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The spatiotemporal evolution and configuration improvement path of blue-green

carbon sinks in the changsha zhuzhou xiangtan urban agglomeration
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Abstract: As the basic skeleton of the urban ecological space and an important carrier of ecological security, blue-green
space has irreplaceable ecological value in the urban emission reduction and sink enhancement system due to its significant
carbon sink potential and sink enhancement efficiency. Under the background of positive response to the national “carbon
peaking and carbon neutrality” strategic goal, revealing the spatial and temporal evolution law of carbon sinks in blue-green
space and its driven mechanism, as well as constructing the path of carbon sink enhancement, has become an important
proposition in the study of regional sustainable development. This study takes Changzhutan city cluster as the research
object, and analyzes the spatial and temporal evolution characteristics of the blue-green space carbon sink and its driving
mechanism based on the land use data and carbon density coefficients from 2008 to 2022. It is found that; (1) the average
value of the total regional carbon sink is 1,151,600,000t, with an overall fluctuating trend. The mean value of the blue

space carbon sink in the study period was 1.34 million t, showing a continuous downward trend, and the green space, as
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the dominant source of carbon sinks, showed a significant consistency between its dynamic trend and the evolution of the
total regional carbon sinks; (2) the changes in carbon sinks maintained a certain degree of stability, and the spatial
analysis showed that the spatial pattern showed a “ northeast —southwest” axial distribution, of which the spatial and
temporal evolution characteristics and driving mechanisms were the same as those of the regional carbon sinks. The spatial
analysis shows that its spatial pattern shows a “northeast—southwest” axial distribution, in which the spatial influence of the
southwest region shows a significant enhancement during the study period; (3) the path analysis reveals that the degree of
land use and the population density dominate the two core paths of carbon sink enhancement, and their changes are affected
by multi—factors, among which the synergistic effect of the intensity of urban development and the level of the economy, and
the interaction effect of the population aggregation and the economic development are particularly significant to the carbon
sinks. The synergistic effect between urban development intensity and economic level, and the interactive effect between

population concentration and economic development have a particularly significant impact on carbon sinks.

Key Words: changsha zhuzhou xiangtan urban agglomeration; blue-green space ;carbon sink; fsQCA (fuzzy set qualitative

comparative analysis)
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Table 1 Carbon sink coefficient corresponding to land use type

A A Hrith R EHl A 7Kk ARFIHIHb
Land-use type Cropland Forest Grassland Shrub Water Unused land
BRI Z %X Carbon absorption coefficient/ (t hm™ a™!) 0.13 0.87 0.41 0.23 0.3 0.003
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Table 2 Carbon sequestration of blue-green spaces in the changsha zhuzhou xiangtan urban agglomeration from 2008 to 2022

WD TIT W 2 23 ) Bl BRYNTIT 5 2825 (o] i TR T T A s i) I
- Changsha b.lue green space Zhuzhou b?ue green space Xiangtan b}ue green space
Year carbon sink/ (x10*t) carbon sink/(x10*t) carbon sink/ (x10*t)
Mt sl A s8an gpazsil A Mt 2 a3 ) s )
Total Blue space  Green space Total Blue space  Green space Total Blue space Green space

2022 60.055 59.519 0.537 69.573 69.168 0.404 22.069 21.763 0.306
2021 59.972 59.409 0.563 68.926 68.503 0.424 21.862 21.536 0.326
2020 59.889 59.325 0.564 68.844 68.419 0.425 21.840 21.512 0.328
2019 59.813 59.246 0.567 68.761 68.335 0.426 21.859 21.531 0.328
2018 59.731 59.160 0.570 68.489 68.062 0.427 21.841 21.511 0.330
2017 59.611 59.027 0.584 53.229 52.878 0.350 21.903 21.565 0.337
2016 59.758 59.166 0.592 68.946 68.505 0.441 21.942 21.594 0.348
2015 59.725 59.129 0.596 69.375 68.931 0.444 21.939 21.586 0.353
2014 59.673 59.085 0.589 69.611 69.170 0.441 21.910 21.556 0.354
2013 59.878 59.293 0.585 69.931 69.493 0.438 20.814 20.464 0.349
2012 60.486 59.910 0.575 70.775 70.344 0.431 22.229 21.875 0.354
2011 61.198 60.623 0.575 71.235 70.804 0.431 22.405 22.045 0.361
2010 61.694 61.124 0.570 71.698 71.268 0.430 22.505 22.143 0.361
2009 62.784 62.212 0.572 72.274 71.843 0.431 22.710 22.350 0.360
2008 63.592 63.020 0.571 72.905 72.475 0.430 23.073 22.714 0.359

