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Trade-off and synergy relationships of ecosystem services and the driving forces:
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Abstract: There are trade-off and synergy relationships among multiple ecosystem services under the influence of social,
economic, and environmental factors. Identifying the relationships and clarifying their spatial and temporal features and
driving forces can enhance multiple ecosystem services and promote integrated ecosystem management. However, the
research is still in its infancy. The relationships of ecosystem services cannot be effectively revealed due to a lack of
quantitative methods and data samples. Moreover, most studies on driving mechanisms are limited to one or several specific
factors, while short of comprehensive factor analysis and dominant factor identification. In this study, the Taihu Basin in

Jiangsu Province was taken as an example due to its special social-economic status, as well as notable nonpoint source
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pollution problem. Nitrogen purification, phosphorus purification, water supply, and soil retention services were selected
according to the ecological context of the study area. Spatially explicit biophysical models and empirical statistical models
were used to quantify and map indicators of four ecosystem services. The trade-off and synergy relationships of ecosystem
services were expressed by GIS spatial analysis methods. Thirty-one driving forces were chosen in view of data availability
and expert knowledge. Multiple logistic regression models were applied to identify the dominant driving forces based on the
spatial quantification of ecosystem service relationships and driving forces. The results indicate that 1) from 2000 to 2010,
the annual average nitrogen export per area increased first and then decreased slightly, the annual average phosphorus export
per area gradually increased, the annual average water supply service per area decreased first and then increased, and the
annual average soil retention service per area gradually decreased. There were distinct differences in the spatial patterns of
the four ecosystem services. 2) Both the same and opposite changed areas of the relationship between nutrient exports and
water supply were widely distributed, which indicated that the trade-off and synergy relationships between the nutrient
purification services and water supply service were conspicuous. While the widest distribution area of the relationship
between nutrient exports and soil retention services was showed that their relationship were not distinct. The relationship
between nitrogen and phosphorus exports was showed mainly to be a positively changed area, which indicated a synergy
relationship between these two services. 3) The dominant positive driving forces of relationship between nitrogen purification
and water supply services were densities of urban construction and rural residential lands, in which an increment of 1 hm®/
km” would promote the occurrence probability of this relationship to enhance by 29.100 and 10.282 times, respectively. Both
the vegetation fraction and water network density had significant negative effects on the relationship between nitrogen
purification and water supply services. The main influence factors of the relationship between nitrogen and phosphorus
services were vegetation fraction, followed by the proportions of cultivated and forest lands; these factors mostly played

positive roles.
Key Words: ecosystem service; trade-off and synergy relationship; driving force; Taihu Basin
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Fig.1 Location and basic situation of the study area
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Table 1 Data Sources of this study
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Table 2 Driving forces of ecosystem services relationship
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Fig.2 The temporal and spatial distribution of four ecosystem services in study area from 2000 to 2010
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Fig.3 Spatial pattern of ecosystem services relationships between 2000 and 2010
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Table 3 The area ratio of ecosystem services relationship between 2000 and 2010

PRI 55 8 b Al thebR A th bR Bl A Wl 1 4R b Rl th 5wk
ALK FR Sk 5 e Sk EER: 2SS i A
Relationship NE and WS NE and SR PE and WS PE and SR NE and PE
NGO 11.97 0.67 14.47 0.99 58.86
1 ) 84k 21.19 5.03 12.74 4.25 19.10
AR AL 29.98 12.34 31.92 12.49 9.70
FAEAL/ IE ARk 22.25 48.06 26.43 55.37 1.46
KA/ 0 AR AL 11.29 24.70 10.60 16.49 0.60
KA 3.32 9.20 3.84 10.41 10.28
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Table 4 Driving force model result of relationship between nitrogen purification and water supply services

IKzh 11 EPEEY 4 PR 2 Wald 4iilht B MK R AR
Drivers Coefficient Standard error Wald statistic Significance Odds ratio
H B H % 0.364 0.140 6.760 0.009 1.440
AR -1.008 0.261 14.898 0.000 0.365
AR 3.367 0.894 14.185 0.000 28.979
ez -0.066 0.029 5.229 0.022 0.936
7K 9 25 i -1.760 0.309 32.429 0.000 0.172
TIERZ A S & 3.624 1.254 8.357 0.004 37.490
THERBE RS R -0.381 0.145 6.903 0.009 0.683
TIERZA P -0.091 0.038 5.587 0.018 0.913
TR R -1.412 0.168 70.791 0.000 0.244
UNEEJ:5 0.000 0.000 23.360 0.000 1.000
Al GDP -0.003 0.001 11.980 0.001 0.997
L PNER3E 0.000 0.000 5.504 0.019 0.999
I AR 3.371 0.401 70.829 0.000 29.100
AR RS B 2.330 0.402 33.569 0.000 10.282
B 0.000 0.000 6.602 0.010 1.000
MRHb L A1) -4.995 1.674 8.902 0.003 0.007
B 0.000 0.000 28.453 0.000 1.000
BN P 0.000 0.000 48.060 0.000 1.000

