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Analysis of trade-offs/synergies and driving factors of ecosystem
service value in Wuhan metropolitan area
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Technology, Jingzhou, Hubei 434023, China; 3.School of Architecture and Urban Planning, Huazhong University of
Science and Technology, Wuhan 430074, China; 4. School of Urban Design, Wuhan University, Wuhan 430072, China)

Abstract: [Objective] This study reveals the non-linear impacts and interactive effects of multi-scale driving
factors on ecosystem service value (ESV) , thereby deepening the understanding of the response mechanisms of
ESV to urbanization, enriching the theory of human-land system coupling in urban agglomerations, and providing a
scientific basis for regional ecological management. [ Methods] Based on remote sensing-derived land use data for
five periods (2000, 2005, 2010, 2015, and 2020), this study revealed the spatiotemporal variation characteristics
of ESV at multiple scales and the trade-offs/synergies among internal services in the Wuhan metropolitan area,
and introduced the optimal parameters-based geographical detector model to explore its driving mechanisms.

[Results ] (1) Over the 20-year period, the total ESV of the Wuhan metropolitan area showed a downward trend,
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with a cumulative decrease of 182 million yuan, and the most pronounced decrease occurred during 2010—2015.
(2) The values of services such as food production and soil retention decreased substantially, while the values of
cultural entertainment and landscape aesthetics showed relative growth. (3) Among the nine ecosystem services,
synergies predominated, and significant trade-offs were mainly observed between food production and other
services. (4) Driving factors including population density, elevation, and vegetation cover significantly influenced
the spatial differentiation of ESV, and the deep coupling of natural and socioeconomic factors was the core driving
force for the spatial differentiation of ESV in the Wuhan metropolitan area. [ Conclusion] The ESV of the Wuhan
metropolitan area has undergone a shift from a growth-priority to ecological-priority paradigm, presenting the
contradiction between the expansion of construction land and the loss of ecological land. Functionally, synergistic
relationships dominate, and spatially, it is driven by the deep coupling of natural and socioeconomic factors. A
tripartite coordinated mechanism among nature, economy, and policy needs to be established to achieve a dynamic
balance between ecological protection and economic development.

Keywords: ecosystem service value; spatiotemporal variation; trade-offs and synergies; driving factors; Wuhan

metropolitan area
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Table 1 Datasets and variables
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Table 2 ESV coefficients of different land use types in Wuhan metropolitan area Jt/hm?®
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Table 4 Changes in land use types and related indices in Wuhan metropolitan area

2000—20054F 2005—20104F 2010—20154F 2015—20204F 2000—20204
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Table 5 Transfer matrix of land use in Wuhan metropolitan area (2000—2020)

2020 47 b2
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WX mR G/ W/ &K/ Y &K/ @RV S/ mBY N/ mRY i/ ko
km? % km® % km? % km? % km? % km? %
o — — 43145 1869 2012  0.87  563.55 2441 1284.84  55.65 9.02  0.39  2308.98
M 407.64  58.88 — — 55.08  7.96 53.09  7.67  175.38  25.33 111 016  692.30
Hh 17.18  14.61 6475  55.05 — — 14.62  12.43 20.50  17.43 0.55 047  117.60
K3k 184,43 4927 3528 943 7.08  1.89 — — 121.60 3249 2591  6.92 37431
A 22339 8274 1869  6.92 1.24 046 2450  9.08 — — 2.17 081  270.00
A HI b 6.45 7.59 0.78 0.92 1.60 1.88 68.15  80.21 7.98  9.39 — — 84.96
Mt 839.10  21.81  550.95 14.32 8512 221 72393 1881 1610.30 41.85 3876  1.01  3848.15
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Fig. 1 Spatial distribution patterns of ESV in Wuhan metropolitan area
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Table 6 Changes in ESV of different land use types in Wuhan metropolitan area (2000—2020)

e 2000—2020 4F R IAR T ESV /4278 A/
2000 2005 2010 2015 2020 2000—2005 2005—2010 2010—2015 2015—2020 2000—2020

B b 71.26  70.14  67.61  66.62  67.76 —1.57 —3.61 —1.47 1.72 —4.91

b 59.76  59.71  59.80  59.53  59.27 —0.08 0.14 —0.45 —0.44 —0.82

LR 4.28 4.23 4.17 4.16 4.18 —1.22 —1.35 —0.42 0.70 —2.28

KR 19.14 2008  21.23  21.25  20.31 4.89 5.76 0.10 —4.44 6.10
R 2.69 2.90 3.57 4.01 3.87 7.46 23.33 12.25 —3.45 43.63
) 4 0.40 0.39 0.30 0.29 0.33 —2.84 —24.34 —1.82 12.25 —18.99

st 157.54 157.45 156.68 155.85 155.72 —0.06 —0.49 —0.53 —0.09 —1.15
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Table 7 Changes in ESV of each ecosystem service function in Wuhan metropolitan area (2000—2020)

20004 20054 20104 20154 20204 ESV A4/

o héjvf/ ﬁ;/ hé;ﬁ/ rqy:h/ h{;ﬁ/ ﬁ;/ hg;%/ ﬁ;t/ hé’;%/ ﬁ;t/ 2000—2005 2005—2010 2010—2015 2015—2020 2000—2020
R 1774 1126 1771 1125 1758 1122 1744 1119 1743 1119 —0.02 —0.14 —0.14 —0.01 —0.31
AU 1759 1116 1754 1114 17.38 1109 17.24 1106 17.25 1108 —0.04 —0.16 —0.14 0.00 —0.34
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A 8 1741 1105 1744 1107 1746 1114 1742 1118 17.37 1115 0.03 0.02 —0.04 —0.05 —0.04
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Fig. 2 Spatial distribution of ESV in county units in Wuhan metropolitan area
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Fig.3 Changes in ESV of county units in Wuhan metropolitan area
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Fig. 6 Interaction factor detection results
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