

  sustainability-14-02455




sustainability-14-02455







Sustainability 2022, 14(4), 2455; doi:10.3390/su14042455




Article



Global Challenges and Responses: Agriculture, Economic Globalization, and Environmental Sustainability in Central Asia



Altanshagai Batmunkh 1, Agus Dwi Nugroho 1,2,*[image: Orcid], Maria Fekete-Farkas 3[image: Orcid] and Zoltan Lakner 3





1



Doctoral School of Economic and Regional Sciences, Hungarian University of Agriculture and Life Sciences, 2100 Godollo, Hungary






2



Faculty of Agriculture, Universitas Gadjah Mada, Yogyakarta 55281, Indonesia






3



Institute of Agricultural and Food Economics, Hungarian University of Agriculture and Life Sciences, 2100 Godollo, Hungary









*



Correspondence: agus.dwi.n@mail.ugm.ac.id







Academic Editor: Antonio Boggia



Received: 6 January 2022 / Accepted: 18 February 2022 / Published: 21 February 2022



Abstract

:

Economic globalization (EG) accelerates very fast in Central Asia. This could cause environmental degradation, according to the environmental Kuznets curve (EKC) hypothesis. The study aims to determine how the EG of agriculture impacts environmental sustainability, and to test the EKC hypothesis on the agricultural sector in six Central Asian countries. Particularly, some main hypotheses were proposed using secondary data from Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan, and Uzbekistan from 1994 to 2019. This study uses five explanatory variables: agricultural exports value (EXP), agriculture forestry and fishing value-added (AVA), the exchange rate (EXR), total natural resource rents (RENT), and external debt stocks (DEBT), while the dependent variable in this study is the CO2 emissions from on-farm energy use (EMS), temperature changes (TEMP), and forest fires (FIRE). These data are analyzed using panel data regression. As a result, AVA and RENT raise EMS; EXC raises TEMP but lowers EMS; DEBT raises TEMP but can lower FIRE. Hence, we propose recommendations to improve this condition, including a clear roadmap, enhanced partnerships, and regional and international support.
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1. Introduction


The environmental Kuznets curve (EKC) describes the relationship between economic growth and environmental degradation. According to this hypothesis, when a country’s income is still low, its attention will be focused on increasing income by ignoring environmental quality problems. As a result, rising incomes will be followed by rising pollution, which will eventually fall with sustained growth. This decline was due to increased social control and government regulation [1].



At present, many countries are trying to enhance their income by participating in economic globalization (EG), particularly in industries with numerous benefits, such as agriculture [2]. EG, defined as the integration of economic activity across borders through markets, is at the heart of a comprehensive globalization phenomenon that spans economic, social, cultural, and environmental aspects [3]. Related to agriculture, EG boosts income, employment, markets, value chains, national specialties, export diversification, and modernization [4,5]. However, as revealed by the EKC hypothesis, this effort (EG) harms the environment [6]. For instance, there is an increase in emissions, temperature, deforestation, and water scarcity due to the increased demand for agricultural products [7,8,9]. Conservation efforts began in response to a growing awareness of environmental sustainability among various countries and consumers [10]. EG generates the economic resources that allow for environmental stewardship and cleanup [3]. Eco-friendly agreements and food certifications have been launched to meet these goals [11].



For example, several countries promised to limit emissions and mitigate climate change in the United Nations Framework Convention on Climate Change (UNFCCC). One of the significant UNFCCC moments, binding many countries, is the Paris Climate Accord (PAC) 2015, or the 21st Conference of the Parties (COP21). The primary outcomes of COP21 are for each country to reduce greenhouse gas (GHG) emissions, encourage renewable energy production, maintain global temperatures below 2 °C, or ideally, below 1.5 °C, and donate funds to help developing countries cope with the effects of climate change [12].



There are three frameworks to achieve the COP21 outcomes: financial, technical, and capacity-building support. Developed countries must provide financial assistance to developing countries for climate change mitigation (reduce emissions) and adaptation (minimize the negative consequences of climate change). Policy instruments and their implementation must continually drive toward the development and transfer of technology. This will boost climate change resilience while also lowering GHG emissions. The last point is climate-related capacity building for developing countries, and calls on all developed countries to strengthen their support for such activities in developing countries [12].



On 1–12 November 2021, COP26 was held in Glasgow. The purpose of the conference was to assess the outcomes of COP21. The result is a strengthening of each country’s commitment for achieving the COP21 outcomes. Countries reaffirm their commitment to contribute USD 100 billion in aid from developed countries to developing countries each year. Countries were also requested to phase out coal-fired power facilities and inefficient fossil fuel subsidies. Countries also finalized the PAC rulebook regarding market mechanisms, non-market measures, and the transparent reporting of climate actions, and supported supplied or received aid, including loss and damage [12].



Although the agreement’s impact is quite positive, countries will require time to achieve it. Furthermore, EG has been quickly increasing for a long period, particularly in developing countries. One of the regions where EG accelerates very fast is Central Asia. According to the KOF globalization index [13], EG in this region has increased by 55% over the last four decades. Hence, many problems exist in Central Asia’s ecosystem and are consistent with the EKC hypothesis. As evidence, the Central Asian region has recently been warmer and wetter than a decade ago. Thus, people in the area have begun cultivating crops (such as wheat) earlier in recent years [14].



The Central Asian region has also undergone some extreme conditions, which piqued our interest in conducting this study. First, Central Asian countries implemented reforms to transition from planned to market-oriented economies after 1990. The agricultural sector was restructured, with large-scale state-owned farms giving way to small-scale individual plots of land [15]. Hence, countries in the area are particularly eager to participate fully in EG. Second, Central Asia faces a major environmental issue regarding industrial and mining activity, including radioactive soil and water contamination from uranium tailings, and chemical pollution from big industrial units. On the other hand, Central Asian countries have big ambitions to achieve a livable and sustainable future by 2050. They have started several initiatives, including achieving zero net national carbon and other greenhouse gas emissions, increasing renewable energy sources to 50% or more, and lowering city carbon footprints [16].



Third, the Belt and Road Initiative (BRI) was built in Central Asia to increase economic development. It is expected to contribute to the economic, social, and environmental components of their sustainable development goals (SDGs), both directly and indirectly [17,18]. Central Asia has a vital role in the BRI’s development since it connects China with Europe, Africa, East Asia, Russia, and the Middle East [19]. However, this may influence the region’s escalating environmental harm. Thus, a better understanding of environmental sustainability in Central Asia is crucial for the region’s long-term economic development and environmental conservation [20]. Fourth, natural resource interdependence exists among Central Asian countries. If one country’s natural resources are harmed, it will cause problems in other countries. For example, water resources are increasingly under stress in Central Asia, as downstream countries become increasingly reliant on upstream countries [21]. Thus, irrigation is becoming increasingly limited due to climate change and human activity. This will reduce agricultural production and disrupt food security.



Agriculture was chosen as the subject of this study because it is highly vulnerable to climate change and water scarcity [22]. The most important crops in Central Asia are wheat, barley, maize, potatoes, oilseeds, and a range of vegetable crops. Meanwhile, animal husbandry is now dominated by sheep, goats, cows, and horses. Agriculture is still the most important source of employment in Central Asia and accounts for roughly a third of its gross domestic product [23,24]. People who live in rural areas of Central Asia and work in other sectors frequently do subsistence farming in addition to their off-farm employment [25]. Agriculture is also important because it provides (1) food, which may influence the country’s economic growth, (2) income and foreign exchange profits, (3) overhead investment and secondary industrial expansion, and (4) rural net cash income as a stimulus to industry [26].



However, agriculture in Central Asia still faces many issues. The most major fundamental issues when adopting new technologies and mechanization into the sector are workers’ low incomes, a lack of capital, the small-scale character of businesses, the farmers’ low level of education and training, and poorly developed infrastructure. Central Asian countries rely on imports of production materials, such as artificial fertilizer, seeds, and fuel (oil) [27].



Central Asian agriculture uses roughly 60% of the region’s water. As a result, agriculture will be hampered by environmental harm, particularly water scarcity or pollution [28]. This is exacerbated by inefficient water use owing to the deterioration of irrigation canals, excessive evaporation, and drought, while flooded arable land is frequently afflicted by salinization. Central Asian agricultural sectors also suffer from erosion and soil degradation caused by natural disasters such as droughts and floods and excessive chemical inputs [27]. According to the World Bank [29], temperatures in the region will be 1.9 °C to 2.4 °C higher in 2050. Diseases and plagues will be more likely in both agriculture and animal husbandry. This will possibly result in a significant reduction in agricultural yield per hectare.



This is certainly interesting because EG can stimulate economic growth. On the other hand, EG has the potential to harm the environment. While the Central Asian countries have agreed to abide by the UNFCCC agreement, based on the various conditions that we have previously disclosed, our study question is as follows:



RQ1: What is the impact of EG in agriculture on environmental sustainability in Central Asia?



RQ2: Does EKC apply to agriculture development in Central Asia?



Finally, this study aims to determine the impact of EG in agriculture on environmental sustainability and test the EKC on the agricultural sector in six Central Asian countries. The novelty of our study is using total natural resource rents as one of the determinant factors of environmental sustainability. This study is critical for realizing several SDG agendas: grow affordable and clean energy, organize climate action, develop life below water, and advance life on land [30]. Furthermore, according to the third national communication to the UNFCCC, climate change resilience is primarily addressed by focusing on economic growth, population welfare, poverty reduction, economic diversification, communication infrastructure, and political stability [16].



The remainder of this study is organized as follows. Section 2 introduces the previous literature on the progress of EG and environmental sustainability in Central Asia, as well as the framework of this study. Section 3 describes the data and specifies the empirical model. Section 4 and Section 5 present the results and discussion of this study. Section 6 discloses the conclusions, including policy implications.




2. Literature Review


Following the collapse of the Soviet Union in 1990, the Mongolian economy and the economies of all Central Asian countries have faced difficult times due to economic reforms. They all had different strategies to save the economy throughout the transition from a planned to a market economy. Privatization was very restricted in Turkmenistan and Uzbekistan. Due to its favorable external environment, Uzbekistan was the only country in the post-Soviet regime to raise their GDP [31]. Although privatization was Mongolia’s, Tajikistan’s, and Kyrgyzstan’s key economic policy, the agricultural sector remained the economy’s backbone [32]. Turkmenistan and Kyrgyzstan made up the Russian Federation’s “agricultural basket” during the Soviet era, and this remains the case today, with the agricultural sector dominating the Kyrgyz economy [33]. However, deforestation, overfishing, global warming, air pollution, and water supply are all evident environmental challenges in agriculture-dominated countries.



