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ARTICLE INFO ABSTRACT
JEL Classifications: The outbreak of the COVID-19 pandemic has had significant negative impacts on financial
H12 markets, including energy stock markets. However, recently proposed and implemented green
Q43 recovery plans may mean that clean energy firms demonstrate better performance than fossil fuel
Q42 firms after the pandemic. As more voices call for the update of clean energy, theory on investor
G41 ?

attention suggests investors will pay more attention to the potential to invest in clean energy
Iégv\?;t]))rdlsg stocks. Using a sample period of eight weeks before and during the pandemic, we find that the
Glean energy negative impact of the outbreak on both clean energy and fossil fuel firms is more significant for
Fossil fuel fossil fuel firms. Our results further show that during the pandemic there have been improved
Investor attention returns for clean energy firms as a consequence of investor attention, but not for fossil fuel firms.
Green recovery Our findings provide empirical evidence for the advantages of green recovery schemes in influ-

encing financial markets, especially for clean energy stocks. These results suggest there are
benefits for further promotion and implementation of green recovery stimulus measures post-
pandemic.

1. Introduction

The impact of the COVID-19 pandemic around the world has been dramatic. According to the latest statistics from the World Health
Organisation (WHO), there have been more than 25 million COVID-19 cases globally, and the death toll continues to rise (WHO, 2020).
The global economic repercussions also continue to be felt, with a large number of countries experiencing significant economic loss in
the first quarter of 2020. For example, the economies of China, the United States, the European Union and Japan shrank by 6.8%, 4.8%,
3.8% and 3.4%, respectively. Erken et al. (2020) estimate that the global economy will shrink by 4.1% in 2020.

Although the ultimate impact of COVID-19 on the global economy remains unknown, the uncertainty has already had negative
consequences for the energy market. The latest Global Energy Review from the International Energy Agency (IEA) reports that global
energy demand fell by 3.8% in the first three months of 2020 (IEA, 2020). Interestingly, while the demand for coal, oil and natural gas
has dropped, the demand for renewable energy has increased. For example, Iberdrola, a leading clean energy company, has
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Figure 1. Average daily returns of clean energy and fossil fuel stocks

demonstrated a robust financial performance in the first quarter of this year. As the director of the IEA highlights, “only renewables are
holding up during the previously unheard-of slump in electricity use” (Fawthrop, 2020).

The financial markets have also been heavily impacted by the outbreak of the pandemic (Zhang et al., 2020; Goodell, 2020) and, in
turn, the energy stock market has fluctuated during the crisis. However, with “green recovery” stimulus measures being introduced in
some countries (Nicoldas, 2020), renewable energy firms have experienced the pandemic somewhat differently. More voices are calling
for the need to rapidly transition to a clean energy future, which suggests investors will pay more attention to the potential to invest in
clean energy stocks. This hypothesis is supported by theory on investor attention (Barber and Odean, 2008; Zhang and Wang, 2015)
and the adaptive markets hypothesis (Lo, 2005, 2012), which propose that investors are information-intensive and will pay more
attention to event-related stocks, adapting their investment strategies to new market patterns when an unexpected event occurs.

Prior research has documented the importance of investor attention to the stability of stock markets (Da et al., 2015; Han et al.,
2017; Qadan and Nama, 2018; Li et al., 2019). The disruptive forces of the COVID-19 crisis have shifted public attention towards the
potential for a green recovery and so green investments are attracting more investor attention. A comparison between the financial
performance of clean energy and fossil fuel firms is timely and likely to have important practical implications.

Using Chinese listed energy firms as the research setting, this paper analyses and compares the financial performance of clean
energy and fossil fuel firms. We further examine investor attention to both types of firms during the period of the pandemic. Overall,
our results show that clean energy firms have outperformed fossil fuel firms during the pandemic in our study period. Although the
impact of COVID-19 on firms’ financial performance is negative for both types of firms, the negative impact has been felt more deeply
by fossil fuel firms. Notably and importantly, investor attention to the disruptive effects of COVID-19 has had a significant and positive
effect on clean energy stocks’ returns, while a similar effect was not evident for fossil fuel firms. Taken together, our findings suggest
superior financial performance for clean energy firms during and after the global crisis and highlight the potential for a green recovery
post-pandemic.

