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Abstract. As countries propose to develop their green economy strategies to achieve sustainable 
development goals, many researchers and practitioners have analyzed the various factors affect-
ing this special economy and how export diversification impacts the environment. However, 
there is limited knowledge about the link between export diversification and the green economy. 
Thus, this research study explored the impact of such diversification on the green economy by 
considering the role of economic risk. A new dynamic panel threshold approach was applied to 
the global panel data of 112 countries from 1995 to 2014. The results support the U-shaped cor-
relation between export diversification and the green economy with an increase in economic risk. 
Export diversification tends to weaken the green economy when economic risk is at lower levels, 
but it improves the economy after reaching a certain level of economic risk. We also found that 
the green economy has a persistent effect over time. Under all economic risk levels, the previous 
level of green economy development promotes current green economy development. These find-
ings thus provide policymakers with crucial implications.
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Introduction 

With the ecological crisis typified by global warming being more prominent over the past few 
decades, establishing a sustainable economy has become an issue of greater urgency than ever 
before (Hussain & Lee, 2022; Zou et al., 2022; Wen et al., 2023; Liu & Mishra, 2022; Lee et al., 
2022c, 2023b). To achieve the United Nations’ sustainable development goals, numerous na-
tions have initiated the process of developing their green economies. Pearce et al. (1989) first 
put forward the concept of a green economy, stating that it is an economic form centered 
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on the material basis of a green technology system and a value basis for improvement in 
environmental-related issues. The United Nations Environment Programme [UNEP] (2011) 
also defined a green economy as one that conserves resources and protects the environment. 
Both “green” and “economy” must be considered to realize this kind of development model. 
Since a green economy involves the effective use of low-carbon resources and can achieve 
a sustainable economic structure, its influencing factors have gained broad interest among 
policymakers and scholars.

The literature has explored the issue of green economy from many aspects. One line of 
research strand puts their efforts into constructing a suitable indicator for evaluating the de-
velopment of a green economy (OECD, 2011; The United Nations Department of Economic 
and Social Affairs [UNDESA], 2012; He et al., 2019; Mealy & Teytelboym, 2022; Imanov, 
2021; Lee & Lee, 2022; Lee et al., 2023a). For example, Can et al. (2021a, 2021b) developed 
a new green openness index by measuring trade in green technology products. They found 
that the green openness index can decrease the ecological footprint and stimulate environ-
mental sustainability. Another branch of research investigates the key factors affecting the 
green economy. Scholars have investigated many factors that influence a green economy, 
including economic openness, fiscal spending, manufacturing industry, renewable energy, 
and technology innovation (Lorek & Spangenberg, 2014; He et al., 2019; Song et al., 2019; 
Yuan et al., 2020). To date, these works have aimed to solve the problem of how the green 
economy can be further developed.

With the progress of globalization, some academics have recognized the effect of export 
diversification (ED) on both the economy and the environment (Imbs & Wacziarg, 2003; Can 
& Gozgor, 2018; Fang et al., 2019; Wang et al., 2020; Lee & Ho, 2022; Lee et al., 2022a). ED 
is defined as a change in an economy’s export and production structure (International Mon-
etary Fund [IMF], 2014a, 2014b) that may occur through products/trading partners and is 
classified into extensive/intensive margins of diversification. The former denotes an increase 
in products/trading partners, whereas the latter refers to the share of more active products/
trading partners. In other words, these two indicators measure the diversification of exports 
across sectors and within a sector, respectively (Can & Gozgor, 2018). Such differentiation 
allows policymakers to formulate more informed green economy decisions – to focus more 
on diversification across sectors or more on diversification within a sector. Therefore, ED 
measures a country’s export product structure and its level of openness. Imbs and Wacziarg 
(2003) found an inverted U-shaped association between ED and economic growth as income 
level rises. Can and Gozgor (2018) found that the upgrade of export baskets is facilitated by 
the diversification of exports for countries with high-value product exports. Based on the 
Environmental Kuznets Curve (EKC) theory, Shahzad et al. (2020) studied the heterogeneous 
and non-linear influence of ED on carbon emissions.

Although the previously mentioned views have shown that ED exudes an impact on the 
economy and the environment, they also hint at the importance of economic risk to the 
nexus. If a country’s economic risk is low, then based on the risk aversion theory, it will be 
easier to implement ED policies (de Piñeres & Ferrantino, 1997). Moreover, economic risks 
are a critical influencing factor for a country’s economic growth and environment (Lee & Lee, 
2018; Lee et al., 2020a; Guo et al., 2022). The establishment of a green economy necessitates 
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a thorough examination of both the broader economy and the environment. Given that it is 
generally agreed that ED has a non-linear influence on a country’s economy and environ-
ment, the role of economic risk cannot be overlooked. Therefore, exploring the influence of 
various degrees of economic risk on the link between ED and the green economy has great 
practical significance for policymakers.

This research thus assesses the non-linear influence of ED on a green economy by utiliz-
ing the dynamic panel threshold (DPT) model introduced by Seo and Shin (2016) and Seo 
et al. (2019). One salient feature of this technique is the use of GMM estimates to cope with 
the possibility of endogeneity. Another advantage is the allowance of endogenous threshold 
variables, which makes them different from a traditional threshold model. Moreover, the 
introduction of the lagged dependent variable allowed us to reveal the persistent effect of a 
green economy.

The current research makes several potential contributions to earlier works. First, we en-
rich the literature by examining the connection between ED and the green economy for 112 
countries from 1995 to 2014. Second, we implement the recently developed DPT technique 
to further consider the threshold effect of economic risk in the above linkage, with the con-
sideration of the endogenous problem in the estimation procedure. Fourth, we employ new 
green economy complexity indicators and green economy development potential to more 
comprehensively assess green economy development.

Using economic risk as a threshold variable, our empirical results conclude that ED con-
tributes to the green economy when the economic risk of a country is higher than the thresh-
old value; otherwise, ED hinders the green economy. We find that the level of the previous 
green economy can help promote the development of the current green economy, regardless 
of the degree of economic risk. By using various indicators for green economy development 
and ED and by using different indicators of economic risk as threshold variables, these find-
ings prove that the threshold effect is robust.

The other sections of this research are arranged as follows. Section 1 provides a summary 
of the most relevant issues in the literature regarding ED and the green economy. Section 2 
illustrates the data and the empirical strategy used in this paper. Section 3 discusses the em-
pirical findings. The last Section provides concluding remarks and policy recommendations.

1. Related literature

1.1. Green economy

Since Pearce et al. (1989) first put forward the notion of a green economy, extensive efforts 
have been made to explore its determinants. Some scholars and institutions have conducted 
research on how the green economy can be measured, but there is still no unified standard. 
The United Nations Department of Economic and Social Affairs (UNDESA, 2012), for ex-
ample, recommends using certain stock market indices of green performance to measure 
green economy development. The Organization for Economic Cooperation and Develop-
ment (OECD, 2011) assesses a green economy by constructing a composite index based on 
indicators describing the productivity of environmental resources, the natural asset base, the 
standard of living, policy responses, and economic opportunities. 
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He et al. (2019) stated that the green economy should include economic development, 
environmental performance, and the status of energy use; they established a green economy 
index for China based on those factors. Imanov (2021) believed that the green economy has 
different development models for different regions, which mainly depend on the economic 
characteristics of the region. The author proposed the National Green Economy Index based 
on 11 levels (environmental quality, GDP, green agriculture, green tourism, energy intensity) 
to measure Azerbaijan’s green development level. Li et al. (2020) and Feng et al. (2022) used 
a data envelopment analysis model to evaluate green development. In summary, based on the 
theoretical perspective of green development policies, most scholars and institutions measure 
a country’s green economic progress based on the economic, environmental, policy, and 
resource levels using the economy as a whole. Moreover, there is a significant gap between 
green economy theory and policy and actual implementation (Rodrik, 2014). Based on these 
indicators, it is not always possible to distinguish which ones are impacted by the production 
of real green products, nor is it possible to truly produce green products in a country and 
determine if a country can improve its competitiveness in developing its green economy by 
adjusting the industrial structure of green products. To address the shortcomings of the exist-
ing indicators, Mealy and Teytelboym (2022) followed strategies from economic complexity 
research to construct the green complexity index (GCI) and green complexity potential (GCP).

