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Pakistan's local currency has been devalued during different exchange regimes, which may substantially affect energy consumption and CO2 emissions. Therefore, this study investigates the effects of exchange rate depreciation on Pakistan's CO2 emissions and energy consumption from 1990–2018. We apply the nonlinear autoregressive distributed lag (ARDL) cointegration approach for the empirical analysis and found that exchange rate depreciation increases CO2 emissions and energy consumption in both the short and long runs. These results suggest that currency devaluation has an expansionary effect which enhances economic growth at the cost of high energy consumption and CO2 emissions. Therefore, the government needs regulations along with an exchange rate policy to control CO2 emissions. Moreover, the government should search for alternate energy resources such as renewable energy resources that meet the country's energy needs and mitigate CO2 emissions.
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INTRODUCTION
The impact of exchange rate depreciation has been extensively examined with different macroeconomic variables, including gross domestic product per capita (GDP) growth, export, industrial production, current account deficit, etc. However, the exchange rate's dynamics may affect energy consumption and CO2 emissions through industrial production and export expansion. Exchange rate depreciation boosts up economic activities by increasing industrial production and exports (Rodrik, 2008; Gala and Libanio, 2010), whereas production, especially in the industrial sector, requires the use of energy as an input; thus, industrial expansion leads to increase in CO2 emissions and the energy consumption in the country. Despite the significant role of the exchange rate in CO2 emissions and energy consumption determination in the economy, very little attention is given to testing the implications of exchange rate dynamics on CO2 emissions and energy consumption. Therefore, this study attempts to fill the gap by analyzing the impact of the exchange rate dynamics of CO2 emissions and energy consumption using the case data of Pakistan. Pakistan has adopted various exchange rate systems such as fixed, manageable floating, and flexible exchange rates.
Furthermore, the government consistently depreciated local currency to achieve the export and industrial production policy objectives. Most of the previous studies have mainly focused on the effect of exchange rate depreciation on economic growth, such as Acar (2000), Levy-Yeyati and Sturzenegger (2003), Rodrik (2008), Ihnatov and Căpraru (2012), Tang (2015), Habib et al. (2017), Aman et al. (2017), and Ribeiro et al. (2019), by using different linear statistical techniques and finding diverse outcomes; few suggest positive while others suggest a negative relationship between exchange rate and economic growth. Currency devaluation increases the prices of imported goods while reducing the relative price of the local products, and this provides incentives to the domestic producers to expand the local production (Ribeiro et al., 2019), which leads to increase in the energy consumption and which leads to high energy consumption and CO2 emissions. Besides, exchange devaluation increases the income of people, particularly labor engaged in the export industries (Alejandro, 1963; Knight, 1976; Krugman and Taylor, 1976; Cooper, 1992). According to Borozan (2018, 2019), the increase in the income of the people raises the demand for more energy and leads to an increase in energy consumption. As a result, several studies propose that the share of renewable energy consumption in overall energy demand should be increased, which would not only reduce environmental impacts but also encourage economic growth (Akram et al., 2020; Fareed et al., 2021; Li et al., 2021; Rehman et al., 2021).
