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Abstract
The rapid growth of agriculture has led to a significant increase in energy utilization and 
 CO2 emissions. Agriculture performs a pivotal role in improving every country’s economy. 
The current study has the main objective to analyses the long-run impact of agricultural 
 CO2 discharge on economic growth, energy consumption (electricity utilization in the agri-
culture sector), financial development, foreign direct investment (FDI), and population for 
India. For the period 1978–2018, we applied ADF, PP, ERS, and KPSS unit root and Z&A 
and CMR structural interval tests to evaluate the stability and breaks in the data set. We 
check the cointegration of study variables through ARDL, Engle–Granger, and Johansen’s 
cointegration approaches. The findings of the long-run analysis showed a cointegration 
among the variables, which reveals that an escalation in economic growth and financial 
development refine the natural environment, while the upsurge in FDI and population fur-
ther deteriorate the climate in India. However, agricultural sector electricity use shows an 
insignificant association with  CO2 emissions for both periods. On the basis of results, we 
recommend that legislators should offer an environment that provides opportunities for 
financial development and economic growth.

Keywords Energy consumption · Foreign direct investment · Carbon emission · 
Environmental quality · India

1 Introduction

The United Nations (Food and Agriculture Organization 2016) analyzed agriculture, fish-
eries, and forestry sectors regarding greenhouse gases (GHGs) and found that emissions 
from these sectors are nearly twofold in the previous five decades and possibly will rise 
to 30% in the future. Similarly, the agricultural emissions have increased by 14%, which 
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mounted from 4.7 billion tons (in 2001) to 5.3 billion tons of carbon dioxide equivalent (in 
2011). This rise is mainly because of the growth in developing countries’ average agricul-
tural production levels (FAO 2016). Agriculture plays a central part in the Indian economy 
and acts as the cornerstone of the economy. The agriculture sector, apart from raw material 
supplying, offers employment options to the significant portion of the populace and also 
provides other goods along with food items to maintain and improve the quality of life.

The agriculture sector in India accounts for approximately 18% of the total GDP growth 
and more than 50% of the rural population associated with this sector. Indian agriculture 
comprised of five subsectors, i.e., major and minor crops, fisheries, forests, and livestock. 
The total share of major crops in value addition and GDP is 23.60% and 15.4%, respec-
tively. Similarly, minor crops contribute 11% to value addition and 2% to GDP, while the 
value addition in forestry, livestock, and fishing are 2.10%, 25.5%, and 12.5%, respectively, 
and 0.4%, 5.22%, and 4.10% to GDP (GOI 2018). Consequently, the huge contributions 
made by these agriculture subsectors in India can, therefore, be liable for the production of 
 CO2 emissions. The adverse effects of  CO2 emissions from the agricultural sector, followed 
by a rise in GHGs on the earth’s surface, are complicated for every country in the world, 
irrespective of population and economy scale.

The floods in India and Australia, tsunamis in Japan, earthquakes in Haiti, and forest 
fires in Russia are the leading catastrophes that occurred recently, which might result from 
ecological disasters. Apart from human beings, all these factors significantly destroyed sus-
tainable resources, including wildlife, agrarian production, land, forests, and infrastructure. 
The environmental and economic analyst perceives that these disastrous incidents are the 
leading cause of economic and financial turmoil and have a profound ecological implica-
tion (Shahbaz et al. 2013b).

Most of the developing countries have begun working toward financial activities that 
are environmentally sustainable. However, economic activities often require fossil fuels 
to produce energy, thereby increases  CO2 emissions. These poisonous materials raise the 
GHGs level and harm the environment, which has led to forming environmentally friendly 
organizations. These organizations have contributed significantly to global cleanliness 
campaigns by supporting such arrangements, where both the natural environment and peo-
ple can address their environmental and socioeconomic concerns (Apak and Atay 2013). 
Furthermore, financial growth is used as a substitute to attain a better climate, but the car-
bon emission correlation as a driving force to energy consumption is still a big issue for 
economic development. In this scenario, decreasing  CO2 implies a reduction in the pro-
gress of the economy, which a country is reluctant to rely on; therefore, novel solutions are 
needed to accomplish both sustainable economic and environmental objectives. Shahbaz 
et al. (2013b) argued that these ecological problems exist since the 1960s. Since then, the 
awareness and impact of the detrimental effects of environmental degradation between leg-
islators, social scientists, and biodiversity advocacy groups at an international and domes-
tic level have also enhanced. Many countries formulate administrative plans to tackle pol-
lution and deterioration of the environment to advance economic growth.

The current research varies from earlier studies and has four significant contributions to 
the evolving literature related to environmental quality studies. (1)We conceived agricul-
tural carbon emissions concerning some additional leading indicators in India because of 
its massive dependence on agriculture. (2) We utilized multiple unit root tests (ADF, PP, 
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KPSS, and ERS1) to examine the data stationarity and also analyses structural breaks with 
the use of Zivot–Andrews and Clemente Montanes Reyes tests. (3) ARDL methodology is 
applied to review the short- and long-term link between economic growth, FDI, monetary 
progress, population, energy consumption (power usage in agriculture), and  CO2 emissions 
in India. (4) To check robustness, we applied Johansen and Engle–Granger cointegration 
tests to approve long-term correlations between variables. Current paper intends to observe 
the co-integrating long-run nexus among financial growth and  CO2 in India from 1978 to 
2018, with the use of Engle–Granger, Johansen, and ARDL-bound cointegration tests. In 
the past, limited studies assessed the influence of financial development on agricultural 
 CO2 emission as a measure of environmental quality. Due to lack of studies, the gap can be 
filled through this study and contributes significantly to the emerging literature.