Although the measure of green economy development remains an open question, another 
strand of the literature has explored the factors that determine the green economy. Tradi-
tional economic theory posits that the determinants of economic growth are investment, 
human capital, and technological progress. Since the green economy requires environmental 
and resource issues to be considered in the process of growth, originating from the Ramsey 
model (Ramsey, 1928), some scholars have expanded their research framework by further 
incorporating natural resources and social capital (Dinda, 2014). In this regard, fiscal spend-
ing and industrial structure (Lin & Zhu, 2019; Yuan et al., 2020), energy technological inno-
vation (Grover, 2013), and economic openness (Lee et al., 2023c; Song et al., 2019; Talberth 
& Bohara, 2006) have also been added to the model of factors influencing the development 
of the green economy. 

Some researchers have also found that certain elements have non-linear and heteroge-
neous effects on the green economy. For example, He et al. (2019) used the threshold model 
to analyze the link between renewable energy investment and the green economy. Yuan 
et al. (2020) assessed the influence of manufacturing agglomeration on green economic ef-
ficiency in China and found a positive U-shaped relationship. Lee et al. (2020b) explored the 
heterogeneity and influence mechanism of China’s green total factor productivity in various 
industries and regions by constructing a finite mixture model based on the Solow decomposi-
tion framework. Yan et al. (2020) applied the data envelopment analysis technique to evaluate 
China’s green productivity and concluded that income levels shape the effect of new energy 
technology innovation on the country’s green productivity growth. 

As mentioned above, some scholars believe that economic openness is a vital factor af-
fecting green economy development. For example, Talberth and Bohara (2006) validated the 
influence of such openness and found that it enhances green economic development. Song 
et al. (2019) found that the influence of openness varies in various regions of China. How-
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ever, most scholars have used the proportion of trade in GDP to proxy a country’s openness. 
According to Adam Smith’s productivity theory and new growth theory, economic openness 
may result in export specialization or diversification. In the current study, we aimed to fur-
ther understand the influence of ED on the development of a green economy.

1.2. Export diversification and economic development

The importance of production specialization and trade is emphasized in Adam Smith’s pro-
ductivity theory. However, structuralist theories have questioned this specialized theoretical 
proposition because in the 1950s and 1960s, the terms of trade in developing countries that 
exported long-term commodities deteriorated. This shows that it is necessary to transform 
the export mix from primary products to diversified manufactured products to maintain 
growth. The new growth theory further emphasizes the nature of exports by increasing prod-
uct variety and improving product quality (Aghion & Howitt, 1997). Feenstra (2010) finds 
that in countries where exports constitute a greater share of GDP, the diversification of export 
varieties creates conditions for higher GDP growth. 

The endogenous growth theory provides a framework for the growth effect of ED via 
innovation incentives, technology diffusion, and improved knowledge transfer efficiency 
(Young, 1991). According to this framework, some scholars have explored non-linearity and 
heterogeneity to determine the influence of ED on growth. Imbs and Wacziarg (2003) found 
that ED and economic development have an inverted U-shaped linkage with income growth. 
Feenstra and Kee (2008) developed a model that uses a GDP function to link long-term 
export varieties between countries and total factor productivity. Gozgor and Can (2016a) 
found that ED exerts a positive influence on the growth of low- and middle-income coun-
tries. Mania and Rieber (2019) investigated the nexus between ED and sustainable economic 
growth and found that the relationship between the two is heterogeneous. The difference in 
the region of a country will lead to a change in the relationship.

1.3. Export diversification and environment

Based on the analysis of economic growth theory, some scholars have used EKC theory to 
explore the influence of ED on environmental quality. Concerning the impact of ED on en-
vironmental quality, some scholars have used carbon emissions to measure environmental 
quality (Fang et al., 2009; Wang et al., 2020). Gozgor and Can (2016b) studied the influence 
of ED on the environmental quality of Turkey using carbon emissions to measure environ-
mental quality and reported that ED deteriorates environmental quality. 

Numerous studies have examined heterogeneity and non-linearity from the impact of ED 
on the environment. Shahzad et al. (2020) studied the influence of ED on carbon emissions; 
in both developing and developed countries, they found that ED increases carbon emissions. 
Focusing on G7 countries, Wang et al. (2020) discussed the non-linear and heterogeneous 
influence of ED on the control of carbon emissions. Mania (2019) used system GMM (SYS-
GMM) to explore the association between ED and carbon emissions based on EKC theory 
and found that ED has a positive impact on carbon emissions. Can et al. (2020) employed 
the autoregressive distributed lag model to find that, over the long term, ED spurs an increase 
in carbon emissions. 



722 C.-C. Lee et al. Export diversification and the green economy: the key role of economic risk

From the studies mentioned above, we can see that many factors introduced into the 
research affect green economic growth and that the influence of ED on growth and the 
environment is nonlinear. However, the association between ED and the green economy 
has not yet been investigated. The present research utilizes a DPT technique to explore the 
influence of ED on the green economy and introduces economic risk as a threshold variable. 
Our empirical findings thus provide more insight into the nonlinear influence of ED on the 
green economy under different degrees of economic risk. 

1.4. Role of economic and financial risk 

Grossman and Krueger’s (1995) nonlinear growth-environment nexus hypothesis has been 
widely regarded as the theoretical foundation for research on green economic growth. The 
main view behind this proposition is the existence of a threshold effect between economic 
growth and environmental degradation. With the increasingly complex global economy and 
the continuous improvement of evaluation index systems of the national environment, this 
threshold effect does not solely depend on a country’s GDP growth, but also on its economic/
financial risk. Following this vein, the literature has shown that the national environment 
exerts a major influence on a country’s economic growth and environment (Lee & Lee, 2018; 
Lee et al., 2020a; Guo et al., 2022). For example, Guo et al. (2022) found that the nexus be-
tween inequality and carbon emissions lies in country risk. By adopting economic risk as 
the threshold variable, Lee et al. (2022b) also indicated that the influence of communication 
technology on energy security is inverted U-shaped. Thus, we postulate that the influence 
of ED on the green economy varies with economic/financial risk. On the one hand, the 
implementation of ED policies is easier for countries with low economic risk (de Piñeres & 
Ferrantino, 1997). On the other hand, ED can reduce the risk level of countries with higher 
economic risks to ensure economic growth, and the advancement of production technology 
brought about by ED is conducive to environmental protection.

2. Data and methodology

2.1. Basic framework

To develop a proper framework for assessing the influence of ED on the green economy, we 
should understand the influencing factors of the green economy. The literature has identified 
that the green economy is a function of investment, human capital, industrialization level, 
non-fossil fuel, and ED. Following Yuan et al. (2020) and considering the time duration effect 
of the green economy, we first propose the following baseline model:

 −= β +β +β +β +β +β +β + e0 1 1 2 3 4 5 6 .it it it it it it it itGE GE ED FDI HC Industry Nonfossil . (1)

Among them, i = 1, …, N and t = 1, …, T denote the country and the time period, re-
spectively; GEit is an indicator of the green economy; GEit–1 is the lagged value of the green 
economy; EDit measures for export diversification; FDIit represents foreign direct investment 
net inflows; HCit is the value of the human capital index; Industryit denotes the percentage of 
the secondary industry in GDP; Nonfossilit is the percentage of non-fossil fuels in total fuel 
consumption; and eit is the error term.
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2.2. Variables and measures

2.2.1. Measures of the green economy (GE)

Considering that it is difficult to perform a single-index evaluation to reveal the overall 
picture of a green economy, we followed Mealy and Teytelboym (2022) in constructing GCI 
and GCP using methods from the economic complexity literature. As noted by Can and 
Gozgor (2017), economic complexity represents a knowledge- and skill-based production 
structure of a country with an efficient production structure. The former index can be used 
to understand the extent to which countries export various technologically advanced green 
products in a competitive manner, and it reflects the competitiveness of countries in export-
ing green and technologically advanced products. High-GCI countries tend to have a greater 
awareness of environmental protection, lower CO2 emissions, and tightened environmental 
policies. They are also more competitive at exporting various technologically advanced green 
products, and vice versa. The latter index aggregates the information contained in the gaps of 
each country into a single comparable amount. It measures the average degree of association 
between each country and its green composite products, which are not yet competitive, so 
that we can forecast a country’s green product exports and green development. The higher 
the GCP, the better the country’s prospects for diversification of green and technologically 
advanced products; thus, the share of green exports and the number of competitive green 
products will increase, and vice versa.

The specific calculation methods for GCI and GCP are as follows. First, we calculate 
the GCI based on the measuring method of the Product Complexity Index (PCI), which is 
drawn from the COMTRADE database. Following Hausmann et al. (2014), we then set a 
binary country–product matrix Mcp indexed by country c and product p. For a given country 
c showing a revealed comparative advantage (RCA > 1) calculated by the following equation 
on product p, Mcp is equal to 1 and 0 otherwise.

