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ABSTRACT

Novel to the literature, this study examines how cross-listing impacts firms’ productivity in Energy sector. Annual
data of firm cross-listing over the last two decades with crisis (2002-2022) is employed for our analyses. We find
evidence of significant drop in productivity after Energy firms (including electricity firms) cross-list in the US
market. Meanwhile, we do not find strong evidence of significant decreases in firm productivity from other
sectors in our sample. We note one possible explanation for this finding is that after cross-listing, Energy firms
appear to utilize their increased capital to heavily invest in infrastructure, equipment, and plants for expansion,
which might eventually damage their productivity. To seek for more thorough explanations for such decreases in
Energy firms’ productivity after cross-listing, we identify the determinants of firm productivity in Energy sector.
Our results provide strong evidence that the increases in capital expenditures after Energy firms cross-list appear
to be associated with the decreases in firm productivity. Notably, we note that negative impacts of capital ex-
penditures (after cross-listing) and state ownership on firm productivity become much stronger and more sta-
tistically significant in developed countries than in emerging countries. Last, corporate governance and firm
liquidity are found to be two determinants that help improve firm productivity in both electricity firms and other

energy firms.

1. Introduction

Investment barriers across financial markets have been dramatically
reduced due to cross-border capital market liberalization (Dodd, 2013),
which allow investors to gain access to various financial assets world-
wide (Balli et al., 2022). However, there still exist some international
capital flow obstacles which have been unresolved, including trading
costs, different investor protection, and different restrictions relating to
foreign ownership among different capital markets. From the perspec-
tive of several corporate managers, such investment barriers could be
overcome by cross-listing shares (Balli et al., 2022; Reiter, 2021).

Cross-listing is considered the situation in which the stock of a firm is
listed on one foreign stock exchange (Karolyi, 2006; Shi et al., 2012). A
significant body of literature has investigated motivations for cross-
listing of firms. The extant literature documents two main focuses on
the benefits of cross-listing (Peng and Su, 2014). First, firms can gain
access to great source of foreign capital with a lower cost of financing as
firm shares become available to a greater group of international
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investors (Hail and Leuz, 2009). In more detail, as cross-listing allows
firm shares to be accessible to global investors, it will enhance stock
investibility and improve risk sharing, leading to reduced cost of capital.
Second, in line with the “bonding hypothesis”, cross-listing on a foreign
stock exchange with more stringent legal and disclosure requirements
than those in the home stock exchange appears to lead to improved
corporate governance practices (Coffee, 1999a; Stulz, 1999).
Cross-listing decision could be highly strategic regarding the growth
of firms (Peng and Su, 2014). According to business strategy theory, a
decision of cross-listing appears to be an integrated part of the global
business strategies of a firm (King and Mittoo, 2007; Pagano et al.,
2002). Firms might choose to cross-list in foreign stock exchanges to
access overseas capital markets to fund their global investment projects,
to support their mergers and acquisitions (M&A) activities in overseas
markets as well as to retain their competitive position against other
peers in the industry (Dodd, 2013; Mittoo, 2003; Pagano et al., 2002).
Previous studies indicate that firms cross-listing in the US markets
appear to access more extensive, efficient, and liquid market compared
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to the home market (Balli et al., 2022; Lambrecht and Myers, 2012).
Additionally, recent studies show evidence that easy access to capital
through financial liberalization helps foster investment and enhance
resource allocation (Heil, 2019; Lambrecht and Myers, 2012). Further-
more, as demonstrated by Heil (2019), financial liberalization, encom-
passing the relaxation of foreign capital controls and equity market
opening, is linked to improved productivity. As such, our hypothesis
posits that the more affordable capital acquired by companies through
cross-listing is likely to enhance their access to foreign capital and
potentially boost firms’ overall productivity.

Firm productivity is regarded as the improved efficiency in the real
economic performance of a firm, which is measured by the residual
production output beyond the input costs’ contribution. The total factor
productivity has been considered an essential component of firm’s
economic growth (Baier et al., 2006; Dowrick and Nguyen, 1989;
Thompson and Rushing, 1999; Tian and Twite, 2011). Existing literature
indicates that there are different channels through which foreign
ownership might exert significant effects on firm productivity (Xu et al.,
2022). One of those channels is financing support. Beck et al. (2005a)
suggest that financial obstacles appear associated with lower firm per-
formance and productivity. Meanwhile, several empirical studies indi-
cate that foreign ownership is linked to reduced financial obstacles
(Dong and Men, 2014; Knack and Xu, 2017). Through the financial
support from firm’s foreign parents, firms with overseas ownership is
likely to relax their financial constraints and achieve greater produc-
tivity (Xu et al., 2022). Although the nexus between firm productivity
and foreign ownership has been investigated, we note that the rela-
tionship between cross-listing and firm productivity appears to be
largely ignored.

In recent years, energy sector is reported to drive economies and
sustain societies worldwide (UNEP, 2023). According to The World Bank
(2023a), energy is considered the heart of development as it enables
innovations, investments as well as new industries which might lead to
job opportunities, shared prosperity, and inclusive growth for econo-
mies across the globe. Previous studies show evidence that energy sector
is one of significant determinants of GDP growth for emerging econo-
mies mostly (Stern, 1993, 2000). Indeed, private sectors highly priori-
tize Energy sector since the demand for energy services is increasing in
not only developed but also developing economies as well as this sector
has significantly social and environmental impacts (Biagini and Sagar,
2004). Over the last two decades, the world has experienced several
energy-related crises, including the 2000s energy crisis (2003-2008),
the great oil crash of 2014, the stunning drop in oil prices in 2016 and
the 2021-2023 global energy crisis following the Covid-19 pandemic in
2021 and the Russian invasion of Ukraine in 2022. Such crises appear to
cause significant impacts on both macroeconomic and a firm level.
Given that energy is a highly capital intensive sector (Raikar and
Adamson, 2020), and is considered as the main growth determinant for
some emerging economies, the productivity in this sector is directly
related the economic welfare of the world. This study aims to investigate
how cross-listing of energy companies impacts their productivity under
the age of energy crises. Additionally, we explore the determinants of
Energy sector’s productivity at firm level.

In that respect, our study contributes to the literature in the
following aspects. First, to the best of our knowledge, this is the first
paper to investigate how cross-listing into the US markets of Energy
firms affects their productivity. Specifically, we consider that after cross-
listing, firms might have easy access to foreign capital with lower costs.
This is even more meaningful for emerging markets where the capital is
relatively scarce (Bruhn and Zia, 2013; Veronica et al., 2020) and cost of
capital is relatively higher (IEA and ICL, 2023). Eventually, improved
access to foreign capital is expected to enable firms to become more
competitive (Dodd, 2013; Mittoo, 2003), and thus firms appear to gain
higher productivity in general. As such, our study aims to examine how
firm productivity in Energy sector changes after cross-listing and find
reasonable explanations for those changes. Second, we also provide in-
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depth analysis on firm productivity, including (i) estimating and
comparing firm productivity between different stages of cross-listing
(before cross-listing; Stage (1) - the first five years after cross-listing;
and Stage (2) - the remaining years following Stage (1)); (i)
comparing firm productivity between Energy sector and other sectors in
the sample; and (iii) separating the whole sample into Developed and
Emerging countries to see the differences in firm productivity between
those two groups of countries. Third more importantly, to understand
which factors significantly explain firm productivity in the presence of
cross-listing, we identify the determinants of productivity in Energy
sector at firm level. We simply test if the productivity increased after the
cross listing, and if it is directly related to capital expenditure. Inter-
estingly, the decrease in productivity for energy firms are directly
related with their high volume of capital expenditure, in the early stages.
We also perform several robustness tests to ensure the reliability of our
baseline results.

Findings from our study show that firms in Energy sector (including
electricity firms) experience significant drop in productivity after they
cross-list in the US markets, whereas we do not find strong evidence of
significant decreases in firm productivity from other sectors in our
sample. We also observe that capital expenditures and fixed assets of
both electricity firms and other Energy firms witness significant in-
creases after cross-listing. Accordingly, Energy firms might utilize their
increased capital (obtained through cross-listing process) to heavily
invest in infrastructure, equipment, and plants for expansion, which
might eventually damage their productivity. By identifying the de-
terminants of firm productivity in Energy sector, we find strong evidence
that the increases in capital expenditures after Energy firms cross-list
appear to be associated with the decreases in firm productivity. Espe-
cially, the negative effects of factors (i.e., capital expenditures after cross-
listing and state ownership) on firm productivity are found to be much
stronger and more statistically significant in developed economies than
in emerging economies. Last, corporate governance and firm liquidity
are two factors that help enhance firm productivity in both electricity
firms and other firms from Energy sector.

The rest of our study is structured as follows. Section 2 presents our
literature review while Section 3 introduces our methodology and data.
In Section 4, we present and discuss our empirical results. Last, Section 5
shows our conclusions and proposed implications.

2. Literature review

The process of globalization in financial markets has resulted in a
significant increase in the number of non-U.S. firms opting to cross-list
their shares on U.S. exchanges (Eun and Sabherwal, 2003; Karolyi,
2006). These companies not only represented those from developed
economies but also included numerous firms from emerging economies
that were opening their stock markets to foreign investors for the first
time. The growing popularity of cross-listings has sparked considerable
academic interest, leading to numerous studies focused on understand-
ing the motivations behind firms pursuing cross-listing. Based on con-
ventional wisdom, scholars have primarily identified three key
motivations, including (i) share price reactions; (ii) liquidity, multi
market trading, price discovery, and (iii) changing market risk expo-
sures and the cost of capital.

