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Too good to be true: The inverted U-shaped relationship between home-country digitalization and environmental performance



ABSTRACT
Digitalization has been seen in the past as a panacea as it has been argued that higher digitalization will translate into better environmental performance. As the process of digitalization has advanced, however, some environmental drawbacks have been encountered and need to be addressed. We thus explore the inverted U-shaped relationship between home country digitalization and environmental performance. We hypothesize that in the first stage, home country digitalization has a positive impact on environmental performance (e.g., enhanced energy efficiency and resource management), but then it reaches a tipping point at which an excessive level of digitalization causes a “rebound effect,” hence increasing the use of resources and resulting in higher pollution. Our panel data of 5,015 firms from 47 countries in 10 sectors for the period 2014–2019 confirms our predictions. The panel smooth transition regression model (PSTR) confirms the moderating effect of the level of a country’s institutional framework on this relationship between digital transformation and environmental performance. More particularly, our results show that countries with stronger institutional frameworks flatten the inverted U-shaped curve. 
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Introduction
[bookmark: _Hlk83413977]While digital transformation has been on the political and organizational agendas for some years, the fourth industrial revolution has placed it on the frontline (Santarius et al., 2020) and a better understanding is now more urgent than ever. Also, several societal actors have echoed it. For instance, from a practitioner perspective, the Institute for Management Development (IMD, 2020) has noted the importance of this topic at country level. At the same time, a recent study made by the Boston Consulting Group (2020) revealed that over 80% of high-level executives believe digital transformation to be a top priority. In fact, Forbes (2020) claimed that a digital strategy is no longer an option nor is it something that is ‘nice-to-have’ for firms: it is a must. Digital transformation is not only a synonym for technology, however, but also involves new ways of working, innovating, and decision-making as well as the transformation of organizational strategies and cultures (PwC and Microsoft, 2017). Advocates of digital transformation go beyond the benefits it provides for operational and financial performance and establishes a positive link with a firm’s environmental results (Ford and Despeisse, 2016; Ghobakhloo, 2020).
[bookmark: _Hlk85239049][bookmark: _Hlk85239060]In order to test this alleged relationship, an incipient number of research works are analyzing the effect of digital transformation on emissions, energy consumption, and resource and energy efficiency (GeSI and Deloitte, 2019; Howson, 2021; Lange et al., 2020; Lange and Santarius, 2020; World Bank, 2020). Such interest has yielded important but mixed findings. While the mainstream line of research largely supports the positive effect of digitalization on a firm’s environmental performance (Ford and Despeisse, 2016; Queiroz and Wamba, 2019; Rajput and Singh, 2019) because it reduces emissions and waste, improves supply chain management, and so forth, discordant voices have remarked that digitalization is “energy hungry” and resource intensive (Coroamă and Mattern, 2019; Lange et al., 2020; Lange and Santarius, 2020), thereby resulting in the opposite effect, that is, a negative environmental impact (Kunkel and Matthess, 2020).
[bookmark: _Hlk83386648]We bring these two allegedly opposing views together by stating that both may be right, that is, digitalization may have either a positive or negative net effect on environmental performance contingent on the institutional context. This leads us to the following research question:  What is the relationship between digitalization and environmental performance, and how does it work?    
[bookmark: _Hlk87216250][bookmark: _Hlk85239067][bookmark: _Hlk85239076][bookmark: _Hlk85239086]The mixed findings on this relationship, which include both positive and negative results, lead us to consider the ‘too much can be worse than too little’ effect (Latan et al., 2018; Pierce and Aguinis, 2013). This effect states that “too much of any good thing is ultimately bad,” suggesting that a favorable antecedent may cause negative consequences when its level reaches a tipping point, after which the additional cost will exceed the additional benefit generated (Lange et al., 2020). This thinking inspired us to propose a curvilinear model in which the positive or negative effects of digital transformation on environmental performance are not unlimited. The initiative of employing a nonlinear model in our study rests on previous studies that have examined complex phenomena in the context of ecological economics (Liu et al., 2020; Grossman and Krueger, 1991; Merlevede et al., 2006; Solarin and Lean, 2016). In particular, the Environmental Kuznets Curve (EKC) hypothesis introduced by Grossman and Krueger (1991) represents a remarkable advance in explaining a complex relationship such as ours. The EKC suggests that environmental impacts increase and then decrease in the process of economic development. While there is some recent empirical support for an inverted U-shaped relationship between CO2 emissions and the digital economy which supports the environmental Kuznets curve hypothesis (e.g., Li et al., 2021), the applicability of the EKC in digitalization still remains controversial due to potential decoupling (e.g., Santarious et al., 2020). As such, our paper aims to bring new insights on the inverted U-shaped relation between digitalization and environmental performance and to shed light on potential “rebound” effects (Lange et al., 2020).
[bookmark: _Hlk85239104][bookmark: _Hlk85239120][bookmark: _Hlk85239129][bookmark: _Hlk85239137]While we can find remarkable studies which analyze the link between digitalization and environmental results at the firm (i.e., micro) and country (i.e., macro) levels (Benzidia et al., 2021; Chiarini, 2021; ElMassah and Mohieldin, 2020; Lange et al., 2020), the firm–country interplay remains largely unexplored. Country-level factors affect the technological paths taken by firms (Casper and Whitley, 2004; Leyva de la Hiz, 2019), so that a country’s inclination toward digitalization may spur corporate behavior in that direction. In the case of corporate environmental performance, literature shows that firm-level factors do not fully explain company behaviors (Hartmann and Uhlenbruck, 2015). In this regard, we consider it relevant to study the effect of home country digitalization on firm environmental performance since country-level factors allow us to analyze a more complex picture of “how institutions affect firms and how this plays out in different countries” (Hartmann and Uhlenbruck, 2015, p. 729). From this perspective, we analyze the home country institutional framework that may explain the non-linear relationship between digitalization and environmental performance. Indeed, home country institutions are a relevant setting because a number of studies have shown that firms in two different institutional milieus differ in their resource profiles and willingness to make strategic decisions (Hitt et al., 2021). As such, this study seeks to answer the following question: Does digitalization have an effect, whether positive or negative, on changes in environmental performance across two different institutional contexts?
[bookmark: _Hlk85239144]Our work makes the following contributions to the existing literature. We provide an integrative and empirical view by showing that digitalization can be a double-edged sword, thereby bridging previous conflicting views (Benzidia et al., 2021; Rajput and Singh, 2019). It thus becomes more meaningful to go beyond the traditional views that primarily focus on either the positive or negative effects of digital transformation on a firm’s environmental performance and explore the dynamic performance which results in practice from the changing combination of the benefits and drawbacks of digital transformation. As such, this paper extends previous work (Lange et al., 2020) that has emphasized that digitalization may yield different (either increase or decrease) direct effects on energy consumption. We also contribute to institutional theory by analyzing the effect of home country factors on firms’ environmental behavior (Hartmann and Uhlenbruck, 2015). On the methodological side, we employ a panel smooth transition regression (PSTR) and find that the effect of the home country digitalization on a firm’s environmental performance also changes with different institutional frameworks. In doing so, we build on existing empirical evidence of a curvilinear relationship between CO2 emissions and the digital economy (Li et al., 2021) by showing that an inverted U-shape relationship holds not only for emissions but also for environmental innovation and the use of resources at the firm level.
The remainder of the article is organized as follows. The next section reviews the EKC hypothesis, revises the theoretical background, and extends previous findings of institutional theory to develop our research hypotheses regarding an inverted U-shaped relationship between a home country digital transformation and a firm’s environmental performance as well as the transition effect of the institutional framework. In the third section, we explain the research methodology, including details from our sample, variable measures, and statistical methods. We discuss the results in the fourth section. Next, the fifth section provides a discussion of our findings, limitations, and future research lines. Finally, the sixth section summarizes the main conclusions.
Background literature and hypotheses 
2.1. Theoretical framework 
[bookmark: _Hlk85239165][bookmark: _Hlk85239175][bookmark: _Hlk85239179][bookmark: _Hlk85239187]Institutional theory seeks to explain how each country's specific institutions affect firm structures and activities (North, 1990; Zucker, 1987). Institutions are generally defined as the rules of the game in a country (North, 1990). These rules provide structure and order in a country and guide the behavior and actions of individuals, groups, and firms (North, 1990). Previous literature has argued that national-level institutions affect environmental (Hartmann and Uhlenbruck, 2015; Ioannou and Serafeim, 2012) and technological paths taken by firms (Casper and Whitley, 2004; Leyva de la Hiz, 2019).  This is because firms follow institutional pressures and behave similarly within a given institutional context (Hoffman, 1999). Institutional theory thus explains why a firm’s decision to implement certain practices is not based on rational or economic reasons but is instead due to its adaptations to the rules and norms of the institutional context (Glover et al., 2014; Vasudeva et al., 2013). Firms, therefore, tend to imitate practices implemented by other firms, which subsequently leads to isomorphism and toward the earning of legitimacy. As such, the theoretical framework provided by institutional theory presents a useful lens through which to analyze two country-level factors that may explain the firm’s environmental outcomes, namely the home country digitalization level, and the home country institutional strength.
2.2. the EKC Hypothesis 
[bookmark: _Hlk85239199][bookmark: _Hlk85239208][bookmark: _Hlk85239213][bookmark: _Hlk85239223][bookmark: _Hlk85239234][bookmark: _Hlk85239249]Many previous studies have attempted to determine the environmental impact of economic activities. The pioneering work on this relationship was conducted by Grossman and Krueger (1991). They hypothesized that the environment–income relationship might be similar to that suggested by Kuznets (1995) for income inequality in relation to economic development. The EKC examines the interaction between economic growth and environmental degradation and how pollution levels increase up to a certain point as economic development goes up and decrease after that (Blampied, 2021). Since then, the EKC hypothesis has been applied to macro-changes in environmental quality in various contexts and for various pollutants. However, the applicability of EKC has been the object of a debate that spans many years (Dinda, 2004; Mills and Waite, 2009). In particular, previous empirical evidence has revealed that the EKC pattern may hold for CO2 emissions, but it likely will not hold when it comes to other environmental issues, such as climate change and biodiversity conservation (Mills and Waite, 2009). Alternatively, other studies using life satisfaction as a welfare proxy (Easterlin, 1974; Easterlin et al., 2010; Kubiszewski et al., 2013) have suggested that economic development at the cost of the environment has not contributed toward social welfare (Bashir et al., 2021). Despite this criticism, the EKC framework continues to be widely used (Balsalobre-Lorente et al., 2021). In particular, some scholars have focused on digitalization as one of the economic activities that can have a significant impact on the environment and sustainable development. In the digital context, Li et al. (2021) found a non-linear impact of the digital economy on CO2 emissions, thereby supporting the EKC hypothesis. An additional novel finding of Li et al. (2021) is that this relationship is significant for high-income and upper-middle-income countries, whereas it is not significant for low-income and lower-middle-income groups. A study by Barış-Tüzemen et al. (2020) validated the existence of EKC by establishing an N-shaped non-linear association between two variables. This study suggests that digital technologies initially reduce CO2 emissions, then increase it, and then reduce it again. At the same time, other studies have held that it is not yet clear whether digitalization acts as a driving force that spurs EKC and reduces the negative impact on the environment (Santarius et al., 2020).
2.3. Home country digitalization and environmental performance
