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Spatiotemporal evolution of relationship between land use carbon emissions and
ecosystem service value at county level in Hebei Province
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Abstract: [Objective] This study aims to explore the dynamic evolution and spatial differentiation characteristics
of the spatiotemporal relationship between land use carbon emissions and ecosystem service value (ESV) in Hebeti
Province, and put forward countermeasures and suggestions for optimal regulation of land use to support regional
low-carbon emission reduction and ecological civilization construction. [ Methods] Taking Hebei Province, where
land use changes rapidly, as the study area, and using districts and counties as research units, this study integrated
the carbon emission coefficient method, equivalent factor method, and bivariate spatial autocorrelation model to
reveal the spatiotemporal correlation evolution of land use carbon emissions and ESV in Hebei Province.

[Results] (1) Land use carbon emissions in Hebei Province showed an increasing trend, rising from 44.379 8
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million tons in 2000 to 128.677 9 million tons in 2020. Areas with relatively high carbon emissions included
Tangshan City, Huanghua City (Cangzhou City) , Wu’an City (Handan City) , Gaocheng District and Luquan
District (Shijiazhuang City). Northwestern ecological conservation areas such as Zhangjiakou City and Chengde
City had relatively high carbon sequestration. Construction land and forest land were the main carbon source and
carbon sink, respectively. (2) The total ESV showed a trend of first decreasing and then increasing: it decreased
from 317.221 billion yuan in 2000 to 315.252 billion yuan in 2010, and then increased to 326.150 billion yuan in
2020. Forest land was the main contributor, and high-value agglomeration areas of ESV were concentrated in
northwestern ecological conservation areas such as Zhangjiakou City and Chengde City. (3) There was a
significant negative spatial correlation between land use carbon emissions and ESV, mainly characterized by low-
high agglomeration in the north and low-low agglomeration in the central and southern regions. This correlation
gradually transformed from agglomeration to dispersion. With mutual regulation between the two, their spatial
relationship improved. [ Conclusion ] The spatiotemporal differentiation of land use carbon emissions and ESV in
Hebei Province is distinct, showing spatial patterns of “high in the southeast and low in the northwest” and “high
in the northwest and low in the central-southern region” respectively. Their correlation shows a significant
negative spatial correlation, with a changing trend from agglomeration to dispersion.

Keywords: land use carbon emissions; ecosystem service value; spatiotemporal evolution; Hebei Province;
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Table 2 Standard coal conversion factors and

carbon emission coefficients for different

energy types in Hebei Province
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i3 0.9714 0.8550
J5L i 1.4286 0.5857
T 1.4714 0.5538
I 1.4714 0.5714
S 1.4571 0.5921
R RLI 1.4286 0.6185
PN 1.7143 0.5042
WAL AR 1.2280 0.5857
Cil] 0.1229 0.2132
1.3.2 ESVAHIE  ABFFHET 2015 4F 1 w45
B E R AR S R GRS M E S R S H A



%2 3

BLEAE b A DXL st R T B HE S AR 28 R BRI S5 M fBLIN 23 9% R AR T 5 277

P07 SIS B 4 ] e[ T w17 1 D | 0 o
KRGO, TR L M EB IE . 7E L SE A
b AR S TR A R R 2 R TR S A B Y ESV &R
B AT A TR LA B AR Fn L 15 B 45 B ESV EH

x3 AltEEMEEREERIEREMUSHTE
Table 3 Fitting equation between energy consumption
carbon emissions and total night-time light
brightness of each city in Hebei Province
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Table 5 Carbon emissions from land use of various categories in Hebei Province (2000—2020) Jit

s 25 M2 B e i
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2000 410.56 4269.20 —224.38 —7.08 —10.23 —0.10 4437.98
2005 408.68 8738.22 —224.63 —7.03 —10.04 —0.10 8905.07
2010 407.39 11557.99 —272.74 —7.34 —15.94 —0.10 11723.58
2015 386.79 12553.19 —229.21 —6.86 —11.80 —0.07 12692.04
2020 382.03 12734.18 —228.96 —6.77 —12.61 —0.07 12867.79
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Fig. 1 Spatiotemporal pattern of carbon emissions from land use in Hebei Province (2000—2020)
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Fig.2 Spatiotemporal pattern of ESV at county level in Hebei Province (2000—2020)
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Table 6 ESV of various land use types in Hebei Province
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2000 652.87 1225.90 690.52 600.72 0.00 2.20 3172.21
2005 649.88 1226.95 687.51 593.90 0.00 2.16 3160.40
2010 647.83 1227.26 685.85 589.47 0.00 2.12 3152.52
2015 615.07 1252.29 669.52 693.08 0.00 1.49 3231.45
2020 607.50 1250.93 660.97 740.57 0.00 1.52 3261.50
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Table 7 Spatial correlation between carbon emissions from
land use and ESV in Hebei Province (2000—2020)

S8 20004F  20054F  20104F

20154F 2020 4F

Moran's I  —0.284 —0.188 —0.118 —0.115 —0.117
P 0.001 0.001 0.001 0.001 0.001

4 —7.035 —5.213 —3.318 —3.170 —3.237

WFIE BT B, e — e AR R X B g e B
Gy A FEHL, F2 A A AE 5K K T R AR ORI LT Y
VG E A DKORTEE PG B 5 R 5k 5 11 AR LT Y
Tl % AR DX Al HE A L AE AR B R R S HR A
M HOE R T R — R IX . 20154, B iE e &
IR R A R AR B AR — R AR R AR T B S s
T F G ELRBUEE X Sy m— i R R X, 2020 4F, 23
T F IR B 5 R0 X IR — e A R A Y L
mlE—mERER . EARX BT & —&
ESV X By A0 i HEC S ESV A 4050 3t 5 5
o gL RS EN ORI




280 K+ G FEF 5

3 2000—2020 Fidb & T3t F A EHER S ESV B = R AFE
Fig. 3 Spatiotemporal agglomeration characteristics of carbon emissions from land use and
ESV in Hebei Province (2000—2020)
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