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Impact of Subsector of agriculture and economic Growth on CO2 30 

emission in Pakistan; An evidence from Environmental Kuznets 31 

Cure (EKC) 32 

Abstract: 33 

Modernization is not the only cause for producing Carbon dioxide Emission, to achieve a 34 

sustainable agriculture growth by introducing the concept of renewable energy into agriculture 35 

sector, through this process reduced the CO2 emission in country. Secondly to measure the EKC 36 

in order to examine the association among variables in Pakistan. The main objective of this 37 

research is to check the EKC hypothesis with CO2 emission and economic development, 38 

Renewable energy and agriculture sub-sector like, fisheries and crops Production in Pakistan. This 39 

study covers the time period 1984 to 2020.  We have applied Autoregressive distribution lag 40 

(ARDL) bound test. The results indicate existence of long run association among all variable in 41 

the model. The result of co-integration in the short run shows negative relationship between CO2 42 

emission and Crops production in current time period and it shows a positive correlation with the 43 

first lag of CO2 emission which means that current Crops production reduce the Corbin Dioxide 44 

emission by 32% during a year, while in lag period it will increased in the short run. In the long 45 

run one percent increase in Crops production will reduced the CO2 emission by 86%. Renewable 46 

energy shows negative relation with CO2 emission in short run,  one percent increase in renewable 47 

energy will  reduced the CO2 by 0.017%. Our results supports the existence of EKC hypothesis for 48 

Pakistan. 49 

Keywords : CO2, Kuznets curve, Economic growth, Agriculture, ARDL  50 

Introduction; 51 

For economic growth, a healthy and safe environment is needed so it is necessary to emphasize 52 

the role of environmental deterioration. Lots of studies have been cleared that a sustainable 53 

environmental quality can be achieved by less use of carbon dioxide and energy.  Economic 54 

activities and environmental deterioration go in a positive direction such as bulk use of energy, 55 

transportation, industrialization, and manufacturing, so on.  Meanwhile, a rise in Greenhouse gases 56 

(GHG) especially CO2 putting down the quality of the environment. That day by day increasing 57 

economic activities deteriorate atmosphere but this is not a matter of a single country but it is also 58 



a matter of fact of world's climate change. As per 2018 studies, world economic activities have 59 

increased the energy demand so far carbon emission has been escalated about 1.7% (International 60 

Energy Agency, 2019). Actually, this situation is a challenge and threat to the World. All 61 

developing and underdeveloped countries have been working to combat this occurrence. They 62 

pledge to reduce CO2 emissions but by not compromising economic growth and sustainable 63 

development. By keeping in mind two indicators that are Economic Growth and Environmental 64 

Deterioration, put forward the hypothesis of the Environmental Kuznets Curve. The researcher 65 

chose the EKC hypothesis just because there is a close association between environment and 66 

economic development. The Environmental Kuznets curve is used to create a compatibility 67 

between environmental conditions and increasing economic activities. (Madden at. El. 2019). 68 

According to that study, The EKC elaborates that the Environment worsened because of the 69 

increasing day-by-day economic progress and prosperity but it will bring about a solution to 70 

deterioration to the environment. (Kuznets, 1955). The theory of the Environmental Kuznets Curve 71 

guarantees the investigation in the area of connection between development and environment by 72 

using various econometric methodologies and methods, (Ahmed et, al 2017; Mulali et, al 2015). 73 

The Environmental Kuznets theory is basically applied to see the relationship between 74 

environmental quality and economic development. As per the Environment Kuznets Curve 75 

hypothesis, with extension in economic activities environment deteriorate at the first level, 76 

meanwhile, this deterioration decreases after a certain level of increase in income of the country. 77 

So the economic growth and development have their own solutions and measures of environmental 78 

deterioration (Kuznets 1955). Many studies and researches have been showing the warrants of 79 

investigations in authentications the relation between determinants of CO2 emissions and 80 

economic growth by applying various methods and methodologies of econometrics models 81 

(Ahmed et al., 2016; Apergis 2016). Measures of Determinants of CO2 emission is a critical and 82 

daunting deed but it is necessary for mitigation of environmental deterioration (Pata, 2018). 83 

However, the concord regarding Carbon dioxide emission is lacing, the EKC theory elaborates and 84 

highlights the exploration and modification of the EKC model. In a growth environment, the EKC 85 

hypothesis and model by cooperating with more determinants of CO2   try to find out the best fits. 86 

Lots of studies and researches have been used FDI, population, and financial development as 87 

factors of Carbon dioxide emission. However, recent studies have a target finding out the 88 



relationship and existence of solutions for environmental protection nexus with economic 89 

development.  90 

Agriculture and sub-sectors of agriculture such as, crops, and fisheries are the main determinants 91 

of Greenhouse gas emission. Basically, agriculture is a new contributor to Greenhouse gas 92 

emissions that Environmental Kuznets Curve needs to be improved and enhanced its policy 93 

measures (Gokmengolu and Taspinar 2018; Rafiq et al., 2015 and Jabeli and Yousef 2016 ;). The 94 

total estimated CO2 emissions caused because of agriculture is 11.8% and just particularly 95 

contribution of Pakistan's share is 6% in total emissions of the globe. According to recent studies 96 

if mitigation actions couldn't be fast the global GHG emissions caused by agriculture would 97 

increase to 58% by 2050 (World Resource Institute, 2019). The adverse and critical trend is seemed 98 

to further enhanced the Earth's environmental problems, thus decreasing Carbon dioxide emissions 99 

especially agricultural GHG, which has emerged as a worldwide serious issue that ought to be 100 

mitigated. Emissions caused because of agriculture sector is important to reduce because it causes 101 

many world's climate issues (World Bank, 2019). Consequently, mitigation measures significantly 102 

in the agriculture sector are relevant and timely with reducing climate issues, which can be done 103 

by incorporating with Environmental Kuznets Curves. Pakistan traditionally is an agricultural 104 

country as 18.5 percentage to be contributed in GDP of Pakistan. The Pakistan's agriculture sector 105 

comprised of three main subsectors as Fishing, Livestock and main is crops. Pakistan is a densely 106 

populated country and many people are related to the crops and fishing profession. In-between 107 