Export expansion and industrial production are the main channels through which exchange rate depreciation increases GDP (Balogun, 2007; Chit et al., 2010; Hasanujzaman, 2016). The increasing urbanization and economic growth lead to a high level of energy consumption, resulting in environmental degradation (Chaabouni and Saidi, 2017; Hashmi et al., 2021). The outcome of energy consumption as well as economic growth is an upsurge in CO2 emissions, which reported positive in various studies, including Menyah and Wolde-Rufael (2010), Alshehry and Belloumi (2017), Rizwan Nazir et al. (2018), Zhou et al. (2018), Balli et al. (2019), Ahmad et al. (2020) Fatima et al. (2020), Hashmi et al. (2020), Ikram et al. (2021), Shahzad et al. (2021), and Rafique et al. (2022). A rise in the volume of export influences energy consumption and thus CO2 emission (Dogan et al., 2017). The relationship between energy consumption and CO2 emission is found positive (Halicioglu, 2009; Xu et al., 2014; Alam et al., 2016; Chaabouni et al., 2016; Hasanujzaman, 2016; Antonakakis et al., 2017; Aye and Edoja, 2017; Bekhet et al., 2017). Several studies included the trade factor as an influential factor for the CO2 emissions and GDP and energy consumption (Al-mulali, 2012; Rüstemoğlu and Andrés, 2016). Depreciation of the currency increases local investment, which substantially impacts CO2 emissions and energy consumption in the economy (Zhao et al., 2016). The rise in CO2 emission increases energy consumption in the long run, while a unidirectional from CO2 and energy consumption to output is reported (Ang, 2007). The investment increase and productivity expansion raise energy consumption, leading to CO2 emissions (Leng Wong et al., 2013). Economic growth from the industrial sector is comparatively greater than other sectors, thus having a larger contribution to CO2 emissions. The second major cause of CO2 emission is residential consumption, and the transport sector is the third major source of CO2 emissions. The rest of the sectors, such as trade, agriculture, and construction, have a relatively smaller contribution to expanding total CO2 emission (Zhou et al., 2018).
Since exchange rate dynamics has a potential effect on CO2 emissions and energy consumption in the economy, this study's main objective is to analyze the effect of exchange rate movements on energy consumption and CO2 emissions in Pakistan. This study contributes to the existing literature from the following aspects: firstly, the exchange rate has not been analyzed with the literature on CO2 emissions and energy consumption. This study will provide the implication of exchange rate movements on energy consumption and CO2 emissions. Secondly, most previous studies used linear methods, which cannot capture asymmetric relationships among the variables. Therefore, we are applying a nonlinear autoregressive distributed lag (NARDL) method to asymmetric relationships between the variables. Thirdly, the exchange rate has massively depreciated from the last two decades in Pakistan, and crude oil is a major component of Pakistan imports and is further used in energy consumption. The exchange rate dynamics may affect the energy consumption and CO2 emissions in the country; therefore, we use the case of Pakistan to understand the implication of exchange rate dynamics for energy consumption and CO2 emissions.
The rest of the paper is organized as follows. Exchange Rate, Energy Consumption, and CO2 Emissions in Pakistan provides stylized facts related to exchange rate, energy consumption, and CO2 emissions in Pakistan. Methodology and Results and Discussion present the methodology, results, and discussion, respectively, while Conclusion presents the study's conclusion.
EXCHANGE RATE, ENERGY CONSUMPTION, AND CO2 EMISSIONS IN PAKISTAN
Exchange Rate and GDP in Pakistan
Pakistan has gone through different regimes like fixed exchange rate, manageable floating exchange rate, and flexible exchange system. The local currency has been consistently devalued during these regimes, though the mechanism of devaluation differed as per the doctrine of the regime. Initially, in the 1950s, Pakistan's export growth was negative, and Pakistan depreciated the local currency by 30%, which resulted in an increase in the export sector by 45%. Later, the export bonus scheme was introduced in 1959 to promote exports and the devaluation of the local currency, which increases the export of cotton and textile from 8.3% to 35%. Manufacturing item export also rose from 2% to 20%. For the second time, Pakistan devalued the local currency in 1972, which increased export by 40.2%, and the balance of payment went in surplus for 152.2 million. The exchange rate of Pakistan remained fixed until 1982, and local currency was linked with US dollar ensuring the export increase notably, from 17.7% to 21.3%. In 1982, the managed floating exchange rate was introduced and remained functional until 1999, when the flexible rate was adopted (GOP, 2000). The sharp recovery in export rate was achieved due to the unified floating rate in 1999–2000. However, massive devaluation has been observed in the flexible exchange rate regime compared to the other regimes, significantly influencing local prices, exports, and economic growth.