The remaining paper is arranged as follows: Sects. 2 and 3 stated literature view and 
materials and econometric methods, respectively. Moreover, Sect.  4 enclosed the results 
and discussions, while the fifth section summarizes recent research by providing a conclu-
sion and offer possible suggestions with policy implications.

2  Literature review

In India, various studies in the past have been carried out to determine the financial growth, 
energy usage, and economic evolution effect on  CO2 emission (Pao and Tsai 2011; Seh-
rawat et al. 2015; Boutabba 2014; Shahbaz et al. 2017). An investigation was carried out by 
Pandey and Rastogi (2019), using time series data to test the long-term association between 
energy consumption and ecological degradation for India from 1971 to 2017. The findings 
draw the conclusion that India must take drastic action to curb the growing greenhouse gas 
emissions. The study of Sikdar and Mukhopadhyay (2018) examined the impact of  CO2 
emissions, power consumption, GDP, and changing of economic structure in India between 
1971 and 2012. The results disclosed that energy consumption, GDP, and economic struc-
ture augmenting  CO2 emissions. Furthermore, a long-term association between  CO2 emis-
sions, financial growth, electricity utilization, and economic growth was observed in India, 
and the findings show insignificant effects of financial development on  CO2 emissions 
(Dogan and Seker 2016; Omri et al. 2015).

Shahbaz et al. (2013b) assessed the financial development, coal, trade, and growth influ-
ence on the environmental quality for South Africa and found that increase in economic 
growth raises  CO2 while financial growth decreases it. Their outcomes further show that 
usage of coal is a significant contributor to environmental degradation; however, trade 
openness helps to increase the environmental quality by minimizing the expansion of 
energy contaminants in South Africa. Thorough time series analysis, Ozturk and Acaravci 
(2013) analyze the association between growth, power depletion, trade openness, financial 
growth, and  CO2 for Turkey. Outcomes of the study indicate that trade openness and eco-
nomic progression significantly influence the  CO2 emission, while financial development 
has an insignificant relationship with  CO2. Jalil and Feridun (2011) studied the effect of 
energy, financial, and economic development on  CO2 by adopting a time series analysis in 
China and found contrary results of monetary growth on pollution by stating that financial 

1 ADF Augmented Dickey–Fuller, PP Phillips Perron, KPSS Kwiatkowski, Phillips, Schmidt and Shin, 
ERS Elliot, Rothenberg and Stock point optimal.
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sector development won’t occur at the cost of environmental degradation. Shahbaz et al. 
(2013a) studied the correlation between monetary growth, trade openness, monetary 
expansion, energy use, and  CO2 discharges in Indonesia from 1975 to 2011. They found 
that progress in economy and utilization of energy raised  CO2 emissions, while trade open-
ness and financial growth abate it. The energy use, financial growth, GDP, and  CO2 inter-
action was investigated by Dar and Asif (2018) for Turkey between 1976 and 1986. The 
results of time series analysis showed a reduction in  CO2 as economic activity and energy 
use raises, while financial development expands  CO2 emissions. Likewise, Jamel and Der-
bali (2016) investigated the correlation by using time series data, between consumption 
of energy, growth, and  CO2 for eight Asian countries from 1991 to 2013, and their results 
demonstrated that both independent variables significantly influence the  CO2 emission.

The investigation made by Ahmad et  al. (2018) for China’s five western provinces 
proved that tourism has a negative effect on the climate of Ningxia, Gansu, Qinghai, and 
Shanxi, while the long-term adverse impact on  CO2 from energy use and economic growth 
is higher than tourism. Magazzino (2016a, b) considered financial growth, energy usage 
levels, prices of oil, and growth liaison by applied ARDL and VAR method for Italy dur-
ing the period of 1960–2014. The results of ARDL have shown long-run cointegration 
between the variables and specified that economic development and oil prices significantly 
influenced energy consumption levels. Simultaneously, VAR approach explained the short-
term results, which stated that real economic growth substantially impacted the energy use. 
Moreover, Rauf et al. (2018a) extended the literature by analyzing the panel of 47 countries 
related to Belt and Road Initiative (BRI) nations from 1980 to 2016. Their results accred-
ited that apart from trade openness, all the other variables (energy utilization, economic 
evolution, monetary expansion, urbanization, and investment structure) adversely affect 
the environment. Rauf et  al. (2018b) utilized the EKC hypothesis to investigate 65 BRI 
countries from 1981 to 2016. The stated results authenticate the mean group model for all 
six regions and EKC hypothesis verified by the pooled mean group for progressed Euro-
pean economies yet not appropriate for others. Indeed, developed and developing nations 
are linking together to reduce  CO2 emissions without distracting sustainable growth. After 
restructuring and opening up the Chinese economy, its structure has changed rapidly, and 
agriculture and services are very helpful in promoting economic development in today’s 
competitive world. Subsequently, research conducted by Rauf et al. (2018c) investigating 
the interplay between energy use, industrial growth, service sector, and  CO2 emissions 
for China during 1971–2016. The results revealed that energy consumption, services sec-
tor, and industrial growth affect the environment adversely; the economic output has a 
long-term positive effect, while the service sector and economic production have a short-
term damaging impact on the environment of China. In addition, a long-term correlation 
between variables was confirmed in the case of India during 1985–2017. Where, electric-
ity and gas utilization has a negative impact on India’s agricultural GDP. After evaluated 
valuable information, the present study made a contribution by using agricultural emission 
as an alternate of environmental sustainability with the addition of money market fiscal 
measures and population in modeling the relation between financial growth and ecological 
aspects in the case of India.
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3  Research methodology

The conceptual framework of current research derives from extended production theory, 
which perceives power consumption as a valuable source in addition to capital and work-
force. The energy consumption might be directly related to the  CO2 emission once it is 
incorporated into the production mechanism. The extended production theory provides the 
basis for using financial industry growth as the structure of technological development. It is 
based on increased financial growth, which can improve production and economic prosper-
ity. The extended production theory has been used in recent empirical studies to scrutinize 
the correlation among financial growth, energy usage, and  CO2 emission (Shahbaz et al. 
2016; Hafeez et al. 2018). However, the agriculture sector carbon dioxide emissions make 
this analysis novel from existing literature. Additionally, the log–log model parameters, 
in comparison with simple linear–linear arrangements, will minimize the time series data 
intensity and provide reliable results (Iheanacho 2016).

