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Abstract 

Carbon emission is one of the important variables that influence human health and the 

environment. Similarly, economic growth is influencing the health expenditure of the people. 

Literacy rate is an important variable that enhances economic growth and diminishes health 

expenditure. Recent studies on health expenditure, GDP, and CO₂ have been conducted with 

symmetric results that apply to a combined country representation. There is a lack of literature 

available on assessing Gross Domestic Product (GDP), Energy consumption on Co2. In 

addition, empirical studies relating to asymmetric relationships are scarce in the Indian 

Context. The purpose of the study is to measures the asymmetric relationship between Health 

Expenditure (HE), Carbon Di-oxide (CO₂), economic growth (EC), and energy consumption 

in India. This study collects the data from world bank database. Annual data is used in the 

study. The period analysed covers the years 2000 and 2022. The data relating to Health 

Expenditure (HE), Carbon Di-oxide (CO2), Energy Consumption (EC), literacy rate, and 

economic growth variables obtains from World development Bank. The results derived from 

the variables give insights to the public health officials and policy makers to develop a strategy 

that can control carbon emissions in the country.  

Keywords: Gross Domestic Product (GDP), Energy Consumption (EC), Literacy Rate, Carbon 

Emission (CO2), Health Expenditure (HE), NARDL and India. 

I. INTRODUCTION 

India is one of the developing countries in the world. The economic growth size of the country 

is huge in the world. Recently, there has been a tremendous change in global population, which 

influences the social and geographical effects on the overall environment (Ahmed et al., 2023) 

of the country. One of the important factors that influences the environment is economic 

growth. The economic growth is used to measure the welfare of citizens of a particular country. 

There is a fluctuation in the economic growth rate of India between 2000 and 2022. There is a 

quite fluctuation in the growth rate between 2004 and 2007, and then a slight decrement is 

noted in 2008, then a volatility in the growth rate from 2009 to 2019, and a negative growth is 
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recorded in 2020, and there is an increment in 2021, and volatility is observed in the next 

consecutive years, which is illustrated in the Figure 1. The overall growth rate of India is 6.26. 

 

Figure 1. Gross Domestic Product of India 

International Energy Agency stated that the consumption of oil, natural gas, ad coal increases 

the energy consumption (EC) across the world. The contribution of oil is 40.8%, natural gas is 

10%, and coal is 16.2% (Ahmed et al., 2023). India is the second largest emitter of CO2 in the 

world (Ahmed et al., 2023; Neog & Kumar Yadava, 2020). The country generates 66% of its 

electricity using global EC, petroleum, and coal (Ahmed et al., 2023). The consumption of 

energy and its spending raise energy demand (Neog & Kumar Yadava, 2020) in the country. 

The higher consumption is due to an increment in population growth, changes in lifestyle, 

development in the manufacturing sector and higher economic competitiveness (Qayyum et al, 

2021), urbanization (Minh et al., 2023), and globalization (Abbasi et al., 2020). Figure 2 

illustrates the EC from 2000 to 2022. There has been a gradual increment in EC in the country 

for about seventeen years. A slight decrement in EC is recorded in 2020, and then the demand 

for consumption increases in the next years. Overall, the consumption of energy increased from 

488 mtoe in 2004 to 1012 Mtoe. As a result, energy is an important component, and the overall 

consumption increases day by day. 

 

Figure 2. Energy consumption of India 



International Journal of Social Science Research (IJSSR) 
Volume- 3, Issue- 2 | March - April 2026    ISSN: 3048-9490 

IJSSR www.ijssr.com 971 

 

The higher EC increases CO2 levels in the country (Salari et al., 2021). This increases global 

warming issues, energy crisis, and climatic changes in the nation (Ofori-Sasa et al., 2023). The 

term CO2 emission refers to the higher release of CO2 during the combustion of gas, liquid, 

solid and gaseous fuels. Nowadays, the emissions are increases day by day and an average 

emission is 2763.338mt. This is due to increased dependence on fossil fuels, massive emissions 

of smokes and energy sources. Figure 3 illustrates the carbon emission of India from 2000 to 

2022, and the overall emission is 29.04. The increment is gradually high from 2004 to 2019, 

and there is a slight decrement in 2020 and a steep one recorded in the next year. 

