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Patterns of carbon source/sink across urban-rural gradient and urban green

space types: A case study of Hangzhou City
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Abstract: To effectively evaluate the carbon footprint of urban ecosystems and appropriately manage urban carbon budget,
it is crucial to investigate how urbanization affects the spatial pattern of carbon source/sink of green space. This study
employed net ecological productivity ( NEP) as an indicator for carbon source/sink, evaluating by the integration of net
primary productivity and soil respiration. Then we formed the carbon source/sink distribution of urban green spaces, and
analyzed the impact of the urban-rural gradient on carbon source/sink levels across different types of green spaces in
Hangzhou City. Following the landscape pattern analysis with the land use data using Fragstats, we applied multiple linear

regression and stepwise analysis to pre-examined the effects of landscape, vegetation, and microclimatic factors on NEP. A
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generalized additive model was then employed to analyze the relationship between NEP and each factor. Furthermore, the
different performances of these factors across the urban-rural gradient and greenspace types from the same statistic process
were compared. The results showed that there were significant variations of NEP distribution and its influencing factors
across green space types and urban-rural gradient. From 2019 to 2022, the whole carbon budget of main urban area in
Hangzhou was carbon source, with annual average NEP —0.277 kg C m™ a™' carbon sink greenspace mostly located at the
western part of Hangzhou, while the carbon source greenspace at the central and eastern part. NEP of the entire green space
was positively correlated with patch area, tree coverage, and shrub coverage, but negatively correlated with shrub richness
and temperature. Furthermore, NEP increased gradually with urban, sub-urban and rural gradient. Urban NEP was
positively correlated with tree coverage, but negatively correlated with Shannon's diversity index and temperature. Sub-urban
NEP displayed a positive correlation with tree richness and shrub coverage, but a negative correlation with patch density and
temperature. Rural NEP showed a positive correlation with the aggregation index, tree coverage and shrub coverage with
different driving factors. Aggregation index, tree cover, and shrub cover were all positively connected with park’s NEP,
while negatively correlated with temperature, shrub richness, and landscape division index. Farmland’'s NEP had a negative
correlation with temperature and a positive correlation with the aggregation index and shrub coverage. The natural vegetation’s
NEP had a positive correlation with tree cover and a negative correlation with both temperature and Shannon’s diversity
index. Our findings highlighted the impact of urbanization on the carbon source/sink of green space, and provided

theoretical and empirical support for differentiated managements of urban and rural carbon budget.

Key Words: green space; net ecosystem productivity; urban-rural gradient; net primary productivity; generalized

additive model
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Fig.1 Urban-rural gradient of main area in Hangzhou

W o VABRE RS IS 3 4% 10 mx 100 m AEAT , 7ERE AFEAT B9 Wi B P B 3 1 10 mx 10 m FE 7
FIIE AT REE RS, SRR Z [l Al Fg 270 200 m, Hiip 2 FE R (3 8 T BE 2l 2 R ) oL
1.3.2 AR

2022 4 7—9 HAEMET PISREE GPS (o s B MR A 808 . A7 i SR AR 830 GIS L
UG908 i 5%, L B i FH Kestrel 5500 G M & AN it | A 36 SR 88 5 WG, B MRy SR N it 3 K, 3K
SEAE T T B AR T I TR AR IR 2 5 B TR SR FEARYI R B RS AR RARYF R
R TGE RORZ AR
1.4 SO RS EOTE

FEF AR A B , A ArcGIS 10.8 Fll Fragstats 4.2 71528 AIEW 2 A KF3E 5 Rt e RiR
PU(ELD,

x1 FIURBREHER
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Fig.2 Locations of sampling sites
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Fig.3 Net ecosystem productivity distribution of built—up area in Hangzhou

2.2 WS HE SEHZEAINT NEP (15200

BN LR %5 (8] NEP 7E3% & #6852 25 A FAFAAe B 2257 ([ 4) . Wilcoxon FRAKE I 45 R 7R, A |
AT | ARAE WL PG 2 [ A7 A 3 22 5 (P AR/ T 0.001) ;30 2 4543 538X (P=0.009) , 3% X 5RBIX (P =
0.002) Z [AIfF7E B E 225 WX 5IR S 255N ER AR E (P=0.080) . 3k 2 B, 20 X 1Y K 4 ek ke
JNEP B8 1E , R B BRI Sk ; 045 A3 NEP IE AN 6 (BB A5 B0 M 204, BRI Sl AR S 5 17 3 DX R A
DABAE R 3, IR SR (] 4) , SRib AT [ SRR 1 RN A P R & 26 78 NEP R IE (I FE SR £,
SRRt FL b SR NEP BB IR 50 5 1723 el S A5 e A NEP R 7l B R IR Sk (151 4)

