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Abstract: [ Objective | The spatial land use resources of Changsha-Zhuzhou-Xiangtan urban agglomeration
were optimized from the perspective of carbon balance, in order to provide theoretical support for the
sustainable development of the region’s society and economy. [ Methods | The carbon sinks and carbon
emissions of the Chang-Zhu-Tan urban agglomeration were calculated from a land use perspective. Using the
carbon ecological carrying capacity coefficient and the carbon economic contribution coefficient, carbon
balance zoning was conducted, and land use optimization strategies were proposed for each type of city and
county. Economic benefits, carbon sink benefits, compactness, and conversion costs were set as optimization
functions for a multi-objective algorithm, achieving a more scientific optimization of land use spatial structure
using the COMOLA model. [Results] @ From 2000 to 2020, the total carbon emissions of the Chang-Zhu-Tan
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urban agglomeration increased annually, while the carbon sink levels in various districts and counties
remained relatively stable, with an overall slight decline. @ Based on the carbon ecological carrying capacity
coefficient and the carbon economic contribution coefficient, the Chang-Zhu-Tan urban agglomeration was
classified into carbon sink development zones, economic development zones, comprehensive optimization
zones, and green development zones. @ The optimized land use increased economic benefits by 28.5%,
carbon sink volume by 4.2%, and compactness by 3.6%. [ Conclusion] The optimized land resources
effectively meet the needs for economic and ecological sustainable development in the Chang-Zhu-Tan urban
agglomeration, with a more rational spatial arrangement of land. This provides a decision-making basis for
future land resource allocation.

Keywords: carbon balance zoning; urban agglomeration; carbon sink; partition optimization; multi-objective
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Fig.1 Carbon emission in Changsha-Zhuzhou-Xiangtan urban agglomeration
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Fig.2 Carbon sinks in Changsha-Zhuzhou-Xiangtan urban agglomeration
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Fig.3 Analysis of cold hot spots of carbon sinks in Changsha-

Zhuzhou-Xiangtan urban agglomeration
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Table 1 Carbon balance subdivision in Changsha-Zhuzhou-Xiangtan urban agglomeration
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O TE g% 0 & J& X A7/ 5 09 #F Hbsk 2, DPE A6 1 9
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Table 2 Changes of site area in different zoning districts before and after optimization km’

+ Hb ] g RREX BRIC K& B IX
P PR AR Ptk 5 A& PR T AR Ptk 5 A A&
HE 2 641.50 2 620.50 —21.00 532.00 333.25 —198.75
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oAk e B = st ) FH R 4) 28 4k B2 B T 4% 43 X AR
PENE &R S AT RS R, Sk R IX FE
A SRS R B, 38 T bR b 0 K T s I K
DX AR S 385 bRk, | K 38R DABR T RE ) 5 28 5% & R X AR
Sesl e b, (H A R R g b ) R B ORI 2
PREREE OR-AFT, AR 3 14 0 1 bR 5 255 P Ak XAl T AR
BMETE Kk TR 38 1 2 R 1 3 R )8 10 0 3% 4l
AR, K R A R S 15 FH b B A B O 1 DX ST R 2
RSB IL . 31X 26 00 b 4 itk A Bl T 58 IR R T 4
MBI 2 UF KR 5 AR S IR AR P 22 1) ) R %
3.2.2 EHAAKAE A WER I A, 2L HAF]
FHZE A Z (A 4778 12 35 0 0 % . B b T AR Oy e K I

T 2%, 3 F R A MK ML (765, 75 km®) Al K 8
(153.75 km®) , &b % 9 /> T AR 3 ok B 3, 2R
Ak (8.25 km®) FIZK K (4.50 km®), X Fp#E# £
BRI T BT DR B 8 3 e KRR A Ak
Hbw, A B Tk w55, 3 THAE S IR 5 Uiig. @ik
JHH A TRIFR A 1 621.00 km? #4n%)] 1 857.25 km?® , 1
TR Ay 2RV T B s AR M, X R LR B
F T ERTE K IRALP AR R A S S AU R AT Rk
K,

Horr, AR b i 22 A B D, R AL O e
TR B — 8 1 [ SR 25 () FN R T B, 4R35 4K 1 b R T Y
Al RS



%13

TR ISR T -7 43 X 10 2 H br st A A% R A1 283

a RALJE 69 3 A A

il [N

S
3

H

b LA R K
&4

4 KREHTHER I HFMAREES

Fig.4 Land-use configuration scenarios in Changsha-Zhuzhou-Xiangtan urban agglomeration

B¢ 4 Al A i URRIC AL 4% B R AT A e
Flde /N 40 B B R #EAT R AR S 19 - R O 48 .
TES TG bR L ¥A B8R A, BiRm . ks 0
WAL EIG N T 4.2%, W F R I T XA B ICEE T,
A BT R B ARSI, SRk as . Rk s
) GDP 341 28.5%, 7~ th £ db R A 9 4% K iR
W Tk, BRERREA T 3.6%, KW

R B v A AT Bl T e A B R Y
TR AR UL % e A AR O 58 A8 B AL AR
PRI b MM R B B 2 O B (R e i
BT A A AR B A S R T R LR S 2R S AL
AR . 3K — R O R SR B A T SR A
MRS T A TR A B T B A S S 2 TR B
K.

®3 BRRBTRKKEHTHIBANRAEBER

Table 3 Land use transfer matrix for Changsha-Zhuzhou-Xiangtan urban agglomeration under target strategy km*
AR B b b T 7K B B R A H Bt
HE Mo 6 662.00 765.75 202.25 153.75 151.50 — 7 935.25
M 131.75 171 42 83.75 86.00 81.50 — 17 525.00
A 87.50 8.25 331.50 4.50 3.25 — 435.00
K I — — — 569.25 — — 569.25
B — — — — 1 621.00 — 1 621.00
AA F 1.00 1.25 0.25 0.50 — 5.25 8.25
Bt 6 882.25 17 917.25 617.75 814.00 1 857.25 5.25 28 093.75
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Table 4 Comparison of benefits before and after land use
optimization in Changsha- Zhuzhou - Xiangtan

urban agglomeration

oA BRI/t GDP/Ji 7t BB ¥ A
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