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Based on the environmental quality data pertaining to human well-being in Bhutan from 2002 to 2022, the ARDL-ECM model was employed to examine the long-term equilibrium and short-term dynamic relationships between international trade, foreign direct investment, and demographic structure with Bhutan’s per capita ecological footprint. Additionally, the Granger causality test was utilized to further investigate these relationships. The results showed that: During the study period, the environmental quality of human well-being in Bhutan was deteriorating continuously; The increase of international trade can increase the per capita ecological footprint of Bhutan, which leads to the decline of Bhutan’s environmental quality, and it is also the Granger cause of the change in Bhutan’s per capita ecological footprint. Foreign direct investment and demographic structure move in the opposite direction of Bhutan’s per capita ecological footprint. This serves as a point of reference for policymakers when formulating pertinent strategies, and offers a theoretical foundation and practical guidance for other nations in their pursuit of sustainable development pathways.
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Introduction

Among the top 10 nations on the ‘World Happiness Map’1 Bhutan uniquely secures the eighth position as a developing small country. In the past two decades, the Bhutan’s “Gross National Happiness (GNH)” has attracted more and more attention in the international community (Easterlin, 2004; Organisation for Economic Co-operation and Development, 2012). However, the majority of nations have excessively pursued socio-economic advancement at the cost of irreversible ecological damage in their pursuit of industrialization and urbanization processes. In other words, modern society has largely transformed into one driven by market-centric ideologies (Polanyi, 2001), or a consumer society underpinned by financial, governmental, and ecological indebtedness (Jackson, 2009), or a society driven by consumer-oriented market economics (Nair, 2011), leading to significant environmental degradation and ecological harm. Additionally, South Asia is home to 27 of the 30 cities with the worst air pollution globally (IQAir, 2020). Since the 21st century, the issue of environmental degradation caused by human activities has garnered significant attention from scholars focused on sustainable human development (Gokmenoglu et al., 2021). Many organizations and countries have started to emphasize the reduction of negative impacts on the environment and the enhance of ecological environmental quality for boosting human well-being, including the Paris Agreement and the Kyoto Protocol (Ali et al., 2016).

However, environmental pollution is inherently complexity and multifaceted, extending well beyond mere air and atmospheric pollution. Solely utilizing CO2 emissions as a metric does not comprehensively account for the regional environmental quality (Murshed et al., 2022a). Unlike CO2 emissions, the ecological footprint—which measures the biological resources required to support human activities—offers a comprehensive indicator of environmental sustainability and quality (Biçen and Çoban, 2024). An increase in the ecological footprint level equates to heightened human ecological demands, which can be interpreted as a deterioration in environmental quality. Thus, adopting the ecological footprint as a measure provides a deeper insight into the region’s environmental capacity and the sustainability of its socio-economic development (Li and Lu, 2023).

Across the South Asian region, the majority of countries exhibit annual economic growth rates exceeding 6%, particularly driven by the profound impacts of international trade (Goretti et al., 2019). International trade in South Asia has altered the resource supply and demand dynamics as well as production methods. From the perspective of trade structure, South Asian countries are highly dependent on the import of traditional fossil fuels (Murshed, 2018). Bhutan is no exception. In regional trade in South Asia, Bhutan has signed a free trade agreement with India and a preferential trade agreement with Bangladesh. In 2024, Bhutan signed the Thailand-Bhutan Free Trade Agreement with Thailand again, which indicates that it is willing and actively taking actions to integrate into the world economic system. In terms of population structure, Bhutan’s population is approximately 763,000, and the growth rate in 2022 is about 0.94%.2 To meet the demands of economic growth and population growth, most developing countries will choose a large amount of fossil energy to meet the daily production and living needs (Okunol et al., 2018). Facts have proved that from 2002 to 2022, Bhutan’s per capita ecological footprint gradually increased from 4.4 hm2 to 4.7 hm2, reflecting the decline in Bhutan’s environmental quality and resulting in an ecological deficit in environmental carrying capacity.

Against this background, this study takes Bhutan as an example, aiming to evaluate the relationship among international trade, foreign direct investment, demographic structure and environmental quality. The research adopted cointegration technology, ARDL model and Granger causality test. This research has contributed to the field of environmental quality in the following aspects:


	1. It helps to understand how international trade, foreign direct investment and demographic structure affect the environmental quality of developing countries. Can these factors serve as driving forces for environmental deterioration?

	2. We use ecological footprint as a measure of environmental deterioration, which is more accurate than the traditional use of carbon dioxide emissions as a measure.

