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Trade-off/synergy and driving force analysis of ecosystem services in the Coastal

Shelter Forest System Construction Project region

YANG Fan, ZHANG Lixue ", SHI Lin
School of Economics and Management, Zhejiang Ocean University, Zhoushan 316022, China

Abstract: Exploring ecosystem services, trade-off synergistic relationships, and their driving mechanisms is the basis for
scientific management of natural resources and ecologically rational planning, and has importantly theoretical significance for
effectively enhancing regional ecological, economic and social benefits, and human well-being. The coastal protection forest
is an important coastal green ecological barrier in China, which is one of ten major ecological barriers and major ecological
restoration projects being built in China. Using this area as the study area, we investigated the service quantities of carbon
sequestration, soil conservation, and water production in the region based on the RUSLE model, InVEST model method,
and analyzed the synergistic relationships and driving mechanisms based on Pearson correlation coefficient method, so as to
provide reference for formulation of reasonable ecological construction plans in coastal areas and is essential for improving
the ecological situation in coastal areas as well as promoting sustainable economic and social development in coastal areas.
The results of the study showed that: (1) the overall level of ecosystem services in the Coastal Shelter Forest System
Construction Project (CSFSCP) increased between 2000—2020, and the best ecological construction effect was achieved in
the second phase. Temporally, the CSFSCP project increased the overall ecosystem service capacity by 10.63% between
2000—2015 and decreased the overall ecosystem service capacity by 19.33% between 2016—2020. Spatially, ecosystem

services increased significantly in the area south of the Yangtze River. (2) The overall synergistic relationship between
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ecosystem services in the whole region between 2000—2020 was dominant, with significant synergy between soil
conservation and water production. The overall level of synergy between ecosystem services was the highest in the second
phase of CSFSCP construction. Among these, the correlation coefficient between carbon sequestration and soil conservation
was 0.00, soil conservation and water production was 0.68, carbon sequestration and water production was 0.02. (3) The
scale effect of the relationship between ecosystem services in the construction sub-region and construction sub-region existed
mainly in soil conservation and water production. Soil conservation and water production were significantly synergistic across
the region and building sub-region, with significant trade-offs in the building sub-region; carbon sequestration and soil
conservation were synergistic across the region with significant synergies in the building sub-region. (4) There was spatial
and temporal heterogeneity as well as complexity in the drivers and driving mechanisms affecting inter-ecosystem
relationships in the four CSFSCP construction zones. The degree and direction of influence of different drivers on the trade-
off synergistic relationships varied from region to region. The trade-off synergy was mainly influenced by meteorological
factors in the north, vegetation and topographic factors in the south, and the impact of human activities on the trade-off

synergy was mainly negative, with spatial heterogeneity in the driving factors.
Key Words: coastal shelter forests; InVEST model; ecosystem services; trade-off synergy; driving mechanisms
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Fig.1 Overview of the study area
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Table 2 Dataset information used in the study
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Fig.2 Trends in carbon sequestration, soil conservation and water production from 2000 to 2020

HERNEY 3 R X Tl AR E TR AL L X Y 1 2RI X, 2R = A AR 2 S X fE . 2016—2020 4F 1
) ,0 25 3 Kl AR, 43 90870 18.38% .61.65% ,1 30 IX T AH o L3 i il 5, B4 829 ,2 2Rk i,
XA AR B3 WM 1 2N X 3228 PRI TS VI M X 0 2RI X, ZR RS VR I I Bk — A G
ATV b DX 2 AR DXL Ak 3 2 S X 32 B ply 7R g T T L X Bk — A S PG g T T M X1 3 2 s
XAk,
3.3 BB RGMSS K RIS FRIE
3.3.1 ERRGMWS KRB

2000—2020 4F[0], Wr B MR R TR X WASRER S Z MR EZUMBE I E (B 6) ., ik
A LR PRI OC R S EAT A 2003 4F(0.68) , IRfE AR 2000 45 (0.33) , - HEARIF A 7K 2 B[R] 56 2R 5 (B4R
k2006 4F(0.72) AREAE 2011 4F(0.05) , R ™ 7K it P [R] 6 R & (A 2011 4 (0.66) , IR{H Xk 2001
AE(0.01) , AU H BRAE P2 KR Bk 2 6], 23 BI7E 2006 4F (—0.04) F1 2020 4F (-0.11) , 3 W5 4F [ R - R A1, H
HE R [A] 7E K2, 7= 7K A Tl s A B 1) AL, P BOX PIAE I AR S R B IR 5 B AU OC R, Wi Bl ropk ik =
I TR T H1(2001—2015 4F) AR R GEMRSS (] S B[R] G R | 1B R - 38 O R Bip 1] B 522 S 388 n s [ ke 34
T IFEORRR AN K O F D[] B S ST R AR B A s R ™ 7K e O R O[] At R i B AR AT 34
P, ZHIFTRYBL(2016—2020 4 ) [ A1 - HECR 45 0C R PR R 22 IR0 J= R Ik 22, 1 e - AR 37 56 R P
[Fi] o S L iR B, LA R K et O 2R P I B S s D a d  IXBR N 2282 )R AR TR AR Bh iy, 2E
A R GRS ] WA I ) O 2R 22 T ) 2 S5