£ 3 2008 ££.2013 £ 2018 50 2022 F£ KRB HEE R E = 8 B RRGLIER
Table 3 Carbon sequestration in different spaces of the changsha zhuzhou xiangtan urban agglomeration in 2008, 2013, 2018, and 2022

S Year 2008 2013 2018 2022

JSBRIL Total carbon sink/ (x10*t) 159.569 150.623 150.061 151.697
B {023 (BRI Blue space carbon sink/ ( x10*t) 1.360 1.373 1.327 1.247
434023 (]I Green space carbon sink/ (X 10%t) 158.209 149.250 148.734 150.450

F MRV T A 1 2 2 ) LRV i 26 AN R AR P AR B I AN 28 3 AT, SR 7E 2008 4F & 2022
AR I B HAKT T, 2008 4 BSARBRIC i 159.569 J7 t, M J5 32 4F R [ 2 2013 4F BB I N
150.623 J7 t,2018 4EHE—FEE 150.061 J7 t, {HF] T 2022 444 FF BT, SRR IC &L 151.697 T3 t, T4
o 23 Tl WU S B R TR 9 28 £k . 2008 4 22 2013 4RBEA 1K, M 1.360 J7 ¢ 39 % 1.373 J1 v BlJE 2 4F T RE,
2018 AEFE A 1.327 J7 1,2022 4E4KEE TIEZE 1.247 J7 v, MIELZR, G028 AL A E R BRI & 1 0 A
Ry, HAR L R S BRI R B R R B ARALPE . A 2008 AR 158.209 7t R, Sk 2 (Rl I A AF
TREZ 2013 4F 1 149.250 T3 t, 4R TIAE 2018 4FF— DI 28 148.734 7 v, S ZAF 2022 AESCEL I, 3K 3] 150.
450 71 t, (HASIE R, W 6 2s BRI R AE 2013 FFEERIE(H 1.373 U7 ¢ 5 fERREL T, 2 2022 4FE T[4
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Fig.1 The proportion of carbon sinks by different regions in the changsha zhuzhou xiangtan urban agglomeration in 2008, 2013, 2018,

and 2022
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Fig.2 Spatial distribution map of carbon sink measurement level in blue-green spaces of the changsha zhuzhou xiangtan urban

agglomeration in 2008, 2013, 2018, and 2022
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BRFAVD BRUIZG X, 2 2013 4F BRI X BUNE MR Y™ 5K | pA v AR I 23 XA Wy ) S &5 )
P AP R S 3 e G L L DR 0 DX ) (2 40, SR it X F AR A A5 s )l RESZ 21 1 BF T, 2018 4R KPR
Pl U5 30 B 9 G0 sl DX B0 (0 R, AR J1 30 3 (L R 88 K, T RESZ B 17 )7l e B R B MR i
2022 4 B A5 6] 53 it — 20 AR, A0 B 23 DX R (0 R T Ak A -5 B 52 B Ak S I I (B E RS
BRI (EL D MG A RS (R 5% ) N TAB S BB (R X I 3ol - i s SeE Ao | SRR T s AL
A ZSRRIE B PEAE AL JF A A T M R LI BT A S AR P OT I

RIS R AR HE 224 [ ( Standard Deviational Ellipse , fil 7% SDE ) 3% — 25 [8] 0 M8 A, 0l i 7K 2 K bk
PSR 2w s (8] P 9 2 )0 A R A POk 7 PR R SR PSR G R T 3 D R BRI T A ok
TEACFARAEZE B 7R

IR 4 Jr 7 B R RIS HERRAL A b 25 M 1 3 2580, 2T 2008—2022 4F | KR T R A 31 23
[F1) 73 A% J e S v BE RS E M . WA A% o DX S ¢ 2 72 ity B SRTE ST PR, s ) o0 R 8 26 B A A
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A (87 ) P58 B R A LE RS PR A2 4K