	3. It conducted a detailed environmental quality analysis of a developing country like Bhutan, which provided important information for public policy decision-makers to help them establish mechanisms to mitigate environmental deterioration and formulate strategies for a sustainable environment.





Literature review


Research on the relationship between international trade and environmental quality

Research on the relationship between international trade and environmental quality is extensive and dates back to the 1970s. Notable reviews have been conducted by Dean (1992), Jaffe et al. (1995), Jayadevappa and Chhatre (2000), Lu (2012), and Peng and Zhang (2016). The findings can generally be categorized into three perspectives:


	(1) International trade significantly worsens environmental pollution (Machado et al., 2001; Mukhopadhyay and Chakraborty, 2005; Feridun et al., 2006; Solarin et al., 2017). For every 1% increase in trade openness, carbon dioxide emissions rise by 0.579% (Managi, 2004). This is attributed to changes in the structure of economic activities induced by regional trade, which leads to increased air pollution (Kukla-Gryz, 2009). Shapiro (2016), using 2007 trade data from 128 countries, similarly confirmed that international trade increased CO₂ emissions by 5%. In developed countries, trade openness raised CO₂ emissions across 18 EU economies, worsening pollution (Tachie et al., 2020). Similar findings were observed in developing countries (Shui and Harriss, 2006; Ang, 2009; Wang and Xu, 2015). For instance, Li and Qi (2011), using CO₂ emissions data from 30 Chinese provinces (1997–2008), empirically showed that international trade increased China’s CO₂ emissions and carbon intensity. In South Asia, countries such as Bangladesh, India, Pakistan, and Sri Lanka rely heavily on fossil fuels (Wijayatunga, 2013), and international trade among them correlates positively with ecological footprints (Sabir and Gorus, 2019). Environmentalists argue that international trade expansion enlarges the global economy and intensifies natural resource consumption, especially in developing countries with lenient environmental policies, where trade liberalization aggravates pollution (Daly, 1993; Chichilnisky, 2017; Khor, 2001). Theories supporting this include the “Pollution Haven Hypothesis” (Copeland and Taylor, 1995), the “Race to the Bottom” hypothesis (Revesz, 1992; Brueckner, 2000; Basinger and Hallerberg, 2004), and the “Capital-Labour Hypothesis” (KLH).

	(2) International trade can significantly reduce pollutant emissions and improve environmental quality (Xu and Deng, 2012). Antweiler et al. (2001), through mathematical modeling, demonstrated that international trade generally reduces pollution, including concentrations of SO₂, NO₂, and particulate matter. Frankel and Rose (2005) found almost no adverse environmental effects from international trade. In developed countries, the North American Free Trade Agreement led to notable reductions in emissions from U. S. manufacturing plants (Cherniwchan, 2017). Forslid et al. (2018), studying about 600 Swedish enterprises, discovered that exports reduced pollution intensity without affecting total emissions. Similar results were found for developing countries (Dean, 2002; Chai, 2002; Shen and Tang, 2008). Pei et al. (2021), analyzing data from 38,422 Chinese industrial enterprises in 2007, found that export intensity negatively impacted SO₂ emissions. Lu (2020) confirmed that international trade reduced ecological footprints in 13 Asian countries. Murshed et al. (2022b), by exploring the relationship among intra-regional trade, renewable energy use, foreign direct investments, economic growth and ecological footprint in South Asia, found that promoting intra-regional trade and stimulating renewable energy transition are imperative for reducing the ecological footprint of South Asian countries. Trade liberals argue that international trade is not the primary cause of pollution but rather the failure of markets and governments. Restricting international might worsen pollution (Anderson and Blackhurst, 1992).

	(3) There is a nonlinear relationship between international trade and pollution. Generally, international trade benefits the environment in developed countries but harms it in developing countries (Liu and Zhang, 2011). international trade helps reduce pollution in OECD countries but increases SO₂ and CO₂ emissions in non-OECD countries (Managi et al., 2009). The impact of trade openness on the environment varies by income level—positive in high-income countries and negative in low-and middle-income countries (Le et al., 2016). A key theory explaining this nonlinear relationship is the “ACT Theory” (Anderson, 1992).