(1999-2011) from the agriculture sector livestock contributed about 14.5% of GHG emissions in 108 

the world's environment. Similarly, by crops production, about 14% of emissions are caused and 109 

fishing activities also cause environmental deteriorations about 174 million tonnes of Carbon 110 

dioxide emission according to World Bank report (Parker et al., 2019). As a matter of fact, the 111 

severe and noticeable culprit for the increase in CO2 emissions are fertilizers, irrigation methods, 112 

and pesticides which has been used in crops. Similarly, in livestock and fishing, CO2 is created 113 

and spread by farming and human activities (Watts, 2019). 114 

 Agriculture is an important sector for advanced and developing economies, so reducing 115 

agricultural cultivation and subsectors of agriculture is not a sustainable idea (Dogan, 2016). 116 

Contradictory, large agricultural production needs more carbon dioxide emissions (Zhang et al., 117 

2019). In the case of Pakistan agriculture sector is very much important for the GDP (gross 118 



domestic production) of Pakistan, it contributed 30% approximately to the GDP of Pakistan. 119 

Traditionally, Pakistan is an agricultural country half of the population is related to agriculture and 120 

for industries agricultural production is essential. That's all proves that the agriculture sector is a 121 

contributor toward environmental deterioration and an increase in CO2 emissions. Consequently, 122 

the economy-environment in nexus with the EKC hypothesis is timely and relevant to the crucial 123 

status of sustainable development of the world's environment.  124 

In the case of Pakistan, we have a future of renewable energy solar energy, wind, and biomass 125 

energy. The energy mix of Pakistan is comprised of 64% of fossil fuels and 27% hydropower and 126 

similarly 9.65% comprised of other renewable energies (US government statistics, 2019). In 127 

addition to this, Pakistan is trying to make drastic and initiative steps to distance by their self.  128 

The hypothesis Of Environmental Kuznets Curve   (EKC) investigated the relationship among 129 

CO2 emissions, economic development, agriculture, and renewable energy. Using the EKC 130 

hypothesis to agriculture subsector is profitable interest (Qiao et al., 2019; Liuetal., 2017). 131 

However, limited research studies have been conducted related to EKC hypothesis in respect to 132 

the relationship of the agriculture sector, renewable energy. Therefore, considering the following 133 

scenario this research objectives are explained as follows: (1) to examine the impact of agricultural 134 

subsectors with renewable energy, and economic development on the CO2 emission and (2) to use 135 

the ARDL co-integration technique to explained the agriculture-economic development-renewable 136 

energy relationship in the framework of the EKC hypothesis for Pakistan by involving subsectors 137 

of agriculture, like crops, and fisheries for the period 1984–2020.  The main purpose of this study 138 

is that to identify significance of economic and environmental justification from an examination 139 

of the relations among economic development, renewable energy, subsector of agriculture and 140 

CO2 emissions in the framework of EKC hypothesis for Pakistan. 141 

Various Studies on EKC have shown mixed results of EKC (E.Beşe and S.Kalayci; 2021, Haseeb. 142 

A, et al, 2018) The main contribution of this study are:  (1) this research is representing model of 143 

EKC by involving fisheries, Crops , Renewable energy and trend as the factor of contribution in 144 

terms of carbon dioxide Emission. (2) Time series data is used to estimate the hypothesis of EKC 145 

for Pakistan. Time series research is more suitable for estimating hypothesis of EKC for a country 146 

as compared to panel data analysis.  147 

Literature Review; 148 

https://scholar.google.com/citations?user=elKiU_EAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=32ETKW4AAAAJ&hl=en&oi=sra
https://link.springer.com/article/10.1007/s11356-018-3034-7#auth-Abdul-Haseeb


There have been many studies find on environment, CO2 emissions, economic growth and 149 

agriculture. Grossman and Krueger (1991) according to him EKC hypothesis illustrated the theory 150 

as economic development-Environmental degradation nexus (Kuznets, 1955). The development –151 

environmental degradation nexus and with a strong relation has an upturn U-shaped curve, 152 

economic development escalated with an economy’s environmental deteriorations. Subsequently, 153 

once an economy reach at threshold point the increasing income of nation can combat the 154 

environmental deteriorations, the environmental issues can be solve (Alam et al., 2016). To 155 

experimentally analyze and estimate the presence and stability of EKC theory, the carbon 156 

emissions has been taken as the proxy for degradations of environment, however it is taken in 157 

model as GDP function per capita or income per capita and square of GDP per capita as economic 158 

development ( Qiao et al., 2019). For instance, with different country’s samples, time spans and 159 

methodologies the EKC hypothesis generate different results. (Lacheheb aet al., 2015) according 160 

to him EKC in Algeria has not obtained the desire results in their economy. However, in Algeria 161 

the EKC theory has failed to achieve the inverted u-shaped curve and desired results and no 162 

evidence found for the EKC hypothesis. Economy grow in Algeria but environment degrade with 163 

time, it was estimated for long run in Algeria. In addition to that, in Azerbaijan’s economy by 164 

applying Johansen co-integration method in between 1992-2013, the EKC hypothesis was also 165 

absent. 166 

Javid. M and Sharif (2016) investigated the relationship among economic growth energy 167 

consumption to CO2 and development in Pakistan from1972–2013. They used ARDL technique 168 

for the analsisy of regrssion, which targeted the trace of Environmental Kuznets curve (EKC) and 169 

determined that all input variables caused by extreme pollution. Kumar et al. (2017) analyzed the 170 

relationship between CO2 emission and financial development in Pakistan from 1971 to 2011. 171 

