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Abstract; Stable, coordinated and sustainable supply of ecosystem services is the foundation for maintaining regional
natural life systems and ensuring regional ecological security. Facing the human and natural disturbances to ecosystem, it is

necessary to accurately assess the risk of ecosystem service degradation, and reveal the improvement path of regional
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ecological security and sustainability. However, existing studies mostly overlay all ecosystem services to assess the
degradation risk of ecosystem services, and fail to integrate different types of ecosystem services in response to regional
ecological problems or ecological needs. This research proposed a framework for ecosystem service degradation risk scenario
simulation for multiple ecological conservation objectives. Considering three ecological conservation objectives of Guangdong
Province with biodiversity conservation, water resources security and natural disaster prevention, representative ecosystem
service types (habitat maintenance, water conservation, water quality purification, soil retention, flood mitigation, tropical
cyclone mitigation ) were selected. Degradation risk of ecosystem services for 2018—2035 was assessed based on
Representative Concentration Pathways scenarios. The results showed that the spatial pattern of ecosystem services supply in
Guangdong Province was basically stable from 2018 to 2035, although there was some degradation and strong spatial
heterogeneity. Scenario simulation for ecosystem service degradation risks showed that high-risk areas of ecosystem service
degradation for biodiversity conservation objective were located in Shenzhen, Foshan and Jiangmen in the Pearl River Delta,
and Zhanjiang and Maoming in western and eastern Guangdong regions. The high-risk areas of ecosystem service degradation
facing water resources security objective were located in Shenzhen, Zhongshan and Jiangmen in the Pearl River Delta, and
Maoming, Jieyang and Jiangmen in the western and eastern Guangdong regions. The high-risk areas of ecosystem service
degradation for natural disaster prevention objective were located in Shenzhen and Jiangmen in the Pearl River Delta,
Maoming, Zhanjiang and Jieyang in the western and eastern Guangdong regions. These areas have high future ecological
risks and is key area for ecosystem service degradation risk prevention in Guangdong Province. Facing multiple ecological
conservation objectives, the Guangdong Province ecosystem service degradation risk response strategy should attach
importance to the conservation of urban ecosystem biodiversity, strengthen the protection and restoration of ecological lands,
especially mangroves, implement hierarchical management and control of watersheds, and carry out ecological protection
and restoration projects oriented to multiple ecological conservation objectives according to local conditions. We should
actively adopt climate change-related intervention policies and choose green and sustainable development paths with low

resource consumption and low ecological impact.

Key Words: ecosystem service degradation risk ; scenario simulation; biodiversity conservation; water resources security ;

natural disaster prevention
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Fig.1 Geographical location and land use pattern of Guangdong Province
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Fig.2 A framework for ecosystem service degradation risk scenario simulation for multiple ecological conservation objectives

RCP . #7545 Representative concentration pathways

2.2 AB RGNS EFAA

A E R ] S A8 b B T 1R 2 ( Intergovernmental Panel on Climate Change, TPCC) J* 2013 R ATE
FLRPEAL R 2 v R ok A 78 b 1) A T2 BERE T 4 BkoRE B B RY L AT R 26 T Bt ( Coupled Model
Intercomparison Project Phase 5, CMIPS ) [ #i Bk £ A AU 45 110 CMIPS #5 2X BOE 5% gt R0 o )3 42
( Representative Concentration Pathways, RCPs) [ 5, fu 4§ RCP 2.6 ( A KR = S MAARHEE 52 ) \RCP 4.5( ThHE
JAE ) RCP 6.0 P HERUE 5% ) LA K RCP 8.5 (R HEMCIE 5% ) PUFpE 51221, Horh RCP 4.5 2 —FiEa e i
o, A BT BURSR BUSU RS AR AR G BOR - AT 101, 2 BR A L1REBGE 90 {25 R /b A0 Rpe K Il 4 &
PAEZSLRA; RCP 8.5 ST UM AL BUR T Fil S (17 & IZ 1 5 T 2R B ST s KA WS K a2
WS R T A SRR AR 22 ARBESE B RCP 4.5 Fl RCP 8.5 15 5EHEAT BT HE , LUK BIR S 4 Jg fi
KWESR,

