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Spatial and Temporal Patterns and Determinants of Land Use-related Carbon Emissions in

Zhejiang Province
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Zhejiang Gongshang University, Hangzhou 310018, China)

Abstract: Using Zhejiang Province as the primary research area, we utilized the carbon emission coefficient method to quantify
both direct and indirect carbon emissions arising from land use activities, their spatial and temporal patterns, and the underlying
influential factors. The results showed that: 1) From 2005 to 2022, the primary trend in the land use change was the increase of
construction land coupled with the decreases of both cultivated and forested lands. 2) The net carbon emissions from land use
were experiencing a rapid surge. There were significant differences in the carbon emissions associated with different land use
types. Notably, the carbon emissions originating from construction land constituted the primary source. 3) The net carbon
emission of land use in northern Zhejiang was significantly higher than that in southern Zhejiang, and there were obvious
differences in net carbon emissions among different cities. There were certain aggregation characteristics locally, mainly
manifested as the “high-high aggregation area” represented by Shaoxing and the “high-low aggregation area” represented by
Wenzhou. 4) Five factors, specifically energy consumption intensity and density, the scale of construction land, the level of
economic development, and population size, contributed to the rise in net carbon emissions from land use. Conversely, the factors
of carbon emission intensity and land use economic efficiency act as inhibitors of net carbon emissions from land use. Thus, it is
advisable to devise policies aimed at reducing carbon emissions from land use, taking into account the land use patterns, energy
consumption, economic growth, and population size, in order to further advance the low-carbon development of land use in
Zhejiang Province.

Key words: Zhejiang Province; Land use; Carbon emissions; Spatiotemporal characteristics; Influencing factor
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Table 2 Carbon emission coefficients of various land use types
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T 2.1 [24, 26]
7K 38k -253 [23, 25]

A FH H 0.5 [23, 26]
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Table 3 Conversion coefficient and carbon emission coefficient of
standard coal for energy
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J 1.428 6 0.5857
TR 1.471 4 0.553 8
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Table 4 VIF Test for variables
okt BRHERCRE O REENS SRR MR ORAEE @RAHHHE LARIHSFRCRERE KFERAKTE AEHE
VIF 1.18 1.33 1.11 1.25 1.22 1.43 1.14
RS HIIH 2005 £, 2015 £ 2022 £ F ALY
Table 5 Land use patterns of Zhejiang Province in 2005, 2015, and 2022
Ny Hh L i F K BT AT H it
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Land use classification maps of Zhejiang Province in 2005, 2015, and 2022
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Fig. 2 Map of land use transition matrix from 2005 to 2022
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Table 6 Table of land use transfer matrix from 2005 to 2022

A ] - b R 2022 4
Hitb N T K3 B KR it Wb
2005 4% b 19 622.99 1 148.96 1.4 317.23 3 684 0.3 2477488  5151.89
R 3773.83 65370 433 60.36 346.94 0.05 69 555.52  4185.52
H b 478 4.94 2.9 0.24 11.67 0.13 24.68 21.78
7K, 863.44 174.01 0.31 2905.44 571.03 5.3 4519.53 1614.09
VB 341.11 32.37 0.2 90.67 4701.59 0.05 5166 464.41
) 0.01 0 0 0 0.25 0.03 0.29 0.04
Hit 24 606.17 66 730.29 9.14 3373.95 9315.48 5.86 104 040.9
B 4983.18 1360.29 6.24 468.51 4613.89 5.83
i ~168.71 282523  -15.54 114558 4149.48 5.79

TAARAEAT 4 983.18 km?, Mickb 2 Akl (1) 5 RS ok TR S ALY 75.73%, H AT Hb LS SR #E b i 1 AR
17 4E B4 3 773.83 km?® BUKHBES 25 Jp b, (555 A 1209.35 k. ARHBAE 17 4EAJ5E ATEFHA 1360.29 km?,
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Table 7 Carbon emission status of land use in Zhejiang Province

