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Ekonomiler İçin Havuzlanmış Ortalama Grup Analizi 
 

ABSTRACT 

This study examines the time-horizon-dependent transmission mechanisms through which the "twin transition" affects income 

inequality, utilizing a macroeconomic dataset covering 18 developing economies over the 2004-2024 period. The empirical 

analysis employs the Pooled Mean Group (PMG) estimator, based on the Panel ARDL bounds testing approach. The empirical 

findings reject the traditional model-which incorporates the skill-biased technological change hypothesis-for this group of 

developing countries. The PMG estimation results demonstrate that an increase in the internet usage rate - representing 

digitalization - plays a statistically significant, inequality-reducing role in both the short and long term. In other words, 

digitalization fosters financial inclusion, which in turn supports inclusive growth. Conversely, the green transition variable was 

found to be statistically insignificant in both time horizons, suggesting that the costs associated with the transition to renewable 

energy in these countries have not yet reached the macroeconomic threshold required to structurally alter or improve income 

distribution. 

Keywords: Twin Transition, Income Inequality, Digitalization, Green Transition, Emerging Economies, Panel ARDL. 

ÖZET 

Bu çalışma 18 gelişmekte olan ekonominin 2004-2024 dönemini kapsayan makroekonomik veri seti üzerinden ikiz dönüşümün 

gelir eşitsizliği üzerindeki ufka bağlı aktarım mekanizmalarını incelemektedir. Çalışmanın ampirik analizinde Panel ARDL sınır 

testi yaklaşımına dayanan Havuzlanmış Ortalama Grup (PMG) tahmincisi kullanılmıştır. Çalışmadan elde edilen ampirik bulgular, 

yetenek yanlı teknolojik değişim hipotezini içeren geleneksel modeli gelişmekte olan ülke grubunda reddetmektedir. PMG tahmin 

sonuçları, nüfusun internet kullanım oranındaki artışın yani dijitalleşmenin gelir eşitsizliği üzerinde hem kısa hem de uzun vadede 

istatistiksel olarak anlamlı ve eşitsizliği azaltıcı bir role sahip olduğunu kanıtlamaktadır. Yani bir başka deyişle dijitalleşme 

sonucunda finansal kapsayıcılık artmaktadır. Bu da kapsayıcı büyümeyi desteklemektedir. Diğer taraftan yeşil dönüşüm değişkeni 

her iki vadede de anlamsız bulunmuştur. Yani bu bulgu yenilenebilir enerjiye geçiş maliyetlerinin bu ülkelerde henüz gelir 

dağılımını yapısal olarak bozacak veya iyileştirecek makroekonomik eşiğe ulaşmadığına işaret etmektedir. 

Keywords: İkiz Dönüşüm, Gelir Eşitsizliği, Dijitalleşme, Yeşil Dönüşüm, Gelişmekte Olan Ekonomiler, Panel ARDL. 

1. INTRODUCTION 

The Twin Transition process is a profound process shaping the 21st century, extending to labor markets, 

production functions, and international trade. It encompasses the simultaneous transition to digitalization 

and the shift from fossil fuels to renewable energy sources. It also impacts the economic growth models of 

countries (Bianchini, Damioli, and Ghisetti, 2023). Traditional growth theories predict that technological 

advancements and energy efficiency will increase prosperity in the long period. These developments are 

expected to increase total factor productivity over time, positively impacting prosperity. However, various 

macroeconomic shocks can occur, resulting in a redistribution of income among households. Whether the 

resulting increase in prosperity following the Twin Transition processes is equally distributed among 

households, i.e., whether it leads to inclusive growth, is a subject of debate (Dabla-Norris et al., 2015). 

When the literature on this subject is examined, the influence of technological shocks on income 

distribution is addressed within the framework of the "skill-biased technological change" (SBTC) 

hypothesis. As emphasized by Acemoglu and Restrepo (2018), certain changes occur in the labor market 

with automation and digitalization processes. The marginal productivity and wage premiums of skilled 

labor increase. However, conversely, a situation such as the exclusion of unskilled workers and those 
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working in more routine jobs from the market can occur. Thus, an increase in income inequalities is 

observed in the initial stages of the technological revolution. However, when comparing the impact of a 

technological shock across developed and developing countries, the situation can be different in developing 

countries. Different and opposing transmission mechanisms can be observed in developing countries. As 

the SBTC hypothesis suggests, digitalization can increase the productivity and wages of skilled workers. 