Research on the relationship between foreign direct investment and environmental quality

Current research on the effects of FDI on environmental quality generally falls into three categories:


	(1) The “Pollution Haven Hypothesis” proposed by Copeland and Taylor (1995) suggests that developing countries attract foreign investment by lowering environmental standards, while developed countries relocate high-polluting industries to the developing countries, turning them into pollution havens (Doytch, 2020). Hoffmann et al. (2005) used Granger causality test to study French manufacturing and found that relaxed environmental policies in underdeveloped nations may attract FDI but impact environmental pollution through technological modernization. Bakhsh et al. (2017), using Pakistani panel data (1980–2014) and 3SLS methods, found a positive correlation between FDI and pollution. Ponce et al. (2023) also holds the same view. They believe that there is a significant positive relationship between foreign direct investment and the ecological footprint in low or middle income countries. This is because the environmental regulations in these countries are relatively weak, attracting a large amount of highly polluting foreign direct investment. Ozkan et al. (2023) employed the dynamic ARDL method to verify that foreign direct investment has a negative impact on China’s environmental quality, demonstrating that China’s situation is more in line with the “Pollution Haven Hypothesis” rather than the “Pollution Halo Effect.”

	(2) The “Pollution Halo Effect” suggests that developed countries possess advanced clean technologies and environmental management systems that help improve environmental quality in host countries. Birdsall and Wheeler (1993) challenged the “pollution haven hypothesis,” stating that trade liberalization does not promote polluting industries but fosters clean industry. Grey and Brank (2002) introduced the “pollution halo effect,” emphasizing that FDI brings advanced technology and management practices that benefit host countries’ environmental governance (Wang et al., 2019). Udemba (2020) took India as an example and adopted the ARDL model to prove that foreign direct investment had a positive impact on environmental quality and established a negative correlation with the ecological footprint. Liang (2014), analyzing socioeconomic panel data from 260 major Chinese cities, found that foreign firms’ technology diffusion improved resource efficiency and reduced SO2 emissions. He (2006), Zeng and Eastin (2007) found that FDI led to less pollution emissions in provinces with higher economic development levels. Moreover, FDI improves environmental quality as economic strength grows, marketization progresses, and spatial agglomeration deepens (Du and Yu, 2016).

	(3) FDI’s environmental effects are multi-dimensional and vary by analysis target, time frame, and variable selection (Perkins and Neumayer, 2009). Dong and Bai (2015) and Shi et al. (2017) argue that in the early stages of development, FDI may create pollution havens, but as economies transform, FDI helps reduce pollution. Under certain conditions, a dual effect may emerge—coexistence of “pollution halo” and “pollution haven” effects—fostering a blended hypothesis (Yang and Tian, 2017). Huo et al. (2019), through analysis of environmental technology spillovers from FDI, argue that these effects are dynamic and shift with societal development.





Research on the relationship between demographic structure and environmental quality

Findings on the impact of demographic structure on environmental quality fall into two main perspectives:


	(1) Changes in demographic structure exacerbate pollution. Data from Canada and the U.S. show that higher fertility rates burden ecosystems (Alola et al., 2020). Yu et al. (2018) argued that population aging reduces labor quality, accelerates human capital depreciation, and hinders industrial upgrading, ultimately impeding environmental improvements.

	(2) Demographic changes can also reduce pollution. In Asia, demographic structure strongly influences ecosystems (Sharma et al., 2020). In China, the growth of the working-age population significantly improves environmental quality (Zhang et al., 2018). Dalton et al. (2008) used a computable general equilibrium model—PET (Population-Environment-Technology)—to analyze how changes in household age structure affect U.S. energy consumption. For example, an aging population increases consumption of low-energy goods like healthcare, reducing overall energy use.



In recent years, research has broadened to include new dimensions, such as how entrepreneurship (Yang et al., 2020) and environmental awareness (Fan and Mu, 2017) mediate the impact of demographic shifts on environmental quality.



Literature gaps

From the existing literature, scholars have investigated the environmental quality of human well-being from various perspectives, but the focus has largely been on the impact of individual macroeconomic variables on environmental quality. This approach does not facilitate a comprehensive understanding of the relationship between multiple macroeconomic variables and environmental quality. Based on this, The marginal contributions of this study include: (1) This study comprehensively examines the impact of macroeconomic variables such as international trade, foreign direct investment, and demographic structure on the environmental quality of human well-being in Bhutan. (2) Given the multidimensional nature of environmental pollution in the South Asia region, solely utilizing carbon dioxide emissions does not adequately reflect the overall environmental quality of Bhutan. This study employs the ecological footprint as a measure of environmental quality, which not only indicates whether Bhutan’s consumption of resources and energy surpasses the environmental capacity for regeneration but also evaluates the sustainability of Bhutan’s socio-economic development. (3) It can provide a scientific basis for Bhutan to formulate more effective environmental protection policies, economic development strategies and social management measures, and help Bhutan achieve better results in maintaining ecological balance and promoting human well-being. (4) The findings can provide lessons for other developing countries to help them achieve the Sustainable Development Goals in the context of globalization and changing population dynamics.