 

∑
=
∑ ∑∑cp

/

/
pcp cp

c pcp cpc

x x
RCA

x x
, (2)

where xcp is the export of country c to product p. Using the M matrix, we could assess how 
many countries in a particular product have RCA. We used the calculation method of PCI 
to calculate the GCI as follows:

 

= ρ∑ ,c
c g

g

GCI PCI  (3)

where ρc
g  denotes a binary variable that equals 1 for the existence of a revealed comparative 

advantage in country c on green product g and 0 otherwise. It standardizes the complexity 
index of the green product g and takes a value between 0 and 1. Finally, the GCI was stan-
dardized by its mean and standard deviation.

To understand the potential of green products in countries that are not currently com-
petitive, we measured GCP. This evaluates how much potential there is to further diversify 
the production of green and technologically complex products in the future. In this regard, 
country c’s GPC can be expressed as follows:

 

= −ρ ω
−ρ ∑∑

1 (1 ) ,
(1 )

c c gc g gc g
gg

G PCICP  (4)
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where −ρ1 c
g  refers to no RCA for green product g in country c; ωc

g  represents the distance 
from green product g to country c; and PCI  represents the PCI of green production g. The 
GCP is standardized by its mean and standard deviation.

Both GCI and GCP can be used to assess the development of a country’s green economy. 
The higher the value of these measures, the greater the development of a green economy. 
When comparing these two measures, research shows a significant difference between GCI 
and GCP (Fraccascia et al., 2018; Mealy & Teytelboym 2022). Countries with higher GCP 
usually find it easier to achieve a high GCI.

2.2.2. Measures of export diversification (ED)

We take a measurement mainly based on the definition and the Theil index method used 
by Cadot et al. (2011) to construct the overall export diversification (EXD), export extensive 
margin (EXE), and export intensive margin (EXI) indices. First, we introduced dummy vari-
ables specifying products as traditional/new/non-traded. “Traditional” refers to products that 
were exported in the initial sample period, whereas “non-traded” refers to no exports of this 
product throughout the sampling period. In this regard, for the products of each country, 
the dummy values assigned to traditional and non-traded products remained the same in all 
years. Furthermore, products labeled as “new” must be non-traded products for at least the 
first two years and then exported for the next two years. Therefore, the dummies for these 
new products will change over time.

According to Cadot’s et al. (2011) definition, the EXD index is the sum of the EXE and 
the EXI. The EXE index TB for each country can be estimated as follows:

 
( )( ) ( )= µ µ µ µ∑ / / /B K K KK

T N N ln , (5)

where K denotes the individual group that was defined earlier; NK represents the total prod-
ucts exported by each group, and µ µ/K  is the relative average of each group’s exports.

The EXI index TW for each country can be estimated as follows:

 
( )( ) ( ) ( ) ( ){ }∈

= µ µ µ µ∑ ∑/ / 1/ / /W K K K i K i KK i IK
T N N N X ln X . (6)

For a given country, X refers to export value. Given that the EXD index and the EXE are 
calculated using the Thiel index method, the higher the value, the lower the level of diversi-
fication. EXI is defined as the share of more active products/trading partners. When a coun-
try’s export income is generated by only a few sectors or trading partners, it is less diverse. 
Therefore, a larger EXI indicates a greater degree of ED (IMF, 2014a, 2014b).

2.2.3. Threshold variables

(1) Economic risk (ER) was from the International Country Risk Guide (ICRG). It is 
usually used to assess a country’s economic risk (e.g., Chiu & Lee, 2019; Wu et al., 
2020; Guo et al., 2022). A high value indicates a lower economic risk.

(2) Financial risk (FR) was proxied by ICRG. It is usually used to assess the financial 
risk of a country (e.g., Lee & Lee, 2019; Lee et al., 2020a). A high value means lower 
financial risk.
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2.2.4. Control variables

(1) Foreign direct investment (FDI) was calculated by the FDI net inflow as a percentage 
of GDP. The improvement of resource allocation efficiency and technological progress 
brought about by capital is beneficial to economic conditions and environmental 
protection (Lin & Zhu, 2019; Yuan et al., 2020).

(2) Human capital (HC) was proxied by years of schooling and returns to education, 
which were obtained from the World Development Indicator (WDI). According to 
the new growth theory, HC promotes economic growth and affects environmental 
quality by boosting technological progress (Balaguer & Cantavella, 2018).

(3) Industrialization level (Industry) was measured as the proportion of the added value 
of the secondary industry in the GDP. Industry is regarded as the main factor in en-
vironmental pollution, and rapid industrialization leads to increased environmental 
pollution (Wen & Lee, 2020; Zhou et al., 2022).

(4) Non-fossil (Nonfossil) was assessed by non-fossil fuel consumption as a percentage 
of total fuel consumption. A higher proportion of non-fossil fuels in the energy con-
sumption structure is conducive to environmental protection (Li et al., 2019).

Tables A1 and A2 (Appendix) contain extensive explanations and references for all vari-
ables and their corresponding descriptive statistics. Table 1 presents the correlation matrix. 

Table 1. Correlation matrix among the variables

EXE EXI EXD FDI HC Industry Nonfossil

EXE
1

EXI
–0.0270 1

0.209

EXD
–0.0150 0.265*** 1

0.485 0.000

FDI
–0.045** 0.036* 0.083*** 1

0.034 0.091 0.000

HC
–0.303*** –0.234*** –0.141*** 0.077*** 1

0.000 0.000 0.000 0.001

Industry
–0.162*** –0.0180 –0.0340 0.0300 0.128*** 1

0.000 0.386 0.106 0.156 0.000

Nonfossil
–0.053** 0.0270 0.099*** –0.097*** –0.385*** –0.061*** 1

0.017 0.218 0.000 0.000 0.000 0.006

Note: *p < 0.1, ** p < 0.05, and *** p < 0.01.
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2.3. Empirical methodology

In this study, we applied the DPT model to assess the nexus between ED and green economy 
development and to determine how economic risk will affect this relationship. The general 
setting of this method can be expressed in the following equation:

 ( ) { }′ ′= β + δ > γ +µ + ε1, 1it it it it i ity x x q , (7)

where yit is the dependent variable in country i at time t; xit stands for the set of regressors; 
{}1 .  is an indicator function; qit is the threshold variable used to distinguish different regions. 

Thus, our empirical model can be specified as follows:

 ( ) { }′ ′ ′
−= β +β + β+ δ > γ + ω+0 1 1 1, 1it it it it it itGCI GCI ED ED ER Control

            ( ) { }′ δ > γ +µ + ε1 ,, 1it it i itControl ER                                                               (8)

where GCIit denotes the green complexity index; EDit represents export diversification (prox-
ied by EXD, EXE, and EXI indices); and ′ itControl  refers to a group of control variables, in-
cluding HC, Industry, FDI, and Nonfossil. Moreover, ERit is a threshold variable.

To study the non-linear impact of ED on the development potential of the green econo-
my, we introduced a different dependent variable (GCP) into the model:

 ( ) { }′ ′
−= β +β + β+ δ > γ +0 1 1GCP GCP 1, 1it it it it itED ED ER

                      ( ) { }′ ′ω+ δ > γ +µ + ε1, 1it it it i itControl Control ER ,                                     (9)

where GCPit denotes the green complexity potential of country i in year t. As is widely 
known, countries with high economic risk also have high financial risks. Thus, we chose 
financial risk (FRit) as another threshold variable as follows:

 ( ) { }′ ′
−= β +β + β+ δ > γ +0 1 1 1, 1it it it it itGCI GCI ED ED FR

                     ( ) { }′ ′ω+ δ > γ +µ + ε1, 1it it it i itControl Control FR .                                 (10)

Finally, we lagged all the independent variables by one period to test the robustness of 
our empirical results. The model is set as follows:

 ( ) { }′ ′
− − −= β +β + β+ δ > γ +0 1 1 1 11, 1it it it it itGCI GCI ED ED ER

                   ( ) { }′ ′
− −ω+ δ > γ +µ + ε1 11, 1it it it i itControl Control ER .                              (11)

3. Empirical results

3.1. Basic discovery

Before estimating the influence of ED on the green economy, it is meaningful to assess the 
stationarity properties of the sample data. Table 2 presents the corresponding results of Levin 
et al. (2002, LLC) and Fisher-ADF unit root tests for each variable. The statistical results 
consistently reveal that all the variables are stable and can be utilized for the estimation that 
comes next. We also present the results of the variance inflated factor (VIF) for each variable. 
Evidence shows that the highest VIF is 1.25 and the mean VIF is 1.10, which is far below 
the threshold of 10, suggesting that multicollinearity is an unlikely problem in our empirical 
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models. As seen in Table 3, we took an additional step to test the problems of cross-sectional 
dependence using the Pesaran (2004) and Friedman (1937) tests. The testing results can-
not reject the null hypothesis of contemporaneous correlation, suggesting no cross-sectional 
dependency. 