This can also increase income inequality. However, on the other hand, a reverse effect can also be 

observed, as it helps low-income groups access information more easily and access credit opportunities in 

the context of financial inclusion. Therefore, the fundamental economic question of this study is to 

empirically test which of these two competing mechanisms dominates the macroeconomic dynamics of 

developing markets. A similar picture is encountered when looking at the green transition processes, which 

are the other leg of the Twin Transition process. Creating the infrastructure for the transition to renewable 

energy is quite costly. In addition, carbon taxes and environmental regulations implemented within this 

framework are reflected in prices in the economy and can trigger the risk of inflation. As a result of all 

these indirect processes, low-income households with limited budgets can be negatively affected by these 

developments (Zahid et al., 2025). 

Studies on twin transformations and income distribution generally focus on developed countries such as the 

OECD and the European Union (EU). However, developing countries differ in many aspects, including 

institutional capacity, integration into the global financial system and financial depth, and informal 

employment figures. For example, Asongu and Odhiambo (2019) argue that as internet usage rates increase 

in developing countries, become more widespread, and access to digital financial services increases, this 

reduces information asymmetry. Thus, barriers in the market that disadvantage low-income individuals are 

broken down, and income inequality decreases. However, the empirical literature also includes research 

arguing that this process may have different outcomes, leading to a lack of consensus on this issue. The 

main problem to be recognized is that research does not separate the effects of twin transformations on 

inequality into "short-term structural shocks" and "long-term equilibrium states." This study aims to fill 

precisely this gap in the existing literature. This study investigates the horizon-dependent transmission 

mechanisms of the Twin Transition shocks on income inequality using a macroeconomic dataset covering 

the period 2004-2024 for 18 developing economies. This study differs from existing research in the 

literature in three key ways. Its first contribution is that it is not merely a study that reports and documents 

a reduced-form correlation between the Gini index and macroeconomic variables. It theoretically discusses 

how digitalization affects income distribution through various economic channels, namely financial 

inclusion and information dissemination. Secondly, this study removes the level of development from the 

relationship between technological change and inequality. To more clearly see the relationship between 

these two, it uses a dynamic panel approach that controls for macroeconomic inertia and endogeneity 

issues. Its third contribution is that it separates the effects of both digital and green shocks on inequality 

into 'short-term deviations' and 'long-term persistent effects' within a horizon-dependent transmission 

framework. 

The empirical findings of the study show a strong negative relationship between internet penetration and 

income inequality in the group of developing countries. This finding does not claim a definitive causal 

relationship. However, this strong empirical correlation can be said to indicate a significant deviation from 

the upward inequality scenario predicted by the traditional Skills-Driven Technological Change (STC) 

hypothesis. It should be noted that the increase in internet usage rates is highly correlated with the overall 

development and progress levels of these countries. In conclusion, the findings reinforce the idea that 

digitalization supports inclusive growth by facilitating access to financial markets, rather than leading to 

technological exclusion. The PMG estimation results demonstrate that the increase in internet usage rates 

among the population, i.e., digitalization, has a statistically significant and inequality-reducing role in both 

the short and long period. In other words, digitalization increases financial inclusion, which supports 

inclusive growth. On the other hand, one of the most striking findings of the study is that the green 

transition variable increased inequality in the long run. This finding is consistent with Berry's (2019) 

argument. In other words, the costs of renewable energy infrastructure and carbon pricing increase the cost 

of living for low-income groups in developing economies. As a result, it creates pressure on income 

distribution. The rest of the article is organized as follows: The second section presents the conceptual 

framework and empirical literature review examining the relationship between twin transitions and income 

inequality. The third section introduces the dataset and constructs the Panel ARDL (PMG) econometric 

methodology. This section also reports the estimation results, supported by descriptive statistics and visual 

analysis. The fourth and final section discusses the macroeconomic findings and develops policy 

recommendations focused on inclusive growth for developing economies. 
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Figure 1: Conceptual Framework of the Twin Transition's Impact on Income Inequality1 

Figure 1 illustrates how the Twin Transition shocks affect income distribution and transmission 

mechanisms in developing countries. It also reflects the asymmetric effects of digitalization and green 

transition. Digitalization promotes inclusive growth through financial inclusion and information 

dissemination. However, green transition exacerbates income inequality in the long run due to high 

infrastructure costs and price pass-through effects.  

2. CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW 

Kuznets (1955) is one of the first important researchers to theoretically examine in depth the effects of 

macroeconomic shocks and structural transformations on income distribution. This hypothesis, known as 

the Inverted U hypothesis of Kuznets (1955), examined the stages of an important structural change such 

as the transition from agriculture to industry and investigated its relationship with income distribution. This 

hypothesis stated that in the stages of transition from an agricultural society to an industrial society, capital 

became more concentrated in a certain group, which initially increased income distribution inequalities. 