Regarding the first justification for cross-listing, empirical studies
have predominantly focused on the share price reactions surrounding a
firm’s listing decision. Several studies have extensively examined this
aspect, such as Pascual et al. (2006)’ study for Spanish firms cross listed
in NYSE, Frijns et al. (2010)’ study for four Australian stocks cross-listed
in New Zealand and five New Zealand stocks cross-listed in Australia. In
the study conducted by Eun and Sabherwal (2003), the authors specif-
ically investigate the contribution of U.S. stock exchanges to the price
discovery process for non-U.S. stocks that have been cross-listed in the
United States. The findings reveal that the U.S. exchange significantly
contributes to the price discovery mechanism for these stocks.



T.H.-N. Dang et al.

Energy Economics 130 (2024) 107309

Table 1
List of variables and their data sources.
Variable Symbol Proxied by Unit Data sources
A. Variables to estimate total factor productivity (TFP)
Firm’s output Output Operating income US dollar
Labor input Labor Number of employees Employee

Refinitiv Eikon

Capital input Capital Net fixed assets US dollar

Intermediate input Intermediate Total costs exclude depreciation and amortization US dollar

B. Explanatory variables

Capital expenditures Capex Firm’s capital expenditures US dollar

Corporate gov'ernance Governance Governance pillar score ' ' Score Refinitiv Eikon
State ownership State_ own Percentage of state ownership of capital Ratio

Liquidity Liquidity (Current assets - Current liabilities) / Total assets Ratio

Furthermore, various studies indicate that cross-listing on overseas
exchanges can lead to improved liquidity for firms, which is often
considered a primary motivation for corporate managers (Bris et al.,
2007; Dodd, 2013). These enhancements are evident in several aspects,
including lower bid-ask spreads, increased trading volumes, and higher
trading values. Domowitz et al. (1998), for example, reported a higher
trading volume, and a decrease in domestic bid-ask spreads for US cross-
listed firms from Mexico. Bris et al. (2007) revealed an economically and
statistically significant increase in the liquidity of domestic stock after
the listing in the U.S. Another significant benefit of cross-listing is the
potential for changing market risk exposures and the cost of capital.
Cross-listings are often perceived positively because they allow man-
agement to circumvent regulatory restrictions, reduce costs, and over-
come information barriers that typically impede cross-border equity
investment (Karolyi, 2006). Study by Hail and Leuz (2009) showed that
companies with cross-listings on U.S. exchanges observe a reduction in
their cost of capital ranging from 70 to 120 basis points.

Several additional studies highlight various benefits that cross-listed
firms can enjoy. These include an enhancement in the information
environment for non-U.S. stocks (Fernandes and Ferreira, 2008), greater
analyst coverage and increased forecast accuracy (Lang et al., 2003),
and governance improvements (Karolyi, 2006). According to the find-
ings of Edison and Warnock (2008), emerging equity markets often face
higher transaction costs, increased risk of failed trades, and potential
challenges related to financial information due to diverse accounting
practices, disclosure requirements, and enforcement. By deciding to
pursue cross-listing on a U.S. exchange, these costs, both direct and
informational, can be eased. This strategic move allows the cross-listed
firm to benefit from the robust information environment and investor
protection regulations associated with the United States.

Productivity is widely recognized as the most significant character-
istic of a firm and serves as a versatile measure of its performance.
Extensive research has been conducted to identify the factors that
contribute to improvements in productivity at the firm level. In a
comprehensive survey conducted by Syverson (2011), it is suggested
that the existing literature has identified various internal and external
drivers that account for differences in productivity among firms. The
internal drivers encompass factors such as managerial talent, the quality
of capital and labor inputs, research and development, information
technology, learning by doing, firm structure decisions, and product
innovation. The external drivers of productivity include productivity
spillovers, competition within the market, industry deregulation, the
flexibility of input markets, and trade competition.

Emerging literature suggests that foreign ownership can serve as
another driver of firm productivity. In a recent study by Xu et al. (2022),
which utilized the World Bank Enterprise Survey (WBES) dataset
comprising over 120,000 firms from 139 countries, the impact of foreign
ownership on firm productivity in private firms was examined. The
study found strong evidence of positive relationship between foreign
ownership and firm productivity. Previous research has also explored
two potential channels through which foreign ownership influences

productivity: innovation and finance. Foreign ownership is associated
with increased innovation activities and reduced financial constraints
within host firms and both innovation and improved access to finance
are known to contribute to higher firm performance and productivity
(Boubakri et al., 2013; Jin et al., 2019; Luong et al., 2017). For instance,
several papers have highlighted the link between foreign ownership and
reduced financial constraints (Beck et al., 2006). Financing obstacles, in
turns, have been identified as factors that hinder firm performance and
productivity (Beck et al., 2005b). Therefore, firms with foreign owner-
ship may benefit from the financial support provided by their foreign
parents, leading to higher levels of productivity. In addition, Xu et al.
(2022) propose that foreign ownership can enhance productivity
through the utilization of telecommunication facilities and the man-
agement of labor costs. In fact, firms with foreign ownership often rely
more extensively on communication technology compared to their
purely domestic counterparts. Given that the adoption of telecommu-
nication applications has been found to have a positive impact on firm
productivity (Arnold et al., 2008), it is likely that firms with foreign
ownership achieve higher productivity levels through their broader
usage of telecommunication resources.

Despite the extensive body of research exploring the impact of cross-
listing on various aspects of firm performance and studying the effects of
foreign ownership on firm productivity, the relationship between cross-
listing and firm productivity has received relatively limited attention. It
is important to note that while both cross-listing and foreign ownership
enable companies to expand their reach beyond their domestic markets,
cross-listing and foreign ownership are distinct concepts with different
implications. Cross-listing entails a deliberate strategic decision by a
company to expand its market presence by listing its shares on a foreign
exchange. This strategic move allows the company to attract a larger
pool of investors and enhance its visibility in international markets. In
contrast, foreign ownership refers to the composition of a company’s
ownership structure, indicating the participation of foreign investors
who hold shares in the company. It signifies the presence of interna-
tional investors among the company’s shareholders and does not
necessarily involve cross-listing.

Generally, empirical studies highlighted that cross-listing presents a
significant advantage by potentially reshaping market risk exposures
and reducing the cost of capital. Simultaneously, studies have consis-
tently shown that the alleviation of financial constraints, facilitated by
the financial support extended by foreign investors, can act as a vehicle
for enhancing firm productivity. Considering these findings, our hy-
pothesis suggests that the more cost-effective capital acquired by com-
panies through cross-listing has the potential to stimulate their overall
productivity.

This research aims to expand the existing body of scholarly knowl-
edge concerning the nexus of firm productivity and cross-listing, with a
specific focus on their interplay within the energy sector cross-listed in
the US market. Our emphasis on the energy sector is based on a series of
energy-related crises that have unfolded over the past two decades.
These crises encompassed the 2000s energy crisis (2003-2008), the oil
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Table 2
Summary statistics of variables.
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A. Descriptive statistics

Variable name Observations Mean Median SD Min Max
Output 911 21.122 20.374 3.065 12.991 30.795
Capital 911 23.025 22.268 3.143 15.006 32.240
Labor 911 8.611 8.517 1.947 2.197 13.223
Intermediate 911 22.974 22.552 3.097 15.118 31.388
TFP-WRDG 911 2.707 2.762 1.077 -2.276 5.562
TFP-LP (2003) 911 0.846 0.928 1.008 —3.926 3.084
TFP-OP (1996) 911 2.365 2.431 1.058 —2.620 5.230
TFP-Translog 911 2.724 2.666 1.240 —2.080 6.311
Capex 911 14.516 19.886 10.52 0.000 29.053
Governance 911 0.343 0.325 0.315 0.000 0.986
State_own 911 0.188 0.000 0.256 0.000 0.727
Liquidity 911 0.086 0.091 0.142 -1.103 0.525
Cross_listing 911 0.673 1.000 0.469 0.000 1.000
B. Correlation matrix

TFP-WRDG capex governance state_own liquidity
TFP-WRDG 1.000
Capex 0.141 1.000
Governance 0.078 0.413 1.000
State_own 0.077 0.464 0.583 1.000
Liquidity 0.291 0.012 —0.060 —-0.013 1.000

Note: Output - firm’s output; Capital - capital input; Labor - labor input; Intermediate - intermediate input; TFP-WRDG - firm productivity using Wooldridge (2009)
method; TFP-LP (2003) - firm productivity using Levinsohn and Petrin (2003) method; TFP-OP (1996) - firm productivity using Olley and Pakes (1996) method; TFP-
Translog - firm productivity using translog method; Capex - firm’s capital expenditures; Governance - corporate governance; State_own - state ownership of capital;
Liquidity - firm’s liquidity; Cross_listing - a dummy variable (= 1 for the period after cross-listing and = 0 otherwise).

crash of 2014, the substantial decline in oil prices in 2016, and the global
energy crisis spanning from 2021 to 2023. This more recent crisis of the
Covid-19 pandemic in 2021 and the Russian invasion of Ukraine in 2022
were also included. These crises have affected not only how the world’s
economy works but also how individual companies operate. Indeed,
Ahir et al. (2022) argue that numerous remarkable events occurring in
recent years, including the global financial crisis and the Covid-19 crisis,
appear to raise concerns regarding increasing economic uncertainties.
Especially, Dang et al. (2023) find that the energy-related uncertainties
significantly increased during the recent crises, such as global financial
crisis (2008), the debt crisis in Europe (2010—2011), the Covid-19 crisis
(2020—2021), and the Russia’s invasion of Ukraine (2022). Such
remarkable events appear to lead to negative effects on both the global
economy and the energy markets (Dang et al., 2023; Farid et al., 2023;
Naeem et al., 2023; Naeem et al., 2022). Previous empirical studies also
show evidence of substantial contagion effects across energy markets
over the periods of crisis (Naeem et al., 2021; Naeem et al., 2020;
Rehman et al., 2023; Umar et al., 2022). Furthermore, owing to the
inherent capital-intensive nature of the energy sector and its key role as
a primary ingredient for growth in economies, its productivity has sig-
nificant implications for the overall global economy. Consequently, this
study seeks to explore the intricate relationship between cross-listing
and the productivity of energy companies, within the context of the
energy crises.