Next, we applied the ordinary least squares (OLS) and random effect (RE) techniques, as 
illustrated in Eq. (1), to detect the overall impact of EXD on green economy development 
measured by GCI. To analyze the persistence of the green economy and avoid any possible 
endogeneity in the model, we also used SYS-GMM. Table 4 presents the corresponding re-
sults and reveals that EXD exerts a significant influence on green economy development, but 
the direction, intensity, and significance differ due to distinct estimating approaches. For the 
persistence of the coefficient measures, we found that the green economy in the previous year 
enhances the current year’s green economy.

Table 2. Panel unit root and multicollinearity tests

Variable
LLC

Fisher-ADF VIF
Constant Constant with trend

GCI –4.043***
(0.000)

–9.293***
(0.000)

612.958***
(0.000) –

GCP –7.127***
(0.000)

–7.601***
(0.000)

625.986***
(0.000) –

EXD –7.456***
(0.000)

–10.853***
(0.000)

638.846***
(0.000) 1.04

EXE –7.852***
(0.000)

–8.552***
(0.000)

655.629***
(0.000) 1.09

EXI –4.737***
(0.000)

–8.697***
(0.000)

636.378***
(0.000) 1.07

FDI –11.211***
(0.000)

–12.620***
(0.000)

710.351***
(0.000) 1.03

HC –1.421***
(0.078)

–6.648***
(0.000)

408.615***
(0.000) 1.25

Industry –48.844***
(0.000)

–0.010***
(0.000)

723.728***
(0.000) 1.01

Nonfossil – – 391.144***
(0.000) 1.18

Mean VIF 1.10

Notes: The numbers indicated in parentheses are p-values. *p < 0.1, ** p < 0.05, and *** p < 0.01.

Table 3. Cross-sectional dependence test

Pesaran (2004) test Friedman (1937) test

C-D test 0.317 16.736
P-value 0.751 1.000

Notes: The null hypothesis of Pesaran and Friedman tests is that there is no contemporaneous autocor-
relation between groups. *p < 0.1, ** p < 0.05, and *** p < 0.01.
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In summary, we did not observe any clear pattern from linear specifications for the im-
pact of ED on green economy development. Considering that economic activities and the 
environment in a country are affected by their economic risk, and the traditional linear 
regression method shows some inability to handle structure breaks, we reexamined how 
economic risk exerts its non-linear influence by utilizing the DPT model of Seo and Shin 
(2016) to investigate the changes in the impact of ED on green economy development at 
different economic risk intervals.

Table 4. Estimation results of the basic model

Variable
Dependent variable: GCI

OLS RE SYS-GMM

EXD
–0.106*** 0.032*** –0.007*

(0.000) (4.23) (0.072)

FDI
–0.002* –0.0001
(–1.88) (0.779)

HC
1.244*** –0.071**

(9.35) (0.021)

Industry
–0.005 0.003
(–1.10) (0.620)

Nonfossil
–0.002* –0.0004
(–1.90) (0.173)

GCIt–1
0.953***
(0.000)

cons
0.402*** –0.156*** –0.051
(0.000) (0.287) (0.419)

R2/ Wald Test 0.0211 0.024 26206.35***
AR(2) (p-value) 0.147
Hansen Test (p-value) 0.114
Observations 2240 1959 1860
Number of countries 112 99 99

Notes: The numbers indicated in parentheses are standard errors. *p < 0.1, ** p < 0.05, and *** p < 0.01.

3.2. Dynamic panel threshold model

To evaluate whether there is a non-linear linkage between ED and the green economy, we 
used the bootstrapping algorithm technique of Seo and Shin (2016) to test the threshold 
effect and the linearity property. Table 5 reports the outcomes, together with the thresh-
old value and confidence intervals for the cases in which ER and FR are deemed to be the 
threshold variable. These results strongly reject the null hypothesis of no threshold effects 
and linearity at the 1% level regardless of whether the threshold variable is used. We thus 
conclude that the linear technique is not appropriate for modeling the nexus between ED and 
the green economy, which confirms the findings of Shahzad et al. (2020), Wang et al. (2020), 
and Mania (2019) on the nexus between ED and the environment.
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Table 5. Testing results for linearity and the threshold effect

Depen-
dent 

variable

Core in-
dependent 

variable

Threshold 
variable

Threshold 
value

Standard 
error z P>|z|

95% 
conf. 

interval

Bootstrap 
p-value Bootstrap

GCI

EXD

Economic 
risk 32.500*** 0.780 41.69 0.000 [30.972, 

34.028] 0.000 1000

Financial 
risk 35.000*** 0.669 52.32 0.000 [33.689, 

36.311] 0.000 1000

EXE

Economic 
risk 33.507*** 0.623 53.78 0.000 [32.286, 

34.728] 0.000 1000

Financial 
risk 39.500*** 0.969 40.77 0.000 [37.601, 

41.399] 0.000 1000

EXI

Economic 
risk 37.510*** 0.615 60.94 0.000 [36.304, 

38.716] 0.000 1000

Financial 
risk 36.500*** 0.959 38.06 0.000 [34.620, 

38.380] 0.000 1000

EXDt–1

Economic 
risk 38.517*** 0.866 44.49 0.000 [36.820, 

40.213] 0.000 1000

Financial 
risk 40.500*** 0.675 60.03 0.000 [39.177, 

41.822] 0.000 1000

GCP

EXD Economic 
risk 38.517*** 1.034 37.25 0.000 [36.490, 

40.543] 0.000 1000

EXE Economic 
risk 38.002*** 0.858 44.31 0.000 [36.321, 

39.683] 0.000 1000

EXI Economic 
risk 38.517*** 1.193 32.29 0.000 [36.179, 

40.855] 0.000 1000

Notes: *p < 0.1, ** p < 0.05, and *** p < 0.01.

Once the threshold effects are confirmed, we can conduct the DPT analysis further, as 
illustrated in Eq. (8). Table 6 presents the results when using economic risk as the threshold 
variable. The estimates in Columns (1)–(6) reflect the importance of three ED assessment 
areas, including EXD, EXE, and EXI, in affecting green development. For the overall EXD, the 
results in Columns (1) and (2) reveal that the coefficients of EXD are positive (negative) and 
significant when the economic risk is lower (higher) than the threshold value. Given that a 
high EXD index reflects a low level of diversification, these findings signify that EXD inhibits 
(stimulates) the development of the green economy when economic risk is low (high). We 
thus conclude that the influence of ED is heterogeneous, indicating that they do not affect 
green economy development in a uniform way (Shahzad et  al., 2020; Wang et  al., 2020; 
Mania, 2019). These findings may partly explain the mixed evidence on the linkage between 
ED, economic growth, and the environment (Gozgor & Can, 2016a, 2016b; Can & Gozgor, 
2017; Mania & Rieber, 2019; Can et al., 2021a).

Regarding the EXE index, the results in Columns (3)–(4) reveal that the coefficients of 
EXE are significantly positive (negative) when the economic risk is below (above) the thresh-
old value. Given that a high EXE index represents a low level of EXE, the results indicate that 
the EXE inhibits (stimulates) green economy development when economic risk is low (high). 
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Table 6. DPT estimations for GCI (threshold = ER)

Variable Dependent variable: GCI

Threshold variable
Economic risk Economic risk Economic risk

Higher Lower Higher Lower Higher Lower

GCIt–1
0.040 0.085*** 0.069 0.120*** 0.538*** 0.045***

(0.036) (0.012) (0.043) (0.011) (0.052) (0.009)

EXD
–0.032* 0.075***
(0.017) (0.014)

EXE
–0.609*** 0.373***

(0.074) (0.049)

EXI
0.044*** –0.142***
(0.013) (0.010)

FDI
–0.002*** 0.003*** 0.001* –0.002*** –0.002*** 0.002***

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

HC
0.343*** –0.377*** –0.013 –0.235*** 0.164*** –0.094
(0.116) (0.101) (0.126) (0.070) (0.047) (0.060)

Industry
–0.054** 0.078*** –0.020** 0.043*** 0.010*** 0.007

(0.024) (0.020) (0.010) (0.011) (0.003) (0.008)

Nonfossil
–0.003*** –0.002** –0.003*** 0.003*** –0.000 –0.001*

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Number of countries 82 82 82
Observations 1640 1640 1640

Notes: The numbers indicated in parentheses are standard errors. *p < 0.1, ** p < 0.05, and *** p < 0.01.

