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Abstract. Our study is the first to empirically analyze the nonlinear relationship between digita-
lization and export value and diversification. This paper measures the digital transformation pro-
cess in terms of digital connectivity, uses of the internet, e-business, e-commerce, and e-govern-
ment. The various econometrics techniques are applied for the database of 23 European countries
during the period 2015-2020. The vital findings should be conveyed here. First, the bottlenecks
of export values could be resolved by promoting digital transformation. However, the non-linear
reverted U-shaped relationship between digitalization and export diversification suggests that
positive effects only appear when the digital activities, especially in digital connectivity, humans
with digital skills, use of internet services, or digital public services reaches a certain threshold.
Second, the positive influence of digitalization on exports stems from a reduction in export cost
and export time to deal with documentary and border compliance as well as improvements in
competence and quality of logistic services and quality of trade and transport-related infrastruc-
ture, thus enhancing exports. Third, the role of digital connectivity and the integration of digital
technology into business and commerce become especially important for export diversification.
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Introduction

The global economy is going through a dark period when the novel coronavirus was declared
by the World Health Organization (WHO) in March 2020 (Jebril, 2020; Sohrabi et al., 2020),
which cause the world to have been experiencing a series of devastating losses (Gopinath,
2020). The COVID-19 epidemic’s devastation has dealt a catastrophic blow to the global
economy. Under this context, the governments have continued to take extraordinary mea-
sures, such as lockdowns and social distancing measures to save lives. As a consequence, the
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global economy has experienced an unprecedented sharp decrease when economic activities
and economic sectors were essentially shut down (Guerrieri et al., 2020). Prior experts, such
as Daszak (2012), Ford et al. (2009), and Webster (1997) had anticipated that the worldwide
pandemic would create serious stresses on the elements of global supply chains, which lead
to a global economic disaster. With the increasingly serious situation of the pandemic, more
and more stringent measures have been implemented, which strain the elements of the global
supply chain and international trade more remarkably.

Furthermore, globalization makes interdependent countries more vulnerable to disrup-
tions. According to the U.S. Institute for Supply Chain, the proportion of companies that
have reported disruption in supply chains is 75 percent (Fernandes, 2020). COVID-19 health
crisis also has led to a reduction in flexibility of the several layers of their global supply
chains and a reduction in diversification in sourcing strategies and exporting activities (Baker
McKenzie, 2020). These disruptions then adversely influence the exporting countries, such as
unavailability of output for their local business and importing countries, such as lack of raw
materials for their production (Fernandes, 2020). Europe’s exports are much lower in value.
Non-essential items have gotten less attention than food and medical care, resulting in a loss
of diversity in exports due to transportation difficulties. Medical instrument exports have
been given increased priority by countries (Ibn-Mohammed et al., 2021; Ranney et al., 2020).
Medical consumables are the biggest exported product group among the 23 EU Member
States, with Cyprus accounting for 95% and Greece for 90%. Lithuania has the largest propor-
tion of diagnostic equipment (41 percent). Finland (46%) and Estonia (41%), on the other
hand, have the largest share of medical equipment (European Commission, 2021a). During
the worst of the pandemic, the structure of export commodities was simplified. Exports are
put at risk due to the pandemic and extraordinary measures would be taken to combat it
(Ibn-Mohammed et al., 2021).

Under the serious consequences caused by the COVID-19 pandemic on the global econ-
omy, the digital transformation is entrenched (Bayram et al., 2020). Extraordinary measures
like the lockdown and social distancing have emphasized the importance of remote working
(Dingel & Neiman, 2020). The digital transformation under the COVID-19 pandemic cir-
cumstance can be considered as a tool to help countries overcome difficulties. Digitalization
significantly affects the way that businesses operate globally (Dethine et al., 2020) and pro-
vides the business with a competitive advantage in the global economy (Lee & Falahat, 2019).
Digitalization can be considered a tool for promoting internationalization (Dethine et al,,
2020). During the time of crisis, digitalization can help to attenuate the adverse influence
of COVID-19 on exports by facilitating access to goods and services (OECD, 2020). There
are more efficient movements of goods across borders due to the leverage of digital tech-
nologies. Digitalization makes the border processes transparent and accessible to a trader.
Furthermore, digitalization helps to reduce physical contacts that are especially vital for the
micro-and small-and medium-sized firms being hit strongly by the health crisis.

This paper is the first effort to empirically analyze the effects of digital transformation
on export values and export diversification. Another contribution of this paper is from a
theoretical aspect when we combine both a resource-based view and a dynamic capabil-
ity view to investigate the relationship between digitalization and exports. In this paper,
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export diversification is captured by the diversification index used to reflect what extent the
structure of exports by-products of a particular economy differs from the world pattern. To
provide further exploit on the sources of digitalization-export diversification, we investigate
impacts of digitalization on export values in different sectors and on the factors, which can be
considered as critical determinants of export activities, such as export cost and export time
to deal with documentary and border compliance, competence, and quality of logistic ser-
vices and quality of trade and transport-related infrastructure. We apply various econometric
techniques to a sample of 23 European countries during the period 2015-2020. Specifically,
the panel corrected standard errors (PCSE) model is selected to address the issues related
to cross-sectional dependence. For a robustness check, our study also applies the panel cor-
rected standard errors (PCSE) model to examine our findings when we take the presence of
heteroscedasticity and fixed effects into account. All independent variables are lagged by one
period to resolve endogeneity. To resolve the endogeneity, we also utilize the two-step general
method of moment (two-step GMM). Since we expect that there is a nonlinear relationship
between digitalization and export diversification, the squared terms of variables capturing
the process of digital transformation are added into the theoretical model. For simulation
purposes, we utilize the predictive margins analysis.

In this article, we make at least two contributions to the existing literature. To our best
knowledge, this paper is the first to empirically analyze the nonlinear association between
digitalization and export diversification. The mechanism to explain the positive effects of
digitalization on exporting activities is also provided. Specifically, digitalization leads to a
reduction in export cost and export time to deal with documentary and border compliance
as well as improvements in competence and quality of logistic services and quality of trade
and transport-related infrastructure, thus enhancing exports. In other words, the develop-
ment of export activities requires a long and persistent pursuit of the digital transformation
process. Our paper is an effort to overcome difficulties arising from the data limitation by
strictly following the empirical econometric approach and applying the various techniques
that are appropriate to the data with the presence of the cross-sectional dependence as an ef-
fort to control potential issues, such as multicollinearity, heteroskedasticity, and endogeneity.

The remaining of the paper is structured as follows. Section 1 provides a review of rele-
vant literature. Section 2 and 3 describe the model, data, and estimation method, respectively.
Section 4 reports empirical results and discussion. The last Section concludes the paper.

1. Literature review and hypothesis development
1.1. Theoretical framework

The two-strand of theories, the new trade, and endogenous growth theories, have affirmed
export diversification (Krugman & Venables, 1995). The monopolistic competition trade
model developed is considered as the workhorse model in new trade theory. However, there
exists considerable heterogeneity associated with productivity and firm size within industries,
thus this trade theory failed to explain the stylized empirical facts. Melitz (2003) developed
the heterogeneous firm trade model (HFTM) that introduced the self-selection mechanism
to link trade costs to aggregate trade. Decreasing trade costs led to a diminish in export
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productivity, and then firms’ export decisions. A rise in the number of exporters led to a
growth in the diversification of a country’s exports. Both extensive and intensive margins of
trade were influenced by the change in trade costs (Melitz, 2003), but this theory still failed
to explicitly explain the impacts of trade costs on the intensive margin. Overcome limita-
tions of prior theories, Lawless et al. (2019) contended that total exports can be affected by
trade costs in two ways: (i) the export productivity threshold and (ii) the sales of existing
exporters. The highly-productive firms force low-productive firms to leave the market. Such
changes can lead to a rise in export at the intensive margins when existing products become
more concentrated. However, changes in intensive margins are difficult to predict if there are
effects of variable costs on intensive margin.

Trade costs argued in trade theories are important to explain export diversification. These
trade costs include fixed entry costs and variable costs. The former arises from expenditure
to set up distributional channels, costs of document preparation, port procedures, and other
bureaucratic work related to exporting. Put it differently, the weak and poor institutional sys-
tem causes firms to pay these costs. Hence, an improvement of institutional quality/efficiency
helps producers to adjust their production structures to the international environment and
optimally allocate their resources, thus it augments diversification of economic activities. The
latter costs are determined by the behavior of all exporters. Melitz (2003) argues that variable
costs are of the per, unit “iceberg” type (e.g., tariffs, transport costs), while Samuelson (1952)
defines iceberg variable costs as an ad valorem tax equivalent.

1.2. Digitalization and export performance

Based on the heterogeneous trade model and prior theoretical models, we attempt to explain
the link between digitalization and export/trade. Previous studies indicate that these fixed
and variable costs can be affected by the digital transformation process. In particular, Freund
and Weinhold (2004) demonstrate that the Internet stimulates trade by reducing market-
specific fixed costs of trade as well as improving competitive advantages obtained from the
Internet. In a similar spirit, Bojnec and Ferto (2010) also indicate the positive, significant,
time-varying increasing influences of the Internet on exports of food due to its effects on
market-specific entry costs for the food industry.

Digitalization significantly changes the way that businesses operate globally (Dethine
et al., 2020) and provides businesses with a competitive advantage in the global economy (Lee
& Falahat, 2019). Digitalization can also be seen as the means for promoting internationaliza-
tion (Dethine et al., 2020). During the time of uncertainty, digitalization can help attenuate
the adverse influence on exports by facilitating access to goods and services (OECD, 2020).
There are more efficient movements of goods across borders due to the leverage of digital
technologies. Digitalization makes the border processes more transparent and accessible to
traders. Applying digital technologies to production and business processes has enhanced the
productivity and efficiency of communication between customers and suppliers (Rehnberg
& Ponte, 2018).

The digital economy has increased because of the fourth industrial revolution, offering up
new business models with more valuable resources (Bettiol et al., 2020). New technologies
such as robotics, component manufacturing, the Internet, big data, and artificial intelligence
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are widely applied to manufacturing. Enterprises gradually adapt to technology’s assistance,
increasing the efficiency of their manufacturing and business operations. The model of apply-
ing technology in production and business has changed the structure and process of cross-
border business (Alcacer et al., 2016).

As revealed by Laplume et al. (2016), digital transformation by applying new technolo-
gies to the production process has the potential to turn the trend of global specialization into
different fragmentation. These production fragments can be scattered to many places and
reach closer to consumers. Multinational organizations such as Amazon and Alibaba take
advantage of the benefits of digital platforms to deliver products to customers more swiftly
and conveniently. If firms want to access global markets more easily and efficiently, they
implement the digital transformation and reach a certain level (Strange & Zucchella, 2017).

Exporting firms have been able to promote their products to foreign countries more eftec-
tively and extensively as technology and advertising have advanced. It encourages businesses
to expand to collect more data, although it also makes product distribution more complicated
due to the strong internationalization process with diverse competitions.

New technical technologies will increase production efficiency, therefore technological
innovation is a must if organizations wish to compete in today’s highly competitive global
market. Technological change is a prerequisite for export performance (Azar & Ciabuschi,
2017). To get a competitive advantage, firms must differentiate themselves by charging pre-
mium prices, operating at reduced costs, or doing both. As a result, the company can make a
lot of money and grow much faster than its competitors in the field (Porter & Heppelmann,
2014). Increasing innovation adoption and digital transformation is one approach that al-
lows exporting firms and their country to achieve higher growth (Azar & Ciabuschi, 2017).

Dalenogare et al. (2018) contend that digitalization is an important stage of industrial-
ization. Integrating product manufacturing processes can help a company achieve higher
industrial efficiency. Big data, the Internet, artificial intelligence, and other representatives of
digitalization will create positive performance allowing better communication and deploy-
ment of technology applications for the exporting company. To achieve optimal adaptation
to foreign markets, enterprises should partially innovate their technology systems instead of
completely and radically innovating (Azar & Ciabuschi, 2017).

1.3. Digitalization and export diversification

The adoption of digitalization can have a significant impact on enterprises, even beyond the
company’s borders. Chiarvesio and Romanello (2018), however, show that digitalization has
no significant effect on globalization. Different researchers dispute the transnational impact
of digital technology from various perspectives. According to Rehnberg and Ponte (2018),
technology can alter how production is constrained by geography and time, which affects
the location and scale of production activities. The potential influence of big data on exports
is discussed by Strange and Zucchella (2017). Companies can observe new trends in other
countries without having to sell their products there. As a result, they can more efficiently
distribute items to numerous places throughout the world while also streamlining production
processes. Data analysis and well-executed research efforts will aid firms in realizing potential
benefits, particularly for those looking to extend their distribution market. Emerging markets
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with the potential for rapid development will be a once-in-a-lifetime opportunity for busi-
nesses wishing to expand, especially if existing enterprises in such regions are underperform-
ing (Strange & Zucchella, 2017).

Increasing interdependencies among organizations make the public more concerned
about sustainable development and the role of cybersecurity (Sulich et al., 2021). Given the
importance of sustainable development, the environmental goods and services sector (GGS)
has become an emerging and important one, especially in the European Union (Hilty et al.,
2011; Scholz, 2017; Sergi et al., 2019). The network entities and the development of the ICT
sector are considered critical factors in improving environmental management and protec-
tion, thus fueling the GGS. The Sustainable Development Goals (SDGs) in the firms’ strategies
(Sotoducho-Pelc & Sulich, 2020) and digitalization (Sulich et al., 2021) significantly enhance
the GGS. Therefore, the development of environmental technologies and the firms’ cyberse-
curity play a vital role in helping them achieve sustainable development (Sulich et al., 2021).