[bookmark: _Hlk85239312]Digitalization and environmental sustainability have largely been addressed separately so that studying their relationship is becoming a cutting-edge research topic (Coroamă and Mattern, 2019; Ghobakhloo and Fathi, 2021; Lange et al., 2020; Queiroz and Wamba, 2019; Rajput and Singh, 2019). The findings of these studies have resulted in two seemingly competing perspectives (positive and negative) that co‐exist to explain how digitalization shapes environmental performance (Lange et al., 2020). In other words, digitalization is a double-edged sword capable of both improving and damaging environmental quality.
[bookmark: _Hlk85239348][bookmark: _Hlk85239363][bookmark: _Hlk85239370][bookmark: _Hlk85239373][bookmark: _Hlk85239379][bookmark: _Hlk85239388][bookmark: _Hlk85239393][bookmark: _Hlk85239414][bookmark: _Hlk85239422]On the one hand, digitalization offers great benefits for addressing environmental issues (Ghobakhloo and Fathi, 2021; Kiel et al., 2020; Schulte et al., 2016). A first interesting research line argues that digitalization is a potential tool for reducing energy consumption. For example, Ghobakhloo and Fathi (2021) found that digital industrial transformation contributes to energy efficiency through more intelligent energy production and distribution equipment. Similarly, the digitalization of manufacturing enables the advanced tracking of resource and energy utilization (Bai et al., 2020). Other studies have found evidence that digitalization can be a potential solution for reducing CO2 emissions (Chen et al., 2020; Schulte et al., 2016). This might be because digital technologies enable the tracking of air pollution and facilitate the capture and storage of carbon emissions (International Renewable Energy Agency, 2017a, 2017b). Moreover, digital technologies have been associated with better waste management systems (Fatimah et al., 2020). The literature also has supported the idea that technological intensity is positively associated with green growth (Wang et al., 2021) and eco-innovation (Doran and Ryan, 2012; Horbach, 2008; Leyva de la Hiz et al., 2019; Rehfeld et al., 2007). Leyva et al.’s (2019) analysis of 80 international firms showed that higher levels of technological intensity led firms to generate green innovations. Similar findings were reported by Doran and Ryan (2012) in the context of European firms. According to previous research (Gupta et al., 2019), nascent technologies such as big data analytics and artificial intelligence (BDA-AI) are highly associated with environmental benefits. This is supported by several studies (Dubey et al., 2019; Kshetri, 2018; Nascimiento et al., 2019; Queiroz and Wamba, 2019).
[bookmark: _Hlk85239433][bookmark: _Hlk85239457][bookmark: _Hlk85239473][bookmark: _Hlk85239479][bookmark: _Hlk85239484]The literature reports that such technological infrastructure improves the coordination and standardization of supply chain processes since it allows complex information from diverse sources to be interpreted and combined (Benzidia et al., 2021; Wang et al., 2016). Other studies have shown that digitalization positively impacts manufacturing through the development of green products and sustainable consumption (Bai et al., 2021; de Sousa et al., 2018), especially within a supply chain management context (Gupta et al., 2020; Liu et al., 2020). In a sample of 168 French hospitals, Benzidia et al. (2021) found that the use of BDA-AI technologies had a significant effect on environmental process integration and green supply chain collaboration. Similarly, the World Bank’s report (2020) showed that the use of smart technology-based methods improves environmental performance in the port and maritime sector.
[bookmark: _Hlk85239515][bookmark: _Hlk85239530][bookmark: _Hlk85239541][bookmark: _Hlk85239546][bookmark: _Hlk85239550][bookmark: _Hlk85239560]Despite these studies, which show a positive impact from digitalization on sustainability, a number of scholars have found a negative relationship between these phenomena (Chiarini, 2021; Collard et al., 2005; Kamble et al., 2018; Zhou et al., 2018). Studies reveal that digitalization may lead to higher energy demand (Faucheux and Nicolaï, 2011; Wang et al., 2015), resource use (Waibel et al., 2017), CO2 emissions (Honée et al., 2012), and other severe environmental impacts. For instance, a report by the Öko-Institut for the European Commission (2019) noted that the use of digital technologies has a negative effect on resource consumption (abiotic and biotic), water consumption, land use, and biodiversity. Similarly, Jungmichel et al.’s (2017) analysis of the German electronics industry showed that for each EUR of turnover obtained, companies used three liters of water in their production systems. This research showed that some 15% of water consumption could be attributed to regions with high water stress, such as Asia and Africa, where raw materials are extracted to produce the hardware that will enable digital technologies.
[bookmark: _Hlk85239565][bookmark: _Hlk85239570][bookmark: _Hlk85239574][bookmark: _Hlk85239590][bookmark: _Hlk85239595]In the same vein, Collard et al.’s (2005) analysis of the tertiary sector in France showed that the consumption of ICT commodities led to a loss of energy use efficiency. Kamble et al. (2018) showed that the extensive use of sensors and smart equipment also resulted in higher energy use. Recently, Chiarini (2021), in a study of Italian manufacturing firms, found that some smart technologies, such as automated mobile robots, additive manufacturing, collaborative robots, traditional robots, and autonomous guided vehicles, had a negative effect on a firm’s environmental performance. An analysis of the Swedish insurance administration showed that more than half its carbon footprint was due to the relatively short economic lifetime of the IT hardware (Honée et al., 2012). Other studies (Waibel et al., 2017; Wang et al., 2015; G. Wang et al., 2016) have argued that smart factories which employ massive electronic equipment will consume more energy and resources than traditional ones. 
[bookmark: _Hlk83590070][bookmark: _Hlk83590474][bookmark: _Hlk85239617][bookmark: _Hlk85239644][bookmark: _Hlk85239659][bookmark: _Hlk85239663][bookmark: _Hlk85239668][bookmark: _Hlk85239674][bookmark: _Hlk85239678][bookmark: _Hlk85239681][bookmark: _Hlk85239685]From this review, it is clear that the relationship between digital transformation and environmental performance is more complex than a simple, linear one. Since both views have support to some extent from the empirical evidence, we have taken both views into consideration by proposing a curvilinear relationship in which the positive or negative effects of digital transformation on environmental performance are not unlimited; that is, digitalization in a business context can become a double-edged sword. In particular, the beneficial effects of digitalization prevail at lower levels of digitalization and the detrimental effects at higher levels. These undesirable adverse effects at higher levels of digitalization are known as the rebound effect (Belaïd et al., 2020; Khazzoom, 1980; Lange et al., 2020). A central argument is that rebound effects occur when initial increases in energy efficiency make a product or service more attractive, which, in turn, increases its use (Galvin, 2015; Lange et al., 2020). In other words, when a resource is used more efficiently, and its price goes down, it induces the consumption of other commodities. For example, companies that use energy-efficient servers are able to reduce their data storage costs. In turn, the financial gains from the energy-saving technology enable them to buy more servers and to use them more intensively. Overall, the increase in usage directly impacts energy consumption and does not generate environmental benefits (Gossart, 2015). As such, the positive effect of the technology can be “eaten up” by the increased demand for energy (Santarius et al., 2020). Indeed, a rebound effect is inevitable in environmentally sustainable contexts. An example from a circular economy (Korhonen et al., 2018; Zink and Geyer, 2017) shows that the use of recycled plastics may require higher total energy consumption than when virgin materials are used (Huysveld et al., 2019). In the digital context, one example is the appearance of online platforms such as Netflix as a replacement for DVD rentals. While this initially reduced energy consumption, the greater (and unlimited) access to this platform has meant that users have significantly increased their hours of video consumption (Cisco, 2019), resulting again in a rebound effect. More digitalization, therefore, stimulates greater use of energy and resources, consequently leading to more pollution and a decrease in the initial positive effect or, in the worst cases, even outweighing it (Coroamă and Mattern, 2019). In other words, technological progress not only brings improvements in resource use but also decreases the cost of use which may result in a disproportionate increase in consumption (Herring and Roy, 2007; Li and Wang, 2017). 
We propose that the initial development of digitalization brings considerable benefits in terms of improvement to a firm’s environmental performance up until it reaches a tipping point at which an excess of digitalization becomes disadvantageous for environmental performance. Consequently, we propose the following:
[bookmark: _Hlk83590080]H1. There is an inverted U-shape relationship between home country digitalization and environmental performance.
2.4. The effect of the institutional framework on the relationship between digitalization and environmental performance
[bookmark: _Hlk85239694]Now that we have established our baseline hypothesis that is, the U-shape relationship between digitalization and environmental importance, we consider whether the relationship between these elements is even more complex than “just” a nonlinear one. In order to gain a better understanding of the relationship between digitalization and environmental performance, we also have to bring the institutional context into the equation. Although we are witnessing a worldwide increase in digitalization, notable differences remain at the institutional level (Godil et al., 2021; Hoffman, 1999; Leyva-de la Hiz, 2019). 
[bookmark: _Hlk85239714][bookmark: _Hlk85239717][bookmark: _Hlk85239721][bookmark: _Hlk85239732][bookmark: _Hlk85239736][bookmark: _Hlk85239740]As such, the effects of digitalization on environmental performance, both positive and negative, are not homogeneous across countries (Lange et al., 2020). For instance, a World Bank report (2020) stated that “while the technology forms the backbone of a digital platform, the institutional framework and available human capital are crucial to ensuring its success” (p. 108). Similarly, the Council of the EU (2020) noted that digitalization is an excellent tool to accelerate the transition towards decarbonization; at the same time, however, the Council stressed that an appropriate policy framework is essential to avoid adverse effects of digitalization on the natural environment. Scholars have argued that governments need to act in order to foster an efficient transition toward a digital economy (Weber et al., 2019). These researchers found that institutional quality has a positive effect on environmental performance (Ali et al., 2019; Majeed, 2018; Sun et al., 2019). For instance, Ali et al. (2019) and Panayotou (1997) showed that CO2 emissions can potentially be reduced by higher institutional quality at the national level. Salman et al. (2019) found that well-organized and unbiased national institutions play a very significant part in decreasing CO2 emissions. Jones and Manuelli (2001) argued that strong policies and regulations flatten EKC and reduce environmental degradation as well as achieve higher economic growth. 
[bookmark: _Hlk85239758][bookmark: _Hlk85239762]Another analysis of institutions in developed vs developing countries showed that Internet use decreased carbon emissions in developed countries but that there was no significant relationship in developing countries (Al-Mulali et al., 2015). In a similar vein, Majeed (2018) empirically showed that digitalization had a positive impact on CO2 emissions in developed countries; however, in emerging countries, it had the opposite effect. Since developed countries tend to possess stronger institutions (e.g., Vasudeva et al., 2013), we believe that such a stronger institutional framework will favor the advantages of digitalization and help reduce its disadvantages. 
Hence, we argue that in countries with a weak institutional framework, home country digitalization worsens a firm’s environmental results at an earlier stage compared to countries with stronger institutional frameworks and vice versa. In other words, although the overall relationship between digitalization and environmental performance has an inverted U-shape (as argued in H1), this shape is different for home countries with higher and lower institutional levels. High institutional frameworks flatten the curve between digitalization and environmental performance. Stronger institutions broaden the positive effects of digitalization on environmental performance, whereas weaker institutions curtail these positive effects. Consequently, we propose the following inverted U-shape hypothesis:
H2. The national institutional framework provides a transition effect to an inverted U-shape relationship between home country digitalization and environmental performance.
Data and method
3.1. Sample and data collection
We selected a sample of firms from Thomson Reuters Eikon which were from different countries around the world (for example, Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, China, Colombia, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, India, Indonesia, Ireland, Israel, Italy, Japan, Kazakhstan, and Luxembourg) and represented diverse sectors of activity (Basic Materials, Consumer Cyclical, Consumer Non-Cyclical, Energy, Financial, Health Care, Industrial, Technology, Telecommunication Services, and Utilities). 
Our analysis used an unbalanced panel dataset including 16,893 observations from 5,015 different firms for the period between 2014 and 2019. A two-step process was adopted to determine our final sample. First, we identified 5,026 firms for which there was available data for all variables. In this panel analysis, the sample period was limited due to the availability of data. Regarding the sectors, we considered all 10 economics sectors included in the Thomson Reuters Business Classification. Second, we excluded firms that had less net sales revenue than the US $1 million. The final sample resulted in 5,015 firms. This threshold is in line with previous environmental studies (e.g., Leyva-de la Hiz et al., 2019).