With respect to the EXI index, Columns (5)–(6) reveal that the coefficients of EXI are 
significantly negative (positive) when the economic risk is lower (greater) than the threshold 
value. Given that a high EXI index represents a higher ED, the results also demonstrate that 
the EXI index inhibits (stimulates) green economy development when economic risk is low 
(high). 

The estimation results shown in Table 6 also indicate that, no matter how well economic 
risk performs, green economy development in the previous period will last from one year 
to the next. In other words, the green economy has a positive time duration effect, which is 
significant at the 1% level. These results confirm the findings of Li and Lin (2017), Cheng 
et al. (2020), and Yuan et al. (2020), who noted that green economic development has a posi-
tive time lag effect. Such an effect will accumulate over time.

In summary, regardless of whether the overall EXD index or its two sub-indices are used, 
our empirical results suggest that ED and green economy have a non-linear U-shaped rela-
tionship that is remarkably influenced by economic risk. This finding may be explained in 
part by the correlation between high economic risk and low economic development levels. 
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These countries tend to intensify efforts to expand their export commodities and trading 
partners to obtain capital and ensure technological progress to achieve economic develop-
ment, as posited in the international trade literature (Can et al., 2021a). Therefore, the in-
troduction of additional capital and advanced technology promotes local economic growth 
and improves the environment, thereby being conducive to green economy development. 
As Papageorgiou and Spatafora (2012) noted, underdeveloped areas with high risk generally 
develop their economies and improve the environment by accepting capital and technology 
from developed areas with low risk. Therefore, countries with high risk realize economic 
growth and environmental protection through ED. For low-risk countries that have realized 
specialization in production and trade, ED is not conducive to environmental protection and 
economic growth (Mania & Rieber, 2019).

The analysis presented above documents the non-linear impact of ED on the green 
economy and the time-duration effect of the green economy. These analyses use GCI as a 
dependent variable to capture the competitiveness of countries in exporting green and tech-
nologically advanced products. However, it is also interesting to understand the extent of 
the impact of ED on the potential of a country to develop a green economy in the future. To 
this end, we replaced GCP as an alternative dependent variable in our DPT model. Table 7  
presents the parameter estimates, as demonstrated in Eq. (9), when using economic risk as 
the threshold variable.

The results are basically consistent with the estimated results of Eq. (8). The empirical 
results show that ED can inhibit the green economy’s complexity potential in low-economic-
risk countries, but it will increase the green economy’s potential when economic risk is higher 
than a certain threshold. However, the time duration effect of GCP is different from that of 
GCI. The empirical findings indicate that the previous GCP will weaken the current GCP 
when economic risk is low and that the previous GCP will strengthen the current GCP when 
such risk reaches a certain level. It is worth mentioning that when facing with high economic 
risk, the influence coefficient of the previous GCP on the current GCP is significantly higher 
than when economic risk is low. This indicates that in areas with low economic risk, the po-
tential for the green economy does not have a strong time continuity, whereas the potential 
for green economic development in areas with high economic risk has a high degree of time 
correlation.

3.3. Robustness check

In our previous empirical investigation, economic risk was considered the main risk that 
changes the relationship between ED and green economy development. To check whether the 
results vary with different threshold variables, we replaced economic risk with financial risk. 
Table 8 summarizes the corresponding estimates for the DPT model, as stated in Eq. (10). 
The results are essentially the same as those shown in Table 6. The results still reveal that 
the effect of ED on green economy development is considerably influenced by financial risk. 
An increase (decrease) in ED inhibits the growth of the green economy in countries with 
low (high) financial risk. In summary, the robustness test results mostly confirm our earlier 
conclusions.
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Table 7. DPT estimations for GCP (threshold = ER)

Variable Dependent variable: GCP

Threshold variable
Economic risk Economic risk Economic risk

Higher Lower Higher Lower Higher Lower

GCPt–1
0.536*** –0.028*** 0.559*** –0.016** 0.488*** –0.020*
(0.052) (0.009) (0.040) (0.008) (0.042) (0.011)

EXD
–0.030*** 0.036***

(0.006) (0.009)

EXE
–0.110** 0.110***
(0.051) (0.026)

EXI
0.004 0.060***

(0.010) (0.009)

FDI
0.001*** –0.001** 0.001** –0.001* –0.000 0.001***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

HC
0.188*** –0.284*** 0.057 –0.263*** 0.191*** –0.240***
(0.062) (0.075) (0.059) (0.058) (0.063) (0.078)

Industry
0.004 0.017*** 0.029*** –0.031*** 0.021*** –0.009

(0.004) (0.004) (0.007) (0.010) (0.003) (0.006)

Nonfossil
–0.001*** –0.003*** –0.000 –0.004*** –0.001*** –0.002***

(0.000) (0.001) (0.001) (0.001) (0.000) (0.001)

Number of countries 82 82 82
Observations 1640 1640 1640

Notes: The numbers indicated in parentheses are standard errors. *p < 0.1, ** p < 0.05, and *** p < 0.01.

Table 8. DPT estimations for GCI (threshold = FR)

Variable Dependent variable: GCI

Threshold variable
Financial risk Financial risk Financial risk

Higher Lower Higher Lower Higher Lower

GCIt–1
0.325*** 0.021** –0.070** –0.007 0.224*** –0.084***
(0.046) (0.010) (0.033) (0.007) (0.031) (0.010)

EXD
–0.099*** 0.125***

(0.015) (0.011)

EXE
–0.306*** 0.395***

(0.090) (0.078)

EXI
–0.041*** –0.017

(0.015) (0.013)

FDI
0.005*** –0.005*** –0.005*** 0.005*** –0.005*** 0.005***
(0.001) (0.001) (0.000) (0.000) (0.001) (0.001)

HC
0.496*** –0.085 –0.084 0.402*** 0.050 0.165***
(0.066) (0.086) (0.104) (0.082) (0.087) (0.042)

Industry
0.066*** –0.042** –0.001 0.017 0.010 0.005
(0.018) (0.017) (0.002) (0.012) (0.015) (0.020)
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Variable Dependent variable: GCI

Threshold variable
Financial risk Financial risk Financial risk

Higher Lower Higher Lower Higher Lower

Nonfossil
0.004*** –0.002** –0.004*** –0.002*** –0.006*** –0.004***
(0.001) (0.001) (0.000) (0.001) (0.001) (0.001)

Number of countries 82 82 82
Observations 1640 1640 1640

Notes: The numbers indicated in parentheses are standard errors. *p < 0.1, ** p < 0.05, and *** p < 0.01.

We also lagged all the independent variables by one period to account for the time lag 
effect. Table 9 lists the corresponding results in Eq. (11), based on the DPT estimation. By 
lagging all the independent variables into one period, we found that the level of the green 
economy development in the previous period has a positive time continuation effect regard-
less of the degree of economic risk, and the relationship between ED and green economy is a 
U-shape with the increase of economic risk. These results all suggest that our earlier findings 
are robust in this respect.

Table 9. DPT estimations for GCI (threshold = ER)

Variable Dependent variable: GCI

Threshold variable
Economic risk Economic risk Economic risk

Higher Lower Higher Lower Higher Lower

GCIt–1
0.348*** 0.093*** 0.361*** 0.048*** 0.323*** 0.064***
(0.052) (0.009) (0.036) (0.012) (0.020) (0.007)

EXDt–1
–0.045*** 0.036***

(0.006) (0.007)

EXEt–1
–0.241*** 0.152***

(0.087) (0.039)

EXIt–1
0.020*** 0.017*
(0.005) (0.009)

FDIt–1
–0.001*** 0.002*** –0.000 0.001* –0.000 0.001

(0.000) (0.001) (0.000) (0.001) (0.000) (0.001)

HCt–1
0.175*** –0.341*** –0.139** –0.147 0.039 –0.409***
(0.064) (0.076) (0.067) (0.106) (0.100) (0.054)

Industryt–1
0.004 –0.014*** 0.008*** –0.032*** –0.012*** –0.011**

(0.004) (0.004) (0.001) (0.006) (0.003) (0.004)

Nonfossilt–1
–0.001* 0.002** –0.000 –0.002** –0.003*** –0.001**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Number of countries 87 87 87
Observations 1740 1740 1740

Notes: The numbers indicated in parentheses are standard errors. *p < 0.1, ** p < 0.05, and *** p < 0.01. 