 

Figure 3. Carbon di oxide emission 

The increasing emissions are damaging human health, the environment (Apergis et al., 2018; 

Ahmat et al., 2025; Apergis & Payne, 2009; Hamid & Wibowo, 2023) and economy of the 

country (Atuahene et al., 2020; Lakshmanasamy, 2025; Sreenu, 2022). 

Health is another key determinant of the calibre of human capital (Islam, 2024). A good health 

of an individual increases productivity and accelerate GDP of the nation (Abdullah et al., 2016; 

Atuahene et al., 2020). Nowadays, health is given top priority, as it is greatly influenced by 

environmental aspects (Abdullah et al., 2016), and it is varied in terms of severity and 

complexity. Environmental degradation is caused by CO2 (Ahmed et al., 2023; Khan et al., 

2024) which leads to numerous respiratory illnesses, increases heat- related illnesses, and 

tropical diseases (Socol et al., 2023) for the people. This increases economic expenditure of 

both people and government (Ahmed et al., 2023). Thus, healthy living is becoming 

increasingly difficult as environmental quality deteriorates greatly (Abdullah et al., 2016). 

Developing countries like India are in urgent need of economic development, which emits more 

and costs around 5% of GDP (Khan et al., 2024) and poses threats for humans in the country. 

The health expenditure is the most important expense highly associated with carbon dioxide 

emissions (Kirea et al., 2020). Figure 4 illustrates the current health expenditure of Indians 

between 2000 and 2022. According to the Figure 4, there is a steep increment in health 

expenditure from 24.92 in 2004 to 75.54 in 2021. The increment in expenditure is due to 
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increment in national income, environmental pollution, and high energy intensity (Khan et al., 

2024). Consequently, there is a need to investigate how the quality of life of human beings and 

their health are influenced by carbon emissions. 

 

Figure 4. Health expenditure of India 

Literacy rate can be described as the proportion of individuals aged 15 years and above who 

can read and write a short statement about their daily lives. This is widely acknowledged as a 

measure of the development of human capital. The higher the literacy levels, the higher the 

public health resulting enhanced economic development. On contrary, a low literacy level 

hinders both economic and social progress (Ikeokwu et al., 2025) of the country. Thus, literacy 

is essential in reducing poverty and enhancing sustainable development in the country. The 

main research question of the study is to examine whether there is an asymmetry linkage 

between HE, CO2, GDP, and EC over the period 2000-2022. 

II. PURPOSE OF THE STUDY 

1. To examine the Asymmetric influence of EC, Literacy Rate, Economic Growth on CO2 

Emission in India. 

2. To Estimate the Short and Long-term impact of CO2 Emission on HE in India. 

III. SCOPE AND RELEVANCE 

The scope of the study is to measure the asymmetric relationship between HE, CO2, economic 

growth, and EC in India. The data between 2000 and 2022 from the World Bank database is 

used. This study covered a period of 22 years. The period of decision is by the availability of 

data in World Bank indicators. There must be sufficient data to estimate the effects in the 

variables. The results derived from the variables give insights to the public health officials and 

policy makers to develop a strategy that can control carbon emissions in the country. The results 

will be useful for the government to develop policies and strategies not only to reduce 
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emissions, enhance energy consumption, diminish HE, and improve economic growth of the 

country. 

IV. LITERATURE REVIEW 

Apergis et al. (2018) examine the association between health expenditure and CO2 for 42 

African countries between 1995 and 2011. According to their findings, there is a long run two-

way causality between HE and CO2. 

Hamid & Wibowo (2023) empirically assess the extent to which the condition of CO2 

influences the HE sectors for ASEAN regions, spanning twenty years. The results showed that 

the CO2 relationship with HE is significant. This represents that the public health is highly 

influenced by CO2 emissions, resulting in higher HE and degrading the environment. 