3.1  Econometric model

The specification of empirical models of present research preceded the evolving litera-
ture on financial growth and  CO2 discharges, which explores the nexuses between energy, 
economic evolution, financial development, and  CO2 emissions. Furthermore, apart from 
agricultural emissions, this research also incorporates the population to differentiate our 
empirical analysis from previous studies (Shahbaz et  al. 2013b; Jalil and Feridun 2011; 
Rauf et al. 2018d). These researchers discussed financial growth in their analytical work. 
Therefore, following their studies, the model of  CO2 emission in India can be defined as 
follows:

The log-linear specification has been used in current investigation to evaluate the link 
between regress and repressor variables, and derived model defined as follows:

where  CO2 represents agriculture sector carbon dioxide emissions, EG stands for economic 
growth, while EC symbolizes total energy consumption in the agriculture segment. The 
FD and FDI simultaneously specified financial development and foreign direct investment. 

(1)CO2t = fEGt, ECt, FDt, FDIt, POPt.

(2)ln CO2t = ⋏0 + ⋏1 ln EGt + ⋏2 ln ECt + ⋏3 ln FDt + ⋏4 ln FDIt + ⋏5 ln POPt + �t

Table 1  Variable descriptions and sources

WDI World Development Indicators, GOI Government of India, FAO Food and Agriculture Organization of 
the United Nations

Variables Signs Measurement Obtained

Carbon dioxide emissions CO2 Agriculture sector  CO2 emissions (Gg) FAO (2016)
Energy consumption EC Energy utilization in the agriculture sector (Gwh) GOI (2018)
Economic growth EG constant 2010 US$ WDI (2019)
Foreign direct investment FDI Net inflows (% of GDP) WDI (2019)
Financial development FD Domestic credit to the private sector (% of GDP) WDI (2019)
Population POP Total population (million) GOI (2018)
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⋏1,⋏2,⋏3,⋏4,⋏5 are the estimated coefficients, whereas ⋏0 and �t indicates a constant term 
and stochastic error term, respectively. In the last, ln signifies the natural log form of the 
variables. Furthermore, the presented study analyses the response of economic and finan-
cial development on  CO2 emanations from the agriculture sector of India by employed 
time series data set from 1978 to 2018. The data were sourced from the Food and Agricul-
ture Organization (FAO 2016), the Government of India Statistics (GOI 2018), and World 
Development Indicators (WDI 2019). The overview of the research parameters is enclosed 
in Table 1.

3.2  Autoregressive distributed lag (ARDL) approach

The ARDL procedure suggested by Pesaran et al. (2001) was applied to assess the long-
run cointegration link across the variables. The ARDL approach has various advantages 
compared with other conventional techniques. Firstly, it is possible to measure the long 
and short-run variable impressions. Secondly, this method is equally good, as in the case 
of a small sample size. Thirdly, this approach can be used even if the selected variables are 
stationary at a level I(0), the first difference I(1), or a mixture of the two (Irfan and Shaw 
2017). The following are the ARDL-bound test cointegration equations:

Δ ln CO2t = �0 + �1

p
∑

i=1

Δ ln CO2t−1 + �2

p
∑

i=1

Δ ln EGt−1 + �3

p
∑

i=1

Δ ln ECt−1 + �4

p
∑

i=1

Δ ln FDt−1

+ �5

p
∑

i=1

Δ ln FDIt−1 + �6

p
∑

i=1

Δ ln POPt−1 + �1Δ ln CO2t−i + �2Δ ln EGt−i + �3Δ ln ECt−i

+ �4Δ ln FDt−i + �5∇ ln FDIt−i + �6Δ ln POPt−i + �t

Δ ln EGt = �0 + �1

p
∑

i=1

Δ ln EGt−1 + �2

p
∑

i=1

Δ ln CO2t−1 + �3

p
∑

i=1

Δ ln ECt−1 + �4

p
∑

i=1

Δ ln FDt−1

+ �5

p
∑

i=1

Δ ln FDIt−1 + �6

p
∑

i=1

Δ ln POPt−1 + �1 ln EGt−i + �2 ln CO2t−i + �3 ln ECt−i

+ �4 ln FEt−i + �5 ln FDIt−i + �6 ln POPt−i + �t

Δ ln ECt = �0 + �1

p
∑

i=1

Δ ln ECt−1 + �2

p
∑

i=1

Δ ln EGt−1 + �3

p
∑

i=1

Δ ln CO2t−1 + �4

p
∑

i=1

Δ ln FDt−1

+ �5

p
∑

i=1

Δ ln FDIt−1 + �6

p
∑

i=1

Δ ln POPt−1 + �1 ln ECt−i + �2 ln EGt−i + �3 ln CO2t−i

+ �4 ln FDt−i + �5 ln FDIt−i + �6 ln POPt−i + �t

Δ ln FDt = �0 + �1

p
∑

i=1

Δ ln FDt−1 + �2

p
∑

i=1

Δ ln ECt−1 + �3

p
∑

i=1

Δ ln EGt−1 + �4

p
∑

i=1

Δ ln CO2t−1

+ �5

p
∑

i=1

Δ ln FDIt−1 + �6

p
∑

i=1

Δ ln POPt−1 + �1 ln FDt−i + �2 ln ECt−i + �3 ln EGt−i

+ �4 ln CO2t−i + �5 ln FDIt−i + �6 ln POPt−i + �t
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where �0 denotes constant term, � represents long-term relationships, � specifies short-term 
error correction dynamics, while �t signifies the error term. The ARDL method utilizes a 
bound F statistic test to observe the long-term cointegration among the desired variables. 
In this test, the null supposition specified no long-term cointegration, whereas cointegra-
tion existed amid variables in alternative hypotheses. Furthermore, this bound test has two 
boundaries, i.e., low and high critical bounds; if the estimated F statistics value crosses the 
higher bound limit, then long-term cointegration relation be there, and null hypothesis is 
rejected. In contrast, if computed F statistics amount is less than the lower boundary then 
no long-term cointegration among variables and null hypotheses cannot be denied (Pesaran 
et al. 2001; Narayan 2005).

Conversely, in case F statistics value is between these two bounds, then the outcome is 
indecisive. We applied the Akaike information criterion (AIC) for lag length. After select-
ing the ideal lag dimensions and estimating the model, the equation of short and long-run 
ARDL model is followed as:

Δ ln FDIt = �0 + �1

p
∑

i=1

Δ ln FDIt−1 + �2

p
∑

i=1

Δ ln FDt−1 + �3

p
∑

i=1

Δ ln ECt−1 + �4

p
∑

i=1

Δ ln EGt−1

+ �5

p
∑

i=1

Δ ln CO2t−1 + �6

p
∑

i=1

Δ ln POPt−1 + �1 ln FDIt−i + �2 ln FDt−i + �3 ln ECt−i

+ �4 ln EGt−i + �5 ln CO2t−i + �6 ln POPt−i + �t

Δ ln POPt = �0 + �1

p
∑

i=1

Δ ln POPt−1 + �2

p
∑

i=1

Δ ln FDIt−1 + �3

p
∑

i=1

Δ ln FDt−1 + �4

p
∑

i=1

Δ ln ECt−1

+ �5

p
∑

i=1

Δ ln EGt−1 + �6

p
∑

i=1

Δ ln CO2t−1 + �1 ln POPt−i + �2 ln FDIt−i + �3 ln FDt−i

+ �4 ln ECt−i + �5 ln EGt−i + �6 ln CO2t−i + �t

Δ ln CO2t = �0 + �1

p
∑

i=1

Δ ln CO2t−1 + �2

p
∑

i=1

Δ ln EGt−1 + �3

p
∑

i=1

Δ ln ECt−1 + �4

p
∑

i=1

Δ ln FDt−1

+ �5

p
∑

i=1

Δ ln FDIt−1 + �6

p
∑

i=1

Δ ln POPt−1 + �1ECTt−1 + �t

Δ ln EGt = �0 + �1

p
∑

i=1

Δ ln EGt−1 + �2

p
∑

i=1

Δ ln CO2t−1 + �3

p
∑

i=1

Δ ln ECt−1 + �4

p
∑

i=1

Δ ln FDt−1

+ �5

p
∑

i=1

Δ ln FDIt−1 + �6

p
∑

i=1

Δ ln POPt−1 + �2ECTt−1 + �t

Δ ln ECt = �0 + �1

p
∑

i=1

Δ ln ECt−1 + �2

p
∑

i=1

Δ ln EGt−1 + �3

p
∑

i=1

Δ ln CO2t−1 + �4

p
∑

i=1

Δ ln FDt−1

+ �5

p
∑

i=1

Δ ln FDIt−1 + �6

p
∑

i=1

Δ ln POPt−1 + �3ECTt−1 + �t
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where the error correction term is expressed with ECTt−1 and is indicated for a long-run 
stability adjustment speed. To test the empirical model fitness, several analytical tests 
(Ramsey RESET, serial correlation, and heteroscedasticity) were used in this research. 
Also, the stability of the model was assured by employed CUSUM2 and CUSUMSQ3 tests.

4  Results

4.1  Descriptive and correlation information

Summary statistics and correlation matrix outcomes were explained in Table 2 and sug-
gested that all the data series  (CO2, EG, EC, FDI, and POP) are generally distributed 
except FD (as indicated through Jarque–Bera values); however, the ARDL method can fix 
the non-normality issues. Similarly, Table 2 also exhibits correlation test outcomes, which 
confirms a significant positive correlation between economic growths, power use in the 
agricultural sector, population, and FDI with  CO2, whereas the strong negative association 
is noticed between financial development and  CO2 emissions.

4.2  Unit root analysis

Before proceeding toward the cointegration testing, the first step is to check the integra-
tion levels of the study variables. The ARDL procedure is used once the parameters are 
assimilated at I(0) or I(1) or integrated fractionally. To do so, well-known ADF, PP, KPSS, 
and ERS unit root measures are used to validate the data stationarity. The results of the 
above-mentioned unit root tests were presented in Table 3, which suggested the stationarity 
of all variables at I(0) and I(1). This result allows us to proceed for ARDL-bound testing 
technique proposed by Pesaran et al. (2001) and Pesaran and Shin (1998).