Industry 4.0 substantially promotes automation and enhances communication, self-mon-
itoring, and smart machines that help address potential issues (Awan et al., 2021). Industry
4.0, in combination with the circular economy, demonstrates a novel industrial paradigm
that enables novel natural resource strategies (Centobelli et al., 2020). In the literature, schol-
ars often refer to Jevons paradox (Hovardas, 2016), highlighting the approach’s limitations,
focusing on technological efficiency solely to obtain sustainability (Hilty et al., 2011). The
most challenging issue of implementing the digital transformation process in almost all areas
of modern life is ensuring security in cyberspace in the area of biosecurity, thus obtaining
the SDFs. For European countries, a combination of internal and external security (Sulich
et al,, 2021) and the need to develop consistent policies in this security context (Bossong &
Rhinard, 2013) are prerequisites to using digitalization to achieve sustainability.

Digitalization influences the environment by the diverse transmission mechanisms. First,
technology application enhances the efficiency of e-waste collection and recycling or reuse of
used materials, thus creating a circular economy (European Commission, 2021b). Digitaliza-
tion is vital in solving pressing environmental problems such as solid waste, e-waste, food
waste, and agricultural waste (Ferrari et al., 2020; Sharma et al., 2020; Wen et al., 2021). A
favorable perspective is that digital technology supports minimized pressure on the natural
environment and biodiversity. According to Pontones-Rosa et al. (2021), the prevalence of
ICT usage improves the effectiveness of public policies and citizens’ perceptions through
the visualization and communication of biological data or viable digital business models
that prevent biodiversity loss. Moreover, applying digitalization to harmful environmental
activities improves operational cost reduction, worker safety (El-Haggar, 2007; Zhang et al,,
2017), or minimizing resource utilization and degradation (Roy & Singh, 2017). Based on the
findings of Feroz et al. (2021), many researchers have recently been interested in the impact
of digitalization on the relationship between ecosystems and human well-being, because they
allow them to resolve the problem of lack of resources, traffic congestion, and air pollution
(Ha, 2022; Honarvar & Sami, 2019).

The literature also indicates the effects of digitalization on trade performance (Azar &
Ciabuschi, 2017; Bettiol et al., 2020) and trade diversification (Chiarvesio & Romanello,
2018). Since the importance of digitalization in augmenting sustainable development, we
believe that the digital transformation process appears to have an influence on the GGS.
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2. Empirical methodology

The panel data regression used to investigate the nexus between digitalization and exports
can be written as follows:

EX;y =By +PBDM; , +B5GDP, , +B4FDI; , +B;sREER; , +PsSAVE, , +
B;INFLA;, +BsURBAN; , +BoIndustry; , +C;, +1; +ey, (1)

where i and t respectively denote country i and year t. , and n; are added into the model to
capture the country and year fixed effects, and g, is the error term. The dependent variable,
EX;, = {EX_Diver, EX_Value}, consist of export diversification (EX_Diver) and export values
(EX_Value). EX_Diver is the diversification index used to reflect what extent the structure
of exports by-products of a particular economy differs from the world pattern. This data is
calculated based on UNCTADStat Merchandise Trade Matrix. EX_Value is the natural loga-
rithm of total export values of goods and services at the constant 2010 US dollar.

Digitalization variable

Our key contribution to the literature is to examine the influences of digitalization, DM, ,,
which consists of different activities related to the digital transformation process: connectiv-
ity (CONN), use of the internet (INTER), human capital (HUSKILL), business digitization
(DIGICOM), and digital public services! (DIGIPUB). These indicators capture the digital per-
formance of 27 member countries (including the United Kingdom) of the European Union,
which are sourced from various surveys, for example, Eurostat - Community survey on ICT
usage in Households and by Individual, Eurostat — ICT Enterprises survey, eGovernment
Benchmarking Report from 2015 to 2020. CONN denotes the share of households subscrib-
ing to fixed broadband or with coverage by 4G. HUSKILL is the percentage of the population
owning basic and above basic digital and software skills. INTER captures information about
internet users or the proportion of people who do only activities, such as reading news,
playing music, videos and games, video on demand, video calls, using social networks, do-
ing an online course, and online transactions, such as banking, shopping, and selling online.
DIGIBUSI is the weighted average of two sub-dimensions: the information about businesses
using electronic information sharing, social media, and big data, and the proportion of SMEs
selling online and their total turnover from e-commerce. DIGIPUB is the share of admin-
istrative steps associated with major life events like birth of a child, new residence, or the
share of public services needed for starting a business and for conducting regular business
operations that can be done online.

Regarding other control variables, we base on theories of international trade and empiri-
cal studies in the literature, such as Agosin et al. (2012), Cadot et al. (2011), Espoir (2020),
Gnangnon (2019), and Parteka and Tamberi (2013) to select explanatory variables. In par-
ticular, the set of explanatory variables includes the income level (GDP) measured by the
real gross domestic product per capita at the constant 2010 price as in Cadot et al. (2011)
and Parteka and Tamberi (2013) and many other studies. We follow Ali et al. (2016) and
Branstetter (2006) to examine the effects of net flow of Foreign Direct Investment (FDI)

! The detailed description of methodology used to compute this index is provided in Digital Economy and Society
Index [DESI] (2020).
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measured as the share of GDP. Other main macroeconomic indicators: real effective exchange
rate? (REER), saving (SAVE) as the share of GDP, inflation (INFLA) measured by the annual
percentage change of GDP deflator? as in Ben Hammouda et al. (2006). In addition, some
demographic variables, such as the urbanization level (URBAN) measured by the share of
population living in the urban area over the total population and the industrialization level
(INDUS) measured by the value-added to GDP are also incorporated into the baseline model.
These variables are available from World Development Indicators (WDI). To conduct the
robustness check on estimation results in the baseline model, we added other variables one
by one into the baseline model. We follow Cabral and Veiga (2010) to consider the influ-
ences of political and institutional variables, including the level of democratization (DEMO)
measured by the democratization index and corruption index measured by the corruption
perception index (CORR), which respectively take from the Finnish Social Science Data
Archive (FSSDA) and Transparency International (TT). Other variables capturing the costs
of export include export costs to comply with border compliance (EC_Border) and docu-
mentary compliance (EC_Document). These two export costs are sourced from the WDIL.
As revealed by Krugman and Venables (1995), and Venables and Limao (2002), these costs
have an impact on the specialization level of a nation. The higher costs decrease the variety
of products exported to other countries. Parteka and Tamberi (2013) use the sample of de-
veloping and developed countries to show the negative association between export costs and
export diversification. The detailed descriptions of included variables are demonstrated in
Table 1. The final sample include 138 observations covering 23 countries from 2015 to 2020.
The correlation matrix between all variables is displayed in Table 2. Table 2 reveals that there
is a positive association between digitalization and life expectancy.

The trends of the mean value of DESI, export value and export diversification over years
and countries are demonstrated in Panel A and B of Figure 1, respectively. The mean values of
DESI of 23 European countries increase slightly from 2015 to 2020. By comparing the trend
of DESI and export values, the two series move together from 2015 to 2019 but there exists an
opposite trend between the two series in 2020. By contrast, export values increase dramati-
cally during the 2015-2019 period before experiencing a fall in 2020. By contrast, the export
diversification level of these countries fluctuates significantly as compared to the previous
series. After experiencing a reduction in 2016, the export diversification index reaches a peak
in 2018. Since then, we witness a decreasing trend of this index toward the end of our sample.
By comparing the trend of DESI and export diversification, the two series move together
from 2016 to 2018, while there exists an opposite trend between the two series during the
2018-2020 period. Figure 1 also displays the distribution of means of DESI and export values
and export diversification index in the 23 European countries. It can be seen that the Europe-
an countries with high DESI have more considerable export values than those with low DESL
Figure 2b suggests that the European countries in our sample have a high export diversifica-
tion index. The figures also reveal that the European countries with high DESI have a high
level of export diversification. However, many other European countries have a low DESI

2 The less export diversification stems from a higher uncompetitive exchange rate (Ferdous, 2011). On the other
hand, a lower exchange rate can promote the diversification of export products and trading partner (de Pineres &
Ferrantino, 1997).

3 We use GDP deflator instead of consumer price index due to the data availability in 2020.
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but still obtain a high level of export diversification. This figure may suggest that the nexus
between digitalization and export diversification exist for countries with a high development
level of digitalization. For countries with low diversification, this relationship is not clear.

Table 1. Description of variables

Variable Definition Measure Source |Obs|Mean| SD |Min | Max
EX_Diver Export diver- | The diversification UNCTAD | 138 | 424 | 0.95 | 2.95| 6.67
sification index*
EX_Value Export values | The natural WDI 138 | 5.14 | 1.31 [2.79| 7.60
logarithm of exports
of goods and services
(constant 2010 US
dollar)
DM DESI overall | The weighted average | DESI 138 | 9.28 | 2.07 | 5.49 | 14.49
index of the five main (2020)
DESI dimensions
(Desil-5)
CONN Connectivity | The weighted average | DESI 138 | 10.29 | 2.61 | 4.36 | 16.46
of fixed broadband | (2020)
take-up, fixed
broadband coverage,
mobile broadband,
and broadband price
index
HUSKILL Human The weighted average | DESI 138 | 11.33 | 2.77 | 6.82 | 17.93
capital of internet user skills | (2020)
and advanced skills
and development
INTER Use of The weighted average | DESI 138 | 7.55 | 1.79 | 3.26 | 11.39
internet of internet use, (2020)
services activities online, and
transactions
DIGICOM Business The weighted DESI 138 | 7.13 | 2.50 | 3.06 | 13.17
Digitization | average of business | (2020)
digitization and
e-commerce
DIGIPUB Digital public | The e-Government | DESI 138 | 8.80 | 2.26 | 3.09 | 13.09
services score (2020)
GDP Real output | The real GDP per WDI 138 | 35.32 |22.01| 7.66 |111.15
growth capital (constant
2010 US dollars)
FDI Net inflow of | The proportion of WDI 138 | 2.70 |38.19|-291162.58
foreign direct | GDP
investment
REER Exchange rate | The real effective 138 | 95.64 | 4.53 |85.45|113.76
exchange rate index
(2010 = 100)

4 The diversification index indicates to what extent the structure of exports by product of a particular economy
differs from the world pattern.
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End of Table 1
Variable Definition Measure Source |Obs|Mean| SD |Min | Max
SAVE Saving The gross domestic | WDI 138 | 25.56 | 8.42 | 5.90 | 54.41
saving (% of GDP)
INFLA Inflation The annual WDI 138 | 1.78 | 1.46 |-1.46| 6.78
percentage change of
GDP deflator
URBAN Urbanization |The urban WDI 138 | 0.59 | 0.90 (-0.85| 4.19
population growth
(annual %)
INDUS Industrializa- | The value added of | WDI 138 | 0.21 | 0.06 | 0.10 | 0.34
tion level industry sector to
GDP
EC_Border Export The cost to export, |WDI 115 | 80.62 (131.34) 0.00 | 370.00
costs: border | border compliance
compliance (USs$)
EC_Document | Export costs: | The cost to export, ‘WDI 115 | 13.12 | 18.98| 0.00 | 51.70
documentary | documentary
compliance | compliance (US$)
DEMO Level of de- | The index of FSSDA 132 | 1.64 | 0.51 [ 1.00 | 3.00
mocratization | democratization
CORR Corruption | The indexed is scaled | Trans- 137 |110.80| 5.17 [99.94|127.04
perception from 1 to 100, where |parency
index 0 means the highest |Interna-
level of perceived tional
corruption

Note: The information used to calculate the overall DESI index and its dimensions is sourced from var-
ious surveys, including Eurostat - Community survey on ICT usage in Households and by Individual,
Eurostat - ICT Enterprises survey, eGovernment Benchmarking Report. WDI: World Development
Indicator; FSSDA: Finnish Social Science Data Archive; WBGI: World Bank Group Indicator.

To check for cross-sectional dependence and then the stationarity test of data with the
existence of CD, the cross-sectional dependence (CD) tests are developed by Pesaran (2021),
and the Im-Pesaran-Shin unit root test (Im et al., 2003) is performed in turn. The results
are presented in Table 3. The results suggest that except URBAN and INDUS, most of the
variables have the existence of CD. In addition, the unit root test results are also shown in
Table 3. In addition, the unit root test results are also shown in Table 3, the stationarity of
several variables is demonstrated. Likewise, for the first difference of variables, we conduct
these stationarity tests, and the results reveal that all variables are stationary after taking the
first level of difference.