They applied the ARDL technique for econometrics estimation.  The findings of the study indicate 172 

that, CO2 emission motivated by financial development, it is verified by the output of ARDL 173 

analysis in short and long-run. Rehman.M and Rashid.M (2017) observed the concept of energy 174 

use in environmental destruction by the multivariate model in SAARC countries, targeted the 175 

dangerous impact of energy consumption on the environment, and confirmed the EKC hypothesis. 176 

 A current research by Altintas and Kassouri in year 2020, indicates modifying results, where 177 

Environmental Kuznets hypothesis unwarranted and unfounded in the (EU) European Union, 178 



where CO2 emission applied as Environmental deteriorations indicator. To continue with 179 

uncertainty (Narayan et al., 2016) used panel studies for 181 countries, same in that case, obtained 180 

mix complex results which authenticates the accumulation bias (Baek, 2015a). The indecisive 181 

results of Environmental Kuznets Curve hypothesis authentication signify that dissimilar 182 

economic backgrounds, economic conditions and characteristics of different economies ceiled 183 

dissimilar relationship between environmental deteriorations and growth. Furthermore, some 184 

causes for inconclusive results are using incomplete method and methodologies, data, surveys and 185 

employment of different explanatory variables (Shahbaz and Sineha, 2019).  186 

Earlier studies have shown that economic growth is more concerned with development goals like 187 

greener and sustainable goals for economy (Bekhet and Ottaman, 2018). In connection with this, 188 

Baek, (2015b) connect EKC hypothesis with energy usage for their research and proposals that 189 

economic development increase energy consumption and CO2 emissions (Shabaz et al., 2015). By 190 

using Bayer-Hanck cointegration method in India for the year 1970-2014 by applying ARDL 191 

econometric methods development-environmental nexus proof the EKC hypothesis presence in 192 

India.  193 

Renewable energy also called as greener energy is a main solution of CO2 emissions and 194 

sustainable environmental issues. Greener energy is incorporated with EKC hypothesis as an 195 

explanatory variable (Al-Mulali and Ozturk, 2016). EKC hypothesis proved itself in many 196 

countries and preceding studies has proved that renewable energy is inversely related to CO2 197 

emissions. However, in many countries EKC hypothesis cannot proof itself. In fact, renewable 198 

energy found to reduce CO2 emission, and the EKC hypothesis accepted and supported in many 199 

economies. As in case of agriculture and subsector of agriculture, the EKC hypothesis supported 200 

very limited (Zhang et al., 2019; Balezentis et al., 2019). For instance, in case of Pakistan 201 

Agriculture and EKC hypothesis for the year 1990-2020 proved and confirmed.  202 

Data and Methodology 203 

This research has consisted on annual time series data included time period of 1984 to 2020,this work has 204 

been done in Pakistan, CO2E, LCrops, GDP, LGDP2, LFesheris, and REN represent Corban dioxide 205 

emission, Log of Crops, gross domestic product and Log of  Square gross domestic product, Log 206 

of Fisheries, and Renewable energy  respectively presented in the long-run model in this research 207 

work.The data is collected from various sources such as CO2E, GDP, REN has been taken from 208 



WDI(World development Index)while LCrops, LFesheris has been taken from Pakistan handbook 209 

of statistics. 210 

 211 

 Model: 212 

Pakistan economy is growing slowly, because of its significant contribution in the CO2 emissions 213 

in  Asian countries, examined vitally to recognize the relation between development of economics 214 

and the emission of CO2 in the contest of EKC, which quadraticaly effect the CO2 emission in 215 

terms of income and GDP. The purpose of this research is to examine the effect of agricultural 216 

subsectors on CO2 emissions rather than examining agriculture as a whole (aggregate level) the 217 

main factors of agriculture e.g crops and fisheries illustrates the main components of the 218 

agriculture of Pakistan in terms of GDP.  For this, we have adopted the model of (Lau et al.2017) 219 

and (Pata 2018a and 2018b.) with some changes   which can be written as: 220 

CO2E= f (Crops production, Fisheries, GDP, GDP2, REN,)                                                                   (1) 221 

Economic growth renewable energy also agriculture might affect the CO2 emission followed, the 222 

multivariate framework expresses as equation1. 223 

Where CO2 represents the release of Carbon dioxide emission per unit, GDP depicts per capita 224 

GDP and GDP2 illustrates the square and REN shows the renewable energy. 225 

According to research the contribution of crops is about USD16-19 billion in terms of gross output. 226 

While the other factor e.g fisheries added USD 3117 million, Fisheries as a sub-sector of 227 

agriculture show an important part in the Pakistan economy and provide the food safety to the 228 

country as it decrease the current burden on demand for, beef, mutton and chicken (Pak Economic 229 

survey 2019). The substantial addition of these subsectors to the agriculture in terms of  GDP,it is 230 

assumed that each factor has some impact on CO2 emissions at national level. Crops and fisheries 231 

are considered substitutes for agriculture are illustrated by CROP and FISHERIES in eq2 232 

CO2E= f(Crops , GDP,GDP2, FISHERIES,CROP, REN, Trend)                                                 (2) 233 

The reduced form of the above model is illustrated below  234 

CO2E= B1 +B2 Crops +B3 GDP +B4 GDP2 +B5 FISHERIES +B6 REN +B7 Trend +u            (3) 235 



We have used the semi-log form of eq 3 to obtain a meaningful interpretation of parametrs. 236 

Therefore trhe equation 3 can be written as: 237 

 CO2E= B1 +B2 Crops +B3 LGDP +B4 LGDP2 +B5 LFISHERIES +B6 REN +B7 Trend +u                   (4) 238 

Where B1 is intercept and u is the error term and the other parameters (B’s) are the estimated 239 

coefficients. The value of B3and B4examines the multiple shape of EKC hypothesis for instance, 240 

if B3=B4=0 represents no relationship with CO2 emission. However, if B3>0 and B4=0, there is 241 

a positive relationship between income and co2 emission. Similarly, if B3<0 and B4>0. It depicts 242 