Figure 1 presents the exchange rate and GDP relationship from 1980 to 2017. It depicts that the Pakistani currency has been devalued in 2005, 2010, and 2013 by 57.57%, 83.81%, and 96.16%, respectively. The history of the economic development of Pakistan shows a mixed scenario of the currency devaluation over more than half a century, and devaluation has reported moderate success in export's increase. Recently, after 2018, a huge drift of currency devaluations have been observed in the Pakistani rupee. The current exchange rate is 160 rupees in exchange for 1 US dollar, which may have severe implications on different economic variables. Figure 1 shows the time series trend of the exchange rate and economic growth from 1971 to 2017. The graph shows continued devaluation of the currency exchange rate, and GDP has also shown an increasing trend. However, beyond 1999 the exchange rate is more volatile, and it shows high-level devaluation compared to the past year.
[image: Figure 1]FIGURE 1 | Exchange rate and GDP. Source: World Bank Development Indicators.
Exchange Rate and Energy Consumption in Pakistan
In the early 1980s, the country's energy supply achieved about 86% of total energy demand, and the 14% spread was filled by imports. However, the gap extended, between supply and demand, to 47% from the year 2000. After 2000, the country's energy supply was enhanced and thus the gap was reduced to 18% in 2005 (SBP, 2006). The recent figures show a diverse impact on energy consumption and exchange rate depreciation. GDP growth declined to 3.3% in 2019, which is a 2.2% reduction compared to 2018. The exchange rate depreciated to 25.5% in 2019, and it is the highest depreciation in the country's history. This huge depreciation caused steep increases in energy prices, and the export sector witnessed an improvement. The increase in energy prices slowed down the private energy consumption from 6.8% to 4.1% in 2018 and 2019, respectively, and investment accounts by 8.9%. Over the supply side, the growth of the industrial sector declined to 1.4% in 2019, compared to 4.9% in 2018. Exports remained ineffective for exchange rate depreciation, while imports reduced by 23.4% in 2020 (World Bank Report, 2020). Pakistan has been confronting disparities in the case of energy demand and supply for the last couple of decades. At the primary level, energy consumption was 15.31 million BTU (British thermal unit) per person in 2017 in Pakistan. Although this value of energy consumption varied substantially in recent years, it was inclined to rise through the 1998 to 2017 period and ended at 15.31 million BTU per person in 2017.
Exchange Rate and CO2 Emissions
Energy consumption is an essential component for GDP growth as well as for the development of a country. Energy consumption is also considered a fourth fundamental input of production by industrial economies (Kraft and Kraft, 1978). In the 1970s, energy crises happened, which demonstrated that the role of energy is constant and important (Stern, 2004). Because of energy's multidimensional role, researchers focused on the effectiveness of the energy sector upon growth and development along with pros and cons (Stern, 2004). Figure 2 shows trends of the exchange rate and energy consumption trend; the exchange rate and energy consumption have an increasing trend till 2001, but due to the flexible regime, the exchange rate devalued more than the increase in energy consumption. In 2007 and onwards, the exchange rate and energy consumption are due to the energy production from fossil fuel as most of the payments are made in US dollars (for petroleum products), which leads to a high price of energy production and thereby reduces its consumption. Presently, supply is deficient for energy, while demand has been continuously rising in Pakistan. The causes behind this deficiency are the utilization of modern technologies, which incur energy consumption, and population growth in sectors such as agriculture, industry, household, education, and health care. The primary sources of energy use are oil, which constitutes 32%, and gas, which is 39% from 2005–2006 to 2009–2010 (Ener Intelligence, 2016). Energy use, economic growth, financial development, and capital formation affect environmental quality, trade, and CO2 emission (Rehman et al., 2019).
[image: Figure 2]FIGURE 2 | Exchange rate and energy consumption. Source: World Bank Development Indicators.
