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Abstract; In the context of dual carbon goals and new urbanization, ensuring stable economic growth while reducing carbon
emissions is one of the important tasks to achieve high-quality urban development, and it is also one of the key construction
goals of national low-carbon pilot cities such as Changsha, Zhuzhou and Xiangtan. Therefore,taking the central urban area
with the most drastic land use changes and carbon emissions in the Changsha-Zhuzhou-Xiangtan urban agglomeration as the
research area, on the basis of the current situation analysis, the Markov-PLUS coupling model and carbon emission response

model are used to simulate the expansion of construction land and carbon emission response under the existing trend
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development scenario, the development scenario of arable land protection, the green and low-carbon development scenario,
and the rational development and construction scenario. The results show that : D From 2000 to 2020, the construction land
area of Changsha-Zhuzhou-Xiangtan urban agglomeration showed a trend of periodical fluctuation growth. Cultivated land
and forest land were the main sources, and the expansion intensity was the largest from 2010 to 2015, mainly concentrated
in the central area of the urban agglomeration. The carbon emissions showed an inverted " V" shaped curve, which could be
divided into two stages: rapid rise of carbon emissions (2000—2005) and decline of carbon emissions (2005—2020).
With 2010 as the node, the decline rate first increased and then slowed down. There is a relatively close positive correlation
between construction land area expansion and carbon emission, the overall performance is a strong expansion of construction
land area increase ( decrease) carbon emissions increase ( decrease) and higher emission mode.@The results of Markov-
PLUS simulation show that the expansion area of construction land is the largest (235.9503km”) under the natural
development scenario, and the smallest (200.6354km®) under the ecological protection development scenario. Under the
scenario of green and low-carbon development, the ecological carbon sink area occupied by construction land expansion is
less than the other scenarios (169.78km’), accounting for more unused land ( 1.20km’) than other scenarios. The
distribution of expansion is more reasonable, and the pressure of ecological environment and carbon emission is less, which
is conducive to ecological environmental protection and social and economic development. (3) Carbon emission response
results displaced that under different scenarios, the carbon emissions of each district and county present certain sensitivity to
the expansion of construction land. Integrating construction land expansion and carbon emission response results, the green
and low-carbon development scenario is the better development model of Changsha-Zhuzhou-Xiangtan urban agglomeration

in the future.

Key Words; Markov-PLUS; multi scenario simulation; expansion of construction land; carbon emission response;

Changsha-Zhuzhou-Xiangtan urban agglomeration
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Table 1 Secondary and tertiary industry value and carbon emission forecast of Changsha-Zhuzhou-Xiangtan urban agglomeration in 2030

A AR HER (x10%t)

X8 SRR/ (x10°78) B=rEE/ (x10°78)  BRHERCRE/ (1x10745C0) o
District Secondary industry value Tertiary industry value Carbon intensity Carbon emléswns from
construction land

ST FERIX 367.53 1693.45 0.33 510.31
T X 385.12 1063.61 0.32 351.47

KX 580.12 843.97 0.33 260.63
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AT R A 298.27 176.94 0.46 163.14
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Y5 IX 778.44 233.29 0.46 347.32
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Table 2 Driving factors of land use change in Changsha-Zhuzhou-Xiangtan urban agglomeration
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Table 3 Number of pixels required for each land use type of Changsha-Zhuzhou-Xiangtan urban agglomeration in 2030 under

different scenarios

Bt UM AR

RIEAE R . it Fih pi &1 . Bt
. Cultivated Construction Unused
Development scenarios Woodland Grassland Waters Total
land land land