T ) 2R A AR AR T B, G AR SR 4R IR S5 5 T 1)) AR A /K B I e 4 B b, SR TE /KRR R MK 5T
GRS S ) )R FAR K F B B bR, CTE R OR 1S MOK i Bl U i IRk 55 . ASBIFSE o0 P4 1
J77R48 20182035 4F RCP 4.5 Fll RCP 8.5 M 5t T B/ A AEZS RGNS, Horb 2035 4R T LA T 5 <
EREAEAR ATV . ARG VAL AR 1 Fos,

http ; //www.ecologica.cn



1184 S % LR
F1 EBRGERFZFEGTE
Table 1 Methods of ecosystem services assessment
Hiw BRGNS VA T HHEARX A
Objective Ecosystem service Assessment method Computational formula Variable
InVEST BRI 58 4 45 R R A 3
‘ YT RIRDE S , 0y X LIAIRIEHL) ik 225
HEMEHEERE - SR D RIS, D, L RIS R j HbAs
S . SR P W B IR % HQ, = Hyx 1 - ) .
Biodiversity conservation I EE R ! ! D+ F x A IRALRE H; AR A
T2 I A BT LR
JEF InVEST 18 8 = K AET
BEHCER S AR, WY, = (1= =) x P,y WC, Iyl KRR, K., 0t
KA - Fi% 1 E LI 5 A PR HEHAI 5K 26, Velocity 3103 R M,
Water resources security KRR T IR B R B WC, = min(1 7249/Y610C1t}) Xmin(1, TI j‘?iﬂ%*ﬁlﬁﬁ[, Wy, j‘])ﬁ:ﬂ(ﬁ, AET,
S A 00X T3 xomin(l K300 X g p R R
Feqg[25—26) Wy,
InVEST A& 7K e fh NDR, Jot A%« 1915 1E 5 e 6 fu 1,
. Y BB ARG A S — o, WM x BIG Y R L, A, W
Kk o gy NDR, = A,/ A, X pol D% e
A Eas ARty O 7 A pol, WK P A HE, A, B «
SEPRIE E (SRR
RUSLE £, & IF & MR -
" W*iﬁ;%mjﬁ SR LB R R R A
AR FBE " N ’ T K A R T L AR A
MR p 9042 b R o A = - ’ ia8
Natural disaster prevention LIRS fﬁi:ﬁzg;f;a SR = RxKxISx(1-CxP) TS ABERT, C s EER T, P
i R LB T
InVEST BB R FM, Rtk « AR IR R, R, Joi%
. E A P < R x P « BEIRE R, LA 5 4 3
: e C FHIESE POV IRRIREE , A i (%
: JERR
M R 26 S A A 2 05 i N
oot TG HA “CHE AR ), dope 93
Ry - TC = ¥slope % soil X LULC x NDVI  J&, soil Jy 13 I+, LULC Jy -4t

it B U R
i)y

FIFHZE RN F NDVI At o 7

2.3 BB RGBS AL

ARWFFER < B — 2 R GRS IR AR - T 1) A S AR HAR AR S RS 1R ILA 25 6 B R RS0 R
AR AU ™ F B FEREZRXT T AR A S R GRS IR AU SEA 71 S S5 PPl . 858, #2035 AR AE S R G
SRELE HL 5 2018 AEWI IR AR AT, 43 Wi RCP 4.5 Fll RCP 8.5 1 5 N AR RSG5 58 %

AES, = ES, - ES, (1)
AES,

RC, = (2)
ES,

K, ES, N A S RGE RS BIRILRME, BD 2018 4F; ES, N i R SR GRS OB IUE, B 2035 4,
AES, W5 i FAESRGMRSS AR R s RC, 0ES i VAR RGEMS AR, MR A SRS RS
KRG R 50 A 5 AR B (RC, < -20%) R (-20%<RC, <-5%) \H % (-5%<RC, <5%) $AK
(5%<RC,<20%) MK(RC;>20%) , B S HEL(RL) 53 51 5.4 .3 2.1,
WK, 2547 18 RCP 4.5 Fl RCP 8.5 Wi 5t T AE R R G M55 1R AL XU 3 9, B 7] —F il n 55 RIS 5%
T AR Ak XU S BRI, B PR ST 2 kA e B IR A I v R X % B — A 2 R G A 55 AR AR RURS:
&5 TR
EW.=RL, +RL, (3)
i, RL, R i B ERRGIRSAE 1 Fhis 5T (RCP 4.5) BB AL KUS 24080 ; RL, J55 | FhAES R GRS 4

http ; //www.ecologica.cn



34 sTER AT 2 HAE SR FARETT AR AL A AR G A5 AR A KU1 S AL 1185

2 FpiE SR (RCP 8.5) (IR AL XU S5 B EW, R @ FhvAEZS 2R G0 IR 55 16 AN IR = 1 B3 A0 RURS: 25 g m i, i
WX B — A R GRS IR X AT 25 B 0 AR (EW, =2, 3, 4) TP (EW, =5, 6) = (EW, =7, 8) M
(EW,=9, 10) , o —A R RGMRSB AR SE 98 (WL) 51k 1.2 .3 4,