http ; //www.ecologica.cn



23 4 WL A5 U B PR 2R A AR X AR S R e I 55 LA/ IR I) R B 9959

= PR EEHIE
J(mm/km?)
5432
BRI 0

5% P-4
/(gC/m?)
o 5 1555
L% 0

TIRORFFPIE
/(t/hm?)
w5470
e fi:0

> PR A
B 2330
[ 0—21
2143
Bl 43134

B AR AL
410
[]0—18

o 18—27
I 27—52

0 400 km

| S

B3 2000—2020 £ Bk, TEFRF KEZTEIE

Fig.3 Spatial distribution of carbon sequestration, soil conservation and water production from 2000 to 2020
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Fig.4 Temporal variation of ecosystem service hotspot area from 2000 to 2020
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Fig.6 Changes in the temporal relationship of ecosystem services from 2000 to 2020
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Fig.7 Spatial distribution of ecosystem service relationships from 2000 to 2020
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Table 3 Ecosystem services correlation coefficient from 2000 to 2020

TR AP obi A R iR TR X AR S R GRS AR D R AL

BRGNS A CSFSCP ecosystem services correlation coefficient
Types of ecosystem service [ e SR Pk
Carbon sequestration Soil conservation Water production
[##% Carbon sequestration 1 0.06° 0.023
+ 38 {54F Soil conservation 0.25' 1 0.68%**
-0.2?
727K Water production 0.24! 0.69'** 1
-0.23* -0.18?

CSFSCP : B I AR 2 i TF2 X Coastal Shelter Forest System Construction Project ;' 3¢/R HIA] 36 R ;2 /R AU C R ;3 78 B R X AL Ay
PRFEIEZR 5 = F/RTE 0.05 KPR EH K

3.4 A RGURSS AU PR G AR IR S A 5 SR S L]

ST A A RGN TR I ) 52 A K 1 AR DR 70 A 28R 55 1] 5% 2R Y 29 SR, AN [) DX A ] A 25 R S R 5
ZIBAFAESR SR FAE I ZREHE gk 4 s | T 5 SR P 3 ) 06 2R 228 19 SRR 3l DF P 1E KL
PIAE R R (-0.61.,0.24) , KIT ARG MAEH(-0.29,-0.3) o - SRARFF A /AR AL Bip A G R 22 5 AR IR ) A
TAEBR =M UL WA 87(0.16.,0.32.,0.2) , Bk = S PU R I et X O <l (0.26) (8 (-0.23)  [lBR 5K &
(815 R AEPRENIEE AR F TR X TR 2 A AR RS 108 <l (0.57,-0.38) , (K = BR =M KU R v i s X O Ae
B(0.15.0.14) . A A2 R GE M S5 5% &R 35 TUON R E 1 -0.2—-0.35 , 35 IE SOV R 7E 0.21—0.31
(%5) . TERTIZEAE I XA PR DG 2R R MESCR BN 53858 ARZE RS 58 PR, 60% LA L AR
5, 22 N TR MR BN, AT DI 56 ZR e A 2 ol UM IR M DT i BE S5 I T2 SRR AR R
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Table 4 The influence coefficient of CSFSCP zoning natural factors on ecosystem service relationships

TR B PPobR A R Al BRGNS %A F Natural factors
THHX Ecosystem WER e e MR i A
CSFSCP project zoning services Precipitation ~ Evapotranspiration ~ Temperature NDVI DEM LUCC
M I X Cs-sc 0.19"* -0.37** -0.61°* 0.27** 0.32** 0.10**
Bohai bay coastal area SC-WP -0.09*" 0.002 0.07** 0.16 " -0.05"" -0.07""
CS-WP -0.31"" 0.35*" 0.57*" -0.30"" -0.34"" -0.13*"
K= AT Cs-sc 0.25"* 0.20"* 0.24"* -0.14"* 0.06** 0.11**
Yangtze river delta SC-WP 0.12** -0.17*" -0.04"" 0.32*" 0.19** -0.21""
coastal area CS-WP -0.08"" -0.15"" -0.06"" 0.15*" 0.11%" -0.07""
AR IX Cs-sc -0.08"* 0.19"* 0.13** -0.29"* -0.14"* -0.05"*
Southeast coastal area SC-WP 0.07 " 0.08 " 0.03"" 0.20 " 0.03 " -0.07""
CS-wPp -0.14** -0.37"" -0.38"" 0.21*" -0.02"" 0.03*"
TR=A0 KT CS-SC -0.17"* 0.18"* 0.10"* -0.30"" -0.31*" -0.16""
Pearl river delta and SC-WP -0.07"" 0.17** 0.26"" 0.03 " -0.23*" -0.14""
southwest coastal areas CS-WP -0.04"" 0.137" 0.02°" 0.14** -0.05"" 0.02*"