U shaped curve among them. Where B3>0 and B4<0 shows inverted U shaped curve according to 243 

EKC hypothesis (Dinda 2004,Sinha and shahbaz 2018.) B6 is anticipated to be negative the signs 244 

of the parameters B2 and B5 might show the sustainability and development in the country (liu et 245 

al,2017). 246 

Econometric Methodology: 247 

The procedure of estimation is used in this study followed by three important steps of 248 

econometrics. The unit root test is the first step which is performed to examine unit root. (Perron, 249 

1990). Co-integration test is the second step to examine the co-integration with the help of ARDL 250 

Bound test (ARDL). Diagnostic and Stability test is the third step to check for heteroscedasticity  251 

with the help of the whit general test , Ramsey-regression equation specification error test (RESET 252 

Breusch-Godfrey test for serial correlation test, , and cumulative sum and CUSUM of squares. 253 

Philips and Hensen,(1990). 254 

Unit root tests: 255 

In order to check the Stationarity in a data, the well-known method unit root should be employed 256 

which avoid bogus results in terms of regression (Othoman and Bekhet 2018). This research is 257 

used unit root test to examine time effect of all variables in this model. 258 

Co-integration test: 259 

This research used the Auto Regressive Distributed Lags (ARDL) technique (Smith and 260 

Pesaran,1995) and Pesaran et.al(2001) to examine the amalgamation amid variables due to its 261 

numerous benefits in terms of different procedure of co-integration. This technique is performed 262 



irrespective of the integration order of variables i.e. I(1), I(0) or both. Moreover, this procedure is 263 

best for small sample size .Shahbaz and Sinha,(2018), Shahbaz et.al(2016).  264 

∆𝐶𝑂2𝐸𝑡 = 𝜶1 + ∑ 𝜶2𝑡=𝑛
𝑡=2 ∆(𝐿𝐶𝑟𝑜𝑝𝑠)𝑡−2 + ∑ 𝜶3𝑡=𝑛

𝑡=2 ∆(𝐿𝐺𝐷𝑃)𝑡−2    + ∑ 𝜶4𝑡=𝑛
𝑡=2 ∆(𝐿𝐺𝐷𝑃)2𝑡−2    265 

+ ∑ 𝜶5∆(𝐿𝐹𝑒𝑠ℎ𝑒𝑟𝑖𝑠)𝑡−2 + ∑ 𝛼6𝑡=𝑛
𝑡=1 ∆(𝑅𝐸𝑁)𝑡−2 + 𝑡=𝑛

𝑖=2 𝜶7𝐶𝑂2𝐸𝑡266 

+ ∑ 𝜶8𝑡=𝑛
𝑡=2 (𝐿𝐶𝑟𝑜𝑝𝑠)𝑡−2 + ∑ 𝜶9𝑡=𝑛

𝑡=2 ∆(𝐿𝐺𝐷𝑃)𝑡−2    + ∑ 𝜶10𝑡=𝑛
𝑡=2 (𝐿𝐺𝐷𝑃)2𝑡−2    267 

+ ∑ 𝜶11(𝐿𝐹𝑒𝑠ℎ𝑒𝑟𝑖𝑠)𝑡−2 + ∑ 𝛼12𝑡=𝑛
𝑡=1 ∆(𝑅𝐸𝑁)𝑡−2 +  µ𝑡. . . (5)𝑡=𝑛

𝑖=2  268 

Where 𝜶1 − 𝛼6 are long term coefficients and 𝛼6− 𝛼12are the coefficients for short-term. 269 

Co-integration test is employed by performing bound test for examining the joint 270 

significance. The null hypothesis (H0) for the no-co-integration is versus the alternative 271 

hypothesis (H1) there is existence of co-integration in the model. 272 (𝐻0: 𝜷7 =  𝜷8 = 𝜷9 =  𝜷10 =  𝜷11 = 𝜷12 = 0 ) 273 (𝐻1: 𝜷7 ≠  𝜷8 ≠ 𝜷9 ≠  𝜷10 ≠  𝜷11 ≠ 𝜷12 ≠ 0)      274 

ARDL technique has been implemented for the variable estimation from above given equations, 275 

which illustrates the procedure of Bound test. The F-statistic generated through ARDL bound and 276 

then compare it with the critical values of F-statistic (2005), Narayan because of their effectiveness 277 

for small samples. If the calculated F-statistic value is greater than the upper critical values then 278 

null hypothesis of no co-integration can be rejected. 2005(Narayan). After the co-integration of 279 

variables, long term estimation of model is represented below. 280 

𝐶𝑂2𝐸𝑡 =  𝜷1 + ∑ 𝜷2
𝑡=𝑛
𝑡=2 (𝐿𝐶𝑟𝑜𝑝𝑠)𝑡−2 + ∑ 𝜷3

𝑡=𝑛
𝑡=2 (𝐺𝐷𝑃)𝑡−2    + ∑ 𝜷4

𝑡=𝑛
𝑡=2 (𝐿𝐺𝐷𝑃)2𝑡−2    281 

+ ∑ 𝜷5(𝐿𝐹𝑒𝑠ℎ𝑒𝑟𝑖𝑠)𝑡−2 + ∑ 𝜷6
𝑡=𝑛
𝑡=1 (𝑅𝐸𝑁)𝑡−2 +  µ𝑡. . . (6)𝑡=𝑛

𝑖=2  282 



Whereas CO2E, LCrops, GDP, LGDP2, LFesheris and REN represent Corban dioxide emission, 283 