5 BIRE HL $F8FR(E R 1.017, G P AN B35, S s BI04 B 54, TR e B AR b e A e, LT 16 4 2R Ky
89.49% . HRH4E Wald itk T W, 52 ma 9 Fp K 1A de A0 iR 45 B I 56 2 10 i S 22 0K Bl ) R Al g 7 26 1, ko2
Bt HL 9] b HA9) B A RTIE R K 5 B, I L3k B A AR A A1) [ U5 R 50 A I, 3 3 B[R] 36 F) 188 iy s
SRR RS PR SE R 4 e . R AR FLRORE SRS B R I BTk R R K, B 7E 1.000 2247, {0A AR A R
MU E IIRERIK 2,406, BACKTE T SR 3h 7 AR w04 5 i A A 30 3 R o bR e B b 1 T AR
ol N7 % v e R R R K AR L AR 55 0 DI [ 788 Ak s i AR b | e 2 A 25 b T A SR e A S
RGUne , B Z FOK BIE Y, 1k BIUMEISHER H . BeAh, R HERNRL KR S5 BURL P 4 B 23 £ 7 A 1
ARISEZR, DR 3 Y 4 4 P sl i R A 9t b T[] el s 2 R b K A e AR R 55, SR IX L A5 RS e 1
NG RERE E i SR G

3 Fit5iTie
SZARB NSNS A T AR A R GRS G FE S I RE , BRS0BS54 I Z A iR

http ; //www.ecologica.cn



10 JAE = 39 %

5 AE 23 R B[R] 3G (Rl — 34— s e B G R . AR RGN SF R BLOC R W9 A B T8 B R
Z PR 55 BB ARRRAE , W XA 2 R GE B AL AR B | DUR A 25 25 )8 PRI T5 LB VA S5 B X0 PR B SR s it
HEAT IR AR XA A R G R S R S, iU B AR PR A ST B 32 BAE 9 20 X ThT i 22 7K
PREE ), 255 T s SE PR O , e B R A A R GE IR 55, #EAT 2 IR 55 22 [A) B9 AUA 5 I ) 56 R P, Sl 52
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Table 5 Driving force model result of relationship between nitrogen and phosphorus purification services

X5 MUEEY FrifEiR 2z Wald 418 ITE Y e KA
Drivers Coefficient Standard error Wald statistic Significance Odds ratio
HHBH 4% 0.543 0.189 8.279 0.004 0.581
AR 3.605 1.200 9.020 0.003 0.027
Y 0.006 0.002 8.426 0.004 0.994
WenE -0.030 0.010 9.128 0.003 1.030
K %% i 2.106 0.292 52.141 0.000 0.122
TR B S R 0.017 0.004 18.571 0.000 1.017
MR R 0.016 0.005 8.606 0.003 1.016
PRI o 3.389 0.182 347.406 0.000 0.034
HAT AL GDP 0.000 0.000 4.061 0.044 1.000
A LIRS B T 0.069 0.018 14.350 0.000 1.071
REAHBA 0.000 0.000 9.300 0.002 1.000
I AR B -1.321 0.274 23.249 0.000 0.267
LS S R 0.878 0.290 9.164 0.002 2.406
HiHb Lt 4.009 0.277 209.827 0.000 0.018
ikt A7) 3.631 0.310 137.179 0.000 0.026
b L1 3.202 0.799 16.041 0.000 0.041
T 3 L 3] 2.286 0.637 12.874 0.000 0.102
I B 0.000 0.000 4.695 0.030 1.000
BRI S 0.000 0.000 133.828 0.000 0.999
ARSI BT IR R 5E X i8 FH 28 18] SR 9 AR ) BRA B RN 28 30 e TR AR IX 0 4 AR S ?éﬁi

Hie g5 $ebm , FE A A5 B GIS 23 [8] 0 A FBrat A7 iR 55 AL 5 D[R] G RS, H A 22T Logistic BRLE
B A S R GURS5 R AR T UKl g, DRSS AR

(1) M\ 2000 £ 2010 47, BF5EIX 4 FpAZS R GUMR S5 46 b A A7 T AR 2 {8 52 AN [l R 88 1) A2 A, ST
TEHRSEHE S WA T FEAES, Bl 18 bR g, K B 25 58 TR B S BT, e S ORRR U 5 B i T B
oo WIFTIX 4 Tz S5 15 b5 B 25 18] 204 B A A Jmy AT B W) 8 ) s ] S Joe g

(2) A W FEAR-5 /KRR G AR 10 25 8] A s R 5 R ARVBL, R BN |32 0 A BA) AR [ 22 A IXANAR i 22
I A Wi R AR R Y IE ] S 6] B AR R AR X o FE I WK AR A IR 55 5 3R 45 IR 55
AR RS / PIR] S 2R AN B 5 S0 el 8 B ) LE 1] 22 AR DX 32 20 A, B BT DX R M A i 55 S 23 3 3 )

(3) R ALK 25 R 55 A3 5% 28 0 1 1) K 8l g S 3ol B A 150 Pt 8 B AR R i P s 8, LA P07
FUHEIN 122 WA AR s A T P 3, AU 5 28 14 A AR MR AR 490 29.100 T 10.282 A7 T AL 45 78 2 B UK
P B2 A R SVE T, 0 B AR 55 DI R] G 2R Y 1 B R IR SRR AR DR S, LR M A L] 25 1A
R, HIX S 72 R B8 I e A
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TR PR EAS PR BT A=A R GUMR S5 B AT I 1] AR 2 T A [) 218 280 e 55 14726 e 3 B8 1 Lt A 7 22 5
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