E{EAS I A, B R 20 5] i % £ S22 B0 L BRi0sss OIS e a2, Hhy 2008 4R 1Y 151.558° fig 5% 2 2022
4RIy 151.752° 35X — A AR AR B IXUI] 7K 2R 46 19 R b 38 3% AT R X6 VAR T A e 1 2 ) A% Sy 7 A T
PRI B RE ML o SR S Ao M 5 AR SR AT (18 0 A HE 2R, SR T 3l T 1 18 i T 2 [ 45 R U IR DR 5 3 i 1)
IR AR FE T BUA A% 0 X3, B SR T2 A1 AR iR R AR IR A% S

a2 AR

0 30 km
[

A RILELD
- ATEhEE
[ 20184
[0 20224
20134
[ 20084

B3 KHEEMHHERSEBRCKFHREEHRESSHE
Fig.3 Standard deviation elliptical distribution of carbon sequestration levels in blue — green spaces of changsha zhuzhou xiangtan

urban agglomeration
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Table 4 Standard deviation ellipse center parameter of carbon sink level in blue-green space of changsha zhuzhou xiangtan urban

agglomeration
Wk ) EBIL/ (X 10%) JAK T/ km? LA/ (°) LS/ (°) TR#MBE/ (°)
Total carbon sink Perimeter/km Area Central longitude Central latitude Offset angle
2022 5.061 1.885 113.302 27.609 151.752
2018 5.072 1.893 113.304 27.610 151.900
2013 5.059 1.882 113.313 27.604 152.602
2008 5.045 1.875 113.300 27.615 151.558
(0758 [ SBRIL/ (X 10*) JEK/km T/ km? HLEEE/ () LS/ () TR/ ()
Green space carbon sink Perimeter Area Central longitude Central latitude Offset angle
2022 5.066 1.889 113.305 27.607 151.885
2018 5.077 1.897 113.307 27.608 152.052
2013 5.064 1.886 113.316 27.601 152.778
2008 5.051 1.879 113.302 27.613 151.710
W0 23 A BRI/ (X 10%) JAHK/km A km? UG/ () LS/ () HMBE/ ()
Blue space carbon sink Perimeter Area Central longitude Central latitude Offset angle
2022 3.637 1.000 112.998 27.859 139.030
2018 3.662 1.012 112.993 27.857 138.595
2013 3.645 1.006 112.986 27.859 137.342
2008 3.570 0.970 112.982 27.863 136.643

3.3 AHNEABEARI T
331 YT EERESKHE

AR B A% 5 R 550, BE A 2008—2022 A ] < Ak VI T A Ik Tl 0 2 2 ) ) Rl Y S4B Ry 405 R A
i, [ PEHE T K N T BE 7= 25 0 0 = b 1) 5 3 5k D0 A PR PR A R Ak F . AR I )
.

L R RN b DA 7 BB A i, 7 b 25 AR B Ml o Tl XA 7 B Y L R R, A
5 U XN 171 %8 B St dee N T PR ZR A R PR e P A Ve Sk i 2 15 D it e 8P AR Ao Ve Sk Tl A T
R HO A 2 E L ) T RR

X FALGE TR | fsQCA 5 X AR F dE AT RSO AE M v LA SRR LA A0 Mr . AR K5 1T TR 15 235 SR A et
Fi = A BIE (LU 25% HPTEL 50% T A EL 75% ) ek < S8 e AN SRR 38 X -sE AR E IR
W 5 iR, WA LS B ARG ™ | DU o7 s R 4328 B3 J B | 465 A5 AhY A2 Kb B0 ik K300 1) AR £
PER R BENTRE S, B 2 N R AL G 80N 40 B B A RS &2 i B IR TS5 e B SR S % fE.