CS-SC. . [Ef#%-+ - 5 Carbon Sequestration-Soil Conservation ; SC-WP ; + 3£ £F-F= /K & Soil Conservation-Water Production ; CS-WP ; [ §&-r= 7K
& Carbon Sequestration-Water Production; NDVI; JH—fEAE #3540 Normalized Difference Vegetation Index; * % F/RTE 0.05 /KL A K

4 e

4.1 ABRGMST KRR

LA [P Btk 2 PR 1) A 2 A PR AR AN A0 PR Z IRV A L A2 AR O A FH D2 1), 2 X AR 8™ A AR T ) DX
R PRI 27 TR DX A AR A T A 55 ) B R B PR S DR 3R, TR B AR Bl I 5 e K2 I P2
RN . FE 5P R SR RO KR R TR R L 2006—2015 AR (8] X8 N [ FE K
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PR AL B 8.449% , H BRI EOB/L K BHAR SHREAR , SEMRRE I 0 5 AF HI | S B80mt ] B Py DX [
REJIZK VAR o FEFRIER T b X phy oI 30 DAPL B0 T R P R , 7 R T i i, LB g T B TR
DX A [ B A IR 55 S B A . 31 2020 4F  FEIG R AR T AR B9 HEAT T, AR AR BUR 7 0.13% , E— 2B iy
VM DR PR B B, 4 T b 3 A B BT B ORI AR AR R R R R e R R R L
PRS0 AT A XI5 SR K R BE S SR L 2000—2020 A ], 38 R4 K B 22 18] A b )
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MIEER . Ah, =R RS R GRS Z VAR SC R BB Z B w E AN T AR S R G S5 05 1 AL b R] 5% 3
5 JBE A A3 A DX AR 5 1
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Table 5 The influence coefficient of CSFSCP zoning human activities factors on ecosystem service relationships
VIR B M 2 A T A X iiyiiﬂ&% _ A%{ﬁiﬁiﬁ Human ictivities factors _
CSFSCP project zoning osyste EAERRE A — S ATk
Services GDP POP Carbon dioxide Light
PR i X CS-SC -0.28** 0.08 ** -0.02** -0.22**
Bohai bay coastal area SC-WP -0.002 0.31*" -0.12*" -0.07""
CS-WP 027" -0.35 ** 0.02" 0.21*"
K= €S-sC 0.16"* 0.14"" 0.18"" 0.22""
Yangtze river delta coastal area SC-WP -0.21"" -0.25 ** -0.31"" -0.35""
CS-WPp -0.10"" -0.09 ** -0.15"" -0.17*"
AR IX €S-SC 0.06"* 0.04 ™" 0.09** 0.13**
Southeast coastal area SC-WP -0.14"" -0.18"" -0.20"" -0.21""
CS-WPp -0.04"" -0.03*" -0.05"" -0.07""
R =R LV X CS-sC 0.03** -0.05** 0.02* 0.06 **
Pearl river delta and southwest coastal areas SC-WP -0.14"" -0.10*" -0.20"" -0.13""
CS-WPp -0.07"" 0.06 " -0.07"" -0.13*"

% FIRAE 0.05 KF ERFMZ,; = FRTE 0.1 K L BEFEHR

4.2 ARG AT 5 ZR R R 73 H

PR R GRS 6] (R I3 ) 56 3R AFAE RUBE ROV, B A5 2 1) R [R) PR AR AL TR AR AR O 1t — b 58T
INXIAE S R GENR S5 K FR A, LIRIFSE XA TR0 X SRR A ] XS 0C R 2 GURr 1 . WF90 & B, 7E
13 A3 DX A 25 R GE IR 55 5% 28 RUBE N, SN 8 3%, B 2 AU 5 AR RS BRI S % Gl 9 iz #E4y
P DX F [ Bt DR S e B P[] HL 2 AR 4P AR S, 913 1Y IX IR AE-F 1 P [A] R & AE 0.5 LAE Rl 4e X
SR 5 ARSI PR OC R 22 R L, AR I 9/13 Y IXIR HHEAR R S K B O RO G R, 54
DX B TR I X Z AR R I OC R BRI R, LSR5 [ Bk 7™ /K e 5 R AE 2 XS 7 M IX v 22
P R A DB , 5 /N X A2 25 AR G A5 56 AR 10 JOBE ORI A, /DN DX A 2 R GE R 55 SE &
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PIpIE], AR 5 K S AN 3 2 Y g — B

43 A
B RGN R J 2 Be R 2R E S R GRS I HAS R IR Z A BB R e B2 R
BN AR HATSCE BRSP4 RGN S5 Z M BIBREE = FhBos2m , B Hfh A S R 40
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Fig.9 Temporal variation of ecosystem service relationships in 13 CSFSCP sub-zones
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