Δ ln FDt = �0 + �1

p
∑

i=1

Δ ln FDt−1 + �2

p
∑

i=1

Δ ln ECt−1 + �3

p
∑

i=1

Δ ln EGt−1 + �4

p
∑

i=1

Δ ln CO2t−1

+ �5

p
∑

i=1

Δ ln FDIt−1 + �6

p
∑

i=1

Δ ln POPt−1 + �4ECTt−1 + �t

Δ ln FDIt = �0 + �1

p
∑

i=1

Δ ln FDIt−1 + �2

p
∑

i=1

Δ ln FDt−1 + �3

p
∑

i=1

Δ ln ECt−1 + �4

p
∑

i=1

Δ ln EGt−1

+ �5

p
∑

i=1

Δ ln CO2t−1 + �6

p
∑

i=1

Δ ln POPt−1 + �5ECTt−1 + �t

Δ ln POPt = �0 + �1

p
∑

i=1

Δ ln POPt−1 + �2

p
∑

i=1

Δ ln FDIt−1 + �3

p
∑

i=1

Δ ln FDt−1 + �4

p
∑

i=1

Δ ln ECt−1

+ �5

p
∑

i=1

Δ ln EGt−1 + �6

p
∑

i=1

Δ ln CO2t−1 + �6ECTt−1 + �t

2 Cumulative sum of recursive residuals.
3 Cumulative sum of recursive residual squares.
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Likewise, the outcomes of Zivot–Andrews (Z&A) and Clemente Montanes Reyes 
(CMR) structural break unit root analyses are described in Table 4. The findings showed 
that the majority of the data series have the unit root issue at level; however, they become 
stationary at the first difference. Therefore, estimates specified that all the variables are sta-
ble at the desired level even when the structural breaks were present, and the bound testing 
approach could be used. Bounds testing method is exercised to inspect the effects of long-
run cointegration; as a result, we utilized this technique in the present study and reported 
their findings in Table 5.

The first equation FCO2
  (CO2/EG, EC, FD, FDI, POP) outcome of an ARDL cointegra-

tion assessment indicates long-run cointegration relationship existence at a 5% critical level 
when using  CO2 emission as a dependent variable. Similarly, the second and third equa-
tions of the FEG (EG/CO2, EC, FD, FDI, POP) and FEC (EC/EG,  CO2, FD, FDI, POP) con-
firms no cointegration relation between the variables when economic growth and energy 
consumption has been used an explanatory parameter. Furthermore, fourth equation FFD 
(FD/EC, EG,  CO2, FDI, POP) of ARDL-bound test used FD as a dependent variable, and 
the findings affirmed the occurrence of the long-run co-integrating association among vari-
ables. Moreover, the fifth equation FFDI (FDI/FD, EC, EG,  CO2, and POP) results of the 
ARDL-bound test indicate no long-term cointegration relation between variables, where 
foreign direct investment operated as the explanatory parameter.

Table 2  Descriptive statistics and correlation results

1% and 5% significance level is denoted by ***, ** respectively

CO2 EG EC FD FDI POP

Mean 21.8972 25.3406 7.6579 3.1213 0.3278 17.6622
Median 11.1104 24.2135 8.5630 3.3226 0.2353 18.8003
Maximum 10.4146 26.3122 10.0518 4.1017 1.2897 19.0580
Minimum 10.3439 22.1484 6.5623 1.7034 2.3242 16.2160
SD 0.3218 0.4671 0.5772 0.3459 0.7804 0.3574
Skewness − 0.0568 − 0.2526 0.3343 − 0.1256 − 0.1400 − 0.4479
Kurtosis 1.6708 1.8834 4.3104 4.2652 2.9882 1.6122
Jarque–Bera 2.2310 1.8067 0.7741 8.3653 0.1344 2.5078
Prob. 0.3313 0.2371 0.7405 0.0240 0.8242 0.3532
CO2 1

–
EG 0.6521*** 1

(0.0000) –
EC 0.7941*** 0.7480*** 1

(0.0000) (0.0000) –
FD − 0.4866** − 0.5541*** − 0.6125*** 1

(0.0321) (0.0100) (0.0200) –
FDI 0.6979*** 0.6638** 0.6344*** − 0.5177 1

(0.0100) (0.0400) (0.0100) (0.1504) –
POP 0.7735** 0.7201*** 0.7753*** − 0.4892** 0.7504*** 1

(0.0200) (0.0000) (0.0100) (0.02621) (0.0100) –
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Table 3  Unit root results

ADF Augmented Dickey–Fuller, PP Phillips–Perron, KPSS Kwiatkowski, Phillips, Schmidt, and Shin, ERS 
Elliot, Rothenberg and Stock point optimal unit root tests
1%, 5%, and 10% significance level are denoted by ***, ** and * respectively

Intercept Variables ADF PP ERS KPSS

At level intercept CO2 0.0413 0.0441 1.0755 0.6644**
EG 1.1947 1.2601 0.4821 0.5928**
EC 0.1101 0.3472 0.2533 0.5820**
FD 1.4216 1.0217 2.2631*** 0.1526*
FDI 1.1449 1.0433 1.7421 0.5676**
POP 1.4841 3.7760** 1.4591 0.7891**

Intercept and trend CO2 2.6754 2.0110 2.0110 0.1044**
EG 2.3901* 4.5300** 1.5267 0.2298**
EC 2.0611 3.0447*** 2.2201 0.1022**
FD 1.9921 1.6642 1.4931*** 0.3049*
FDI 1.4376 1.6528 1.5320 0.1213*
POP 4.1236*** 3.1736*** 4.1148*** 0.1740**

1st difference intercept ∆CO2 3.7634*** 4.7731*** 3.7501*** 0.0401
∆EG 2.4406*** 2.4211*** 1.7730*** 0.2158*
∆EC 8.6429*** 10.2166*** 3.3165** 0.1419
∆FD 3.5120*** 5.4266*** 7.4211*** 0.2555*
∆FDI 3.6211*** 4.3510*** 3.5281*** 0.1042
∆POP 0.0154 2.1143 0.0321 0.5025**