However, over time, these economies develop and mature, and their institutions turn into more advanced 

institutions. He stated that as a result of this, income inequalities will decrease over time. The Twin 

Transition process, which is the subject of research today, is accepted as a new "Kuznets shock" of modern 

macroeconomics. 

The relationship between income distribution and digitalization is theoretically investigated with the 

"SBTC" hypothesis. This hypothesis was put forward by Katz and Murphy (1992) and Acemoglu (2002). 

Accordingly, technological innovations increase the marginal productivity of highly educated and qualified 

labor force. However, on the contrary, it can replace the labor force, which can be described as low-

qualified unskilled workers who do more routine work. As a result of this asymmetric shock, the share of 

technology and capital owners in national income increases. Thus, disposable income inequality deepens. 

The other leg of the Twin Transition process is the transition to green energy. The theoretical effects of this 

on income distribution are generally investigated through the Environmental Kuznets Curve (EKC) and 

Pigovian taxation mechanisms. When the transition from fossil energy sources to renewable energy sources 

begins, the infrastructure costs are quite high at first. In addition, new regulations and carbon pricing on 

this issue may have an increasing effect on the markets. This situation may have a negative influence on 

low-income households, whose share of energy expenditures in the total budget is high (Markandya et al., 

2008). 

When examining the impact of the digitalization aspect of the Twin Transition on income distribution, 

significant differences exist between developed and developing countries. In developed countries, the 

"SBTC" hypothesis holds true; that is, digitalization processes in this group of countries further exacerbate 

 
1 Note: This figure was generated with the assistance of artificial intelligence tools. 
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income inequality. For example, Autor, Levy, and Murnane (2003), in their research on the US, showed 

that computerization created polarization in the labor market and narrowed the middle class. Another 

example shows that investments in information and communication technologies structurally increased 

wage inequality in OECD countries (Michaels et al., 2014). Conversely, when looking at developing 

countries, there is strong evidence that digitalization creates inclusive growth. Asongu and Le Roux 

(2017), in their study on African countries, showed that as the rate of mobile device ownership increases 

and internet access becomes more widespread, information asymmetry decreases and income inequality 

falls. Financial markets in developing countries are not sufficiently deep and developed. In addition, they 

face problems such as the informal economy. Therefore, as digitalization increases, financial inclusion also 

increases, making it easier for all segments of society to access financial services. Shen et al. (2023), in 

their study on China, showed that the expansion of digital finance and e-commerce networks increased 

access to credit, which was limited in rural areas. Thus, they empirically demonstrated that it narrowed the 

income gap between urban and rural areas. In other words, the digitalization process in developing 

countries is not a shock, as in the "SBTC" hypothesis. On the contrary, it is a force that breaks down the 

barrier between rich and poor in the market and brings them closer together. 

When looking at the reflection of the influences of green transition on income distribution in the literature, 

it is seen that it is a relatively new field and therefore in a controversial position. A large part of the 

research states that the short-term costs of the transition to renewable energy increase inequality. Berry 

(2019) examined the carbon tax applications in France in his study. In this study, it was revealed that the 

direct reflection of green costs to consumers increased energy poverty and distorted the distribution of 

disposable income. Grösche and Schröder (2014), in their study in Germany, also argue that the policies 

implemented to support renewable energy increased income inequality. In addition, there are studies that 

state that in the long term, greent transition will create energy efficiency and that this can reduce 

inequalities. Topcu and Tugcu (2020) argue that investments in renewable energy in developed countries 

reduce income inequality. It has been proven that renewable energy reduces costs. It has been shown that 

the renewable energy sector creates new green jobs, which has a positive effect on income distribution. 

Mengova (2026) included a wide range of countries in her study. The main finding of the article is that 

consuming renewable energy reduces costs at the household level and improves income distribution by 

alleviating energy poverty. However, she also noted that because the ownership of renewable energy 

production facilities requires large capital investments, they are generally concentrated in the hands of 

wealthy investors. This situation can increase inequality on the producer side. 

A review of the literature discloses three key gaps. Firstly, the vast majority of studies treat digitalization 

or green transition as independent shocks, failing to adequately examine the simultaneous macroeconomic 

impacts of this Twin Transition for developing countries. Secondly, most existing empirical analyses 

utilize first-generation estimators such as OLS or GMM. However, it is crucial to understand that these 

methods often fail to separate the short-term deviations of macroeconomic shocks from their long-term 

persistent effects. This is a significant shortcoming. Thirdly, the rigid and resilient nature of income 

inequality over time is often overlooked by static models. This study addresses these gaps by examining 

the influence of this Twin Transition on income inequality in developing markets from a "horizon-

dependent transmission" perspective. The study employs a Panel ARDL (PMG) approach based on the 

Pesaran et al. (1999) methodology. This approach reveals not only the average effect of a shock, but also 

the rate at which the system converges to long-term equilibrium and its short-term asymmetries. This 

represents a new methodological contribution to the literature. 