Through a comprehensive analysis, various aspects of this relation-
ship are explored. Firstly, we investigate how cross-listing influences
productivity in different market contexts by comparing firms in
emerging markets to those in developed markets. This analysis allows us
to gain insights into the varying impact of cross-listing on productivity
across different market environments. Furthermore, we extend our
analysis beyond the energy sector by comparing the productivity of
energy sector firms with firms from other sectors that have also under-
gone cross-listing. This comparative approach suggests whether the
impact of cross-listing on productivity is unique to the energy sector or if
similar patterns exist across different industries. In addition, we examine
the effects of cross-listing on firm productivity across different phases
after the cross-listing process. Specifically, we analyze the first five years
following cross-listing and the subsequent years to identify potential

variations in the impact of cross-listing on firm productivity over time.
Lastly, our study aims to identify the key factors that significantly
contribute to variations in productivity among cross-listed energy sector
firms in the presence of cross-listing. By uncovering these factors, we can
better understand the underlying mechanisms that drive productivity
outcomes in this specific context.

3. Methodology and data
3.1. Methodology

3.1.1. Estimating firm productivity

In this study, we estimate the total factor productivity (TFP) at firm
level, a proxy for firm productivity. We based on an assumption that the
output of firm i is identified through a Cobb-Douglas production func-
tion as in Eq. (1) (Fons-Rosen et al., 2021).

Y, = TFP, LV K" (€]

where Y is the firm value added or firm output. TFP; is the total factor
productivity. L; and K;; stand for labor input and capital input, respec-
tively. g, represents the labor output elasticity while g, is the capital
output elasticity.

The firm-level total factor productivity is estimated as in Eq. (2).

log(TFPy) = log(Yy) — Pilog(Ly) — Bilog(Ki) 2)

where §; and fy are estimated using the generalized method of moments
(GMM) estimators suggested by Wooldridge (2009) for the baseline re-
sults. The extant literature shows several approaches to estimate pro-
duction functions for firm productivity (see Ackerberg et al. (2015)). In
this study, we follow the method proposed by Wooldridge (2009) with
one-step GMM estimator for our baseline findings. Additionally, for
robustness checks, we also employ the methods of Levinsohn and Petrin
(2003) and Olley and Pakes (1996) with Ackerberg et al. (2015) (ACF)
correction.

Referring to related studies (Ackerberg et al., 2015; Li et al., 2021;
Ren et al.,, 2022), we adopt following variables (as presented in
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Table 3
Firm productivity among sectors: Before and after cross-listing (Full sample).
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Comparison Difference in means Propensity-score matching Number of observations
Energy After vs Before 0.011 —0.406%*** 911
Stage (1) vs Before 0.098 —0.188** 535
Stage (2) vs Before —0.044 —0.543%** 674
Electricity firms After vs Before —0.182%* 385
Stage (1) vs Before —0.185* 229
Stage (2) vs Before —0.180%** 291
Other sectors
Basic Materials After vs Before 0.042 0.008 1515
Stage (1) vs Before 0.088* 0.060 955
Stage (2) vs Before 0.011 —0.025 1133
Consumer Discretionary After vs Before 0.119%** 0.191*** 2774
Stage (1) vs Before 0.186%** 1831
Stage (2) vs Before 0.064 1996
Health Care After vs Before 0.351%** 0.229%** 1041
Stage (1) vs Before 0.305%** 0.305%** 653
Stage (2) vs Before 0.382%%* 0.258%** 781
Industrials After vs Before 0.040 —0.002 3569
Stage (1) vs Before 0.097%** 0.127%%* 2345
Stage (2) vs Before —0.003 —0.068 2647
Real Estate After vs Before 0.395%** 0.256%** 663
Stage (1) vs Before 0.379%%* 0.278%** 448
Stage (2) vs Before 0.407%*%* 0.223%** 492
Technology After vs Before 0.120* 0.057 827
Stage (1) vs Before 0.078 0.061 510
Stage (2) vs Before 0.146* —0.045 633
Telecommunications After vs Before 0.027 0.140 384
Stage (1) vs Before 0.264** 0.154 202
Stage (2) vs Before —-0.102 —0.055 285
Utilities After vs Before —0.061 —0.050 779
Stage (1) vs Before —0.0001 0.020 461
Stage (2) vs Before —0.098* —0.143** 589

Notes: *** ** and * indicates significance at the 1%, 5% and 10% level, respectively. Firm productivity is estimated employing the Wooldridge (2009)’s approach. Due
to space limit, the standard errors are not presented. “Before” stands for Before cross-listing. “After” is After cross-listing. Stage (1) is the first five years after cross-
listing. Stage (2) is the remaining years following Stage (1). A statistically significant negative (positive) value indicates a significant decrease (increase) in the latter
period compared to the former period. Column “Difference in means” represents the mean difference between before and after cross listing productivity. See the full

table at Appendix Table Al.

Table 1A) to estimate firm productivity (TFP) following aforementioned
approaches.

3.1.2. Estimating the determinants of firm productivity
To identify the determinants of firm productivity in Energy sector,
we propose the regression model as in Eq. (3).

TFP;., = a. +a, + f,Capex; ., + p,Cross_listing + p,Capex; . * Cross_listing
FXicy + €icr
3

where i, ¢, t stand for firm, country, and year, respectively. TFP is the
total factor productivity, estimated using Wooldridge (2009) with one-
step GMM estimator. a. and a, captures the country-fixed effects and
year-fixed effects, respectively. Capex stands for firm’s capital expen-
ditures. Cross_listing is a dummy variable (Cross_listing = 1 for the period
after cross-listing and = 0 otherwise). X represents the matrix of other
firm-level variables, including (i) Governance, corporate governance,
measured by the governance pillar score; (ii) State own, the state
ownership of capital; and (iii) Liquidity, the ratio of (current assets -
current liabilities) to total assets (see Table 1B). We based on previous
studies on firm productivity (Ding et al., 2016; Tian and Twite, 2011) to
employ those firm-level variables in our regression models.

Various model specifications are employed to estimate the de-
terminants of firm productivity, including (1) random effects model; (2)
country-fixed effects; (3) year-fixed effects; and (4) both country-fixed
effects and year-fixed effects, which is also the regression model in Eq.
(3). In each model from (1) to (4), we present the regression results for
the non-demeaned interaction term (i.e., Capex*Cross listing) and the
demeaned interaction term (i.e., Demeaned_capex*Cross_listing). The
demeaned interaction term is proposed by Balli and Sgrensen (2013) to

minimize the risk in which the estimated interaction terms might cap-
ture the data’s other features spuriously. Accordingly, the authors sug-
gest the panel regressions should be estimated as is Eq. (4)."

Yo = p; + B Xuie + BoXaw + By (Xui — X1i) Xoir — Xoi) + € @

where X;; and X»; stand for the explanatory variables for unit i at time .
X1; and X»; represent the mean of X;; and X»; over time for cross-
sectional unit i, respectively.

Additionally, robust standard errors are adopted in all of our
regression models (see the empirical results in Section 4.2). Such robust
standard errors are considered to be asymptotically equivalent to the
ones proposed in Arellano (1987)’s study, which appear robust to both
within-panel (serial) correlation and cross-sectional heteroskedasticity.

3.2. Data

Based on the consolidated data from Citibank and Bank of New York
Mellon depository receipts websites, we obtain list of firms which cross-
list to the US stock markets from 2002 to 2022. Annual data of variables
for estimating the total factor productivity (TFP) and regression models
are all collected from Refinitiv Eikon. Our final sample consists of 911
firm-year observations on 59 cross-listed firms from Energy sector.
Regarding electricity firms, we have a total number of 22 electricity
firms with 385 firm-year observations.

Table 2 reports the summary statistics of all variables employed in
our study. We note that our mean of total factor productivity (TFP) (as

1 This is done for one interaction variable example, to illustrate the model in
a simple manner.
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Fig. 1. Plots to check for covariate balance after estimations of propensity-score matching (firm productivity before versus after cross-listing).

shown in Table 2A) is nearly equal to the mean TFP from previous
studies on firm productivity (Figal Garone et al., 2020; Fiorini et al.,
2021; Nakatani, 2023; Tian and Twite, 2011). Such similarity confirms
the reliability of our estimations of firm productivity. The correlation
matrix in Table 2B indicates that all cross correlations are less than 80%
(in absolute value), which show that there is little evidence of multi-
collinearity in our models. Additionally, we also perform the panel unit
root tests for our employed variables. The augmented Dickey-Fuller
(ADF) and Phillips-Perron (PP) unit root tests confirm the stationarity
of all variables employed in our study.

4. Empirical results
4.1. Firm productivity in energy sector and cross-listing

In this section, we first estimate the total factor productivity (TFP)
employing Wooldridge (2009)’s approach with one-step GMM estimator
for our baseline results.