Theoretical framework

As an important manifestation of economic integration, the environmental effects of international trade have not yet been uniformly determined. At present, except for Bhutan, most South Asian countries are facing serious negative environmental impacts while experiencing economic growth. This leads to an ecological deficit in its environmental carrying capacity (GFN, 2020). Unlike other countries in South Asia, Bhutan’s GNH holds that the existence of human beings fundamentally depends on the environment, and the quality of the environment is a key factor for people’s well-being. However, the Pollution Haven Hypothesis holds that pollution-intensive industries in areas with strict environmental regulations will shift to areas with lenient regulations, making the latter a “pollution haven.” Strict environmental regulations increase the compliance costs of enterprises (such as pollution control and technological upgrading), weakening their comparative advantages. Most developing countries, due to low environmental standards and weak law enforcement, attract a large number of foreign polluting enterprises to settle in, which in turn leads to ecological and environmental pollution.

The Pollution Halo Effect holds that multinational enterprises enhance the environmental protection level of the host country through technological spillover and advanced management experience, forming a “halo” rather than a “refuge.” Foreign enterprises introduce efficient and clean technologies, promoting local enterprises to imitate and upgrade, and forming a technology spillover effect. Facts have proved that as an agricultural-based country, the inflow of foreign capital has indeed promoted the development of infrastructure in Bhutan, provided more job opportunities at the same time, and driven Bhutan’s economic growth (Dhume, 2020). According to the “Environmental Kuznets Curve” hypothesis, environmental pollution shows an “inverted U-shaped” trajectory of deteriorating first and then improving along with economic growth. This means that in the early stage of industrialization, a large number of foreign enterprises flooded in, Bhutan’s per capita GDP increased, and environmental pollution intensified along with economic growth. When the per capita GDP reaches the critical value, the global unified standards of multinational companies force the host countries to strengthen environmental management, and the pollution level peaks and gradually decreases.

Population, as an important factor affecting environmental quality, has long been mentioned in IPAT identity. Specifically, this model simplifies environmental pressure to the product of three factors: population, affluence and technological efficiency, emphasizing the linear superposition effect of the three. However, it ignores structural factors such as industrialization, urbanization and spatial distribution. Similar to this is the ecological modern theory, whose core lies in transforming environmental constraints into economic opportunities through innovation-driven structural adjustment, thereby achieving sustainable development and advocating ecological consumption and citizen participation. Therefore, as the main body of economic activities, the scale, quality and spatial distribution of the population deeply shape the quality of the ecological environment through resource consumption, production patterns and pollution emissions.

To sum up, this study takes Bhutan as an example and attempts to incorporate International trade, Foreign direct investment, Demographic structure and Environmental quality into a unified theoretical framework for analysis. The ARDL-EMC model is adopted to reveal the influence mechanism among variables (as shown in Figure 1).
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FIGURE 1
 Theoretical framework.





Research design


Model development


Ecological footprint model

Rees (1992) introduced the ecological footprint model, which was later refined and expanded by Wackernagel and Rees (1998). The model measures these areas based on the bioproductive land and sea required to fulfill humanity’s various demands for ecological resources and to assimilate the waste generated in the process. These ecological demands include the need for cropland, pasture, forest, built-up land, fossil energy land, and marine (aquatic) areas. The ecological footprint model serves as a quantitative method for assessing the sustainability of ecological practices within the productive land area.


Ecological footprint per capita

Referring to the measurement method of Liu et al. (2010), ecological footprint per capita model is constructed as follows by measuring the degree of human utilisation of energy consumption and natural resources from the demand perspective:
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In Equation 1, EF represents the Bhutan’s per capita ecological footprint (hm2/person); N is the total population; 
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Ecological carrying capacity per capita

Referring to the measurement method of Li and Lu (2023), ecological carrying capacity per capita is constructed as follows by measuring the land area required to provide the natural resources necessary for human production and living from a supply-side perspective:
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In Equation 2, EC represents the per capita ecological carrying capacity (hm2/person); 

a
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 is the per capita area of the j category of land; 

r
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 is the equivalence factor for the j category of land; 

y
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 is the yield factor for the j category of land, and 
α
 is the proportion of the area used for biodiversity conservation.




ARDL-ECM model

Aauto-regressive distributedlag (ARDL) is suitable for co-integration testing with small sample data and can enhance the robustness of the model. The model is more flexible, no longer requiring the variables to be both I (0) or both I (1) processes; If the variables are endogenous, the co-integration estimation of the model is not affected. The steps of ARDL-ECM model establishment are as follows:

In the first step, the stationarity of the variables is tested by the unit root test method and determine the single integral order. If the variables conform to zero order single integral I (0) or first order single integral I (1), the model can be further constructed.