Log of Crops, gross domestic product and Log of  Square  gross domestic product, Log of Fisheries 284 

and Renewable energy are respectively presented in the long run  model. In addition coefficient 285 

of short term are computed by performing ECM followed by ARDL technique. 286 

∆𝐶𝑂2𝐸𝑡 = 𝜶1 + ∑ 𝜶2𝑡=𝑛
𝑡=2 ∆(𝐿𝐶𝑟𝑜𝑝𝑠)𝑡−2 + ∑ 𝜶3𝑡=𝑛

𝑡=2 ∆(𝐺𝐷𝑃)𝑡−2    + ∑ 𝜶4𝑡=𝑛
𝑡=2 ∆(𝐿𝐺𝐷𝑃)2𝑡−2    287 

+ ∑ 𝜶5∆(𝐿𝐹𝑒𝑠ℎ𝑒𝑟𝑖𝑠)𝑡−2 + ∑ 𝛼6𝑡=𝑛
𝑡=1 ∆(𝑅𝐸𝑁)𝑡−2 +  ϒ(𝐸𝐶𝑀)𝑡−1    𝑡=𝑛

𝑖=2288 

+  µ𝑡. . . (7) 289 

Whereas CO2E, LCrops, GDP, LGDP2, LFesheris and REN represent Corban dioxide emission, 290 

Log of Crops, gross domestic product and Log of Square gross domestic product, Log of Fisheries 291 

and Renewable energy are respectively presented in the short term model. The   u is the disturbance 292 

term and ϒ shows the coefficient of ECM which illustrated the speed of adjustment. However, 293 

ECT depicts the error correction term of lag time period. The coefficient of ECM is supposed to 294 

be significantly negative for operation of ECM Mechanism. The Error Correction Term depicts 295 

how much time is required for shock adjustment to their values of long term. 296 

Diagnostic and stability test: 297 

To avoid bias parameters in the model which leads to inappropriate hypothesis the estimated error 298 

term should have constant mean of zero value, normal distribution , no Autocorrelation, 299 

homoscedasticity and no Multcollinearity. Othoman and Bekhet(2018). Thus to confirm these 300 

problems, the Breusch-Godfrey tests have been employed. Moreover, Ramsey Reset test is 301 

performed to ensure that the model has accurate functional form (Pata 2018a and 2018b). This 302 

research has applied CUSUM and CUSUMQ estimation to predict model stability. When the plots 303 

of CUSUM and CUSUMQ tests are presented at the critical bounds at 5% significant level, the 304 

sable model is obtained, otherwise there can be a structural break in a period of estimation. Bekhet 305 

and Othoman(2018). 306 

 307 



 308 

 309 

Empirical Results and interpretation of results:  310 

This part of the research depict that the estimation of regression result from various approaches in 311 

the model are employed. This study followed by multiple pre and post estimation which are used 312 

to regress on data. At first use the unit root test to check the Stationarity of data and lag length of 313 

the model, than checked the co-integration among the all variable in the present model. At second 314 

the ARDL result has been depicted which are employed for the long run and short run association 315 

among the variables. Thirdly diagnostic test are presented.      316 

Table: 2 Unit Root Test 317 

 ADF Phillips-Peron 

Level 1st Difference Level 1st Difference 

t-stat p-value t-stat p-value t-stat p-value t-stat p-value 

CO2Et-0 -4.02 0.0175 -4.661 0.0006 -2.019 0.071 -4.693 0.0006 

LCropst-1 1.552 0.7917 5.622 0.0000 1.66 0.7453 -5.614 0.000 

GDPt-1 -3.015 0.1424 -3.234 0.0262 -2.027 0.5671 -3.173 0.030 

LGDP2 t-1 -3.067 0.1297 -3.578 0.0115 -2.564 0.2977 -3.512 0.053 

LFeshet-1 2.211 0.4691 -6.185 0.000 -2.634 0.0956 -6.185 0.000 

RENt-1 -2.461 0.1331 5.749 0.000 -2.437 0.1392 -5.747 0.000 

 318 

This research performed Stationarity test by applying unit root test, which is suitable for examine 319 

the integration order of variables. Order zero or one i.e. I (0), I (1), or both but not I (2) is 320 

mandatory. Table 2 shows the result of unit root test. The result finds that every variable is 321 

stationary at first difference except CO2E which is stationary at level. This shows ARDL 322 

justification as a method of estimation. In this condition where no I(2) was confirmed among the 323 

variables to examine co-integration amid variables followed by Othoman and Bekhet (2018), Pata 324 

(2018a,2018b). 325 

Table: 3 lag selection criteria 326 

Lag Order Selection Criteria 

Lag LogL LR FPE AIC SC HQ 

0 -223.097 NA 0.0287 13.47631 13.74567 13.56817 

1 -19.9993 322.5675 1.60E-06 3.647015 5.532519 4.290026 



2 12.61461 40.28772 2.41E-06* 3.8462* 7.34785* 5.040363 

3 76.07799 55.99711* 8.93e-07 2.230706 7.348503 3.976022* 

 327 

 328 

Table: 4 ARDL Bounds Test 329 

ARDL Bounds Test 

Null Hypothesis: No long-run relationships exist 

Test Statistic Value K 

F-statistic 8.096757 5 

Critical Value Bounds 

Significance I0 Bound I1 Bound 

10% 2.75 3.79 

5% 3.12 4.25 

2.50% 3.49 4.67 

1% 3.93 5.23 

R-Squared 0.993166 D.W 2.17 

F- Statistic          145.3181    Prob(F-Statistic) 0.0000 

 330 

Table 3, shows that lag selection criteria, the length of lag is 2 which is selected after examining 331 

the value of AIC and other criteria. This information leads that bound test will be conducted. The 332 

tabulated F-statistics is taken from table 4,the calculated F-statistics(5.23) is examined in regards 333 

of upper and lower bounds of(2005) Narayan and obvious a long term relationship among the 334 

emission of carbon dioxide Emission, crops, Renewable energy consumption, Fisheries are present 335 

because the computed F-statistics is higher than 1% upper bound critical value. 336 

 337 

Table: 5 Long Run Coefficient of Carbon Dioxide Emission 338 
 339 

Long  Run Coefficient of Carbon Dioxide Emission Model 

Variable Coefficients Std. Error t-Statistic Prob. 