Figure 3 shows the relationship between CO2 emissions and the exchange rate in Pakistan. The exchange rate and CO2 emissions are moving in the same direction until 1999, and the exchange rate is more deviating than CO2 emissions. Even though there is deviation on some points, the exchange rate and CO2 emissions are moving with a similar trend, which shows the exchange rate devaluation increases the CO2 emissions in the economy. The exchange rate exerts a robust effect on an economy's output. The devaluation of the exchange rate upsurges the growth rate of exports in Pakistan, leading to an increase in GDP (Kemal and Qadir, 2005; Chaabouni et al., 2016; Chaabouni and Saidi, 2017). Economic growth has a significant connection with energy consumption. Energy develops productivity and the performance of factors in production. In this manner, an economy becomes developed. Therefore, the utilization of energy is the crucial cause of the growth of an economy (Chandran et al., 2010). The need for energy in the whole world is approximated to expand by 50% in the next 15 years until 2030 due to winged rise in the demand for energy by the time (IEA, 2014). The development of an economy is closely associated with the utilization of energy because a higher rate of growth for production raises the usage of energy, and efficient use of energy leads the economy towards growth (Cheng, 1999; Crompton and Wu, 2005; Skeer and Wang, 2007; Gelo, 2009; Halicioglu, 2009; Mishra et al., 2009). The consequence of more energy use and economic growth increases the CO2 emissions (Menyah and Wolde-Rufael, 2010). Hence, the exchange rate depreciation leads to CO2 emission, at large, through the channel of expansion in export and GDP, along with energy consumption.
[image: Figure 3]FIGURE 3 | Exchange rate and CO2 emissions. Source: World Bank Development Indicators.
METHODOLOGY
The main objective of this study is to evaluate the effect of currency exchange rate depreciation on the CO2 emissions and energy consumption in Pakistan. However, economic growth is the main channel through which it affects CO2 emissions and energy consumption. Therefore, we analyze the following three models
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where CO2 = carbon dioxide emission (metric ton per capita).
GDP = gross domestic product per capita.
E = energy consumption [energy use (kg of oil equivalent) per $1,000 GDP (constant 2011 PPP)].
EX = exchange rate (official exchange rate (LCU per US$, period average).
Pop = population (annual population growth).
[image: image] = normally distributed error term.
We take CO2 emissions as dependent variables, while GDP, E, EX, and Pop are explanatory variables in the first model. In contrast, E is the dependent variable in the second model, while GDP, CO2, EX, and Pop are considered independent variables. The GDP is the dependent variable, while CO2, E, EX, and Pop are independent variables. The first two equations are our baseline models, while the third equation would further verify the first two equations. Theoretically, the increase in GDP leads to high CO2 emissions; thus, CO2 emissions and GDP have a positive expected association. [image: image] and [image: image] would have a positive expected coefficient. Similarly, energy consumption also increases GDP, and GDP increases energy consumption; thus, [image: image] and [image: image] would have a positive expected coefficient. Exchange rate depreciation boosts economic activities, CO2 emissions, and energy consumption, which means that [image: image] and [image: image] are expected to hold a positive coefficient. The population in all models is expected to impact energy consumption, CO2 emissions, and GDP positively.
The empirical model will present the long-run association between the variables via the cointegration test. The short-run coefficients and speed adjustment towards long-run equilibrium could be presented as follows:
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[image: image]
[image: image]
If the empirical findings reported a cointegration relationship among the variables (CO2 emissions, GDP, E, EX, and Pop), the short-run dynamic would be adjusted through error correction “[image: image]” movement. Besides, the coefficient sign of [image: image] is assumed to be negative and significant to achieve long-run equilibrium if devaluations exist in the model. The Engle and Granger (1987) cointegration test requires that all variables follow I(1) order of integration, and the error correction term must be stationary at level. Johansen (1995) also assumed the same order of integration for the long-run association. However, if the association does not follow the same order of cointegration or I(1), Pesaran et al. (2001) suggested using autoregressive distributed lag (ARDL) to test the long-run association between the variables. In addition, they replace “[image: image]” in Eq. 2 by a linear combination of lagged level variables in the model. Thus, we can rewrite Eq. 2 as follows:
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The equation shows various parameters, and the variables have a difference operator “[image: image],” which shows the short-run parameters. The parameters [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], and [image: image] are the long-run parameters. Akaike information criterion (AIC) is used for the lag length selection. Most previous studies are based on GDP and CO2 emissions with a positive association, using linear and nonlinear estimations. However, very little literature explores the association between CO2 emissions and exchange rate; in addition, the dynamic exchange rate behavior due to regime shift requires applying a nonlinear method for empirical analyses. Therefore, the symmetric assumption seemed unrealistic and did not capture the full information about the association between exchange rate and CO2 emissions. To investigate the asymmetric impact of exchange rate depreciation on CO2 emissions, Shin et al. (2014) introduced the NARDL for both the short and long runs. Moreover, we decompose all explanatory variables into positive and negative shocks as follows: we decompose variations in liberalization, tax, and growth in positive and negative partial sums, being as follows:
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The GDP, E, EX, K, and Pop are decomposed into positive and negative shocks, for example, GDP+ and GDP−. This shows that a one-unit increase in the independent variables leads to an increase (positive shocks) and a decrease (negative shock) in the dependent variables. Granger suggests that if the cointegration exists between two time series variables (i.e., positive and negative), they are in the form of hidden cointegration and have a linear form of cointegration, which is a special case of hidden cointegration. Thus, the linear cointegration is converted to non-linear cointegration. We can use the bond test suggested by Pesaran et al. (2001) to test the asymmetric relationship between the following equations:
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The first equation represents the CO2 dependent variable, while independent variables such as E, GDP, exchange rate (Ex), and population growth are split into positive and negative shocks. The second equation is based on the energy-dependent variable, while independent variables including CO2 emissions, GDP, Ex, and population growth are divided into positive and negative shocks. In the third equation, GDP is a dependent variable while E, GDP, Ex, and population growth are also distributed into positive and negative shocks. The data of the included variables have been obtained from the World Bank online database for the period 1990–2018. Variables are collected with different units; for example, CO2 emissions are taken as metric per capita, the exchange rate is taken as the rate of local currency as exchanged with US dollar, GDP is taken as per capita, and energy is collected as kilogram of oil equivalent per capita and annual population growth.
RESULTS AND DISCUSSION
Augmented Dickey–Fuller Test Results
Table 1 presents the augmented Dickey–Fuller test (ADF) results; time series data are expected with inconsistent mean and variance, leading to spurious regression results due to the stationary problem. The conventional ordinary least-squares (OLS) estimations might lead to misleading results. Therefore, cointegration is an appropriate tool for estimating time series data, keeping in view the non-stationary data. In addition, cointegration techniques are varied in order of integration prerequisites, especially in the case of ARDL, which assumes that none of the series should be stationary at 1(2). According to Ouattara (2004), the ARDL results will be misleading if integrated at I(2). Therefore, it is necessary to determine the stationary status of the variables. We applied the ADF unit root test for this purpose, and the outcomes show that all the variables are non-stationary at the level and become stationary at first difference. These findings suggest applying the ARDL test for further analysis. However, in the first step, we apply the bound test to know the existence of long-run relationships.
TABLE 1 | ADF unit root.
[image: Table 1]ARDL Bound Test
Table 2 reports bounds test results in the nonlinear specification. The findings show that the F-statistics value is greater than the upper bound value at a 5% significance level, confirming asymmetric cointegration. Therefore, we can proceed with the asymmetric ARDL model estimation. The ARDL model is based on using lag length. Choosing the optimal lag length is an important task. According to Bahmani-Oskooee and Bohl (2000), the long-run relationships mainly depend on optimal lags. Similarly, Stock and Watson (2012) also suggest that using too many lags or fewer lags may skip some of the importance of the model and may cause spurious results. Therefore, choosing the optimal lags is an essential practice, and we use AIC and SIC criteria for the lag length selection. Eqs 10–12 are estimated by using the general-to-specific approach and choosing p = q = 1 as optimal lag length. The model is based on Shin et al. (2014) approach to reach the final specification of the asymmetric ARDL model. In addition, we excluded all the variables with insignificant lagged regressors following the general-to-specific approach. It is necessary to remove all the insignificant lagged regressors because insignificant lagged regressors can create noise in dynamic multipliers (Katrakilidis and Trachanas, 2012; Fareed et al., 2018).
TABLE 2 | –Bounds test results in the nonlinear specification.