The second step is to build the ARDL model as follows:
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Equation 3: α0 is a constant term, α1, α2 represent short-term dynamic relations, and α3, α4 represent long-term dynamic relations or co-integration relations. t is the trend term; μt is a white noise process. m, n represent the lag order of the explained variable and the explanatory variable, which are determined by Schwarz information criterion (SIC).

The null hypothesis of the co-integration test is that “there is no long-term equilibrium relationship between variables,” that means the null hypothesis H0: α3 = α4 = 0; The alternative hypothesis is H1: α3 ≠ α4 ≠ 0. According to the judgment of F statistic, when F statistic is less than the lower critical value, the null hypothesis is accepted, and there is no long-term co-integration relationship between variables. If it is greater than the upper critical value, the null hypothesis is rejected and there is a long-term co-integration relationship between variables. If it is between the two critical values, it is further judged according to the single integral order of the sequence.

After determining the existence of long-term equilibrium relationship between variables, the long-term equilibrium relationship is obtained, as shown in Equation 4. Then, the third step of model building is to establish a short-term error correction model, as shown in Equation 5. It should be noted that when there is no long-term equilibrium relationship between variables, the short-term dynamic relationship and error correction model cannot be established.
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In Equations 4 and 5, ECMt-1 is the lag error correction factor; 
δ
 Represents the self-correcting speed, usually 0<
δ
 <1.




Variable establishment and measurement


The environmental quality of human well-being (EF)

This study utilizes the per capita ecological footprint to measure the environmental quality of human well-being (Ajmi and Inglesi-Lotz, 2021). Based on the calculation methods in the Ecological Footprint Model (Equation 1) and the Ecological Carrying Capacity Model (Model 2), this study calculates ecological footprint per capita, ecological carrying capacity per capita, and ecological surplus per capita in Bhutan from 2002 to 2022. Details are presented in Table 1.


TABLE 1 Trends in Bhutan’s ecological status.


	Year
	Ecological footprint per capita (hm2)
	Ecological carrying capacity per capita (hm2)
	Ecological surplus per capita (hm2)
	Year
	Ecological footprint per capita (hm2)
	Ecological carrying capacity per capita (hm2)
	Ecological surplus per capita (hm2)

 

 	2002 	4.1 	5.9 	1.8 	2013 	4.6 	5.1 	0.5


 	2003 	4.1 	5.8 	1.7 	2014 	4.8 	5.1 	0.3


 	2004 	4.1 	5.8 	1.7 	2015 	4.8 	5.1 	0.3


 	2005 	4.1 	5.7 	1.6 	2016 	4.7 	5.1 	0.4


 	2006 	4.1 	5.7 	1.6 	2017 	4.6 	5.0 	0.4


 	2007 	4.0 	5.6 	1.6 	2018 	4.7 	4.9 	0.2


 	2008 	4.4 	5.5 	1.1 	2019 	4.8 	4.9 	0.1


 	2009 	4.0 	5.4 	1.4 	2020 	4.7 	4.9 	0.2


 	2010 	4.2 	5.4 	1.2 	2021 	4.7 	4.9 	0.2


 	2011 	4.3 	5.3 	1 	2022 	4.7 	4.9 	0.2


 	2012 	4.6 	5.2 	0.6 	 	 	 	





hm2 refers to hectares of land per capita.
 

As shown in Table 2, ecological footprint per capita in Bhutan has grown annually, increasing from 4.1 hm2 in 2002 to 4.7 hm2 in 2022. This indicates a continuous rise in Bhutan’s ecological demands, reflecting a decline in environmental quality. Meanwhile, Bhutan’s ecological carrying capacity per capita decreased from 5.9 hm2 in 2002 to 4.9 hm2 in 2022, indicating an increased load on Bhutan’s ecological carrying capacity per capita. From 2002 to 2022, Bhutan’s per capita ecological surplus was always above zero, indicating that the environmental quality in Bhutan has been relatively good over the past two decades. However, Bhutan’s ecological surplus per capita decreased from 1.8 hm2 in 2002 to 0.2 hm2 in 2022, showing a yearly decline in Bhutan’s ecological environmental quality.


TABLE 2 Summary of variables.