End of Table 8
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Conclusions and recommendations

A considerable number of researchers have investigated the non-linear and heterogeneous 
influences of ED on economic growth and the environment, but ED has not yet been ex-
plored as an influencing factor affecting green economy development. As a crucial policy 
issue affecting exports, economic condition, and the environment, how economic risk shapes 
the relationship between ED and the green economy has not been investigated. By adopting 
a global sample of 112 nations, we employed the DPT technique to explore the nonlinear 
nexus between ED and green economy, with the consideration of economic risk being the 
threshold variable.

Evidence reveals that the effect of ED on the green economy involves a threshold effect. 
We find that a high level of ED weakens (enhances) a green economy when a country’s 
economic risk is low (high). The evidence also reveals the persistence effect of the green 
economy, implying that the previous green economy enhances the current green economy 
under all economic risk levels. For GCP, this effect is reversed, implying that previous GCP 
reduces the level of present GCP when economic risk is low, and GCP enhances the level of 
current GCP when economic risk is high. 

Thus, our paper provides several insights into policy implications. First, we found that 
the effect of ED is heterogeneous under different risk conditions. Knowledge of this relation-
ship can help prevent governments from conducting a “one-size-fits-all” policy. Policymakers 
should formulate green economy regulations and goals with consideration of their economic 
risk. For example, we found that ED reduces the green economy for countries with low eco-
nomic risk. These countries should focus on resolving the issue of a green economic reces-
sion arising from the implementation of ED policies. In this regard, upgrading their export 
quality may be an appropriate strategy to foster green economic growth. For countries with 
high economic risk, policymakers should formulate ED guidelines so that exported goods 
can become specialized and the number of trading partners can be reduced to achieve green 
economic growth.

Finally, our research not only sheds light on how ED affects green economy develop-
ment from a global perspective, but also suggests new avenues for further research. First, 
the growth pattern may be different at the stage of development being considered. Therefore, 
one future direction would be to differentiate between developed and developing countries. 
Second, the green economy is a complex term. Thus, analyzing various dimensions of green 
economy, such as the newly developed green openness index, may be another promising 
topic for future investigation.

Disclosure statement 

The authors declare that we have no relevant or material financial interests that relate to the 
research described in this paper.

Funding 

Chien-Chiang Lee is grateful to the National Social Science Foundation Key Project of China 
for financial support through Grant No: 22AJL004.



Technological and Economic Development of Economy, 2023, 29(2): 717–740 735

Acknowledgements

The authors are grateful to the Editors and the anonymous referees for their highly construc-
tive comments and suggestions, which substantially improved the article.

References 

Aghion, P., & Howitt, P. (1997). Endogenous growth theory. MIT Press.
Balaguer, J., & Cantavella, M. (2018). The role of education in the environmental Kuznets curve. Evidence 

from Australian data. Energy Economics, 70, 289–296. https://doi.org/10.1016/j.eneco.2018.01.021
Cadot, O., Carrère, C., & Strauss-Kahn, V. (2011). Export diversification: What’s behind the hump? 

Review of Economics and Statistics, 93(2), 590–605. https://doi.org/10.1162/REST_a_00078
Can, M., Ahmed, Z., Mercan, M., & Kalugina, O. A. (2021a). The role of trading environment-friendly 

goods in environmental sustainability: Does green openness matter for OECD countries? Journal 
of Environmental Management, 295, 113038. https://doi.org/10.1016/j.jenvman.2021.113038

Can, M., Dogan, B., & Saboori, B. (2020). Does trade matter for environmental degradation in develop-
ing countries? New evidence in the context of export product diversification. Environmental Science 
and Pollution Research, 27, 14702–14710. https://doi.org/10.1007/s11356-020-08000-2

Can, M., Jebli, M. B., & Brusselaers, J. (2021b). Exploring the impact of trading Green Technology Prod-
ucts on the environment: Introducing the Green Openness Index (Working paper). SSRN. 
https://doi.org/10.2139/ssrn.3804046

Can, M., & Gozgor, G. (2017). The impact of economic complexity on carbon emissions: Evidence from 
France. Environmental Science and Pollution Research, 24, 16364–16370. 
https://doi.org/10.1007/s11356-017-9219-7

Can, M., & Gozgor, G. (2018). Effects of export product diversification on quality upgrading: An em-
pirical study. Journal of International Trade & Economic Development, 27(3), 293–313. 
https://doi.org/10.1080/09638199.2017.1370006

Cheng,  Z., Li,  L., & Liu,  J. (2020). Natural resource abundance, resource industry dependence and 
economic green growth in China. Resources Policy, 68, 101734. 
https://doi.org/10.1016/j.resourpol.2020.101734

Chiu, Y. B., & Lee, C. C. (2019). Financial development, income inequality, and country risk. Journal of 
International Money and Finance, 93, 1–18. https://doi.org/10.1016/j.jimonfin.2019.01.001

de Piñeres, S. A. G., & Ferrantino, M. (1997). Export diversification and structural dynamics in the 
growth process: The case of Chile. Journal of Development Economics, 52(2), 375–391. 
https://doi.org/10.1016/S0304-3878(96)00446-4

Dinda, S. (2014). A theoretical basis for green growth. International Journal of Green Economy, 8(2), 
177–189. https://doi.org/10.1504/IJGE.2014.065851

Fang, J. C., Gozgor, G., Lu, Z., & Wu, W. S. (2019). Effects of the export product quality on carbon diox-
ide emissions: Evidence from developing economies. Environmental Science and Pollution Research, 
26, 12181–12193. https://doi.org/10.1007/s11356-019-04513-7

Fang, W. S., Lai, Y. H., & Miller, S. M. (2009). Does exchange rate risk affect exports asymmetrically? 
Asian evidence. Journal of International Money and Finance, 28(2), 215–239. 
https://doi.org/10.1016/j.jimonfin.2008.11.002

Feenstra, R. C. (2010). Measuring the gains from trade under monopolistic competition. Canadian 
Journal of Economics, 43(1), 1–28. https://www.jstor.org/stable/40389553 

https://doi.org/10.1162/REST_a_00078
https://doi.org/10.1016/j.jenvman.2021.113038
https://doi.org/10.1007/s11356-020-08000-2
https://doi.org/10.2139/ssrn.3804046
https://doi.org/10.1007/s11356-017-9219-7
https://doi.org/10.1080/09638199.2017.1370006
https://doi.org/10.1016/j.resourpol.2020.101734
https://doi.org/10.1016/j.jimonfin.2019.01.001
https://doi.org/10.1016/S0304-3878(96)00446-4
https://doi.org/10.1504/IJGE.2014.065851
https://doi.org/10.1007/s11356-019-04513-7
https://doi.org/10.1016/j.jimonfin.2008.11.002
https://www.jstor.org/stable/40389553


736 C.-C. Lee et al. Export diversification and the green economy: the key role of economic risk

Feenstra, R. C., & Kee, H. L. (2008). Export variety and country productivity: Estimating the monopo-
listic competition model with endogenous productivity. Journal of International Economics, 74(2), 
500–518. https://doi.org/10.1016/j.jinteco.2006.11.006

Feng, Z., Chen, Z., Cai, H., & Yang, Z. (2022). Evolution and influencing factors of the green develop-
ment spatial association network in the Guangdong-Hong Kong-Macao Greater Bay Area. Techno-
logical and Economic Development of Economy, 28(3), 716–742. 
https://doi.org/10.3846/tede.2022.16618

Fraccascia, L., Giannoccaro, I., & Albino, V. (2018). Green product development: What does the coun-
try product space imply? Journal of Cleaner Production, 170, 1076–1088. 
https://doi.org/10.1016/j.jclepro.2017.09.190

Friedman, M. (1937). The use of ranks to avoid the assumption of normality implicit in the analysis of 
variance. Journal of the American Statistical Association, 32(200), 675–701. 
https://doi.org/10.1080/01621459.1937.10503522

Gozgor, G., & Can, M. (2016a). Effects of the product diversification of exports on income at different 
stages of economic development. Eurasian Business Review, 6(2), 215–235. 
https://doi.org/10.1007/s40821-016-0045-5

Gozgor, G., & Can, M. (2016b). Export product diversification and the environmental Kuznets curve: 
Evidence from Turkey. Environmental Science and Pollution Research, 23, 21594–21603. 
https://doi.org/10.1007/s11356-016-7403-9

Grossman, G. M., & Krueger, A. B. (1995). Economic growth and the environment. Quarterly Journal 
of Economics, 110(2), 353–377. https://doi.org/10.2307/2118443

Grover, R. B. (2013). Green growth and role of nuclear power: A perspective from India. Energy Strategy 
Reviews, 1(4), 255–260. https://doi.org/10.1016/j.esr.2012.12.010

Guo, Y., You, W., & Lee, C. C. (2022). CO2 emissions, income inequality, and country risk: Some inter-
national evidence. Environmental Science and Pollution Research, 29, 12756–12776. 
https://doi.org/10.1007/s11356-020-09501-w

Hausmann, R., Hidalgo, C. A., Bustos, S., Coscia, M., Simoes, A., & Yildirim, M. A. (2014). The atlas 
of economic complexity: Mapping paths to prosperity. MIT Press.