HE—4 A RS (CEBRGERE ) KRG 4 OKIRIRFE KBS ) 5 A SR 9 E B ( e

R MK P U ) AR TR AP ARG T AR RS R G M B ALK . B[R] — 2R 2 R 37 HAR T Y
Z LS R GRS 1B A XU S EOR N, % T o) 3 — A= 2508 H AR A= 35 R Ge IR 55 1R AR U i0EA T 5320 -
ER =Y WL, (4)

b, WL, RIR— F bR FE8 § FAE S R GRS IR ALK S5 908 ER, ST 5 j R AE 5040 AR A S R G R
SRR S BN, PR AT R A AR ORI H AR T A S R GRS B AR 09 AR b AR, KU 55
PEL(EL) 351 1.2 3 4,

G, A B Z R T KRR E 25 ARKED K2 Bis T A S RGBS 559
BN, PEAG T 1) 2 AR SR HAR LR B AR R GRS R AR .

IER = ), EL, (5)

X, EL 5 j AR BRI A R G R S5 1R A0 KU S 908G TER S Z T AR SRS HAR IR S RSk
SR AR AU AF GBS A, R AT SR B A B R GRS B K 7390 IR (IER=3) .\ (IER=4, 5, 6) ./
(IER=7, 8, 9) WM& (IER=10, 11, 12),

3 ZERAW

31 ERRGMRSSH s AR

2018—2035 4F] RAB HE B RGNS 75 IS SR AT e , R AR S R G IR 55 25 0] S5 1 B 48, 2035 AR A2
RG4S HIEL 2018 4FA FTiRAL (B 3) , BRI, AEBE4E RIS w07 T B bl X b, O 22 bR I B4 9
W B, AR T3k =48 ki 84T, Hri RCP 4.5 1% 5t F A 4E 4 IR 5 F-21H 4 0.723 ,RCP 8.5 1 5
FIER 0717, AHEE T 2018 4F1Y 0.78 ¥ A AR Ak, KRR TR AR 55 s (B TR I T S 44 T VT A&
HPHTT LXK AR PR JE 0 DL AR RXTRK A R E AR A AR T2k = A 3k i B g i A i, /KRR 3R e
F155, RCP 4.5 155 F KV IR 55 FH{HEL RCP 8.5 55281, 4391 4 49.64mm Fl 46.88mm , {HAH HL T 2018
AERY 71.57mm 8 EEAk, KA IR 45w (A TN T T IR T B A, RAE TR LT AT
Bk KB AL RE ) 55, SRR AR 55 i (L7 At 1L X DA R Bk = 2R P P 3 it (IR Bk — A L
R M5 BRSSP SRS IR S5 (A T b Ll b X 2 DX 38R 40 78 26 P 4 v, T K i 5 44
W SIE G A e e s B TR — AT BE R 0 Ll it AR 32 XN 2T Bl ik, AN 37 7K 38 1 7 25 7
1, PR E RIS
32 PR RG RSB

¥ 2035 4EAE R R GRS HELE FL(RCP 4.5 RCP 8.5 [l 5%) 55 2018 AEWIAIR S LA, T KA EB RS
R 55 1R AL RS AN 4 iR . AR SRR IR 55 = BE AR AL IX 0 T2k =M i R4 T VLT 38 B T LA Bk 1
5 RCP 4.5 #tt ,RCP 8.5 1 5 N A BE 445 i 55 i BE AR b X R A9 5k, FE R AL 4 T YL DL A4 FH
7, m R AR 228 Y40 Ry 253 A~ KRR 3R AR 55 e B AR AR DA IR VLTI B VLT AR 4 T
RCP 4.5 & RCP 8.5 15t /K IR % M 55w B IR AL Xk =2 & AR A3k — My e 55 B0 R | = B IR AR i
i 182 40k 259 4~ ATk AR 55 s BEAR AL XA vy VLT TT %44 T AN4E FH T ; RCP 4.5 % RCP 8.5
15 5, K AL IR 55 = BE AR fe i el 242 ¥4k 277 A~ 8RR S5 = AR AL XA F FHYL T VLTI Al
I RIERIEET , L RCP 4.5 2] RCP 8.5 15 5%, R BEiB AL IX = LABHYL T V0T AR T S rhon 37k, e R Ak
TR 132 BG5S 278 A~ MK G 55 v BE IR AR XA TV TT 44 T Ak Ll rT DL AGE BT, L RCP 4.5 %]
RCP 8.5 15 5t iy BEAR AL X =B LUV T 44 T At FH T Sy o 5K e BE AR AR i3ty 272 8k 284 A4~