Table 3 presents our estimated firm productivity in Energy sector for
the whole sample. For comparison purposes, we also include firm pro-
ductivity estimated for other selected sectors in our sample. We split the
period after cross-listing into two different stages: Stage (1) is the first
five years after cross-listing, and Stage (2) is the remaining years
following Stage (1). Subsequently, we present different comparisons of
firm productivity, including (i) After cross-listing versus Before cross-
listing; (ii) Stage (1) versus Before cross-listing, and (iii) Stage (2)
versus Before cross-listing.

We use the t-test for difference in mean to identify the difference in
firm productivity between the groups (i.e., periods after cross-listing
versus before cross-listing). Additionally, we adopt the propensity-
score matching (PSM) method which was proposed by Rosenbaum
and Rubin (1983). This approach is a quasi-experimental method that
helps create a control group through matching each treated unit with

each non-treated one which has similar properties. By employing those
matches, we could examine the effect of an intervention (such as cross-
listing decision) (The World Bank, 2023b). For each table in this sub-
section, a statistically significant negative (positive) value indicates a
significant decrease (increase) in the latter period compared to the
former period (for example, “After cross-listing” compared to “Before
cross-listing™).

Looking at Table 3, we find evidence that a majority of sectors wit-
ness increases in firm productivity after cross-listing (i.e., Stage (1) and/
or Stage (2) compared to Before cross-listing), indicated by the statisti-
cally significant positive values from Table 3.

Remarkably, as can be seen in Table 3, regarding Energy sector, the
propensity-score matching shows statistically significant negative co-
efficients, which indicate significant decreases in productivity after en-
ergy firms cross-list in the US. Similarly, we also find strong evidence
(from both the t-test and propensity-score matching) that electricity
firms witness decreased productivity after they cross-list. These findings
are contrary to our hypothesis that firm productivity will be improved
after cross-listing process because we consider that after cross-listing,
firms might have easy access to foreign capital with lower costs,
which in turn enables firms to become more competitive (Dodd, 2013;
Mittoo, 2003), and hence firms might gain higher productivity in
general.

We also conduct additional diagnostics to ensure that the propensity-
score matching performs properly. Generally, if the matching approach
is well specified, the covariates should be balanced. The kernel density
plots and box plots in Fig. 1 might help assess whether the propensity-
score matching balance the covariates over treatment levels. As can be
seen from Fig. 1.al & 1.bl, the kernel density plots for the matched
sample appear mostly indistinguishable between the control group (blue
line) and the treated group (red line), meaning that the covariates
appear to be balanced by matching on the estimated propensity score.
With respect to Fig. 1.a2 & 1.b2, we can see that the box plots in case of
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Table 4

Firm’s capital expenditures and fixed assets in Energy sector: Before and after cross-listing (Emerging versus Developed countries).

Electricity firms

Energy sector

Developed countries

Emerging countries

Developed countries

Emerging countries

Propensity-score
matching

Difference in
means

N

Propensity-score
matching

Difference in
means

N

Propensity-score
matching

Difference in
means

N

Propensity-score
matching

Difference in
means

259

15.178*** (1.492)

14.162%**
(0.976)

126

5.281** (2.120)

7.970%**
(2.383)

522

10.245*** (0.980)

10.767***
(0.772)

389

10.201*** (1.392)

10,2245+
(1.167)
8.212%**
(1.542)

After vs

Capital

Before

expenditures

170

14.750%** (1.283)

13.820%**
(1.427)

59

10.310%** (2.291)

12.095%**
(2.685)

330

9.713%**
(1.110)

9.589%**
(1.036)

205

9.980*** (1.584)

Stage (1) vs
Before

196

(1.536)

15.177%%*

14.405%**
(1.252)

95

3.666

6.062%%*
(2.492)

N
2o}
[e)

11.625%**
(0.872)

292

10.783*** (1.454)

11.284%%*
(1.212)

Stage (2) vs
Before

(2.469)
0.263

(0.986)

259

1.491*** (0.406)

1.107%**
(0.418)
0.398

126

—0.0084
(0.298)
0.585*

522

1.559*** (0.290)

1.740%%%
(0.227)

389

0.743** (0.330)

1.583***
(0.380)

After vs

Fixed assets

(0.198)
0.634*

Before

170

0.586
(0.558)

59

330

1.112%*=
(0.383)

1.224%%
(0.276)

205

—-0.316
(0.460)

0.853**
(0.487)

Stage (1) vs
Before

(0.555)

(0.325)
0.0004
(0.180)

(0.439)
—0.283
(0.243)

196

2.176*** (0.448)

1.609%**
(0.480)

95

382

2.158%%*
(0.315)

2.116%%*
(0.258)

292

1.465*** (0.347)

1.968***
(0.405)

Stage (2) vs
Before

Notes: Standard errors are in parentheses. ***, ** and * indicates significance at the 1%, 5% and 10% level, respectively. “Before” stands for Before cross-listing. “After” is After cross-listing. Stage (1) is the first five years
after cross-listing. Stage (2) is the remaining years following Stage (1). A statistically significant negative (positive) value indicates a significant decrease (increase) in the latter period compared to the former period. N

stands for the number of observations. Column “Difference in means” represents the mean difference between before and after cross listing.
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the matched sample tend to be very similar. We note that the 25th
percentiles, the medians, and the 75th percentiles seem to be the same
(for the matched sample), even though some differences are found in the
lower adjacent values, the tails, and the outliers. As such, the box plots
also indicate that the matching method balances the estimated pro-
pensity scores. In summary, the diagnostic plots confirm the reliability
of the results estimated by the propensity-score matching.

This interesting finding leads us to separate our sectoral sub-samples
into developed and emerging countries for further analysis (see Ap-
pendix Table A2). Similar to above findings for the full sample, we note
that in several sectors from both developed and emerging countries,
productivity at firm level appears improved after cross-listing decisions.
Again, we document that Energy is the only sector in which firm pro-
ductivity become lower after cross-listing in both emerging and devel-
oped countries. As such, we will identify the determinants of firm
productivity in Energy sector to see which factors cause the decreases in
productivity of energy firms after they cross-list to the US financial
markets (see Section 4.2).

4.2. Determinants of firm productivity in energy sector

We consider one possible explanation for the declined productivity in
Energy sector is that after cross-listing in the US, both electricity firms
and other firms from Energy sector tend to use their increased capital to
heavily invest in infrastructure, equipment, and plants for expansion.
Indeed, the US deregulation and restructuring in Energy sector are found
to lead to energy firms’ excessive investments (Constellation, 2023; Hill,
2021) in the early years of the deregulation. Such investments might in
turn hinder improvements in their productivity. Energy firms cross listed
in US markets might have the same amount of investment after they
cross list and obtain the funds. In order to check for this assumption, we
then perform the tests to see whether firm’s capital expenditures and
fixed assets increase after firms cross-list.

As can be seen from Table 4, our t-test and propensity-score matching
show statistically significant positive values in both emerging and
developed economies, meaning that capital expenditures and fixed as-
sets of both electricity firms and other Energy firms have significant
increases after cross-listing. We also use the kernel density plots to check
for the covariate balance after performing the propensity-score match-
ing (see Appendix Figs. A1l & A2), which show that the matching method
balances the estimated propensity scores. It implies that our results
estimated by the propensity-score matching appear reliable. Our find-
ings also confirm the aforementioned assumption that energy companies
do have greater ability to raise more external lower-cost funding after
they cross-list to the US financial markets and hence, invest more in
equipment and infrastructure, which are shown by the increases in their
fixed assets after cross-listing process. Besides, our findings are consis-
tent with Lins et al. (2005), Pagano et al. (2002) and Reese and Weis-
bach (2002) who find that cross-listed firms appear to have a better
ability to access external financing at a lower cost. Indeed, extant
literature has provided several explanations for why cross-listing might
help firms raise lower-cost capital. First, theory suggests that cross-
listing could help lower costs regarding market segmentation effec-
tively, which in turn might reduce the cost of external financing
(Khurana et al., 2008). Second, according to the investor recognition
hypothesis of Merton (1987), if a firm’s stock improves its investor base
through increasing visibility (i.e., cross-listing), firm’s cost of capital
should be eventually reduced and firm’s market value should increase.
Another reason that cross-listed firms might obtain lower-cost external
capital lies in the arguments of Coffee (1999b) and Stulz (1999), who
suggest that cross-listing will lead to a lower-cost external funding by
serving to mitigate the risk arising from wealth expropriation. For
instance, if a firm cross-lists in the US market, investors appear to
receive better protection from the US institutions than those in the home
country of that cross-listed firm (Khurana et al., 2008).

Next, we analyze the determinants of Energy sector’s firm
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Table 5
Determinants of firm productivity in Energy sector (full sample).
@™ 2) 3 @
Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned
Capex 0.013** 0.017*** 0.014%*** 0.012%* 0.015%* 0.004 0.021%** 0.014**
(0.005) (0.006) (0.005) (0.005) (0.007) (0.007) (0.006) (0.007)
Cross_listing 0.144 —0.204** 0.076 —0.277%** 0.541%*** 0.306%** 0.371%%* 0.017
(0.158) (0.099) (0.135) (0.095) (0.133) (0.116) (0.126) (0.111)
Capex*Cross_listing —0.024*** —0.033*** —0.028%** —0.035%** —0.016* —0.015* —0.023%** —0.026***
(0.008) (0.008) (0.007) (0.008) (0.008) (0.009) (0.008) (0.008)
Governance 0.294* 0.295* 1.244%** 1.255%** 0.638*** 0.661%** 1.287%** 1.291 %=
(0.175) (0.174) (0.154) (0.152) (0.142) (0.142) (0.149) (0.150)
State_own —0.644%*** —0.665%*** —1.044%** —1.034%** —0.440%** —0.460%** —0.578*** —0.601%***
(0.191) (0.191) (0.159) (0.159) (0.189) (0.193) (0.177) (0.180)
Liquidity 0.671 0.575 1.003%*** 0.948%** 0.732%* 0.716** 0.873** 0.840%*
(0.522) (0.537) (0.375) (0.386) (0.340) (0.340) (0.376) (0.378)
Random effects Yes Yes No No No No No No
Country fixed effects No No Yes Yes No No Yes Yes
Year fixed effects No No No No Yes Yes Yes Yes
Observations 911 911 911 911 911 911 911 911
Adjusted R? 0.060 0.067 0.258 0.264 0.086 0.085 0.290 0.289

Notes: Robust standard errors are in parentheses, which are regarded to resolve the concerns of autocorrelation and heteroscedasticity. ***, ** and * indicates sig-
nificance at the 1%, 5% and 10% level, respectively. Non-demeaned stands for the regression model with non-demeaned interaction term (i.e., capex*cross_listing).
Demeaned stands for the regression model with the demeaned interaction term (i.e., demeaned_capex*cross_listing) which is proposed by Balli and Sgrensen (2013).