£S5 TEREHR

Table 5 Calibrated anchor point for variables

£E R M UE Fuzzy-set calibration

Collection SEAHIR Affiliated 32 X4 Intersection FEAHE Unaffiliated
Z53% % & Economic development 131362.500 66443.000 31842.500

A 1% Population density 6830.687 2930.000 1257.700

Pl Z5#) Industrial structure 60.061 52.440 39.516

+ HbFH % Land utilization rate 0.651 0.275 0.157

T%iL Carbon sink 71.281 59.813 21.841

332 DEHKEK

fSQCA 4 ZAAG Y6000 o — B 5 B S RPN B R A5 W A R A B2 A — R B — B R T 0.
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9 i}, AR IR A R A A WL BER A UL T A PURBS AR IR ARSI s R i AR PR
ERTEER AR L, i S0 7 HOT AR AR SOOIl 0 ST T s s ) i § 1) A R AR AR T3 e i o =
[RIBRA A B ARREAT T b BRI, LU E 2 A A RE LU T PR A5 B T 228 . 3R 6 SR, FE S THRRAL A9 %
Ferp LU AR TR R AR v, BB R A BT 2R MR B B AR O AR v . IX W TEIE R f T i 2 Al
THIRAC I A R 1 2 FT N SR LA T A o TR, A e B — AP AT AL S0 AT, DU 7R X B8 25 HE B Y
FLARAE AL

®6 BETHLEMINER

Table 6 The results of single factor necessity

A b IR S URa

KA High conditional variable Non-high conditional variable
Conditional variable — 5 V=1 — 5k ok i

Consistency level Coverage Consistency level Coverage
2235 K J#& Economic development 0.580 0.653 0.639 0.748
N FI 25 Population density 0.652 0.867 0.641 0.647
P45 Industrial structure 0.709 0.758 0.523 0.647
2 HFIHIZE Land utilization rate 0.658 0.873 0.654 0.661

3.3.3 KRS 50k

ARHFFE R fsQCA3.0 B, B e —SCHEBIME A 0.75, T BRARRLZR B, 33 43 Hr Hp ) i 5 17 240 i 1) A JR 4
B U AR TSR T W AR S RIBRICAY 2 A0 1648, 15 I 4 A ETR AR Al & (450K =k 254 |+ R AR
JERN B B 353N 0.608 3% B BR A IX 4 A4~ Fif P A8 B AR A5 R R 60.8% 41, [RIA, — Stk #) 0.
902 , 3% B IX W 551 FH B AR X 25 SR A i BLAT B AR A . L5 A DA Ik i 26 252 Bl A JRy B AR UK 152 1
PEUET AR

F7 KKEHTHERKZTERLCATER

Table 7 Carbon sink configuration results of blue-green space in changsha zhuzhou xiangtan urban agglomeration

fif R+ 175 Configuration

Explanatory factor 41745 1 Configuration 1 475 2 Configuration 2
27 %2 Ji& Fconomic development . .
A% Population density ® @
PV 45 H Industrial structure ® ®
+-#FI % Land utilization rate &> ®
—ZF*K Consistency rate 0.910 0.903
JFUA 78 2% %% Raw coverage rate 0.597 0.591
M — % 25 % Unique coverage rate 0.017 0.011
JA—FR Overall consistency rate 0.902

MAKTE 5 Overall coverage rate 0.608

* M@ HIFIR L FAFAFAE S AAETE ; O M AR MR FAATAE T AATAE

(1) 3R P2 S OB B2 T A

AR A2 T K K- 5 - A AR BE A0 A6 A o 22 D8 R K- B T il aed $ AR 28 BT G 4 A 52
Rt MBS SRR AR BT, DT IE [ fi2 38R 11 BE 7 5 17 - M) TR B2 aed v (A B2 g™ 5K M 45 k) U
FLEHI S LS R G DI RE , O Il A S i 1 - A b BT 2K IR B R BN < 5% JE B Bl ™l
SR T (AR AR RE ™Ml o HE ) AN VAR R EL e BE Sl 7 (5 B8 M ) P it P e A 285 B L, 52 17 400 )
I L s AR il A P 2 H (ARl 5 AR S 4k St L 1)) Pl e SR >R 5 AR AR

(2) NHE T ARG DI AR T A
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IR AL OFE T AT R IRAKCE 5 N OB B SC BAEH . 200 & R ik 42 v WE U5 R FH 80 A 45 76 21
81 Ml A TR AL I A (HN 11 9% B ik v 2 IR e VR T #E 23 HE o M i 30 5 b, B0 2 Rl g R4 . B
TRFI N . N ER B ReHE sl 4 2940 & 8 (AR S5 b 5 L3R T ) EE 8 3R A= A 25 i, &3 o I 5 3%
N ZR B A SERILTRI R AR T AR BE . 2 A28 1) O BHEAE 738 ook 8 ZE T R (S AR s Ak 45 ) SEN 1 43 A
AR ENSAER,