[image: Table 2]Short-Run Estimations
Table 3 contains the Error Correction Model (ECM) results for the three models; CO2 emissions are the dependent variable in the first model. In the second model, E is the dependent variable, while GDP is taken as the dependent variable in the third model. ECM model presents the short-run coefficients for the three models. The error correction term (ECT-1) shows the short-run dynamic in the model. The ECT-1 term is negative and significant in all three models, which indicates that the model holds convergence property and could restore to long-run equilibrium shortly. Energy is positively related to CO2 emissions. The first model results show that positive shocks of energy consumption increase by 1.94 units, and negative shocks decrease the energy consumption by 0.41 units. This indicates that CO2 emissions are determined by energy consumption. Similar exchange rate shocks indicate that positive shocks increase the CO2 emissions and negative shocks decrease the CO2 emissions. In the second model, positive shocks of exchange rate and CO2 emissions increase energy consumption, while negative shocks of CO2 emissions and exchange rate decrease energy consumption. The third model also reported that positive shocks of CO2 emissions, energy consumption, and exchange rate depreciation increase the GDP, while negative shocks decrease the GDP. The population in all models shows that positive shocks positively affect CO2 emissions, energy consumption, and GDP, while negative shocks have a decreasing effect. This implies that exchange rate depreciation increases the country's GDP, which leads to an increase in CO2 emissions and energy consumption in the short run.
TABLE 3 | Short-run estimation.
[image: Table 3]Long-Run Estimations
Table 4 shows long-run estimation for the three models; in the first model, CO2 emissions are the dependent variables. In the second model, energy consumption is the dependent variable, and the third model contains GDP as the dependent variable. The outcomes reveal that the positive shock energy consumption increases CO2 emissions by 51% in the first model, while negative shocks decrease the CO2 emissions by 54%. Both positive and negative shocks have significant coefficients, implying that energy consumption has a direct relationship with CO2 emissions. Similarly, positive shocks of exchange rate increase the CO2 emissions by 4% at 5% level of significance, while negative shocks of exchange rate reduce the CO2 emission by 7% at 1% level of significance. This implies that exchange rate movements could significantly affect CO2 emissions in the long run. Population growth and GDP also hold a direct relationship with CO2 emissions, and positive shocks in GDP and population increase the CO2 emission by 44% and 120%, respectively, at 5% level of significance, while negative shocks of GDP and population growth decrease the CO2 emissions by 11% and 192% at 1% and 10% levels, respectively. This implies that exchange rate depreciation determines the CO2 emissions in the long run, and currency devaluation boosts economic activities, increasing CO2 emissions. The findings are in line with Chaabouni and Saidi (2017), Alshehry and Belloumi (2017), Zhou et al. (2018), and Balli et al. (2019).
TABLE 4 | Long-run coefficients.
[image: Table 4]In the second model, the positive shocks of CO2 emission increase energy consumption by 0.41 at 1% significance level, while negative shock decreases the CO2 emissions by 52% at 1% level of significance. Similarly, a positive shock of exchange rate depreciation leads to an increase in energy consumption by 27% at 1% level of significance, while negative shocks of exchange rate decrease the energy consumption by 32% at 10% level of significance. The positive shocks of GDP increase the energy consumption by 87% at 10% level of significance; similar negative shock reduces the energy consumption by 21% at 10% of the level of significance. The population also shows similar results, and the positive shock of population increases the energy consumption by 62% at 1% level of significance. In comparison, negative shocks reduce energy consumption by 81%. This finding implies that exchange rate and CO2 emissions are the main determinants of energy consumption in the long run. Currency devaluation increases the economic activities which require high energy, and thus, it increases the energy consumption in the economy. These findings are supported by Ang (2007), Al-mulali (2012), and Rüstemoğlu and Andrés (2016).
The third model in which we take GDP as the dependent variable shows that positive shocks in energy consumption, CO2 emission, and exchange rate increase the GDP, and negative shocks of energy consumption, CO2 emissions, and exchange rate depreciation reduce the GDP. At the same time, Population has insignificant signs both in negative and positive shocks. This confirms that exchange rate depreciation leads to economic activities that require high energy consumption and increased CO2 emission in the country in the long run. The third model supports the previous studies outcomes, such as Balogun (2007), Chit et al. (2010), and Hasanujzaman (2016).