Since the existence of the CD and the stationarity of the variables are confirmed, follow-
ing Beck and Katz (1995) and Canh and Thanh (2020), our article selects the panel corrected
standard error (PCSE) model for our sample. Since both the tests and applied methods require
strongly balanced data, we strictly follow the empirical procedure to clean data by removing
countries that have a gap, missing observations, or outliers. After cleaning the data, the num-
ber of European countries used to perform the empirical estimations in the next step is 23.


http://digital-agenda-data.eu/charts/analyse-one-indicator-and-compare-countries#chart={%22indicator-group%22:%22any%22,%22indicator%22:%22i_iubk%22,%22breakdown%22:%22ind_total%22,%22unit-measure%22:%22pc_ind_iu3%22,%22ref-area%22:[%22AT%22,%22BE%22,%22BG%22,%22HR%22,%22CY%22,%22CZ%22,%22DK%22,%22EE%22,%22EU%22,%22FI%22,%22FR%22,%22D
http://digital-agenda-data.eu/charts/analyse-one-indicator-and-compare-countries#chart={%22indicator-group%22:%22any%22,%22indicator%22:%22e_sm_ge2%22,%22breakdown%22:%22ent_all_xfin%22,%22unit-measure%22:%22pc_ent%22,%22ref-area%22:[%22AT%22,%22BE%22,%22BG%22,%22HR%22,%22CY%22,%22CZ%22,%22DK%22,%22EE%22,%22EU%22,%22FI%22,%22FR%22,%22
https://digital-agenda-data.eu/charts/analyse-one-indicator-and-compare-countries#chart={%22indicator-group%22:%22egovernment%22,%22indicator%22:%22e_gov_pff%22,%22breakdown%22:%22all_egov_le%22,%22unit-measure%22:%22egov_score%22,%22ref-area%22:[%22AT%22,%22BE%22,%22BG%22,%22HR%22,%22CY%22,%22CZ%22,%22DK%22,%22EE%22,%22EU%22,%22FI%22,
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Panel A: Digitalization and export values

a.1) By year a.2) By country
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Panel B: Digitalization and export diversification

b.1) By year b.2) By country
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Note: The mean value of export values and export diversification is on the left-right scale,
and the mean value of DESI is on the right-hand scale.

Figure 1. Distribution of digitalization index and export by year and country

The information about these countries are summarized in Table Al in Appendix. As dis-
played in Eq. (1), all explanatory variables are lagged by one period to address endogeneity
stemming from the simultaneous relationship between digitization and exports or the data
limitation. For robustness check purposes, we conduct similar estimates in the paper to check
the accuracy of the findings by using Feasible Generalized Least Squares (FGLS) model and
a two-step system GMM to solve the potential issue of heteroscedasticity and fixed effects,
and endogeneity (Gala et al., 2018; Nguyen et al., 2020; Sweet & Eterovic, 2019). Besides, we
add the explanatory variables to the estimates step by step to perform the sensitivity analysis.

Regarding the CD test, the null hypothesis is that the cross-section is independent. P-
value is closed to zero, implying that data are correlated across panel groups.
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Table 3. Cross-sectional dependence tests and stationary tests
. CD-test, | Levin-Lin-Chu . Variable | Levin-Lin-Chu Im-
Variable . Im-Pesaran-Shin | . diff . Pesaran-
(in level) Pesaran | unit-root test test (Z-bar) (in differ- unit-root test Shin test
(2004) | (Adjusted t*) ence) (Adjusted t*)

(Z-bar)

EX_Diver | 2.36*** | -3520%** —24.86%** DEX_Diver | -13.68** —2.02**
EX_Value |30.76%** -12.36*** -6.69* DEX_Value -6.25%* -6.85**
DM 38.24%%* 14.32 12.86 DDM 22,91+ —-6.13%%*
CONN 37.36** 4.92 15.01 DCONN -9.40*** -1.80**
HUSKILL | 22.25%** =9.17%* 0.49 DHUSKILL -17.65*** —=5.18%**
INTER 33.49%%* -3.08** 5.33 DINTER -18.02** —6.44*
DIGICOM | 33.99*** -1.84** 3.07 DDIGICOM —-15.44*+* —-9.72%¢%*
DIGIPUB | 36.99*** 3.88 12.35 DDIGIPUB -14.08** -3.56***
GDP 29.45%%* | —65.89*** —37.28%%* DGDP —13.13%%* —7.40%%*
FDI 1.65* —-40.14*** —9.57** DFDI -18.22%** =7.140%
REER 12,4704 -50.38*** -9.96** DREER -12.89** —-4.100*

SAVE 6.61* 10.24 5.06 DSAVE -8.62°* -1.73%
INFLA 8.13** —21.12%%* =70.51%* IDNFLA -11.63¢* -2.65%*

URBAN 0.83 -25.97%%* -19.46%** DURBAN —3.75%%* -1.51%
INDUS 1.09 -0.39 —-8.730%* DINDUS -50.76*** -10.87***

Note: Regarding the CD test, the null hypothesis is that the cross-section is independent. P-value is
closed to zero, implying that data are correlated across panel groups. Regarding CIPS (Pesaran Panel
Unit Root Test with cross-sectional and first difference mean), the null hypothesis is “panels are homo-
geneous non-stationary”. Regarding Levin-Lin-Chu unit-root test, the null hypothesis is “Panels contain
unit root” and the alternative hypothesis is “Panel are stationary”

3. Empirical results
3.1. Baseline results

The results of estimating the impact of digitization on exports are displayed in Table 4. The
results show that digital transformation has a positive and significant effect on export value.
On the contrary, its effect on export diversification is negative and significant. Specifically,
when the DESI composite index increased by one unit, the export value increased by 20
percent. while this increase reduces the export diversification index by 0.17 points. Regard-
ing, the magnitude of the impact of the DESI overall index and aspects of digital transfor-
mation such as connectivity (CONN), use of the internet (INTER), human capital (HUS-
KILL), business digitization (DIGICOM), and digital public services (DIGIPUB), the business
digitization plays the most important role in enhancing the export values, while the online
transactions reduce the export diversification the most. Our findings suggest that the digital
transformation process could enhance the value of export but reduce the diversification of
export. The positive influences of digitalization on the export value can be explained by ad-
vantages from a high competition in the foreign markets due to technological changes (Azar
& Ciabuschi, 2017), the cost reduction (Porter & Heppelmann, 2014), or a higher industrial
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efficiency (Dalenogare et al., 2018). The positive nexus between digitalization and export
value is consistent with prior studies, such as Ozsoy et al. (2022) in the developing countries
or Solomon and van Klyton (2020) in African countries. However, these papers are disad-
vantages when only using information and communication technologies (ICT) as a proxy
for digitalization. Our paper highlights that these effects are conditional on the sectors that
implement the digital transformation process. We emphasize the role of integration of tech-
nologies into the business and public sector. Furthermore, we also content that, in the early
stages of the development of international trade, it is appropriate to aim to increase export
value. However, countries should concentrate more on diversifying exports and improving
export quality in the following steps. As we contend, export diversification only increases if
digitalization develops to a certain extent. The implementation of the digital transformation
to a certain level allows countries to access global markets more easily and efficiently (Strange
& Zucchella, 2017).

Regarding the influence of other control variables, the industrialization level (INDUS)
is the factor that has the largest and significant influence on both the value and the export
diversity. Specifically, the regression coefficients of the INDUS indicator ranged from 16.94
to 17.60 for export value. Meanwhile, those coeflicients range from -12.03 to -10.14 for
export diversification®. It suggests that the industrialization level has a positive impact on
the export value and a negative impact on export diversification (both are statistically sig-
nificant). Besides, the Foreign Direct Investment (FDI), the urbanization level (URBAN), and
the income level (GDP) also have significant and positive effects on export values. It implies
that increases in the FDI inflows, the income level, and the share of the population living in
the urban area over the total population facilitate the promotion of export values. By con-
trast, the saving (SAVE) is significantly negative. while real effective exchange rate (REER)
and (INFLA) had no or no significant impact on export value in our sample. On the effect
of export diversity, most of the indicators are negative and significant except for the effect of
saving which is positive.

As in our prior argument, we predict that there exists a non-linear relationship between
digitization and export diversification. Thus, the following analysis focuses on analyzing the
non-linear impact of digital transformation activities on exports. To do this, we add the
squared terms of the variable representing the digital transformation process to our theoreti-
cal model. Then we display the results in Table 5. The results indicate that while all digital
transformation activities still have negative and significant impacts on export diversity as in
Table 4, almost all of the squared terms, except for digital public service (Column 6-DM5)
are positive and significant. The findings imply that there is indeed a non-linear relation-
ship between digital transformation and export diversification, and they follow a U-shaped
pattern. In other words, the digital transformation process initially reduces the diversity of
exports, but up to a certain threshold, digitization expands that diversity. To illustrate these
findings, we perform predictive margins analysis for digitization and export diversification

> We perform the regression to show the nonlinear reverted-U- shaped association between industrialization and
export diversification. We confirm this nonlinear reverted-U- shaped association. The results can be provided upon
the request. Our findings stay in line with Aditya and Acharyya (2013), Imbs and Wacziarg (2003) and Mosikari
and Eita (2020).
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then show the results in Figure 2. That figure provides evidence for a U-shaped relationship
between export diversification and digital transformation activities. The findings of our paper
are critical in the views of policymakers in selecting the strategic direction in the pursuit of
export diversification. Rather than an increase in export value, export diversification can re-
duce the volatility of export earnings, limit adverse influences of external shocks and promote
sustainable development (Hong, 2021). Therefore, export diversification plays an essential
role in enhancing economic growth (Hodey et al., 2015).

Opverall, probably noticed that there is a positive linear relationship between export value
and digitization. While that relationship is non-linear for digital transformation and export
diversification. Nonetheless, this U-relationship only appears when digitization activities,
namely digital connectivity, the human with digital skills, use of internet services, or digital
public services reach a certain value. The findings provide empirical evidence in the case of
European countries that digitalization can improve exporting activities. Regarding export
diversification, it is required to implement the digital transformation activities to a certain
level. Otherwise, digitalization even negatively affects export diversification.

To explore the source of export diversification, we examine how digitization affects export
value in different sectors, thereby providing further insights into the relationship between
digital transformation and export diversification. Given differences in some exporting sectors,
we propose whether the positive influences of digitalization on export diversification only
happen in some specific sectors. Specific export sectors considered in this section include
agriculture and raw materials, high-technology, information and communication technology,
manufacturing, insurance, and financial services, and international tourism. The results are
reported in Table A2 in Appendix. The results show that in the fields of agriculture and raw
materials, high technology, and technology and information engineering (ICT), most digital
transformation activities have significant and positive impacts on export value in these sec-
tors. In other words, digitalization immediately improves the performance of these sectors.
Our findings are consistent with those of Ozsoy et al. (2022), which demonstrate that use
the ICT to reveal its significant influence on the export of high-tech products. Meanwhile,
for the remaining industries, which are manufacturing, insurance and financial services, and
international tourism, there is a non-linear relationship with digitalization. Particularly, in
these sectors, digitization only has a positive impact on their values of export when the digital
transformation reaches a certain value then its impact is negative. Our findings recommend
that the pursuit of the digital transformation process in these sectors requires a consistent
process with sufficient time. Otherwise, digitalization even adversely impacts these sectors.
Notably, in all industries, e-Government always plays a principal role. A long delay and
complex administration procedure are always hinder the export activities of countries (Ha
et al., 2021). Our findings suggest that an integration of high technology in the public sector
is the most important to resolve these issues.

In the following analysis, we shed more light on transmission channels, through which
digitalization can promote exports. These transmission channels consist of export cost and
time on the relationship between digitization and export to solve border and document com-
pliance issues as well as improve competence and quality of logistics service and the quality
of infrastructure related to trade and transport. These variables are available from the WDL
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Table 4. Digitalization and export: The panel-corrected standard error estimates

(1) (2) (3) (4) (5) (6) (7) (8) 9 | o) | Ay | (12)
Variables DM | DM1 | DM2 | DM3 | DM4 | DM5 | DM | DM1 | DM2 | DM3 | DM4 | DM5
Export Value Export Diversification
L.DESI 0.20%%* | 0.11%%* | 0.15%* 0.06 0.20%%* | 0.10°%* | =0.17%%* | —0.09*** | —0.12*** | =0.15*** | —0.08*** | —0.11***
(0.018) | (0.031) | (0.025) | (0.043) | (0.018) | (0.019) | (0.018) | (0.020) | (0.013) | (0.013) | (0.012) | (0.013)
L.GDP 0.06*** | 0.06*** | 0.06*** | 0.06™** | 0.06™** | 0.06*** | -0.02***| -0.03*** | -0.02*** | —=0.02*** | -0.03*** | -0.03***
(0.004) | (0.004) | (0.003) | (0.004) | (0.004) | (0.003) | (0.003) | (0.003) | (0.003) | (0.002) | (0.002) | (0.002)
L.FDI 0.00* | 0.00* | 0.00% | 0.00* | 0.00% | 0.00% |-0.00"*| -0.00"* |-0.00***| -0.00** | -0.00*** | —0.00**
(0.002) | (0.002) | (0.002) | (0.002) | (0.002) | (0.002) | (0.001) | (0.001) | (0.001) | (0.001) | (0.001) | (0.001)
L.REER -0.01 | -0.01 | -0.01 | -0.01 | -0.01 | —0.01 |-0.03"%*|-0.03*%*|—0.04*** | -0.04*** [ -0.03*** [ -0.03***
(0.010) | (0.009) | (0.010) | (0.010) | (0.010) | (0.010) | (0.005) | (0.005) | (0.006) | (0.006) | (0.005) | (0.005)
L.SAVE —0.1270% | —0.12*%%* | —0.12%* | —0.13*¥** | 0,127 | —0.13¥%* | 0.07%* | 0.08%** | 0.07*** | 0.08*** | 0.07*** | 0.07**
(0.007) | (0.007) | (0.007) | (0.007) | (0.008) | (0.007) | (0.007) | (0.006) | (0.007) | (0.008) | (0.007) | (0.006)
L.INFLA 0.03 0.05 0.03 0.04 0.05 0.03 -0.08* -0.04 -0.08* | -0.10** | -0.10** | —-0.08**
(0.040) | (0.043) | (0.040) | (0.041) | (0.038) | (0.041) | (0.042) | (0.047) | (0.046) | (0.049) | (0.041) | (0.039)
L.URBAN 0.43%%% | 0.43°%% | 0417 | 0.43°% | 037 | 046" | 0.04 | -0.15** | 0.09 -0.03 0.00 0.01
0.077) | (0.077) | (0.079) | (0.074) | (0.079) | (0.087) | (0.070) | (0.058) | (0.065) | (0.066) | (0.069) | (0.069)
L.INDUS 17.400%% | 17.60°%% | 17.19°%% | 17.44°%% | 16.94*%* | 17.50*%* [=10.76**|~11.84%*|~10.14**|~11.48*%|~11.20°*%|~12.03***]
(0.587) | (0.498) | (0.615) | (0.518) | (0.612) | (0.507) | (0.511) | (0.316) | (0.647) | (0.442) | (0.392) | (0.304)
Observations | 115 115 115 115 115 115 115 115 115 115 115 115
R-squared 0592 | 0593 | 0592 | 0592 | 0596 | 0.592 | 0581 | 0552 | 0581 | 0566 | 0.551 | 0.567
Number of 23 23 23 23 23 23 23 23 23 23 23 23
countries