http ; //www.ecologica.cn



1186 JAE = 2%

20184E 20354f (RCP 4.5) 20354E (RCP 8.5)

'

2y

B 0
5

BT

e
gz..!,,#i{!.\v:-,.«_,‘. il 3 V)

AN G ST, ‘ P e
e el e e N~ X

s
ol NIl
ot

59,

IS

i
=
APty

P IER R

3 2018—2035 £ REEBREREZ= AN

Fig.3 Spatial distribution of ecosystem services in Guangdong Province from 2018 to 2035
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Fig.4 Ecosystem services degradation risk in Guangdong Province from 2018 to 2035 under the scenarios of RCP 4.5 and RCP 8.5

e PSR (R 5) o BTSRRI 55 ot DXURSE DX ASE TR = A 0 2 S e LA - G - 2 DX
TIT 544 TR BT, K UEEER 37 AR 55 e XUBS: XA T B DG i 2 958 44 i L BHY T AT T K B A I 55 i
JURSE DA T 29y 7R S U A AR, LAY e T o 32 b R OR AR AR 55 o XU DX T Bk — A i L X
TEAK G Ak e 55 v JAURS: DX A2 B8 P ¥ e 5 BRI e 94 i RV 8 BT AR Sk iy o Al O 2 A i 55
e MBS XA T ey by ZRSETT e BT Sk

T [ A= ) AR PEOR T (AR B 4EST ) KBTI ZE 4 OKIRIASR K Bk ) LI A SR K B ( R efRas itk
Zef B R ) 22 ARSI FARA A28 R G T 1B AL XU HEA T 1A (6] 6) o WFFE4s SRR, il A= 9
ZRAERE FFR A A2 25 R G IR 5518 A DRSS ] A S5 445 I 5518 AL KU 5 T ol 2K 96 D22 4 HAR I LR 35 R GER 55 1R
Ao XU XS T Bk = A AT | b L g AL T, DA B9 5 B 2 X ) 756 4% T 48 BRI R T ) 7, - )
FHVAB 5 i 3t 08 32, e AT 5 B K, B M 7o BE T 2 AR 16 3 5 32 Bis e 7 L s R A2tk S
SUBEALE AR T TH i B R A 7K B0 22 e XU 5 T 1] 1 R 9 35 B0 9 AR A9 A 258 R G 55 1B 1 i KU IX A2 T B =
FARTRIITT S VCTTTT 875 5 B AR X 044 7 BT A BH T, AN K T b, S BRE 55 , T B e )
WP IRCF I . X 2 B S  BAR T RS RGBS HEAT 25 G, T LA R i RIS IX 73 A1 156 44
VLTI ORI S48 BT 2 AR 48 A 25 KUK B 3 1) SR B DX 3l

4 e

4.1 ZN AR RGNS AU

ERRGIRS PR T AV RS S AR SRR LR, B —Fh A4 8 R GRS vl g B0 AR
BRGRSS BT kT H G U A S TR AR 2 R G AR S ) AU 5 P R D6 2R AR 2018 4R
2035 4F RCP 4.5 RCP 8.5Wiffif i T A4 5 R G R 55 B IEAT z-score ARifEAL )5 2 AU 56 22 Er B 1]
(FE 7)), BB X3 25 R G R S5 AU R AT

http ; //www.ecologica.cn



1188 JAE = 24

AR v A
ATV SIS IRS W

it
P
oy

il

-
s
b

L

30,

2
2
e
S
X
&
AR

&

o A
o

ol

A

A

RGBS
s O 0w

5 2018—2035 £ REABR—4EDRERESEURE

Fig.5 Ecosystem services degradation risk in Guangdong Province from 2018 to 2035
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Fig.6 Ecosystem service degradation risk for ecological conservation objectives in Guangdong Province from 2018 to 2035
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Fig.7 Ecosystem services trade-offs under different scenarios in Guangdong Province
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