IR R 1 5
ARRE S RARS . 3130489 4631774 33655 354371 1408574 4123 9562986
Natural state development scenarios
Bt frar 4 e fis 5t
Cultivated land protection development 3180468 4602771 33495 352261 1389867 4124 9562986
scenario
AR S SR
Ecological protection development 3130980 4670308 33745 354387 1369543 4023 9562986
scenario
& SUN IR ¥ A B
Green and low-carbon development 3130686 4647142 33714 354377 1392970 4097 9562986
scenarios
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Fig.3 Transformation of land use types in Changsha-Zhuzhou-Xiangtan urban agglomeration from 2000 to 2020
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HekE h 1057.92 J7 ¢ Bk 3] 4125.12 T3 v, ORI i
A 1041.93 5 ¢ E3KE] 4109.21 J7 t, AFEFHHE K
FPE NN 146.05 7 1/a 146.06 J7 t/a; Hob I H |
K vb BRI 171 DX 15 P M B s A B A X B AR
FLAEAR Y A B L], S8 X A b A P el HE il
TR LA i L, 100 I 528 XTI 3 AR X A K 1 e i
Ejj ) ﬁﬁﬁlﬁj&%%’ﬁ**{gﬁﬁiﬁﬁﬁﬂkﬁiﬁég@j{t% - 2_000 I2005 2005 |2010 2010 I 2015 2015I 2020
BBV BRI 2R, AT LA S A B B, D2000—2005 4 KA Year
T R o B oy i P e HE sk i A -
RIEHRAEIX, H A K, 53 5 54.31 J7 v Fig.4 Change area of various land types in Changsha-Zhuzhou-
34.50 T3 v M A/ N R RE X, I MR HE AL Xiangtan urban agglomeration
AT 28.36 T3 t; - MR FH e HE IR K 1 A K A R
AEIX, O PR IX., kR e/ N R i T IX 5 (22005—2020 AFRiHE il T BB B, T W8 el 3 Sl 48 hn s e 2% ; LA

BALTE AR
Change area/km?®
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2010 4F K75 8, 15 A DX EL A e 1 FH bR HE SRS T F R T B, 0 2 11 IR AR 3K, b R R vl HE s O e A T s
K 100% 2247 1)/ INR B i1, 2010—2015 45T B R 38 31 fe R, AR YN T 04> DX EL 119 = b ) v i HE J3CA 38
Fo, KU TR T o B S X R I8 XRG4, LA X B B BR R P 7E 100% LA, 2015—2020 4F T R i
FEAR /N, 4% DX EL - MR e HE i f: ) AR A A AR 2 S b B B | 980 DX 30 DX R L AR 7, AR T
A DX EL BRI HERSCR B R A 5 SRR, 2000—2005 AR K BRI T REAL T & R, 4% X B AR E B Hal
HURJE  HE R B AE RN, 2007 45 R KB < PIAUAE 457 S, 30T B a8 P ) D T A 28 28 U sk, + A
KU J HEASCII ™ | 1 RiesliHE T ARt it | 2% X B iR H s A5 210 3800 o

R4 KHER T ARG AMBRHENS 3R RSBHEER (x10%)

Table 4 Carbon emissions from construction land and net carbon emissions from land use of Changsha-Zhuzhou-Xiangtan urban agglomeration

A} Year 2000 2005 2010 2015 2020
K District ﬁ‘:‘&}H i} iiMlJ%H ﬁiwﬁz}Hﬂﬂ iﬂiy‘rw ﬁi&}gﬂﬂ j:ﬂﬂ?‘F'JHJ ﬁfi&)ﬂ o MR }H ﬁi‘&m o LHA HJ
103 GRS 21y G 1 G = < 3/ QR /< 5 QR 21 G 7/ G 11 < G < 1 BT
Kb KR 134.02 134.07 173.54 173.59 132.61 132.66 401.59 401.61 400.11 400.12
FFAEX 119.05 118.12 101.99 101.76 220.97 220.75 263.46 263.25 347.59 347.39
PN 97.23 97.27 98.71 98.74 232.55 232.58 255.78 255.76 345.78 345.76
X 58.42 57.83 72.26 71.62 156.33 155.69 244.54 244.01 376.31 375.78
MR 96.41 96.01 150.72 150.39 255.75 255.41 284.25 283.82 593.15 592.71
EREX 114.20 113.03 85.84 84.76 214.19 213.11 239.14 238.08 361.24 360.19
KB 108.82 106.34 143.32 139.80 400.77 397.25 436.17 432.66 551.10 547.55
PR T 34.13 33.82 49.17 48.87 115.40 115.10 73.58 73.28 66.88 66.58
FAX. 47.34 46.61 72.10 71.38 148.78 148.06 112.13 111.43 113.52 112.82
X 37.85 34.91 32.37 29.43 55.04 52.08 35.49 32.51 35.11 32.13
AR 75.32 74.76 92.56 92.00 218.61 218.05 126.40 126.14 98.60 98.34
RICK 25.19 24.80 36.79 36.40 123.26 122.88 95.47 95.07 126.99 126.61
it s A 60.72 56.04 75.58 70.90 159.36 154.68 235.97 231.27 185.54 180.87
X 25.02 24.42 34.20 33.60 59.90 59.31 343.18 342.62 269.84 269.30
gk 24.20 23.90 35.76 35.47 83.15 82.87 322.22 321.93 253.36 253.07
B3t Total 1057.92 104193 125491 123871  2576.67  2560.49  3469.37 345345  4125.12 4109.21