	Variable symbol
	Variable name
	Calculation method

 

 	EF 	Ecological footprint 	Ecological footprint per capita


 	IT 	International trade 	Volume of exports of goods and services


 	FDI 	Foreign direct investment 	Volume of foreign direct investment


 	DS 	Demographic structure 	The proportion of working-age population aged 15–64 in the total population




 



International trade (IT)

International trade refers to the trade among countries within regional international economic integration organizations, which usually occurs between neighboring countries and regions with geographical advantages. Accordingly, this study measures Bhutan’s international trade using the volume of exports of goods and services.



Foreign direct investment (FDI)

Since 2002, a substantial inflow of foreign direct investment into Bhutan has significantly propelled the construction of infrastructure and socio-economic development (Dhume, 2020). Hence, this study selects the amount of foreign direct investment to measure this variable.



Demographic structure (DS)

Drawing on the approach of Liu et al. (2022), this study uses the proportion of working-age population aged 15–64 in the total population to measure Bhutan’s demographic structure. A summary and description of the variables can be found in Table 2.


Data sources

Data related to international trade, the amount of foreign direct investment, and the population aged 15–64 years are all obtained from the World Bank.3 The relevant data required for the Ecological Footprint Model (Equation 1) and the Ecological Carrying Capacity Model (Equation 2) come from the Bhutan Statistical Yearbook and the World Bank.






Empirical analysis


Data processing

The logarithms of the variables (EF, IT, FDI, DS) are taken, respectively, to ensure the stationarity of the time series, while preserving the relationship between these variables. According to the results of the white test, F-statistic = 1.916 (p = 0.148), Obs*R^2 = 10.664 (p = 0.154), we accept the null hypothesis, which proves that heteroscedasticity can be effectively eliminated by taking logarithms of all variables.

Study Period: Since 2002, a significant inflow of foreign direct investment into Bhutan has commenced, hence the study period chosen is from 2002 to 2022.

This study utilizes Eviews 11.0 software for Unit root test, ARDL-ECM model, and Granger causality analysis.



Descriptive statistics and normality tests

Table 3 presents descriptive statistics for all variables, including sample size, minimum, maximum, mean, and standard error.


TABLE 3 Descriptive statistics.


	Variables
	N
	Min
	Max
	Mean
	Skewness
	Kurtosis
	Standard error
	Jarque-Bera
	P.

 

 	lnEF 	21 	1.386 	1.569 	1.487 	−0.225 	1.349 	0.069 	2.561 	0.278


 	lnDS 	21 	4.137 	4.248 	4.206 	−0.571 	1.648 	0.044 	2.739 	0.254


 	lnIT 	21 	19.195 	20.595 	20.215 	−0.777 	1.782 	0.377 	2.836 	0.237


 	lnFDI 	21 	14.702 	18.137 	16.156 	0.331 	2.305 	1.021 	0.804 	0.669




 

According to the Jarque-Bera test results, the p-values of the four variables were all greater than 0.05. The null hypothesis was retained, and the sample data followed a normal distribution.



ARDL bounds test

Table 4 presents the results of the ARDL Bounds Test. The value of the F-statistic is 17.431, which is greater than the upper limit (I1bound) of the significance level. Then, the cointegration and long-term forms continue to be estimated.


TABLE 4 ARDL bounds test.


	Test statistic
	Value
	10%
	5%
	1%



	I (0)
	I (1)
	I (0)
	I (1)
	I (0)
	I (1)

 

 	F-statistic 	17.431 	2.720 	3.770 	3.230 	4.350 	4.290 	5.610




 



Unit root test

Before the co-integration test, the variables need to be tested for stationarity. The ADF test method commonly used in unit root test was adopted in this study. The test results are shown in Table 5, where the First-order difference of the four variables is steady, meeting the ARDL test conditions.


TABLE 5 ADF test results.


	Variables (C,T,K)
	ADF value
	Boundary value
	Conclusion



	10%
	5%
	1%

 

 	lnEF (C, T,0) 	−2.778 	−3.269 	−3.658 	−4.498 	Unsteady


 	lnIT (C,T,0) 	−2.243 	−3.269 	−3.658 	−4.498 	Unsteady


 	lnFDI (C,T,0) 	−3.882 	−3.269 	−3.658 	−4.498 	Steady


 	lnDS (N,N,2) 	0.140 	−1.607 	−1.961 	−2.699 	Steady


 	DlnEF (N,N,0) 	−6.806 	−1.607 	−1.960 	−2.692 	Steady


 	DlnIT(C,T,0) 	−3.583 	−3.277 	−3.674 	−4.533 	Steady





(1) The c and t in the test form represent the constant term and the trend term, respectively, and k represents the order of the lag used. n indicates that there is no c or t. (2) The lag term is added to make the residuals white noise. The order of the lag is chosen using the AIC criterion, where the value of k that makes the test pass and the AIC value reach its minimum is selected. (3) D represents the first-order difference of the variable.
 