He, L., Zhang, L., Zhong, Z., Wang, D., & Wang, F. (2019). Green credit, renewable energy investment 
and green economy development: Empirical analysis based on 150 listed companies of China. 
Journal of Cleaner Production, 208, 363–372. https://doi.org/10.1016/j.jclepro.2018.10.119

Hussain,  J., & Lee, C. C. (2022). A green path towards sustainable development: Optimal behavior 
of the duopoly game model with carbon neutrality instruments. Sustainable Development, 30(6), 
1523–1541. https://doi.org/10.1002/sd.2325

Imanov, G. (2021). Fuzzy estimation of national green economy index and investments distribution. In 
Studies in fuzziness and soft computing: Vol. 402. Fuzzy models in economics (pp. 55–71). Springer, 
Cham. https://doi.org/10.1007/978-3-030-61282-5_4

Imbs,  J., & Wacziarg, R. (2003). Stages of diversification. American Economic Review, 93(1), 63–86. 
https://doi.org/10.1257/000282803321455160

International Monetary Fund. (2014a). Sustaining long-run growth and macroeconomic stability in low-
income countries – the role of structural transformation and diversification. IMF Policy Paper. 
https://www.imf.org/external/np/pp/eng/2014/030514.pdf

International Monetary Fund. (2014b). Sustaining long-run growth and macroeconomic stability in low-
income countries – the role of structural transformation and diversification – background notes. IMF 
Policy Paper. https://www.imf.org/external/np/pp/eng/2014/030514a.pdf

Lee, C. C., & Ho, S. J. (2022). Impacts of export diversification on energy intensity, renewable energy, 
and waste energy in 121 countries: Do environmental regulations matter? Renewable Energy, 199, 
1510–1522. https://doi.org/10.1016/j.renene.2022.09.079

https://doi.org/10.1016/j.jinteco.2006.11.006
https://doi.org/10.3846/tede.2022.16618
https://doi.org/10.1016/j.jclepro.2017.09.190
https://doi.org/10.1080/01621459.1937.10503522
https://doi.org/10.1007/s40821-016-0045-5
https://doi.org/10.1007/s11356-016-7403-9
https://doi.org/10.2307/2118443
https://doi.org/10.1016/j.esr.2012.12.010
https://doi.org/10.1007/s11356-020-09501-w
https://doi.org/10.1016/j.jclepro.2018.10.119
https://doi.org/10.1002/sd.2325
https://doi.org/10.1007/978-3-030-61282-5_4
https://doi.org/10.1257/000282803321455160
https://www.imf.org/external/np/pp/eng/2014/030514.pdf
https://www.imf.org/external/np/pp/eng/2014/030514a.pdf 
https://doi.org/10.1016/j.renene.2022.09.079


Technological and Economic Development of Economy, 2023, 29(2): 717–740 737

Lee, C. C., & Lee, C. C. (2018). The impact of country risk on income inequality: A multilevel analysis. 
Social Indicators Research, 136(1), 139–162. https://doi.org/10.1007/s11205-016-1534-8

Lee, C. C., & Lee, C. C. (2019). Oil price shocks and Chinese banking performance: Do country risks 
matter? Energy Economics, 77, 46–53. https://doi.org/10.1016/j.eneco.2018.01.010

Lee, C. C., & Lee, C. C. (2022). How does green finance affect green total factor productivity? Evidence 
from China. Energy Economics, 107, 105863. https://doi.org/10.1016/j.eneco.2022.105863

Lee, C. C., Lee, C. C., & Lien, D. (2020a). Income inequality, globalization, and country risk: A cross-
country analysis. Technological and Economic Development of Economy, 26(2), 379–404. 
https://doi.org/10.3846/tede.2019.11414

Lee, C. C., Liu, Y., & Liu, G. (2020b). Growth sources of green economy and energy consumption in 
China: New evidence accounting for heterogeneous regimes. Energy Journal, 41(6), 33–63. 
https://doi.org/10.5547/01956574.41.6.gliu

Lee, C. C., Tang, M., & Lee, C. C. (2023a). Reaping digital dividends: Digital inclusive finance and high-
quality development of enterprises in China. Telecommunications Policy, 102484. 
https://doi.org/10.1016/j.telpol.2022.102484

Lee, C. C., Yuan, Z., & Ho, S.  J. (2022a). How does export diversification affect income inequality? 
International evidence. Structural Change and Economic Dynamics, 63, 410–420. 
https://doi.org/10.1016/j.strueco.2022.06.010

Lee, C. C., Yuan, Z., & Wang, Q. (2022b). How does information and communication technology affect 
energy security? International evidence. Energy Economics, 109, 105969. 
https://doi.org/10.1016/j.eneco.2022.105969

Lee, C. C, Yuan, Z., Lee, C. C., & Chang, Y. F. (2022c). The impact of renewable energy technology in-
novation on energy poverty: Does climate risk matter? Energy Economics, 116, 106427. 
https://doi.org/10.1016/j.eneco.2022.106427

Lee, C. C., Zhang,  J., & Hou, S. (2023b). The impact of regional renewable energy development on 
environmental sustainability in China. Resources Policy, 80, 103245. 
https://doi.org/10.1016/j.resourpol.2022.103245

Lee, C. C., Zhou, B., Yang, T. Y., Yu, C. H., & Zhao,  J. (2023c). The impact of urbanization on CO2 
emissions in China: The key role of foreign direct investment. Emerging Markets Finance and Trade, 
59(2), 451–462. https://doi.org/10.1080/1540496X.2022.2106843

Levin, A., Lin, C. F., & Chu, C. S. J. (2002). Unit root tests in panel data: Asymptotic and finite-sample 
properties. Journal of Econometrics, 108(1), 1–24. https://doi.org/10.1016/S0304-4076(01)00098-7

Li, K., & Lin, B. (2017). Economic growth model, structural transformation, and green productivity in 
China. Applied Energy, 187, 489–500. https://doi.org/10.1016/j.apenergy.2016.11.075

Li, K., Qu, J., Wei, P., Ai, H., & Jia, P. (2020). Modelling technological bias and productivity growth: 
A case study of China’s three urban agglomerations. Technological and Economic Development of 
Economy, 26(1), 135–164. https://doi.org/10.3846/tede.2020.11329

Li, M., Patiño-Echeverri, D., & Zhang, J. (2019). Policies to promote energy efficiency and air emis-
sions reductions in China’s electric power generation sector during the 11th and 12th five-year 
plan periods: Achievements, remaining challenges, and opportunities. Energy Policy, 125, 429–444. 
https://doi.org/10.1016/j.enpol.2018.10.008

Lin, B., & Zhu, J. (2019). Fiscal spending and green economic growth: Evidence from China. Energy 
Economics, 83, 264–271. https://doi.org/10.1016/j.eneco.2019.07.010

Liu, L., & Mishra, A. R. (2022). Enabling technologies challenges of green Internet of Things (IoT) to-
wards sustainable development in the era of Industry 4.0. Technological and Economic Development 
of Economy. https://doi.org/10.3846/tede.2022.16520

https://doi.org/10.1007/s11205-016-1534-8
https://doi.org/10.1016/j.eneco.2018.01.010
https://doi.org/10.1016/j.eneco.2022.105863
https://doi.org/10.3846/tede.2019.11414
https://doi.org/10.5547/01956574.41.6.gliu
https://doi.org/10.1016/j.telpol.2022.102484
https://doi.org/10.1016/j.strueco.2022.06.010
https://doi.org/10.1016/j.eneco.2022.105969
https://doi.org/10.1016/j.eneco.2022.106427
https://doi.org/10.1016/j.resourpol.2022.103245
https://doi.org/10.1080/1540496X.2022.2106843
https://doi.org/10.1016/S0304-4076(01)00098-7
https://doi.org/10.1016/j.apenergy.2016.11.075
https://doi.org/10.3846/tede.2020.11329
https://doi.org/10.1016/j.enpol.2018.10.008
https://doi.org/10.1016/j.eneco.2019.07.010
https://doi.org/10.3846/tede.2022.16520


738 C.-C. Lee et al. Export diversification and the green economy: the key role of economic risk

Lorek, S., & Spangenberg, J. H. (2014). Sustainable consumption within a sustainable economy – be-
yond green growth and green economies. Journal of Cleaner Production, 63, 33–44. 
https://doi.org/10.1016/j.jclepro.2013.08.045