3.1.3 s Y Tk S IRHE O S AT

T 5 TR RRTRDIR T 25 B IXT 2000—2020 41 £ 15% FH M 11 AR -5 i HE il i) Fsf 28 AR SR AIE | e B 38 2 B 3%
B — 2 ARG, TR T A G 1Y 25 VIR B B OC &R, SR Person A G 1 23 B 19 5 itk A7 8 1
30T,

SERLANEE 5 TR, 15 A BIX AR SEME R B KT 0.9, #E18 FH b if FR55 m HE FSOA7 A v B B4 IE AR S, IR
JH e AR 25 T B ARG B [F2E R I R IR AR X R0 X Bl DX 7 DX ) A DG M R 03 il
4 0.997 ,0.998 .0.991.,0.997, H7E 0.01 7K (U ) b 3 PEAH G, 828 X K Vb B MR B R XA 51X
AH S R B R 0.970,0.974 .0.970 ,0.979 F10.967 ,7E 0.05 7K (AU ) i FPEAESE
3.2 T PLUS FHBLE5 5 0 R AR TR T A i FH ™ sk S e HE s el 1
3.2.1  KOBRTEIR A Y SRR ZE SR o B

T PLUS B4 b R4 TR U0RS B2 B03IF , 45 2R B R Kappa 20K 0.92, KF 0.75, BAKKSE OA 4 0.95, FOM
FRECH 0.072, VEHIAS B S, ok BB SRR By, 5 B0 52 A R F I 00 22 S PR /N 45 SR TS FE 3%
151, A DAFHAE C S BB AU AR TR B T R AR Sf - i) FH 23 8] 534

BT PLUS BAUZE SR 15 BN [R] A& SRS 5 T A BRIE I T #E 2030 4F b A1) H 43040 s 40 15 16 (1 5 ), 9144
AR RS 2020—2030 AR & RS 5 T AR S s b 5 @ B b AL RS A0 1, AT LR AL ARAE
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£S5 KHREETHEXEZRAMY KERABEXREE

Table 5 Correlation coefficient between expansion of construction land and carbon emission in districts and counties of Changsha-Zhuzhou-

Xiangtan urban agglomeration

[X E. District FAEIX T4 X FNINES HIRIX FAEIX X Kb 5
(R

person fHXHE(R) 0.973 0.997** 0.998 " 0.991"* 0.970" 0.997 " 0.974"

Person Correlation (R)

T2 i

E% ﬁ( XX{LJ) 0.027 0.003 0.002 0.009 0.030 0.003 0.026

Significance ( bilateral)

fap X ORI X FUEX KITIX R E X EJEX

0.932 0.921 0.900 0.906 0.906 0.970 " 0.979* 0.967 *

0.068 0.079 0.100 0.094 0.094 0.030 0.021 0.033

x| JPBIARETE 0.05 F10.01 K (XU 1 BFEAHS

B DR 52 J A S

0 25km
L

T 2 A

e e [0 e [

B5 FAEXRES TRKEHTE 2030 L7 AL FRHBATHE

B e

I s

Fig.5 Partial details of land use distribution of Changsha-Zhuzhou-Xiangtan urban agglomeration in 2030 under different development