2. Data

We select China as the research setting to investigate the impact of COVID-19 on energy firms’ performance. The pandemic in China
has slowly receded, allowing for comparison of the impact of COVID-19 on firm performance in distinct phases. The sample period
ranges from 25 November 2019 to 16 March 2020, with 20 January 2020 as the event date,' and covers a symmetrical window of eight
weeks before and after the event date. The sixteen-week trading information enables ex-ante and ex-post comparisons for the impact of
the pandemic on clean energy firms versus fossil fuel firms. For purposes of robustness, we also extent the ending date by sixteen weeks
to 6 July 2020 and re-estimate the baseline regressions and the generalised method of moments (GMM) regressions (see Appendix).
The results are highly consistent to the key findings.

The classification of clean energy firms and fossil fuel firms is based on the China Energy Industry Classification Standard. Similar to
Zhang et al. (2016) and Gao et al. (2020), 91 clean energy firms and 110 fossil fuel firms were included in the sample based on their
reported main business activity. We then collected daily stock returns for these 201 firms during the study period. To eliminate the
influence of extreme values, we have implemented 1% data winsorization. To control for the impact of the stock market on individual
stocks, we also collected the data of stock market returns and volatilities. The stock data were all sourced from the China Stock Market &
Accounting Research (CSMAR) database.

Following Fang et al. (2020) and Shen et al. (2017), we used web scrapping techniques to construct a variable that reflects investor

1 On 20 January 2020, the leading expert of the National Health Commission of the People’s Republic of China, Nanshan Zhong, confirmed the
human-to-human transmission of COVID-19, hence we treat this as the outbreak date of COVID-19.
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Table 1
Descriptive statistics
Firm Type Before After Difference
Obs. Mean Obs. Mean Mean
Clean Energy 3487 0.0032 2970 0.0003 0.0029
Fossil Fuel 4288 0.0008 3621 -0.0009 0.0017

Note: *** p<0.001. Difference measures the difference between the returns before and after the pandemic outbreak: Difference = Mean(Before) —
Mean(After).

Table 2
Results for regression models
Variables @ @ 3 “@ (5) (6) @)
Clean Energy Fossil Fuel Clean Energy Fossil Fuel Clean Energy Fossil Fuel IV Regression
Intercept -0.0102f -0.00497 0.0005 -0.0030%*** -0.0079** -0.00307
(0.0052) (0.0027) (0.0008) (0.0004) (0.003) (0.0016)
covid -0.0065¢ -0.0040* -0.0064+ -0.0040*** 0.0003 -0.0028*** -0.0488***
(0.0034) (0.0017) (0.0027) (0.0010) (0.0014) (0.0007) (0.0095)
attention 0.0019* 0.0003 0.0084***
(0.0009) (0.0005) (0.0022)
att Dummy 0.0069** 0.0013
(0.0022) (0.0008)
att coronavirus 0.0049** -0.0000
(0.0007)
marketR 2.8251%** 2.0886*** 2.8234%*** 2.0792 # 2.0882%** 0.3360%**
(0.1123) (0.0649) (0.1116) (0.0650) (0.1117 (0.0644) (0.1180)
marketVol -0.4374 0.6719** 0.1944 0.7894%*** 0.1973 0.8191 0.6597
(0.4459) (0.2118) (0.2776) (0.1362) (0.2778) (0.5529) (0.5703)
crashl -0.0052 -0.0018 -0.0062t -0.0021 -0.0063* -0.0020 0.0232%**
(0.0031) (0.0022) (0.0032) (0.0021) (0.0032) (0.0024) (0.0038)
crash2 -0.0007 -0.0071%** -0.0017 -0.0074%*** -0.0017 -0.0074%*** -0.0115%**
(0.0028) (0.0018) (0.0028) (0.0023) (0.0028) (0.0018) (0.0034)
crash3 -0.0046 0.0133%** -0.0039 0.0133%** -0.0042 0.0134%**
(0.0033) (0.0017) (0.0033) (0.0017) (0.0034) (0.0019)
Firm Effect YES YES YES YES YES YES YES
Obs. 6457 7909 6457 7909 6457 7909 4928
Adjusted R? 0.243 0.282 0.243 0.282 0.242 0.282 0.032
F-Statistic 135.57*** 199.45%** 138.24*** 189.06%** 148.67*** 194.00%** 21.15%**

Note: p < 0.1, *p < 0.05, ** p < 0.01, *** p < 0.001. All standard errors (provided in parentheses) were clustered at the firm level. Models (1) and (2)
are baseline models, and Models (3) - (6) are robustness tests with alternative measures of explanatory variable attention. Model (7) is an IV regression
for mitigating endogeneity issue, using daily confirmed cases of COVID-19 as an instrumental variable for attention.

attention to the COVID-19 pandemic based on the Baidu search index (BSI)?, the most popular web search tool in China. Consistent
with existing measurements of attention variables (Han et al., 2017; Qadan and Nama, 2018; Li et al., 2019), we then aggregated the
daily BSI of nine COVID-19 related keywords and used the logarithm of the aggregated score to construct the attention variable
(attention).