25 LW SRR T MR Z BRI RGEMERZ N 280 KSR AT G, WEHR AR AR B8 A SRR | o T B3 2 R ik
PIRWEARAZS s N0V B A bR IR B AR 2 IRl g4 i, A mE T R ARG 5 AR R G5,
WAL AT LA AR e JF &7 Sy 0], 38 4 [ 4 2 ()RR 24 o s A FH 5 B, R 28 B A AT 51 S IR 7= b A7
Jey , [) e gt A 2850 DB A TR KT v 2 B B DX BT 2, KRR T B 7R« BRI 5 < AR B 4% 1
27 IR G, s Sl A WAL, 5 DR A% U A5 1 04 1E [ B[R 2500 e KAk
334 FERL

SRR B 5T 46 T AR fd v, AR SR — B BB A AL E 0.7 SEATHURE AT, 8 45 R KRR T
B3R T A R A A B AR AT M SR LA I A IR T 0D 258 T 5tk . AR TAE G 3E T o — N R A X 3R
5T, A SCGE I $5QCA J5 48 7= IR Sl PR 1] i BRI 500, R GefAr « 2855 -7 M- b Bl N 1™ Z2 2R 3K 3l 1) e v 4
FrEgAE, Al e 25 AL EOCR 20 5 SR 4t T BB AR

®8 fsQCA IBMRBATLER

Table 8 FsQCA robustness test configuration results

iR T 217 Configuration

Explanatory factor 4175 1 Configuration 1 4175 2 Configuration 2
2235 & & Economic development . .
A 125 Population density ® ®
7ML Z5H Industrial structure ® ®
+ 1 F] = Land utilization rate &) ®
—ZR Consistency rate 0.770 0.773
JFUEATE 75 % Raw coverage rate 0.891 0.896
ME—78 35 % Unique coverage rate 0.015 0.020
JSAR—ER Overall consistency rate 0.911

JMATE 35 R Overall coverage rate 0.768

4 MREREERY

4.1 MR

T XF 2008—2022 AF-AK AR TR IR 1T 0 A BB YL R 1 B 25 4% SRy R AT 20 BT, 35 1 o 2 0 T3] R 21 S 4 7
BEAR AT % T R R T S0 T A 2 s [T B I 25 43 S AR A B i (R 28, LR850 T

(1)2008—2022 4, K AR TR 7 FHf s 2 2 (B ey Ak i 2 L e B S5 T R SRR I, 24 I9MEh 151.56 1
to o 2018 4R AR AT 1 . 2008—2018 4T 5 42 [ RIS B Hp 2 T B, 2018 4R Jq &40 Tt M 4 i
HRARVE | a3 (8] (bR Bt BEH ) 2 2 Bl ORI, HARE 5 SV A G SR — B0 (B N 25 57 0 35 . Rk
LN RRE IR YERETE 15 T7 ¢ oAy BB ORI & 78 2008—2013 41 5 87 19 K Ji5 % 0 T 9 #F 3th 0 36 B 26
W BRI SR T HL 2018 AR JE s e, poA SRS S B L S , MIAZ T, W A (A (K3 BT
FRFSE R, M 2008 4E (1) 4.534 J7 t [FEZ 2022 4E () 4.156 T3 t,

(2) BFFEI P, A R TR IR T A 1 2 (B B VAR 28 (0] DA AE —E 25 5, RN Hb DX i 4 2 TRl el i 78—l
X AP AR AR i KO, AR SN 68.971 J7 t; K VD HBIX 5 k2 [ B 1 B Yk 22, 24 - YRR I
4 60.524 T3 5 1T TR b DX R 2 TR RV B AR AR, 245 - IR B R 22.060 7t WFFE I N PRI Ik T
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PSRs[RI S SR T — € BRI ARE M, 2= () A rhC S B ZRAb-Ph e ™ 1 23 8] 20 A ks Jey , 74 i 3 X
Xof W o 2 TR B V1 2 T s Jo £14) 5 W0 328 T 1S

