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Abstract: Scientific management of ecosystems to enhance the sustainable supply of multiple ecosystem services (ES) is
important for regional high-quality development. The precise formulation of ecosystem management measures requires a
deeper understanding of the interaction effects between multiple drivers of ES and their key impact thresholds, yet current
research has limited understanding of this problem. This study took the Yangtze River Delta (YRD) region in 2020 as an
example and assessed the supply of 6 key ES ( Climate Regulation, Carbon Sequestration, Soil Retention, Water Yield,
Food Production, Leisure and Recreation) in 2020 by using models such as InVEST, CASA, and MaxENT. The constraint

line method was used to analyze the constraining effect of the single driver on each ES and its key thresholds. Furthermore,
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the study revealed the interactive effects of multiple drivers and their impact thresholds by using conditional inference trees.
The study results showed that; (1) The 6 ES in the YRD were characterized by remarkable spatial heterogeneity and are
affected by 12 ecological-socioeconomic drivers, among which climate and land use were the most significant. (2) The 12
drivers showed 4 non-linear and 2 linear patterns for the 6 ES, with 32 key impact thresholds. (3) Specific ecological
drivers significantly affected ES within the thresholds formed by multi-factor interactions, for example, solar radiation
significantly increased water production in the condition consisting of the specific combination of rainfall ( 1604.6—1808.
Smm) and wind speed (4.3—4.8m/s). The study innovatively integrates the constraint lines and conditional inference trees
to reveal the nonlinear effects of the driving factors and their key impact thresholds, which provides methodological reference

and decision-making basis for the formulation of ecosystem management measures in the YRD.

Key Words: ecosystem service; driving factor; constraint line; conditional inference trees; Yangtze River Delta region

BRGNP ES ARG = ARG, BIAZS RGNS (Ecosystem Service, ES) 2 ARAF S5k
JRADAELIERE S SR , PR IR T A R A - R O s AR DL K SRR VR I & S AT R R B A T AR
BRGNS, e S E8UE B R GRS TR | % A A Ak p™ R, 2,
Z3 ) A 25 A B EORAE S8 2 4l A B R AL IR AHINTHE 22 28 R GEas 5 1 I AEHL A A 22 ot 7, DA SR
XIS RGNy, Fit, 2w Efi 2 m R ZIK s E S RG MRS I E 220U, I S R R 7 £ &
S RGNS, B A 2T X I A 25 3 G0 A% B AR 9 1) T LA

NEFE R, A R G R S5 32 30 I A 155 FARIRN R W 5N ORI JF & S BRI 22 55 305 B 5 4
SRR IR ERE, ARKNEENESRENEARYE, HES 5 THRIEH K CIEH 5k K
A SRR DT IR 20 S0 A 25 2R 48 R 55 1AL 0 194 23 (AR Jm) S5 850 5 e 2 2 0 DR 2% ) 3o vl 2 2 75 AR G 1 2
S S NIRRT AR RGNS AN AR ZN S . HAT, s AR S R GRS W3 B R v O ik e L
Gy a1 3 R 23 115 5 B B BRI [T 0 LA K LS > [T 005 i (AN BLAR bR ) 26151 SR T, B P A 3R
SN E 2 DG T AR S R GRS LR, AR R B A 5 R G R 555 45 Rk o)) R R 2 B A7 A 2 i A
AR R TR AR S AR 5 4 A% 5 [ U 0 e A A [ 01 3 45 5% SR o X LA VA AR S e S B A
B AFAE—E M2, ML R 2R Rk ad 4300 5000 1 ok s OB U i L0 - b AT St i 26 0L e g
AN AE S RG RS SRS R ) = 2 AR R Y Al 2R ZR il n MR G 0L O RS v TR
ALtk 56 28 IR 5 DR 2 01 S (T, B0 S SO T o 07 1 A S AR AR R e s ) R TR 2%
PRS2 ) L AR A R 2 LA i X R

