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Spatio-temporal pattern of carbon emissions and its driving factors in the Beijing-
Tianjin-Hebei region
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Abstract: Human-induced terrestrial ecosystem modification is a significant cause of the increased carbon emissions.
Consequently , in the context of carbon peaking and carbon neutrality goals, exploring the dynamic relationship between land
use change and carbon emissions is conducive to low-carbon and sustainable utilization of regional land. From the
perspective of land use transfer, this study uses gravity-standard deviational ellipse method to reveal the spatio-temporal
pattern evolution of carbon emissions from land use in the Beijing-Tianjin-Hebei ( BTH) region. At the same time, the
coordination degree between carbon emissions, ecological environment, and socioeconomic development is rationally
evaluated by utilizing the Economy Contributive Coefficient and Ecological Support Coefficient. In addition, this paper also
applies the modified Kaya and Logarithmic Mean Divisia Index ( LMDI) models to quantitatively analyze the influence
extent of land use change on carbon emissions. The results show that; (1) the transfer of built-up land significantly
contributed to the rise in carbon emissions, causing an increase in carbon emissions of 158.44 million, while the transfer of
arable land and grassland to forest and water body enhanced the regional carbon sequestration capacity. (2) The land-use

carbon emissions exhibited a spatial distribution pattern with northeast-southwest direction that converged towards the
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center, and the aggregation trend in the east-west direction exceeded that in the south-north. The total transfer distance of
the net carbon emission center was 15.15km, of which 13.21km to the east and 6.41km to the north, with a 14.22%
decrease in the standard deviation ellipse area, from 2005 to 2020. (3) The coordination between carbon emissions and the
ecological environment in the BTH region was improving, but the imbalance between carbon emissions and socioeconomic
development appeared in most cities, resulting in a widening disparity in carbon productivity among cities. (4) The
influence direction of each driving factor on the carbon emissions of the BTH region as a whole and each individual city was
approximately the same, but the influence strength of each driving factor varied for different areas due to the discrepancies
in carbon emissions levels. Among which the economic level played a major role in promoting carbon emissions, while the
land use intensity per unit of GDP emerged as the primary factor in mitigating the rise of carbon emissions. The analysis
indicates that effectively managing the uncontrolled expansion of built-up land is the basis of promoting low-carbon land
use, and promoting the development of a low-carbon economy is a significant approach to facilitate regional carbon

reduction.

Key Words: city cluster; land use; carbon emissions; Logarithmic Mean Divisia Index
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Fig.2 Spatio-temporal characteristics of land use change
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Table 2 Carbon emission changes caused by land use change in the Beijing-Tianjin-Hebei region from 2005 to 2020
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Fig.3 Changes of carbon sources and sinks in 13 prefecture-level cities in the Beijing-Tianjin-Hebei region
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Fig.4 Spatial distribution of carbon emissions
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Table 3 Transfer of net carbon emission center in the Beijing-Tianjin-Hebei region from 2005 to 2020

E) Year 2005—2010 2010—2015 2015—2020
IR RS Displacement/km 5.97 3.61 5.57
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Table 4 Standard deviation elliptic parameters of net carbon emissions in the Beijing-Tianjin-Hebei region from 2005 to 2020

A0y T/ km? JAH/km XA/ () Y ARR/(0)  XEHREE/m  YEIKE/m (o) ILES
Year Area Length Center X Center Y X StdDist Y StdDist Azimuths Oblateness
2005 83057.58 1131.64 449759.09 4333254.09 111394.69 237361.22 40.89 0.53
2010 84918.38 1142.19 455664.53 4334143.68 113030.80 239165.96 42.07 0.53
2015 73300.71 1052.16 458289.21 4336625.97 106815.56 218456.96 41.53 0.51
2020 71243.70 1029.69 462988.10 4339617.06 106919.19 212119.72 41.75 0.50
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Fig.5 Spatial pattern evolution of net carbon emissions in the Beijing-Tianjin-Hebei region from 2005 to 2020
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Fig.6 The evolution of distribution characteristics of carbon productivity
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Fig.7 The evolution of distribution characteristics of carbon compensation rate
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Table 5 Contribution of land—use carbon emission driving factors in the Beijing-Tianjin-Hebei region from 2005 to 2020

B2 FUHRE Contribution/ ( J7 t) TR Contribution rate/%
Index 2005—2010 2010—2015 2015—2020 2005—2020 2005—2010 2010—2015 2015—2020 2005—2020
B [
iiﬂﬁif{ﬁf?ﬁﬁﬁﬁf; . 10655.5 -2862.5 -11468.1 -1482.1 91.9 204.7 649.5 -17.6
Carbon emission intensity
1| 4%

LIRS 942.5 1464.2 9702.4 9916.2 8.1 -104.7 -549.5 117.6
Land use structure
Hufii GDP JHHbAR
Land use intensity per unit -17425.2 -13269.0 -8119.1 -34027.1 -150.2 949.0 459.8 -403.5
of GDP
é'X\‘ K
2t kq: 14842.5 11567.4 8152.6 30298.4 128.0 -827.3 -461.7 359.2
Economic level

AR
A FAR 2582.7 1701.6 -33.6 3728.8 22.3 -121.7 1.9 44.2
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Fig.8 Contribution of carbon emission driving factors by cities in the Beijing-Tianjin-Hebei region from 2005 to 2020
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