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1;

DM is the DESI overall index. DM1 is Connectivity calculated based on the weighted average of the
following dimensions: fixed broadband take-up, fixed broadband coverage, mobile broadband, and
broadband price index. DM2 is Human capital calculated based on the weighted average of the follow-
ing dimensions: internet user skills and advanced skills and development. DM3 is an online transaction.
DM4 is the Integration of digital technology services calculated based on the weighted average of the
following dimensions: business digitization and e-commerce. Finally, DM5 is digital public services
calculated by taking the score for e-Government.

The results are exposed in Table A3 in Appendix. Based on the results, the promotion of
digitization contributes to a significant reduction in costs and time for exports, thereby im-
proving export performance. Moreover, it also boosts the logistics performance index, which
also creates an impetus for export activities performance.

For the robustness check, we re-estimate the model by adding other explanatory variables,
including export costs to comply with documentary compliance (EC_Document), border
compliance (EC_Border), the level of democratization (Democracy) and the corruption per-
ception index (Corr_CPI), and the results are presented in Table A4 in Appendix. Adding
these explanatory variables hardly changes the impact of digital transformation on export
diversity. Their relationship is still non-linear as mentioned above. However, when the EC_
Document and EC_Border variables are added, the marginal effect is stronger. Subsequently,
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Table 5. A nonlinear effect of digitalization and export diversification: The panel-corrected standard
error estimates

(1) (2) (3) (4) 5) (6)
Variables DM DM1 DM2 DM3 DM4 DM5
Export Diversification
L.DESI -0.76%** -0.86*** —0.43%** -0.62*** -0.12*% —-0.36%**
(0.207) (0.311) (0.161) (0.231) (0.069) (0.085)
L.DESI? 0.03*** 0.04** 0.01* 0.03** 0.00 0.02%**
(0.011) (0.015) (0.007) (0.015) (0.004) (0.005)
L.GDP —-0.02%** —-0.03*** —-0.02*%** —-0.03%** -0.03*** —0.03***
(0.004) (0.003) (0.004) (0.003) (0.003) (0.002)
L.FDI —-0.00%** -0.00*** -0.00%** -0.00*** -0.00*** -0.00**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
L.REER -0.02%** -0.01** —-0.03*%** -0.03%** -0.03*** —0.02%%*
(0.007) (0.007) (0.007) (0.006) (0.005) (0.004)
L.SAVE 0.07*** 0.08*** 0.08*** 0.08*** 0.07+%* 0.07%**
(0.008) (0.005) (0.011) (0.011) (0.007) (0.006)
L.INFLA -0.09* -0.03 -0.11* -0.13* -0.11** -0.07*
(0.051) (0.040) (0.067) (0.070) (0.047) (0.040)
L.URBAN 0.08 -0.01 0.08 -0.02 0.01 0.02
(0.078) (0.070) (0.076) (0.072) (0.076) (0.062)
L.INDUS —-10.74%** -10.08*** —10.34%** -11.80%** —11.130%% | —12.03*%**
(0.564) (0.754) (0.692) (0.497) (0.452) (0.316)
Observations 115 115 115 115 115 115
R-squared 0.599 0.599 0.589 0.579 0.551 0.574
Number of 23 23 23 23 23 23
countries

Note: standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1;

DM is the DESI overall index. DM1 is Connectivity calculated based on the weighted average of the
following dimensions: fixed broadband take-up, fixed broadband coverage, mobile broadband, and
broadband price index. DM2 is Human capital calculated based on the weighted average of the follow-
ing dimensions: internet user skills and advanced skills and development. DM3 is an online transaction.
DM4 is the Integration of digital technology services calculated based on the weighted average of the
following dimensions: business digitization and e-commerce. Finally, DM5 is digital public services
calculated by taking the score for e-Government.

instead of adding explanatory variables, we use alternative econometric techniques including
the FGLS model and two-step system GMM for robustness check as shown in Table A5. In
short and persistent dynamic panels, the use of lags of each variable can be weak instru-
ments for the first differenced variables, hence producing biased results as argued by Bond
et al. (2001). To resolve this issue, we follow Arellano and Bover (1995) and Blundell and
Bond (1998) to develop the two-step system GMM. This method is considered to be suit-
able for short dynamic panel (Roodman, 2009) as we have in this article. It is also critical to



1058

a) DESI overall index

Adjusted predictions with 95% Cls

N. T. H. Nham et al. Nonlinear effects of digitalization on export activities: an empirical ...

b) Connectivity

Adjusted predictions with 95% Cls

257 307
204 251
E 8 201
E 151 E P
T |8 S It
£ | 210
[ )
10 A
10 A
5
54
0 10 20 30 0 10 20 30
DESI overall index Connectivity
¢) Human Capital d) Online transactions
Adjusted predictions with 95% Cls Adjusted predictions with 95% Cls
12 304
10 1
g+ g20]
: t
)
ERS a2 f
& )
10
4
2 T T T T 01 T T T T
0 10 20 30 0 10 20 30
Human Capital Online Transactions
e) Integration of Digital Technology f) Digital Public Services
Adjusted predictions with 95% Cls Adjusted predictions with 95% Cls
84 14 1
12 ]
6
10
= =
< <3
s, MHHTHWHH z 8 ",,..'"
g e g ]
& HMMHM g
24 4
4
0 A T T T T 2 T T T T
0 10 20 30 0 10 20 30

Integration of Digital Technology

Digital Public Services

Figure 2. Predictive margin of digitalization on export diversification
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employ the two-step GMM to resolve unobserved heterogeneity and endogeneity arising in
our model (Blundell & Bond, 1998; Roodman, 2009). This study uses the approach of the
two-step system GMM with the Windmeijer (2005) correction and a collapsed instrument set
as in Roodman (2009). The extra instrument sets used in the two-step system GMM can cor-
rect the bias estimation. Various tests, including Hansen test of over-identifying restrictions
(Parente & Santos Silva, 2012), Difference-in-Hansen test of the extra instruments (Rood-
man, 2009) are conducted to show the validity of used instruments. Regarding the FGLS
estimation, its results give the same findings as those in Tables 4 and 5. However, for the
two-step system GMM, although the impact direction of the digitized operational variables
remains the same, the effects are not significant as before.

3.2. The moderating impacts of the COVID-19 health crisis

In terms of the impact of the COVID-19 pandemic, we divide the entire sample into two
subsamples: before and during the pandemic. As COVID-related data available only for 2020
are too few observations to draw definite conclusions, our findings are for reference purposes
only. The study in the future should focus on this issue by using a more appropriate database.
Furthermore, the implications of Figure 1 suggest that the COVID-19 health crisis might
cause a change in these relationships, thus it is critical to analyze to re-check our conclu-
sions by only focusing on the period before 2020. We reveal the results in Table 6. Similar
to the above analyses, we also evaluate the linear and non-linear effects of digitization on
export diversity (in Panel A and Panel B, respectively). Similar to the above analysis, we also
evaluate the linear and non-linear effects of digitization on export diversity (in Panel A and
Panel B respectively). In the pre-pandemic period, digital transformation still has significant
negative (linear) effects on export diversity. However, during the pandemic, these variables
are no longer significant. In terms of non-linear effects, during the COVID-19 period, we
only find the nonlinear effects of digital connectivity and integration of digital technology
services on exports, whilst the remaining activities are statistically insignificant. Moreover,
the findings imply the U-shaped relationships between connectivity and integration of digital
technology services with export diversity. That relationship is clearly illustrated in Figure 3.
These findings support the conclusion that digital connectivity and the integration of digital
technology into business and commerce play momentous roles in export diversification dur-
ing the COVID-19 period.

We utilize the FGLS in these estimations due to the short-time period. DM is the DESI
overall index. DM1 is Connectivity. DM2 is Human capital. DM3 is an online transaction.
DM4 is the Integration of digital technology services calculated based on the weighted av-
erage of the following dimensions: business digitization and e-commerce. Finally, DM5 is
digital public services calculated by taking the score for e-Government.
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Table 6. Digitalization and export diversification: Before and during the COVID-19 pandemic

Panel A. Linear effect

wloleolealole|on|e|ow]|awm]|aw
Before the COVID-19 During the COVID-19

Variables | | DM1 | DM2 | DM3 | DM4 | DM5 | DM | DM1

DM2 | DM3 | DM4 | DM5

Export Diversification

L.DESI -0.22**% 0.02 |-0.16*** -0.11 |-0.11**|-0.14*** -0.19 | -0.06 | -0.14 | -0.01 | -0.04 | -0.03

(0.081) | (0.062) | (0.055) | (0.084) | (0.048) | (0.047) | (0.180) | (0.089) | (0.105) | (0.161) | (0.108) | (0.129)
L.GDP ~0.01 [-0.02***| —0.01 | -0.01* [-0.02***|-0.02***| -0.01 | -0.03* | -0.01 | -0.03 | -0.02 | -0.03*

(0.006) | (0.007) | (0.006) | (0.007) | (0.006) | (0.006) | (0.021) | (0.014) | (0.019) | (0.017) | (0.018) | (0.014)
L.EDI -0.00 | 0.00 | -0.00 | 0.00 | 0.00 | 0.00 | -0.00 | —0.00 | -0.00 | -0.00 | -0.00 | —0.00

(0.002) | (0.002) | (0.002) | (0.002) | (0.002) | (0.002) | (0.008) | (0.007) | (0.007) | (0.008) | (0.008) | (0.008)
L.REER ~0.03* | —0.04** | -0.04** | -0.04** | -0.04* | -0.03 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02 | -0.01

(0.021) | (0.022) | (0.021) | (0.022) | (0.021) | (0.021) | (0.032) | (0.032) | (0.031) | (0.033) | (0.033) | (0.034)
L.SAVE 0.01 |-0.04**| 0.00 | -0.02 | -0.01 | -0.01 | -0.01 | -0.02 | -0.01 | -0.03 | -0.02 | -0.02

(0.023) | (0.020) | (0.022) | (0.022) | (0.020) | (0.020) | (0.042) | (0.041) | (0.039) | (0.041) | (0.040) | (0.041)
L.INFLA 0.02 | 003 | 000 | 002 | -0.02 | 0.0l | -0.04 | —0.04 | -0.04 | -0.06 | -0.06 | —0.06

(0.071) | (0.080) | (0.072) | (0.074) | (0.076) | (0.070) | (0.128) | (0.132) | (0.127) | (0.131) | (0.131) | (0.132)
LURBAN | 0.387%| 0.32%% | 0.45%% | 0.32%¢ | 0.37% | 0.38** | 0.42** | 0.32 | 0.47** | 0.35% | 0.37* | 0.35*

(0.140) | (0.146) | (0.147) | (0.142) | (0.142) | (0.139) | (0.207) | (0.202) | (0.217) | (0.209) | (0.219) | (0.203)
LINDUS  |-8.05%%4-6.89%**|-7.20%|-7.59%+%_7 559 04| _4.11 | -4.29 | -2.91 | -4.21 | -4.26 | -4.42

(1.784) | (1.807) | (1.732) | (1.848) | (1.769) | (1.854) | (3.798) | (3.859) | (3.873) | (3.893) | (3.886) | (4.009)
Constant 113909 11.067%4|11.69%*|11.69%*|11.320%{10.73*%*| 8.88*+%* | 8.68%* | 8.69% | 8.27+¢ | 8.16%** | 8.18%*

(1.952) | (2.024) | (1.954) | (2.062) | (1.967) | (1.932) | (2.996) | (3.065) | (2.912) | (3.166) | (2.997) | (2.999)