Wang et al. (2020) measures the linkage between HE and CO2 in China. The results showed 

that two-way causality exists between HE and CO2. On the other hand, one way causality exists 

between environment and particularly with Chinese economy. 

Begum et al. (2020) measure the dynamic correlation between CO2 and GDP in Malaysia, 

spanning 26 years, using the DOLS. The outcome confirmed that positive and significant 

effects were found between GDP and CO2. This represents that the greater the expansion of 

GDP, the greater the CO2 emission in the country. 

Begum et al. (2020) measures the dynamic impacts between CO2 and economic growth in 

Malaysia, spanning 26 years, using the dynamic ordinary least squares method. The findings 

of the study confirmed that positive and significant effects were found between economic 

growth and CO2. This represents that the higher the expansion of GDP, the higher the CO2 in 

the country. 

Islam (2024) investigated how HE, CO2, associate with GDP for SAARC member countries. 

The outcome show that two-way causality was found between carbon emission and GDP and 

the same was observed between HE and GDP. Furthermore, one way causality was found only 

in carbon emissions. The results derived from the studies have proved that GDP contributed to 

CO2, which was found from the cross-correlation, DOLS, and GMM approaches. 

Ahmat et al. (2025) examine the effects between EC, CO2, and GDP in Malaysia between 1986 

and 2021. The findings showed that the effect of EC, GDP, and CO2 was positive influence in 

short run and long run. 

Gardiner & Hajek (2020) used data from 1990 to 2015 for EU countries to confirm the causal 

and cointegration link between GDP, EC, and CO2. This study classified EU nations into two 

types: Old EU nations and New EU nations. The outcome of cointegration confirm that there 

is a long-run relationship between CO2, GDP, and EC. Also, short-run two-way causality is 

predominant for the variables. However, there are one-way causalities between GDP, EC and 

CO2 in EU countries. 

Mukhtarov et al. (2023) adopt the dynamic OLS method to measure the linkage between EC, 

GDP, and CO2 for Azerbaijan between 1993 and 2019. The empirical evidence supports that 

there was a negative effect between EC and CO2, whereas GDP positive effect on CO2. 
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Xin et al. (2023) found that literacy rate negatively associated with CO2 in China. Although 

Turkey has followed the IT-based education model in enhancing the quality of human capital 

and reduce its environmental degradation, Eyuboglu & Uzar (2021) reported findings that 

higher education negatively influences carbon emission. (IKEOKWU et al., 2025) revealed 

that literacy rate exhibits a long-run negative and insignificant effect on emission while 

showing short-run positive and significant results. This indicates mixed results for Nigeria. 

The recent literature on health expenditure, GDP, and CO2 has been conducted with different 

methodologies, and the periods of the study are also different between studies. These studies 

have offered the symmetric results that apply to a combined country representation. Most 

importantly, (Hussain Ansari & Islam Ansari, 2022) mentions that symmetric linkage is 

observed between GDP, carbon emission, and energy consumption on health expenditure. On 

contrary, a small number of studies have assessed the asymmetric link between variables such 

as (remittance, financial development (Neog & Kumar Yadava, 2020), crude oil, FDI (Sreenu, 

2022), geopolitical risks, EC, GDP (Zhao et al., n.d.), income, population growth (Ahmed et 

al., 2023), and health expenditure (Khan et al., 2024) and carbon emissions.  The studies have 

used different combination of variables like remittances, infant mortality to address the 

relationship between CO2 emissions and Health expenditure in particular with India. In 

addition, these studies have utilized methods like ARDL and cointegration test to check the 

validity of EKC in India. This study adopts NARDL as a method of estimation technique to 

support the validity of EKC hypothesis.  This helps to explore the linkage between variables in 

the short and long run. To the best of our knowledge, no studies have looked at this subject in 

these countries. 

V. CONCEPTUAL FRAMEWORK OF THE STUDY 

The endogenous variable of the study is CO2 emissions. The exogenous variable of the study 

includes HE, literacy rate, economic growth, and energy consumption. 