3. Data analysis
3.1. Descriptive statistics

Figure 1 illustrates the average daily returns of clean energy and fossil fuel stocks. Overall, the stock returns of clean energy firms
are higher than those of fossil fuel firms. It is also apparent that there have been substantial fluctuations in the returns of all energy
firms during the study period, suggesting the pandemic has had a significant impact on both clean energy and fossil fuel firms. We seek
to understand the degree to which clean energy firms and fossil fuel firms have been affected by the pandemic and the role of attention
from investors as a consequence of the disruptive influence of the pandemic.

To further explore whether the returns of clean energy and fossil fuel firms have changed significantly during our study period, we

2 Baidu search index is the total searching volume of a key word in China through Baidu search. In this study, we scrapped for nine COVID-19
related key words as the basis for attention to COVID-19, including coronavirus, COVID-19, wildlife, symptoms of COVID-19, news of COVID-19, nucleic
acid tests, pandemic map, public health emergency, and COVID-19 vaccine.
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conduct t-tests on the returns of clean energy and fossil fuel firms, respectively. Table 1 reports the results. Consistent with the findings
from Figure 1, the average daily returns for clean energy firms are higher than those for fossil fuel firms. The results of the t-tests
indicate that both clean energy firms and fossil fuel firms have experienced significant drops after the outbreak of the pandemic (p <
.001). Specifically, the average daily returns of fossil fuel firms have decreased by more than 200%, which is much larger than that of
clean energy firms (90.62%). We use regression modelling to now examine the influence of investor attention on the performance of
clean energy versus fossil fuel firms.

3.2. Regression modelling

We examine the impact of the pandemic outbreak and investor attention to the pandemic on stock returns of energy firms by the
following regression modelling method:

Ry, = Py + p,covid + p,attention, + pymarketR, + f,marketVol, + pscrashl + pscrash2 + f;crash3 + firmFE + &,

where R;; refers to the stock return of firm i at time ¢, covid is a dummy variable representing the outbreak of COVID-19, and attention,
denotes attention to the pandemic measured by BSI. The remaining five variables are control variables, representing the stock market
returns (marketR,), stock market volatilities (marketVol,), and three crashes of the US stock market during the sample period (crash1,
crash2, and crash3) respectively. During the period of our study, these three stock market crashes that took place on 9 March, 12 March,
and 16 March 2020 substantially influenced the global stock market, and this inevitably affects the returns of energy firms (Mazur
et al., 2020). We also control for firm fixed effects. ¢ is the error term.

Table 2 reports the results for the regression models. Models (1) and (2) are baseline models, with stock returns of clean energy
firms and fossil fuel firms as dependent variables, respectively. We also implemented robustness checks with alternative measures of
attention in Models (3) - (6). To mitigate endogeneity concerns, we introduced an instrumental variable (IV) and employed the Two-
Stage Least Squares (2SLS) regression analysis in Model (7). As displayed in Models (1) and (2), the coefficient of covid is negative and
statistically significant for both clean energy and fossil fuel firms, suggesting the pandemic negatively impacted the energy sector. This
finding may be largely attributed to the lockdown of many businesses during the pandemic, which has substantially reduced the
demand for energy (Chen et al., 2020). However, the impact of COVID-19 is more significant for fossil fuel firms (p < .05), while the
effect for clean energy firms is just slightly significant at the 10% level. This is consistent with the findings in Section 3.1 that stock
returns of fossil fuel firms have suffered a much larger drop than those of clean energy firms.