scenarios

MR TR AR R, AR A SR SR Bt ke v AR B XA [s) - st ) 2 B

=4
o

Wi A7 1F 2

S A HTE A SRR & RS N Sk i AR R K, 235.95km?, 7RG (LR B & SRS 5 R sk i AR RN, A
200.64km” , 7EPURN & ARG 50, BFHI AR I AR 385 1) EE 15 FH b 2 £ 1% T AR SA A R Hb AN AS ) F Hgg /0> , JHep
B 7r SR I & R T B AR TR R AR AE 1 SRARAS & 1 5t R Ak i B K, K S 7E A BT A
Bl s ML B K, BAAORE  FERT AN & B 50T, B F b 5k S BORUE R At , 431 7 S A AR
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1) 70.04% F1 60.50% ; Sk NI & SR IG5 T, BEHL I B AL AU R, B AL R AR 43.15% 5 & 30T & 1
SR A MY 5K W AU 221, 83km®, HEFE S A, {HAH b H Al & R S, 7 B b e R B D, R
20.07km? AN 7 BL 5K ALY 9.05% , o FH AR b A T AR R BE S 149. 71km?®, (5 R ) Hb i T ARG i &)
1.20km? | A FLRT =P & 1 520 R B 0.30% .0.32% .0.35% , Ui WIE G 3T K d 1% 5 T, KR ok i A
TR FH AR 5K o B A 2SRRI AR X b | o AR R A X 2 3 5k o A ok & 3

MAAREISE T REAR R X B A VD E BRI TR B AR DU & A 5 i bk o 8k b Fn
RHI TR A, 6 38 DX R T DX o AR %) TR RS K, Ut B A AR R 1 e i A v s JLAS X B 25 o R R &
) A AT DR B A 7™ P b, AT 7™ A SR B BBl HE 1 RO £ A6 7 e ), A B % 28 N ™ IR . 55
AhHEF SRR R G SN, £ X EL i b T RIS AT B R B2 1R 45, AN T 05U B A 1 S BRN A= 28 3R I
P AERE PRI ST 45 DX B FH b o PR TR AR 5 R, X6 A S A U P e 1 s Wi A R, N R e D HE T
VERGHEE ; A= AR & RAE LR 7 P A B o AR K, Ko SR AR A P A5 M £ A 7 22 4 FH LA B KR i), AN R 1 3
TIHFZRUE R 33X = Fh & SR S MR 1T A 15 FH b 5K 38 2 AR A AR 9P 28 355 e Jeents SR A R ) A T 2
i), A 0 IR R SR S5 T, AR TR T R 5 DX BL 1A FH M ™ 56 %) TR v, T A el FObAR b ) o5 FH A Ak At
=P A S R 12 R o o I AR A IR R R HE IO AR /N, BRAE R A S IR B AR B A R
Traapr kR,
3.2.2  AFEME ST A ENE M 5k -5 0 HE RO R 434

MR A 4 THEAT B BRI T HE 1R S e RO R R B (R 6) . 25 R R 2020—2030 4 K AR TE
39T R HEJROGT 15 FH b A 4 1 i 107 R B AR, DU S T BRRHE SR A N AR /N 1, AT RE H R i
1A, B — iR T A AEARAOR B, 35 2 - b R F RN 28 5% & R RTRE IR HE O R AR K, AR 45
Hi A g W 7 AR SRR AR AN A BB ST e b R v 1 I e 7 (240 4 1, A ARt 1 o 7 1 BT A
ol B b R L 7 45 2 S 15 s P S AR HE 2 E B AR T, KRR VR IR T AR A 15 FH M 5K 7 A N R, 2
7 AR 7 5 T A R b P i A PSS Rl HIE A0 o7 A K oA AR b A Sy 3k v A 18 P
P9Iy T R MR HE RO 8N o A T SCRY S b T B0l 25 3%, A P R & e o R R B T o
22 PR ML SRR T T 3 bR e AR, R e 1 (AR, X 5 2 25 S I A 1 B AN A 5 T
T & RN Sl i 25 G 7 PR AR IS T HLORAP IR T A 28 0% R v, 5 RS -t 1) 1 O =, (R kT A - A 2 1
BRI , A ) 38 61l a2k W AR R L A 1 S B RO VB30 T R A7 A ok 19 J vl T LA 2% s T P 196 55 1) R T
B,