(3) WA FRTE , A2t R (G 5F I R I I 8 AR R 2R B0 PR TR Il Tl A 1 2 2 [ Al 71728
A B2, H 22 3R 48X B B2 ) S T B -, Jl5d fsQCA A THBRAR A0 Ml LR B, 43
IR EE RN 11 %5 B2 4300 55 1 T SRR AR T I T A T A B T B A28, DU LR ST - R R B 5 8 i e
TN 11 %5 BE 5 22 5 R ) R (R R SR T R T s i iy 3, R RO VBB T 1 28 T A Jr XoF DX Bl ke
72 AR T AR ) T[] 5] T N I %885 8 R = I ) R R 8 DU X B A 1 it ) 7 ] B2
4.2 HUOREMY

G54 IR O THRBRIRIIN T R 0 2t 2 (BB T i B 25 A R R ST 4508, AR SCHR 1 A S AR QB 2

B R S A AV R R RO A B R T RS A A R b R S AR R LR B AT
F A PEUN T R PATAE S AL TR ATEAAR H A TT i = 2R 5 1R 42 i B [ A5 2 AL, ARG I
25 (AR B RGP G ZE e Blop A Jm A 28 Al IlAE =282 [ 254, [R] IR A= 28 BB AR 1 08 A0 I J S it £
23 [ RE SR T T BN AE S RGBS ARAR BT A MR TH 45 A A5 8T Bl T AR A O DX I o
(i) TR G R SRR R 2 v T U T SR BB IR b 25 BN I IR e T = IX R S [H] IR BRI
R GIANR AR S PR AP LR X N S0 A IR AR BRI H MOl B 5 T & 287 L U BUE A,
[Fi Fsf ™% SIC it SR T 300 7 PR =Mk 350 H A B0 GDP BRHECR BEME A 7, I 1 SR U 3 1) 0 Ay
“ S B MR IN TR RS, BB R A A T T K S B A 28 A AL RE ) s DXV, i e STl
O R SR AL RE SR T D R BILAR, B DR 2 A e o AL 2 5 AR S R GERILBE IR THE L R M B3

B TR AL R A (B B Y 5 ) 1 25 AR BILAAC AR | P[] 4 A 2 4 R MR AL . A B 25 F8 115 LA
TOD 4.0 B R SEREHESR | ik ZRGEH Ml Sl & T & 5 I3 4 D RE , 191 20 52 308 A48 B 1] 7R B 18 A2 i iy 2k
AL SR 1 XA 58 FR S8, 4 il s A A LG IR Sl V152 2 T 47 52 B S T g RCE WAL 25 45, B0k sy 28 B2 i IXC
YRR SR AHDCHR T I 20 AL 2 B ALRE N 9 B 5 R U i B 1 = 4 g A ABE 7Y S0 48 DXl S i 5 T A 2
RSP S BB AC S B R RE AL . M ATECT 2R A 5 X HUEE RO R RN S i3 A 3R R DL BB S A 7S
JAR TE A BB X X B SR AS G T T ik A W) 2RI 25 8 A, SEBRRE R A B Ak IR R DA
ey Ml el 5 i 55 M SERE R, LUR TOBAR | fei B Al £ BORAT 36 £ el X, THC 2 i Je 00 s 25 i) i1 )
DAL, 255l BT b G ek (o Bl TR JE L HORER -T2 5 - al ik IR 45 25 M BR

B = A A 0 AL K DR A IR [RDIA BRAK 2R BB B AR 2 s RV PR X . A BUR BRI 1 SR
“RRIAE - ) Z R DR AP - T R R R S AEEOREE AESR . He— W e B il TR (AT R kR
HEGUR) 7 EG SR G EGTE . HZ # AR S B s BT 2E B AR RARAT S T 0 T
Bl AARGEA . H = $5 AR 2R A B Sl 14 4 dul A A5 5% 7 A0 1 2%, vy T DX R e AR ST B T 1 R s
5 A EFE BRI SE R G 0 B A TN TR RE SR I P A B T PR Sl AU AR A, FE IR |
AASCHRT T it 2 RS VAR 2.0 7140, 25 (] R BE bR AT i ) R el DX+ A= ) Z2 A M 25 DX 25 A1 R
3, BRI L b s e WERR IS A= MRk I 77 25 07 HE R AR W H 388 3 3 1) —H AR XU 9K sl b i 4K
HMERSGE, Eid FIR RGN AR 2 S DR SRS M Bl AR T A0 SR A [ T2 S BL R R A S AR R
AR IE T35 K pE U
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