WA FERA R IR RNES A SR ARG, ZRIREIR Z Z M AR AR AR "7, L
Folt 0% 50 PR 2% ) L (RIS 0 e 2 R 3l DR 25 400 FH 5 8 R [t v i 2 2R /AR 1) L ol Liw 2607 R B
Fl i T A AR A R GRS P A T R A U 5 Guo S5 2 BURR 2 28 ORI K 25140 F A TR
ISR A, T T R I AR S R GRS AN, SR, BRA 9T 22 R A T A 9K B R & X
H: 25 Z G IR S5 W i <7 5 i s A 9R h DR R TR O A AR T 22000 T AN R B IN R =2 ) i R 2538, XE LA R 6
RO HER ARSI LA S % . KA EAA 8 2 e /N 30 AR AR 0 R i f /N — TR 25 460 7 2 A
RIS T v AT AN YRS R A S R GRS B B RS, {FSk s 4 JR (81 A B 7 B AL 2 B B X &
TEWFSE IX A T 2 560 XM IR A B AN 7] A 25 - E S 0 0 5 FIRS R 2 80U B RS IR S & A B3 4k
MICHERIE , AT, WA 2 Pt — s P S oA 22 3R 3 R 2% 1a] A A8 TR0 1 22 e e R, (H bk 3
A AR VA — o0 B AR P B 7 A e B O 22 AN BL A TR L I SRR AR — R G AR 4k
(4 2 FHEFERY ( Conditional Inference Tree , CIT) 38 x5 G f 6 U — 0 40 14 2 P 0 38 6 1 B30 3K 0 4%
P HEZR T AR R AR 1 Y S 2 A e A s U 43 1, L 2R R ) g e 7 A A O T e v Y AR o, AR b ket T
PSR EIL B

http ; //www.ecologica.cn



9958 JAE = 44 %

KA DA 3 1 2 0 i A N I S 14 v ST A DR 207 T 5 A 25 R B R S5 AR A ) 7 R
PER T R — AR A IR, 2019 A FE 52 A JR A A A R = AR AR 2 (0 — I A R R 3 DX AR
J7E) MR K = APR O TS AR S A B R R X, IR A A R AP B T e s, BUBRAR R X
S — A A A A B DRI LT R = Ml XA 25 AR e I 55 A SR 0 R 38 B G AL AR 0 24 3t S B ] e 52
KR O H B ATy AR T A D A A R G BRI R 275 AT DL = At O B, B R BIHT
PR AR E S A PRI, DIARZR PR TRA T 22 A 25 2R G Ak 55 38 2l PR 3R A9 52 ) B G S B P M1
HARWFTE N AL : (1) 255 Z AR AT 2020 4F 6 FhOCHE 4= 25 R ST 55 RO AL B (2) 56T 70 8oy
FIMARERE W Z R IR 20 6 Bl A= 25 RGUAR S5 B9S2 2w B LB 5 (3) az IR PR B, it — 200y
HrZ ksl 2%t 6 M A2 R G S5 1S B R0 SR

1 MRRERSHERR

1.1 WF5E XA

K =X (114.56E—124.25E,26.57N—35.67N) , G VLIHA N 13 AT WA W 11 AT 28—
W16 AN —A R (B (1), BT AR IA 35.8 J5 km? , iZ X PN 1 Hb PG B 5 AR LA, s 5 25 40 D)
SRR 3 KA HAS RE LB 2, I I8 T 2= KU S 1R X, AR BB 7K i 1000—1400mm , 4F
IR 14—18C

2005 Z 2020 4E[8] | K =AM Hh X A3 A DB KRR 70.53% , 80T B A b i AL 6215.03km” | T
12002.8km’ , GDP M 46189.7 {2 TCHE Tt 2 244713.53 4270, SR, PO B9 T | = Hb R 28 55 35 T A AS 7] it £ 1
THFE TR =AM IX A K AR BRI T XA S R G0, AR 2R E e O 0 S0 in i R £ FnuK 9%
TR 5 7K 7 2 RN R B3 o o A S T R . )

>z

FHIFI R

ok H

.

I A A

I AR
Bibk ;
HoAb bk )

I 7 SRR

C #gia it

N ﬂﬂ
e -
w - . T
KPR AR R
. gy NS oAt B 5 3
W Hy -
0 100 km
|

1 HRXMMELLE SRR 2020 FH L7 A

Fig.1 Geographic location, elevation and land use of the study area in 2020
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Table2 Assessment methods of the supply of ecosystem services
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Table 3 Potential driving factors of the supply of ecosystem services
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