Observations | 92 92 92 92 92 92 22 22 22 22 22 22

Number of 23 23 23 23 23 23 22 22 22 22 22 22
countries

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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End of Table 6
Panel B. Nonlinear Effects

vojlololw|lole|lole|o]w|a]w
Before the COVID-19 During the COVID-19

Variables | pyp | DM1 | DM2 | DM3 | DM4 | DM5 | DM | DM1

DM2 | DM3 | DM4 | DM5

Export Diversification

L.DESI ~0.66* |-1.16** -0.14 | -0.36 | —0.32 |-0.61"*| -1.31 |-1.95** —0.14 | -0.53 |-1.07**| -1.06
(0.367) | (0.322) | (0.264) | (0.331) | (0.228) | (0.248) | (0.839) | (0.736) | (0.502) | (1.037) | (0.532) | (1.034)
L.DESI2 0.02 [0.06**| -0.00 | 0.02 | 001 | 0.03* | 0.06 [0.08**| 0.00 | 0.03 |0.06* | 0.05
(0.019) | (0.017) | (0.011) | (0.022) | (0.015) | (0.016) | (0.041) | (0.031) | (0.021) | (0.062) | (0.031) | (0.053)
L.GDP ~0.01* [<0.03%%* —0.01 [-0.01**|-0.02%|-0.02*" —-0.02 |-0.02*| —0.01 | -0.03* | -0.03* | -0.03*
(0.006) | (0.007) | (0.006) | (0.007) | (0.006) | (0.006) | (0.021) | (0.012) | (0.020) | (0.020) | (0.017) | (0.014)
L.FDI 0.00 | 0.00 | -0.00 | 0.00 | 0.00 | 0.00 | -0.00 | -0.00 | -0.00 | -0.00 | 0.00 | -0.00
(0.002) | (0.002) | (0.002) | (0.002) | (0.002) | (0.002) | (0.007) | (0.007) | (0.008) | (0.008) | (0.007) | (0.007)
L.REER ~0.03 | -0.02 |-0.04**| —0.04* | -0.04* | -0.02 | 0.01 | 0.00 | -0.02 | -0.01 | -0.01 | -0.01
(0.022) | (0.022) | (0.021) | (0.022) | (0.021) | (0.021) | (0.034) | (0.030) | (0.035) | (0.034) | (0.030) | (0.034)
L.SAVE 001 | -0.03 | 000 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02 | -0.01 | -0.03 | -0.05 | -0.03
(0.023) | (0.019) | (0.022) | (0.022) | (0.021) | (0.021) | (0.041) | (0.036) | (0.039) | (0.040) | (0.040) | (0.041)
L.INFLA 001 | 0.02 | 000 | 000 | -0.04 | 003 | -0.14 | 0.00 | -0.04 | -0.12 | -0.31* | -0.09

(0.071) | (0.074) | (0.073) | (0.077) | (0.079) | (0.070) | (0.141) | (0.117) | (0.156) | (0.175) | (0.173) | (0.132)
L.URBAN | 0420 [ 0.51% | 0450 | 0.34** | 043 | 0.38* | 0.53** | 0.49°* | 0.48** | 0.39* |0.68**| 0.38*
(0.142) | (0.145) | (0.147) | (0.144) | (0.154) | (0.136) | (0.214) | (0.189) | (0.227) | (0.227) | (0.256) | (0.201)
LINDUS  |-7.910%| —4.60%* |-7.19%*|-7.64***|-7.23**|-8.43** —2.09 | -0.90 | -2.90 | -3.33 | 1.58 | -3.71
(1.774) | (1.793) | (1.732) | (1.843) | (1.796) | (1.846) | (3.932) | (3.626) | (4.082) | (4.235) | (4.646) | (3.981)
Constant 12.57%0%13.580(1 1,634 12.420%(11.99%4 11.99%*(12.44*%4(16.39%*| 8.70+%* | 10.03** [12.15+¥| 12.72**
(2.165) | (2.004) | (2.250) | (2.272) | (2.091) | (2.006) | (3.877) | (4.016) | (3.196) | (4.671) | (3.422) | (5.359)

Observations 92 92 92 92 92 92 22 22 22 22 22 22
Number of 23 23 23 23 23 23 22 22 22 22 22 22
countries

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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Figure 3. Predictive margin of digitalization on export diversification during the time
of COVID-19 pandemic
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Conclusions

We are the first to empirically analyze the nexus of digital transformation and exports. By
using the international sample of 23 European countries covering the period starting from
2015 to 2020, we reveal interesting findings. First, the terrible state of export values could be
improved by promoting digital transformation. However, the non-linear reverted U-shaped
relationship between digitalization and export diversification suggests that positive effects
only appear when the digital transformation process, especially in digital connectivity, hu-
mans with digital skills, use of internet services, or digital public services reaches a certain
threshold. Second, the role of digital connectivity and the integration of digital technology
into business and commerce becomes especially important for export diversification during
the COVID-19 pandemic. Third, we provide evidence that digitalization leads to a reduc-
tion in export cost and export time to deal with documentary and border compliance as
well as improvements in competence and quality of logistic services and quality of trade and
transport-related infrastructure, thus enhancing exports.

On the policy front, by identifying ways affected and opportunities of digitization to
exports, the government can support the promotion of export activities through accelerat-
ing the digital transformation process. Especially during the time of the quick spread of
COVID-19 and its consequences to the global economy, digital activities, such as digital
connectivity and integrating digital technology into business and commerce, digital public
services become more essential to combat the COVID-19 and attenuate the consequences on
the economy in general and exports in particular. Promoting these activities in the right way
will create an impetus for deteriorating the adverse impact of the disease on export activities.
In addition, we strongly encourage governments to improve digital public services as it is also
an important set of factors affecting export value in most industries. The digital transforma-
tion process is becoming an inevitable trend of the world, and a quick and strong expansion
in both breadth and depth is an urgent need for each country to survive during the time pan-
demic and recover quickly after that as well. The implementation of digital transformation in
all aspects of the economy and policy measures aimed at encouraging businesses to do so is
extremely necessary. The implementation of digital transformation in various aspects of the
economy and policies aimed at encouraging enterprises to adapt so is extremely necessary.

The findings of our research could be interpreted in light of two limitations. First, we
utilized the archival data accumulated only for the European Union area. It is essential to
consider the role of digitalization in improving export activities in developing areas, where
involvement in the international trading network is still limited. However, the surveys that
followed stringent guidelines to collect information about the digital transformation pro-
cess in developing economies are not available. Second, further channels may exist through
which digitalization affects exporting activities. It is necessary to consider the effects of the
level of economic development, economic complexity performance, and the effectiveness
of government policies on the nexus between digitalization and exports. The study taking
these channels into account is expected to provide more insightful lessons for economists
and policymakers in designing the policy to promote digital transformation. Future research
may explore the data sources to collect more information about digitalization in developing
countries and examine the role of digitalization in this area.
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EU countries
Austria Greece Latvia
Belgium Croatia Malta
Bulgaria Hungary Netherlands
Czech Republic Iceland Poland
Denmark Ireland Portugal
Spain Italy Slovak Republic
Estonia Lithuania Slovenia
United Kingdom Luxembourg Sweden
Table A2. Digitalization and export values in each sector
Panel A. Agriculture and raw materials
1) @) 3) (4) (5) (6)
Variables DM DM1 DM2 DM3 DM4 DM5
Agriculture Sector
L.DESI 0.53%* 0.75%%* 0.14** 0.43%* -0.20"** 0.27%**
(0.094) (0.109) (0.069) (0.104) (0.063) (0.054)
L.GDP -0.01 -0.03*** 0.00 -0.01 0.01* 0.01
(0.009) (0.006) (0.007) (0.008) (0.007) (0.008)
L.FDI 0.00** 0.00 0.00 0.00 -0.00 0.00
(0.002) (0.002) (0.002) (0.003) (0.003) (0.002)
L.REER 0.13%%* 0.07** 0.15%* 0.16*** 0.16*** 0.12%**
(0.038) (0.035) (0.037) (0.038) (0.037) (0.027)
L.SAVE 0.09%** 0.09** 0.15%* 0.12%* 0.23*** 0.13%**
(0.029) (0.020) (0.032) (0.032) (0.034) (0.028)
L.INFLA 0.12 -0.290¢* 0.10 0.14** -0.05 0.12
(0.081) (0.099) (0.080) (0.058) (0.101) (0.127)
L.URBAN -2.384** —-1.87+%* -2.33%%* =224 —2.08%* —2.35%%*
(0.169) (0.124) (0.157) (0.163) (0.119) (0.205)
L.INDUS —23.407%% | =23.60%F | -25.98% | -23.790* | -27.04%¢ | -22.07°*
(2.984) (2.093) (2.614) (3.131) (2.429) (2.326)
Observations 99 99 99 98 99 99
R-squared 0.518 0.639 0.485 0.505 0.495 0.508
Number of countries 23 23 23 23 23 23

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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Panel B. Manufacturing sector

vojloleolalole|o|e®]ow]|a]|wo
Manufacturing Sector
Variables Linear Effect Nonlinear Effect
DM | DM1 | DM2 | DM3 | DM4 | DM5 | DM | DM1 | DM2 | DM3 | DM4 | DM5
L.DESI -0.60* 0.27 —0.73%*% | -0.59** 0.06 —0.53%* | 16.357%% | 10.13%* | 12.38%** [ 10.97*** | 6.83*** | 4.75%**
(0.355) | (0.380) | (0.265) | (0.231) | (0.168) | (0.259) | (3.455) | (4.186) | (1.815) | (2.271) | (2.352) | (1.104)
L.DESI2 —0.93%% | —0.51** | —0.58*** | -0.80*** | —0.46*** | —0.34%**
(0.195) | (0.212) | (0.090) | (0.163) | (0.168) | (0.081)
L.GDP 0.2754% | 0.237%% | 0.29%%% | 0.27%% | 0.255% | 0.24%%% | 0.32%%% | 0.270% | 0.320% | 0.35%%% | 0.28%%* | 0.23%**
(0.035) | (0.044) | (0.027) | (0.026) | (0.030) | (0.031) | (0.029) | (0.041) | (0.028) | (0.028) | (0.032) | (0.030)
L.FDI -0.00 0.01 -0.01 -0.00 0.01 0.00 -0.01 0.01 -0.02 -0.01 0.00 -0.00
(0.010) | (0.008) | (0.011) | (0.008) | (0.009) | (0.006) | (0.011) | (0.008) | (0.016) | (0.010) | (0.009) | (0.006)
L.REER 0.4104% | 0.34%*% | 0.39%%*% | 037 | 0.377%% | 0.44%** 0.15 0.22* 0.330 | 0.31%*% | 0.34%% | 0.4
(0.119) | (0.102) | (0.121) | (0.124) | (0.128) | (0.133) | (0.118) | (0.121) | (0.109) | (0.103) | (0.127) | (0.126)
L.SAVE 0.00 -0.15** 0.06 -0.02 -0.12* 0.01 0.10 —0.19%** 0.01 0.00 0.03 0.16*
(0.093) | (0.068) | (0.105) | (0.067) | (0.063) | (0.077) | (0.063) | (0.072) | (0.109) | (0.039) | (0.085) | (0.094)
L.INFLA 1.04*** 0.97*%* 0.94°%% | 0.99** | L.13** | 1.00*** | 1.03%** 0.82* LI | 1.67%%% | 1.75%** 0.78%*
(0.304) | (0.403) | (0.326) | (0.278) | (0.318) | (0.372) | (0.270) | (0.448) | (0.327) | (0.389) | (0.511) | (0.377)
L.URBAN 419906 | 4110 | 4.657%F | 4.04%% | 3,954 | 4280 | 2.48%¢* 2.29** 4.3304% | 2.89*%%* 1.85% 4,184%*
(0.715) | (0.838) | (0.822) | (0.729) | (0.714) | (0.732) | (0.773) | (1.008) | (0.670) | (0.799) | (1.069) | (0.745)
L.INDUS 230.30%%%(234.34*%*(232.46%**(230.13***|233.67***(225.23***|221.40%**|211.44***|231.00***(231.43***|222.33%**|217.46***
(11.298) | (11.134) | (11.185) | (10.719) | (10.913) | (9.966) | (10.425) | (12.238) | (9.784) | (10.335) | (12.114) | (10.962)
Observations 98 98 98 98 98 98 98 98 98 98 98 98
R—squared 0.707 0.706 0.710 0.707 0.706 0.709 0.760 0.734 0.760 0.740 0.729 0.720
Numb?r of 23 23 23 23 23 23 23 23 23 23 23 23
countries

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

Panel C. High-technology sector

(1) (2) (3) 4) (5) (6)
Variables DM DM1 DM2 DM3 DM4 DM5
High-technology Sector

L.DESI 1.63%* 0.44** 1.91¢* 2,174 0.30 -0.30
(0.389) (0.219) (0.381) (0.296) (0.273) (0.217)
L.GDP —0.17*** —0.14%%* —0.21*** —0.21%%* —0.127%** —0.12%**
(0.028) (0.037) (0.025) (0.028) (0.031) (0.033)

L.FDI -0.01 -0.02 0.00 -0.00 -0.02 -0.03
(0.016) (0.017) (0.015) (0.012) (0.018) (0.018)