TABLE 1. NUMBER OF FIRMS BY COUNTRY
	COUNTRY
	FIRMS
	SHARE (%)
	COUNTRY
	FIRMS
	SHARE (%)

	ARGENTINA
	10
	0.20
	MALAYSIA
	51
	1.02

	AUSTRALIA
	248
	4.95
	MEXICO
	39
	0.78

	AUSTRIA
	28
	0.56
	NETHERLANDS
	57
	1.14

	BELGIUM
	44
	0.88
	NEW ZEALAND
	41
	0.82

	BRAZIL
	87
	1.73
	NORWAY
	46
	0.92

	CANADA
	235
	4.69
	PERU
	13
	0.26

	CHILE
	27
	0.54
	PHILIPPINES
	21
	0.42

	CHINA
	473
	9.43
	POLAND
	30
	0.60

	COLOMBIA
	16
	0.32
	PORTUGAL
	13
	0.26

	CZECH REPUBLIC
	3
	0.06
	QATAR
	2
	0.04

	DENMARK
	39
	0.78
	RUSSIA
	40
	0.80

	FINLAND
	34
	0.68
	SINGAPORE
	39
	0.78

	FRANCE
	138
	2.75
	SOUTH AFRICA
	78
	1.56

	GERMANY
	158
	3.15
	SPAIN
	65
	1.30

	GREECE
	17
	0.34
	SWEDEN
	118
	2.35

	HUNGARY
	4
	0.08
	SWITZERLAND
	107
	2.13

	INDIA
	90
	1.79
	TAIWAN
	122
	2.43

	INDONESIA
	31
	0.62
	THAILAND
	37
	0.74

	IRELAND
	31
	0.62
	TURKEY
	24
	0.48

	ISRAEL
	12
	0.24
	UKRAINE
	1
	0.02

	ITALY
	77
	1.54
	UNITED ARAB EMIRATES
	5
	0.10

	JAPAN
	357
	7.12
	UNITED KINGDOM
	362
	7.22

	KAZAKHSTAN
	2
	0.04
	UNITED STATES OF AMERICA
	1517
	30.25

	LUXEMBOURG
	26
	0.52
	
	
	