F6 TRAXEHESTREENTETI0H BB REER

Table 6 Response degree of land use carbon emission of Changsha-Zhuzhou-Xiangtan urban agglomeration under different development

scenarios

KA 5 HER M W A Carbon emission response value

Development scenarios FARRERIENS b RIS SR RRN s IR K R AT S
HEHb Cultivated land 1.91 2.77 1.90 1.91

s Woodland 3.75 2.99 5.54 431

HiHl Grassland 5.78 4.45 6.86 6.47

7KK Waters 1.47 1.62 1.46 1.47
FAFHHL Unused land 0.40 0.40 0.37 0.39
L4 Wi 3 {H Comprehensive response value 0.41 0.44 0.48 0.44

3.2.3 X EREET R g Y 5Kk -5 RkHERBOw 2

AR 1 2020—2030 4K AR TR AR HE IO EE U H T 5K i e i FE B2 AR BT 2000—2020 4E A BT R
K, 2RI 45 B IXCHE R OK I & TR o R A s 22 300 APl & JR A AR IR, 15 A4 DX EL (S e DX R /N it B ) 1 T
X5 AW X AR SR VA 2 52000—2020 4745 DXL Ay i o7 (B35 T 1, #05 FH b ™ ik X i g 19 5 o
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Ay, e g 3 DX AR e HE SO 7 (8 A 5 ( 7.33) , RO P IS IX (4.42) |, i TRARTR IR T E 9 - 247K F 1.78,
M 7 {1 5 I 1 R A7 1 0.26 , FR R TE X 0.79 52020—2030 4F , R4 0 Ik & 1 5P iy 253 X Ah 15 X
SRR B A NT 1 RIS AR & SR ARE . 78 A RS R R 5, oy 3 DXORI= S DX ) o 1 {1
BT R 93.98% 93.38% , Al HE IO EE 1 FH Hiu 7 5 Ay SRR 1R AL T R e HR A R JER 34, SR ke i FH
Pk BRI S 50, SRR IC Y b e R & RS 5 R, 45 X ELRRHR RO (B X b A ARAIRAS
R JRAH A PRSI 33K 3202 T i P A 7 A 2 PR B M BT 350 e A SR R R 5T RO 1%
FH M4 5 BB F 2 AR A X (0.71) , AR A TIAE X (0.64) |, SUBRPER AR A - X (0.38) , B A R B
B HE IO R FH LY 5K A (IR R AR AE . FESRCUIRRR &2 AT 50T BR IS X A1, oAt 14 4> DX EL A Ri-HE SO 7
EI/NT 1, B PR TE IR 5 o [R5 A R R 30k i B 20 O S AR S IR S PR 4 B WUk B AR 5 5 SRR, B 2%
2 B S 3k i R S T M K B AR T X B HE S A 5

*7 KKEETHARZRESR TEXEEIEAMY KEH MWL E
Table 7 Response values of carbon emissions from expansion of construction land in various districts and counties under different development

scenarios of Changsha-Zhuzhou-Xiangtan urban agglomeration

KE 2020—2030
District 2000—2020 AARRE i g EE SRR BT &
RN RN 5 RN 5 AR5

Kb FERIX 3.31 0.64 0.70 0.71 1.95

TR 2.12 0.39 0.41 0.50 0.44

FRINES 3.21 0.44 0.47 0.56 0.63

BB IX 1.04 0.34 0.37 0.39 0.33

FIAEX 2.17 0.45 0.49 0.64 0.91

X 1.34 0.42 0.45 0.57 0.50

Kbl 1.49 0.43 0.47 0.41 0.53

l7suint Taf X 7.33 0.44 0.47 0.48 0.23

PR IX 4.42 0.29 0.30 0.58 0.27

X 3.64 0.58 0.63 0.57 0.50

FIEIX 0.26 0.34 0.36 0.39 0.38

RILK 0.79 0.42 0.45 0.48 0.54

T R 3.95 0.48 0.52 0.58 0.48

R X 1.45 0.35 0.38 0.42 0.35

EYEX 2.98 0.38 0.40 0.38 0.21

AR T HE
Changsha-Zhuzhou-Xiangtan 1.78 0.41 0.44 0.48 0.43

urban agglomeration

4 S5t

4.1 45ig

T AT 2000—2020 AR MRTE T3 15 A4S KB A EE T A LY 5K SR HE R | 32 B Markov-PLUS Flfi
Ik vy AR 45 7 v | AR R T KRR T RE 2030 4F 25 MY 5K A BRHE R R A, FEESISF .