2.1. Economic Globalization in Central Asia


There are several different forms of EG employed today, including export and import, economic reform policy, joining the trade agreement or region, the exchange rate, foreign direct investment, debt, and other activities or policies [11,34,35,36,37]. These various activities have increased FDI, trade volumes, technology, foreign tourists, international events, and reduced poverty, income inequality, hunger, inflation, and illegal economic activity in developing countries [36,38,39,40]. However, this is completely debatable because EG may also lead to adverse effects, such as broader income disparities, employment instability, and economic vulnerability [41]. Various protection policies are also developing in almost all countries.



Related to EG in Central Asia, Turkmenistan, Kyrgyzstan, Kazakhstan, Tajikistan, Uzbekistan, and Mongolia experienced their lowest economic levels after the Soviet Union collapsed. In addition, Mongolia was controlled by and wholly dependent on the Soviet Union. Even though their economy was improving steadily, more than 60% of the population was still living in poverty [42]. Then, Central Asian countries decided to liberalize their economies, or EG, to speed up the development of their economic conditions. The impact of globalization on the world economy has positive effects such as reducing financial costs and transactions, creating a new competitive advantage, and increasing human capital [43].



Since 1993, the leaders of the “five stans” have gathered and established “Five Central Asian States on a Common Market” to trade with one another instead of exporting to other countries. As a result, Kazakhstan and Uzbekistan’s economies grew 2.5-times faster [44]. Post-Soviet nations, including Mongolia, rely on foreign aid, foreign direct investment (FDI), commercial loans, and portfolio investments to control their political opponents and maintain authoritarian regimes.



Central Asian countries have abundant natural resources. Mongolia, rich in gold and copper, had a 20-fold rise in FDI from 1997 to 2016 [43]. However, the abundance is not necessarily associated with the amount of FDI received by each country. Despite having vast natural resources such as gold, gas, and uranium, Uzbekistan and Turkmenistan have the lowest levels of FDI in the region. In contrast, Kazakhstan, having less natural resources than the other two countries, receives a massive amount of FDI to boost its economy and legitimate its authoritarian government [45]. Kyrgyzstan has received less FDI among Central Asian countries despite having abundant natural resources. All FDI is, likewise, debatable as to whether it helps increase GDP or favors foreign capital domination [46].



Furthermore, several forms of trade collaboration, notably, with China, imply EG in Central Asia. The creation and expansion of the BRI has increased Central Asian countries’ commercial, transportation, and communication relations with China. People from Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan have emigrated to China, Russia, and Iran due to this infrastructure development [47]. Collaboration between Central Asian countries and China is also becoming wider, including military alliances, oil trade projects with Kazakhstan and Turkmenistan, hydroelectric power plants in Tajikistan, and Central Asian countries with primary access to the Chinese market [48].



The agricultural sector in Central Asia also experienced EG and started to transform in the early 1990s and is still changing now. They included: (1) price liberalization and the removal of direct government participation in agricultural decision making; (2) land reform and farm reorganization; (3) the establishment of market and collective-action institutions [49]. These agricultural reforms resulted in more varied production systems, considerable changes in cropping patterns, and a rise in the amount of land allocated to food crops. This helps to improve food security by increasing the amount of food availability per capita [24]. Agriculture’s contribution to GDP rose as well, with Turkmenistan accounting for 12.7%, Uzbekistan—17.9%, Kazakhstan—5.32%, Kyrgyzstan—14.6%, Tajikistan—23.3%, and Mongolia—12.06%, respectively, in 2020.




2.2. Environmental Sustainability in Central Asia


There are various indicators of environmental sustainability, including CO2 emissions, heat waves, climate change or temperature, natural disasters, and forest fires [16]. CO2 emission is a vital indicator of environmental sustainability. CO2 emissions have increased in Central Asia due to increased population and economic output [50]. For example, the lack of central heating systems in homes and modern energy infrastructures leads to excessive use of raw coal and less than 1% of renewable energy, resulting in air pollution [51,52]. Meanwhile, Central Asia’s most prominent climate changes were marked by decreasing temperature, growing glaciers, increasing precipitation, and increasing humidity during transitions from the Sub-Boreal to Sub-Atlantic period and from the Medieval Warm period to the Little Ice Age [53]. Since the twenty-first century, climate change in Central Asian countries has harmed net ecosystem productivity [20]. However, climate changes still have a positive impact, such as warmer winters and increasing precipitation in Buqtyrma River Basin areas in Kazakhstan [54].



Rainfall activity is another part of climate change’s harmful influence. Rainfall is projected to drop each year. Not only rainfall, but also clean water might be in short supply or scarce due to deforestation, improper use of water resources, and urbanization [55]. Central Asia has experienced a dramatic drop in the groundwater level and increased chemical pollution of surface water and soil salinization [56]. Agriculture, industrial and residential wastewater, and solid wastes were not adequately treated, posing an environmental threat [16]. Surface water and groundwater pollution harm human health and worsen the ecological environment [56]. Meanwhile, fire occurrence frequency is relatively high in Central Asia. Fortunately, in the last five years, the fires in grassland areas have declined [57].



There are several causes for these problems, including (1) crises in economic policy that do not account for the cost of services to the environment, (2) a lack of community and public sustainability education, (3) an inability to adapt to new challenges, and (4) technological constraints [58]. Hence, regional and national sustainable development policy and a better understanding of climate change is required in Central Asia [20,59]. There are various factors to keep the environment sustainable: (i) reduce environmental pollution and enable model energy; (ii) expand the use of recycling facilities and renewable energy sources; (iii) give financial support to boost renewable technologies; (iv) optimize the global trading environment with mutual compromise and participation; (v) improve the ecological laws and public education [59,60].




2.3. Theoretical Framework and Hypothesis


The EKC hypothesis was proposed by Grossman and Krueger. The EKC hypothesis shows a higher economic and income growth contribution to environmental degradation [61]. As a result of the process, environmental degradation will occur via land, water, and air pollution. This is because the state will prioritize expanding production over environmental concerns. However, at a certain point, economic and income growth will minimize environmental degradation (turning point). This results from increased environmental public awareness, technological advances, and the shift to a service-based economy [62].



The EKC hypothesis uses an inverted U-curve model to explain the relationship between economic growth and environmental degradation. There are three stages of this, namely, the pre-industrial economy (agriculture), the industrial economy (the transition from agriculture to industry), and the post-industrial economy (a service-based economic system). Environmental damage tends to increase due to changes in the economic structure of urbanization and the transition from agriculture to industry. This activity is for mass production and for meeting consumption growth. This then declines with the change in the economic structure from energy-based industries to technology-based industries and services [61,63].



The EKC hypothesis becomes a fascinating study topic, along with the strengthening of global environmental degradation. According to Camci-Cetin et al. [64], the EKC hypothesis applies in high-income countries. This study supports the hypothesis that the EKC in the area has an inverted U-curve in the long run. This may also happen in developing countries in the future, including the Central Asia region. On the one hand, agriculture is quite important in this area (first stage of the EKC hypothesis). On the other hand, when EG is implemented, the region is transforming from agriculture to industry (second stage of the EKC hypothesis). Several existing works on the relationship between economic growth and environmental degradation also consider the effect of sectoral value-added structural changes, and structural changes that occurred by international trade and globalization effects on economic growth–environment relations [65].



EG is classified into two categories in this study: trade globalization (TG) and financial globalization (FG). Agricultural exports and agricultural value-added are the two crucial TG variables used in this study. Exchange rates, total natural resource rents, and external debt stocks are all included in FG. These various variables will boost the economic growth of Central Asian countries.



Developing countries, such as Central Asian countries, mainly depend on external debt due to a lack of savings, low incomes, and weak institutional systems. Therefore, developing countries consider external debts as a significant source of economic growth [66]. However, the EKC hypothesis states that economic growth will increase environmental degradation. For example, external debt has some positive effects on short-term economic growth, but it has a detrimental impact on the environment since it leads to CO2 emissions and deforestation, as the EKC hypothesis predicts [67]. According to economic theories, the effect of external debt on the economy is debated. While by classical economics, the external debt effect has a positive impact on economic growth only in the short run, the Keynesians considered the positive effects on short-run and long-run economic growth due to investments created from the external debt. Some researchers pointed out the question of efficiency of investments supported by foreign debt and its structural effects [68]. Furthermore, another study confirmed the validity of the EKC models by analyzing the correlation between economic development and environmental quality in the Czech Republic during the transition period and afterward [68,69].



We developed a theoretical framework for this study based on the EKC hypothesis, as shown in Figure 1.



Presently, almost every country globally is heavily reliant on agricultural exports. Agriculture, horticulture, and forestry exports are critical sectors in New Zealand, accounting for 49% of its GHG emissions [70]. In the same case, agriculture trade patterns between the US and other countries result in a global reallocation of land use and an increase in global GHG emissions [71]. Lee and Zhang [72] also revealed that agricultural trade liberalization boosts carbon emissions. Aside from increased emissions, agricultural exports in Mongolia also contribute to climate change and rising temperatures [73]. This situation may worsen due to low institutions and adaptation [74]. Finally, an increase in agricultural exports and infrastructure provisions causes an expansion in forest fires and deforestation [75]. On the other hand, climate change has the opposite impact, producing a drop in exports in many nations [76].



Hypotheses 1a (H1a).

Agricultural exports’ value will increase CO2 emissions from on-farm energy use.





Hypotheses 1b (H1b).

Agricultural exports’ value will increase temperature changes.





Hypotheses 1c (H1c).

Agricultural exports’ value will increase forest fires.





There is a significant relationship in the short and long term between the increase in carbon emissions with the agricultural value-added in Turkey [77] and China [78]. A similar situation happened in Malaysia, where increased economic development (gross domestic product, financial development, industrial value-added, agricultural value-added, and manufacturing value-added) resulted in a rise in CO2 emissions and the country’s average temperature [79]. At the same time, Abbasi et al. [80] demonstrate that AVA has severe environmental consequences, including higher CO2 levels and deforestation due to forest fires.



Hypotheses 2a (H2a).