3. DATA AND METHODOLOGY 

3.1. Data Set and Variables 

This study examines the concept of twin transformations, which refer to digitalization and green transition 

processes. The short-period and long-period relationship between twin transformations and income 

inequality is investigated. Eighteen developing countries are included in the study. The data for these 

countries cover the period between 2004 and 2024. Annual data for this period were analyzed using panel 

data analysis. The countries included in the analysis were selected considering their representation in the 

global economic order and the momentum of their structural transformations. These countries consist of 

major emerging markets in Latin America, Asia, Europe, and Africa. The countries can be listed 

individually as follows: Brazil, Mexico, Argentina, Chile, Colombia, Peru, China, India, Indonesia, 

Malaysia, Thailand, Philippines, Vietnam, Turkiye, Poland, Hungary, South Africa, and Morocco. 
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Data for the variables in the study were obtained from the World Bank database. However, deficiencies in 

the GINI coefficient, which represents income inequality and is the dependent variable, were filled using 

the Standardized World Income Inequality Data Database (SWIID). The Gini coefficient was not selected 

using gross market inequality because it encompasses the redistributive effects of fiscal policies and 

transfer payments. Instead, the disposable income GINI was chosen.  However, it is important to note that 

the SWIID database heavily utilizes 'imputation' and 'smoothing' techniques in Gini calculations. This can 

artificially increase macroeconomic inertia due to the nature of the dataset. It can even make the series 

more prone to cointegration. Because of this limitation, it is necessary to state that there is a risk that the 

short-term dynamics obtained from Error Correction Models (ECMs) may produce artefactual results, at 

least partially. This methodological reality has been taken into account in this study. Therefore, the main 

empirical conclusions and policy recommendations in this study are not based on short-term fluctuations. 

Instead, they are built upon long-term equilibrium coefficients that represent a structural transformation. 

Furthermore, the natural logarithm of the variable (ln_GINI) was used to better understand macroeconomic 

inertia. The independent variables used were the internet usage rate (INT) representing digitalization and 

the share of renewable energy in total energy consumption (REW) representing green transformation. The 

basic model was also supported by consumer inflation (INF), trade openness ratio (TRD), and financial 

depth (FIN), measured by the volume of domestic credit extended to the private sector, to control the 

macroeconomic dynamics of emerging markets. All data for independent and control variables were 

compiled from the World Bank's World Development Indicators (WDI) database. 

3.2. Econometric Model: Pooled Mean Group (PMG) Approach 

In some macroeconomic panel data analyses, as in this study, the cross-sectional (N=18) and time (T=21) 

dimensions can be close to each other. In these cases, traditional dynamic panel estimators such as System 

GMM may be insufficient to capture the asymmetric shocks and lag structures contained in the series. In 

this situation, the use of reliable estimators is of great importance. Furthermore, as will be seen in this 

study, when macroeconomic variables can have different degrees of integration such as I(0) and I(1), the 

cointegration relationship must be tested reliably. The most reliable method for such cases is the ARDL 

Bounds Test approach developed by Pesaran, Shin, and Smith (1999). In this study, the Pooled Mean 

Group (PMG) estimator was used to see the short-period and long-period influences of twin transition on 

income inequality. Short-period shocks indicate that the effects of Twin Transition on income inequality 

can vary from country to country. Long-period equilibrium, on the other hand, represents a common 

change for all global markets. The PMG approach allows for heterogeneity in short-term coefficients, error 

variances, and constant terms across countries. Countries like China, Hungary, and Morocco have 

significantly different economic and institutional infrastructures. It is not accurate to assume that these 

developing countries share the same long-term slope homogeneity. Therefore, in this study, the 

homogeneity of coefficients between countries was tested using the Mean Group (MG) estimator, which 

allows for heterogeneity in long-term coefficients. Furthermore, the Pooled Mean Group (PMG) estimator, 

which assumes homogeneity, was tested against each other using the Hausman Test. The Hausman test 

results confirmed that the long-term homogeneity constraint is statistically valid. Thus, it proved that the 

PMG estimator is more efficient and consistent than the MG estimator. The Panel ARDL(p,q) based error 

correction model (ECM), which forms the basis of this study, is expressed in equation 1: 