Table 6
Determinants of firm productivity in Energy sector (Emerging countries versus Developed countries).
@ (2 3 ()
Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned
A. Emerging countries
Capex 0.015* 0.018** 0.022%** 0.011 0.017* 0.004 0.038%** 0.018*
(0.008) (0.008) (0.008) (0.008) (0.009) (0.011) (0.010) (0.011)
Cross _listing 0.117 -0.227 —0.053 —0.312%* 0.362%* 0.452%* 0.427%* 0.213
(0.247) (0.173) (0.195) (0.154) (0.182) (0.198) (0.173) (0.194)
Capex*Cross_listing —0.023%* —0.030%** —0.027%* —0.031%*** 0.011 0.012 —-0.013 —-0.013
(0.011) (0.010) (0.011) (0.011) (0.011) (0.014) (0.011) (0.013)
Governance 0.085 0.097 1.348%** 1.420%** 0.852%** 1.014%** 1.387%** 1.502%**
(0.251) (0.248) (0.230) (0.226) (0.246) (0.240) (0.218) (0.222)
State_own —0.120 —0.167 —0.881*** —0.903*** 0.120 0.136 —0.244 —0.351
(0.272) (0.280) (0.238) (0.240) (0.295) (0.308) (0.258) (0.269)
Liquidity 1.968%+* 1.878%x* 2.266%** 2.304** 1.622%%** 1.662%** 1.830%** 1.923%*x
(0.594) (0.604) (0.395) (0.400) (0.437) (0.441) (0.402) (0.404)
B. Developed countries
Capex 0.010 0.015* 0.009 0.015%* —0.000 0.002 —0.001 0.004
(0.006) (0.008) (0.006) (0.007) (0.008) (0.009) (0.008) (0.009)
Cross _listing 0.243 —0.160 0.400%* —0.136 0.593%** 0.067 0.344* —0.099
(0.189) (0.126) (0.175) (0.118) (0.173) (0.148) (0.200) (0.148)
Capex*Cross_listing —0.028%** —0.036%** —0.037%** —0.043*** —0.029%** —0.039%**
(0.009) (0.011) (0.009) (0.010) (0.010) (0.010) (0.010) (0.011)
Governance 0.339 0.330 0.924%** 0.912%** 0.403** 0.445%** 0.893*** 0.874%**
(0.227) (0.229) (0.198) (0.195) (0.160) (0.159) (0.205) (0.203)
State_own —0.839%** —0.849%** —1.123%** —1.168%*** —0.884*** —1.000%** —0.988*** —1.091%**
(0.231) (0.230) (0.191) (0.194) (0.234) (0.241) (0.230) (0.230)
Liquidity —0.490 —0.580 —0.469 —0.631* —0.465 —0.568 —0.477 —0.638*
(0.568) (0.603) (0.350) (0.378) (0.323) (0.356) (0.351) (0.385)
Random effects Yes Yes No No No No No No
Country fixed effects No No Yes Yes No No Yes Yes
Year fixed effects No No No No Yes Yes Yes Yes

Notes: Robust standard errors are in parentheses, which are regarded to resolve the concerns of autocorrelation and heteroscedasticity. ***, ** and * indicates sig-
nificance at the 1%, 5% and 10% level, respectively. Non-demeaned stands for the regression model with non-demeaned interaction term (i.e., capex*cross_listing).
Demeaned stands for the regression model with the demeaned interaction term (i.e., demeaned_capex*cross_listing) which is proposed by Balli and Sgrensen (2013).

See the full tables at Appendix Tables B1 & B2.

productivity to seek for more thorough explanations for the decreased
firm productivity in Energy sector after cross-listing. For that purpose,
we employ the regression model (3) as presented in Section 3.1.2. The
regression models are performed for the full sample (Table 5) and for the
two sub-samples, including emerging countries and developed countries
(Table 6). We estimate our regression models using different

specifications, including (1) random effects model; (2) country-fixed
effects; (3) year-fixed effects; and (4) both country-fixed effects and
year-fixed effects, which is also the regression model in Eq. (3). In each
model from (1) to (4), we present the regression results for the non-
demeaned interaction term (i.e., Capex*Cross listing) and the
demeaned interaction term (i.e., Demeaned_capex*Cross_listing) which is
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Table 7
Determinants of firm productivity of electricity firms.
Full sample Emerging countries Developed countries
Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned
Capex 0.001 —0.002 0.004 0.002 0.004 —0.001
(0.007) (0.006) (0.012) (0.013) (0.013) (0.012)
Cross_listing —0.497*** —0.391%** —0.279 —0.264 —0.486 —0.303
(0.190) (0.148) (0.175) (0.229) (0.652) (0.249)
Capex*Cross_listing 0.008 0.018 0.002 0.009 0.011 0.015
(0.009) (0.013) (0.012) (0.016) (0.029) (0.036)
Governance 0.645%%* 0.649%** 0.834* 0.787* 0.686** 0.669%*
(0.216) (0.215) (0.475) (0.470) (0.267) (0.268)
State_own 0.003 0.036 —0.372 —0.296 0.143 0.166
(0.203) (0.199) (0.368) (0.374) (0.270) (0.265)
Liquidity 1.059** 1.046** 0.898 0.903 1.227** 1.251%**
(0.457) (0.451) (1.008) (1.008) (0.583) (0.594)
Country fixed effects Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes
Observations 385 385 125 125 259 259
Adjusted R? 0.321 0.325 0.388 0.391 0.289 0.288

Notes: Robust standard errors are in parentheses, which are regarded to resolve the concerns of autocorrelation and heteroscedasticity. ***, ** and * indicates sig-
nificance at the 1%, 5% and 10% level, respectively. Non-demeaned stands for the regression model with non-demeaned interaction term (i.e., capex*cross_listing).
Demeaned stands for the regression model with the demeaned interaction term (i.e., demeaned_capex*cross_listing) which is proposed by Balli and Sgrensen (2013).

Table 8
Robustness test: Determinants of firm productivity (using alternative approaches).
Energy sector Electricity firms
Two-step system GMM estimation Linear mixed model Two-step system GMM estimation Linear mixed model
Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned
Capex 0.029%** 0.034%** 0.013** 0.017%** —0.006 —0.004 —0.005 —0.006
(0.010) (0.010) (0.005) (0.006) (0.006) (0.006) (0.005) (0.005)
Cross_listing 0.702* —0.302 0.176 —0.192% —0.798 —0.690%** —0.522* —0.485%**
(0.382) (0.193) (0.156) (0.099) (0.501) (0.239) (0.305) (0.174)
Capex* Cross_listing —0.052%** —0.061%*** —0.025%** —0.033*** 0.011 0.013 0.003 0.011
(0.017) (0.012) (0.007) (0.008) (0.017) (0.017) (0.010) (0.011)
Governance —0.102 0.064 0.297* 0.298* 0.720%** 0.719%** 0.591*** 0.596%**
(0.319) (0.331) (0.173) (0.172) (0.241) (0.251) (0.219) (0.221)
State_own —0.920** —0.622* —0.653%** —0.674%%* 0.262 0.336 0.108 0.118
(0.426) (0.366) (0.190) (0.191) (0.324) (0.302) (0.253) (0.256)
Liquidity 0.683 0.802 0.693 0.598 1.430 1.542 1.235%** 1.236%**
(1.000) (0.845) (0.517) (0.533) (0.968) (1.051) (0.440) (0.432)
Observations 852 852 911 911 363 363 385 385
Hansen test of overidentifying restrictions
Statistic 53.69 52.29 - - 17.74 17.67 - -
p-value 1.000 1.000 1.000 1.000

Notes: Robust standard errors are in parentheses, which are regarded to resolve the concerns of autocorrelation and heteroscedasticity. ***, ** and * indicates sig-
nificance at the 1%, 5% and 10% level, respectively. Non-demeaned stands for the regression model with non-demeaned interaction term (i.e., Capex*Cross_listing).
Demeaned stands for the regression model with the demeaned interaction term (i.e., Demeaned_capex*Cross_listing) which is proposed by Balli and Sgrensen (2013).
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Fig. 2. Impulse response analysis for Energy sector.
Notes: The analysis is based on the 95% confidence interval.
proposed by Balli and Sgrensen (2013). Furthermore, in all regression as equivalent to Arellano (1987)’s robust standard errors.
models, the robust standard errors are adopted, which are robust to Looking at model specification (1) in Table 5, we note that the co-
within-panel (serial) correlation and cross-sectional heteroskedasticity, efficients of our key variable (Capex* Cross_listing) are —0.024 (in case of
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Fig. 3. Impulse response analysis for electricity firms.