Agriculture, forestry, and fishing value-added will increase CO2 emissions from on-farm energy use.





Hypotheses 2b (H2b).

Agriculture, forestry, and fishing value-added will increase temperature changes.





Hypotheses 2c (H2c).

Agriculture, forestry, and fishing value-added will increase forest fires.





The exchange rate harms the domestic carbon trading market when the currency value is higher and affects it positively when the currency value is lower [81]. According to Tol [82], exchange rates have a harmful influence on the environment. When a country’s currency depreciates, the likelihood of climate change increases, particularly in terms of CO2 and temperature. This occurs due to increased export and domestic economic activities, resulting in greater emissions and pollution. The country also becomes warmer and more reliant on agriculture as the real exchange rate depreciates [83], as does the pace of decreases in forest cover due to fires [84].



Hypotheses 3a (H3a).

Exchange rate will increase CO2 emissions from on-farm energy use.





Hypotheses 3b (H3b).

Exchange rate will increase temperature changes.





Hypotheses 3c (H3c).

Exchange rate will increase forest fires.





The natural resource rent has an impact on environmental sustainability. In the short and long run, there is a considerable effect, where a country’s total natural resource rent increases CO2 emissions in Saudi Arabia [85]. In Sub-Saharan African countries, the natural resource rent raises CO2 emissions [86] and other pollutant emissions [87] over time. The same thing happened in the USA; total natural resource rents will put more pressure on the environment, such as climate changes and temperature increases [88]. Total natural resource rents also have negative impacts, leading to the rapid decrease of forest cover (forest fires) [89].



Hypotheses 4a (H4a).

Total natural resource rents’ value will increase CO2 emissions from on-farm energy use.





Hypotheses 4b (H4b).

Total natural resource rents’ value will increase temperature changes.





Hypotheses 4c (H4c).

Total natural resource rents’ value will increase forest fires.





CO2 emissions are influenced by foreign debt stocks. In Turkey, for example, a growth in foreign debt stocks creates a short-term increase in CO2, but not in the long run [67]. External debt stocks also make countries more vulnerable to climate change, particularly temperature changes [90]. Finally, external debt stocks have a two-fold environmental impact. On the one hand, there is an increase in environmental pressure. As a result of the fire, the forest area shrinks. On the other hand, this money is employed to enhance the size of the forest by conserving it [91].



Hypotheses 5a (H5a).

External debt stocks’ value will increase CO2 emissions from on-farm energy use.





Hypotheses 5b (H5b).

External debt stocks’ value will increase temperature changes.





Hypotheses 5c (H5c).

External debt stocks’ value will increase forest fires.







3. Materials and Methods


3.1. Data Source


The secondary data for this study were collected from six countries from 1994–2019. These countries are located in Central Asia, namely, Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan, and Uzbekistan. The countries were chosen based on their Central Asian geographical location and economic situation. Other reasons were explored in Section 1.



This study uses five explanatory variables: agricultural exports value, agriculture forestry and fishing value-added, exchange rate, total natural resource rents, and external debt stocks, while the dependent variable in this study is CO2 emissions from on-farm energy use, temperature changes, and forest fires (Table 1). The argument for including this variable is that agriculture contributes to several environmental issues that impact environmental degradation, such as climate change, greenhouse gas emissions, dead zones, and more.




3.2. Data Analysis


Static panel data regression analysis was employed in this study. We chose this method because we utilized the combination of time-series and cross-sectional data. There are three static panel methods: pooled effect model (PEM), fixed effect model (FEM), and random effect model (REM) [92]. The PEM looks at how the dependent variable and some explanatory variables remain constant over time. Individual data are pooled without consideration for individual variations, resulting in a model with varying coefficients. The FEM allows for different intercepts for each cross-sectional unit but assumes that the slope coefficient is constant throughout them. Meanwhile, the lack of FEM to incorporate relevant explanatory variables that do not change over time (and possibly others that do change over time but have the same values for all cross-sectional units) results in the REM [93].



We have three dependent variables in our study, each analyzed using static panel regression. We use the log form to produce the best estimation results [92]. First, the factors that affect CO2 emissions in Central Asia were estimated with the following function:


   E M S = f ( E X P ,   A V A ,   E X C ,   R E N T ,   D E B T )  .  



(1)







Based on Function (1), we formulated the static panel model:


  l o g   E M S   =  β 0  +  β 1  l o g   E X P   +  β 2  l o g   A V A   +  β 3  l o g   E X C   +  β 4   R E N T +     β 5   l o g ( D E B T )  .  



(2)







Second, the following function estimates the statistical relationship between economic globalization and temperature changes in Central Asia:


   T E M P = f ( E X P ,   A V A ,   E X C ,   R E N T ,   D E B T )  .  



(3)







The static panel model for Function (3) is:


   T E M P =     β 0  +  β 1  l o g   E X P   +  β 2  l o g   A V A   +  β 3  l o g   E X C   +  β 4   R E N T +     β 5   l o g ( D E B T )   



(4)







Third, the relationship between economic globalization and forest fires in Central Asia is depicted by the following function:


   F I R E = f ( E X P ,   A V A ,   E X C ,   R E N T ,   D E B T )  .  



(5)







Function (5) is transformed into a static panel model as follows:


   F I R E =     β 0  +  β 1  l o g   E X P   +  β 2  l o g   A V A   +  β 3  l o g   E X C   +  β 4   R E N T +     β 5   l o g ( D E B T )  .  



(6)







Several steps need to be taken before applying the analysis. For the first step, it is necessary to apply the unit root tests. The Levin–Lin–Chu (LLC) [94], Im, Pesaran and Shin (IPS) [95], Augmented Dickey–Fuller (ADF) Fisher Chi-square, and Phillips–Perron (PP) [96] methods are used to evaluate the stationarity of the variables. This step is required because time series data is particularly prone to spurious regression caused by non-stationary data. According to Liker et al. [97], non-stationary data can exist in the regression model, necessitating the use of a unit root test to solve the problem.



In the second step, three tests are used to evaluate the model in panel data analysis, namely, the Chow, Hausman, and Lagrange multiplier (LM) tests [98]. The Chow test may be used to see if two groups have different multiple regression functions [99]. Gregory Chow introduced this test, which is the F-test for the equivalence of two regressions. The Chow test is used to see a difference in each variable’s intercept indicator ( θ ) and interaction. If no differences exist, the data can be pooled into a single sample without taking, for differing accounts, slopes or intercepts.



The hypothesis of the Chow test is as follows:




	
H0:    θ 1     = … = θ   n   = 0   , pooled effect model,



	
H1:    θ 1    ≠    … = θ   n    ≠    0 ,    fixed effect model.








The test statistic for the hypotheses is:


  F =      ( S S E   R       −   S S E   U   ) / J      S S E  U   / ( N   −   K )    ,  



(7)




where     S S E  R    is the sum of squares residuals of the restricted model,     S S E  U    is the sum of squares residuals of the unrestricted model, J is the number of restrictions, N is the number of observations, and K is the number of coefficients in the unrestricted model.



Hausman tests function to check for a correlation between the explanatory variable and the error term ( ρ ). The hypothesis of this test is as follows:



	
H0:  ρ  = 0, random effect model,



	
H1:  ρ   ≠  0, fixed effect model.






The Hausman test may be conducted with specific coefficients, using a t-test, or jointly, using an F-test or a Chi-square test. The test statistic for the hypotheses is:


  t =    b   FE ,   k       −   b     RE , k         [ var       b   FE ,   k         −   var       b   RE , k      ]    1 / 2      =    b   FE ,   k       −   b     RE , k         [ se       b   FE ,   k       2   −   se       b   RE , k       2  ]    1 / 2      ,  



(8)




where    β k    is the parameter of interest,    b  FE ,    k      is the fixed effects estimate, and    b  RE , k     is the random effects estimate.



The LM test, or Breusch–Pagan test for heteroskedasticity is based on a variance function   ( β )  . The general form for this function is:


   var (  y  i t   )   =  σ μ 2    = E (  μ  i t     2     ) = h ( β   0     + β   1   X   1 i t       + … + β   5   X   5 i t    ) .   



(9)







The null and alternative hypotheses for the heteroskedasticity test based on the variance function are:



	
H0:    β 1     = β   n    = 0, pooled effect model,



	
H1:    β 1  ≠      β   n     ≠  0, random effect model.






The test statistic for the hypotheses is the sample size multiplied by R2, and has a Chi-square (X2) distribution with S − 1 degree of freedom [100].


   X 2  = N ·  R 2    ~     X    S − 1    2    



(10)







As a result of the three tests, the type of static data panel employed in this study can be decided on.





4. Results


Each variable in this study has a different mean and standard deviation (Table 2). This is because the variables used in this study are either in log form or in their original form.



According to the correlation analysis, there were no cases of multicollinearity in the independent variables (Table 3). This can be seen from the smaller correlation coefficient value of 0.8. Meanwhile, we did not analyze the correlation between the dependent variables because each of these variables was not analyzed in the same model.



First of all, we performed the LLC, IPS, ADF, and PP unit root tests to determine the stationarity of the data. This test is critical since the data in this study has both cross-sectional and time-series characteristics. The unit root test results in Table 4 show that not all of the dependent and explanatory variables are stationary at the level. Based on the panel data unit root tests method, TEMP, FIRE, and EXC are integrated for order zero. However, the remaining five variables are integrated for order one.



Since non-stationarity may lead to spurious regression, non-stationary variables were transformed into a stationary series before being used in panel regression analysis. As a result, five non-stationary variables were first differenced into stationary variables.



Afterward, we must choose the best model for Equations (2), (4), and (6). The Chow, Hausman, and LM tests are the answer. Table 5 summarizes the findings of the three tests. The Chow test result for Equation (2) gives a p-value <0.001, indicating that the rejection of H0 or FEM is the preferred model. However, the Hausman test result must be conducted to determine the best model for Equation (2). The Hausman test gives a probability p-value <0.001 or a rejection of H0; thus, we double-checked that FEM was the proper model for Equation (2).



The same findings may be seen in Equation (6), where the Chow and Hausman tests provide a p-value < 0.001 or a rejection of Ho. Hence, the best model for Equation (6) is FEM. On the other hand, Equation (4) shows the opposite result. The Chow and Hausman tests had a p-value > 0.1 or failed to reject H0. For that, we need to do an LM test. The result is p-value < 0.001, so the best model is REM.



