55 45 55 20 1 S & 7 i Vol.45,No.22
20254 11 A ACTA ECOLOGICA SINICA Nov.,2025

DOI: 10.20103/j.5txb.202405151100
JEL , B8 ST T I SN A I BRIl o 20 R P BRI 5 2B A MBS 2 TR DG R A A2l 2025,45(22)

Zhou H, Zhao X C.Spatial relationships between land use carbon emissions and ecological risk in Changsha-Zhuzhou-Xiangtan urban agglomeration based on
Grid Scale.Acta Ecologica Sinica,2025,45(22) .

ETHNEBRENKKEEDTEH T WA AKRKHERSEES
XU FE == [8] 5 &

W Tolb RZEIRTT SRR, #RIH 412007

FEEE ULV BT IO FRURE 1 - b R P e HE A5 A 28 LR 19 28 TR 43 A R AE , PT R AOUE RUBE A A5 R A58 1) v e 8 R R AR LB A1
KRR TR RS 5 , He T 2012—2022 4F - A A TRIAT S ANZ B b2 S R0, W0 S8R0 23 A7 4l i R e R T RS 'iffc*ﬂ
o (1) ) 25 G AR RRALE | 7R 132 AR %5 (] 9 AR DGR B PR Y — 38 1Y as IR SR AU . 45 R IT : (1)2012—2022 4 1 F| T
SRR A 81.322x 10 hm® , Hoir B L R AR Y 5K fe £, K IR IR AL I 22, (2) 2012—2022 4, ik HE =8 2> 1101.
869 10" t; BcHE OB S U 55 A5 %, 23 IR A3 A 32 22 “ W00 4 B2 250 . (3)2012—2022 4FAE 25 XURS: SR AR5 T B a3, =
(] 3~ ks JRa AT 22 380 RN R 3 Ay v O 1o P RIS, (4) BFSEIBTI] Moran’s 1 FH 0.256 224K 0.309 , e XURS: 5 A8 45 XURS: =2 [ 2
A W FF R EARDC, FLIE MUV IR, 25 1] e AR 2R DR g - e A SR X R a5 A RN R AR - R R X BT A, ik
JRURS: e (IR ) 11X 5 A 2 XU, 8 (A ) 1 X 5 2 ) I Jo e 3k i — 205 TR Tl JXL G % £ 285 XU BLAT T 1) 3R Bl A

SRR ;- R FHBRHERIORUR: 5 25 25 RURS: 5 BTRIET O 5 WU 5 18] 15 A DG 5 AR LI T

Spatial relationships between land use carbon emissions and ecological risk in

Changsha-Zhuzhou-Xiangtan urban agglomeration based on Grid Scale

ZHOU Hang, ZHAO Xianchao”
College of Urban and Environment, Hunan University of Technology, Zhuzhou 412007, China

Abstract; Clarifying the spatial distribution characteristics of land use carbon emissions and ecological risk at a grid—scale
can provide a new perspective for the sustainable development of local ecosystems. Focusing on the Changsha-Zhuzhou-
Xiangtan ( CZT) urban agglomeration, this study examined the spatial and temporal dynamics of carbon and ecological risks
using land use, night light, and socioeconomic data from 2012 to 2022. Furthermore, this study investigated how these risks
were spatially clustered using a bivariate spatial autocorrelation model. The results showed that: (1) From 2012 to 2022,
the total area of land use conversion reached 81.322x10*hm’. Construction land expanded the most, while water area shrank
the most. (2) Net carbon emissions decreased by 1101.869 x 10*t. The risk of carbon emissions ( CR) has been
diminishing, and the spatial distribution exhibits a multi—" core—edge" circle structure. (3) Ecological risk (ER) showed
a slight overall downward trend, with the spatial distribution pattern characterized by a gradient of decreasing intensity
radiating outward from the center, which is focused around Dongting Lake and the Xiang River basin. (4) Moran’s [
changed from 0.256 to 0.309 during the study duration. There was a significant positive correlation between carbon and

ecological risks, and the positive effect was further strengthened. Spatially, high-low and high-high cluster showed a
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weakening trend. The low-low and low-high cluster showed an increasing trend. The spatial homogeneity between areas of
high (low) carbon risk and areas of high (low) ecological risk was further evidence of the positive driving effect of carbon

risk on ecological risk.

Key Words: land use carbon emissions risk; ecological risk; night lighting; bivariate spatial autocorrelation; Changsha-

Zhuzhou-Xiangtan urban agglomeration
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Table 1 Landscape pattern index and calculation formula
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Fig.3 Sankey diagram of land use conversion from 2012 to 2022
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Table 2 Land use carbon emissions accounting from 2012 to 2022

g Eﬁfﬁ#ﬁ ﬁiﬂl T a it Fh 7K EE*UFHHJE il B
Yeare Construction  Cultivated Carbon Forest Grassland Water Untilized Carbon Net carbon
land/10*t  land/10*t  source/10*t  land/10%t /10%t /10%t land/10*t  sink/10%t emission/10*t
2012 5644.061 216.992 5861.053 -302.355 -0.003 -0.844 0.000 -303.201 5557.852
2017 4850.054 216.606 5066.660 —298.532 -0.003 -0.879 0.000 -299.413 4767.247
2022 4538.564 217.509 4756.073 —-299.368 -0.002 -0.720 0.000 -300.090 4455.983

R EAY R, B P B HER IR 5644.061 x10%t [ 2 4538.564%x 10%t, 5 A, #FHb fwrHEk
i 216.992x 10t 14 2 217.509x 10*t, #F Mo HE L i BN L FF | RO Bl 20 05 Dk & e, A= 7= AR TS K
SR HESh T AR A L R R, 2022 AEAR ARG A 133.710x10%, 4 b HE AL T 4w HE UK
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Table 3 Changes in the area of land use carbon emissions risk from 2012 to 2022
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XU Lowest risk 75.767 7.830 0.036 0.004 0.036 0.004
BRI Lower risk 833.679 86.152 908.600 93.895 900.847 93.093
X Medium risk 40.991 4.236 39.404 4.072 43.908 4.537
578 KUK Higher risk 11.500 1.188 13.898 1.436 19.139 1.978
UG Highest risk 5.745 0.594 5.743 0.593 3.752 0.388
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Fig.4 Spatial pattern of land use carbon emissions risk from 2012 to 2022
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Table 4 Ecological risk area changes from 2012 to 2022

2012 4F 2017 4F 2022 4E
A2 XU S5 2% - - 1
Ecological risk level AR S T AR S TR A
Area/x10*hm>  Proportion/%  Area/x10*hm?>  Proportion/%  Area/x10*hm>  Proportion/%
RS Lowest risk 393.966 40.712 396.879 41.013 432.852 44.685
BRI Lower risk 363.219 37.535 375.799 38.835 368.297 38.124
X Medium risk 164.713 17.021 149.027 15.400 129.687 13.388
B XU Higher risk 42.071 4.348 39.997 4.133 32.867 3.393
5 AU Highest risk 3.712 0.384 5.979 0.618 3.978 0.411
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Fig.5 Spatial distribution of ecological risk from 2012 to 2022
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Fig.6 LISA cluster map of land use carbon emissions and ecological risk from 2012 to 2022
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