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Inter-temperal Parity of Carbon Emission Reduction Costs: Theory and Evidence

ZHENG Xinye" WU Shimei” and GUO Bowei®
(a: School of Applied Economics Renmin University of China;

b: School of Economics and Trade Hunan University)
Summary: The Report to the 20th National Congress of the Communist Party of China proposed to “work actively and
prudently toward the goals of reaching peak carbon emissions and carbon neutrality”. Tt also emphasized that “based on
China’s energy and resource endowment we will advance initiatives to reach peak carbon emissions in a well-planned and
phased way in line with the principle of building the new before discarding the old”. The proposal not only reflects the long—
term and systematic nature of carbon peak and carbon neutrality goals but also emphasizes the importance of reasonable
arrangements in the process of achieving it. Being the worlds largest developing country China has been prominently
suffering from insufficient and unbalanced development. Therefore the realization of carbon neutrality faces trade-offs
among carbon reduction economic development and a just transition.

On the one hand the carbon neutrality goal has become a new constraint on the balance between emission reduction
and economic growth which needs to be solved urgently. Exploring an optimal emission reduction pathway for China and
linking its emission reduction tasks with long-term development goals are important in guaranteeing the realization of China’s
carbon peak and carbon neutrality goals and the second centennial goal. The latter aims to build a modern socialist country
that is prosperous strong and culturally advanced and harmonious by 2049. On the other hand the path of emission
reduction is related to the welfare distribution among different generations and the rights of future generations meaning that
the implementation of climate policy needs to fully consider inter+emporal parity when carrying out staged decomposition
and rational allocation of emission reduction tasks.

This paper focuses on answering the question of when and how to reduce emissions and by how much. This paper has
the following contributions. First it realizes the theoretical innovation by introducing inter-temporal parity into the carbon
abatement model. Few studies tried to explore and solve the problem of medium- and long-term differences in emission
reduction efforts and overseas literature has limited exploration of Chinas issues. We fill this gap by constructing a new
model based on the exhaustible resource exploitation model and Hotelling’s rule to explore and model the emission reduction
trajectory under China’s carbon peak and carbon neutrality goals. Second this paper provides a new way of thinking about
the formulation of the optimal pathway for the realization of Chinas carbon peak and carbon neutrality goals. Under the
premise of maximizing the total social utility we propose a carbon pricing goal and an industrial restructuring pathway for
the 40 years to come based on the theory of inter-temporal Parity.

Inspired by the Hotellings rule we regard carbon emissions as negative exhaustible resources and construct an inter—
temporal carbon abatement model. We treat social utility maximization as the target and the total carbon emissions as a
constraint. We find that inter+emporal parity for emission reduction is the necessary condition for social utility
maximization. Therefore the present values of marginal utility shadow price and carbon price throughout different periods
should be constant. Our model also supports four important propositions as follows. Compared with the target of 2°C climate
temperature increase the 1.5°C temperature increase will substantially lower social utility. Underestimating the discount
rate will lead to excessive emission reduction in early periods and sacrifice social utility. The dividend of economic growth
allows more emission reduction tasks to be left for later periods. And reducing the cost of carbon emission reduction through
green investment will end up raising social utility.

Using China as a case study our model suggests that the optimal pathway to realize carbon neutrality is to adopt mild
decarbonization policies in early periods and aggressive decarbonization policies in later periods which will only end up
sacrificing 0. 2% —0.4% of China’s annual GDP. Furthermore we adopt the index decomposition analysis method to
estimate the pathway for industrial restructuring under different emission reduction trajectories. Our model suggests that the
optimal pathway for industrial restructuring should be mild restructuring in the early periods and aggressive restructuring in
later periods.

Our paper has important policy implications. Firstly the carbon peak and carbon neutrality goals need to be realized
from the perspective of inter4emporal parity and rational emission reduction should be prioritized sequenced and
properly paced. Secondly the realization of carbon neutrality is inseparable from a well-functioning carbon emission trading
system and thus it is recommended to use carbon pricing as the guiding basis for the marginal emission reduction cost.
Thirdly stable and sustainable emission reduction policies and the flourishing of green finance can help reduce the social
cost of achieving carbon neutrality. Finally the carbon peak and carbon neutrality goals will bring new constraints to
China’s economic development. Therefore it is necessary to explore its impact from multiple dimensions.

Keywords: Carbon Neutrality; Economic Model; Inter-temporal Parity; Industrial Restructuring
JEL Classification: Q58 D64 H43
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