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Urban-rural differences and driving factors of urban green space carbon storage .

a case study of the built-up areas in Wuhan
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Abstract: Urban green space carbon storage plays a critical role in mitigating the atmospheric CO, concentrations and
addressing global climate changes. Nevertheless, the disparities in urban green space carbon storage between urban and
rural areas, and their causes, remain poorly understood. In this study, using Wuhan's built-up area as a case example, we
developed a model to measure urban green space carbon storage and assess its spatial distribution by combining field
surveys, remote sensing, and machine learning. Additionally, the direct and indirect separation method was employed to

reveal the urban-rural disparity in carbon storage within urban green spaces along the dynamic urban-rural gradients.
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Furthermore, the underling factors driving the urban-rural differences of urban green space carbon storage were quantified
by using correlation and regression analysis. The results showed that; 1) In 2022, the area of urban green space in the
built-up areas of Wuhan was 1677 km’, accounting for 36.78% of the total study area. Carbon storage stored in the urban
green spaces was 10906 Gg (1 Gg=10’ g), showing a radial increase from urban cores to the suburbs. The urban green
space carbon density ranged from 0 to 383 Mg C/hm’, with an average density of 23.92 Mg C/hm’. 2) Urban green space
carbon storage decreased linearly with increasing urbanization intensity, aligning with the urban-rural gradient. After
separating the direct impact of urbanization on urban green space carbon storage, its indirect impact was typically V-shaped
(a decrease followed by an increase) with the increase of urbanization intensity. When the urbanization intensity exceeded
0.9, the indirect impacts of urbanization on urban green space carbon storage shifted from negative to positive effects. 3)
Urban green space carbon storage was influenced by both the internal characteristics (i.e., landscape structure) and the
external environment (i.e., climate change and human activities) of the urban green space system. On the overall urban-
rural gradient, Mean Shape Index, Landscape Division Index, Shannon’s Diversity Index, temperature, precipitation, and
distance from roads were positively correlated with urban green space carbon storage. Conversely, percent of Landscape,
land surface temperature, population density, PM,,, and night lights were negatively correlated with urban green space
carbon storage. Compared with landscape structure and climate change, human activities were the key driving factors driving
the urban-rural differences of urban green spaces carbon storage. Specifically impacting factors include land surface
temperature and nighttime lights. However, these correlations and impact strengths varied across different levels of
urbanization intensity. Overall, our findings provide scientific support for urban decision makers to formulate practical
strategies for urban green spaces landscape design and management. This will help achieve urban “carbon neutrality” and

sustainable development of future cities.
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Fig.1 Geographical location of the study area
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Table 1 Landscape indices used in this study
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Table 2 External driving factors used in this study
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Table 3 Allometric growth equations of common trees in Wuhan

ey SHAE KR 27 3k
Trees Allometric growth equations References
W& Typhnolobium) Wy = 0.1370DBH>'® ; W, = 0.0050DBH*® ; W, = 0.0149DBH"™® [36]
FAJE Pinus) W = 0.0060DBH**™ ; W, = 0.0139DBH** ; W, = 0.0339DBH***

W& Salix) Wy = 0.1008DBH>** ; W, = 0.0010DBH**! ; W, = 0.0047DBH>3'

#2J& Cunninghamia) Wy = 0.0270DBH>™* ; W, = 0.0253DBH*'"% ; W, = 0.0289DBH"**! [37]
¥ )8 Populus) W = 0.1073DBH*** ; W, = 0.0011DBH**” ; W, = 0.0017DBH>>*

H:E Osmanthus fragrans) W =-0.0558+0.0290D°H ; W, =0.0103+0.0045D>H [38]
AN Celtis sinensis) Ws = 0.1017DBH*3 ; W, = 0.0235DBH>** ; W, = 0.0576DBH"™’ [39]
Z5H Koelreuteria paniculata) Wy = 0.1428DBH>"% ; W, = 0.0470DBH"8 ; W, = 0.0555DBH"¥"¥