Mania, E. (2019). Export diversification and CO2 emissions: An augmented environmental Kuznets 
curve. Journal of International Development, 32(2), 168–185. https://doi.org/10.1002/jid.3441

Mania, E., & Rieber, A. (2019). Product export diversification and sustainable economic growth in 
developing countries. Structural Change and Economic Dynamics, 51, 138–151. 
https://doi.org/10.1016/j.strueco.2019.08.006

Mealy, P., & Teytelboym, A. (2022). Economic complexity and the green economy. Research Policy, 
51(8), 103948. https://doi.org/10.1016/j.respol.2020.103948

Pesaran, M. H. (2004). General diagnostic tests for cross section dependence in panels (Cambridge Work-
ing Papers in Economics 0435). University of Cambridge. https://doi.org/10.17863/CAM.5113

OECD. (2011). Towards green growth. Paris.
Papageorgiou, C., & Spatafora, N. (2012). Economic diversification in LICs: Stylized facts and macroeco-

nomic implications. Staff Discussion Notes. International Monetary Fund. 
https://doi.org/10.5089/9781475532180.006

Pearce, D., Markandya, A., & Bardier, E. (1989). Blueprint for a green economy. Routledge. 
Ramsey, F. P. (1928). A mathematical theory of saving. Economic Journal, 38(152), 543–559. 

https://doi.org/10.2307/2224098
Rodrik, D. (2014). Green industrial policy. Oxford Review of Economic Policy, 30(3), 469–491. 

https://doi.org/10.1093/oxrep/gru025
Seo, M. H., & Shin, Y. (2016). Dynamic panels with threshold effect and endogeneity. Journal of Econo-

metrics, 195(2), 169–186. https://doi.org/10.1016/j.jeconom.2016.03.005
Seo, M. H., Kim, S., & Kim, Y. J. (2019). Estimation of dynamic panel threshold model using Stata. Stata 

Journal, 19(3), 685–697. https://doi.org/10.1177/1536867X19874243
Shahzad, U., Fareed, Z., Doğan, B., Sinha, A., & Rebelatto, D. A. N. (2020). Export product diversifica-

tion and CO2 emissions: Contextual evidences from developing and developed economies. Journal 
of Cleaner Production, 276, 124146. https://doi.org/10.1016/j.jclepro.2020.124146

Song, X., Zhou, Y., & Jia, W. (2019). How do economic openness and R&D investment affect green 
economic growth? Evidence from China. Resources, Conservation and Recycling, 146, 405–415. 
https://doi.org/10.1016/j.resconrec.2019.03.050

Talberth, J., & Bohara, A. K. (2006). Economic openness and green GDP. Ecological Economics, 58(4), 
743–758. https://doi.org/10.1016/j.ecolecon.2005.09.002

United Nations Department of Economic and Social Affairs. (2012). A guidebook to the green economy. 
UNDESA.

United Nations Environment Programme. (2011). Towards a green economy: Pathways to sustainable 
development and poverty eradication. UNEP. 

Wang, L., Chang, H. L., Rizvi, S. K. A., & Sari, A. (2020). Are eco-innovation and export diversification 
mutually exclusive to control carbon emissions in G-7 countries? Journal of Environmental Manage-
ment, 270, 110829. https://doi.org/10.1016/j.jenvman.2020.110829

Wen, H., Chen, S., & Lee, C. C. (2023). Impact of low-carbon city construction on financing, invest-
ment, and total factor productivity of energy-intensive enterprises. Energy Journal, Forthcoming. 
https://doi.org/10.5547/01956574.44.2.hwen

Wen, H., & Lee, C. C. (2020). Impact of environmental labeling certification on firm performance: 
Empirical evidence from China. Journal of Cleaner Production, 255, 120201. 
https://doi.org/10.1016/j.jclepro.2020.120201

Wu, H., Hao, Y., & Ren, S. (2020). How do environmental regulation and environmental decentraliza-
tion affect green total factor energy efficiency: Evidence from China. Energy Economics, 91, 104880. 
https://doi.org/10.1016/j.eneco.2020.104880

https://doi.org/10.1016/j.jclepro.2013.08.045
https://doi.org/10.1002/jid.3441
https://doi.org/10.1016/j.strueco.2019.08.006
https://doi.org/10.1016/j.respol.2020.103948
https://doi.org/10.17863/CAM.5113
https://doi.org/10.5089/9781475532180.006
https://doi.org/10.2307/2224098
https://doi.org/10.1093/oxrep/gru025
https://doi.org/10.1016/j.jeconom.2016.03.005
https://doi.org/10.1177/1536867X19874243
https://doi.org/10.1016/j.jclepro.2020.124146
https://doi.org/10.1016/j.resconrec.2019.03.050
https://doi.org/10.1016/j.ecolecon.2005.09.002
https://doi.org/10.1016/j.jenvman.2020.110829
https://doi.org/10.5547/01956574.44.2.hwen
https://doi.org/10.1016/j.jclepro.2020.120201
https://doi.org/10.1016/j.eneco.2020.104880


Technological and Economic Development of Economy, 2023, 29(2): 717–740 739

Yan, Z., Zou, B., Du, K., & Li, K. (2020). Do renewable energy technology innovations promote China’s 
green productivity growth? Fresh evidence from partially linear functional-coefficient models. En-
ergy Economics, 90, 104842. https://doi.org/10.1016/j.eneco.2020.104842

Young, A. (1991). Learning by doing and the dynamic effects of international trade. Quarterly Journal 
of Economics, 106(2), 369–405. https://doi.org/10.2307/2937942

Yuan, H., Feng, Y., Lee, C. C., & Cen, Y. (2020). How does manufacturing agglomeration affect green 
economic efficiency? Energy Economics, 92, 104944. https://doi.org/10.1016/j.eneco.2020.104944 

Zhou, F., Wen, H., & Lee, C. C. (2022). Broadband infrastructure and export growth. Telecommunica-
tions Policy, 46(5), 102347. https://doi.org/10.1016/j.telpol.2022.102347

Zou, L., Shen, J. H., Zhang, J., & Lee, C. C. (2022). What is the rationale behind China’s infrastructure 
investment under the Belt and Road Initiative. Journal of Economic Surveys, 36(3), 605–633. 
https://doi.org/10.1111/joes.12427

APPENDIX 

Table A1. Summary of variables, definitions, and data sources

Variable Definition Source

Dependent variables

GCI
Green complexity index
(A higher value denotes a more developed green 
economy) 

Mealy and Teytelboym (2022) 
and COMTRADE export data

GCP
Green complexity potential
(A higher value denotes a more developed green 
economy)

Mealy and Teytelboym (2022) 
and COMTRADE export data

Core independent variables

EXD Overall export diversification index
(A higher value denotes lower export diversification) IMF

EXE Export extensive margin index
(A higher value denotes lower export diversification) IMF

EXI Export intensive margin index
(A higher value denotes higher export diversification) IMF

Control variables

HC Natural logarithm of human capital based on years  
of schooling and returns to education WDI

Industry Natural logarithm of industry value added (% of 
GDP) WDI

FDI Foreign direct investment net inflows (% of GDP) WDI
Nonfossil Non-fossil energy consumption to total (%) WDI

Threshold variables

ER Economic risk rating
(A higher value denotes lower economic risk) ICRG

FR Financial risk rating
(A higher value denotes lower financial risk) ICRG
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Table A2. Summary of statistical properties

Variable Mean Mid Max Min SD Skewness Kurtosis Observations

Dependent variables

GCI 0.0500 –0.399 4.197 –0.882 1.025 1.563 4.873 2240
GCP 0.0560 –0.173 3.445 –1.208 1.018 0.928 3.226 2240

Core independent variables

EXD 3.334 3.292 6.417 0 1.411 –0.0490 2.564 2240
EXE 0.353 0.146 2.804 –0.0430 0.486 2.285 8.494 2240
EXI 3.026 2.934 5.960 0 1.152 0.221 2.967 2240

Control variables

FDI 4.268 2.616 103.3 –15.84 6.886 6.049 60.39 2234
HC 0.889 0.950 1.318 0.0870 0.298 –0.715 2.723 2080
Industry 8.142 8.455 9.151 0 1.455 –4.416 24.50 2240
Nonfossil 30.16 21.81 96.77 0 26.18 0.847 2.676 2076

Threshold variables

ER 35.40 35.50 50 9.500 6.122 –0.515 3.994 2210
FR 37.01 37.50 50 8 6.093 –0.761 4.404 2210