 

Figure 5. Conceptual framework 
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VI. METHODOLOGY AND DATA 

The current study adopts an empirical research design. Eighteen years of annual data on CO2, 

EC, GDP, literacy, and educational attainment was collected from the World Bank's 

development indicators. Data selection is based on the proposed econometric technique. EKC 

describes a U-shaped inverse linkage between GDP and CO2, with the latter increasing as the 

economy grows to a certain point, and then falling again as the Indian country uses its increased 

wealth. The asymmetric theory has been used to measure the linkage between the variables. 

Thus, the study utilizes nonlinear ARDL to estimate asymmetric effects of variables in the long 

run and short run.  

VI. I. DATA COLLECTION 

This study collects the data from world bank database. Annual data is used in the study. The 

period analyzed covers the years 2000 and 2022. The data relating to HE, CO2, EC, literacy 

rate, and economic growth variables obtains from World development Bank. GDP serves as a 

proxy for economic growth, CO2 emissions serve as a proxy for environmental factors, and 

health resources represent health expenditures. Carbon emissions measures in metric tons, 

while EC measures in billion kilowatt-hours, HE in USD, and GDP per capita in constant USD 

in 2015. Literacy rate is measured by the percentage of people who age 15 years and above. 

Table 3.2 lists the description of variables, measurements, and its sources of data. This study 

covers the entire Indian nation and is determined based on the characteristics of nations, such 

as geographical, economic, and socio-cultural diversity and natural resources. In this study, the 

entire India is considered to understand the research more precisely. 

 

Figure 6. Description of variable 
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VI. II. ECONOMETRIC MODELS 

Unit root test: The unit root test checks the order in which the variables are integrated. The 

Dickey-Fuller Test with GLS Detrending was a straightforward adaptation of the ADF test that 

involves detrending the data to remove explanatory variables before performing the regression 

test. Ng and Perron (2001) use the GLS detrended data to create the four-test statistics yd. The 

test statistics are the ERS Point Optimal test statistic (MPT), the Sargan-Bhargava test statistic 

(MSB), and modified versions of the Phillips-Perron MZa and MZt statistics. 

Model 1- CO₂, = β0 + β1GDP + β2LR + β3EC + + εt 

Model 2: CO2 = β0 + β1HE+ εt 

ARDL Co-integration Approach: This study uses the ARDL bound test co-integration method. 

Pesaran and Shin (1999) developed this, and Pesaran et al. further developed it. (2001), in order 

to look into the long-term linkage with variables. This technique is popular among economists 

and econometricians because it enables the cointegration modelling even in situations where 

all variables stationary in levels [I (0)], after the first difference [I (1)], or a combination of the 

two. 

∆ ln 𝐶𝑂𝑡 = ∝  + ∑ 𝜆1𝑖∆𝑙𝑛𝐶𝑂2(𝑡−𝑖) +  ∑ 𝜆2𝑖∆𝑙𝑛𝐸𝐶(𝑡−𝑖) + 
𝑞
𝑖=0

𝑝
𝑖=1 ∑ 𝜆3𝑖∆𝑙𝑛𝐸𝐺(𝑡−𝑖) +𝑟

𝑖=0

∑ 𝜆4𝑖∆𝑙𝑛𝐿𝑅(𝑡−𝑖) + ɸ1 𝑆
𝑖=0 𝑙𝑛𝐶𝑂2(𝑡−1) +  ɸ2𝑙𝑛𝐸𝐶𝑡−1 +  ɸ3𝑙𝑛𝐸𝐺𝑡−1  +  ɸ4𝑙𝑛𝐿𝑅𝑡−1 +  𝜀𝑡   

                    (1) 

Where the parameters 𝜆𝑚𝑖 = 1, 2, and so on, which indicates the short-term linkage, whereas 

ɸ𝑖 represent the long-term linkage. This method is used to calculate the previous equation and 

to examine the long-term linkage between the regress and regressors by limiting the parameters 

of the long-run variables to zero. Therefore, testing the alternative hypothesis of co- integration 

against the null hypothesis (no co-integration), which shows that H0 = ɸ1 = ɸ2= ɸ3= ɸ4 =0. 

