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Spatiotemporal coupling and spatial effects of ecosystem services and human well-being in Poyang Lake Basin
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Abstract: [ Objective | Achieving the coupling coordination of ecosystem services and human well-being is crucial for the
development of regional ecological civilization. [ Methods] By establishing an evaluation index system of human well-being, the
spatiotemporal coupling coordination relationship and spatial effects in the Poyang Lake Basin from 2005 to 2023 were analyzed by

using the modified equivalent factor method, coupling coordination degree model, and spatial econometric model. [ Results] (1)
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During the study period, the Poyang Lake Basin was in the stage of “fluctuating decline in ecosystem service values and
continuous improvement in human well-being”. The coupling coordination degree increased from 0.393 to 0. 531, transitioning
from moderate imbalance to coordination, with a spatial distribution of higher values in the north and lower values in the middle.
(2) The coupling coordination degree showed significant positive clustering, with spatial correlation showing a trend of initial
decrease, followed by an increase, and then another decrease. Overall, high-value clustering remained relatively stable, while
low-value clustering shifted: high-value clustering types were mainly distributed around Poyang Lake, while low-value clustering
types shifted from the vicinity of Yingtan City to industrial-focused districts and counties such as Ruichang City and Anyi County,
with an expansion trend around the Yichun City area. (3) The increase in local coupling coordination degree was primarily
influenced by positive spillover effects of vegetation quality, industrial structure, industrial development, government
intervention, and economic vitality in neighboring districts and counties. Direct effects of industrial structure, industrial
development, and economic vitality also contributed, while vegetation quality and government intervention had negative effects on
the local coupling coordination development. [ Conclusion | From 2005 to 2023, the overall coupling coordination in the study
area has improved steadily. In the future, efforts should focus on mitigating the negative effects of government intervention and
vegetation quality on local coupling coordination development. Additionally, achieving integrated improvement in the coupling
coordination development of the Poyang Lake Basin can be facilitated by adjusting industrial structure and promoting industrial
development.

Keywords: Poyang Lake; ecosystem services; human well-being; coupling coordination; spatial effects; influencing factors
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Table 1 Human well-being evaluation index system
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Table 2 Ecosystem service value equivalent in Poyang Lake Basin
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Table 3  Main variables and descriptive statistics
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&5 2005—2023 FHFHMRBEAERHESESERERSNEZEEZN

Table 5 Variations in average well-being index and total ecosystem service values of Poyang Lake Basin from 2005 to 2023
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Table 6 Variations in coupling coordination degree in Poyang Lake Basin from 2005 to 2023
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Fig. 1 Spatial distribution of coupling coordination degree in Poyang Lake Basin from 2005 to 2023
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Table 7 Global Moran’ s index of coupling coordination degree from 2005 to 2023

£ 2005 4 2008 4 2010 4F 2013 4E 2015 4E 2018 4E 2020 4E 2023 4E
Global Moran’s I 0.255 0.246 0.245 0.316 0. 304 0.327 0.323 0.321
z 3.953 3.759 3.715 4.709 4.534 4. 849 4.819 4.782

p 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
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X, HAL-MRRELBHE NN & ik X JE A 1
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SR,
2.3.2 FRHEERLABAETLER

SRS ST X RS A B BE A SE I R 2, AE A SRS
A UM B A A B 2 1 1) 25 (B F ARG S ie b, Bl A
[T AR T — 2D AR A S Tk A 22 1 R G bR B
HISEMAVER] . & 268 StataMP 17 #4723 6]
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Fig. 2 Distribution of spatial clustering types of coupling coordination degree from 2005 to 2023
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Table 8 Verification results of spatial econometric model

23 [P HE A TG 5 el pE 23 [ HHE AR TR 56 Siitt p1H
LM £ 56 LM-lag 141. 144 0. 000 ] 2 2050 I A LR-both/ind 102. 87 0. 000
LM-error 87. 648 0. 000 LR-both/time 1871.22 0. 000
Fafdd: LM K56 robust LM-lag 56. 282 0. 000 LR #5565 LR-SDM/SEM 78.05 0. 000
robust-LM-error 2.786 0. 095 LR-SDM/SAR 193.07 0. 000
Hausman £ % Hausman test 108. 88 0. 000
9 BEMEAENZTEHERE(SDM) HitER
Table 9  Spatial Durbin Model (SDM) estimation results of coupling coordination degree
PLN 0.000 1™ (2.50) WxPLN 0.000 2" (2.35)
Gov ~0.008 0™ (-2.46) WxGOV 0.023 6™ (5.01)
NPP -0.121 3™ (-2.61) WxNPP 0.215 5 (4.17)
INS 0.019 2 (3.22) WxINS 0.026 4 (3. 16)
IED 0.009 1 (3. 86) WxIED 0.014 0 (3.74)
23 [ J 1l R 5 p 0.499 5** IS SEEES P 0.000 2***
MIE obs 648 WAL R 0.891 6

TR ARIFORAE 0.05 0. 01 K R, FEEWNN M, TR,

REAS L HEAT AT DX B & DR A SRR T, UiWIXRE Bl , i aRWIRTSE T i D 3G 5 DX & bl e SR A
B P B AT ISR M 6 (o 2 [ AR A A e

IRFKEBBA (FEEL)
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Table 10  Spatial effect decomposition of influencing factors of coupling coordination degree

Al PLN GOV

NPP INS IED

LR
[N i
5% YA

0.000 1" (3.13)
0.000 4™ (3.75)
0.000 5" (4.49)

-0.005 7" (-2.09)
0.036 17" (5.04)
0.030 3" (3.93)

-0.097 7** (=2.07)
0.274 5 (4.57)
0.176 7 (4. 82)

0.024 37" (3.86)
0.063 5" (5.53)
0.087 8 (7.14)

0.01 10™* (4. 16)
0.033 2™ (5. 64)
0.044 2™ (6.77)
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