LCROPS -0.866538 0.077747 -11.1457 0.0000 

GDP 0.000072 0.00001 6.941801 0.0000 

LDGP2 -0.46989 0.245605 -1.91319 0.0727 

LFESHERIES 2.337512 0.224749 10.40056 0.0000 

REN -0.002101 0.000381 -5.52097 0.0000 

C -3.37599 4.966024 -0.67982 0.5058 

@TREND -0.025746 0.00266 -9.68025 0.0000 
 340 
 341 

Once evidence of co-integration was developed, the short term and long term coefficient were 342 

computed consist on equation 7 and equation 8 respectively. Table 5 shows that renewable 343 



consumption declines environmental deterioration as it has inverse long term significant 344 

association with CO2E. An increase in 1% consumption of renewable energy declines CO2E by 345 

0.002.Fisheries has a positive  and significant association with CO2E but crops has a negative 346 

relationship with CO2E.Similarly GDP has lesser impact on CO2E,however the squared GDP 347 

shows the negative and significant association wit CO2E as 1% rise in GDP will decline CO2E by 348 

46%.GDP2 coefficient is -0.4698 which shows that b4<0.This estimates show the hypothesis of 349 

EKC is valid in term of long run, as it depicts inverted U-shaped curve. 350 

Table: 6 Short Run Coefficient of Carbon Dioxide Emission 351 
 352 

Short Run Coefficient of Carbon Dioxide Emission Model 

Variable Coefficient Std. Error t-Statistic Prob. 

D(LCROPS) -0.327574 0.100818 -3.24916 0.0047 

D(LCROPS(-1)) 0.248634 0.072623 3.423622 0.0032 

D(GDP) -0.000085 0.000034 -2.45919 0.0249 

D(GDP(-1)) -0.000171 0.000044 -3.87635 0.0012 

D(LDGP2) 2.426844 0.837038 2.899324 0.0100 

D(LDGP2(-1)) 3.551795 0.968481 3.667387 0.0019 

D(LFESHERIES) 0.618814 0.09813 6.306076 0.0000 

D(LFESHERIES(-1)) -0.530907 0.145946 -3.63769 0.0020 

D(REN) -0.000172 0.000200 -0.86145 0.4010 

D(REN(-1)) 0.000718 0.000452 1.588262 0.1307 

D(@TREND()) -0.022696 0.005618 -4.03971 0.0009 

ECMt-1 -0.881545 0.242161 -3.64033 0.0020 

 353 

Table: 7 Diagnostic Tests 354 

Model CO2 

 Test-statics p-values 

Breusch-Godfrey Autocorrelation LM Test, F-statistic 0.533379 0.5973 

Heteroskedasticity Test: White, F-statistic 0.924894 0.5630 

Ramsey RESET Test, F-statistic 1.614959 0.2316 

Notes: (1) Breusch-Godfrey Test H0: No serial correlation to 1 lags (2) Heteroskedasticity Test H0:  NO Heteroskedasticity       355 

(3) RESETTestH0: Functional form is correct. 356 

In table 6  the short run analysis has been estimated, the result of LCrops indicate the positive and 357 

statistically significance relationship with CO2E in current time period at 1% level which depicts 358 

1% increase in variable LCrops leas to a reduction in CO2 emission by 32% but in the lag time 359 

period there is a positive association amid LCrops and CO2E means that 1% rise in LCrops tends 360 

to increase CO2E by 24%,while GDP estimates show negative and statistically significant 361 

association suggests that 1%rise in GDP leads a reduction in CO2E in current time period but in 362 



lag time period there is negative and significant association.GDP2 has positive and significant 363 

amalgamation with CO2E in present period of time ,this association become stronger in la time 364 

period which illustrates 1% increase in GDP2 leads to 355 increase in CO2E. Moreover, Fisheries 365 

has positive and statistically significance association in current time period and vice versa whereas 366 

Renewable energy has inverse and statistically significance relationship in current time period and 367 

this amalgamation become positive and statistically significance in lag time period. Error 368 

correction term is negative and significant which is presented in table 6. The Error correction term 369 

illustrates the speed of adjustment where the equilibrium bears a shock. The ECT of -0.88 suggest 370 

that the conversion speed is 88% and the disturbance amid trend and the shock will be better during 371 

a year. The findings of table 7 illustrate the diagnostic estimation. The result of these tests depict 372 

that there is no heteroscedasticity, autocorrelation and non-normality are present in this research. 373 

Moreover, this Ramsey-Reset the statistical analyzation examines that a model exists in a proper 374 

functional form. CUSUM test and CUSUM of squares test has been performed in order to check 375 

the stability of the model. 376 

Figure: 1                                                                    Figure: 2 377 
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 379 

Figure 1 and 2 shows the result of CUSUM and CUSUM of squares test used on the CO2 emission 380 

model of this study. This test are implemented to check the stability of parameter throughout the 381 

study period. This test provide the stability output of the coefficient in graphical form. The 382 



graphical analysis of this test consist of two red line, which express the 5% level of significance 383 

and blue line in the middle. If the blue line cross the red line from upper or lower side of the 384 

boundary, than the estimated coefficients are said to be inconsistent or parameter are not stable 385 

with respect to time. Our finding of CUSUM and CUSUM of squares test indicated that all the 386 

coefficients are stable throughout the study period, because the blue didn’t cross the red boundary 387 

line. 388 

Conclusion and policies:  389 

In this study used the ARDL bound technique for analysis of EKC hypothesis of income with CO2 390 

emission in Pakistan from 1984 to 2020 in the framework subsector of agriculture like, presented 391 

as Crops and fisheries. This research study incorporated the renewable energy as control variable, 392 

to investigate the effect of renewable energy on environment and to keep away our result from 393 

spurious regression. This study indicate the impact of different subsector of agriculture on the 394 

