, MU ok 5 L G 2 X 32 %2
P F AR ER | =L RS A A T s B b [X 0 3% T A LA 1 2 B, 4 v K R AR R BE 7 5 A (L

http ; //www.ecologica.cn



15 1 VR AF HETORIMESE -5 4R 25 R GE I 55 5 DT IC A 3T 2 JE)3 23 X 6021

AN ERERRTT 3, I 5 3 5 R B AR Ak i RS AR f5 KUK T L 00 B X B TR
BEARAC B AR 57 B PG AL B | Sk e DX ] DA% R AR AT SR B Rt - % & 4B B | B 47 bty A7 2 S Ak, T
DR AT Bl 37 I 5 3 R T A P R 7 AR T XA R e O o 5 S SO A S XA 7 T AR I 9 b

TRB X A

AR X

[ - A AR FRHIX
0 M e -6 MR IR LIX
N9 TG X

I R L BUEAE X

B & RRH L TR ELX

El6 HKEBHEEEERESX

Fig.6 Urban territorial space management zoning for Zhuhai

4 Hit5iTie

AR SO TS R GER S5 AR I 3 KUK R 845 2k B DO RE A T 3 TR K ME 55 M VR (9 2R S R G 5
HET AT EISHESE | 3 ) (T 4% [R) DC L 28 SRR 43 XUBS 1K, SR 3l 25 ()R BRER L SR s . BFR 2518 an T .

(D AEBRGEMRS AL =K (L-H) SR & 75K (H-H) AREEA R K (L-L) Fnm 45187 ok
(H-L)4 PR LRI RS IR AT SRR =R S R GRS P E = FROVCECR R, =10 R 45 Bt 7 2 g
FEEE A+ P RE IR S5 > /K IR IR TR IR 55 > & KB 5 I 55

()BT G P E RG24 XS H o 9 h 29.23% 21.70% 33.06% . 16.01% ; H1 XU X (1) £
PS5 R AT AT IRV X 2540 5 A 5 FH b T 7 3 i 1) 2 TR G Ry DG 2R, XU DX B ) 37 X AR 2 AR P AR
bR BC B G R A 52

(3) AR 2 B4 JRUG: X 2500 SRy BV T 45 1136 B (AL s 1 22 HE 0 SR W 43 X, v i AU IX A 24 4 32 3 1)
TR R K FLAE I LS B AR BRIX, R AR KU 724 Hh Z XU 25 A TR B IX. OBUTRRS: 52 A R B IX 23 K
Bor& TG FR X = R i SR WS A3 X

T T BRI T BRI S, BT T FE T AR I S5 VA (4 2B 25 R GE RS LT S A A 3k T (] = 45 (R B ) g
B, AR RGMIR T RS RITT I nBLEAT — 8 MR A8 F AR R A B 3T it S 485
ARG T B RGN HAR PR AR BRI A IS5, AR ¢ i 559 2 30 ol B 9 Ak 52 19 4R ¢ 35 400 s i i)
PROKE XN TT SR Ak, ST I AT AR S R G R S5 5 7K I M 55 1 ) (L5 G 2R W LAtk T b DX 1 XU T 3 2R
BEEWEA —EMIEEZ L,

http ; //www.ecologica.cn



6022 A E = 41 4

ARTCA A R GUMR 55 BB DT C 3R £ T s (] DE IR, I 4 X Wy BB DE T | AR 2R i H A S R G IR 55 (LA
PAE— SRR SER L, JE— P IRGG — B IR A 5 b s (R Pk SR 25 R SR 55 i s AL S LA F 5, gk e 25
P25 DX A 25 R G 55 U] 2B B HCA b DAY TR ASE, A, AR SO B O T A 2 XU Jal e 8 114 7 8 KU X
RN A BRI SR ARSI (H AN BER G FA S R B XU DXl TE 5 T B, J5 ST 50 B G TE AN [ 2 4 i
JRRSE DX, PR i i B DI Ak T A 285 T e A T 8, DA 285 PTHRR 6 A  JEE S T3l T IR AE 11 4R 3 1k

Bt W RUR IR TELE Be 2= 5L A BRI TR % JR BT B 2 45 By, BRI i 43 B MR 2 bt B Jm 36 By k)
WeER  AE AU A A 255 - A P 20 BRI o SRRl 5 | 5 e 2081

£ 3 HR ( References)

[ L] Bidh, 20, 0GR IEOL 3 X AC B 8 SRR B . — > 2 MR SR AE 2R, v E + bk, 2019, 33(6) : 10-17.

[2] B FREZFAEA R TILRT RESS. P EBEEBEBT], 2017, 32(4) ; 396-404.

[3] ZEEF. BM % ML R E 43 R —— B AR R SR U 7R . BEIRER, 2019, 41(9) : 1610-1618.

[ 4] Mabon L. Enhancing post-disaster resilience by ‘ building back greener’ ; evaluating the contribution of nature-based solutions to recovery planning

in Futaba County, Fukushima Prefecture, Japan. Landscape and Urban Planning, 2019, 187 105-118.

[5] A4, BRI&EZ, SR, 200, wIE ARSI A BRSNS IR, BHARTEIEA4, 2003, 18(1) : 118-126.

[6] M, MER, Bk RKEFE, X0, skEE, S0, B, . b EEREBES RS S i 5L 2. kP
J&, 2009, 24(6) : 571-576.

[7] BRAM, T, &EF, BT RICEFHF LSRG PEFH A SCHAE T, A4, 2019, 39(15) : 5414-5424.