The F-test was used to evaluate the hypothesis. Next, the calculated F-statistics is contrasted 

with the Pesaran et al. (2001) asymptotic critical value bounds to determine whether a long-

term relationship (co-integration) exists. 

𝑙𝑛𝐶𝑂2𝑡 =  ɸ0 +  ɸ1𝑙𝑛𝐸𝐶𝑡 +  ɸ2𝑙𝑛𝐸𝐺𝑡 + ɸ3𝑙𝑛𝐿𝑅𝑡 +  𝜀𝑡                                                           

(2) 

𝑙𝑛𝐻𝐸𝑡 =  𝛽0 +  𝛽1𝑙𝑛𝐶𝑂2𝑡 +  µ𝑡            

              (3) 

The final stage of the bound test is to estimate the short run elasticities. This is done by using 

the error correction framework shown in equation (4) 

∆𝑙𝑛𝐶𝑂2𝑡 =  𝛿1 +  𝜉𝑒𝑐𝑡𝐸𝐶𝑇𝑡−1 +  ∑ 𝜆1𝑖∆𝑙𝑛𝐶𝑂2(𝑡−𝑖)
𝑝
𝑖=1 +  ∑ 𝜆2𝑖∆𝑙𝑛𝐸𝐶(𝑡−𝑖)

𝑞
𝑖=0 +

 ∑ 𝜆3𝑖∆𝑙𝑛𝐸𝐺(𝑡−𝑖)
𝑟
𝑖=0 +  ∑ 𝜆4𝑖∆𝑙𝑛𝐿𝑅(𝑡−𝑖)

𝑠
𝑖=0 +  𝜂𝑡         

                   (4) 

∆𝑙𝑛𝐻𝐸𝑡 =  𝛽0 +  ∑ 𝜑𝑖∆𝑙𝑛(𝑡−𝑖)
𝑝
𝑖=1 +  ∑ 𝜃𝑖∆𝑙𝑛𝐶𝑂2(𝑡−𝑖)

𝑞
𝑖=0 +   𝜔𝐸𝐶𝑇𝑡−1 +  𝜂𝑡     

               (5) 
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where 𝜉𝑒𝑐𝑡 is the error correction term and 𝜉𝑒𝑐𝑡 is the coefficient that indicates how much the 

model adjusts to its long-run equilibrium. In other words, 𝜉𝑒𝑐𝑡 is the rate at which the deviation 

from the long-run equilibrium at time t=1 is corrected at time t. 

Nonlinear Autoregressive Distributed Lag Model: Shin et al. (2014) introduces NARDI, as an 

asymmetrical extension of the frequently used ARDL model developed by Pesaran and Shin 

(1990) and Pesaran et al. (2001) to identify long-term and short-term asymmetric among the 

variables. This is why we also use this modelling approach. First, the asymmetric long-run CO2 

emission equation is defined (Shin et al., 2014): 

𝑙𝑛𝐶𝑂2𝑡 =  𝛼 +  ɸ1𝑙𝑛𝑌𝑡
+ + ɸ1𝑙𝑛𝑌𝑡

− +  ʋ𝑡          

              (6) 

𝑙𝑛𝐻𝐸𝑡 =  𝛼0 +  ɸ1𝑙𝑛𝐶𝑂2𝑡
+ + ɸ1𝑙𝑛𝐶𝑂2𝑡

− +  ʋ𝑡         

              (7) 

Where, 

• Y+ and Y- represent the positive and negative changes in 𝑌𝑡. They are defined as 

𝑌𝑡
+ =  ∑ ∆𝑌𝑖

+𝑡
𝑖=0 +  ∑ max(∆𝑌𝑖 , 0)                                                                

(8) 

𝑌𝑡
− =  ∑ ∆𝑌𝑖

−𝑡
𝑖=0 +  ∑ min(∆𝑌𝑖 , 0)                                                                

(9) 

Where Y = EC, EG, LR 

Therefore, the long-term relationship as shown in equation 1 reflects the asymmetric pass-

through of long-term health expenditure, energy consumption, and GDP to CO2 emissions. 

