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Energy Statistical Yearbook during the period of 2018—2021, this study reveals the structure and spatio-temporal
distribution characteristics of carbon emissions regarding China’s railway sector from 2017 to 2020. A dynamic two-
stage carbon allowance allocation model is constructed to obtain the carbon allowances for each sub-bureau of the
railway sector. Results The results show that between 2017 and 2020, carbon emissions from the railway sector
had a trend of increase and then a trend of decrease. Among them, from 2017 to 2019, carbon emissions
increased from 6083.60x10* t to 6372.10x10" t, an increase of 4.74%, and then decreased to 5775.80%10* t in
2020. The carbon emissions show a decreasing trend from regions with high passenger and freight volumes to
regions with low volumes. The Shanghai Bureau contributed the largest carbon emissions, with a total carbon
emission of 2218.68x10* t from 2017 to 2020, and the Qinghai-Xizang Bureau contributed the least carbon
emissions, with a total carbon emission of 1070.74x10* t from 2017 to 2020. Beijing Bureau, Taiyuan Bureau,
Hohhot Bureau and Shanghai Bureau received the largest proportion of the carbon allowances, with 841.77x10" t,
630.40x10* t, 585.81x10* t and 510.52x10° t, respectively. However, Qinghai-Xizang Bureau, Kunming Bureau,
and Harbin Bureau received the least carbon allowances, with only 301.23x10* t, 295.54x10* t and 294.82x10* t,
respectively. Discussion This study employs a two-stage allocation model that integrates the principles of
fairness and efficiency, to reduce the carbon allowances for railway bureaus such as Shanghai Bureau and
Guangzhou Bureau, which are located in economically developed regions and characterized by heavy tasks
regarding passenger and freight transportation. Conversely, it increases the carbon allowances for railway
bureaus such as Lanzhou Bureau and Qinghai-Xizang Bureau, which exhibit lower transportation turnover and
smaller regional population density. This approach not only narrows the disparity in the allocation results but also
facilitates emissions reduction among railway bureaus. Besides, the approach can better reveal the process
relationship between the entire production process and its sub-stages. It also addresses the limitations of static
allocation, where interactions among indicators can complicate optimal outcomes, ensuring that each railway
bureau achieves the most efficient allocation. Conclusions Carbon emissions and carbon allowances exhibit a
spatial decline, gradually decreasing from the eastern region to the western region and transitioning from
resource-intensive areas to resource-poor areas. Recommendations and perspectives In the future, railway
bureaus can develop targeted emissions reduction strategies based on the allocation of allowances. Combined
with the allocation results, it is further expected to facilitate the design of the carbon pricing mechanism for
railway bureaus, to promote the sector emissions reduction.

Key words: data envelopment analysis (DEA); carbon emission; carbon allowance; railway sector; allocation
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Tab. 2 Efficiency at each stage and total efficiency of DEA

network model
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Tab.3 Comparison between carbon allowances and

carbon emissions prediction
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