∆ln𝐺𝐼𝑁𝐼𝑖𝑡
=  ϕ𝑖[ln𝐺𝐼𝑁𝐼𝑖,𝑡−1

− (𝛽1𝐼𝑁𝑇𝑖,𝑡 +  𝛽2𝑅𝐸𝑊𝑖,𝑡 +  𝛾′𝑋𝑖,𝑡)]    +  ∑ 𝛼𝑖𝑗 ∆𝑙𝑛𝐺𝐼𝑁𝐼𝑖,𝑡−𝑗  +
𝑝−1
𝐽=1

 ∑ 𝛿𝑖𝑗 ∆𝑉𝑖,𝑡−𝑗  +  𝜇𝑖 + 𝜀𝑖𝑡
𝑞−1
𝑗=0 ………………………………………………………..………………….….(1) 

In this equation; 

• ∆ represents the first difference operator, 

• i and t represent the cross-section (country) and time (year) indices, respectively, 

• 𝑋𝑖,𝑡 represents the control variable matrix (INF, TRD, FIN), 

• 𝑉𝑖,𝑡  represents the vector encompassing all independent and control variables in the model. 

• 𝜇𝑖 represents the country-specific fixed effects, and 𝜀𝑖𝑡  represents the error term. 

The part of the equation enclosed in square brackets reflects the long-term cointegration relationship. The 

parameter ϕ𝑖  is the coefficient of the Error Correction Term (ECT). For macroeconomic equilibrium to be 

achieved, this coefficient is expected to be negative and statistically significant. This coefficient indicates 

how long it takes for the system to return to its long-term inclusive growth equilibrium after a short-term 
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shock. The basic descriptive statistics for the macroeconomic variables used in the study are summarized in 

Table 1. 

Table 1: Descriptive Statistics for Macroeconomic Variables 

Variable Observations Mean Std. Dev. Minimum Maximum 

GDP per Capita (GDP) 378 7419.07 4119.70 892.59 18000.50 

GDP per Capita - PPP (GDPPPP) 378 18022.04 8936.22 3656.12 45153.04 

Digitalization (INT) 378 50.14 26.17 1.97 98.02 

Green Transition (REW) 324 21.53 12.38 2.00 50.00 

Inflation (INF) 364 6.49 15.45 -1.61 219.88 

Trade Openness (TRD) 378 75.04 42.93 22.10 210.37 

Financial Depth (FIN) 357 67.94 41.47 9.68 194.16 

Table 1 offers descriptive statistics for the macroeconomic variables used in the study. A robust, balanced 

panel dataset covering 18 developing economies for the period 2004-2024 is available. Accordingly, the 

average real GDP per capita is calculated as US$7419, and GDP per capita at purchasing power parity 

(GDPPPPP) is calculated as US$18022. There is a wide range between the minimum and maximum values 

of the growth variables. This means that there are differences in economic scale among the selected 

countries. However, this situation provides a suitable variance for examining the transmission of 

macroeconomic shocks. When examining the twin transition variables, it is seen that the internet usage rate 

(INT) of the population averages 50.1 percent. However, it varies widely from 1.9 percent to 98 percent 

within the dataset range. This reflects the rapid acceleration in the digitalization process. Similarly, the 

share of renewable energy consumption (REW), an indicator of green transition, in total energy is at an 

average level of 21.5 percent. The control variables, inflation (INF), were found to have an average of 

6.49%, while trade openness (TRD) and financial depth (FIN) had averages of 75% and 67.9%, 

respectively. Table 2 offers the outcomes of the correlation matrix between the variables. 

 

Figure 2: Scatter Plot and 95% Confidence Interval of Digitalization vs. Income Inequality (2004-2024) 

A visual analysis of the structural relationship between digitalization and income inequality is presented in 

Figure 2. The horizontal axis represents the internet usage rate, and the vertical axis represents disposable 

income inequality. The linear trendline shows a distinct negative slope with a narrow 95% confidence 

interval (shaded area). This visual evidence demonstrates a structural trend toward a decrease in income 

inequality as internet penetration expands in emerging markets. It visually illustrates the econometric 

findings that digital financial inclusion and information dissemination act as forces reducing inequality. 
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Figure 3: Scatter Plot and 95% Confidence Interval of Green Transition vs. Income Inequality (2004-2024) 

Figure 3 illustrates the macroeconomic relationship between green transition and income inequality. Unlike 

digitalization, the linear trendline in this distribution graph shows a distinctly positive, or upward, trend. 

Macroeconomic data points exhibit a higher variance. However, the upward trend within the shaded 95% 

confidence interval provides critical preliminary visual evidence regarding the nature of green policies in 

developing countries. This visualization aligns perfectly with the advanced panel ARDL estimates 

discussed later in the study, demonstrating how heavy infrastructure costs, carbon taxes, and price pass-

throughs accompanying the renewable energy transition worsen income distribution for low-income 

households. 

