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Dynamic Simulation of Production—Living—Ecological Space and
Habitat Quality in Hunan Province Based on MOP-PLUS

JIN Xinyu, ZHAO Xianchao
(School of Urban and Environmental Studies, Hunan University of Technology, Zhuzhou, Hunan 412007, China)
Abstract: [ Objective] To explore the future development of production-living-ecological space and evaluate the
future habitat quality in Hunan Province, considering both economic and ecological development, which plays an
important role in the allocation of land spatial resources and ecological security management. [ Methods] Based on
the land use data from 1990 to 2020, land use transfer matrix and dynamic degree analysis were used to analyze the
composition of the production-living-ecological space in Hunan Province in the past 30 years. A multi-objective
planning model was used to build different development scenarios, and the PLUS and InVEST models were
employed to predict and analyze land use changes under these scenarios. [Results] 1) From 1990 to 2020,
ecological space accounted for the largest proportion in Hunan Province, approximately 69.44% , followed by
production space at about 28.74% , and the smallest proportion was living space. Frequent conversion occurred
between production and ecological spaces, while the living space conversion, although smaller in area, had the

largest variation. 2) All four scenarios showed a trend of a reduction in production and ecological spaces, and an
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increase in living space. In the scenario prioritizing the development of production and living spaces, the growth
of living space was the fastest, with the greatest economic benefit, reaching 1.23 times that of 2020. In the
scenarios prioritizing ecological development and natural development, the reduction of ecological space was
smaller, with the ecological benefits decreasing by 0.098% and 0.150% , respectively, compared to 2020, but
the economic benefits were lower. The balanced and coordinated development scenario of the production-living-
ecological space protected ecological space while meeting regional development needs, balancing ecological and
economic benefits. 3) From 1990 to 2020, the proportion of high-quality habitats in Hunan Province was the
largest, with relatively good overall habitat quality, showing little fluctuation but with a downward trend. The
simulation predicted a slight decline in habitat quality by 2030. [ Conclusion] The habitat quality change in
Hunan Province by 2030 is expected to be minor. The balanced and coordinated development of the production-

living-ecological space, which considers both economic and ecological benefits, is most suitable for the future

development of the region.
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Table 5 Habitat types and their sensitivity to threat sources
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Table 6 Area, proportion, and dynamic degree of production-living-ecological space in Hunan Province from 1990 to 2020
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Fig.3 Chord diagram of production-living—ecological space transfer from 1990 to 2020
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from 1990 to 2020
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Fig. 6 Overlay of land expansion and driving factors with

highest contribution in Hunan Province
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Table 7 Area and proportion of habitat quality at different quality levels

g 1990 4F 2000 4F 2010 4F 2020 4
1/ km? di % T/ km? i L % T A/ km? i 1t % T/ km? A7 1t %
%= 2465.46 1.34 2 689.56 1.46 3839.49 2.09 4 982.85 2.71
— 54 985.68 29.90 54 727.02 29.75 53 395.20 29.03 53 063.37 28.85
R 22 781.34 12.39 23 189.22 12.61 26 173.08 14.23 28 886.76 15.71
e 103 693.05 56.38 103 319.73 56.17 100 517.76 54.65 96 988.14 52.73
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Table 8 Transfer area of habitat quality at different grades
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Fig.8 Simulation accuracy validation

HTFERKGMAT R Bir, @@L H
B 5 29 o 5 1, 459 21 4 Bl oA R A TR as A%
L1 e sl 11 o2 3 I (O I 51 Y Nl s 1 R R O
KF AP RGN A b AR W2 TR
G AT R I B AR, AT
25 [ S kg e R AR TR A S K R, AR AR Es )
e 2 & A St T As A4S 25 (] T FR el B R I, B /b 1 AR
4 282.69 km?,

HAk KB ST, 5 2020 48 £+ #b A A H
A 7 s a) AR A 50 976.72 km?, U /> 345.69 km?;
A 3% 23 A) 1 FR R 5 813.37 km?, 14 K 834.03 km?,
BRIE A 16.75% s A A8 25 [A] T ARl 128 802.96 km?,
by AR T AR 0N W O 2L K 38 TE ARG i, HL bR

B

AR 114 061.32 km?, 18 £ 4 5 902.56 km?, 7K
B AR Oy 635.92 km?®, oK A AT M AR Oy 837.72 km?®,
ZE BN 4T AR AR B AR, AR AL AR B 2020 4F R
£ 0.15%

(a) FAARJRE (b) 2B R I 25 T S

[ ]
[ S
I

(o) EBZ I R e (@) =EEm P R

0 4590 180 km
—

B9 Z&ZTHEDMH

Fig. 9 Spatial distribution of production—living—ecological space
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Fig. 11 Spatial distribution of habitat quality
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Table 11 Area and proportion of habitat quality grades under different scenarios
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R Af 28 989.99 15.76 29 006.01 15.77 28 982.25 15.76 29 006.64 15.77
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