	
	
	
	TOTAL
	5015
	100.00


	
Table 1 shows the 47 different countries in the analysis, with the higher percentages of firms located in the United States of America, China, the United Kingdom, Japan, and Australia. The economic activity of most of the firms in Table 2 pertains to the industrial, consumer cyclical, financial, and basic materials sectors. 
TABLE 2. NUMBER OF FIRMS BY INDUSTRY
	COUNTRY
	FIRMS
	SHARE (%)

	BASIC MATERIALS
	577
	11.51

	CONSUMER CYCLICAL
	781
	15.57

	CONSUMER NON-CYCLICAL
	387
	7.72

	ENERGY
	374
	7.46

	FINANCIAL
	793
	15.81

	HEALTH CARE
	341
	6.80

	INDUSTRIAL
	946
	18.86

	TECHNOLOGY
	462
	9.21

	TELECOMMUNICATION SERVICES
	118
	2.35

	UTILITIES
	236
	4.71

	TOTAL
	5015
	100.00


3.2. Variables
DEPENDENT VARIABLES
This study uses the environmental performance scores of ESG criteria retrieved from Thomson Reuters’ Asset4 database as dependent variables. Measuring environmental performance is multidimensional in character, and some scholars have used emissions reduction (Hartmann and Vachon, 2018) or levels of consumption and resource efficiency (Kock et al., 2012) as proxies for a firm’s environmental performance. Following previous studies (e.g., Qureshi et al., 2019), we opted for the performance scores from Thomson Reuters Eikon, defined as “a company’s impact on living and non-living natural systems, including the air, land, and water, as well as complete ecosystems.” This index is generated from the weighted score of a company’s strengths and weaknesses on indicators related to (1) environmental innovation, (2) emissions, and (3) resource use. We employed this index since it includes deeper metrics that record different environmental aspects and determine how well a company uses best management practices to avoid environmental risks and capitalize on environmental opportunities in order to generate long-term shareholder value. The values range between 0 and 100, with higher values representing better environmental performance. This paper also separately analyzes the three components of environmental performance: 
i) Environmental Innovation. This category score reflects a company’s capacity to reduce environmental costs and burdens for its customers, thereby creating new market opportunities through new environmental technologies and processes or eco-designed products. 
ii) Emissions. This category measures a company’s commitment and effectiveness in reducing environmental emissions in the production and operating processes. 
iii) Resource Use. This category reflects a company’s performance and capacity to reduce the use of materials, energy, or water and to find more eco-efficient solutions by improving supply chain management. 
INDEPENDENT VARIABLE 
The IMD World Digital Competitiveness (WDC) database was used to determine home country digitalization. The WDC analyzes and ranks the extent to which countries adopt and explore digital technologies, which lead to transformation in government practices, business models, and society in general. Home country digitalization takes a value on a continuous scale from "low" to "high" (0 to 100). The methodology of WDC ranking defines three main dimensions of country digitalization: knowledge, technology, and future-readiness. The knowledge dimension captures the intangible infrastructure necessary to discover, understand, and build new technologies. The technology dimension quantifies the overall context that enables the development of digital technologies. The dimension of future readiness examines the level of an economy’s preparedness to assume and exploit its digital transformation. 
TRANSITION VARIABLE 
The institutional framework of home country was selected as a transition variable. This variable was extracted from the IMD World Competitiveness (WCC) database. The institutional framework was elaborated by aggregating several country-specific items, such as legal and regulatory framework, adaptability of government policy, government decisions, cost of capital, central bank policy, and country credit ranking. This variable also ranges between 0 and 100, with higher values representing a strong institutional framework for a specific country.
CONTROL VARIABLES
We included some firm-level control variables that took into account different factors that can affect a firm’s environmental performance. In line with previous studies (Aragón-Correa, 1998; Chen et al., 2016; Christmann, 2004) about the environmental behavior of firms, we included firm size as a control variable. This variable was assessed as the natural logarithm of a firm’s total revenue. Following previous studies (e.g., García-Martín and Herrero, 2019), we considered that firm indebtedness would have an impact on environmental performance. This variable was measured as firm total debt by total assets. Finally, we controlled for firm industry with economic sectors from Thomson Reuters Eikon, which have been used in previous environmental studies (e.g.,  Purcheta-Martínez and Gallego-Álvarez, 2018) and which categorize different industries: industrial, communication services, consumer discretionary, consumer staples, financial, energy, health care, information technology, materials, real estate, and utilities. 


1

TABLE 3. DESCRIPTIVE STATISTICS AND PEARSON CORRELATIONS


	
	VARIABLE
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1
	ENVIRONMENTAL PERFORMANCE
	1.000
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	2
	ENVIRONMENTAL INNOVATION
	0.647***
	1.000
	
	
	
	
	
	
	
	

	
	
	(0.000)
	
	
	
	
	
	
	
	
	

	3
	EMISSIONS
	0.847***
	0.289***
	1.000
	
	
	
	
	
	
	

	
	
	(0.000)
	(0.000)
	
	
	
	
	
	
	
	

	4
	RESOURCE USE
	0.848***
	0.307***
	0.721***
	1.000
	
	
	
	
	
	

	
	
	(0.000)
	(0.000)
	(0.000)
	
	
	
	
	
	
	

	5
	HOME COUNTRY DIGITALIZATION
	-0.082***
	-0.010
	-0.095***
	-0.017**
	1.000
	
	
	
	
	

	
	
	(0.000)
	(0.279)
	(0.000)
	0.024)
	
	
	
	
	
	

	6
	INSTITUTIONAL FRAMEWORK
	0.013*
	0.012
	-0.009
	0.021***
	0.661***
	1.000
	
	
	
	

	
	
	(0.056)
	(0.209)
	(0.243)
	0.005)
	(0.000)
	
	
	
	
	

	7
	EPI
	0.090***
	0.083***
	0.094***
	0.122***
	0.629***
	0.313***
	1.000
	
	
	

	
	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	
	
	
	

	8
	FIRM SIZE (LOG)
	0.474***
	0.208***
	0.429***
	0.425***
	0.082***
	0.055***
	0.066***
	1.000
	
	

	
	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	
	
	

	9
	FIRM INDEBTEDNESS (LOG)
	0.053***
	0.052***
	0.023***
	0.029***
	-0.011***
	-0.036***
	-0.027***
	0.060***
	1.000
	

	
	
	(0.000)
	(0.000)
	(0.002)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	
	

	10
	GDP (LOG)
	-0.098***
	-0.069***
	-0.102***
	-0.090***
	-0.465***
	-0.331***
	-0.631***
	-0.056***
	0.021***
	1.000

	
	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	

	
	MEAN
	39.56
	50.17
	49.52
	49.90
	75.89
	49.98
	66.36
	18.60
	2.68
	0.77

	
	STANDARD DEVIATION
	26.62
	25.27
	28.94
	29.08
	18.56
	9.48
	15.41
	2.20
	1.54
	0.88

	
	MIN
	0.02
	0.18
	0.13
	0.14
	23.46
	10.94
	29.09
	13.82
	-15.67
	-4.34

	
	MAX
	98.53
	99.82
	99.88
	99.86
	100
	80.38
	90.68
	26.97
	9.43
	3.17

	Specific p-values are in parenthesis.
*p < 0.10; **p < 0.05; ***p < 0.01



At the country level, GDP was considered in the analysis to measure the economic development of the home country (Alam et al., 2019). In order to measure the home country environmental culture, we selected the Environmental Performance Index (EPI) as used in other studies (e.g., Leyva‐de la Hiz et al., 2019). The EPI is produced by Yale University (e.g., Wendling et al., 2018) by aggregating several environmental items, such as water waste, energy, and other factors. It can be assumed that countries that rank highly on the EPI tend to invest more in environmental protection (Singh et al., 2016). This index ranges between 0 for the worst environmental value and 100 for the maximum environmental performance for a country.
In summary, Table 3 reports the statistics and the correlations of our dependent, explanatory, and control variables for the complete dataset comprising 5,015 firms and 16,893 firm-year observations[footnoteRef:1]. Correlations are within the standard levels obtained in other studies which have analyzed digitalization or environmental categories similar to what this research proposes (e.g., Leyva-de la Hiz et al., 2019; Qureshi et al. 2019). [1:  See Annex 1 for a complete list of variable measurements and sources employed in this study.] 