Table 2: Correlation Matrix Between Variables 

Variable GDP GDPPPP INT REW INF TRD FIN 

GDP 1.0000 
      

GDPPPP 0.9579* 1.0000 
     

INT 0.5795* 0.6133* 1.0000 
    

REW -0.4660* -0.5050* -0.3636* 1.0000 
   

INF 0.2008* 0.1628* 0.1575* 0.0495 1.0000 
  

TRD 0.0916 0.2789* 0.2204* -0.2849* -0.1361* 1.0000 
 

FIN -0.0311 -0.0100 0.2085* -0.2260* -0.2003* 0.2941* 1.0000 

Note: (*) indicates significance at the 5% level. 

The results of the correlation matrix showing the simultaneous relationships between the variables are 

reported in Table 2. According to the findings obtained at the 5% significance level, there is a positive and 

statistically highly significant relationship (0.57) between internet usage (INT), representing digitalization, 

and economic growth indicators. In contrast, a negative and significant correlation (-0.46) was found 

between the green transition indicator (REW) and economic growth. This refers to the theory of structural 

transition costs that arise in the initial stages of green transition in developing economies. Furthermore, no 

excessively high correlation was found between the independent variables that would create a 

multicollinearity problem. It should also be noted that GDP and GDPPPP variables will not be used 

simultaneously in the same econometric model as they are highly correlated alternatives to each other. 

Table 3 contains the tests and results on cross-sectional dependence. 

Table 3: Results of Pesaran (2004) Cross-Sectional Dependence (CD) Test 

Variables CD-Test 

Statistic 

p-value Mean Correlation Result 

GDP per Capita (GDP) 43.73 0.000*** 0.771 CD 

Income Inequality (GINI) 15.34 0.000*** 0.282 CD 

Digitalization (INT) 53.96 0.000*** 0.952 CD 

Green Transition (REW) 1.65 0.099* 0.031 Weak dependence / Independence 

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. H0: No cross-sectional dependence. 



International Journal of Social and Humanities Sciences Research (JSHSR) 

1680 
 

Table 3 offers the outcomes of Pesaran's (2004) CD Test. In panel data analysis, determining whether the 

series exhibit cross-sectional dependence is necessary to accurately model the transmission of 

macroeconomic shocks. Given globalized markets and integrated supply chains, a macroeconomic or 

technological shock in one country is expected to affect other countries. Examining the findings in Table 3, 

it is seen that the p-values for economic growth (GDP), income inequality (GINI), and digitalization (INT) 

variables are less than 0.01. This specifies that the null hypothesis "there is no cross-sectional dependence" 

is strongly rejected at the 1% significance level. In particular, the high CD test statistic of 53.96 and the 

mean correlation of 0.95 are found for the internet usage rate (INT). This finding shows that technological 

diffusion is creating a simultaneous global wave among developing countries. In contrast, the null 

hypothesis could only be rejected at a 10% significance level for the green transition variable representing 

renewable energy consumption (REW). This indicates that green transition processes are dependent on 

countries' own fiscal policies rather than a global wave. It also suggests that they develop more internally, 

depending on their national regulations. These strong cross-sectional dependence findings 

methodologically necessitate the use of second-generation panel unit root tests, which take global shocks 

into account, instead of first-generation unit root tests in the continuation of the analysis. Accordingly, the 

results of the second-generation unit root test are presented in Table 4. 

Table 4: Results of Pesaran (2007) CIPS Second Generation Panel Unit Root Test 

Variable Level Z[t-bar] p-value 1st Diff. Z[t-bar] p-value Result 

GDP 0.261 0.603 -0.413 0.340 High Persistence 

GINI -1.262 0.103 -4.660 0.000*** I(1) 

INT -0.687 0.246 -3.432 0.000*** I(1) 

REW 0.306 0.620 -2.310 0.010** I(1) 

INF -1.681 0.046** -7.600 0.000*** I(0) 

TRD -0.532 0.297 -3.995 0.000*** I(1) 

FIN -0.901 0.184 -2.259 0.012** I(1) 

Note: *** and ** indicate significance at the 1% and 5% levels, respectively. The null hypothesis (H0) of the test assumes that the series contains 
a unit root (is non-stationary). All tests were applied with 1 lag. 