Intercept and trend ∆CO2 4.7200*** 3.6117*** 4.7190*** 0.0450
∆EG 2.4276** 2.4499** 2.4421*** 0.2215
∆EC 12.4725*** 13.6611*** 1.5556 0.1108
∆FD 3.5501*** 2.3301*** 6.6301*** 0.2377***
∆FDI 4.6304*** 4.5790*** 3.6770*** 0.1205**
∆POP 0.2301 0.5517 1.4401 0.1925**

Table 4  Structure break unit root results

The critical values provided by the Z&A test are: − 5.34, − 4.93, and − 4.58 at 10%, 5%, and 1%, respec-
tively
CMR refers to the “Clemente Montanes Reyes” structure break unit root test, which provides a critical 
value of − 3.560 at 5%

Variables Zivot–Andrews test CMR test

Level 1st difference Level 1st difference

t stat Breaks t stat Breaks t stat Breaks t stat Breaks

CO2 − 2.05 1982 − 6.42 1988 8.351 1995 0.472 1993
EG − 3.41 1990 − 4.33 1999 6.103 2007 − 3.278 1982
EC − 1.52 2003 10.11 2013 5.021 2014 0.521 2009
FD − 2.21 2010 − 6.22 2001 − 3.365 2015 − 0.227 1985
FDI − 1.77 1994 − 5.02 2012 4.781 1998 − 0.376 2004
POP − 2.07 2007 − 4.25 1996 7.802 2000 − 9.10 1999
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The final equation FPOP (POP/FDI, FD, EC, EG, and  CO2) of the ARDL-bound test 
employed population as a dependent variable, and the results stated a long-run cointegra-
tion. Subsequently, Table  6 includes the findings of the Johansen cointegration method 
while applying trace and max eigenvalue indicators to evaluate the strength of the long-
term effects further. The statistical values of both trace and max-eigenvalues are reported 
to be high compared with the decisive value on a 5% level of significance, indicating a 
long-term correlation between variables.

In addition, to validate the Johansen’s cointegration testing results, we applied the 
Engle–Granger (EG) cointegration test (Saud et  al. 2019). The dual step error-based 

Table 5  ARDL-bound test results

1% and 5% significance level is denoted by ***, ** respectively

Estimation models F stat. Cointegration result

F
CO

2
  (CO2/EG, EC, FD, FDI, POP) ARDL (1, 1, 0, 0, 1, 1) 4.6701** Existed

FEG (EG/CO2, EC, FD, FDI, POP) ARDL (1, 1, 0, 0, 0, 0) 1.9907 Nonexistent
FEC (EC/EG,  CO2, FD, FDI, POP) ARDL (1, 0, 0, 0, 0, 0) 2.6041 Nonexistent
FFD (FD/EC, EG,  CO2, FDI, POP) ARDL (1, 0, 0, 1, 1, 0) 6.7560*** Existed
FFDI (FDI/FD, EC, EG,  CO2, POP) ARDL (1, 0, 0, 0, 0, 1) 2.1081 Nonexistent
FPOP (POP/FDI, FD, EC, EG,  CO2) ARDL (1, 1, 0, 0, 1, 0) 18.5235*** Existed
Critical bounds I(0) I(1)
1% 3.15 5.23
5% 3.42 4.25
10% 3.93 3.79

Table 6  Johansen cointegration test

*5% significance level

No. of CE(s) Eigenvalue Trace 0.05 Probability
Hypothesized Statistic Critical values

None* 0.8947 165.10 95.7537 0.0001
At most 1* 0.7820 101.84 69.8189 0.0000
At most 2* 0.4129 66.16 47.8561 0.0031
At most 3* 0.3969 36.61 29.7971 0.0012
At most 4* 0.6105 22.20 15.4947 0.0460
At most 5 0.0463 1.95 3.8415 0.3209

No. of CE(s) Eigenvalue Max-Eigen 0.05 Probability
Hypothesized Statistic Critical values

None* 0.9014 70.6601 40.0775 0.0000
At most 1* 0.7027 32.2053 33.8769 0.0030
At most 2 0.6149 21.5027 27.5843 0.4145
At most 3 0.5107 19.2255 21.1316 0.0791
At most 4* 0.4133 22.3800 14.2646 0.0183
At most 5 0.0401 2.0412 3.8415 0.2063
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analysis of Engle–Granger primarily regressed dependent variable  (CO2) on independ-
ent variables (EG, FDI, EC, FD, and POP) and measured the equation residuals. Table 7 
shows the estimated residuals evaluated through the ADF unit root check. The calculated 
residuals remain stagnant at level, and this is a sign that variables are cointegrated at the 
first step. Additionally, the affirmation across the second step would effectively ensure the 
long-term cointegration between the variables. Subsequently, Table  8 possesses the first 
difference residuals reverted from its lagged residuals in a simple OLS methodology. The 
OLS estimated residuals (New-1) inferences showed significance at 5% and confirmed a 
long-term relation among the variables. Therefore, refusing to endorse the null proposition 
as opposed to an alternative is the proof of data series being cointegrated.