Co-integration test and analysis

ARDL-ECM model was used to analyze the relationship between long-term equilibrium and short-term dynamic adjustment among variables, and the results were shown in Table 6.


TABLE 6 ARDL-ECM model.


	lnIT and lnEF
	lnFDI and lnEF
	lnDS and lnEF



	Variable
	Coefficient
	Variable
	Coefficient
	Variable
	Coefficient

 

 	lnIT 	0.387** 	lnFDI 	−0.014** 	lnDS 	−0.461*


 	C 	−15.137** 	C 	0.011 	C 	2.469**


 	ECM (−1) 	−0.908 	ECM (−1) 	−0.486 	ECM (−1) 	−0.355





*, ** and *** indicate significance levels of 10, 5 and 1%.
 

The ARDL model was established for international trade (lnIT) and ecological footprint (lnEF), and the optimal lag order was determined by SIC. The optimal model was ARDL (5,5), and the R-squared of the regression result was 0.973, indicating a good fit. The lnIT coefficient is significantly positive, indicating that in the long run, the increase of international trade can raise the ecological footprint per capita in Bhutan, and the lnEF increases by 0.387% for every 1% increase in lnIT. Based on the estimation of the long-term co-integration relationship, a short-term error correction model was established to analyze the short-term dynamic relationship between international trade and Bhutan’s per capita ecological footprint. It can be seen that when the short-term fluctuation deviates from the long-term equilibrium, the actual value should be adjusted to the equilibrium value at a rate of 90.8% in the next period.

The optimal model between foreign direct investment (lnFDI) and ecological footprint (lnEF) is ARDL (1,0). In the long run, the increase of foreign direct investment can reduce the level of ecological footprint per capita in Bhutan. Every 1% increase in lnFDI, lnEF decreases by 0.014%. When the short-term fluctuation deviates from the long-term equilibrium, the actual value needs to be adjusted to the equilibrium value at a rate of 48.6% in the next period.

The optimal co-integration model of demographic structure (lnDS) and ecological footprint (lnEF) is ARDL (1,0), and the coefficient is significantly negative. It can be seen that the change of demographic structure can also reduce the ecological footprint level per capita in Bhutan, and the deviation caused by short-term shocks will recover to the long-term equilibrium level at a faster rate of 35.5%.



Model stability test

The CUSUM test was adopted to diagnose whether the model parameters were stable (whether there were structural mutations). As shown in Figure 2, the CUSUMS statistic consistently operates within the banded area formed by two confidence boundaries (it does not break through the upper or lower boundaries), indicating that the null hypothesis is accepted at the 5% significance level. This means that the model is stable throughout the entire sample period.

[image: Line graph showing CUSUM values from 10 to 22, with the CUSUM line fluctuating around zero. Two dotted lines indicate the 5% significance level and lie above and below the CUSUM line.]

FIGURE 2
 CUSUM test results.




Granger causality test

Granger causality test was used to analyze the internal relationship between variables (Table 7). In general, the results of Granger causality test are consistent with the results of ARDL long-term co-integration relationship test, which can confirm each other, reflecting the scientificity and reliability of the combined research of co-integration relationship and Granger causality test.


TABLE 7 Granger causality test results.


	Null hypothesis
	F-statistic
	p-value
	Conclusion

 

 	lnIT does not Granger Cause lnEF 	3.221 	0.095 	Reject


 	lnEF does not Granger Cause lnIT 	1.045 	0.322 	Accept


 	lnFDI does not Granger Cause lnEF 	7.288 	0.007 	Reject


 	lnEF does not Granger Cause lnFDI 	1.488 	0.259 	Accept


 	lnDS does not Granger Cause lnEF 	1.100 	0.360 	Accept


 	lnEF does not Granger Cause lnDS 	0.568 	0.579 	Accept




 




Conclusions and implications


Conclusion

Based on the perspective of environmental quality of human well-being, this study assesses the impact of international trade, foreign direct investment, and demographics structure on Bhutan’s per capita ecological footprint from 2002 to 2022. ARDL-ECM model was used to analyze the relationship among variables, and the following conclusions are drawn:


	(1) Ecological Footprint Trends: From 2002 to 2022, Bhutan’s per capita ecological footprint exhibited a steadily increasing trend, while its per capita biocapacity and per capita ecological surplus showed a continuous decline. This indicates a gradual deterioration in Bhutan’s ecological and environmental quality over time.