KRR Quercus) Ws = 0.0521DBH*** ; W, = 0.0011DBH*¥ ; W, = 0.0053DBH>*'" [40]
4 v Ligustrum lucidum) Wy = 0.1390DBH"** ; W, = 0.0050DBH>*>** ; W, = 0.0220DBH**°

FEM Camphora officinarum) Wy = 0.1048DBH>"% ; W, = 0.0122DBH**** ; W, = 0.0014DBH>?**

AL Caprifoliaceae ) W, = 0.0003 (D*H)"%,W, = 1.0333 (D)>H)"*%

G54R3 Spiraea salicifolia) Wy =0.0074 (D*H) %33, W, =0.0338 (D*H)""%¢

EF IR Needle-leaved forest Wy = 0.1970DBHM*" ; W, = 0.0280DBH**?'* ; W, = 0.0850DBH"84

FE Ak Broad-leaved forest Ws = 0.0189DBH**® ; W, = 0.0455DBH>*" ; W, = 0.0666DBH"*%

Wy . T ¥ Stem biomass weight, W, : A 4= W)+ Branch biomass weight, W, . A W)L Leaf biomass weight, W, . A Aboveground
biomass weight; DBH: FF A7 Diameter at breast height, D: #AK3£4% Diameter(cm) ,H: #£E Height(m)

FIRRBCR M A5 AR R T2 A BRI R Ik 4 TR . X RS ITT SR R
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Table 4 Carbon content coefficient of common trees in Wuhan

Trees Coefficient || Trees Coefficient || Trees Coefficient
ZL pES S
Ll 0.4956 A 0.4306 I E . . 0.4110
Populus L. Platanus) Magnolia grandiflora
3 #

ﬁﬂ)” 0.4827 %F% v 0.4186 TﬁZTE . . 0.4584
Salix Ginkgo biloba Eriobotrya japonica
A el 2t

0.5207 0.4461 0.4431
Pinus Prunus cerasifera * Pissardii’ Ligustrum lucidum
Nap s 7R AN J
4‘91‘]} 0.5034 il . . 0.4703 N 0.4332
Cupressaceae Koelreuteria paniculata Pyracantha crenulata
LR fivJ R
Pinus massoniana 0459 Ulmus 0.4247 Nandina domestica 0.4337
R ok -4
Ll 0.5004 )};M]L 0.4328 Kt Rt . 0.4438
Quercus L. Melia azedarach Buxus megistophylla Levl.
HER ) A%

4914 41 4
Betula 0-49 Catalpa bungei 04100 Rosa chinensis 04599
A E
PR 0.5208 ﬁ$§ .. 0.4082 A . 0.5250
C. lanceolata Ailanthus altissima Cupressus funebris
Y AR R
491 .434 497

Camphora officinarum 0.4916 Robinia pseudoacacia 04340 Acer 0-49
M A fufi i 2

0.4350 0.4145 0.4834
Platycladus orientalis Paulownia Hard broad forest
& NN
s 0as03 | W 0.4446 || B (Soft broad forest 0.4956
Juniperus chinensis Styphnolobium japonicum
Lz ke [T
=i S 0.4d07 || B 04350 | J_r* 0.4722
Lagerstroemia indica Albizia julibrissin Coniferous
-, il SEfit A