We used different diagnostic tests in order to know the validity of our ARDL results; for example, Jarque–Bera test is used for the normality of residuals, Breusch–Godfrey serial correlation Lagrange multiplier (LM) test for serial correlation, Breusch–Pagan–Godfrey test for the heteroskedasticity, and CUSUM and CUSUMSQ for the stability of the model. Table 5 presents the diagnostic test results; we confirmed that the model has no serious flaws. Our model does not have the problem of serial correlation. There are no normality and heteroskedasticity issues, and our model is stable. These diagnostic tests indicate that the model is correctly specified, that there is no serious flaw, and that the results are reliable. Furthermore, for the robustness of our bassline ARDL we use the standard Granger causality test, which further verifies the baseline ARDL results; Table 6 presents the Granger causality test results.
TABLE 5 | Diagnostic tests.
[image: Table 5]TABLE 6 | Granger causality.
[image: Table 6]ROBUSTNESS TEST
Granger Causality Results
Table 6 shows the results of the standard Granger causality test, which indicates that GDP causes CO2 emissions through unidirectional causality. The exchange rate also causes CO2 emissions and energy consumption which verifies our baseline NARDL findings and suggests that the exchange rate depreciation leads to an increase in CO2 emissions and energy consumption in the country. The casual linkages between exchange rate and GDP also confirm that exchange rate depreciation leads to an increase in production activities, leading to high energy consumption and CO2 emissions in the country. This supports the validity of exchange rate depreciation linkage with CO2 emissions and energy consumption and the country's expansionary effect of exchange rate depreciation. Various other studies support this finding, for example, Veganzones-Varoudakis (2002), Kemal and Qadir (2005), and Aman et al. (2017), which found a positive relationship between exchange rate and GDP and supported the expansionary effect of exchange rate depreciation. Similarly, the results are also in line with Soytas and Sari (2009), Chaabouni and Saidi (2017), Emirmahmutoglu and Kose (2011), Xu et al. (2014), and Bekhet et al. (2017), which supports that positive association between exchange rate, CO2 emissions, energy consumption, and economic growth.
CONCLUSION
The production process contains energy consumption, which contributes to the CO2 emissions in the country; the exchange rate is one of the main factors influencing the aggregate productivity, exports, industrial production and trade balance, etc. Therefore, the present study explores the connection between exchange rate depreciation, energy consumption, and CO2 emissions in Pakistan from 1990–2018. We are employing NARDL to the cointegration approach and Granger causality test for the empirical analyses. We use three models for our analysis; CO2 emissions, energy consumption, and GDP are the dependent variables, respectively. The exchange rate is the independent variable, divided into positive and negative shocks in all models. We found a short-run and long-run association between exchange rate, CO2 emissions, and GDP following an asymmetric framework. In addition, exchange positive shocks significantly increase CO2 emissions, energy consumption, and GDP. In contrast, negative shocks significantly reduce the CO2 emissions, energy consumption, and GDP, which indicates that the exchange rate is one of the main factors responsible for the CO2 emissions and energy consumption, and positive association between exchange rate and GDP confirms that exchange rate depreciation increases the economic activities which consume high energy consumption. It leads to CO2 emission in the country.
The result of this study suggests that exchange rate devaluation could be an important tool to achieve a high level of economic growth at the cost of high energy consumption and CO2 emission in society. Therefore, this study suggests some policy implications. Firstly, the government needs to take steps for energy production demanded by industries because exports and local production may be adversely influenced by an energy shortage. Secondly, proper legislation such as the corban tax may be a helpful tool to bring CO2 emissions to the desired level. Thirdly, the government should seek alternate energy resources, like renewable energy resources, etc. The present study has limitations as it only covers a single country, which could be extended for many countries to test exchange rate CO2 and energy consumption. In addition, future research may include both aggregated and disaggregated levels of energy consumption to explore its connection with the country's GDP and the association of various modes of energy consumption with CO2 emissions in the model.
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