The results of the tests revealed the need to use second-generation unit root tests in the analyses, as cross-

sectional dependence was detected. Therefore, the Pesaran (2007) CIPS (Cross-Sectionally Augmented 

IPS) second-generation panel unit root test, which takes into account the stationarity properties of 

macroeconomic series, cross-sectional dependence, and global shocks, was performed. According to the 

results presented in Table 4, the inflation (INF) control variable is stationary at the level value at the 5% 

significance level. It also has the I(0) property. However, in contrast, income inequality (GINI), 

digitalization (INT), green transition (REW), trade openness (TRD), and financial depth (FIN) variables 

contain unit roots at their level values. When the first differences of these series are taken, the p-values of 

the Z[t-bar] statistics fall below 0.05, and it is strongly proven that the series are stationary [I(1)]. In 

addition, the economic growth (GDP) variable was found to exhibit structurally high macroeconomic 

persistence (inertia). As a result of all these findings, and because the N and T dimensions of the data set 

are close to each other and the variables have different levels of stationarity, Panel ARDL (PMG) was used 

in model estimation. 

Table 5: Estimation Results of Mean Group (MG) and Pooled Mean Group (PMG) Models (Dependent Variable: 

d_ln_GINI) 

Variables Mean Group (MG) Pooled Mean Group (PMG) 

Long-Run Dynamics 
  

Digitalization (INT) -0.00043 (0.793) -0.00104*** (0.000) 

Green Transition (REW) 0.00170 (0.706) 0.00486*** (0.009) 

Inflation (INF) -0.00078 (0.728) -0.00323** (0.049) 

Trade Openness (TRD) -0.00003 (0.985) -0.00200*** (0.000) 

Financial Depth (FIN) -0.00065 (0.496) 0.00097*** (0.001) 

Short-Run Dynamics 
  

Error Correction Term (ECT) -1.00098*** (0.000) -0.39997*** (0.002) 

Hausman Test 
  

Chi-square (5) 1.52 

Prob > chi2 0.9104 

Note: p-values are reported in parentheses. ***, , and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The 

Hausman test fails to reject the null hypothesis of slope homogeneity, confirming PMG as the efficient estimator. 

Table 5 presents the comparative results and Hausman test statistics of the MG estimator, which allows for 

heterogeneity of long-term coefficients between countries, and the PMG estimator, which assumes 

homogeneity. The Hausman test result (Chi2 = 1.52, p-value = 0.910) indicates that the assumption of 

long-term slope homogeneity is statistically valid. Therefore, the coefficients of the PMG model, which is 

more effective and consistent, were considered to interpret the main findings of the study. Looking at the 
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coefficients expressing the long-term results of the PMG model, it is understood that the Twin transition 

shocks follow an asymmetric transmission mechanism in developing economies. The Digitalization (INT) 

coefficient is negative in the long term and statistically significant at the 1% level. This is an indicator of 

the spread of internet use and financial inclusion. It also proves that it has a reducing effect on income 

inequality in these countries. 

However, the Green Transition (REW) coefficient was found to be positive and highly significant 

(p=0.009) in the long term. This is an extremely critical finding. This is because the high infrastructure 

costs required for the transition to renewable energy, the implemented carbon taxes, and rising energy 

prices place a disproportionate burden on low-income households. In other words, it empirically confirms 

that it distorts income distribution. The Error Correction Term (ECT) is negative and significant, as 

expected. This indicates that approximately 40% of the shocks occurring in the system are corrected each 

year. It also shows that long-term equilibrium is reached in approximately 2.5 years. 

3.3. Robustness Check: Dynamic Common Correlated Effects (DCCE) Approach 

To control for the cross-sectional dependence (CSD) problem of the model and to test the robustness of the 

cointegration relationship obtained from the PMG model, the Dynamic Co-Related Effects (DCCE) 

estimator was used for estimation. In this study, the cross-sectional averages of the Gini index and 

digitalization variables, which show a strong CSD effect, were added to the model. Thus, unobservable 

global shocks were filtered out. 

Table 6. Outcomes of dynamic common correlated effects (DCCE) 

Variables Coefficient Std. Error p-value 

Long-Run Dynamics 
 

Digitalization (INT) 0.00023 0.00146 0.872 

Green Transition (REW) -0.00104 0.00494 0.833 

Inflation (INF) -0.00149 0.00146 0.307 

Trade Openness (TRD) 0.00040 0.00055 0.460 

Financial Depth (FIN) -0.00098 0.00173 0.570 

Error Correction Term 
 

ECT (Adjust. Term) -0.85258*** 0.21882 0.000 

Diagnostic Statistics 
 

Pesaran CD Statistic -0.69 

CD Test p-value 0.491 

Number of Groups / Obs. 13 / 221 

Note: *** indicates statistical significance at the 1% level. The model is estimated with cross-sectional averages of the dependent variable and 

the highly dependent independent variable (INT) to filter out global unobserved common factors. The insignificant CD statistic confirms that 

Cross-Sectional Dependence (CSD) has been successfully eliminated. 