L.REER -0.14 -0.10 -0.11* -0.04 -0.07 -0.02
(0.091) (0.100) (0.063) (0.054) (0.104) (0.120)
L.SAVE 0.19% 0.45%** 0.04 0.16** 0.43%*+* 0.56%**
(0.103) (0.059) (0.117) (0.067) (0.106) (0.102)
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(1) ) 3) 4 ©) (6)
. DM DM1 DM2 DM3 DM4 DM5
Variables
High-technology Sector
LINFLA -0.03 -0.43 0.29 0.23 -0.04 -0.27
(0.288) (0.326) (0.369) (0.217) (0.387) (0.310)
L.URBAN 2.50%* 3.24%¢ 1.23 2.83%%* 2.87*** 3.20%%*
(0.761) (0.688) (0.952) (0.739) (0.796) (0.672)
LINDUS —=27.14%* —34.77*** -31.95%%* -23.19* —-34.197%* -40.36***
(4.602) (3.327) (4.476) (4.489) (4.482) (5.793)
Observations 91 91 91 91 91 91
R-squared 0.365 0.322 0.467 0.405 0.321 0.321
Number of 23 23 23 23 23 23
countries
Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
Panel D. Information and communication technology (ICT) sector
MO | |@]|6G |6 | O] 6 9]0y a |12
Variables DM |(DM1 |DM2 | DM3 | DM4 [ DM5 | DM | DM1 | DM2 | DM3 | DM4 | DM5
ICT goods Sector ICT service Sector
L.DESI 065 | 0.98°* [ 0390 | 1520 | ~0.11 | 0.41%% [ 0.79°* | 0.57°* | 0.04 |0.45°* | 023* | 0347
(0.177) | (0.224) | (0.127) | (0.263) | (0.146) | (0.161) | (0.224) | (0.093) | (0.139) | (0.108) | (0.135) | (0.060)
L.GDP —0.15%4% |<0.18%4% | 0.15%%*[~0.204% |~0.12%**| -0.13***| 0.03*** | 0.01*** | 0.05*** | 0.04*** | 0.05*** | 0.05***
(0.020) | (0.027) | (0.019) | (0.027) | (0.018) | (0.019) | (0.007) | (0.005) | (0.009) | (0.011) | (0.011) | (0.013)
L.FDI 0.01 | 000 | 001 | 002 | 0.00 | -0.00 |0.01**|0.01* | 0.01 |0.01*| 0.01** | 0.00***
(0.008) | (0.006) | (0.008) | (0.012) | (0.008) | (0.006) | (0.004) | (0.002) | (0.004) | (0.002) | (0.003) | (0.001)
L.REER -0.01 | -0.06 | 0.01 | 004 | 001 | 0.05% | -0.02 | -0.02 | 003 | 0.02 | 003 | -0.01
(0.033) | (0.045) | (0.038) | (0.068) | (0.024) | (0.027) | (0.035) | (0.024) | (0.027) | (0.021) | (0.026) | (0.033)
L.SAVE 0.10 |0.10%* | 0.13* | -0.01 |0.25%* [ 0.31%** | -0.19%* | -0.10%* | 0.00 |-0.09**| -0.04 | -0.06
(0.072) | (0.030) | (0.069) | (0.090) | (0.068) | (0.058) | (0.089) | (0.048) | (0.083) | (0.046) | (0.067) | (0.044)
L.INFLA -046 |[-1.02**| 043 | -023 | -0.59 | -0.60 | 0.61* | 0.14 | 030 | 0.56** | 045 | 0.29
(0.396) | (0.473) | (0.402) | (0.308) | (0.490) | (0.414) | (0.336) | (0.232) | (0.349) | (0.239) | (0.339) | (0.238)
L.URBAN 286 | 35300 [ 27100 [ 29300 | 31300 | 3.28%0% [2,09%0%(-1.08%0* [~ 1.67* | ~1.82%*(~1.85%*(~1.89%**
(0.326) | (0.540) | (0.308) | (0.409) | (0.381) | (0.411) | (0.350) | (0.091) | (0.353) | (0.178) | (0.324) | (0.253)
L.INDUS 23.10%|22.00%*% | 20.46*** 28,41 | 19.24*%| 13.83*%%| 39,71 | 36.92*** | 34.14*%* | 37.16*** | 35.33***| 39.77+**
(2.949) | (3.516) | (2.822) | (4.128) | (3.206) | (2.612) | (2.743) | (1.631) | (1.759) | (2.638) | (1.937) | (1.878)
Constant -1.82 | 226 | -238 | -9.59 | -0.42 | -1.55 | -0.18 | 1.46 | -1.86 | -2.15 | -1.98 | -0.67
(3.362) | (3.661) | (3.644) | (6.572) | (2.409) | (2.273) | (2.738) | (2.260) | (2.387) | (2.274) | (2.415) | (2.819)
Observations | 92 92 92 92 92 92 46 46 46 46 46 46
R-squared 0394 | 0455 | 0390 | 0476 | 0377 | 0397 | 0317 | 0321 | 0.299 | 0.303 | 0.304 | 0.316
Number of 23 23 23 23 23 23 23 23 23 23 23 23
countries

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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Panel E. Insurance and financial services sector

vlalolalole|o]|®]o]a|a]aw

Insurance and financial services Sector

Variables
Linear Effect Nonlinear Effect
DM | DM1 | DM2 | DM3 | DM4 | DM5 | DM | DM1 | DM2 | DM3 | DM4 | DM5
L.DESI “2.70%| —0.44 [-0.97*| -0.57 [-1.93**|-1.76"*| 3.60 | 2.64* | 276 | 4.92 | -2.07* | 6.58**
(0.389) | (0.386) | (0.325) | (0.560) | (0.288) | (0.160) | (2.450) | (1.346) | (2.345) | (2.996) | (1.257) | (2.307)
L.DESI? ~0.33*%*| 0.15** | -0.16* | -0.37** | 0.01 |-0.52%**
(0.128) | (0.075) | (0.096) | (0.174) | (0.076) | (0.145)
L.GDP 0.3740 | 0.270% | 0.31%% | 0.270% | 030" | 0.26* | 0.38%* | 0.28%* | 0.32%* | 0.30°%* | 0.30%** | 0.25%+
(0.048) | (0.039) | (0.054) | (0.059) | (0.040) | (0.037) | (0.044) | (0.038) | (0.048) | (0.050) | (0.040) | (0.039)
L.FDI -0.01 | 002 | 000 | 001 | -0.01 | 001 | -0.01 | 002 | -0.00 | 001 | -0.01 | -0.00
(0.026) | (0.021) | (0.027) | (0.026) | (0.024) | (0.015) | (0.025) | (0.020) | (0.026) | (0.024) | (0.024) | (0.014)
L.REER 0.23* | 020 | 016 | 017 | 019 [033**| 010 | 013 | 009 | 011 | 019 |0.27*
(0.124) | (0.124) | (0.122) | (0.121) | (0.115) | (0.108) | (0.125) | (0.114) | (0.118) | (0.109) | (0.114) | (0.080)
L.SAVE —0.55%%%(-0,98% | ~0.81***| -0.96** [ ~0.64** | -0.69*** | ~0.53%*| ~1.01***|~0.83*** | -0.95*%*| ~0.64*** |-0.48***
(0.141) | (0.116) | (0.148) | (0.175) | (0.108) | (0.087) | (0.145) | (0.117) | (0.159) | (0.186) | (0.098) | (0.114)
L.INFLA 167 | 2.14% | 1.75% | 1.85% | 0.89 | 159 | 1.74%¢ | 2.08** | 2.02** | 2.18* | 0.87 | 1.20*
(0.751) | (0.915) | (0.774) | (0.873) | (0.660) | (0.570) | (0.862) | (0.909) | (1.001) | (1.130) | (0.759) | (0.645)
L.URBAN 5.897%% | 4.95%0% | 5,9404% | 52390 | 6170%% | 5,.80%%% | 5.307%% | 4,50%% | 5.654%% | 4.80°% | 6.21*%* | 5.70%+
(0.684) | (0.570) | (0.642) | (0.607) | (0.617) | (0.656) | (0.590) | (0.556) | (0.630) | (0.573) | (0.623) | (0.684)
L.INDUS —43.89%4=33.95*|-32.69%4|~35.50"*|-41.15*|-57.09***|-46.45*~39.66"**|~33.61***|-35.19***|~40.86**|-66.36***
(4.551) | (3.501) | (3.927) | (4.259) | (3.539) | (4.162) | (4.126) | (4.444) | (3.673) | (3.590) | (4.165) | (5.089)
Observations | 114 114 114 114 114 114 114 114 114 114 114 114
R-squared 0.718 | 0.681 | 0.690 | 0.681 | 0.736 | 0.723 | 0.730 | 0.686 | 0.698 | 0.692 | 0.736 | 0.763
Number of 23 23 23 23 23 23 23 23 23 23 23 23
countries

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

Panel F. International tourism

vjlalolw|leoleo|lo|e|o|w]|am]|aw
International Tourisms

Variables Linear Effect Nonlinear Effect
DM | DM1 | DM2 | DM3 | DM4 | DM5 | DM | DM1 | DM2 | DM3 | DM4 | DM5
L.DESI -0.16 |-0.99***| 2.61** | 0.78 —-0.20 [-1.01*%**| 8.72% | —8.49%* | 6.32*** | 6.21*** |10.56*** | -4.79***
(0.259) | (0.181) | (0.462) | (0.538) | (0.335) | (0.236) | (1.771) | (3.346) | (1.594) | (1.741) | (2.017) | (1.750)
L.DESI? -0.49%| 0.41°* | -0.18%* [-0.397*(-0.767*| 0.25**
(0.111) | (0.184) | (0.078) | (0.126) | (0.166) | (0.105)
L.GDP —0.28F4| =021 | 0.4 [ =0.31°0 [ —0.28%* | —0.32*** | -0.23*** [ =0.28** | -0.38°°* | -0.24** | -0.21***| -0.33***
(0.035) | (0.033) | (0.032) | (0.039) | (0.032) | (0.042) | (0.041) | (0.037) | (0.042) | (0.053) | (0.039) | (0.040)
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volololewleole|on|e|o]|aw|a]|a

International Tourisms

Variables Linear Effect Nonlinear Effect

DM |(DM1 |DM2 | DM3 | DM4 | DM5 | DM | DM1 | DM2 | DM3 | DM4 | DM5

L.FDI -0.02 | -0.01 | -0.01 | -0.02 | -0.02 |-0.03*| -0.02 | -0.02 | -0.02 | -0.02 | -0.03 |-0.03*
(0.014) | (0.014) | (0.020) | (0.014) | (0.015) | (0.016) | (0.016) | (0.016) | (0.017) | (0.013) | (0.023) | (0.013)
L.REER 0.7+ | 0174 | 0.39%% | 02504 | 0.19* | 0.32%%% | 0.20%%* | 0.24%* | 0.43%%% | 0.31%%* | 0324 | 0.30***
(0.071) | (0.060) | (0.075) | (0.080) | (0.096) | (0.086) | (0.050) | (0.104) | (0.078) | (0.074) | (0.062) | (0.097)
L.SAVE 005 | 007 |-0.78"*| -0.13 | 0.08 | 0.22* | 0.01 | 026" |-0.74"*| -0.17* | 020 | 0.16
(0.092) | (0.059) | (0.135) | (0.114) | (0.138) | (0.099) | (0.093) | (0.120) | (0.141) | (0.095) | (0.153) | (0.101)
L.INFLA CLEOH| 11290 | Z0.68%% |- 1.4744¢ |2 1.79%0%| —1.96%* | —1.57+%% [~1.25%*| —0.56* |-1.05***| —0.53% |-1.79%**
(0.413) | (0.251) | (0.291) | (0.396) | (0.552) | (0.510) | (0.310) | (0.255) | (0.300) | (0.266) | (0.305) | (0.554)
L.URBAN 009 | -037 | -1.08 | 015 | 010 | 211 | -231 | 1.30 | -2.04 | -2.18 |-420%| 251
(1.569) | (1.410) | (1.655) | (1.653) | (1.530) | (1.661) | (1.646) | (1.380) | (1.645) | (1.959) | (1.653) | (1.818)
L.INDUS -107.76***-100.10***|-102.84***|-103.26***|-109.82***-119.40***-116.56***| =92.47*** |-106.10***|-105.59***|-129.29***|-115.44***

(5.939) | (5.832) | (9.194) | (6.406) | (8.398) | (6.660) | (5.637) | (7.563) | (7.965) | (5.602) | (9.799) | (6.756)

Observations 70 70 70 70 70 70 70 70 70 70 70 70
R—squared 0.543 0.553 0.599 0.546 0.544 0.566 0.563 0.578 0.606 0.556 0.661 0.578
Number of 18 18 18 18 18 18 18 18 18 18 18 18
countries

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

Table A3. Transmission channels

Panel A. Cost to export: Documentary compliance

vloleolew|lele|e|o|a]a]a
Linear Effects Nonlinear Effects
Variables | pyp | DM1 | DM2 | DM3 | DM4 | DM5 | DM1 | DM2 | DM3 | DM4 | DM5
Export Cost: Documentary compliance

L.DESI =0.79% | L79%* | LOI** | 0.65** | -3.43%%* | -0.83%** | —6.15** |-19.34%**| =9.14*** |-11.12***| 14.55**
(0.410) | (0515) | (0.261) | (0.323) | (0.444) | (0.150) | (2.744) | (2.605) | (1.676) | (1.230) | (5.850)