The estimated outcomes of an ARDL approach in the long and short-run are presented 
in Table 9. The current research considers agricultural sector  CO2 emission being a depend-
ent variable, whereas agriculture sector electricity utilization, economic growth, foreign 
direct investment, financial development, and population were employed as an independent 
variable. The long-run outcomes of economic growth indicate a significant inverse relation 
to  CO2 emission from the agriculture sector at a 1% critical level. The estimated coefficient 
of EG demonstrates that a rise of 1% in economic growth will diminish the  CO2 by 0.44%; 
it shows that progress in growth helps the environment to get better in India. The results 
of the study endorse the empirical evidence in the literature that fostering greener energy 
resources promotes economic growth, which increases the environmental efficiency. The 
estimated effects of existing research are aligned with prior studies. The study of Maji 
et  al. (2016) confirmed that power usage and economic growth destroy the environment 
in BRI countries. Kasman and Duman (2015) reported an inverse link among economic 
growth and  CO2, which suggests that financial growth helps to increase the quality of the 

Table 7  Engle–Granger 
cointegration test (1st step)

1%, 5% and 10% significance level is denoted by ***, ** and * respec-
tively

t stat (at level) Probability

ADF test statistic (estimated residuals)
 − 4.0100 0.0041***

Test critical values
 1% level − 3.6267
 5% level − 2.9458
 10% level − 2.6115

Table 8  Engle–Granger 
cointegration test (2nd step) for 
significance evaluation

1% and 5% significance level is denoted by ***, ** respectively

Variable Co-eff. SE t stat. Probability

∆(EC) 1.0010 0.1105 1.3902 0.4523
∆(FD) − 0.0362 0.0073 − 2.5404 0.0047***
∆(FDI) − 1.0064 0.0046 − 1.7824 0.2590
∆(POP) − 1.2207 0.6901 − 1.2023 0.6701
∆(EG) 0.2653 0.2216 2.0211 0.0461**
NEW(− 1) − 0.3126 0.2043 − 3.5376 0.0210**
Constant 3.0253 0.0283 1.6612 0.4943
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environment in Nigeria. However, our results contradict the finding of Magazzino (2016a, 
b), who stated that growth positively and considerably influences the  CO2 discharges.

The agricultural sector energy use coefficient is positive and insignificant, and these out-
comes endorse the earlier research results (Zhang and Gao 2016; Choi et al. 2012). High 
energy consumption causes severe deterioration of the environment (Chen et  al. 2011). 
Innovative carbon-free energies, such as nuclear and wind, along with advanced technol-
ogy, are conducive to improve environmental quality (Islam et  al. 2013). The results of 
the long-term analysis indicate that financial development is negatively significant at a 1% 
significance level. The outcome illustrates a 1% upturn in the coefficient value of financial 
development has the potential to decrease agricultural  CO2 emissions by 0.09% and elevate 
environment conditions in India. Financial development findings are consistent with ear-
lier studies results. Rauf et al. (2018b) reported in the case of the Belt and Road region 
that monetary expansion massively damages the natural environment. In Turkey (Dar and 
Asif 2018; Chen et  al. 2011) stated that financial growth increases the efficiency of the 
environment.

Furthermore, the findings of the FDI coefficient suggest the positive and robust long-
term impact on  CO2 emission in India, which implies that FDI enhances environmental 
deterioration. In addition, the long-run population coefficient findings are also positively 
and significantly correlated with  CO2 emissions, indicating that a 1% rise in population can 
lead to a 1.02% increase in environmental pollution. The population growth can raise the 

Table 9  Long-run and short-run 
ARDL estimations

D–W Durbin Watson
*1% level of significance

Variables Coefficient SE t stat p value

Long-run valuation
 EG − 0.4481 0.3092 2.5205 0.0185
 EC 0.2548 0.060329 1.4271 0.6543
 FD − 0.0953 0.4281 2.4296 0.0038
 FDI 1.6671 0.0188 3.7244 0.0010
 POP 1.02117 0.8402 3.1053 0.0122
 C 5.6621 2.1185 1.2460 0.3076
 Trend 0.0358 0.2574 3.2093 0.0051

Short-run valuations
 ∆EG 1.3253 0.2174 0.6231 0.5257
 ∆EC 0.0055 0.2063 0.8642 0.6902
 ∆FD − 0.1266 0.0754 − 2.2107 0.0132
 ∆FDI 0.3905 0.0411 1.8800 0.4210
 ∆POP 9.0457 0.2472 3.0225 0.0214
 ∆Trend 0.0268 0.0226 2.5479 0.0165
 ecm(− 1) − 0.5162 0.3251 7.2109 0.0000

R2 0.9615
Adjusted R2 0.9735
F stat 70.125
Prob(F stat) 0.0001
D–W 2.1001
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land openness for agriculture, housing, and certain associated business activities. The pre-
sent study results are consistent with the recent study of Munir and Ameer (2018).

The short-run outcomes of the ARDL approach are described in Table 9. These find-
ings show an insignificant and positive relationship between EG and  CO2, EC and  CO2, 
and FDI and  CO2, which specified that growth, foreign direct investment, and electricity 
depletion has no empirical effect on Indian environmental degradation. Furthermore, the 
consequence of financial development at  CO2 radiations in short-term analysis shows a 
significant negative relation, which implies that a 1% upsurge in financial growth reduces 
agricultural sector  CO2 emissions by 0.12%, and made positive development to the envi-
ronment. The outcomes of FD-CO2 relations are intuitive with the previous study of Saud 
et al. (2019), which has confirmed that intensified financial growth enhanced environmen-
tal quality. In addition, the short-run results show a significant positive link between popu-
lation and  CO2 emissions, implying a 1% increase in population would raise  CO2 emissions 
by 9.04%.

Several diagnostic assessments were made to verify the ARDL model’s steadiness, i.e., 
Breusch–Godfrey for serial correlation, White for parameter stability, Ramsey RESET for 
model specifications, and CUSUM and CUSUMQS for parameter stability. Diagnostic test 
results are presented in Table 10, and the inferences show the stability of the model regard-
ing serial correlation, white heteroscedasticity, and Ramsey RESET test. Likewise, Fig. 1 
displayed the findings of CUSUM and CUSUMQS, which confirm the accuracy of the 
parameters.