Corban dioxide emission and show an evidence of inverted U-shaped EKC hypothesis. The main 395 

findings according to this research that Carbon dioxide emission is increasing as the society 396 

become progressive, number of industries is increasing which leads to the higher GDP growth 397 

which is the good sign for the economy but environmental issues cannot be neglected, as in the 398 

research, It is found that GDP, fisheries, crops, renewable energy are somehow responsible for the 399 

environmental problems because there is the gap, many people use advance technologies and some 400 

people cannot access to modern ones, but in order to address these issues, efforts are required to 401 

shrink this gap which is necessary for the environment. The finding of this research depict that 402 

renewable consumption declines environmental deterioration as it has negative long term 403 

significant association with CO2E. An increase in 1% consumption of renewable energy declines 404 

CO2E by 0.002.Fisheries has a positive  and significant association with CO2E but crops has a 405 

negative relationship with CO2E.Similarly GDP has lesser impact on CO2E, however the squared 406 

GDP shows the negative and significant association with CO2 emission as 1% rise in GDP will 407 

decline CO2 emission by 46%. GDP2 coefficient is -0.4698, this estimates show the hypothesis of 408 

EKC is valid in term of long run, as it depicts inverted U-shaped curve. Depend on (on the basis 409 

of) conclusion and result various policies can be recommended. 410 

The government is supposed to impose such policies which facilitates the Renewable Energy in 411 

an efficient way .It is the need of time that the state should adopt some measures such as 412 

innovations in machineries which is related to yielding crops etc. which decrease the level of 413 



CO2E.these measures can be done through subsidies which boosts the industries to import and 414 

purchase such as machineries. It is another measure that govt should facilitate and help to purchase 415 

Machineries which will helpful in farming. The government should motivate the studies which are 416 

related to crops, livestock's, fisheries that lead to stimulate new inventions. Public awareness and 417 

interest will play the key role to decrease the CO2 from the environment. 418 

Availability of Data and Material: All Relevant data are within the paper 419 

Author Contribution: Conceptualization by Dr.Roohi Ahmed, Data curation by Abdul 420 

Shakoor,Formal analysis by Uroosa Khan, methodology by Abdul Shakoor and Zubair Ahmed, 421 

Writing original Draft by Abdul Shakoor, writing review and editing by Zubair Ahmed 422 

Funding: This research paper was supported by no one. On this research paper we have worked 423 

as a team and no one financially supported us regarding this research paper. 424 

Compliance with ethical standards  425 

Conflict of Interest: The authors declare that they have no conflict of interest. 426 

Ethical approval: Not applicable 427 

Consent to Participate: Not applicable 428 

Consent to Publish: Not applicable  429 

 430 

 431 

References 432 

Ahmad, A., Zhao, Y., Shahbaz, M., Bano, S., Zhang, Z., Wang, S., & Liu, Y. (2016). Carbon emissions, 433 

energy consumption and economic growth: An aggregate and disaggregate analysis of the Indian 434 

economy. Energy Policy, 96, 131-143. 435 

Ahmad, N., Du, L., Lu, J., Wang, J., Li, H. Z., & Hashmi, M. Z. (2017). Modelling the CO2 emissions and 436 

economic growth in Croatia: is there any environmental Kuznets curve?. Energy, 123, 164-172. 437 

Alam, M. M., Murad, M. W., Noman, A. H. M., & Ozturk, I. (2016). Relationships among carbon 438 

emissions, economic growth, energy consumption and population growth: Testing Environmental Kuznets 439 

Curve hypothesis for Brazil, China, India and Indonesia. Ecological Indicators, 70, 466-479. 440 

Al-Mulali, U., Ozturk, I., & Solarin, S. A. (2016). Investigating the environmental Kuznets curve 441 

hypothesis in seven regions: The role of renewable energy. Ecological indicators, 67, 267-282. 442 

Altıntaş, H., & Kassouri, Y. (2020). Is the environmental Kuznets Curve in Europe related to the per-capita 443 

ecological footprint or CO2 emissions?. Ecological Indicators, 113, 106187. 444 

Apergis, N. (2016). Environmental Kuznets curves: New evidence on both panel and country-level CO2 445 

emissions. Energy Economics, 54, 263-271. 446 



Baek, J. (2015). A panel cointegration analysis of CO2 emissions, nuclear energy and income in major 447 

nuclear generating countries. Applied Energy, 145, 133-138. 448 

Baek, J. (2015). Environmental Kuznets curve for CO2 emissions: the case of Arctic countries. Energy 449 

Economics, 50, 13-17. 450 

Baležentis, T., Streimikiene, D., Zhang, T., & Liobikiene, G. (2019). The role of bioenergy in greenhouse 451 

gas emission reduction in EU countries: An Environmental Kuznets Curve modelling. Resources, 452 

Conservation and Recycling, 142, 225-231. 453 

Bekhet, H. A., & Othman, N. S. (2018). The role of renewable energy to validate dynamic interaction 454 

between CO2 emissions and GDP toward sustainable development in Malaysia. Energy economics, 72, 47-455 

61. 456 

Ben Jebli, M., & Ben Youssef, S. (2017). Renewable energy consumption and agriculture: evidence for 457 

cointegration and Granger causality for Tunisian economy. International Journal of Sustainable 458 

Development & World Ecology, 24(2), 149-158. 459 

Beşe, E., & Kalayci, S. (2021). Environmental Kuznets curve (EKC): empirical relationship between 460 

economic growth, energy consumption, and CO2 emissions: evidence from 3 developed 461 

countries. Panoeconomicus, (00), 4-4. 462 

Dinda, S. (2004). Environmental Kuznets curve hypothesis: a survey. Ecological economics, 49(4), 431-463 

455. 464 

Dogan, E., & Seker, F. (2016). Determinants of CO2 emissions in the European Union: the role of 465 

renewable and non-renewable energy. Renewable Energy, 94, 429-439. 466 

Gokmenoglu, K. K., & Taspinar, N. (2018). Testing the agriculture-induced EKC hypothesis: the case of 467 