3.3. Methods
BASE MODELS 
Inverted U-shaped relationships can be found in a growing body of economics business literature with different themes, such as corporate innovation (Delgado-Márquez et al., 2017; Ma et al., 2021), green investment (Huang and Lei, 2021), a firm’s financial performance (Boakye et al., 2021), and so on. In this study, we propose four potential inverse U-shaped relationships as base models according to the following expression: 
			(1)
where i = 1, . . ., N, and t = 1, . . ., T. N is the number of firms, and T is the number of years.  represents a firm’s environmental performance and the three disaggregated components of the index (environmental innovation, emissions, and resource use).  represents home country digitalization; we add the square term () to verify the possible nonlinear relationship between environmental performance and home country digitalization.  contains control variables that may affect , including home country environmental performance (), home country economic profile (), firm’s revenue (), and firm’s indebtedness (). Parameters and  are dummy variables to account for a firm’s potential industry effect and year effect, respectively, and  is the error term. 
PANEL SMOOTH TRANSITION REGRESSION (PSTR)
In line with previous environmental studies (Aydin et al., 2019; He and Lin, 2019; Lahouel et al., 2020; Wang et al., 2019), we adopt a panel smooth transition regression (PSTR) model: an extension of panel threshold regressions (Hansen, 1999). This model was first applied by González et al. (2005) to examine the effect of capital market imperfections on investment. A PSTR framework has two main advantages (Cheikh et al., 2021). First, as Lahouel et al. (2020) noted, “the threshold value of the transition variable is not given a priori but is generated by the PSTR model” (p. 4). Second, the transition across the identified regimes is relatively smooth and gradual (Cheikh et al., 2021). 
In a PSTR model, the effect of the threshold variable on the dependent variable may change depending on the regimes below and above the threshold (Inglesi-Lotz et al., 2020). The coefficient that shows the effect of the threshold variable on the dependent variable is thus different depending on the regimes (Lahouel et al., 2020; Wang et al., 2017). Theoretically, the PSTR is given by Equation (2):
 					(2)
In this model, the dependent variable is.  indicates the vector of the individual fixed effects. The PSTR model is based on a continuous function of transition usually bounded between 0 and 1. = () is a vector of k explanatory variables.  and  indicate the parameter vector of the linear model and the nonlinear model, respectively.  is an independent and identically distributed (i.i.d.) error term. 
The given logistic transition function ) is formulated as follows:
	 				(3)
where parameter  indicates the threshold parameter (location) between one regime and another and  denotes the smoothness of transition (Duarte et al., 2013). On the one hand, when  tends to infinity, the transition function  is sharp and PSTR is transformed to the panel threshold model developed by Hansen (1999). On the other hand, when  tends to 0, the transition function  is constant, and the model degenerates to the standard linear model with fixed effects. 
The basic idea is that when some threshold is exceeded, the relationship between home country digitalization and a firm’s environmental performance differs between low and high regimes. In our study, we examined the transition effect of the institutional framework on the relationship between home country digitalization and a firm’s environmental performance. Considering the PSTR approach we present our second model as follows:
 	 (4)
In this model, the institutional framework () acts as a transition variable in the transition function . As before, a firm’s environmental performance () is the dependent variable,  is home country digitalization, and  is the quadratic term of home country digitalization.  contains control variables, parameter and  control by industry-year effects, and  is the error term. 
TEST OF LINEARITY 
Before estimating the PSTR, it is essential to test using linearity whether or not the regime-switching effect is statistically significant. The linearity versus non-linearity test is the first step prior to the specification and estimation of the non-linear model.  is the linear model and is suitable, while  is PSTR with two regimes or one transition that is suitable. First, following Fracasso and Marzetti (2014), the Fisher LM test (LMF)[footnoteRef:2] was conducted, which can be represented as follows: [2:  Likelihood ratio tests (LRT) and Wald LM test (LMw) were also checked but are not reported here. They are available upon request.] 

Fischer LM test:                              		(5)
In the null hypothesis , the addition of squared residuals is illustrated by  and in the alternative hypothesis ), the addition of squared residuals is illustrated by . 
In F(K, NT − N − K) distribution, K is the number of explanatory variables, and the time length of the panel and the number of cross sectional units are denoted by T and N, respectively. As in previous studies (Fracasso and Marzetti, 2014), a third-order Taylor approximation was applied. If the null hypothesis of linear relationship is rejected, it means that the connection between the variables is non-linear and can be apprehended by the PSTR with at least two regimes. 
Second, we employed the approach suggested by Hansen (1999, 2000) for threshold regression models. The null hypothesis of this model suggests that there is no threshold effect, and it is defined by the linear constraint: . Following Hansen (1999, 2000), this null hypothesis is tested using the likelihood ratio test (LR) having a non-standard distribution and is defined as follows:
      							(6)
As indicated by Hansen (1996), a bootstrap procedure was implemented to obtain a first-order asymptotic distribution. The p-values of this test are thus constructed from the bootstrap procedure that is asymptotically valid. 
ESTIMATION OF THE PSTR SPECIFICATION
Once linearity is checked, the final stage of the PSTR analysis is the estimation stage (Aydin et al., 2019). The PSTR model’s parameters and  are estimated using nonlinear 
least squares (NLS) (González et al., 2005). Following previous studies (Duarte et al., 2013), the minimum residual sum of squares is used to estimate the corresponding  coefficient vector of Equation (4):
  								(7)
where is the sum of squared residuals for a fixed value  and  such that . To obtain the slope coefficient  and the threshold parameter  values, a grid search was applied. Given this, the values of  and  which allowed  to be minimised could be selected as good starting values. 
4. Empirical results
Table 4 presents the results of the random effects specification that was considered in order to establish the base model with which to compare the inverted U-shaped relationships between environmental performance and home country digitalization. Model 1 reports the baseline results considering the total environmental performance, leaving the specification of 
Model 1A as the isolated measurement of impact caused by a firm’s environmental innovation, Model 1B as the impact of a firm’s emissions, and Model 1C as the impact of a firm's resource use. The coefficients and the p values are stable across specifications in both magnitude and significance. For the entire sample, as Model 1 shows, the coefficient of  is positive and significant, thus suggesting that  input has a generally positive effect on firm’s environmental performance. In particular, such a positive impact is consistent with the idea that technological intensity is positively associated with green innovations (Wang, Umar, Akram, & Caglar, 2021; Leyva-de la Hiz, Hurtado-Torres, & Bermúdez-Edo, 2019 or Rehfeld, Rennings, & Ziegler, 2007). The quadratic term () takes on a negative and significant coefficient, suggesting that the return of  input on environmental performance gradually decreases after reaching the peak, which is consistent with the diminishing marginal EKC theory (Li, Liu, & Ni, 2021), thereby supporting Hypothesis 1 regarding the non-linear influence (inverted U-shaped relationship) of home country digitalization on environmental performance.

TABLE 4. RANDOM EFFECT MODEL RESULTS
	INDEPENDENT 
VARIABLES:
	DEPENDENT VARIABLES: ENVIRONMENTAL PERFORMANCE

	
	TOTAL
	ENVIRONMENTAL INNOVATION
	EMISSIONS
	RESOURCE USE

	
	MODEL 1
	MODEL 1A
	MODEL 1B
	MODEL 1C

	HOME COUNTRY DIGITALIZATION
	1.112***
(0.000)
	1.060***
(0.000)
	1.206***
(0.000)
	0.718***
(0.000)

	HOME COUNTRY DIGITALIZATION (SQUARED)
	-0.008***
(0.000)
	-0.007***
(0.000)
	-0.009***
(0.000)
	-0.005***
(0.000)

	EPI
	0.132***
(0.000)
	0.047
(0.163)
	0.196***
(0.000)
	0.241
(0.000)

	FIRM SIZE (LOG)
	6.940***
(0.000)
	3.149***
(0.000)
	7.759***
(0.000)
	7.595
(0.000)

	FIRM INDEBTEDNESS (LOG)
	0.157
(0.193)
	0.371
(0.084)
	-0.051
(0.752)
	-0.044
(0.782)

	GDP (LOG)
	-0.192
(0.197)
	-0.288
(0.229)
	-0.464**
(0.019)
	0.020
(0.918)

