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Ecosystem Service Trade—offs in Central Yunnan Urban
Agglomeration Considering Spatial Scales

Zhou Changyan, Huang Yanchun, Ma Yuewei, Xiong Shiqiao, Liu Zhongcui, Zuo Bet

(College of Soil and Water Conservation, Southwest Forestry University, Kunming 650224, China)
Abstract: [ Objective] This study aims to identify the spatiotemporal patterns of ecosystem services (ES) across
multiple spatial scales in the central Yunnan urban agglomeration (CYUA), and to provide an in-depth analysis of
the scale-dependent effects and non-linear evolutionary patterns of ES trade-offs and synergies. [ Methods] Six
critical ESs from 2003 to 2023 were quantified utilizing the In'VEST model, MaxEnt model, and GIS-based
spatial analysis. Furthermore, the spatiotemporal evolution characteristics, multi-scale trade-off intensities, and
phase-transition thresholds of each service were systematically analyzed through an integrated framework
comprising Pearson correlation analysis, bivariate spatial autocorrelation, and the production possibility frontier-
marginal rate of transformation (PPF-MRT) model. [Results] 1) Between 2003 and 2023, water yield, soil
conservation, food supply, and leisure and recreation services in the study area increased by over 20% , while
carbon storage and habitat quality exhibited a fluctuating pattern of first decreasing and then increasing. Spatially, a
complementary functional pattern was formed, characterized by peripheral barrier zones dominated by regulation

and production functions, and core urban areas dominated by recreational functions. 2) Ecosystem service trade-
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offs and synergies exhibited significant scale dependency. Constrained by the physical exclusivity of land use, the
grid scale manifested absolute trade-offs. Conversely, due to spatial buffering effects, the county scale transformed
into structural interval constraints, indicating that trade-off relationships were not fundamentally eliminated by the
upward shift in scale. 3) The PPF-MRT model precisely delineated the non-linear boundaries of service
transitions. At the grid scale, carbon storage-leisure and recreation and soil conservation-water yield shifted from
synergy to negative trade-offs after crossing the thresholds of X,=0.235 and X,=0.147, respectively. At the
county scale, food supply-habitat quality exhibited a stable negative trade-off within the primary interval of
0.077<<X<20.832. [Conclusion] The trade-off relationships among ESs in the central Yunnan urban
agglomeration exhibit significant scale dependency. This necessitates the development of multi-scale nested spatial
governance strategies rooted in non-linear phase-transition thresholds. By integrating micro-level baseline
constraints with macro-level functional synergies, such strategies can effectively advance ecological restoration and
sustainable governance in karst rocky desertification areas.

Keywords: ecosystem services; trade-offs and synergies; production possibility frontier; trade-off intensity;

central Yunnan urban agglomeration
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Fig.1 Location of central Yunnan urban agglomeration
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Fig.2 Spatial patterns of ecosystem services at grid scale in central Yunnan urban agglomeration (2003—2023)
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Fig.8 PPF and MRT curves of ecosystem service trade—offs and synergies at grid scale in central Yunnan urban agglome-

http. // stbexb.alljournal.com.cn



5 JE B AT < I K A ) RURE T v B T A AR TS R G R S5 AR G &R 493
10 F X (a)
y=1.9129x"-2.785 0~ 0 y=—4.300 9x" +8.603 0’ —
0.8 5.950 0+ 1.650 8
: —0.25 *=0.826 7, Adj. R* =0.653 4
1 06 —0.50
3z
=
o4 £-075 0(0.47,0.3
—1.00
0.2 e
—1.25 P(0.38,0.19)
0h " " 4 0 f i . . "
0 025 050 075 1.00 0 025 050 075 1.00
P e PR i
1'0 i L] 2 3 2
y= = 1036 6 +3.406 3 - y==4.180 9x +8.344 1 -
0.8 3.650 6+ 1.281 8 5.700 3x+1.553 6
’ =0.989 2, Adj. R* =0.986 5 *=0.810 2, Adj. R* =0.696 3
1 =0.000 0
ﬂ: 0.6 TI=0.026 7
® £
f 0.4 F 0(0.40,0.30) =
02+ H“ﬁ.ss,n.zs]
0h 5 $ . Y T ; 1 i 0k § £ i i ; 1 2 :
0 025 050 075 1.00 0 025 050 075 1.00 0 025 050 075 1.00 0 025 050 075 1.00
PR i ki PR
R 1.0
0.8 —Q(l].lil‘o.'n]
i o, o6t W
= 38, = “P0.19,0.
rH. 0.4 b y=-2462 1" +2.718 2" - 0.4 F p=2.697 6" -3.679 5¢" +
1.011 Sx+1.014 7 0.517 8x+0.984 §
02 b R =0.994 1, 445, R =0.989 7 02 L R =09879, 4dj. R* =0.969 9
Pp=0.000 1 p=0.0180
TI=0.3111 TI=0.290 0 '
0h L L " " i L P L 1 1] N L ; L Ll ; L A "
0 025 050 075 100 0 025 050 075 1.00 0 025 050 075 1.00 0 025 050 075 1.00
PR b R REfeai
M RES  — EFAEEMEILSR(PPF) e RikQ A IEE AT FHEI(MRT = 0)
o IHEFEM * BEHEP — i1 R 5% HZE (MRT) v AEA BLE (MRT <0)

B9 2023FERHTHERRE

A5 RZGRENESHRE R PPF R MRT # £

Fig.9 PPF and MRT curves of ecosystem service trade—offs and synergies at county scale in central Yunnan urban agglome-
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