∆ ln 𝐶𝑂2𝑡 = ∝  + ∑ 𝜆𝑖∆𝑙𝑛𝐶𝑂2(𝑡−𝑖) +  ∑ 𝜃1𝑖
+ ∆𝐸𝐶𝑡−1

+ + ∑ 𝜃1𝑖
− ∆𝐸𝐶𝑡−1

−  
𝑞2
𝑖=0  

𝑞1
𝑖=0

𝑝
𝑖=1 +

 ∑ 𝜃2𝑖
+ ∆𝐸𝐺𝑡−1

+ + ∑ 𝜃2𝑖
− ∆𝐸𝐺𝑡−1

−  
𝑞4
𝑖=0  

𝑞3
𝑖=0 +  ∑ 𝜃2𝑖

+ ∆𝐿𝑅𝑡−1
+ + ∑ 𝜃2𝑖

− ∆𝐿𝑅𝑡−1
−  

𝑞6
𝑖=0  

𝑞5
𝑖=0 + 𝜉𝐸𝐶𝑇𝑡−1 +  𝜇𝑡

                  (10) 

ln 𝐻𝐸𝑡 =  𝛿0  +  ∑ 𝛿1𝑖∆𝑙𝑛𝐻𝐸(𝑡−𝑖) +  ∑ 𝜃1𝑖
+ ∆𝐶𝑂2(𝑡−𝑖)

+ + ∑ 𝜃1𝑖
− ∆𝐶𝑂2(𝑡−𝑖)

−  
𝑞2
𝑖=0  

𝑞1
𝑖=0

𝑝
𝑖=1 +

 𝜓1𝐻𝐸(𝑡−1) +  𝜓2𝑙𝑛𝐶𝑂2(𝑡−1)
+ +  𝜓3𝑙𝑛𝐶𝑂2(𝑡−1)

− +  𝜀𝑡                                                                                                                   

(11) 

where p and q are lag orders and all variables are as described above. 

𝛾1 =  
ɸ1

ɸ0
, 𝛾2 =  

ɸ2

ɸ0
, are the long-term effects of increasing and decreasing GDP, energy 

consumption, and health spending on CO2 emissions, respectively.  

∑ 𝜃2𝑖
+𝑞1

𝑖=0 ∆𝑌𝑡−1
+  evaluates t he  s h o r t -run e f f e c t s  o f  G D P  g row t h , h e a l t h  expenditure, 

and energy consumption on CO2 emissions. 

∑ 𝜃2𝑖
−𝑞2

𝑖=0 ∆𝑌𝑡−1
−  Measures the short-term impact of EC, HIE, and GDP declines on CO2 

emissions. Furthermore, the short-term effect of GDP declines, HE, energy consumption on 
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CO2 emission is also reported, along with the long-term linkage are not symmetric. According 

to Katrakilidis and Trachanas (2012), the final NARDL model specifications are obtained by 

using a general to specify approach to mitigate the minimal errors. In addition, we used the 

Pesaran et al. (2001) and Shin et al. (2014) boundary testing method to test for co-integration 

between variables using estimated NARDL. The Null hypothesis in Wald F test is involved in 

this, ɸ1 = ɸ2= ɸ3= ɸ4 = 0. According to Kurtovié et al. (2022). dynamic multipliers are 

computed to evaluate the cumulative effects of HE, EC, GDP, and carbon emissions over time. 