D2000—2020 A T I 113 11 A 158 ) it T LS B BB A 11 00 S 398 R | Bt R b 2 L 2 R,
SR BEAE 2010—2015 AFfe Ak, B A3l R o X3

(22000—2020 4F 15 FH Hiufise HE -5 A R FH ¥ s HE e o 28 Ak 52 A0« v U £k nT LR 43 Sk i HE T
Pk THBr BE(2000—2005 4 ) FeRHERCE: T BEF BE(2005—2020 4F ) , LA 2010 475 45, F R0 B Je 38 s
2%,
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@ LY 5K 5 0 HE B [ A G BN B VIR DG OC 2R |, R 3 B 38 FH b 1o ARLRE (920 ) e HE
JRBE Z 3G (90 ) PSR TR S R E R

@FEV AR 3 ARIRZS R RIS 5T IR AR K (235.9503km? ) |, 7EA= 284549 & A% 5 R 97 ok 1 AR/
(200.6354km”) ; #H L A & Jré A% 5t , SR (A Ik & e 5 e i b5k oy A A 8 me TR AR b, o5 R R
HIAEXT AL ik o A B B 7R AR R IAEE e 1 AR HEURE 18/ BEAT A T AR S IR B - A A1) T4k
SRR IE,

ORI TR 25 DX B A B X i b Tk B8 2 I — 8 I BURR M | 255 25 SR i R b 7k S
HET e 1, €A A JR 1 S A R TSR T R AR I 3 e SR
42 e

FERU B AR IR AL B 5 T PRAUEZE T B2 G 1 [ i i TS S5 LA T vy o o 4 e 1) o
52—, BB TR IR A & e () SR Iy 2N — | Al HE IO i M 5k iy e 107 7 B AR R T
PR TTRRICRR & T, AN SCAIF T 205 2Rtk 7% 3o T 0 A 2 8 D ™ 1K 5 B 20 184 5 )5 U 55, X 5 W B B8 A R 7 B
SR BRI SE — B, AR I IERE DAY T 45 X LA SR B0 5 4 MR TR T AR HE BORS SR 5 A B AR B 5T 4G
S, ABASCRI A = =7 B 5 57 GDP REFER (R4 H 54 R R 30 i B At 1 P b ) e HE ke 2, e HE s 55
BRI 3 3 A0, AR SCU T DU S5t , W53 3% B 38 o SR BOAS [] 1 A Jre B8, 2020—2030 M T Ik i B HE ffeox 2
BT K A e WA A BT T B, SR AR A R B RRAIE  Ferh e S 3T R I 5T, #02 HUR IR 1 FH 1
EAT T R g, Js il e 1A FH b o B b AR S5 A S B 4R 5 FECRIESR T BE 2 0% R R AV AE SR B % 2
I RRAR T B, PRI, AR TR T 4 7 224 7675 B0 3k i 0 SR 00 6ty b, 22 70 PR3k i 0 v %) A ) P st
FrifFE N Ir &, Ul X M A o B 3k i B R RCR | AR JC R i A R S B W ST A
Ll AR SO TR RUBE 1 % (AT S 2 5% TN A 28804, A R BRI IR T A 2 1 P b SR AR i B HE il
Ah 23 AR RRAE A8 BT AH DGR 117 60 25 UL b S AR A 5% DX RS HE g B, AT B G b A A S T BE 2 O R 5 A4S
IR ARER ), — R O AR R T R BN R A s TR R S R R RS Hak R
PLUS BRIV [R5 5% T g i P 5k #4 E e Hl s v o7 A5 A0 805 AN ) ke J 3L 8 Al 3 i) 107 A
—EREE A BT R E AR s N2, DL T A ShALES AR TP 5K Oy T BB UR AT KR TR IR
T HE SO DG DI ] 2 ()R S 4R 228 0 WL, I R 3l i B e Dol HE BB 1) ) e 3L ), RS, R T AE
TR PR OB HEROZ By A AR 583 | Markov-PLUS B () 25005 B 7 T 75 dE— 4 i, L, ROk TR
Wr P2 FHETHORS FE |, SE s dR bR 3R | BClb e HE RO 535 1%, DA IEA 758 e aff 1) 43 T T 5
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