L.DESI? 0.4240% | 0.92%%*% | 0.697** | 0.54*** | -1.01***
(0.156) | (0.121) | (0.109) | (0.083) | (0.364)

L.GDP —0.267%% | —0.43*%** | —0.38*** | -0.33*** | —0.18** | —0.24*** | —0.47*** | -0.57*** | —0.41*** | -0.11 -0.15%*
(0.069) | (0.095) | (0.057) | (0.069) | (0.088) | (0.075) | (0.105) | (0.075) | (0.077) | (0.088) | (0.062)
L.FDI -3.59** | -0.61 -0.99 =2.14 | =6.71%%* | -4.91***|  0.62 6.08%** 0.12 —6.83*** |-10.35%**
(1.579) | (2.046) | (1.164) | (1.496) | (1.592) | (1.470) | (2.288) | (1.869) | (1.762) | (1.505) | (0.885)

L.REER —4 3T 22,820 | =3.2200% | 3610 | —5.29%4F | —4.50%%F | —1.94%* | —1.18%* | —2.87*** | —4.68*** | -7.15%**
(0.432) | (0563) | (0.250) | (0.314) | (0.346) | (0.248) | (0.766) | (0.488) | (0.382) | (0.366) | (0.692)

L.INFLA —25.15%%%1-43.70*%*|-41.50%**|-31.69***| -15.97 |-28.27***|-36.38***|-70.67***|-42.40***| -13.32 -6.75
(7.909) | (7.459) | (8.755) | (8.194) | (10.415) | (8.000) | (6.221) | (6.382) | (7.420) | (9.547) | (9.645)




1074

N. T. H. Nham et al. Nonlinear effects of digitalization on export activities: an empirical ...

IR

® | © [ |an]w

Linear Effects

Nonlinear Effects

Variables | pyy | DM1 | DM2 | DM3 | DM4 | DM5 | DM1 | DM2 | DM3 | DM4 | DM5
Export Cost: Documentary compliance
L. URBAN —13.280%4|-12.64°%| —9.91°0%% |11.48%*|=19.170%=12.27%°|=13.89°%*~10.17%*|-11.99*%*|~16.78***|~13.01**
(3.430) | (3.415) | (3.213) | (3.129) | (5.016) | (3.161) | (3.697) | (3.181) | (3.284) | (4.866) | (3.102)
L. INDUS S2310 [ L2.76%%% | 22,3854 | Z2.36*%% | S2.54%% | 2. 08%%% | L2687 | —2.36*%* | ~2.45%% | —2.66*** | ~2.25%**
(0.319) | (0.381) | (0.295) | (0.309) | (0.382) | (0.303) | (0.336) | (0.339) | (0.336) | (0.380) | (0.341)
Observations 88 88 88 88 88 88 88 88 88 88 88
R-squared 0.285 | 0.300 | 0288 | 0285 | 0368 | 0.288 | 0.308 | 0382 | 0.300 | 0390 | 0.343
Number of 22 22 22 22 22 22 22 22 22 22 22
countries

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

Panel B. Cost to export: Border Compliance

wlao|lolw|lole|lo|le]ow]a]a
Linear Effect Nonlinear Effect
Variables
DM |DM1 | DM2 | DM3 | DM4|DM5 DM |DM1 | DM2 | DM3 | DM4|DM5
Export Cost: Border Compliance
L.DESI —13.90%**| —7.90** | 13.03*** | 8.42*%** |-15.41***|-23.58***| 28.05* |-72.78*** -3.08 |[41.98%**| 22.33* | 50.86**
(3.076) | (3.642) | (2.633) | (2.315) | (1.926) | (1.362) |(16.345) | (27.437) | (4.833) | (9.939) |(11.408) | (22.371)
LDESI2 =231 | 3470 | 0734 | 22,360 | —2.66*** | —4.874%*
(0.901) | (1.473) | (0.245) | (0.671) | (0.929) | (1.428)
L.GDP -0.31 -0.63 | -2.15%"** | -1.51***| -0.59 0.77 -0.23 —0.99% | =2.30%%* | =1.24%** | -0.91 1.18%%*
(0.342) | (0.473) | (0.243) | (0.341) | (0.485) | (0.507) | (0.335) | (0.558) | (0.245) | (0.333) | (0.576) | (0.456)
L.FDI -26.947%*| —15.82* | 11.90*** | -3.00 |-26.45%**|-75.94%**|-3]1,59*** 581 17.50%%*% | =10.75** |-25.84**|-102.27**¥|
(5.975) | (8.106) | (3.797) | (5.341) | (6.872) | (8.025) | (5.345) | (10.339) | (4.725) | (5.141) | (7.399) | (8.795)
L.REER 1.01 4.24 17.18%%* | 12.10%** 2.42 -9.35%%* | -0.99 11.43%* | 18.79%%* | 9.59** -0.56 |-22.16***|
(2.769) | (3.016) | (2.599) | (1.769) | (1.567) | (1.873) | (2.779) | (4.605) | (3.011) | (1.887) | (2.472) | (4.001)
LINFLA I-558.11***-584,98***|-792.74***-665.94***-581.71***-594.08***|-531.65***|-525.12***|-815.83***|-629.25%**-594.70***|-489.90***|
(23.786) | (34.625) | (14.495) | (27.271) | (39.709) | (25.596) | (26.334) | (39.700) | (12.885) | (30.572) | (47.269) | (33.522)
L. URBAN —51.77%*% | -34.51**| -3.90 -24.25 | -66.26**| -33.03 |-52.42**|-44.72**| -4.11 -22.49 |-77.98**| -36.58*
(23.249) | (17.220) | (22.039) | (20.415) | (26.948) | (22.773) | (23.161) | (20.474) | (22.310) | (19.666) | (30.731) | (20.907)
L. INDUS —9.08%% | —8.21%%* |=10.13%*%%| —=9.86%** [=10.74**| =7.51*%% | =9, 774 | _7.60%** [=10.11***| =9.54*** |-10.15%**| —7.39%**
(1.210) | (1.631) | (0.909) | (1.100) | (1.599) | (1.104) | (1.395) | (1.586) | (0.954) | (1.007) | (1.477) | (1.190)
Observations 88 88 88 88 88 88 88 88 88 88 88 88
R-squared 0.250 0.246 0.258 0.243 0.282 0.322 0.255 0.260 0.259 0.247 0.296 0.356
Number of 22 22 22 22 22 22 22 22 22 22 22 22
countries

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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Panel C. Time to export: Documentary compliance
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IR

| ® o w]a]|a

Linear Effect

Nonlinear Effect

Variables
DM |DM1 | DM2 | DM3 | DM4 | DM5 | DM |DM1 DM2 | DM3 | DM4|DM5
Export time: Documentary compliance
L.DESI 0.08 | 0.02 | 0.19%* | 0.22°% [-0.06**[-0.06**| 0.03 | 0.08 [-0.51***| 0.00 | -0.04 | 0.67*
(0.015) | (0.025) | (0.014) | (0.012) | (0.009) | (0.006) | (0.061) | (0.078) | (0.105) | (0.057) | (0.034) | (0.229)
L.DESI? 0.00 | -0.00 |0.03**|0.01** | -0.00 |-0.05"**
(0.003) | (0.005) | (0.006) | (0.004) | (0.003) | (0.014)
L.GDP ~0.02%%[-0.024%[~0.03***[ =0.024* [ ~0.01*** [-0.01***[ 0.02%* [ ~0.02+**| ~0.04*** [ ~0.03*** | -0.01***| ~0.01**
(0.003) | (0.004) | (0.002) | (0.002) | (0.003) | (0.003) | (0.003) | (0.004) | (0.003) | (0.002) | (0.003) | (0.003)
L.FDI 20134 [-0.224 0.04  [-0.13%0%(-0.320%[-0.41%%| —0.12%* [-0.23°+*| 0.28*%* | ~0.08* |-0.32%**-0.67***
(0.054) | (0.065) | (0.047) | (0.042) | (0.040) | (0.051) | (0.051) | (0.075) | (0.076) | (0.048) | (0.040) | (0.068)
L.REER 20.02 | -0.05% [ 0.05 | 0.02 [-0.09%*[-0.11%*| —0.02 | —0.06* | 0.12°* | 0.03** [-0.09***|—-0.24***
(0.020) | (0.025) | (0.013) | (0.012) | (0.014) | (0.015) | (0.019) | (0.031) | (0.028) | (0.015) | (0.016) | (0.037)
L.INFLA —8.98%* [ ~8.65*+* [~10.61* —9.00%** | ~8.22%* | 8,342 [ —9.01*++ | 8.69%** [-11.62++] ~9.23++ | 8. 23%%¢ [ _7.31+++
(0.268) | (0.272) | (0.419) | (0.349) | (0.360) | (0.321) | (0.275) | (0.241) | (0.503) | (0.309) | (0.374) | (0.317)
L. URBAN -0.17 | -027*| 020 | 003 [-038%*|-026"] -0.17 [-026*] 019 | 0.02 |-0.39%*[-0.29+*
(0.114) | (0.119) | (0.123) | (0.101) | (0.146) | (0.123) | (0.115) | (0.125) | (0.140) | (0.106) | (0.155) | (0.112)
L. INDUS 0.06*** | 0.06°* | 0.07+* | 0,07 | 0.07* | 0.08*** [ 0.07* | 0.06* | 0.07* | 0.07+* | 0.07** | 0.08***
(0.010) | (0.015) | (0.011) | (0.010) | (0.010) | (0.011) | (0.011) | (0.014) | (0.011) | (0.010) | (0.010) | (0.009)
Observations | 88 88 88 88 88 88 88 88 88 88 88 88
R-squared 0244 | 0236 | 0322 | 0306 | 0.247 | 0245 | 0244 | 0.236 | 0.381 | 0309 | 0247 | 0312
Number of 22 22 22 22 22 22 22 22 22 22 22 22
countries

Note: Standard errors in parentheses; *** p < 0.01,

Panel D. Time to export: Border compliance

*p<0.05*p<0.1.

vlalolalole|o|l®]|o|w]a]|a
Linear Effect Nonlinear Effect
Variables | pyp |DM1 | DM2 | DM3 | DM4 | DMs | DM |DM1 | DM2 | DM3 | DM4 | DMS5
Export time: Border compliance

L.DESI -1.04"**| 0.34 0.90*** | 0.86%** [-1.95%**|-1.83***| 6.69%** | —6.47** | 2.53%** | 6.85*** 1.11 5.03**
(0.250) | (0.395) | (0.184) | (0.184) | (0.172) | (0.154) | (2.154) | (2.912) | (0.400) | (1.118) | (1.073) | (2.078)

L.DESI? —0.437%] 0.36** [=0.07*[=0.424%*| —0.22** |-0.45%**
(0.120) | (0.157) | (0.020) | (0.080) | (0.085) | (0.135)

L.GDP —-0.05% |-0.14%*|-0.18%¥**| -0.15***| -0.04 0.04 -0.04 |[-0.18%**|-0.17***|-0.10***| -0.07 | 0.07***
(0.028) | (0.043) | (0.020) | (0.021) | (0.037) | (0.028) [ (0.027) | (0.051) | (0.019) | (0.020) | (0.046) | (0.026)

L.FDI -2.59%*| -0.77 0.21 —0.67 |=3.53%%*|-6.44***|-3.44*| (.28 —0.36 [-2.05%%*|-3.48%**| -8.86***
(0.662) | (0.837) | (0.469) | (0.454) | (0.616) | (0.496) | (0.582) | (1.052) | (0.494) | (0.451) | (0.670) | (0.731)

L.REER -0.08 0.70%*% | 1.08*** | 0.84*** | —0.31** |=0.90**| —0.45* | 1.46*** | 0.92%** | 0.39** | —0.55** |-2.09***
(0.238) | (0.316) | (0.181) | (0.134) | (0.140) | (0.154) | (0.240) | (0.505) | (0.197) | (0.164) | (0.233) | (0.374)
L.INFLA —44.06*%|-53.18%**|-60.75***|-52.7 1***|-42.56***|-46.63***|-39.19%**|-46.90***|-58.4 1 ***|-46.16***|-43.6 1 ***|-37.03***
(1.980) | (3.133) | (1.242) | (1.811) | (4.476) | (1.659) | (2.363) | (3.660) | (1.138) | (2.213) | (5.126) | (2.810)

L. URBAN =5.20%% 4,04 -1.80 | —2.83*%* |=7.86***|=3.790*|-532¥*| 5 11***| 178 | -2.51** |-8.82*%*| -4, 11***
(1.398) | (1.171) | (1.163) | (1.135) | (2.053) | (1.337) | (1.456) | (1.487) | (1.146) | (1.043) | (2.440) | (1.230)
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vlaololw|lole|o|l®]o|w]|a]a

Linear Effect Nonlinear Effect

Variables | par | pu1 | DM2 | DM3 | DM4 | DM5 | DM | DM1 | DM2 | DM3 | DM4 | DM

Export time: Border compliance

L. INDUS —0.484**-0.62***|-0.56"** [-0.54*** | -0.65%** [ -0.36*** | -0.61* | -0.56*** | -0.56*** | -0.48***| -0.60*** | -0.34***
(0.109) | (0.167) | (0.084) | (0.091) | (0.140) | (0.090) | (0.135) | (0.165) | (0.082) | (0.082) | (0.134) | (0.092)