[8] WeiH]J, Fan W G, Wang X C, Lu N C, Dong X B, Zhao Y N, Ya X J, Zhao Y F. Integrating supply and social demand in ecosystem services
assessment: a review. Ecosystem Services, 2017, 25. 15-27.

[9] TaoY, Wang HN, Ou W X, Guo J. A land-cover-based approach to assessing ecosystem services supply and demand dynamics in the rapidly
urbanizing Yangtze River Delta region. Land Use Policy, 2018, 72, 250-258.

[10] Wolff S, Schulp C J E, Verburg P H. Mapping ecosystem services demand: a review of current research and future perspectives. Ecological
Indicators, 2015, 55: 159-171.

[11] Lorilla R S, Kalogirou S, Poirazidis K, Kefalas G. Identifying spatial mismatches between the supply and demand of ecosystem services to achieve a

sustainable management regime in the Ionian Islands ( Western Greece). Land Use Policy, 2019, 88 104171.

[12] ™6, K%, 2, Bo% TR TR MG AT R, 42854, 2017, 37(8) : 2489-2496.

[13] bk, X, 2, SR ABREMS IS T RUITERE. 2R, 2017, 72(7) : 1277-1289.

[14]  AICER, AW, EE A S A U XA S S LR A 7T, HUBEST, 2018, 37(9) : 1714-1723.

[15] Villamagna A M, Angermeier P L, Bennett E M. Capacity, pressure, demand, and flow: a conceptual framework for analyzing ecosystem service

provision and delivery. Ecological Complexity, 2013, 15; 114-121.

[16] Wang L J, Zheng H, Wen Z, Liu L, Robinson B E, Li R N, Li C, Kong L Q. Ecosystem service synergies/trade-offs informing the supply-demand
match of ecosystem services: framework and application. Ecosystem Services, 2019, 37: 100939.

[17] Burkhard B, Kroll F, Nedkov S, Miiller F. Mapping ecosystem service supply, demand and budgets. Ecological Indicators, 2012, 21 17-29.

(18] HHF, MEM, AWM, LEY, BHE. ETASREMS TR RPN ASEH X, TR, 2019, 41(7) : 1359-1373.

[19] United Nation Department of Humanitarian Affairs. Internationally agreed glossary of basic terms related to disaster management. Geneva; DNA/93/
36, 1992.

[20] Dai F C, Lee C F, Ngai Y Y. Landslide risk assessment and management: an overview. Engineering Geology, 2002, 64(1) ; 65-87.

[21]  XUHEHME, SRR, FRoKHE. H ST I F AR I B ARG 55 M VR0 T T LR 2% 4, 2018, 26(5) : 1121-1130.

[22] Stirck J, Poortinga A, Verburg P H. Mapping ecosystem services: the supply and demand of flood regulation services in Furope. Ecological
Indicators, 2014, 38; 198-211.

[23] ShenJ, Du S Q, Huang Q X, Yin J, Zhang M, Wen J H, Gao J. Mapping the city-scale supply and demand of ecosystem flood regulation
services—A case study in Shanghai. Ecological Indicators, 2019, 106; 105544,

[24] X%, #EAB, SN, 3L T DEA BIAIAGIRE [ 2R 9 T XSG 55 M VM. HBRAFFT, 2010, 29(7) : 1153-1162.

http ; //www.ecologica.cn



15 1 VR A TR E S A A5 R GUIR 55 (5 DU IC Bk iy 2 )3 B 70 IX 6023

[25]
[26]
[27]
[28]

[29]
[30]
[31]

[32]
[33]

[34]
[35]

TR, B, AR, B, AR UK R R IR e e PP S A 22 5. RS, 2018, 38(13) ; 4637-4648.

e, A, BBY, HZW. ET InVEST BRI 5T 1L X ZRMOK IR IR AR PR, Molk B, 2012, 48(10) : 1-5.

ZETRR, IRORIT, RN, RSO, RHEEE. MR GBI IR AR LR, WL, 2011, 36(5) : 42-44.

Sharp R, Tallis H T, Ricketts T, Guerry A D, Wood S A, Chapin-Kramer 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, Gowinski K, Chaumont N, Perelman A, Lacayo M, Mandle L, Hamel P, Vogl A L,

Rogers L, Bierbower W. InVEST 3.2.0 user’ s guide. Stanford University, University of Minnesota, The Nature Conservancy, World Wildlife

Fund, 2015.
XUTH. HbTHAE B L S BB X 5 KR A R RS2 . dbaidl, 2011, (36) : 141-142.
WA IR, AR, BRI T B bR Sh R AL G ST —— LA R A =TT A . S Al 2011, 39(3) . 46-50.

WasiEs, SEAE, skaEut, 255, BI/ME, BEA, BI—Hk. 2000-2015 4F75 R 16 M XA 9 36 B A8 Ak B A R T BR B 0B, BL Bk
2018, 35(12) ; 2822-2835.

AR, SRER, ARk, BIRE, IR, RTAESREMSUTFXRN) TTEBE L AESBE S MK, AREE R, 2020, 35(1)
217-229.

TRERE, AR, SRR, TS RGNS BT ABRTE At A 2 A4 XL A E R | 2018, 32(11) ; 73-80.

W, B, W, XIET. BT AR RGEMS IR RA S A S W R s XL AR, 2017, 37(13) : 4562-4572.

BREE S, FEFE, XM, A, ey, FhE. IR & KB skt R ER. bRl 2014, 42(4) . 46-50.

http ; //www.ecologica.cn