The results for attention reveal differences for clean energy and fossil fuel firms. The coefficient of attention in Model (1) is
significantly positive ( = 0.0019, p < .05), while the figure in Model (2) is not significant at any conventional statistical levels,
implying that the attention of investors to COVID-19 has significantly improved the performance of clean energy firms, but has had no
significant impact on fossil fuel firms. Moreover, the magnitude of the coefficient for clean energy firms is much higher than that for
fossil fuel firms. Taken together, our results indicate a strong and positive impact of investor attention on clean firms’ performance
during the period of our study. This may be largely due to governments around the world proposing and implementing green recovery
schemes as a mean to stimulate national economies post-pandemic (Chen et al., 2020). As a result, clean energy firms are more likely to
have benefitted from investor attention to the potential for green recovery from the pandemic, demonstrating a more growth pattern in
the post-COVID-19 economic recovery.

To test the robustness and validity of our results, we use two alternative measures of attention to implement robustness checks. First,
in Models (3) and (4), we use the medium value of attention as the cut-off point, and code attention as 1 where there is an attention value
higher than the medium, and O otherwise. Second, in Models (5) and (6), we only use the BSI of “coronavirus”, which is the most
relevant keyword of the pandemic, to construct the attention variable. The attention variable is thus replaced with att Dummy and
att_coronavirus, respectively, and we re-estimate the baseline models with the alternative attention measures. The results in Models (3) -
(6) provide evidence that our key findings are robust and valid. Another concern might be reverse causality between investor attention
and stock returns of clean energy firms. The superior performance of clean energy stocks might likely attract increased attention from
investors. To mitigate this issue, we select daily confirmed cases of COVID-19 as an instrument for attention and entered the IV in the
regression. Daily confirmed cases have a high correlation with attention to COVID-19 but are less likely to be associated with the
performance of clean energy firms. The coefficient of attention (f = 0.0084, p < .001) in Model (7) suggests that endogeneity is not a
concern in our study.

4. Conclusions

This paper has investigated the impact of investor attention to COVID-19 on the financial performance of clean energy firms versus
fossil fuel firms. We find that the COVID-19 outbreak negatively impacted both clean energy and fossil fuel firms, but that the negative
impact was more significant for fossil fuel firms. Our results further show that investor attention had a significant impact on the
performance of clean energy firms, but that this was not the case for fossil fuel firms. We thus contribute to theory on investor attention
by highlighting the attention shift in investor behaviour during unexpected crisis and the capitalisation of investor attention. Given
that governments around the world are proposing and implementing green recovery plans, it is likely that investor attention has shifted
to clean energy investments, possibly driving the superior performance of these firms. Our study provides initial empirical evidence for
the positive impact of green recovery schemes on financial markets, particularly on clean energy stocks, and such positive impact will
become stronger over long time periods. Prevalent green recovery policies include tax deduction for clean energy, subsidies for electric
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Table Al
Results for extended sample periods
Variables (68} 2) 3) @
Clean Energy Fossil Fuel GMM: Clean Energy GMM: Fossil Fuel
Intercept -0.0056 -0.0049¢ -0.0310%*** -0.0076
(0.0036) (0.0020) (0.0075) (0.0045)
covid -0.0073t -0.0036* -0.0244%*** -0.0066*
(0.0028) (0.0015) (0.0060) (0.0033)
attention 0.0010* 0.0004 0.0048*** 0.0008
(0.0005) (0.0003) (0.0012) (0.0007)
marketR 2.4120%** 1.7735%** 2.6258%** 1.7812%**
(0.0845) (0.0229) (0.0739) (0.0395)
marketVol 0.2329 0.3307*** -0.0461 0.4137**
(0.1330) (0.0664) (0.2689) (0.1467)
crashl -0.0095** -0.0030t
(0.0031) (0.0013)
crash2 -0.0023 -0.0049%*** -0.0013 -0.0038***
(0.0028) (0.0013) (0.0014) (0.0009)
crash3 -0.0080t 0.0095%**
(0.0031) (0.0013)
Firm Effect YES YES YES YES
Obs. 12816 14749 9583 9398
Adjusted R? 0.209 0.322
F-Statistic 145.27%** 992.7%** 1703.12%*** 2098.43***

Note: {p < 0.1, *p < 0.05, ** p < 0.01, *** p < 0.001. All standard errors (provided in parentheses) were clustered at the firm level. Models (1) and (2)
are re-estimated baseline regressions for extended sample periods, and Models (3) and (4) are the GMM regressions for extended sample periods.

vehicles, funding for public transport, creating jobs in clean energy industries, etc. The evidence collected in this study supports
recommendations for these green recovery stimulus measures around the world.
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