The result in Table 6 revealed that all explanatory variables simultaneously affect the dependent variable in Equations (2), (4), and (6). This can be seen from the significant F-statistic value in each analysis. The F-test value was statistically significant at a 1% level of significance.



The t-test analysis shows that each explanatory variable has a varying effect on the dependent variable. EMS is positively and significantly affected by AVA and RENT. A percentage increase in AVA is associated with a 0.235% rise in EMS. Hereafter, a percentage increase in RENT increases EMS by 0.132% and is statistically significant at a 5% level of significance, ceteris paribus. However, EMS is negatively and significantly affected by EXC. EMS falls by 0.282% when EXC increases by 1%. Two other variables, EXP and DEBT, had no significant impact on EMS. This indicates that Hypotheses 2a, 3a, and 4a are accepted in this study, while Hypotheses 1a and 5a are not.



The second analysis shows that EXC and DEBT are two positive and significant factors on TEMP at a 5% significance level. That means if EXC increases by 1%, TEMP increases by 0.091 °C. Meanwhile, TEMP will rise by 0.276 °C due to a 1% increase in DEBT. The other three variables, EXP, AVA, and RENT, do not influence TEMP. Overall, Hypotheses 3b and 5b were accepted, while Hypotheses 1b, 2b, and 4b were rejected. The last analysis shows that only DEBT has a significant influence on FIRE. A percentage increase in DEBT decreases FIRE by 18,637.05 ha, and is statistically significant at a 1% level of significance, ceteris paribus. EXP, AVA, EXC, and RENT have no significant effect on FIRE. Thus, Hypothesis 5c is accepted, while Hypotheses 1c, 2c, 3c, and 4c are rejected.




5. Discussion


5.1. Determinant Factors of EMS in Central Asia


Central Asia is one of many regions worldwide that face severe environmental issues. This is closely linked to human activities, mainly mining and agriculture [16,57]. Hence, Kazakhstan and Turkmenistan are the least sustainable compared to other countries in Europe and Central Asia [101], whereas ecological degradation imposes high financial costs throughout the world, human health is harmed, resource productivity is lost, and ecosystem services are degraded due to environmental carelessness [102].



There are three acceptable Hypotheses in this subsection (2a, 3a, and 4a), but Hypotheses 1a and 5a are not acceptable.



According to the findings of this study, a rise in AVA causes an increase in EMS in Central Asia. This is in accordance with Hypothesis 2a. Similar cases appear to occur in several developed European Union countries. AVA’s change is more than 1.41%, resulting in increased pollution in this sector [103]. According to Khan et al. [79], activities that promote higher levels of economic growth, such as AVA, result in higher energy consumption, which contributes to climate change. Saidi and Hammami [104] also stated that carbon emissions result from economic activities. Erokhin et al. [105] said that agriculture in Central Asian countries is competitively poor because it still uses little advanced technology, including environmentally friendly technology. In addition, these countries are also less focused on improving energy efficiency [50].



Actually, each country in Central Asia has policies to limit emissions as the industry grows. For example, Kazakhstan and Tajikistan emphasize upgrading the energy industry, increasing efficiency, and diversifying the industry by providing incentives for renewable energy sources [16]. However, it appears that this does not apply to the agricultural sector, implying that a rise in AVA will still increase EMS. In addition, it is impossible to stop economic activity since it will have several detrimental consequences for human life. Raza et al. [106] show that increasing AVA can reduce CO2 emissions in Pakistan. Hence, the solution is developing renewable energy and innovative environmental technologies [106,107].



A rise in RENT causes an increase in EMS. This is in accordance with Hypothesis 3a. These findings are consistent with Agboola et al. [85], who found a substantial positive connection between Saudi Arabia’s total natural resource rent and CO2 emissions in the short and long run. Similar cases also occur in Sub-Saharan African countries [86]. RENT encourages Central Asia to over-exploit the ecosystems’ natural resources to meet their needs [51]. Li et al. [108] reinforced it by stating that this situation increases reliance on the environment, puts a lot of strain on natural resources, and makes it challenging to maintain a sustainable ecosystem. This shows that if conservation and management choices are overlooked, so will an over-reliance on RENT harm EMS. However, OECD countries have proven that increasing RENT can still reduce EMS if improving institutional quality focuses on conservation [109].



EXC has a negative relationship with EMS in Central Asia, or inversely with the previous two variables. This is contrary to Hypothesis 4a. Similar findings are seen in Vietnam, where EXC and EMS have a negative association [110]. According to the findings of our study, an increase in the value of EXC (depreciation) causes an increase in the import price of agricultural production factors. Actually, Central Asian countries have long imported agricultural production factors [27]. The usage of agricultural production factors decreases as EXC rises, which has implications for the decline in EMS. Even these agricultural production factors are being replaced by more environmentally friendly resources at cheaper prices, as is often the case with fossil fuel consumption [111].




5.2. Determinant Factors of TEMP in Central Asia


Temperature rises in Central Asia must be addressed immediately since they have been linked to the considerable growth of the carbon source area between 2001 and 2008. A rise in temperature causes soil respiration to speed up, reducing carbon sinks in the ecosystem [20]. This is also supported by Han et al. [112]. In the previous three decades, climate data shows that Central Asia has undergone a yearly increase in average temperature and a drop in rainfall. This is in sharp contrast to the fact that Central Asian countries have decided to join the PAC, restricting the surface air temperature to 1.5 °C, relative to 2 °C, which would significantly reduce the frequency of severe heat occurrences in a country [113].



There are two acceptable hypotheses in this subsection (3b and 5b), but Hypotheses 1b, 2b, and 4b are not acceptable.



Based on our findings, a rise in EXC leads to an increase in TEMP. This is in accordance with Hypothesis 3b. This might be in contrast to our prior finding that higher EXC led to lower EMS. However, we point out that the EMS in this study is only applicable to the agricultural sector. This suggests that an increase in EXC might increase EMS in other sectors, leading TEMP to rise in Central Asian countries. EXC fluctuations will spur business growth. Furthermore, this will impact increasing temperature as one of the business’s outputs [114]. De Araujo Barbosa et al. [84] also stated that the pressure on the ecosystem has increased along with the currency exchange rate volatility.



A rise in another variable, DEBT, also causes an increase in TEMP. This is in accordance with Hypothesis 5b. The findings of this study coincide with those of Essers et al. [115], who claim that DEBT has a lousy track record in coping with climate change. DEBT is commonly utilized in developing countries to stimulate economic growth or create an infrastructure that can harm the environment [116]. This also happens in Central Asian countries where DEBT seems to help grow economically, but where environmental reforms are overlooked. According to the EKC hypothesis, this is a common occurrence. Even in developed countries such as the G20, debt to the energy sector (about USD 250 billion) is mainly employed for fossil fuels rather than cleaner energy alternatives [117]. Another problem is that, in Central Asian countries, the implementation of DEBT has not been accompanied by an effective environmental management system. According to Han et al. [112], funding connected to the environment in Central Asia is more focused on the forest land use procedure than on the temperature reduction program.




5.3. Determinant Factors of FIRE in Central Asia


Forest fires in Central Asia are commonly triggered by converting forests to agricultural land and human settlements [118]. This is thought to significantly contribute to GHG emissions and climate change [119]. There is only one acceptable hypothesis in this subsection (5c), but Hypotheses 1c, 2c, 3c, and 4c are not acceptable.



In our study, increasing DEBT could reduce forest fires in Central Asia. This is contrary to Hypothesis. As stated earlier, DEBT in Central Asia focuses on the forest land use procedure to reduce FIRE [112]. In fact, forest fires in Central Asia have reduced from 2001 to 2019 [57]. For example, Kazakhstan was the most-affected by fire in Central Asia. Forest fires were mainly seen in Kazakhstan’s northern and eastern regions. Currently, forests previously harmed by fires are undergoing gradual restoration [57]. It seems that the issuance of DEBT in Central Asia has been followed by international environmental sustainability programs, such as the reduction of deforestation and degradation, the conservation of forest carbon stocks, the sustainable management of forests, and the enhancement of forest carbon stocks [119]. This is an excellent condition for Central Asia since forests are a giant carbon sink in a changing climate and absorb a large portion of global terrestrial carbon [112].



In our findings, exports did not influence environmental sustainability in Central Asia, regardless of the other explanatory factors employed in this study. The export market appears to have failed to offer enough and suitable environmental protection. Large-market countries must pay more attention to imports and establish product requirements or rules, including environmental, health, and safety rules [102].




5.4. Our Findings, the EKC Hypothesis, and the PAC


Our findings reveal that EG has sound and harmful environmental effects in Central Asian countries. However, a closer examination reveals that EG can have a more significant harmful influence on the ecosystem in Central Asia. This finding supports the EKC hypothesis, which states that economic activity has a detrimental influence on the environment.



As shown in Figure 2, regarding the hypothetical EKC cycle, we assume Central Asian countries are now in stage 2 (scale effect of the industrial economy). At this time, all-natural resources are being fully used for economic growth and income. There has been a paradigm shift in economic development, moving from a pollution-free agricultural sector to a polluted industrial sector. The ecosystem aspect has not become the primary focus. As a result, CO2 emissions and temperatures have risen across Central Asia. This result also serves as a cautionary note for the PAC’s and SDGs’ accomplishments in Central Asia.



In our opinion, there are several causes for this problem, including:




	
Central Asian countries have not used advanced technology [105]. Many countries face this problem because they rely on simple technologies to extract resources and produce goods. Worse, the technology is not being utilized efficiently;



	
There is a lack of community and public sustainability education [58]. As a result, they are unconcerned with environmental degradation and its consequences for human life. In fact, this is detrimental to human health and causes high financial costs worldwide [102];



	
There is a low level of commitment to eco-friendly policies. Environmental issues receive less attention because the government and society are more concerned with economic development. Even Central Asian countries have environmental policies, but they are not well implemented [16];



	
There is a lack of worldwide support for environmental protection. This may be observed in each country’s low level of commitment globally to implement the COP21 outcomes. Likewise, there is a lack of recognition and actions from everyday citizens in their lives (e.g., recycling);



	
As the hypothetical EKC cycle shows, many of a country’s industries must attain economies of scale before shifting into a sustainable economy. Otherwise, developing countries would not cover the initial costs of a multi-year transition to a more environmentally friendly and sustainable economy.