The pair-wise Granger causality test findings between variables were postulated in 
Table 11, which indicates a unidirectional causality from EG → CO2 at a 10% significance 
level, and hence negate the null supposition of economic growth. Meanwhile, the proposi-
tion of  CO2 does not granger cause EG cannot be opposed. The  CO2 granger cause EC and 
FD, which suggest a unidirectional causality from  CO2 → EC, and  CO2 → FD, and hence 
reject the null assumption that  CO2 does not granger cause electricity consumption and 
financial development at 1% and 5% significance level, simultaneously. However, the sup-
position of electricity consumption and financial development does not granger cause  CO2 
cannot be overruled. Furthermore, there exists a bidirectional causality among  CO2 → POP, 
which suggests the denial of a null proposition of population and  CO2 emission at a 5% 
level of significance.

Table 10  Diagnostic tests

*5% significance level

Breusch–Godfrey LM test
F stat 1.1922 Prob. 0.6832
Obs*R2 1.4290 Prob. 0.7901
White heteroscedasticity test
F stat 0.0325 Prob. 0.7549
Obs*R2 0.0470 Prob. 0.5402
Ramsey RESET test
F stat 0.2105 Prob. 0.2103
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Fig. 1  CUSUM and CUSUMQS for parameter stability

Table 11  Granger causality 
results

*, **, ***Signify rejection of null hypothesis at 1%, 5% and 10% sig-
nificance level correspondingly

Null hypothesis F stat. Prob.

EG does not Granger cause  CO2 2.2901 0.0781***
CO2 does not Granger cause EG 0.5672 0.5692
EC does not Granger cause  CO2 1.3100 0.4107
CO2 does not Granger cause EC 8.8917 0.0174*
FD does not Granger cause  CO2 3.4195 0.1590
CO2 does not Granger cause FD 3.2737 0.0410**
FDI does not Granger cause  CO2 0.3725 0.7027
CO2 does not Granger cause FDI 2.8901 0.3551
POP does not Granger cause  CO2 2.5734 0.0311**
CO2 does not Granger cause POP 4.5752 0.0428**
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5  Conclusions

The current study reviewed the influence of economic growth (EG), financial development 
(FD), consumption of electricity in the agriculture (EC), population (POP), and foreign 
direct investment (FDI) on environment value  (CO2) in India from 1978 to 2018. The cur-
rent study employed various econometric techniques such as ADF, PP, KPSS, and ERS 
unit root; Z&A, CMR structural break unit root tests, and Engle–Granger, Johansen, and 
ARDL cointegration methodologies to understand the direction of possible causal asso-
ciation among above mention variables. The results of the ARDL, Engle–Granger, and 
Johansen cointegration approach establish a long-run co-integrating relationship between 
EG, FD, EC, POP, FDI, and  CO2.

The coefficient values of EG and FD had an adverse effect on  CO2 in the longer-run, 
which specifies an escalation of 1% in financial activity and monetary expansion will mini-
mize  CO2 discharges and stimulate reliability of the Indian climate by 0.44% and 0.09% 
correspondingly. In contrast, long-term results of POP and FDI have significant positive 
impacts on  CO2. This result shows that an increase of 1% in population and foreign direct 
investment will raise the pollution level and damage the quality of the environment further 
in India by 1.02% and 1.66%, respectively. However, electricity use from the agriculture 
sector does not affect the  CO2 in the long-term. Moreover, the current paper also applied 
pairwise Granger causality analysis to ascertain the course of causality, and the outcomes 
showed unidirectional relation among financial progress and  CO2 emanations; while, the 
causality regarding population and  CO2 was bidirectional.

The findings of the present study recommend that government and legislators have to 
escalate economic growth and financial development as such developments can enrich the 
environmental quality in India. As observed from the results, the guidelines for  CO2 reduc-
tion in terms of energy use and overall growth cannot be conclusive, as financial devel-
opment is also required for greenhouse gas reduction strategies. Consequently, financial 
development is derived from enriching environmental attributes in the Indian agriculture 
sector. The implications of the policy can be drawn from recent studies, such as the use 
of the financial industry through the banking system and encourage green investment and 
energy-efficient portfolios. The financial monitoring policies should be defined for corpo-
rations and businesses, and they should be given some interest and other incentives on eco-
friendly production activities.

In this regard, the federal government should assist the money markets by introduc-
ing a sound strategy that will reduce the emissions and create a permanent supply for the 
development of new technological resources that can lead toward the low-carbon emission 
nation. Additionally, efficient capital and money markets may be a better substitute policy 
option; thus, companies can reduce their cash flow risk and trigger the necessary funds 
through portfolio divergence, which will be extremely beneficial in the long run to set up 
a technology foundation. Finally, the present study extends the scope for future researches, 
where researchers can use our empirical methodology to raise awareness between eco-
nomic development, usage of energy, and  CO2 emissions in the agriculture sector in coun-
tries apart from India. Further, the nonlinear ARDL (NARDL) may use as an alternate of 
the current study’s ARDL methodology or upgraded by developing a financial development 
index instead of practicing a single component as an economic advancement deputation. 
The present study used aggregated data on  CO2 emissions for India; however, utilization of 
disaggregate scale data (by industry) to probe the interconnection between income, finan-
cial development, and  CO2 emission in the future may offer some better understanding. 
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Consequently, it can also help policymakers to formulate monetary and fiscal policies that 
are environmentally friendly.
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