Observations 88 88 88 88 88 88 88 88 88 88 88 88
R-squared 0.151 0.145 0.154 | 0.149 0.229 0.203 0.173 0.163 0.156 0.168 0.240 0.238
Number of 22 22 22 22 22 22 22 22 22 22 22 22
countries

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

Panel E. Logistics performance index:

@M@ G| @ 6 [© @6 ©]a)d)|a
DM |DMI1 | DM2 | DM3 | DM4 | DM5 | DM | DM1 | DM2 | DM3 | DM4 | DM5

Variables Competence and quality of logistics Quality of trade and transport-related
services infrastructure

L.DESI 0.09°* | 0.03** | 0.06%* | 0.08** | 0.06%** | 0.04°* | 0.08%** | 0.03%** | 0.07* | 0.09%** | 0.04°* | 0.02
(0.015) | (0.014) | (0.019) | (0.024) | (0.007) | (0.008) | (0.015) | (0.005) | (0.010) | (0.016) | (0.011) | (0.018)

L.GDP 0.02%%% | 0.02%%% | 0.02%%% | 0.024%% | 0.02%%% | 0.02%%* | 0.02%%* | 0.03%* | 0.02°* | 0.02* | 0.03*** | 0.03***
(0.002) | (0.001) | (0.002) | (0.001) | (0.003) | (0.003) | (0.002) | (0.001) | (0.002) | (0.002) | (0.002) | (0.002)

L.FDI 0.00 | 000 | 000 | 000 | 000 | 000 | 000 | -0.00 [ 0.00 | 000 | -0.00 | -0.00
(0.001) | (0.001) | (0.002) | (0.002) | (0.001) | (0.001) | (0.002) | (0.001) | (0.002) | (0.002) | (0.002) | (0.001)

L.REER 0.00 | -0.00 | 0.00 | 000 | 000 | -0.00 | -0.01* [-0.01***| -0.00 | -0.00 |-0.00%*|-0.01%**
(0.005) | (0.004) | (0.006) | (0.006) | (0.004) | (0.004) | (0.003) | (0.002) | (0.005) | (0.004) | (0.002) | (0.002)

L.SAVE —0.047°% | ~0.04%%% [ ~0.03% | ~0.04%** | ~0.03*** | -0.03** | ~0.04+ [ -0.04* | ~0.04*** | -0.04***| ~0.04***| -0.04***
(0.008) | (0.007) | (0.008) | (0.009) | (0.008) | (0.007) | (0.007) | (0.007) | (0.008) | (0.009) | (0.006) | (0.006)

L.INFLA -0.03 | -0.04 | -0.03 | -0.02 | -0.01 | -0.03 | -0.03 | -0.04 | -0.02 | -0.02 | -0.01 | -0.02

(0.029) | (0.029) | (0.031) | (0.037) | (0.029) | (0.026) | (0.029) | (0.029) | (0.030) | (0.038) | (0.029) | (0.028)

L.URBAN 0.15** | 0.22*** | 0.12 0.19** 0.12 0.15%* | 0.14%%* | 0.21*** | 0.09*** | 0.17*** | 0.12*** | 0.15***

(0.072) | (0.055) | (0.089) | (0.078) | (0.080) | (0.071) | (0.039) | (0.046) | (0.033) | (0.048) | (0.037) | (0.032)

LINDUS 55440 | 5OIR | 520wk | 5 g5wek | 5 3gwer | 5 gneer | 4 63066 | 4 R | 4210 | 4,920 | 45800 | 4,99k
(0.554) | (0.482) | (0.637) | (0.594) | (0.559) | (0.473) | (0.386) | (0.405) | (0.368) | (0.502) | (0.360) | (0.406)
Constant L7704 | 23740 | 1734 | 1.66** | 167 | 2.01%* | 2.58%%* | 3.14%%% | 2.37+%% | 2.38%%* | 2.64*** | 2.90***

(0.630) | (0.432) | (0.760) | (0.679) | (0.500) | (0.435) | (0.278) | (0.213) | (0.456) | (0.324) | (0.148) | (0.132)

Observations | 46 46 46 46 46 46 46 46 46 46 46 46
R-squared 0.795 | 0.758 | 0.790 | 0.786 | 0.792 | 0.775 | 0.763 | 0.737 | 0.781 | 0.766 | 0.748 | 0.739
Number of 23 23 23 23 23 23 23 23 23 23 23 23
countries

Country FE YES YES YES YES YES YES YES YES YES YES YES YES

Year FE YES YES YES YES YES YES YES YES YES YES YES YES

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table A4. Digitalization and export diversification: A robustness check by adding more explanatory

variables
M| @ |6 @ |G |6 @6 | ©|00)]ay |12
Variables DM | DM1 | DM2 | DM3 | DM4 | DM5 | DM | DM1 | DM2 | DM3 | DM4 | DM5
Export Diversification
L.DESI —0.9474%|~1,14*%%|-0.60***|-0.87+*| -0.05 |-0.44**%|-0.43*%*| ~0.40** | -0.07 | -0.25 |-0.15%*%|-0.36***
(0.239) | (0.382) | (0.209) | (0.283) | (0.072) | (0.138) | (0.156) | (0.178) | (0.150) | (0.168) | (0.055) | (0.087)
L.DESI? 0.04°% | 0.06** | 0.02** | 0.05° | 0.00 |0.02* | 0.02** | 0.02* | 0.00 | 001 | 0.01** | 0.01*
(0.013) | (0.020) | (0.009) | (0.018) | (0.004) | (0.008) | (0.009) | (0.008) | (0.007) | (0.011) | (0.004) | (0.006)
L.GDP —0.02%%|-0.03*%%|-0.02***|-0.02***|-0.03***|-0.03***|  0.00 | 0.00 | 0.00 | -0.00 | -0.00 | 0.00
(0.003) | (0.003) | (0.004) | (0.004) | (0.003) | (0.002) | (0.004) | (0.006) | (0.006) | (0.005) | (0.005) | (0.004)
L.FDI -0.00* [ -0.00** | —0.00* | -0.00** | -0.00* | -0.00* | -0.00** | -0.00** | ~0.00** | ~0.00** | -0.00** | -0.00**
(0.001) | (0.001) | (0.001) | (0.002) | (0.001) | (0.001) | (0.001) | (0.001) | (0.001) | (0.001) | (0.001) | (0.001)
L.REER -0.01* | -0.01 |-0.03**%|-0.03***|-0.03*%*-0.02***| -0.00 | 0.00 | -0.01 | -0.01 | -0.00 | 0.01
(0.009) | (0.008) | (0.009) | (0.008) | (0.006) | (0.006) | (0.007) | (0.008) | (0.006) | (0.006) | (0.006) | (0.008)
L.SAVE 0.09%°* | 0.09%%* | 009 | 0.10°%* | 0.08*%* | 0.08*%* | 0.04%* | 004 | 0.04°%% | 0.04°%% | 0.03*%* | 0.03***
(0.009) | (0.004) | (0.013) | (0.014) | (0.008) | (0.007) | (0.007) | (0.009) | (0.010) | (0.009) | (0.007) | (0.005)
LINFLA -0.09 | -0.05 | -0.13 | —0.17* [-0.12**| —0.10* | 0.04 | 0.10 | 0.06 | 0.04 | 0.06 | 0.09%*
(0.063) | (0.040) | (0.080) | (0.093) | (0.058) | (0.058) | (0.057) | (0.066) | (0.080) | (0.068) | (0.050) | (0.042)
L.URBAN -0.11% | -0.08 | -0.12 |-0.20%* | -0.18** | -0.11* | -0.12 |-0.22***| -0.15* | -0.14* | -0.12 | -0.09
(0.068) | (0.053) | (0.093) | (0.098) | (0.071) | (0.061) | (0.077) | (0.077) | (0.086) | (0.083) | (0.083) | (0.071)
LINDUS 110,250 ~8.60+* | 9,44 | 10.99-10.8 |- 11,21 —5.92%%¢ | =548 | _5.75%%%| 6,46+ | -5.67+%*| -5.63*
(0.178) | (0.784) | (0.280) | (0.290) | (0.274) | (0.158) | (0.440) | (0.773) | (0.660) | (0.639) | (0.661) | (0.553)
L.EC_Document | -0.00 | -0.00 | -0.00 | 0.00 | 0.00 |0.01%**
(0.001) | (0.001) | (0.002) | (0.002) | (0.002) | (0.002)
L.EC_Border 0.00%%* | 0.00*** | 0.00*** | 0.00*** | 0.00%** | 0.00***
(0.000) | (0.000) | (0.000) | (0.000) | (0.000) | (0.000)
L.Democracy 0.67+* | 0.70%% | 0.73*% | 0.79%%* | 0.87*%* | 0.77+**
(0.103) | (0.100) | (0.110) | (0.111) | (0.148) | (0.108)
L.Corr_CPI ~0.05%*%|-0.06™**|-0.06***|-0.06***|~0.06***|-0.07***
(0.013) | (0.010) | (0.017) | (0.014) | (0.012) | (0.015)
Observations 91 91 91 91 91 91 109 109 109 109 109 109
R-squared 0.663 | 0.676 | 0.675 | 0.673 | 0.610 | 0.634 | 0.597 | 0.604 | 0.580 | 0.580 | 0.581 | 0.632
Number of 23 23 23 23 23 23 22 22 22 22 22 22
countries

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table A5. Digitalization and export diversification: A robustness check by using alternative econometric
techniques

Panel A. The feasible generalized least square estimates

(1) (2) (3) 4) (5) (6)
Variables DM DM1 DM2 DM3 DM4 DM5
EX_Diver
L.DESI —0.76%% | —0.867¢ | —0.43%* | —0.62%¢ | —0.12* | -0.36%*
(0.207) (0.311) (0.161) (0.231) (0.069) (0.085)
L.DESI? 0.03%** 0.04** 0.01* 0.03** 0.00 0.02%**
(0.011) (0.015) (0.007) (0.015) (0.004) (0.005)
L.GDP —-0.02%** —-0.03*** —-0.02%** —-0.03*%** —-0.03%** —-0.03***
(0.004) (0.003) (0.004) (0.003) (0.003) (0.002)
L.FDI -0.00*** -0.00*** -0.00*** -0.00%** -0.00*** -0.00**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
L.REER —-0.02*** -0.01** —-0.03*%** —-0.03%** —-0.03*** -0.02%**
(0.007) (0.007) (0.007) (0.006) (0.005) (0.004)
L.SAVE 0.07*** 0.08*** 0.08*** 0.08*** 0.07*** 0.07***
(0.008) (0.005) (0.011) (0.011) (0.007) (0.006)
L.INFLA -0.09* -0.03 -0.11* -0.13* -0.11** -0.07*
(0.051) (0.040) (0.067) (0.070) (0.047) (0.040)
L.URBAN 0.08 -0.01 0.08 -0.02 0.01 0.02
(0.078) (0.070) (0.076) (0.072) (0.076) (0.062)
LINDUS -10.74%* | -10.08*** | -10.34*%* | -11.80*** | —11.13*%** | —12.03***
(0.564) (0.754) (0.692) (0.497) (0.452) (0.316)
Observations 115 115 115 115 115 115
R-squared 0.599 0.599 0.589 0.579 0.551 0.574
Number of countries 23 23 23 23 23 23

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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Panel B. Two-step system GMM
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oy 2 3) (4) ©) (6)
Variables DM DM1 DM2 DM3 DM4 DM5
EX_Diver
L.EX_Diver 0.98*** 1.030¢* 0.97* 1.04%* 1.02%%* 1.050*
(0.043) (0.066) (0.087) (0.111) (0.134) (0.066)
DESI -0.11* -0.07** -0.04** -0.09** -0.16** -0.17**
(0.093) (0.060) (0.040) (0.067) (0.064) (0.081)
DESI? 0.00** 0.00** 0.00** 0.00* 0.01* 0.01*
(0.005) (0.003) (0.006) (0.012) (0.010) (0.005)
GDP 0.01** 0.00* 0.01* 0.01 0.01 0.01**
(0.002) (0.003) (0.003) (0.004) (0.006) (0.003)
FDI -0.00 -0.00 -0.00 -0.00 -0.00 -0.00
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
REER -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
(0.009) (0.008) (0.009) (0.009) (0.011) (0.010)
SAVE -0.01* -0.00 -0.00 -0.01 -0.02 -0.01**
(0.004) (0.005) (0.006) (0.008) (0.013) (0.007)
INFLA -0.01 -0.02 -0.01 -0.02 -0.02 -0.00
(0.031) (0.032) (0.025) (0.035) (0.036) (0.026)
INDUS 1.60** 2.04** 1.49 1.92 1.86 2.13%*
(0.773) (0.791) (0.989) (1.400) (1.944) (0.908)
Observations 115 115 115 115 115 115
Number of countries 23 23 23 23 23 23
AR (1): p-value 0.056* 0.051* 0.059* 0.051* 0.049* 0.063*
AR (2): p-value 0.455 0.635 0.386 0.763 0.458 0.638
Hansen test: p-value 0.550 0.181 0.460 0.291 0.850 0.181
Diff-Hansen test: 0.728 0.462 0.728 0.661 0.129 0.360
p-value

Note: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.