Notes: The analysis is based on the 95% confidence interval.
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b. Response of Firm Productivity to a shock from

Capital Expenditures

Robustness test: Firm productivity before and after cross-listing (using alternative productivity measures).

[SU) [N I .

Levinsohn and Petrin (2003)

Olley and Pakes (1996)

Translog production function

Difference in means

Propensity-score
matching

Difference in means

Propensity-score
matching

Difference in means

Propensity-score
matching

A. Energy sector

After vs Before ~0.103* (0.071) —0.422%** (0.076) ~0.117* (0.075) —0.414%** (0.073) ?(‘)0(?828) —0.390%** (0.089)
0.030 " 0.013 o oages 0.128 -0.103
Stage (1) vsBefore oo —0.212%* (0.087) (0.089) 0.239*** (0.088) ©.101) (0.100)
.021
Stage (2) vs Before ~ —0.186*** (0.076) ~ —0.568*** (0.099) —0.199%** (0.080)  —0.592*** (0.097) (()0009 4 —0.459%** (0.102)

B. Electricity firms
After vs Before

Stage (1) vs Before
Stage (2) vs Before

—0.247*** (0.082)

(0.068)
0.108)
—0.181*** (0.063)

—0.160** (0.084)
—0.189** (0.108)
—0.142** (0.083)

—0.238*** (0.093)
—0.184* (0.124)
—0.271*** (0.090)

—0.250*** (0.070)
—0.271** (0.117)
—0.142* (0.076)

Notes: Standard errors are in parentheses. **

** and * indicates significance at the 1%, 5% and 10% level, respectively. “Before” stands for Before cross-listing. “After”

is After cross-listing. Stage (1) is the first five years after cross-listing. Stage (2) is the remaining years following Stage (1). A statistically significant negative (positive)
value indicates a significant decrease (increase) in the latter period compared to the former period Column “Difference in means” represents the mean difference

between before and after cross listing productivity.

non-demeaned interaction term) and — 0.033 (in case of demeaned
interaction term). Those coefficients are statistically significant and
negative at 1% level, indicating strong evidence that an increase in
firm’s capital expenditures after cross-listing appears to reduce firm
productivity. This is in line with our above proposition that heavy in-
vestments in the infrastructure in the Energy sector (thanks to cross-
listing) might lead to the decreases in firm productivity in short term.
We also find similar results across the remaining model specifications (2
to 4) in case of the full sample (Table 5) as well as the emerging and
developed countries (Table 6). This finding mostly explains why pro-
ductivity of energy firms becomes lower after they cross-list as found in
Section 4.1. According to the agency theory (Jensen, 1986; Jensen and
Meckling, 1976), when there are extra free cashflows, firm managers
tend to use such excessive cash to invest in new projects, even though
the net present values of those projects are forecast to be negative.
Consequently, firm value appears to be deteriorated by the over-
investment of free extra cashflows. In addition, it is found that firms
that have excessive investments tend to witness lower future stock
returns (Fairfield et al., 2003; Titman et al., 2004). Although the cash-
flow itself appears to exert a positive impact on firm growth, free
cashflow might adversely affect firm growth (Brush et al., 2000).
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Eventually, extra free cashflows tend to damage firm value (Park and
Jang, 2013). Given the negative impacts of excessive capital on firm’s
value and growth, although cross-listing might help improve energy
firm’s ability to raise additional external funding for investments, such
extra capital tends to deteriorate firm productivity in short term. This
interesting finding is contrary to our hypothesis that the more cost-
effective capital acquired by companies through cross-listing has the
potential to stimulate their overall productivity.

Additionally, we note that the state ownership of capital (State own)
has significant negative effects on firm productivity in Energy sector for
the whole sample (Table 5). When decomposing the full sample into
emerging and developed economies (Table 6), we note that the negative
impacts of factors (i.e., Capex*Cross_listing and State_own) are found to be
much stronger and more statistically significant in developed economies
than in emerging economies. Furthermore, we also find evidence that
corporate governance (Governance) (in case of the full sample - Table 5)
and firm’s liquidity (Liquidity) (in case of the full sample - Table 5 as well
as emerging countries - Table 6A) might help improve firm productivity
in Energy sector. These results are consistent with findings from previ-
ous studies (Ding et al., 2016; Tian and Twite, 2011).

Regarding electricity firms, as can be seen from Table 7, we do not
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Table 10
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Robustness test: Determinants of firm productivity (using alternative productivity measures).

A. Energy sector Baseline model

Two-step system GMM estimation

Linear mixed model

LP (2003) OP (1996) Translog LP (2003) OP (1996) Translog LP (2003) OP (1996) Translog
Capex 0.014** 0.013* 0.028%** 0.027%*** 0.034** 0.029%** 0.011%** 0.011* 0.015%**
(0.006) (0.007) (0.007) (0.010) (0.013) (0.011) (0.005) (0.006) (0.005)
Cross_listing 0.292%* 0.211* 0.527%** 0.777** 0.203 0.490 0.138 0.076 0.265*
(0.121) (0.121) (0.148) (0.379) (0.303) (0.423) (0.161) (0.163) (0.161)
Capex *Cross_listing —0.021%** —0.014* —0.035%** —0.055%** —0.040%** —0.048%** —0.025%** —0.023%** —0.027%**
(0.007) (0.008) (0.008) (0.017) (0.010) (0.016) (0.008) (0.008) (0.008)
Governance 1.072%** 1.015%** 1.457%** —0.182 —0.190 —0.065 0.244 0.303* 0.224
(0.144) (0.150) (0.164) (0.301) (0.398) (0.380) (0.171) (0.181) (0.173)
State_own —0.484*** —0.282 —0.904*** —1.092%* —0.616 —0.461 —0.672%** —0.607*** —0.664***
(0.172) (0.174) (0.203) (0.487) (0.415) (0.479) (0.191) (0.196) (0.212)
Liquidity 0.853** 1.540%** 0.106 0.465 0.681 0.577 0.750 1.060* 0.325
(0.370) (0.424) (0.350) (0.955) (1.088) (0.830) (0.520) (0.563) (0.483)
Observations 911 911 911 852 852 852 911 911 911
B. Electricity firms Baseline model Two-step system GMM estimation Linear mixed model
LP (2003) OP (1996) Translog LP (2003) OP (1996) Translog LP (2003) OP (1996) Translog
Capex 0.000 —0.001 0.003 —0.005 —0.006 —0.002 —0.005 —0.004 —0.005
(0.006) (0.006) (0.007) (0.006) (0.006) (0.009) (0.005) (0.005) (0.006)
Cross _listing —0.489%** ol —0.400** —1.036%* —0.810 —0.817 —0.487 —0.504* —0.559*
(0.189) (0.194) (0.196) (0.496) (0.494) (0.529) (0.297) (0.294) (0.334)
Capex *Cross_listing 0.009 0.007 0.009 0.017 0.012 0.002 0.001 0.002 0.005
(0.009) (0.009) (0.010) (0.017) (0.016) (0.018) (0.010) (0.009) (0.011)
Governance 0.650%** 0.610%** 0.638%*** 0.631%** 0.711%** 0.705** 0.542%* 0.548%** 0.643**
(0.214) (0.206) (0.240) (0.243) (0.253) (0.305) (0.227) (0.215) (0.256)
State_own 0.023 0.061 —0.102 0.242 0.198 0.378 0.077 0.207 —0.031
(0.203) (0.195) (0.225) (0.344) (0.348) (0.355) (0.252) (0.247) (0.270)
Liquidity 1.319%** 1.444%** 0.469 1.593* 1.499* 1.652 1.450%*= 1.381%** 1.061%*
(0.465) (0.467) (0.467) (0.883) (0.800) (1.314) (0.430) (0.461) (0.422)
Observations 385 385 385 363 363 363 385 385 385

Notes: Robust standard errors are in parentheses, which are regarded to resolve the concerns of autocorrelation and heteroscedasticity. *

, ** and * indicates sig-

nificance at the 1%, 5% and 10% level, respectively. LP (2003) stands for Levinsohn and Petrin (2003). OP (1996) stands for Olley and Pakes (1996). Translog stands
for Translog production function. Baseline model is the regression model (3) presented in Section 3.1.2.

Table 11

Robustness test: Determinants of firm productivity (using alternative measure of capital expenditure).