However, a sense of optimism must still be built for environmental improvement in Central Asia. Several explanatory variables can reduce environmental degradation. This indicates that EG in Central Asia is ready to pass the EKC hypothesis’ turning point. Bibi and Jamil [121] stated that EG would improve environmental quality in Central Asia in the future. We need to ensure that the Central Asian government takes the necessary actions (which we discuss in Section 6.2) to ensure that this prediction comes true in the future. This is necessary because several countries have failed to enhance environmental quality and economic growth. For example, the truth of the EKC hypothesis was not proven in South Africa [122]. Even in some OECD and non-OECD countries (such as Africa, Asia, and Latin America), the EKC curve is N-shaped [123]. Another key point to remember is that each country’s approach to environmental sustainability can be different [124]. This should consider each country’s unique conditions. Tendencies such as these can be a guide for Central Asian countries to achieve their SDGs and PAC.





6. Conclusions, Implications, Limitations, and Future Research


6.1. Conclusions


EG accelerates very fast in Central Asia. Hence, many problems exist in Central Asia’s ecosystem. Our study shows that EG in Central Asian countries runs according to the EKC hypothesis, and it is now in the second stage (the industrial economy). Overall, Hypotheses 2a, 3a, 3b, 4a, 5b, and 5c are confirmed, while the other hypotheses are rejected. EG has both positive and negative impacts on environmental sustainability in Central Asia. The increase in agriculture forestry and fishing value-added and total natural resource rents leads to increased CO2 emissions from on-farm energy use. On the other hand, an increase in exchange rates can mitigate CO2 emissions from on-farm energy use. Another indicator of environmental sustainability in our study, temperature change, will increase in line with the increase in exchange rates and external debt stocks. Finally, a rise in external debt stocks will reduce Central Asian forest fires.



Our findings show that EG in agriculture in developing countries, particularly in the Central Asian region, has resulted in environmental harm. Previous studies provided in this article also show that EG can stimulate economic growth while also negatively influencing the environment. However, CO2 emissions and temperature rise due to the employment of environmentally unfriendly chemical production factors and technologies. Unfortunately, many of these technologies are still traditional, resulting in water, soil, and air pollution. This contributes to the advancement of knowledge in the area of improved EG management, which are intended to have an excellent economic and environmental effect.




6.2. Implications


Based on this study, we recommend several strategies to meet SDGs and the PAC. First, Central Asian countries require a path for achieving the SDGs and the PAC. The roadmap must include various activities, environmental damage prediction, and environmental mitigation and adaptation strategies related to agriculture and EG. This roadmap must be disseminated to the micro-level so that the community (mainly farmers) may engage in environmental sustainability initiatives. Second, partnerships with investors, governments, and researchers from other countries should be improved to increase energy efficiency, renewable energy sources, innovative environmental technologies, and environmental research. It has been proven that increasing energy efficiency boosts economic productivity and growth. Meanwhile, research collaboration will facilitate the discovery or transfer of environmentally friendly technologies from developed countries to Central Asian countries. Third, regional and international support is being applied to Central Asian countries to strengthen environmentally damaging farming practice regulations. The support takes the form of transferring education and funding to Central Asian countries to mitigate the adverse effects of climate change on the global economy.




6.3. Limitations and Future Research


As researchers, we believe this study still has some limitations. First, there are only a limited number of explanatory variables. Meanwhile, EG has several variables that were not considered in this study. Hence, we recommend some variables that represent EG include foreign direct investment, trade agreements, trade duties, world agricultural products or oil prices and others. Second, we used a simple data analysis method, namely, static panel data analysis. This method has shortcomings, including serial correlation and heteroscedasticity issues [125]. This may result in spurious regression findings. Even though we have made every effort to reduce the occurrence of such findings, there is still a chance that spurious regression will occur. Thus, we propose applying the generalized method of moment (GMM) and systems GMM to overcome the shortcomings of static panel data analysis. Finally, our study only focuses on agriculture. We recommend further study on the impact of EG on various sectors in Central Asia. This is expected to review the impact of EG broadly and follow the EKC hypothesis in more detail.








Author Contributions


Conceptualization, A.D.N., M.F.-F. and Z.L.; methodology, A.D.N.; software, A.D.N.; validation, A.B., A.D.N., M.F.-F. and Z.L.; formal analysis, A.D.N.; investigation, M.F.-F. and Z.L.; writing—original draft preparation, A.B. and A.D.N.; writing—review and editing, A.B. and A.D.N.; supervision, M.F.-F. and Z.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


We would like to thank the reviewers who gave us suggestions on how to develop this article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mason, R.; Swanson, T. A Kuznets Curve Analysis of Ozone-Depleting Substances and the Impact of the Montreal Protocol. Oxf. Econ. Pap. 2003, 55, 1–24. [Google Scholar] [CrossRef]

	



Nugroho, A.D.; Bhagat, P.R.; Magda, R.; Lakner, Z. The Impacts of Economic Globalization on Agricultural Value Added in Developing Countries. PLoS ONE 2021, 16, e0260043. [Google Scholar] [CrossRef] [PubMed]

	



Moe-Lobeda, C.; Spencer, D. Free Trade Agreements and the Neo-Liberal Economic Paradigm: Economic, Ecological, and Moral Consequences. Polit. Theol. 2009, 10, 685–716. [Google Scholar] [CrossRef]

	



Bilan, Y.; Yamko, P. Export Diversification Versus Export Orientation in the Terms of Globalization and Complicated Financial Environment. Econ. Sociol. 2010, 3, 11–26. [Google Scholar] [CrossRef]

	



Vološin, J.; Smutka, L.; Selby, R. Analysis of External and Internal Influences on CR Agrarian Foreign Trade. Agric. Econ. Zemědělská Ekon. 2011, 57, 422–435. [Google Scholar] [CrossRef]

	



Mariyakhan, K.; Mohamued, E.A.; Asif Khan, M.; Popp, J.; Oláh, J. Does the Level of Absorptive Capacity Matter for Carbon Intensity? Evidence from the USA and China. Energies 2020, 13, 407. [Google Scholar] [CrossRef]

	



Yameogo, C.E.W. Globalization, Urbanization, and Deforestation Linkage in Burkina Faso. Environ. Sci. Pollut. Res. 2021, 28, 22011–22021. [Google Scholar] [CrossRef]

	



Nathaniel, S.P.; Nwulu, N.; Bekun, F. Natural Resource, Globalization, Urbanization, Human Capital, and Environmental Degradation in Latin American and Caribbean Countries. Environ. Sci. Pollut. Res. 2021, 28, 6207–6221. [Google Scholar] [CrossRef] [PubMed]

	



Duarte, R.; Pinilla, V.; Serrano, A. The Globalization of Mediterranean Agriculture: A Long-Term View of the Impact on Water Consumption. Ecol. Econ. 2021, 183, 106964. [Google Scholar] [CrossRef]

	



Hartmann, C.; Lazzarini, G.; Funk, A.; Siegrist, M. Measuring Consumers’ Knowledge of the Environmental Impact of Foods. Appetite 2021, 167, 105622. [Google Scholar] [CrossRef] [PubMed]

	



Nigh, R. Organic Agriculture and Globalization: A Maya Associative Corporation in Chiapas, Mexico. Hum. Organ. 1997, 56, 427–436. [Google Scholar] [CrossRef]

	



United Nations. Paris Agreement; United Nations Framework Convention on Climate Change: New York, NY, USA, 2015. [Google Scholar]

	



KOF Globalisation Index. Available online: https://kof.ethz.ch/en/ (accessed on 21 December 2021).

	



Yang, H.; Ranjitkar, S.; Zhai, D.; Zhong, M.; Goldberg, S.D.; Salim, M.A.; Wang, Z.; Jiang, Y.; Xu, J. Role of Traditional Ecological Knowledge and Seasonal Calendars in the Context of Climate Change: A Case Study from China. Sustainability 2019, 11, 3243. [Google Scholar] [CrossRef]

	



Bloch, P.C.; Delehanty, J.M.; Roth, M.J. Land and Agrarian Reform in the Kyrgyz Republic; University of Wisconsin-Madison: Madison, WI, USA, 1996. [Google Scholar]

	



Pfeiffer, A.; Hepburn, C. Facing the Challenge of Climate Change. Glob. J. Emerg. Mark. Econ. 2016, 8, 201–215. [Google Scholar] [CrossRef]

	



Kunavut, K.; Okuda, A.; Lee, D. Belt and Road Initiative (BRI): Enhancing ICT Connectivity in China-Central Asia Corridor. J. Infrastruct. Policy Dev. 2018, 2, 116. [Google Scholar] [CrossRef]

	



Yu, C.; Zhang, R.; An, L.; Yu, Z. Has China’s Belt and Road Initiative Intensified Bilateral Trade Links between China and the Involved Countries? Sustainability 2020, 12, 6747. [Google Scholar] [CrossRef]

	



Sidle, R.C. Dark Clouds over the Silk Road: Challenges Facing Mountain Environments in Central Asia. Sustainability 2020, 12, 9467. [Google Scholar] [CrossRef]

	



Zhang, J.; Hao, X.; Hao, H.; Fan, X.; Li, Y. Climate Change Decreased Net Ecosystem Productivity in the Arid Region of Central Asia. Remote Sens. 2021, 13, 4449. [Google Scholar] [CrossRef]

	



Zou, S.; Jilili, A.; Duan, W.; Maeyer, P.; de Voorde, T. Human and Natural Impacts on the Water Resources in the Syr Darya River Basin, Central Asia. Sustainability 2019, 11, 3084. [Google Scholar] [CrossRef]

	



Ruppert, D.; Welp, M.; Spies, M.; Thevs, N. Farmers’ Perceptions of Tree Shelterbelts on Agricultural Land in Rural Kyrgyzstan. Sustainability 2020, 12, 1093. [Google Scholar] [CrossRef]

	



Mogilevskii, R.; Abdrazakova, N.; Bolotbekova, A.; Chalbasova, S.; Dzhumaeva, S.; Tilekeyev, K. The Outcomes of 25 Years of Agricultural Reforms in Kyrgyzstan; Leibniz Institute of Agricultural Development in Transition Economies: Halle, Germany, 2017. [Google Scholar]

	