	SECTOR EFFECT
	Yes
	Yes
	Yes
	Yes

	YEAR EFFECT
	Yes
	Yes
	Yes
	Yes

	CONSTANT
	-163.261***
(0.000)
	-65.842
(0.000)
	-176.816
(0.000)
	-163.655
(0.000)

	R2
	0.249
	0.049
	0.225
	0.205

	NUMBER OF FIRMS
	5,015
	2,747
	4,594
	4,516

	NUMBER OF OBSERVATIONS
	16,893
	8,930
	15,219
	15,068


Standard errors are in parenthesis.
*p < 0.10; **p < 0.05; ***p < 0.01


To ensure the correct interpretation of our findings, we additionally ran a U-test developed by Lind and Mehlum (2010). This test allows the statistical verification of the existence of hump-shaped relationships (Table 5). This test was applied for the four potential inverse U-shaped relationships proposed in this study, corroborating the evidence presented in Table 4. Specifically, based on the findings reported in Model 1 of Table 5, the turning point for HCD input is 73.593, suggesting that the return of HCD input can be maximized at this particular point. The turning point of HCD are similar when the environmental innovation of companies are able to reduce environmental costs and burdens for their customers (74.164 in Model 1A), and when the firm’s use of resources find more eco-efficient solutions (73.712 in Model 1C). For its part, the company's commitment to reducing environmental emissions results stands out, since the turning point occurs before (68.316 in Model 1B), suggesting that company's commitment to reducing environmental emissions runs out sooner compared to the other two categories. 

TABLE 5. TEST FOR HUMP-SHAPED RELATIONSHIPS
	
	DEPENDENT VARIABLES: ENVIRONMENTAL PERFORMANCE

	
	TOTAL
	
	ENVIRONMENTAL INNOVATION
	
	EMISSIONS
	
	RESOURCE USE

	
	MODEL 1
	
	MODEL 1A
	
	MODEL 1B
	
	MODEL 1C

	BOUNDS
	LOWER
	UPPER
	
	LOWER
	UPPER
	
	LOWER
	UPPER
	
	LOWER
	UPPER

	
	
	
	
	
	
	
	
	
	
	
	

	INTERVAL
	23.463
	100
	
	23.463
	100
	
	23.463
	100
	
	23.463
	100

	SLOPE
	0.758
	-0.399
	
	0.725
	-0.369
	
	0.792
	-0.559
	
	0.489
	-0.256

	T-VALUE
	12.499
	-10.463
	
	6.742
	-5.940
	
	9.835
	-11.550
	
	6.157
	-5.221

	P>T
	0.000
	0.000
	
	0.000
	0.000
	
	0.000
	0.000
	
	0.000
	0.000

	
	
	
	
	
	
	
	
	
	
	
	

	EXTREMUM POINT:
	73.593
	
	74.164
	
	68.316
	
	
73.712

	
	
	
	
	
	
	
	
	
	
	
	

	OVERALL TEST OF:
	U-SHAPE
	
	U-SHAPE
	
	U-SHAPE
	
	U-SHAPE

	T VALUE
	10.46
	
	5.94
	
	9.83
	
	5.22

	P>T
	0.000
	
	0.000
	
	0.000
	
	0.000




Figure 1 graphically shows the average marginal effect to obtain a better understanding of the estimated coefficients in Table 4. As can be seen in the marginal effects of Model 1, at the beginning of home country digitalization, firms thus obtain high environmental results. In general terms, increasing one unit in HCD increases the environmental performance by approximately three-quarters at low values of HCD (see lower slope in Figure 1), until the marginal effect ceases to be significant when the peak mentioned above is reached. This result is observed both in overall performance, and in each category (innovation, emissions, and resource use). However, as previously indicated at a certain level, the positive contribution of home country digitalization becomes negative, consequently leading to the deterioration of the firm’s environmental results. It is worth mentioning that the inverted U-shaped relationship is more pronounced for a firm’s emissions. 
In order to gain a better understanding of the relationship between digitalization and environmental performance we also have to bring the institutional context into the base model before analysed. To this end, we considered the suitable approach of using the PSTR model developed by Gonzalez et al. (2005) to study the assumption that in countries with a weak institutional framework, digitalization worsens a firm’s environmental results at an earlier stage compared to countries with stronger institutional frameworks. 
The reason for considering a PSTR model is that this approach assumes that the sensitivity of the variables considered can change as a function of a threshold variable and, accordingly, allows the regression coefficients to adjust smoothly when switching from one state to another, or what is also known as regime switching. Since we have considered as a transition variable the institutional framework, we can properly define two types of regimes: on the one hand, we will consider a low regime, to discriminate countries with a weak institutional framework, and on the other hand, we will have a high regime, to discriminate countries with stronger institutional frameworks.

TABLE 6. TEST RESULTS FOR MODEL'S NON-LINEARITY
	
	DEPENDENT VARIABLES: ENVIRONMENTAL PERFORMANCE

	
	TOTAL
	ENVIRONMENTAL INNOVATION
	EMISSIONS
	RESOURCE USE

	
	MODEL 2
	MODEL 2A
	MODEL 2B
	MODEL 2C

	THRESHOLD VARIABLE:
	INSTITUTIONAL FRAMEWORK

	FISHER TESTS (LMF)
	7.902
(0.000)
	0.574
(0.933)
	6.563
(0.000)
	6.141
(0.000)

	 LRF
	9.216
(0.010)
	0.282
(0.868)
	12.971
(0.002)
	6.656
(0.036)


Specific p-values are in parenthesis.


As we said earlier, before estimating the PSTR model, we conducted a Fischer LM test. The results of this test are presented in Table 6. As shown, the results reject the null hypothesis and accept the existence of non-linearity by taking institutional framework as the transition variable for environmental performance, emissions, and resource use. However, it can be seen that the linear model is suitable for environmental innovation. We checked the existence of a threshold effect using. The results of this test, shown in Table 6, suggest that the null hypothesis is rejected for the proposed variables, with the exception of environmental innovation. Consequently, the threshold effect is confirmed for total environmental performance, emissions, and resource use.

FIGURE 1. HOME COUNTRY DIGITALIZATION AND A
FIRM’S ENVIRONMENTAL PERFORMANCE INVERSE U-SHAPED RELATIONSHIP
[image: ]


As we stated earlier, the lower and higher levels of a home country institutional framework can have different effects on the relationship between home country digitalization and a firm’s environmental results. To check these hypotheses, we performed an estimation of the PSTR models. The results of the models are reported in Table 7, and Figure 2 illustrates the effect that the institutional framework has on the marginal effects for all four proposed relationships. 

TABLE 7. ESTIMATION RESULTS OF THE PSTR MODEL
	INDEPENDENT 
VARIABLES:
	DEPENDENT VARIABLES: ENVIRONMENTAL PERFORMANCE

	
	TOTAL
	ENVIRONMENTAL INNOVATION
	EMISSIONS
	RESOURCE USE

	
	MODEL 2
	MODEL 2A
	MODEL 2B
	MODEL 2C

	LOW REGIME:
	LOW INSTITUTIONAL FRAMEWORK

	HOME COUNTRY DIGITALIZATION
	1.138***
(0.000)
	1.070***
(0.000)
	1.244***
(0.000)
	0.735***
(0.000)

	HOME COUNTRY DIGITALIZATION (SQUARED)
	-0.008***
(0.000)
	-0.007***
(0.000)
	-0.009***
(0.000)
	-0.005***
(0.000)

	EXTREMUM POINT 
	73.331
	74.176
	68.081
	73.051

	HIGH REGIME:
	HIGH INSTITUTIONAL FRAMEWORK

	HOME COUNTRY DIGITALIZATION
	0.900***
(0.000)
	1.022***
(0.000)
	0.875***
(0.000)
	0.498***
(0.000)

	HOME COUNTRY DIGITALIZATION (SQUARED)
	-0.005***
(0.000)
	-0.007***
(0.000)
	-0.005***
(0.000)
	-0.003*
(0.053)

	EXTREMUM POINT 
	87.103
	76.704
	84.798
	98.702

	CONTROLS:
	
	
	
	

	EPI
	0.134****
(0.000)
	0.046
(0.174)
	0.200***
(0.000)
	0.245***
(0.000)

	FIRM SIZE (LOG)
	6.942***
(0.000)
	3.153***
(0.000)
	7.757***
(0.000)
	7.588***
(0.000)

	FIRM INDEBTEDNESS (LOG)
	0.152
(0.207)
	0.371
(-0.283)
	-0.057
(0.745)
	-0.049
(0.760)

	GDP (LOG)
	-0.284*
(0.071)
	-0.283
(0.257)
	-0.633**
(0.002)
	-0.129
(0.534)

	SECTOR EFFECT
	Yes
	Yes
	Yes
	Yes

	YEAR EFFECT
	Yes
	Yes
	Yes
	Yes

	CONSTANT
	-164.083***
(0.000)
	-66.239***
(0.000)
	-177.899
(0.000)***
	-164.010***
(0.000)

	THRESHOLD
	62.756
	62.756
	62.756
	62.756

	NUMBER OF FIRMS
	5,015
	2,747
	4,594
	4,516

	NUMBER OF OBSERVATIONS
	16,893
	8,930
	15,219
	15,068


Standard errors are in parenthesis.
*p < 0.10; **p < 0.05; ***p < 0.01


With regard to Model 2, when environmental performance is a dependent variable, the results suggest that the effect of home country digitalization varies from a low regime (weak institutional framework) to a high regime (stronger institutional framework). In the low-level regime, the positive effect of home country digitalization on a firm’s environmental performance is exhausted earlier than in the high-level regime (with an extremum point of 73.331), and the positive effect seems to be prolonged in the high-level regime (with an extremum point of 87.103). 