Energy sector

Electricity firms

Baseline model Two-step system GMM

Linear mixed model

Baseline model Two-step system GMM Linear mixed model

Capex_labor 0.027%** 0.044** 0.019%*
(0.010) (0.018) (0.008)
Cross _listing 0.385%%* 0.350 0.175
(0.126) (0.323) (0.154)
Capex_labor* Cross _listing —0.039%** —0.060%* —0.040%**
(0.012) (0.026) (0.012)
Governance 1.296%** 0.053 0.308*
(0.149) (0.331) (0.170)
State_own —0.581%*** —0.973** —0.668%***
(0.177) (0.489) (0.191)
Liquidity 0.891%* 0.291 0.709
(0.369) (1.106) (0.518)
Observations 911 852 911

—0.001 —0.014 —0.009
(0.011) (0.012) (0.008)
—0.462** —0.464 —0.448
(0.189) (0.743) (0.289)
0.010 —0.010 0.001
(0.015) (0.047) (0.015)
0.645%** 0.659*** 0.594%**
(0.213) (0.226) (0.213)
—0.002 0.555 0.110
(0.205) (0.472) (0.251)
1.072%* 2.958 1.258%***
(0.463) (2.222) (0.434)
385 363 385

Notes: We use Capex_labor (capital expenditures/number of employees) as the variable of interest instead of Capex (firm’s capital expenditures). Robust standard errors
are in parentheses, which are regarded to resolve the concerns of autocorrelation and heteroscedasticity. ***, ** and * indicates significance at the 1%, 5% and 10%

level, respectively.

find statistically significant impacts of the capital expenditures after
cross-listing (Capex* Cross_listing) on firm productivity. However, we
note that there are some significant negative effects of cross-listing itself
(Cross_listing) on electricity firm’s productivity in case of the full sample.
Similar to the findings from Energy sector (Tables 5 & 6), we also find
evidence that corporate governance and firm liquidity are two factors
that help enhance firm productivity, which are in line with Tian and
Twite (2011) and Ding et al. (2016).
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4.3. Robustness tests

4.3.1. Robustness tests using different approaches

In this section, we perform different approaches to test for the
robustness of our baseline results. First, we employ the two-step system
generalized methods of moments (GMM) estimation and linear mixed
model to re-estimate the determinants of Energy firm productivity.
Theoretically, the system GMM estimation will be suggested in case of
panel data estimations that encounter endogeneity issues (Nickell,
1981). In this study, we employ the two-step system GMM estimators of
Arellano and Bover (1995) and Blundell and Bond (1998) as a robustness
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check as this estimation appears quite efficient to help mitigate the bias
regarding fixed effects in short panels and solve the endogeneity prob-
lem (Canh et al., 2020). Furthermore, we use the finite-sample correc-
tion for the variance of two-step GMM estimators proposed by
Windmeijer (2005) for more accurate inference. Regarding the linear
mixed-effects model (or linear mixed model), it is considered an
extension version of a simple linear model, allowing not only fixed ef-
fects but also random effects. In other words, a linear mixed model in-
cludes some factors that are random and other factors that are fixed
(Duchateau and Janssen, 1997; Verbeke and Molenberghs, 2000). Oberg
and Mahoney (2007) argue that linear mixed models appear to be a
versatile tool for addressing research objectives efficiently. Under this
framework, within-subject correlation could be modelled and the esti-
mation process could be weighted to allow subjects with more infor-
mation and information with less variability to give more to our analyses
(Oberg and Mahoney, 2007).

As can be seen from Table 8, our robustness tests confirm the sig-
nificant negative effects of capital expenditures (after cross-listing)
(Capex* Cross_listing) and state ownership (State own) on firm-level
productivity in Energy sector. Also, Table 8 confirms the baseline find-
ings (as found in Section 4.2) that corporate governance (Governance)
positively affects firm productivity in both electricity firms and other
firms in Energy sector.

Apart from the panel data analysis, we adopt the panel Impulse
Response function (IRF) after a panel Vector Autoregression model
(PVAR) as another robust test. In term of Energy sector, Fig. 2 provides
the evidence that cross-listing significantly increases firm’s capital ex-
penditures (Fig. 2a) and that a shock from capital expenditures has a
significant negative impact on firm productivity (Fig. 2b).

With respect to electricity firms, as can be seen from Fig. 3a, the
impulse response analysis confirms that cross-listing does have positive
effects on firm capital expenditures. Additionally, similar to our baseline
findings, Fig. 3b indicates that capital expenditure is not a channel to
affect productivity of electricity firms.

4.3.2. Robustness tests using alternative measures of firm productivity and
capital expenditure

In this section, we employ alternative measures of firm productivity,
which are estimated using the methods of (i) Levinsohn and Petrin
(2003) with ACF (Ackerberg et al., 2015) correction; (ii) Olley and Pakes
(1996) with ACF correction; and (iii) the Translog production function.
We conduct the t-test and Propensity-score matching (Table 9) as well as
the regression models using aforementioned alternative estimations of
productivity (Table 10). Furthermore, we also use the ratio of capital
expenditures/number of employees (Capex_labor) as the variable of in-
terest, instead of firm’s capital expenditures (Capex) to estimate the
determinants of firm productivity (Table 11). As can be seen, the esti-
mation results from Tables 9, 10 & 11 confirm the robustness of our
baseline findings in Section 4.1 & 4.2.

5. Conclusions and implications

This paper investigates the impact of cross-listing on firm produc-
tivity within the energy-electricity sector, focusing on changes that
occur before and after cross-listing in the US financial markets. We
employ annual data spanning from 2002 to 2022 for our analysis. This
extended study period enables us to cover a sequence of energy-related
crises that have occurred over the last two decades.

Our findings provide valuable insights into the relationship between
cross-listing and firm productivity across different sectors, with
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particular attention to the energy sector. While most sectors experience
increased productivity post-cross-listing, the energy sector (including
electricity firms) stands out as an exception. Contrary to our initial ex-
pectations, energy firms witness statistically significant decreases in
productivity following cross-listing in the US market. We explore the
possibility that energy firms, after cross-listing, allocate a significant
portion of their resources towards investments in infrastructure,
equipment, and expansion, which temporarily hinder improvements in
productivity. Indeed, the results are contrary to our initial hypothesis
that energy companies gain access to more substantial capital upon US
cross-listing, subsequently investing in equipment and infrastructure,
leading to improved productivity. Furthermore, looking into additional
determinants of firm productivity, the analysis demonstrates that state
ownership has a negative impact on energy sector firms’ productivity,
with this effect being more pronounced in developed economies. Addi-
tionally, in line with previous research, we found evidence that corpo-
rate governance and liquidity might play a role in enhancing firm
productivity within the energy sector (including electricity firms).

These findings provide valuable guidance for policymakers and firm
managers seeking to enhance the productivity of energy firms following
cross-listing. For energy companies contemplating cross-listing on US
financial markets, the observed decrease in productivity, attributed to
substantial investments in infrastructure and expansion, underscores the
necessity of prudent capital allocation strategies post-cross-listing to
effectively mitigate declines in productivity. Additionally, the signifi-
cance of state ownership as a determinant of firm productivity within
the energy sector, particularly in developed economies, implies that
government-owned energy companies should devote a higher level of
attention and develop strategic plans, as they may encounter challenges
in maintaining productivity levels following cross-listing. From a poli-
cymaker’s perspective, the fact that cross-listing generally enhances
productivity in most sectors while the energy sector experiences a
decrease implies the importance of taking sector-specific considerations
into account. Regulatory bodies should engage in conversation with
industry stakeholders to develop frameworks that strike a balance be-
tween facilitating capital access and ensuring that firms allocate their
resources strategically post-cross-listing. Policymakers should also
consider strengthening corporate governance requirements for cross-
listed energy and electricity companies and enhancing liquidity in
their financial markets, as these measures might support firm
productivity.

In future work, considering that our study primarily examines the
energy sector in the context of cross-listing on US financial markets,
expanding the scope to include cross-listings in other international
markets could offer a more comprehensive understanding of how
diverse market environments impact firm productivity.
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Appendix A. Appendix
Table Al

Firm productivity among sectors: Before versus after cross-listing (Full sample).
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Difference in means

Propensity-score matching

Energy

Electricity firms

Basic Materials

Consumer Discretionary

Health Care

Industrials

Real Estate

Technology

Telecommunications

Utilities

After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before

Stage (2) vs Before

0.010895
(0.0761131)
0.0984389
(0.0882756)
—0.0442856
(0.081735)
—0.1821467**
(0.0844298)
—0.1852653**
(0.1107935)
—0.1802675**
(0.0825303)
0.0423539
(0.050014)
0.0876197*
(0.0602024)
0.0114762
(0.0566252)
0.1193075%***
(0.038194)
0.1860137***
(0.0449472)
0.064273*
(0.0444602)
0.3512836%**
(0.0553858)
0.3052103***
(0.0716828)
0.3821575%**
(0.0617945)
0.0396343
(0.031538)
0.0966241***
(0.0371773)
—0.0032942
(0.0356825)
0.3947137***
(0.0637187)
0.3790046***
(0.080901)
0.4072079%**
(0.0722366)
0.1199777*
(0.0843914)
0.0778393
(0.1100347)
0.1457659*
(0.0937214)
0.0270223
(0.1304489)
0.2641977**
(0.1180282)
—0.1019908
(0.1530683)
—0.0614627
(0.0573179)
—0.0001344
(0.0733028)
—0.0981053*
(0.0599107)

—0.4064392%**
(0.0758463)
—0.1880439**
(0.0879302)
—0.5425881***
(0.0954874)
—0.2529812%**
(0.0679652)
—0.245853**
(0.106433)
—0.1634148**
(0.0678662)
0.007656
(0.0628562)
0.0601853
(0.0716762)
—0.0251565
(0.068006)
0.1908548***
(0.0419345)
0.246278%***
(0.0466556)
0.1481287**
(0.0643162)
0.2291778%***
(0.0747371)
0.3046211%***
(0.0729949)
0.257841
(0.0778183)
—0.0019353
(0.0363255)
0.1267377***
(0.0435315)
—0.0675415
(0.0445813)
0.2559829***
(0.0842821)
0.2777799%**
(0.0847433)
0.2231771%**
(0.0792088)
0.0565763
(0.1426772)
0.0613968
(0.1746948)
—0.0448521
(0.2046685)
0.1400766
(0.1169964)
0.1539351
(0.1805214)
—0.05525
(0.174572)
—0.0495664
(0.0570373)
0.0195149
(0.0966213)
—0.1425277**
(0.0594237)

Notes: Standard errors are in parentheses.

