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Abstract; Optimizing the spatial pattern of “ production-living-ecological” spaces is conducive to achieving regional
sustainable and high-quality development. This study introduced a methodology for optimizing the spatial pattern of
“production-living-ecological” spaces, called DTTD-MCR-PLUS. Considering the spatial heterogeneity of land expansion

costs, the Minimum Cumulative Resistance ( MCR) method and mutation detection were applied to conduct quantity
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optimization in “production-living-ecological” spaces, and a patch-generating land use simulation ( PLUS) model was used
to reflect its spatial distribution under three different scenarios containing food security, ecological priority and production
priority. Furtherly, the dynamic traffic time data ( DTTD) was innovatively introduced to portray living and ecological space
expansion cost. The research found that: (1) After the ecological function optimization zoning, the core protection area of
Changsha’s ecological space was 4111.41 km”, the edge protection area of ecological space was 2285.29 km’, the key area
of production space was 2144.79 km’, and the area of production space was 1928.59 km’. In addition, the area of the
concentrated living space expansion area was 2570.99 km®. (2) The multi-scenario results simulated by the coupled DTTD-
MCR-PLUS model revealed that: under the living priority scenario, the living space area increased by 43.57% , which was
mainly distributed in the southern part of the urban area, the western part of Changsha County, and the eastern part of
Yuhua District. Under the ecological priority scenario, the land transition-out of ecological space is the lowest compared with
other scenarios, which was 3.11% lower than that of living priority scenario. Under the food security scenario, the
proportion of encroachment of production space into ecological space was accelerated, with an increase of up to 58.79%.
(3) The results of coordinating the basic farmland, ecological protection red line, nature protected area, and the optimized
Changsha's “production-living-ecological” spaces in 2030 showed that, the proportions of production space, living space

and ecological space were 37.63% , 7.67% , and 54.70% , respectively.

Key Words: Land space pattern; PLUS model; dynamic traffic time data; Minimum Cumulative Resistance; ecological

security pattern; “production-living-ecological” spaces
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Fig.1 Location of Changsha City

1.2 HdERE

BFFE B BG4 A B IS B 4 S 2 vesids S5 8dE POl S8R | B K sh 52
0 B ()5 | PN 5l R 1k e DB, P VDT 2000 4F 2010 4F 12018 48 30 m - i1 FH £ e 5
TR T IR B B2 5500 0 (Chttp ./ /www.resde. en/ Default. aspx ) , F F U V0T 25 B B9 = A= 23 1]
HOTE M SR B A 5 R R B R [ 5, b 30 m v AR 450N Of R T i B 4S [R1 U = (http </ www. gscloud.
en/) S R ri) 2 R P s AR AR GIS 23 6] 20 AT T A il s S 20 BB 8404 1 2 HL GDP ML I %%
FERAR | S TR T BB 8 IR ER B R 5 s s A 10 B S R T R L 0 R (hittps -/ www. enki.net/ ) R 2
(KT 4) s KRB HE A F 2 SR AR B K R IR T iRl Be B8 IR PR 55 R 2% 5 2508 ot POL
BRI R B A5 A8 S BRI T B R PR e P 20 25 A0 S R () 5 a0 e K S SR AR R 1) R M P i
SK20214E3 H8 HE3 A 18 HAFH R 8 5, i/ 12 sAAK TR 18 i = AN B EIA RV T &4 7 B X g fir
e A2 S ) P s ) s S AR 5 3 % B0 S R T OSML( Open Street Map ) #1525 11 #5% X B0 40 & K Vb T
AL | A SRR B FISEAS A H ORI TRV A SR BRI AR A

http ; //www.ecologica.cn



9960 xR 24

®1 ZEz=ESHEGFEPD

Table 1 Classification standard of production-living-ecological spaces
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Fig.2 “production-living-ecological” spaces optimization roadmap
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Table 5 Transfer matrix of “production-living-ecological” spaces from 2000 to 2018

23 [a] 4 He77 23 [H]/km? HE T2 8]/ km? A 2575 8] /km? B3t /km?

Space type Production space Living space Ecological space Total

#7225 ] Procudtion space 3527.45/3498.72 162.05/40.15 96.45/158.95 3785.95/3697.81
A2 35 23 1] Living space 10.70/17.36 245.99/481.59 8.99/8.01 265.68/506.96

#: %525 1] Ecological space 159.72/244.91 98.80/25.66 7526.09,/7360.90 7784.61/7631.47
Bt Total 3697.87/3760.98 506.96/547.40 7631.53/7527.86 11836.24/11836.24
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Fig.3 The spatial pattern of “production-living-ecological” spaces in Changsha from 2000 to 2018
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Table 6 “production-living-ecological” spatial pattern quantity optimization

TR AT A3 A LA A3 ] LA Az 3 23 7] L A
Scenario name Ecological space proportion Production space proportion Living space proportion
HE B IENE & Ecological priority seanario 54.64% 36.91% 8.15%
NP A% & Life expansion scenario 50.63% 38.82% 10.55%

A2 4% 5% Food security scenario 42.86% 50.44% 6.70%
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Fig.11 Optimization results of “production-living-ecological” pattern in Changsha City under different scenarios
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Fig.12 Three-line coordination process diagram
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Fig.14 Comprehensive optimization plan of “production-living-ecological” pattern in Changsha City
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