Pakistan. Environmental Science and Pollution Research, 25(23), 22829-22841. 468 

Haseeb, A., Xia, E., Baloch, M. A., & Abbas, K. (2018). Financial development, globalization, and CO2 469 

emission in the presence of EKC: evidence from BRICS countries. Environmental Science and Pollution 470 

Research, 25(31), 31283-31296. 471 

International Energy Agency. (2019). Global Energy & CO2 Status Report 2017. 472 

International Energy Agency. (2019). Global Energy & CO2 Status Report 2017. 473 

Javid, M., & Sharif, F. (2016). Environmental Kuznets curve and financial development in 474 

Pakistan. Renewable and Sustainable Energy Reviews, 54, 406-414. 475 

Liu, X., Zhang, S., & Bae, J. (2017). The impact of renewable energy and agriculture on carbon dioxide 476 

emissions: investigating the environmental Kuznets curve in four selected ASEAN countries. Journal of 477 

cleaner production, 164, 1239-1247. 478 

Liu, X., Zhang, S., & Bae, J. (2017). The impact of renewable energy and agriculture on carbon dioxide 479 

emissions: investigating the environmental Kuznets curve in four selected ASEAN countries. Journal of 480 

cleaner production, 164, 1239-1247. 481 

Madden, B., Florin, N., Mohr, S., & Giurco, D. (2019). Using the waste Kuznet's curve to explore regional 482 

variation in the decoupling of waste generation and socioeconomic indicators. Resources, Conservation 483 

and Recycling, 149, 674-686. 484 



Misni, A., Jamaluddin, S., & Kamaruddin, S. M. (2015). Carbon sequestration through urban green reserve 485 

and open space. Planning Malaysia, 13(5). 486 

Narayan, P. K. (2005). The saving and investment nexus for China: evidence from cointegration 487 

tests. Applied economics, 37(17), 1979-1990. 488 

Parker, R. W., Blanchard, J. L., Gardner, C., Green, B. S., Hartmann, K., Tyedmers, P. H., & Watson, R. 489 

A. (2018). Fuel use and greenhouse gas emissions of world fisheries. Nature Climate Change, 8(4), 333-490 

337. 491 

Pata, U. K. (2018). Renewable energy consumption, urbanization, financial development, income and CO2 492 

emissions in Turkey: testing EKC hypothesis with structural breaks. Journal of Cleaner Production, 187, 493 

770-779. 494 

Pata, U. K. (2018). Renewable energy consumption, urbanization, financial development, income and CO2 495 

emissions in Turkey: testing EKC hypothesis with structural breaks. Journal of Cleaner Production, 187, 496 

770-779. 497 

Pata, U. K. (2018). The influence of coal and noncarbohydrate energy consumption on CO2 emissions: 498 

revisiting the environmental Kuznets curve hypothesis for Turkey. Energy, 160, 1115-1123. 499 

Paul, E. A., Sheehan, J., Antle, J. M., & Paustian, K. (2006). Agriculture's role in greenhouse gas 500 

mitigation (Doctoral dissertation, Colorado State University. Libraries). 501 

Pesaran, M. H., & Smith, R. (1995). Estimating long-run relationships from dynamic heterogeneous 502 

panels. Journal of econometrics, 68(1), 79-113. 503 

Pesaran, M. H., Shin, Y., & Smith, R. J. (2001). Bounds testing approaches to the analysis of level 504 

relationships. Journal of applied econometrics, 16(3), 289-326. 505 

Phillips, P. C., & Hansen, B. E. (1990). Statistical inference in instrumental variables regression with I (1) 506 

processes. The Review of Economic Studies, 57(1), 99-125. 507 

Qiao, H., Zheng, F., Jiang, H., & Dong, K. (2019). The greenhouse effect of the agriculture-economic 508 

growth-renewable energy nexus: evidence from G20 countries. Science of the Total Environment, 671, 722-509 

731. 510 

Rafiq, S., Salim, R., & Apergis, N. (2016). Agriculture, trade openness and emissions: an empirical analysis 511 

and policy options. Australian Journal of Agricultural and Resource Economics, 60(3), 348-365. 512 

Rehman, M. U., & Rashid, M. (2017). Energy consumption to environmental degradation, the growth 513 

appetite in SAARC nations. Renewable energy, 111, 284-294. 514 

Shahbaz, M., & Sinha, A. (2019). Environmental Kuznets curve for CO2 emissions: a literature 515 

survey. Journal of Economic Studies. 516 

Shahbaz, M., Dube, S., Ozturk, I., & Jalil, A. (2015). Testing the environmental Kuznets curve hypothesis 517 

in Portugal. International Journal of Energy Economics and Policy, 5(2), 475-481. 518 

Shahzad, S. J. H., Kumar, R. R., Zakaria, M., & Hurr, M. (2017). Carbon emission, energy consumption, 519 

trade openness and financial development in Pakistan: a revisit. Renewable and Sustainable Energy 520 

Reviews, 70, 185-192. 521 



Sinha, A., & Shahbaz, M. (2018). Estimation of environmental Kuznets curve for CO2 emission: role of 522 

renewable energy generation in India. Renewable energy, 119, 703-711. 523 

Sinha, A., & Shahbaz, M. (2018). Estimation of environmental Kuznets curve for CO2 emission: role of 524 

renewable energy generation in India. Renewable energy, 119, 703-711. 525 

Watts, G. (2019). The Cows that Could Help Fight Climate Change. URL: http://www. bbc. 526 

com/future/story/20190806-how-vaccines-could-x-our-problem-with-cow-emissions (08.12. 2019). 527 

Zhang, L., Pang, J., Chen, X., & Lu, Z. (2019). Carbon emissions, energy consumption and economic 528 

growth: Evidence from the agricultural sector of China's main grain-producing areas. Science of the Total 529 

Environment, 665, 1017-1025. 530 

Zhongming, Z., Linong, L., Wangqiang, Z., & Wei, L. (2019). 5 Questions About Agricultural Emissions, 531 

Answered. 532 