*xk hk

, **and * indicates significance at the 1%, 5% and 10% level, respectively. “Before” stands for
Before cross-listing. “After” is After cross-listing. Stage (1) is the first five years after cross-listing. Stage (2) is the remaining years following
Stage (1). A statistically significant negative (positive) value indicates a significant decrease (increase) in the latter period compared to the
former period. Column “Difference in means” represents the mean difference between before and after cross listing productivity.
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Table A2

Firm productivity among sectors: Before versus after cross-listing (Emerging and Developed countries).

Energy Economics 130 (2024) 107309

Emerging countries

Developed countries

Difference in means (1)

Propensity-score matching (2)

Difference in means (3)

Propensity-score matching (4)

Energy

Basic Materials

Consumer Discretionary

Health Care

Industrials

Real Estate

Technology

Telecommunications

Utilities

After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before

Stage (2) vs Before

After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before
After vs Before
Stage (1) vs Before
Stage (2) vs Before

0.0461701 (0.1299377)
0.1542884 (0.1520742)
—0.010827 (0.1350748)
—0.1911986* (0.1226408)
—0.1669456 (0.1575157)

—0.2048253* (0.1280816)

0.2657547*** (0.0978376)
0.3806275*** (0.1174295)
0.1678463* (0.1147462)
0.4656074*** (0.1295852)
0.4762173*** (0.1788286)
0.4580864*** (0.1532462)
0.1329538* (0.0824708)
0.1921071** (0.0968666)
0.0885888 (0.093409)
0.4625035*** (0.0987271)
0.6077084*** (0.1143072)
0.3555104*** (0.1145899)
0.634484*** (0.1856229)
0.4256329** (0.2507392)
0.7252888*** (0.1817632)
0.3986357** (0.2017176)
0.343956 * (0.2216878)
0.4324507** (0.2322525)
0.1951414** (0.0958095)
0.2775085** (0.1216341)
0.1532936* (0.1034646)

—0.2354646* (0.12429)
0.0659284 (0.1652617)
—0.4753608*** (0.1283396)
—0.4956102*** (0.1259553)
—0.1272657 (0.155292)

—0.9192819*** (0.1159523)

0.2065297 (0.1606756)
0.2692034** (0.1307523)
0.2857722* (0.1611523)
(0.11395)
(0.1500771)
0.6817563*** (0.1086283)
0.0913986 (0.1147415)
0.2240627** (0.1080553)
-0.0962169 (0.0975481)
0.2070252* (0.1080107)
0.287087** (0.1373028)
—0.0509084 (0.1416324)
0.3880913** (0.1557528)
0.3214671 (0.2522109)
0.6697413*** (0.187515)
0.4150277*** (0.1271795)
0.3781299** (0.1621186)
0.4438271*** (0.1435662)
0.292777*** (0.0955584)
0.1594701 (0.1110316)
0.1982276 (0.1372317)

—0.0865209 (0.0888433)
0.0294989 (0.1035904)
—0.1711186** (0.0980234)
0.1218485*** (0.052169)
0.1698312*** (0.0609308)
0.0860582*

(0.06199)

0.0571059* (0.0403037)
0.1048461** (0.0469044)
0.0181563 (0.047043)

0.2569031*** (0.0772577)
0.3623372*** (0.0670409)
0.0021995 (0.0333142)
0.0589026* (0.0393787)
—0.0405611 (0.0377481)
0.2784582*** (0.0783422)
0.1680993** (0.1012609)
0.3713435*** (0.0907909)
-0.0650282 (0.0959488)
—0.0088493 (0.1237133)
—0.1050765 (0.111404)
—0.2403647* (0.1674026)
0.2244274** (0.1328913)
—0.4683759*** (0.1940437)
—0.2055581*** (0.0700665)
—0.1349836* (0.0901102)
—0.2517589*** (0.0725236)

—0.3875209*** (0.1094127)
—0.1565489 (0.1130921)
—0.4291519** (0.2072478)
0.1775264*** (0.0627995)
0.2418042*** (0.0711723)

0.0540751 (0.071018)

0.1210141*** (0.0428319)
0.1885042*** (0.0501534)
0.0766717 (0.069263)
0.2382693*** (0.0856288)
0.3884729*** (0.089533)
0.2455281*** (0.0914313)
—0.0541987 (0.040395)
0.0544464 (0.0429898)
—0.0502157 (0.0471448)
0.1753106** (0.0886383)
0.338702** (0.1326764)
0.3485915** (0.1627977)
0.1381967 (0.1226366)
0.2504381** (0.1238845)
—0.2315854 (0.2793629)
0.1033502 (0.12484)
0.405438*** (0.142942)
0.0688457 (0.160264)
—0.1975676** (0.0867803)
—0.0072108 (0.0938772)
—0.2827388*** (0.0804882)

Notes: Standard errors are in parentheses.

* and * indicates significance at the 1%, 5% and 10% level, respectively. “Before” stands for Before cross-listing. “After”

is After cross-listing. Stage (1) is the first five years after cross-listing. Stage (2) is the remaining years following Stage (1). A statistically significant negative (positive)
value indicates a significant decrease (increase) in the latter period compared to the former period. Column “Difference in means” represents the mean difference
between before and after cross listing productivity.
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Fig. A2. Kernel density plots to check for covariate balance after estimations of propensity-score matching (Electricity firms).

Table B1
Determinants of firm productivity in Energy sector (Emerging countries).

(€8] 2) 3) @
Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned
capex 0.015* 0.018** 0.022%** 0.011 0.017* 0.004 0.038%** 0.018*
(0.008) (0.008) (0.008) (0.008) (0.009) (0.011) (0.010) (0.011)
cross_listing 0.117 -0.227 —0.053 —0.312%* 0.362** 0.452%* 0.427%* 0.213
(0.247) (0.173) (0.195) (0.154) (0.182) (0.198) (0.173) (0.194)
capex* cross_listing —0.023** —0.027** —0.031%** 0.011 0.012 —-0.013 —0.013
(0.011) (0.010) (0.011) (0.011) (0.011) (0.014) (0.011) (0.013)
governance 0.085 0.097 1.348%x* 1.420%** 0.852%** 1.014%%* 1.387%%*x 1.502%%*
(0.251) (0.248) (0.230) (0.226) (0.246) (0.240) (0.218) (0.222)
state_own -0.120 -0.167 —0.881%%** —0.903%%** 0.120 0.136 —0.244 —0.351
(0.272) (0.280) (0.238) (0.240) (0.295) (0.308) (0.258) (0.269)
liquidity 1.968%*** 1.878*** 2.266%** 2.304%** 1.622%** 1.662%** 1.830%** 1.923%***
(0.594) (0.604) (0.395) (0.400) (0.437) (0.441) (0.402) (0.404)
Random effects Yes Yes No No No No No No
Country fixed effects No No Yes Yes No No Yes Yes
Year fixed effects No No No No Yes Yes Yes Yes
Observations 389 389 389 389 389 389 389 389
Adjusted R? 0.123 0.128 0.348 0.353 0.216 0.191 0.442 0.411

Notes: Robust standard errors are in parentheses, which are regarded to resolve the concerns of autocorrelation and heteroscedasticity. *

>

* and * indicates sig-

nificance at the 1%, 5% and 10% level, respectively. Non-demeaned stands for the regression model with non-demeaned interaction term (i.e., capex*cross_listing).
Demeaned stands for the regression model with the demeaned interaction term (i.e., demeaned_capex*cross_listing) which is proposed by Balli and Sgrensen (2013).

Table B2
Determinants of firm productivity in Energy sector (Developed countries).

@ 2) 3 “@

Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned
capex 0.010 0.015* 0.009 0.015%* —0.000 0.002 —0.001 0.004

(0.006) (0.008) (0.006) (0.007) (0.008) (0.009) (0.008) (0.009)
cross_listing 0.243 —0.160 0.400%* -0.136 0.593%** 0.067 0.344* —0.099

(0.189) (0.126) (0.175) (0.118) (0.173) (0.148) (0.200) (0.148)
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Table B2 (continued)
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@™ (2) ®3) “@

Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned Non-demeaned Demeaned
capex* cross_listing —0.028*** —0.036%** —0.037%** —0.047%** —0.034%** —0.043%** —0.029%** —0.039%**

(0.009) (0.011) (0.009) (0.010) (0.010) (0.010) (0.010) (0.011)
governance 0.339 0.330 0.924*** 0.912%** 0.403** 0.445%** 0.893*** 0.874%**

(0.227) (0.229) (0.198) (0.195) (0.160) (0.159) (0.205) (0.203)
state_own —0.839%** —0.849%** —1.123%=* —1.168%** —0.884%+* —1.000%** —0.988%#* —1.091%**

(0.231) (0.230) (0.191) (0.194) (0.234) (0.241) (0.230) (0.230)
liquidity —0.490 —0.580 —0.469 —0.631* —0.465 —0.568 —0.477 —0.638*

(0.568) (0.603) (0.350) (0.378) (0.323) (0.356) (0.351) (0.385)
Random effects Yes Yes No No No No No No
Country fixed effects No No Yes Yes No No Yes Yes
Year fixed effects No No No No Yes Yes Yes Yes
Observations 522 522 522 522 522 522 522 522
Adjusted R? 0.107 0.108 0.170 0.174 0.101 0.102 0.163 0.164

Notes: Robust standard errors are in parentheses, which are regarded to resolve the concerns of autocorrelation and heteroscedasticity. ***, ** and * indicates sig-
nificance at the 1%, 5% and 10% level, respectively. Non-demeaned stands for the regression model with non-demeaned interaction term (i.e., capex*cross_listing).
Demeaned stands for the regression model with the demeaned interaction term (i.e., demeaned_capex*cross_listing) which is proposed by Balli and Sgrensen (2013).

Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.eneco.2024.107309.
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