ARZR IR NEP Bl 2 B3 A8 4k, OB 22 R WA A e i 22 57 (T8 5) . Wilcoxon kRIS 36 25
B IRIX A B S A SRHLBE (P E/NT 0.001) SBIX A AR B 5 2 BRI B NEP B 777 i 51k 22 7
(P {E45124 0.008 1 0.005) , Wi ZEIRARLE &30, 4 Sk 2K R 2 0] NEP 23 A3, A ARFEPEE S NEP 45

http ; //www.ecologica.cn



936 JAE = 44 %

—_

(=}

GEBRGAN

Net ecosystem productivity/(kg C m2a™")

|
[\S]

WX WZ & ZRIX Al A& H EPYd
3% B J¥ Urban-rural gradient Sk Green space types

4 WEHESFEMERNSESREESNNH
Fig.4 Net ecosystem productivity distribution with urban-rural gradients and green space types

TR (a,b, o) GLRATFAE B EVE 225, AR B B0 B8k 22 5

WS BREE N Z 0B, RIUCA BRI S ; 2 R s NEP FESR DCRIBRRES &8 2 4 T(E, R I BkIR 4 b, 1 7
SR Z2 2 TEAF, FR BB 2t 5 A FVRE 1 NEP 7EIBGRE, & 5 2 0 SR, I M B IR &k 4t , 10176508 X0 22 0
TEAH, R RRAL 24

HIX IRAR L A RIX

: L]

TE

U I
=&
L3 - * ° * o - b
- £ 0 ]' g 0.5 . -
RN o a °
W& 3 ¢ ° o °
kg -1} o 0 . l——r—" 0r - o ©
g ; ‘v—xr o - 01 i.

Z J‘ I 05 |

g © % -1F . °

2 K H H AR YTl & H Epyiviid n & H EPy v
£ IR Green space types

5 AEBPSHETRMERSESREEFINSH
Fig.5 Net ecosystem productivity distribution of different green space types acoss urban-rural gradient

FREARTE (a,b) ULHTF7E V225, R B B0 B 22

2.3 LS [E] NEP S0 K140 Hr
2.3.1 BN EBRIX A 0] NEP #5200 K 5

FIR) OB BT 17 B3R IX Sk b2 6] NEP #1718 35 52 W PR 740 A, R 7R &5 SR e R 1l 83.9% , 52
i 2t b 25 (] NEP (19 58 35 K | 42 BEAR X S SPEHE AR R - AR IR S B S B He T AR R 58 B R R
YR EE R, SHiZs ) NEP 54 M BREH U AE S M 56 R | Bl S U BESR 1 B BE , NEP 26 /Mg B b B2 A1
PR T 5RO TR B R S5 A IR A IE AR SCOC R | Bl v A 5 B TR R 36 BE (W3 i, NEP R 2238 K
R i i 3 2 B0, TS5 E R W e = B AR W S P E A E R (B 6)

http ; //www.ecologica.cn



34 INFEVE A5 R T S i S B B U5/ 11 B9 & B HE AR SR —— UL T Ay 431 937

MY Influence effect

Lo 0w o Cowwiwnw w1 1 |
2.0 -1.0 0 1.0 -1.0 0 1.0

SFHPELLTE R Class area FE R ZEE Tree cover

Lo . P<0.001

FSMARL R Influence effect

2+ -2+ -2 L
RTTTTIT (TR TH P B . L Lmmwwin ciw ps L1 [T TARRRTT T 1 TH T A R
-1 0 1 2 3 4 5 -1 0 1 2 3 -2 -1 0 1 2 3 4

#EA T Shrub cover HEARYF I E B Shrub species richness A i Air temperature

B 6 oM E T X4 = [\ AR R G E T R S

Fig.6 Effects of influencing factors to net ecosystem productivity of green space
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Fig.7 Effects of influencing factors to green space net ecosystem productivity of urban-rural gradient
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