Akramov, K.T. International Food Prices, Agricultural Transformation, and Food Security in Central Asia. Dev. Pract. 2011, 21, 741–754. [Google Scholar] [CrossRef]

	



World Bank. Kyrgyz Republic Communities Forests and Pastures; World Bank: Washington, DC, USA, 2015. [Google Scholar]

	



Draper, P.; Freytag, A.; Doyaili, S.A. Why Should Sub-Saharan Africa Care about the Doha Development Round? Economics 2013, 7, 20130019. [Google Scholar] [CrossRef]

	



Van Berkum, S. Agricultural Potential and Food Security in Central Asia in the Light of Climate Change; FAO: Rome, Italy, 2015. [Google Scholar]

	



Aminova, M.; Abdullayev, I. Water Management in a State-Centered Environment: Water Governance Analysis of Uzbekistan. Sustainability 2009, 1, 1240–1265. [Google Scholar] [CrossRef]

	



World Bank. Uzbekistan: Climate Change and Agriculture Country Note; World Bank: Washington, DC, USA, 2015. [Google Scholar]

	



United Nations Development Group. The Sustainable Development Goals Are Coming to Our Life. Stories of Country Implementation and UN Support; United Nations: New York, NY, USA, 2016. [Google Scholar]

	



Popov, V. An Economic Miracle in the Post-Soviet Space How Uzbekistan Managed to Achieve What No Other Post-Soviet State Has; PONARS Eurasia: Washington, DC, USA, 2013; pp. 1–22. [Google Scholar]

	



Nixson, F.I. The Transition to a Market Economy: Mongolia 1990–1998. Int. J. Econ. Dev. 2000, 2, 35–66. [Google Scholar]

	



Abazov, R. Economic Migration in Post-Soviet Central Asia: The Case of Kyrgyzstan. Post Communist Econ. 1999, 11, 237–252. [Google Scholar] [CrossRef]

	



Bataka, H. Economic Globalization and Public Debt in Sub-Saharan Africa. Int. J. Financ. Econ. 2021. [Google Scholar] [CrossRef]

	



Awad, A.; Youssof, I. The Impact of Economic Globalisation on Unemployment: The Malaysian Experience. J. Int. Trade Econ. Dev. 2016, 25, 938–958. [Google Scholar] [CrossRef]

	



Ching, H.S.; Hsiao, C.; Wan, S.K.; Wang, T. Economic Beneftis of Globalization: The Impact of Entry to the WTO on China’s Growth. Pac. Econ. Rev. 2011, 16, 285–301. [Google Scholar] [CrossRef]

	



Fonchamnyo, D.C.; Akame, A.R. Determinants of Export Diversification in Sub-Sahara African Region: A Fractionalized Logit Estimation Model. J. Econ. Financ. 2017, 41, 330–342. [Google Scholar] [CrossRef]

	



Hoang, H. The Underground Economy in Transition Countries from the Perspective of Globalization: The Case of Vietnam. Rev. Amazon. Investig. 2020, 9, 234–242. [Google Scholar] [CrossRef]

	



Fan, P.; Ouyang, Z.; Nguyen, D.D.; Nguyen, T.T.H.; Park, H.; Chen, J. Urbanization, Economic Development, Environmental and Social Changes in Transitional Economies: Vietnam after Doimoi. Landsc. Urban Plan. 2019, 187, 145–155. [Google Scholar] [CrossRef]

	



Munir, K.; Bukhari, M. Impact of Globalization on Income Inequality in Asian Emerging Economies. Int. J. Sociol. Soc. Policy 2020, 40, 44–57. [Google Scholar] [CrossRef]

	



Nguyen, D.P.; Ho, V.T.; Vo, X.V. Challenges for Vietnam in the Globalization Era. Asian J. Law Econ. 2018, 9. [Google Scholar] [CrossRef]

	



Zhukov, S. Central Asia: Development under Conditions of Globalization. Glob. Econ. Rev. 2001, 30, 3–24. [Google Scholar] [CrossRef]

	



Gantuya, D.; Imideeva, I.; Badaraeva, R.; Badaraev, T.; Aiyzhy, E.; Liktan, V. Economy of The Central Asia Region in Conditions Of Globalization (On The Example Of The Republic Of Buryatia, Tuva And Mongolia). Int. J. Manag. Bus. Res. 2018, 8, 12. [Google Scholar]

	



Azizov, U. Regional Integration in Central Asia: From Knowing-That to Knowing-How. J. Eurasian Stud. 2017, 8, 123–135. [Google Scholar] [CrossRef]

	



Bayulgen, O. Foreign Capital in Central Asia and the Caucasus: Curse or Blessing? Communist Post Communist Stud. 2005, 38, 49–69. [Google Scholar] [CrossRef]

	



Rasulov, A. Central Asia and the Globalisation of the Contemporary Legal Consciousness. Law Crit. 2014, 25, 163–185. [Google Scholar] [CrossRef]

	



Ma, H.; Sun, Z. Comprehensive Urbanization Level and its Dynamic Factors of Five Central Asian Countries. Dili Xuebao Acta Geogr. Sin. 2021, 76, 367–382. [Google Scholar] [CrossRef]

	



Fakheri, M. The Effects of Regional Arrangements on China’s Foreign Policy in Central Asia. Cent. Eurasia Stud. 2021, 14, 251–274. [Google Scholar] [CrossRef]

	



Rozelle, S.; Swinnen, J.F.M. Success and Failure of Reform: Insights from the Transition of Agriculture. J. Econ. Lit. 2004, 42, 404–456. [Google Scholar] [CrossRef]

	



Jia, J.; Lei, J.; Chen, C.; Song, X.; Zhong, Y. Contribution of Renewable Energy Consumption to CO2 Emission Mitigation: A Comparative Analysis from a Global Geographic Perspective. Sustainability 2021, 13, 3853. [Google Scholar] [CrossRef]

	



Mehta, K.; Ehrenwirth, M.; Missall, S.; Degembaeva, N.; Akmatov, K.; Zörner, W. Energy Profiling of a High-Altitude Kyrgyz Community: Challenges and Motivations to Preserve Floodplain Ecosystems Based on Household Survey. Sustainability 2021, 13, 13086. [Google Scholar] [CrossRef]

	



Karatayev, M.; Hall, S.; Kalyuzhnova, Y.; Clarke, M.L. Renewable Energy Technology Uptake in Kazakhstan: Policy Drivers and Barriers in a Transitional Economy. Renew. Sustain. Energy Rev. 2016, 66, 120–136. [Google Scholar] [CrossRef]

	



Che, P.; Lan, J. Climate Change along the Silk Road and Its Influence on Scythian Cultural Expansion and Rise of the Mongol Empire. Sustainability 2021, 13, 2530. [Google Scholar] [CrossRef]

	



Rakhimova, M.; Liu, T.; Bissenbayeva, S.; Mukanov, Y.; Gafforov, K.S.; Bekpergenova, Z.; Gulakhmadov, A. Assessment of the Impacts of Climate Change and Human Activities on Runoff Using Climate Elasticity Method and General Circulation Model (GCM) in the Buqtyrma River Basin, Kazakhstan. Sustainability 2020, 12, 4968. [Google Scholar] [CrossRef]

	



Gafforov, K.S.; Bao, A.; Rakhimov, S.; Liu, T.; Abdullaev, F.; Jiang, L.; Durdiev, K.; Duulatov, E.; Rakhimova, M.; Mukanov, Y. The Assessment of Climate Change on Rainfall-Runoff Erosivity in the Chirchik–Akhangaran Basin, Uzbekistan. Sustainability 2020, 12, 3369. [Google Scholar] [CrossRef]

	



Liu, Y.; Wang, P.; Gojenko, B.; Yu, J.; Wei, L.; Luo, D.; Xiao, T. A Review of Water Pollution Arising from Agriculture and Mining Activities in Central Asia: Facts, Causes and Effects. Environ. Pollut. 2021, 291, 118209. [Google Scholar] [CrossRef]

	



Yin, H.; Guli, J.; Jiang, L.; Yu, T.; Umuhoza, J.; Li, X. Monitoring Fire Regimes and Assessing Their Driving Factors in Central Asia. J. Arid. Land 2021, 13, 500–515. [Google Scholar] [CrossRef]

	



D’Silva, E.; Appanah, S.; Kariyawasam, D. Sustainable Forestry Management in Developing Countries. Nat. Resour. Forum 1994, 18, 251–262. [Google Scholar] [CrossRef]

	



Huang, J.; Na, Y.; Guo, Y. Spatiotemporal Characteristics and Driving Mechanism of the Coupling Coordination Degree of Urbanization and Ecological Environment in Kazakhstan. J. Geogr. Sci. 2020, 30, 1802–1824. [Google Scholar] [CrossRef]

	



Hao, Y.; Yang, D.; Yin, J.; Chen, X.; Bao, A.; Wu, M.; Zhang, X. The Effects of Ecological Policy of Kyrgyzstan Based on Data Envelope Analysis. Sustainability 2019, 11, 1922. [Google Scholar] [CrossRef]

	



Grossman, G.M.; Krueger, A.B. Economic Growth and the Environment. Q. J. Econ. 1995, 110, 353–377. [Google Scholar] [CrossRef]

	



Galeotti, M. Economic Growth and the Quality of the Environment: Taking Stock. Environ. Dev. Sustain. 2007, 9, 427–454. [Google Scholar] [CrossRef]

	



Dasgupta, S.; Laplante, B.; Wang, H.; Wheeler, D. Confronting the Environmental Kuznets Curve. J. Econ. Perspect. 2002, 16, 147–168. [Google Scholar] [CrossRef]

	



Camci-Cetin, S.; Kutluturk, M.M.; Cetin, A.K. The Impact of Income Levels of Countries on Environmental Pollution: Testing the Environmental Kuznets Curve. Fres. Environ. Bul. 2018, 27, 5804–5810. [Google Scholar]

	



Marsiglio, S.; Ansuategi, A.; Gallastegui, M.C. The Environmental Kuznets Curve and the Structural Change Hypothesis. Environ. Resour. Econ. 2016, 63, 265–288. [Google Scholar] [CrossRef]

	



Mohsin, M.; Ullah, H.; Iqbal, N.; Iqbal, W.; Taghizadeh-Hesary, F. How External Debt Led to Economic Growth in South Asia: A Policy Perspective Analysis from Quantile Regression. Econ. Anal. Policy 2021, 72, 423–437. [Google Scholar] [CrossRef]