0.4587 0.4883 0.5000
Malus spectabilis Photinia Other shrubbery

2.3 WiTak b fg S R R L

BET Sentinel-2 52 AGCRIBEHLARMR m] RS | 388 3 40045 39 T S ML ARE D7 B fih 12 1 20 F i S S Tm) iy AR ek
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Fig.2 Carbon storage assessment model of urban green spaces based on the random forest regression model
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Fig.5 Spatial distribution of urban green spaces and its associated analysis along with the traffic loop
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Fig.7 Spatial pattern of urbanization intensity and its spatial relationship on urban green space carbon storage
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T, 2022 A BRBUTHEE X PN 3T S b A B Ak v A5 0 2 1A 7K (23.92 Mg C/hm?) o A5 I & 1 4 R 4k Tl
21K (21.34 Mg C/hm®) " (E A 3 77 AR LRI 36 1T 6 b B AT 77 A0 B K A B T4 18], Ak B
7 (33.2 Mg C/hm®) " B N7 (30.25 Mg C/hm?) '®) | 3E[E(76.9 Mg C/hm?) %) Ak il ik 4 S #2017 48
Hb R B8 N FRIEIR AN AN IR 22 Fh B R P TR T SR i i 1 AR R 3R T PR A B i S v B T AL, B
LRI L) DD ST Sk MR R SR T Gk AR SRR B AT S R IR 1 SR
4.3 JRRMS RS

AR S AT 25 A T AR AN 12 FROREH 2 R ATINTAS [0 S B B T 3uk 1l o bk it 2 OO 9k & 22 5 L
TG, Ry SO R T AR S IR S TR R AR TR S AR — 2 R R 1, TR T T
S HASE T A T RIS, FR T IR TTAR R AN RE R B IR |, TC s RARAE R A 7 S 3 3 0 it Y SR s A K 2
RIEF RIRFMAES RGE, AT RS S Al IR TIT e e g it LUk, R AR SCHR T Ik 11 4 b 2 G2 AR MR R S0
ISR IR 1T S LB i e 3k 2 25 S (R R I (H P AR A B A X AR AT Rl R AR RV 24 | 0
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[l AROMEERE  RDTRE BRDTRE SR P R X T S M RR B A7 BN , AR RAT WS BEHAT B R, EAM , ASSOR IR G
P B A BEDLRRAR ] I PR T 5 DRSS T 2 e 5 77 9 2 22 e (R SRR AR B PR 3R, (R ORAT b BER AR IR
T3 M A B DR RS B P58 X S i e b Bl 7 ) S RV ATL A, 41 R A 5 AR R | N T o 228 o 2% A T 52
PRAPLAE T 12 , 205 BT A ) K 50 AT 238 06 38 T b e 7 1) B 455 52 W R ] 422532 WEDSSOE , DT Sy Sl T 2 3t ik
FETHRBEE A S

5 i

(1)2022 4F a0 2 X I T SR TR AR 1677 km? , AP IX SRR 36.78% . I T 4 M b i 77
4 10906 Gg G, 52 30 H Hy 3T Ao DX I R D SR IS 0 2 a0 Jmy o ST S itk 2% 88 S oM/ T 0 22 383
Mg C/hm*Z [H], P-4k % B 2 23.92 Mg C/hm’,

(2)TEIR S BRI I, Bt 0T A J3E 1 3R, T g b s i o S 0 1 S Pk T R b 32 4 o) o Tl b Xt
I8 T o bR i 1) L BRI MR Ly | TR A A — R (R AU [ B R ) 3k S8 i) 42253 Wi It 25 3k T e 5 2 P 348 o 22 B
VT B AR AR A BRI BRI, YT AR5 B T 0.9 B IR T Ak RT3k i gk A i £ 1 [0 4225 1 e
THAB O 2 A5 SR R

(3) I SR AR R A2 B3 T St R S8 PR RN R B8 B SE R 9K Bl 7R R R £ B0 I SR PRIk
FEHC SO B5 1  Shannon Z2AEME AT R /KCRIEIE [ I 5 15 I T S b Al i ok 222 B S LEAFDG I DG R | T BRE B
TFUA 4 L R B N V5B P, R AT Y 5 3R T S Rl A 1ot A OGO R o A LU T S5 WL 285 4 AR A< 4
ARAk , NI B R 3R T SR MR A ek & 22 53 S BEOR S R 2R 4 IR b BT R IR1KT )G SR, X A
KK Z2 RIS e B E AN (] R 3R T A B2 DX ) A A T
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