FIGURE 2. HOME COUNTRY DIGITALIZATION AND A
FIRM’S ENVIRONMENTAL PERFORMANCE INVERSE U-SHAPED RELATIONSHIP
[image: ]

With regard to the variable of a firm’s environmental innovation in Model 2A as a dependent variable, we observe from Table 7 that a home country digitalization does not vary from a low regime to a high regime, with an extremum point of 74.176 and 76.704, respectively. We also considered a firm’s emission and resource use in Models 2B and 2C as dependent variables, respectively. We obtained a similar transition effect on institutional framework in these models, which is significantly different between the low and high regimes. In the low regime (weak institutional framework), home country digitalization worsens a firm’s environmental results at an earlier stage, while its positive contribution does not become exhausted in the high regime. In Model 2C, the extremum point of the curve is 98.702. 
This implies that home country digitalization allows firms to decrease the use of resources in countries with a strong institutional framework. In summary, these results suggest that institutional framework plays an important role in shaping the impact of home country digitalization on a firm’s environmental results. The effect of digitalization on a firm’s environmental results is thus harmful for countries with weak institutions. Conversely, a country’s strong institutions can affect a firm’s environmental results through high digitalization. Additionally, in all four models, we considered other possible factors that could impact a firm’s environmental performance. We observed that firm size plays an important positive role in shaping a firm’s environmental performance and that this effect is stronger in the case of a firm’s emissions. A country’s environmental performance was also found to have a positive significant effect in all models except for environmental innovation. Finally, we found that economic development has a negative significant impact on environmental performance, particularly on emissions. This finding suggests that higher economic development worsens a company’s commitment and effectiveness in reducing environmental emissions. Interestingly, a country’s economic development has a non-significant effect on a firm’s environmental innovation and resource use. 
5. Discussion
[bookmark: _Hlk87224264]5.1. Main contributions
Our research work took place in a period in which firms were feeling the pressure of digital transformation. However, before jumping to the digital wave, industry and society should be aware of its potential consequences on the natural environment. Unlike previous studies, we bring the non-linear relationship into a debate as we argue (and empirically show) that further digitalization can be a double-edged sword for environmental performance. 
Whereas previous works have shown a somewhat partisan view of the relationship between digitalization and environmental performance (either positive or negative), we have consolidated both views by showing a non-linear relationship. In other words, we argue (and empirically show) that some levels of digitalization are positive for environmental performance (positive relationship) up until a point at which it becomes negative. We consider that prior works have landed on such partisan results for several reasons. For instance, a number of studies have analyzed these two variables by focusing on a single indicator, hence hindering a more comprehensive analysis such as ours. Another plausible (and perhaps more straightforward) explanation of previous mixed results may lie in the empirical analyses they employed, which represents another contribution to our work. 
Our graphics show that the inverted-U relationship is more right-skewed, that is, the declining effects occur well after reaching a medium level of digitalization. Thus, drawing a straight line would undoubtedly lead to a positive relationship, which would explain the abundance of studies stating a positive link. It is important to note that our objective stays far away from disproving previous works, as we firmly consider them to be of extreme usefulness in understanding the nuances of digitalization and environmental performance.[footnoteRef:3]  [3:  In the words of Isaac Newton, “If I have seen further than others, it is by standing upon the shoulders of giants.”] 

5.2. Theoretical contributions
From a theoretical point of view, our work offers some interesting implications. We answer the recent call of Santarius et al. (2020) who highlighted the strong need for more research on the relationship between digitalization and environment. While the tenets of EKC have served to explain some complex relations—like the link between economic growth and CO2 use—they fail to explain other complex phenomena such as ours; thus, it is necessary to complement this view. In other words, taking solely the EKC discourse could lead to an idealistic vision in which the more digitalization, the better for the environment. Our work challenges this somewhat naïve view by remarking the negative consequences of the rebound effects (Lange et al., 2020) on increasing digitalization. In addition to this, we provide an even larger picture of this complex phenomenon by applying the lenses of institutional theory (Aragón-Correa and Leyva‐de la Hiz, 2016; Kudłak, 2019; Zucker, 1987) to understand the reason national institutions play a major role with respect to companies, even in our highly globalized world. This theoretical implication is empirically supported by our PSTR model, which shows that stronger institutional frameworks extend the positive effects of digitalization on environmental performance and vice-versa. The PSTR model has allowed us to empirically confirm our hypotheses about the importance of country (macro) institutional factors over a firm’s (micro) environmental behavior, hence highlighting the importance of the institutional theory lenses (Hoffman, 1999; North, 1990).
5.3. Implications for practitioners
Our research has implications for practitioners and policymakers. Our research is relevant from a managerial perspective because our results suggest that managers should consider the possibility of encountering challenges in environmental performance at high levels of digitalization. For instance, Chiarini’s work (2021) with Italian manufacturers found that managers remained unsure about the final results of 3D addictive printing. As anecdotal evidence, one of the managers interviewed stated that “[o]ver the years, we gradually introduced first AGVs[footnoteRef:4] and now the new AMR[footnoteRef:5]. However, we have not saved consumption significantly; on the contrary, we have increased our environmental problems because we now have to cope with batteries and their end-of-life disposal.” Our longitudinal, multi-country analysis provides more robust evidence regarding this salient concern about the rebound effects of high levels of digitalization. Such awareness can allow managers to develop better knowledge, politics, and practices to prevent such negative outcomes. In addition, international firms should be alert to the challenges of digitalization in different institutional contexts. In particular, firms operating in countries with low institutional frameworks should be alert to their environmental footprints and adopt green policies to mitigate the adverse effects of digitalization. Moreover, the analysis of the different home country institutional levels has clear policy implications. Our work shows that governments should not take a laissez faire approach regarding the digitalization of companies even though digital transformation is a global trend because they can still play a key role in fostering (or hindering) the advantages of this technological change. The remaining importance of policymakers has been recently echoed by the European Commission (2020) as an appropriate policy framework that allows the adverse effects of digitalization on the environment to be avoided. For instance, Sanna Marin, Prime Minister of Finland (World Economic Forum, 2021), has indicated that technology alone cannot solve climate change issues, suggesting that national states need to create policy frameworks that enable the transition toward a green economy.  [4:  AGV: autonomous guided vehicle.]  [5:  AMR: autonomous mobile robot.] 

5.4. Research limitations
[bookmark: _Hlk87556110]Our work is not exempt from limitations. Perhaps the most notorious one is the company size of our sample, as we decided to focus on corporations with a minimum net sales revenue of US $1 million. This threshold is in line with previous studies (e.g., Leyva-de la Hiz et al., 2019; Peeters and de la Potterie, 2006) as large corporations tend to develop a wider variety of indicators. In our sample, the mean of the net sales revenue is nearly US $9 million, a value that greatly exceeds the threshold of US $1 million. Nevertheless, future studies may complement our work by employing other measures of environmental performance as it may be quite unlikely that small companies employ some of our measures, such as emissions levels[footnoteRef:6]. For example, a recent study by Denicolai et al. (2021) highlighted our concern as to whether SMEs are ready for the complex challenges of digitalization. They found that technological progress is often considered potentially threatening for the environment due to issues related to pollution or the excessive use of the planet's resources. This study concludes that artificial intelligence readiness and sustainability readiness are correlated when they are looked at separately, but they become competing paths when the firm internationalizes. This leads us to another limitation of our study. We consider that this complex picture should be analyzed through an international lens as large corporates are likely to operate in a global arena. Although home country has a strategic impact on a firm’s behavior, ignoring other countries in which companies operate can be limiting. We analyzed home country digitalization since there was no data available at the firm level regarding the degree of digitalization. A future avenue of research could be to focus on firm-level data instead of home-country data. Specifically, studies can focus on the differences in the relationship between home country digitalization and environmental performance for more and less digitalized firms. Although we provide a multi-industrial perspective which takes into account industry effects, future works could additionally explore whether these findings are confirmed with respect to industry digitalization levels.  [6:  In this regard, in the U.S., only companies with a carbon footprint greater than 25,000 metric tons of CO2 are required to report their emissions (Environmental Protection Agency, 2009).] 