	



Katircioglu, S.; Celebi, A. Testing the Role of External Debt in Environmental Degradation: Empirical Evidence from Turkey. Environ. Sci. Pollut. Res. 2018, 25, 8843–8852. [Google Scholar] [CrossRef]

	



Poirson, H.; Ricci, L.A.; Pattillo, C.A. External Debt and Growth. IMF Work. Pap. 2002, 2, 1. [Google Scholar] [CrossRef]

	



Kouladoum, J.-C. External Debts and Real Exchange Rates in Developing Countries: Evidence from Chad; Université de Sarh: Sarh, Chad, 2018. [Google Scholar]

	



Whitehead, D.; McNeill, S.J.E.; Mudge, P.L. Regional and National Changes in Soil Carbon Stocks with Land-Use Change from 1990 to 2016 for New Zealand. Reg. Environ. Chang. 2021, 21, 121. [Google Scholar] [CrossRef]

	



Dumortier, J.; Elobeid, A. Effects of a Carbon Tax in the United States on Agricultural Markets and Carbon Emissions from Land-Use Change. Land Use Policy 2021, 103, 105320. [Google Scholar] [CrossRef]

	



Lee, D.J.; Zhang, J. Efficiency, Equity, and Environmental Implications of Trade Liberalization: A Computable General Equilibrium Analysis. J. Int. Trade Econ. Dev. 2009, 18, 347–371. [Google Scholar] [CrossRef]

	



Han, J.; Dai, H.; Gu, Z. Sandstorms and Desertification in Mongolia, an Example of Future Climate Events: A Review. Environ. Chem. Lett. 2021, 19, 4063–4073. [Google Scholar] [CrossRef] [PubMed]

	



Dallmann, I. Weather Variations and International Trade. Environ. Resour. Econ. 2019, 72, 155–206. [Google Scholar] [CrossRef]

	



Arima, E.Y.; Simmons, C.S.; Walker, R.T.; Cochrane, M.A. Fire in the Brazillian Aamazon: A Spatially Explicit Model for Policy Impact Analysis. J. Reg. Sci. 2007, 47, 541–567. [Google Scholar] [CrossRef]

	



OECD. International Trade Consequences of Climate Change; OECD: Paris, France, 2017. [Google Scholar]

	



Bas, T.; Kara, F.; Alola, A.A. The Environmental Aspects of Agriculture, Merchandize, Share, and Export Value-Added Calibrations in Turkey. Environ. Sci. Pollut. Res. 2021, 28, 62677–62689. [Google Scholar] [CrossRef]

	



Rehman, A.; Ma, H.; Ahmad, M.; Ozturk, I.; Chishti, M.Z. How Do Climatic Change, Cereal Crops and Livestock Production Interact with Carbon Emissions? Updated Evidence from China. Environ. Sci. Pollut. Res. 2021, 28, 30702–30713. [Google Scholar] [CrossRef]

	



Khan, H.H.; Samargandi, N.; Ahmed, A. Economic Development, Energy Consumption, and Climate Change: An Empirical Account from Malaysia. Nat. Resour. Forum 2021, 45, 397–423. [Google Scholar] [CrossRef]

	



Abbasi, K.R.; Adedoyin, F.F.; Radulescu, M.; Hussain, K.; Salem, S. The Role of Forest and Agriculture towards Environmental Fortification: Designing a Sustainable Policy Framework for Top Forested Countries. Environ. Dev. Sustain. 2021. [Google Scholar] [CrossRef]

	



Su, X.; Deng, C. The Heterogeneous Effects of Exchange Rate and Stock Market on CO2 Emission Allowance Price in China: A Panel Quantile Regression Approach. PLoS ONE 2019, 14, e0220808. [Google Scholar] [CrossRef]

	



Tol, R.S.J. Exchange Rates and Climate Change: An Application of Fund. Clim. Chang. 2006, 75, 59–80. [Google Scholar] [CrossRef]

	



Cha, M.; Lee, S.; Mark, N.C.; Nauerz, J.; Rawls, J.; Wei, Z. Temperature Shocks and Real Exchange Rates. UCR Dep. Econ. 2021; in press. [Google Scholar]

	



De Araujo Barbosa, C.C.; Atkinson, P.M.; Dearing, J.A. Extravagance in the Commons: Resource Exploitation and the Frontiers of Ecosystem Service Depletion in the Amazon Estuary. Sci. Total Environ. 2016, 550, 6–16. [Google Scholar] [CrossRef] [PubMed]

	



Agboola, M.O.; Bekun, F.V.; Joshua, U. Pathway to Environmental Sustainability: Nexus between Economic Growth, Energy Consumption, CO2 Emission, Oil Rent and Total Natural Resources Rent in Saudi Arabia. Resour. Policy 2021, 74, 102380. [Google Scholar] [CrossRef]

	



Adedoyin, F.F.; Alola, A.A.; Bekun, F.V. The Nexus of Environmental Sustainability and Agro-Economic Performance of Sub-Saharan African Countries. Heliyon 2020, 6, e04878. [Google Scholar] [CrossRef]

	



Asongu, S.A.; Agboola, M.O.; Alola, A.A.; Bekun, F.V. The Criticality of Growth, Urbanization, Electricity and Fossil Fuel Consumption to Environment Sustainability in Africa. Sci. Total Environ. 2020, 712, 136376. [Google Scholar] [CrossRef]

	



Huang, S.-Z.; Sadiq, M.; Chien, F. The Impact of Natural Resource Rent, Financial Development, and Urbanization on Carbon Emission. Environ. Sci. Pollut. Res. 2021, 1–13. [Google Scholar] [CrossRef]

	



Kinda, H.; Thiombiano, N. The Effects of Extractive Industries Rent on Deforestation in Developing Countries. Resour. Policy 2021, 73, 102203. [Google Scholar] [CrossRef]

	



Economic Commission for Latin America and the Caribbean Subregional Headquarters for the Caribbean. Proposal on Debt for Climate Adaptation Swaps: A Strategy for Growth and Economic Transformation of Caribbean Economies; United Nations: New York, NY, USA, 2016. [Google Scholar]

	



Simula, M. Financing Flows and Needs to Implement the Non-Legally Binding Instrument; World Bank: Washington, DC, USA, 2008. [Google Scholar]

	



Gujarati, D.N. Basic Econometrics, 4th ed.; Tata McGraw-Hill: New Delhi, India, 2005. [Google Scholar]

	



Wooldridge, J.M. Introductory Econometrics: A Modern Approach, 5th ed.; South-Western Cengage Learning: Mason, OH, USA, 2013. [Google Scholar]

	



Levin, A.; Lin, C.F.; Chu, C.S.J. Unit Root Tests in Panel Data: Asymptotic and Finite-Sample Properties. J. Econom. 2002, 108, 1–24. [Google Scholar] [CrossRef]

	



Im, K.S.; Pesaran, M.H.; Shin, Y. Testing for Unit Roots in Heterogeneous Panels. J. Econom. 2003, 115, 53–74. [Google Scholar] [CrossRef]

	



Choi, I. Unit Root Tests for Panel Data. J. Int. Money Financ. 2001, 20, 249–272. [Google Scholar] [CrossRef]

	



Liker, J.K.; Augustyniak, S.; Duncan, G.J. Panel Data and Models of Change: A Comparison of First Difference and Conventional Two-Wave Models. Soc. Sci. Res. 1985, 14, 80–101. [Google Scholar] [CrossRef]

	



Gujarati, D.N.; Porter, D.C. Basic Econometrics, 5th ed.; McGraw Hill Companies, Inc.: New York, NY, USA, 2009. [Google Scholar]

	



Wooldridge, J.M. Introductory Econometrics: A Modern Approach, 7th ed.; South-Western: Mason, OH, USA, 2020. [Google Scholar]

	



Hill, R.C.; Griffiths, W.E.; Lim, G.C. Principles of Econometrics, 4th ed.; John Wiley & Sons, Inc.: New York, NY, USA, 2011. [Google Scholar]

	



Carlsen, L. Air Emissions in the ‘Europe–Central Asia’ Region: A Combined Environment and Human Health Approach. Toxicol. Environ. Chem. 2017, 99, 1039–1053. [Google Scholar]

	



Ivanova, A.; Angeles, M. Trade and Environment Issues in APEC. Soc. Sci. J. 2006, 43, 629–642. [Google Scholar] [CrossRef]

	



Simionescu, M. The Nexus between Economic Development and Pollution in the European Union New Member States. The Role of Renewable Energy Consumption. Renew. Energy 2021, 179, 1767–1780. [Google Scholar] [CrossRef]

	



Saidi, K.; Hammami, S. The Impact of CO2 Emissions and Economic Growth on Energy Consumption in 58 Countries. Energy Rep. 2015, 1, 62–70. [Google Scholar] [CrossRef]

	



Erokhin, V.; Diao, L.; Du, P. Sustainability-Related Implications of Competitive Advantages in Agricultural Value Chains: Evidence from Central Asia—China Trade and Investment. Sustainability 2020, 12, 1117. [Google Scholar] [CrossRef]

	



Raza, M.Y.; Khan, A.N.; Khan, N.A.; Kakar, A. The Role of Food Crop Production, Agriculture Value Added, Electricity Consumption, Forest Covered Area, and Forest Production on CO2 Emissions: Insights from a Developing Economy. Environ. Monit. Assess. 2021, 193, 747. [Google Scholar] [CrossRef]

	



Kang, H. CO2 Emissions Embodied in International Trade and Economic Growth: Empirical Evidence for OECD and Non-OECD Countries. Sustainability 2021, 13, 12114. [Google Scholar] [CrossRef]

	



Li, G.; Sun, J.; Dai, A. Village Differences in Rural Household Energy Consumption within the Loess Hilly Region of China. Energy Sustain. Soc. 2016, 6, 33. [Google Scholar] [CrossRef]

	



Tufail, M.; Song, L.; Adebayo, T.S.; Kirikkaleli, D.; Khan, S. Do Fiscal Decentralization and Natural Resources Rent Curb Carbon Emissions? Evidence from Developed Countries. Environ. Sci. Pollut. Res. 2021, 28, 49179–49190. [Google Scholar] [CrossRef] [PubMed]

	