HmHEI R 5 2005 4FAH LI T 113.58%(3K 8). - H 2 2005 4F 2015 4F 2022 4
FEIX 17 4E[H], WivAs gt H ik 2 20 B2 1 e 117.15 114.37 103.85
WK, SRS 96% , 5 R P+ R FIRSHE R 344 ot OLIS 48603 4208
Wid . AR R, AEITICA , A b oo o 0
e T e A R
HEBCHY e BRI TS AR o PRI, S5 SR UM e L 0.00 0.00 0.00
Fﬁ?ﬁﬂﬁﬁﬁﬁﬂﬁ E/‘Jy.‘g{/(ﬁ_:‘?ﬁj(*%giﬁﬁj]ﬂ:ﬁﬂﬁi“iﬂﬁ e W WAL ~522.39 ~507.04 ~438.33
I HE L A 3E K o Bk 8§844.07  12999.61 17 209.34
2.2.2 A HUOR] FH BRI K 32 7 %0, 2005—2022 HelHE 8321.69 12 492.57 16 771.01
Fz 8 20052022 F &R M BHEB/RYIE R t)
Table 8 Carbon emission/absorption situations of various cities from 2005 to 2022
it 2005 4 2015 4 2022 4
T HEL Tl Heh R T eI B e RRHET BRHERL TR IR HehRHEL
Bl 1947.18 81.03 1866.15 3024.39 79.24 2945.16 4197.33 78.39 4118.94
T 1614.95 33.8 1581.15 2 487.44 3221 2455.23 3 496.66 28.51 3468.15
M 1 068.07 58.41 1009.65 1412.03 56.66 1355.37 1794.86 53.56 17413
% 758.14 2.08 756.06 1116.7 2.09 1114.61 1512.87 1.81 1511.05
WM 413.75 16.4 397.35 659.38 15.7 643.68 850 15.35 834.64
EZEpYA 957.27 32.79 924.48 1317.49 31.63 1285.86 1626.34 30.86 1595.48
41 708.28 47.32 660.96 1045.52 45.67 999.86 1240.13 44.84 1195.29
5 201.51 42.62 158.89 333.11 40.52 292.59 443.22 40.24 402.98
FHli 170.14 4.92 165.22 257.6 475 252.85 406.49 3.81 402.68
“oM 807.74 43.04 764.7 1035.66 42.08 993.58 1247.11 39.32 1207.79
7k 184.63 104.61 80.03 298.2 102.76 195.44 394.34 101.61 292.73
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Fig. 3 Spatial distributions of net carbon emissions from land use in Zhejiang Province in 2005, 2015, and 2022
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£9 20052022 FEHITHBRH Moran’s I 154
Table 9 Moran’s I index of carbon emissions in Zhejiang Province
from 2005 to 2022

Ay Moran’s I 8%} z{H P1{E

2005 -0.196 26 —-0.383 825 0.701 108
2015 -0.237 734 -0.564 026 0.572 737
2022 —0.289 026 -0.785 132 0.432 376
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Fig. 4 LISA distribution map of net carbon emission from land use in Zhejiang Province in 2005, 2015, and 2022
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Table 10 Economic efficiency index of land use carbon emission of
each city in Zhejiang Province from 2005 to 2022

g T 2005 4E 2015 4F 2022 4E
B 1.023 0.983 0.978
% 0.990 0.909 0.958
% 1.016 1.001 0.990
B 1.055 1.030 1.075
TN 1.016 0.982 0.991
Al 1.041 0.933 0.991
s 1.041 0.980 0.999
i 7K 2.559 1.626 1.344
N 1.330 1.129 1.068
T 0.995 0.939 0.973
Sl 1.102 1.245 1.041
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Table 11 Decomposition results of influencing factors on land use carbon emissions in Zhejiang Province from 2005 to 2022

A 2005—2015 4F 2015—2022 4F 2005—2022 4F 2005—2022 4 BTk (%)

WRHERCR EE AC, ~7 836.69 —4172.09 -12008.78 -142.13
RERIH 2R AC, 7 826.33 3 834.95 11 661.28 138.01
BRI 22 B AC, —211.12 4013.70 3 802.59 45.00
AL AC, 439237 601.87 4994.24 59.11

+ 25 RR AC, -12007.58 —8 450.52 —20 458.10 -242.13
L5 KK AC, 10 768.35 6160.78 16 929.12 200.36
ANHHAL AC, 1239.23 2289.75 3528.98 41.77
A 4170.88 4278.44 8449.32 100.00
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