Second, we obtained environmental scores from secondary data that was provided by Thomson Reuters Eikon. Some scholars have remarked upon the advantages of using secondary data instead of questionnaires, as the latter may be biased toward providing a desired image (Berrone et al., 2013). However, future studies could complement secondary data with additional proxies for environmental performance that could be obtained through surveys. Third, we focused on the home-country institutional framework in the relationship between digitalization and a firm’s environmental performance. It would be important to explore other home-country dimensions that can alter this relationship. Future research can also provide more empirical evidence by, for example, conducting a comparative study of the levels of economic development among countries.
6. CONCLUSION
[bookmark: _Hlk87215925]As the pressure for environmental responsibility grows, digitalization has triggered great hopes for a green transition. But along with its many benefits, going too digital can also present a variety of challenges and risks for a firm’s environmental performance. From this viewpoint, we considered it necessary to ask under what circumstances digitalization improves (or worsens) environmental performance. Using an international and multi-industrial perspective, we presented evidence that the relationship between home country digitalization and a firm’s environmental performance is neither increasing nor decreasing but is curvilinear and described by an inverted U-shaped curve. Indeed, digitalization may boost a firm’s environmental performance because technologies bring benefits such as lower emissions, higher resource efficiency, improvements in supply chain management, the flexibility of production, lifecycle management, and waste reduction. Nevertheless, this use results in a rebound effect (Lange et al., 2020), as an excess of digitalization negatively impacts the environment because of energy consumption, the exhaustion of scarce resources, and an increase in environmental pollution resulting from waste output and recycling challenges. This is explained by the fact that a higher degree of digitalization eats up its initial positive effects through higher energy and resource consumption.
We also explored whether digitalization's positive and negative effects on environmental performance change across two different institutional contexts. In particular, we focused on strong and weak institutional frameworks. Our results show that in countries with a stronger institutional framework, the negative effects of home-country digitalization take a long time to develop. As such, the appropriate institutional framework should be put in place to avoid the adverse effects of digitalization on a firm’s environmental outcomes. 
In summary, companies cannot increase digitalization sine die because too much digitalization is detrimental for environmental performance. Companies and governments should not blindly focus on digitalization as the solution for their environmental burdens. It is simply too good to be true. 
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Annex 1. List of variables employed in this study

	VARIABLE
	MEASUREMENT
	SOURCE

	ENVIRONMENTAL PERFORMANCE
	This index is generated from the indicators related to: (1) environmental innovation, (2) emissions, and (3) resource use.  It ranges from 0 (worst) – 100 (best).
	Thomson Reuters Eikon

	ENVIRONMENTAL INNOVATION
	This variable is based on the aggregation of 32 items (e.g., environmental products, eco-design products, environmental R&D expenditures, etc.) and ranges from 0 (worst) – 100 (best).

	Thomson Reuters Eikon

	EMISSIONS
	The variable is elaborated by aggregating 51 items (e.g., emissions policy, CO2, VOC, NOx and SOx, and hazardous waste) and ranges from 0 (worst) – 100 (best).

	Thomson Reuters Eikon

	RESOURCE USE
	The variable is elaborated by aggregating 36 items (e.g.,  resource reduction policy, water efficiency policy, total energy use, electricity purchased, electricity produced, cement energy used, total water withdrawal, total freshwater withdrawal, and recycled water) and ranges   from 0 (worst) – 100 (best).
	Thomson Reuters Eikon

	HOME COUNTRY DIGITALIZATION
	This variable covers three main dimensions of country digitalization (knowledge, technology, and future readiness) and ranges from 0 (low) – 100 (high).
	The IMD World Digital Competitiveness database

	HOME COUNTRY INSTITUTIONAL FRAMEWORK
	The variable is elaborated by aggregating 15 country-specific items (e.g., legal and regulatory framework, adaptability of government policy, government decisions, cost of capital, central bank policy, and country credit ranking) and ranges from 0 (low) – 100 (high).
	IMD World Competitiveness database

	FIRM SIZE
	The log of total revenue
	Thomson Reuters Eikon

	FIRM INDEBTEDNESS
	The log of total debt over total assets.
	Thomson Reuters Eikon

	FIRM INDUSTRY
	Dummy variable for each sector considered: industrial, communication services, consumer discretionary, consumer staples, financial, energy, health care, information technology, materials, real estate, and utilities.
	Thomson Reuters Eikon

	GDP
	This variable measures the economic development of a country. GDP is expressed in constant international dollars per person. Data are derived by dividing constant price purchasing-power parity (PPP) GDP by total population.
	The World Economic Outlook database

	EPI
	This variable measures the environmental performance of a country. EPI uses 32 performance indicators across 11 issue categories (e.g., water waste, energy, air quality, and other factors) and it ranges from 0 (worst) – 100 (best)
	Environmental Performance Index



Source: Self elaboration from Thomson Reuters Eikon, the IMD World Digital Competitiveness database, the IMD World Competitiveness database, the World Economic Outlook database, and the Environmental Performance Index. 

image2.emf
15

20

25

30

35

40

45

20 30 40 50 60 70 80 90 100 T

OTAL

E

NVIRONMENTAL

P

ERFORMANCE

H

OME

C

OUNTRY

D

IGITALIZATION

M

ODEL

2

High Institutional Framework Low Institutional Framework

Marginal effect

73.33

87.10

15

20

25

30

35

40

45

20 30 40 50 60 70 80 90 100

F

IRM

'

S

E

NVIRONMENTAL

I

NNOVATION

H

OME

C

OUNTRY

D

IGITALIZATION

M

ODEL

2A

High Institutional Framework Low Institutional Framework

Marginal effect

74.18

76.70

15

20

25

30

35

40

45

20 30 40 50 60 70 80 90 100

F

IRM

'

S

E

MISSIONS

H

OME

C

OUNTRY

D

IGITALIZATION

M

ODEL

2B

High Institutional Framework Low Institutional Framework

Marginal effect

68.08

84.80

5

10

15

20

25

30

35

20 30 40 50 60 70 80 90 100

F

IRM

'

S

R

ESOURCE

U

SE

H

OME

C

OUNTRY

D

IGITALIZATION

M

ODEL

2C

High Institutional Framework Low Institutional Framework

Marginal effect

73.05

98.70


image1.emf
15

20

25

30

35

40

45

20 30 40 50 60 70 80 90 100

T

OTAL

E

NVIRONMENTAL

P

ERFORMANCE

H

OME

C

OUNTRY

D

IGITALIZATION

M

ODEL

1

Marginal effect

75.88

71.31

73.59

0.758

-0.399

Lower

slope

Upper

slope

Conf. Interval

15

20

25

30

35

40

45

20 30 40 50 60 70 80 90 100

F

IRM

'

S

E

NVIRONMENTAL

I

NNOVATION

H

OME

C

OUNTRY

D

IGITALIZATION

M

ODEL

1A

Marginal effect

78.12 70.21

74.16

0.725

-0.369

Lower

slope

Upper

slope

Conf. Interval

15

20

25

30

35

40

45

20 30 40 50 60 70 80 90 100

F

IRM

'

S

E

MISSIONS

H

OME

C

OUNTRY

D

IGITALIZATION

M

ODEL

1B

Marginal effect

70.89

65.75

68.32

0.792

-0.559

Lower

slope

Upper

slope

Conf. Interval

5

10

15

20

25

30

35

20 30 40 50 60 70 80 90 100

F

IRM

'

S

R

ESOURCE

U

SE

H

OME

C

OUNTRY

D

IGITALIZATION

M

ODEL

1C

Marginal effect

78.22 69.20

73.05

0.792

-0.559

Lower

slope

Upper

slope

Conf. Interval