Anh, T.C.; Rasoulinezhad, E.; Chi, T.N.; Ba, H.L.H.; Thanh, H.H. Modeling Energy Security-Exchange Rate Linkage: Evidence of GMM Approach. Singap. Econ. Rev. 2021, 66, 529–544. [Google Scholar] [CrossRef]

	



Lan, N.H.P.; Maeda, Y.; Otsuka, K. Willingness to Pay for Biodiesel Fuel for Tourist Boats in Halong Bay, Vietnam. In Proceedings of the OCEANS 2014—TAIPEI, Taipei, Taiwan, 7–10 April 2014; IEEE: Taipei, Taiwan, 2014; pp. 1–8. [Google Scholar] [CrossRef]

	



Han, Q.; Luo, G.; Li, C.; Li, S. Response of Carbon Dynamics to Climate Change Varied among Different Vegetation Types in Central Asia. Sustainability 2018, 10, 3288. [Google Scholar] [CrossRef]

	



King, A.D.; Karoly, D.J.; Henley, B.J. Australian Climate Extremes at 1.5 °C and 2 °C of Global Warming. Nat. Clim. Chang. 2017, 7, 412–416. [Google Scholar] [CrossRef]

	



Leuwer, D.; Süssmuth, B. The Exchange Rate Susceptibility of European Core Industries, 1995–2010. World Econ. 2018, 41, 358–392. [Google Scholar] [CrossRef]

	



Essers, D.; Cassimon, D.; Prowse, M. Debt-for-Climate Swaps: Killing Two Birds with One Stone? Glob. Environ. Chang. 2021, 71, 102407. [Google Scholar] [CrossRef]

	



Alamgir, M.; Sloan, S.; Campbell, M.J.; Engert, J.; Kiele, R.; Porolak, G.; Mutton, T.; Brenier, A.; Ibisch, P.L.; Laurance, W.F. Infrastructure Expansion Challenges Sustainable Development in Papua New Guinea. PLoS ONE 2019, 14, e0219408. [Google Scholar] [CrossRef]

	



Dibley, A.; Wetzer, T.; Hepburn, C. National COVID Debts: Climate Change Imperils Countries’ Ability to Repay. Nature 2021, 592, 184–187. [Google Scholar] [CrossRef]

	



Miles, L.; Newton, A.C.; DeFries, R.S.; Ravilious, C.; May, I.; Blyth, S.; Kapos, V.; Gordon, J.E. A Global Overview of the Conservation Status of Tropical Dry Forests. J. Biogeogr. 2006, 33, 491–505. [Google Scholar] [CrossRef]

	



Pearson, T.R.H.; Brown, S.; Murray, L.; Sidman, G. Greenhouse Gas Emissions from Tropical Forest Degradation: An Underestimated Source. Carbon Balance Manag. 2017, 12, 3. [Google Scholar] [CrossRef]

	



Usman, O.; Iorember, P.T.; Olanipekun, I.O. Revisiting the Environmental Kuznets Curve (EKC) Hypothesis in India: The Effects of Energy Consumption and Democracy. Environ. Sci. Pollut. Res. 2019, 26, 13390–13400. [Google Scholar] [CrossRef] [PubMed]

	



Bibi, F.; Jamil, M. Testing Environment Kuznets Curve (EKC) Hypothesis in Different Regions. Environ. Sci. Pollut. Res. 2021, 28, 13581–13594. [Google Scholar] [CrossRef] [PubMed]

	



Inglesi-Lotz, R.; Bohlmann, J. Environmental Kuznets Curve in South Africa: To Confirm or Not to Confirm? Ecomod: Bali, Indonesia, 2014. [Google Scholar]

	



Beck, K.A.; Joshi, P. An Analysis of the Environmental Kuznets Curve for Carbon Dioxide Emissions: Evidence for OECD and Non-OECD Countries. Eur. J. Sustain. Dev. 2015, 4, 33–45. [Google Scholar] [CrossRef]

	



Ali, S.; Akter, S.; Fogarassy, C. The Role of the Key Components of Renewable Energy (Combustible Renewables and Waste) in the Context of CO2 Emissions and Economic Growth of Selected Countries in Europe. Energies 2021, 14, 2034. [Google Scholar] [CrossRef]

	



Arellano, M.; Bover, O. Another Look at the Instrumental Variable Estimation of Error-Components Models. J. Econom. 1995, 68, 29–51. [Google Scholar] [CrossRef]








[image: Sustainability 14 02455 g001 550] 





Figure 1. Theoretical framework of this study. 
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Figure 2. Schematic of inverted U-shaped EKC hypothesis (source [120]). 
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Table 1. Variables and data sources of the study.






Table 1. Variables and data sources of the study.





	Variable
	Symbol
	Source





	CO2 emissions from on-farm energy use (kilotons)
	EMS
	FAO



	Temperature changes (°C)
	TEMP
	FAO



	Forest fires (ha)
	FIRE
	FAO



	Agricultural exports value (000 US$)
	EXP
	FAO



	Agriculture, forestry, and fishing, value-added (current USD)
	AVA
	World Bank



	Exchange rates
	EXC
	FAO



	Total natural resource rents (% of GDP)
	RENT
	World Bank



	External debt stocks (current US$)
	DEBT
	World Bank
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Table 2. Descriptive statistics of the variables in this study.
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	Variable
	Mean
	Std. Dev.





	EMS, log
	2.76
	0.60



	TEMP
	1.21
	0.63



	FIRE
	4381.93
	17,591.18



	EXP, log
	5.51
	0.47



	AVA, log
	3.21
	0.50



	EXC, log
	1.68
	1.25



	RENT
	15.98
	16.17



	DEBT, log
	3.67
	0.64
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Table 3. Correlation analysis of the variables in this study.
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	Variable
	EMS, log
	TEMP
	FIRE
	EXP, log
	AVA, log
	EXC, log
	RENT
	DEBT, log





	EMS, log
	1
	*)
	*)
	0.602
	0.759
	0.026
	0.005
	0.444



	TEMP
	*)
	1
	*)
	0.142
	0.046
	0.346
	0.243
	0.273



	FIRE
	*)
	*)
	1
	−0.472
	−0.558
	−0.439
	−0.508
	−0.692



	EXP, log
	0.602
	0.142
	−0.472
	1
	0.628
	0.644
	0.342
	0.483



	AVA, log
	0.759
	0.046
	−0.558
	0.628
	1
	0.488
	0.260
	0.762



	EXC, log
	0.026
	0.346
	−0.439
	0.644
	0.488
	1
	0.347
	0.782



	RENT
	0.005
	0.243
	−0.508
	0.342
	0.260
	0.347
	1
	0.529



	DEBT, log
	0.444
	0.273
	−0.692
	0.483
	0.762
	0.782
	0.529
	1







*) the relationship between the dependent variable is not analyzed.
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Table 4. Unit root test results for all variables in the model.






Table 4. Unit root test results for all variables in the model.





	
Variable

	
LLC

	
IPS

	
ADF

	
PP




	
At Level

	
1st Difference

	
At Level

	
1st Difference

	
At Level

	
1st Difference

	
At Level

	
1st Difference






	
EMS, log

	
2.213

	
−3.271 ***

	
1.390

	
−3.946 ***

	
10.536

	
40.424 ***

	
10.180

	
81.924 ***




	
TEMP

	
−3.020 ***

	

	
−3.374 ***

	

	
31.651 ***

	

	
100.958 ***

	




	
FIRE

	
−3.234 ***

	

	
−1.812 *

	

	
19.814 v

	

	
28.600 **

	




	
EXP, log

	
−0.549

	
−4.845 ***

	
−1.095

	
−6.569 ***

	
17.272

	
63.048 ***

	
15.702

	
102.456 ***




	
AVA, log

	
−0.166

	
−6.689 ***

	
1.513

	
−7.509 ***

	
4.106

	
72.810 ***

	
3.181

	
84.264 ***




	
EXC, log

	
−1.295 v

	
−

	
−1.959 *

	
−

	
25.316 *

	
−

	
92.769 ***

	
−




	
RENT

	
−1.836 *

	
−8.179 ***

	
−1.495 v

	
−7.589 ***

	
18.819 v

	
74.146 ***

	
13.787

	
100.298 ***




	
DEBT, log

	
−2.032 **

	
−3.870 ***

	
−0.051

	
−3.952 ***

	
13.001

	
38.191 ***

	
13.262

	
45.692 ***








Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘v’ 0.1, Source: author’s computation (2021).
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Table 5. The Chow, Hausman, and LM test results for all variables in this study.
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	Dependent Variable
	Chow
	Hausman
	LM





	Equation (2): CO2 emissions from on-farm energy use
	106.257 ***
	143.267 ***
	-



	Equation (4): Temperature change
	8.826
	8.424
	130.127 ***



	Equation (6): Forest fire
	25.354 ***
	25.597 ***
	-







Significant codes: 0 ‘***’ 0.001, Source: author’s computation (2021).
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Table 6. Panel data regression in this study.
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Variable

	
EMS, log (FEM)

	
TEMP (REM)

	
FIRE (FEM)




	
Coef.

	
Std Error

	
Coef.

	
Std Error

	
Coef.

	
Std Error






	
EXP, log

	
−0.093

(−0.910)

	
0.102

	
−0.263

(−1.453)

	
0.181

	
3548.170

(0.431)

	
8227.749




	
AVA, log

	
0.235 **

(2.700)

	
0.087

	
−0.063

(−0.350)

	
0.180

	
9921.253

(1.413)

	
7020.266




	
EXC, log

	
−0.282 ***

(−4.891)

	
0.0567

	
0.091 *

(2.051)

	
0.045

	
4867.206

(1.064)

	
4574.123




	
RENT

	
0.132 *

(2.139)

	
0.062

	
0.150

(1.618)

	
0.092

	
−5504.906

(−1.102)

	
4997.211




	
DEBT, log

	
0.047

(0.706)

	
0.067

	
0.276 *

(2.493)

	
0.111

	
−18,637.05 ***

(−3.490)

	
5339.754




	
C

	
2.730 ***

(5.450)

	
0.501

	
1.588 *

(2.520)

	
0.630

	
17,753.54

(0.439)

	
40,426.40




	
Adj R-squared

	
0.894

	

	
0.124

	

	
0.241




	
F-statistic

	
126.061 ***

	

	
4.091 *

	

	
5.739 ***








Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05, Source: author’s computation (2021).
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