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                    Abstract
A sign of emerging downward trends in the carbon intensity of energy (CO2 intensity) is an early indicator of progress in transitioning to low-emission energy. To trade off the obligation of reducing carbon emissions against the cost saving benefits of using fossil fuels, a country may choose an optimal share of using low-emission energy. We apply the partial adjustment to investigate whether countries adjust their CO2 intensities towards specific targets. Using the sample covering 62 economies from 1992 to 2013, we find that the gaps between their actual and target CO2 intensities narrow over time, suggesting adjustment towards their optimal levels in the use of low-emission energy. Important determinants of countries’ target CO2 intensities include GDP growth, the share of fossil fuel consumption, shares of electricity production generated from fossil fuels versus non-fossil fuel sources, emission transfers related to trade activities, and emissions generated in cement production. Financial development is shown to have an asymmetrical moderating effect on the adjustment process towards targets among countries. Specifically, countries with a higher degree of financial development display faster downward than upward speeds of adjustment towards their targets. Indeed, countries with a higher degree of financial development consistently adjusted their CO2 intensities faster downwards and slower upwards towards their targets, while countries with a lower degree of financial development adjusted their CO2 intensities slower downwards and faster upwards. Such findings are not related to the state of economic development of the countries. This demonstrates that financial development plays an important role in mitigating CO2 emissions, given that more developed and deeper financial markets could reallocate investment towards cleaner energy and thus increase the supply of low-emission energy.
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Notes
	This description is provided in the “Statistical Concept and Methodology” in the World Development Indicator web portal.


	See Blanco et al. 2014.


	Filipović, et al. (2015) show that among EU-28 countries, factors such as energy prices, energy taxes and GDP all significantly affect energy intensity of output, whereas Voigt et al. (2014) identify technological changes and sectoral structural factors which explain the trends of energy intensity of output in 40 large economies. Duro (2015) segments countries into several groups and finds that reductions in energy intensity of output often coincide with improvement in inequality. Results from these papers suggest a number of structural factors determine the energy intensity of output.


	For instance, Jin and Kim (2018) find a long-run relationship between coal consumption and economic growth among non-OECD countries. A higher share of coal consumption inevitably leads to higher CO2 intensity. Kibria et al. (2019) also identify a non-linear relationship between fossil fuel mix and GDP.


	See the discussions in Olivier and Peters (2020) as well for the underlying factors of having this trend.


	We test the possibility of non-linear relationships by separately adding the squared terms of each of the eight explanatory variables into Eq,3), but do not find a statistically significant squared term for the added variables except for squared term of EP_cs. This suggests that all other seven explanatory variables’ relationships with target CO2 intensities are linear. Regarding EP_cs, the statistical significance of the squared term may potentially capture the feature of the value of EP_cs being bounded. Indeed, based on a simple scatter plot of CO2 intensities and EP_cs, except around the zero level, the EP_cs displays a quite clear linear relationship with the CO2 intensities. For model simplicity and easier interpretations, we would keep the linearity assumption in Eq. (3). The results of these additional estimations are available upon request.


	We do not include any variable to represent the carbon capture and storage given that there was little progress made in past decades as discussed in Peters et al. (2017).


	See Flannery and Hankins (2013) for the discussion of the source of bias in the partial adjustment model and Monte Carlo evidence on how GMM methods can accurately estimate the model.


	While Dang et al. (2012) develop a one-step approach in estimating similar models, their methodology requires the sample to have a sufficiently large amount of firms, such that the main characteristic of differentiation between groups (regimes) is primarily driven by the threshold variable. Such assumption is obviously not suitable for our country-level sample size.


	We test the robustness by considering the threshold at 30th and 70th percentile. Since the cross-sectional dimension of our sample is relatively small, we do not have a sufficient amount of cross-sectional data in all the percentile points to avoid the clustering effect of countries when applying a continuous moderation variable. The results of the sensitivity analysis checking with alternative model specifications are reported in the Online Appendix.


	Data are from http://datatopics.worldbank.org/world-development-indicators/


	The size of the sample is between Baltagi, et al. (2019)’s 81 countries and De Haas and Popov (2019)’s 48 countries. Overall, the sample covers around 94% of total carbon emissions in 2014.


	We deliberately omit the % shares of electricity production from oil sources, and hydroelectric sources in Eq. (3) to avoid the issue of multi-collinearity. The interpretation of these coefficients is discussed in Sect. 5.


	Although Baltagi et al. (2019) are able to capture more variables in their proposed semiparametric panel data model, their objective is to indicate the strong relationship between carbon emissions per capita and GDP elasticity after controlling for a vast amount of possible concepts. Furthermore, their statistically significant variables closely resemble our choice of variables in determining the target CO2 intensity. Different from Baltagi et al. (2019) in presenting only the shares of electricity production from nuclear and hydroelectric powers sources, we introduce shares of electricity production from coal sources, natural gas sources and nuclear plus other renewable sources for two reasons. First, the changes in coal and natural gas in electricity production can better represent the impacts on CO2 intensity from shifting away from more carbon-intensive fossil fuel to a lesser one. Second, the share of electricity production from hydroelectric power sometimes has a counter-intuitive sign in the estimations for CO2 intensity, since the higher share for a country is associated with a lower technological level of a country, which is difficult to quantify and control for. Dummy variables also cannot be included in our system-GMM estimation with the country fixed effect approach.


	The breakdown information is available from CDIAC’s by-component reporting.


	For instance, Beck et al. 1999, Levine 2002 and Cihak et al. 2012. Jiang and Ma (2019) employ the same dataset to study the impact of financial development on carbon emissions using the CO2/GDP variable.


	We exclude two countries (Singapore and Venezuela) from our second stage estimation because their CO2 intensity series fluctuate wildly arising from reporting issues. This may affect the estimation of speeds of adjustment.


	The fixed effect regression in column (5) reports a high R2 of around 91%, suggesting that the variables captured in our specification can explain a significantly large portion of the variation in CO2 intensity.


	For the studies on ESG and climate change, see the reports issued by the Organisation for Economic Co-operation and Development on ESG investing at https://www.oecd.org/finance/esg-investing.htm.
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