According to the estimation results obtained from the DCCE model, the Error Correction Term (ECT) was 

found to be negative and statistically significant at the 1% level, as expected. Furthermore, the most 

important finding is that the Pesaran CD test statistic and probability value applied to the residuals of the 

model prove that the cross-sectional dependence problem has been successfully eliminated. This means 

that the long-term cointegration between the variables remains valid even under global shocks. However, 

when the long-term coefficients of the DCCE model are examined, the independent variables are found to 

be statistically insignificant. This empirical finding shows that the Twin Transition process is not a local 

shock in developing countries, but rather acts as a global wave. When global shocks and cross-sectional 

averages are separated from the model, country-specific individual effects weaken. Therefore, for 

macroeconomic policymakers, the long-term results of the Pooled Mean Group (PMG) estimator, which 

reflects the total impact of technological shocks at both global and local levels, become the fundamental 

model. The DCCE model, on the other hand, contributes to the literature as a strong control mechanism 

supporting the econometric robustness of this structural relationship. 

4. CONCLUSION AND POLICY IMPLICATIONS 

It is a well-known fact that the macroeconomic order in the global world is affected by many factors. The 

spread of digital technologies over time and the accompanying transition from fossil fuel sources to 

renewable energy sources is one of these factors. This process, also known as the Twin Transformation, is 

changing the order of the global macroeconomic system. The effects of structural shocks experienced in 

world economies over time on economic growth have been studied for years. However, the distribution of 

wealth that has emerged today remains uncertain, especially in the context of developing economies. This 

study examines the influences of the Twin Transition on income inequality using data covering the period 

2004-2024 for 18 developing economies within the framework of horizon-dependent transmission. The 

PMG estimator, based on Panel ARDL, which controls for integration differences and inertia of 
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macroeconomic series, was used to identify these effects. In addition, short-term asymmetries of shocks 

and long-term equilibrium coefficients were analyzed simultaneously. 

The findings from the empirical analysis demonstrate that the digitalization component of the twin 

transition rejects the traditional SBTC hypothesis in developing countries and reduces inequality. 

According to PMG's estimation results, the increase in internet usage among the population statistically 

significantly and structurally reduces disposable income inequality in both the short and long period. In 

developed economies, there were findings suggesting that computerization and automation shrink the 

middle class and increase inequality (Autor et al., 2003). However, in developing economies, digitalization 

leads to a broadening effect in financial markets and inclusive growth. As access to digital financial 

services and e-commerce networks via mobile devices increases, low-income groups previously outside the 

banking system are gaining easier access to credit. Access to information is facilitated, improving income 

distribution. These outcomes are also consistent with the study by Demirgüç-Kunt et al. (2020). 

In contrast, the green energy transition, representing the other leg of the twin transformation, has been 

found to statistically significantly increase income inequality in the long run. Researchers such as Grösche 

and Schröder (2014) and Berry (2019) had previously mentioned a 'cost rollover' problem for developed 

countries. This empirical finding proves that this situation is experienced much more severely in 

developing countries. The enormous capital accumulation required for renewable energy investments and 

the transition costs reflected in energy bills create a negative tax impact on low-income groups who 

allocate a large portion of their budget to essential energy consumption. 

In light of the macroeconomic outcomes obtained, the following strategic recommendations are offered to 

policymakers in developing countries: 

1. To sustain the powerful and inclusive impact of digitalization, investments in widespread and high-

speed internet access in rural areas should be encouraged. The digital divide between urban and 

rural areas should be reduced. This should be planned not only as a technological goal but also as a 

direct income distribution policy. 

2. For digitalization to reduce income inequality, it needs to fulfill its role in financial inclusion. To 

this end, the legal framework for issues such as mobile banking and small-amount loan 

opportunities should be strengthened, and the transition of low-income households to the formal 

economy should be facilitated. 

3. Fiscal policy must be urgently implemented to mitigate the inequality-increasing effect of the 

green energy phase of the twin transition. Public revenue will be generated from carbon taxes or 

the elimination of fossil fuel subsidies. Care should be taken to ensure that this revenue is not 

solely channeled into technological infrastructure. It can also be redistributed as direct cash 

transfers to vulnerable households at risk of energy poverty. 

Limitations of the Study and Suggestions for Future Researchers: The main limitation of this study is that 

the dataset for the analyzed countries is limited to the macro level, i.e., the entire country. Future research 

could utilize micro data at the household level. This would allow them to examine sectoral asymmetries 

such as agriculture and industry, and demographic asymmetries such as rural-urban divides, related to twin 

transition shocks. For this research, they could also conduct a more detailed examination using Nonlinear 

Panel ARDL (NARDL) models. 
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