	(2) Relationship between International Trade and Environmental Quality: In the long term, increased international trade raises Bhutan’s ecological footprint per capita. When short-term fluctuations deviate from the long-term equilibrium, adjustments toward equilibrium occur rapidly at a rate of 90.8% in the following period. Overall, increased international trade tends to negatively impact Bhutan’s environmental quality.

	(3) Relationship between Foreign Direct Investment (FDI) and Environmental Quality: In the long run, increasing foreign direct investment contributes to lowering Bhutan’s ecological footprint per capita. Short-term deviations from equilibrium adjust to equilibrium values at a rate of 48.6% in the subsequent period. Overall, increased foreign direct investment positively influences Bhutan’s environmental quality.

	(4) Relationship between Demographic Structure and Environmental Quality: Over the long term, changes in demographic Structure reduce Bhutan’s ecological footprint per capita, and short-term disturbances return to equilibrium at a relatively quick pace of 35.5%. Thus, demographic Structure changes positively impact Bhutan’s environmental quality.





Policy implications

Based on the above findings, this study provides the following references for policy makers when formulating relevant strategies:


	(1) The excessive use of fossil fuels is a primary cause of declining environmental quality. Thus, reducing dependency on fossil fuels can lower ecological footprint, thereby improving environmental quality. However, the majority of developing countries inevitably overuse fossil fuels during industrialization and urbanization processes, making it difficult to reduce reliance on fossil fuels internally. Therefore, initiating regional cooperation to promote international trade, especially through cross-border renewable energy trade, actively introducing international advanced technology and management experience, vigorously developing the trade of green products are crucial to address multi-faceted environmental adversities. Moreover, it is necessary to overcome barriers that hinder trade between neighboring countries, resolve external conflicts among nations, foster regional cooperation and trade, gradually reduce dependency on fossil fuels, and achieve sustainable environmental development.

	(2) It is crucial to focus on technological development and investment related to the environment to mitigate the negative impacts of foreign direct investment inflows on the environment. The inflow of foreign direct investment, especially from countries rich in renewable resources to those dependent on fossil fuels, can generate a technology spillover effect, aiding in lowering the barriers to renewable energy technology development. Moreover, there should also be an improvement in the foreign investment introduction mechanism, raising the entry threshold for foreign investments, with a preference for high value-added, low-pollution, technology innovation enterprises, and an emphasis on the application of renewable energy technologies, thereby contributing to environmental protection.

	(3) Furthermore, attention must be paid to structural transformation in the industrial sector when implementing population policies and environmental regulations, especially in terms of energy efficiency and clean technologies, which are essential for improving environmental quality. Establish a sustainable youth employment framework that promotes environmentally friendly job opportunities and allocate dedicated funding to support young individuals returning to their hometowns to engage in low-impact industries. Integrate ecological awareness into the national education curriculum by incorporating traditional environmental conservation practices into formal schooling. Leverage the strengths of Bhutan’s matriarchal traditions by implementing sustainable textile training programs and household energy management initiatives for women. Mobilize healthy senior citizens over the age of 60 to participate in low-intensity environmental protection activities, thereby effectively utilizing the human resources of the elderly population.

	(4) The majority of rulers around the world claim to enhance the well-being of their citizens, but very few can truly achieve it. However, Bhutan has not only implemented a Gross National Happiness development model but has also achieved success with it. For China, Bhutan’s development model is highly noteworthy. Over the past 40 years of reform and opening-up, alongside the “Chinese miracle,” the “Chinese puzzle” has gradually emerged. In the process of rapid economic development, the life satisfaction of the Chinese people has been decreasing year by year (Brockmann et al., 2009). In the past decade, the issue of happiness has been placed on the agenda of China’s government governance and has received great attention. Therefore, although small, Bhutan is worth learning from.





Research limitations

Despite being the first to assess the relationships between international trade, foreign direct investment (FDI), demographic Structure, and Bhutan’s per capita ecological footprint, this study has several limitations. First, in addition to international trade, foreign direct investment and demographic structure, other important variables such as technological advancement, energy structure, and environmental regulations may also impact Bhutan’s per capita ecological footprint and environmental quality, warranting further research. Second, the study focuses solely on Bhutan. While this allows for an in-depth understanding of Bhutan’s specific context, the absence of comparative analyses with similar countries or regions limits the generalizability and applicability of the findings.
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1   Source: Downloaded from http://www.mindpowernews.com/HappinessMap.htm [18 November 2012].

2   Data from Bhutan Country Profile, Ministry of Foreign Affairs of the People’s Republic of China, 2022.6.
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