𝑚ℎ
+ =  ∑ 𝜃𝑗

+ℎ
𝑗=0                                                                

(12) 

𝑚ℎ
− =  ∑ 𝜃𝑗

−ℎ
𝑗=0            

            (13) 

VII. RESULTS 

VII.I. DESCRIPTIVE STATISTICS 

Table 1. Descriptive statistics 

 

Table 1 shows the descriptive statistics and offers information for the variables used in the 

analysis with the number of observations, mean, standard deviation, minimum values, 

maximum values, skewness, and kurtosis for the sample period 2000 and 2022. The mean 

represents the average values of the variables, whereas the standard deviation indicates how 

much the generated data deviates from the mean value. The mean value of CO2 is 1.43, with a 

maximum value of 1.96 and a minimum value of 0.93. Energy consumption has an average 

value of 36.83 and peaks at 47.10 in 2000 and 2022. In the period considered, GDP has an 

average value of 6.11 with a standard deviation of 3.15. GDP values peak at 9.68 and have a 

minimum value of -5.77. This indicates that there has been a lot of fluctuation in the economic 

performance of India. The mean value of HE is 45.22, with a minimum value of 18.47 and a 
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maximum value of 81.50. This does speak to the changes in health care expenditure of the 

country during the period and shows differences in government spending on health services by 

India. The mean value of LR is 30.77 with a standard deviation of 36.04 and peaks at 76.32, 

indicating a significant variation in the variable. This represents that there were noticeable 

changes in its level in the study period. The skewness values of variables (CO2, EC, and GDP) 

were negative, and the rest of the variables (HE and LR) were positive. The skewness for CO2 

is moderate, which is closer to zero, while EC and GDP have high negative skewness, and it 

indicates that these variables are not following a normal distribution. In terms of kurtosis, CO2, 

HE, and LR were in line with the acceptable range, while EC and GDP indicated a leptokurtic 

distribution, meaning that the data have a high peak compared to the normal distribution. A 

normality test is used to find out if the data is normally distributed. This can be assessed with 

the Jarque-Bera test. The variables such as EC and GDP have p-values less than 0.05, indicating 

that these are not normally distributed. On the other hand, the variables CO2, HE, and LR have 

p-values of 0, and the values are greater than 0.05, indicating that the variables are normally 

distributed. As a result, the data series is suitable for further investigations. 

VII. II. CORRELATION 

Table 2. Correlation 

 

Table 2 shows the correlation matrix suggests that the correlation was assessed for CO2 and 

the other variables of the study. The results show that HE and LR have a significant and positive 

effect on CO2. Also, EC has a negative association (-0.77) with CO2. This indicates that ECs 

are likely to drive CO2 in opposite directions. Although GDP does influence CO2 negatively 

and multicollinearity is almost certainly common. Though conclusions are not derived based 

on correlations, these results confirm the EKC hypothesis that high economic growth is 

associated with environmental performance and reduced emissions. 

VII. III. UNIT ROOT TEST 

This study employed ADF and PP tests to assess the stationarity or non-stationarity in the 

variables.  
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Table 3. ADF 

 

Table 3 shows the results obtained from the ADF test. This indicates that all the variables are 

stationary at levels with the evidence of a p-value that is less than the 5% level of significance, 

while CO₂ is stationary at the first difference, which indicates that the variables are stationary, 

resulting in no evidence of a unit root. This implies that bound test procedures can be used, as 

none of the variables are I(2). As a result, this satisfies the criteria for the ARDL and NARDL 

models, which can be executed in an efficient way. 

Table 4. PP test 

 

The PP test results indicate that GDP is the only variable found to be stationary at level, while 

CO2, EC, HE, and LR are found to be stationary in the first difference. These results indicate a 

mixture of I(0) and I(1), which met the criteria of the ARDL and NARDL approaches. 
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VII. IV. ARDL RESULTS 

VII. IV. I. MODEL 1 

Table 5. Bound testing approach – Model 1 

 

Immediately confirmed that there is no integration of order 2 from the unit root test; 

implemented the bound test approach to determine whether there is a long-run cointegration 

between the variables. Table 4.7 shows the bound test F-value for model 1 is 6.51, which is 

higher than critical values and is significant. This rejects the null hypothesis stating that GDP, 

energy consumption, literacy rate, and CO2 do have a long-run relationship. 

Table 6. Long run for model 1 

 

Table 6 shows that EC have a negative and statistically significant effect on CO2 with the p-

value of 0.000 which is lesser than 5%level of significance.  This implies that a percentage 

increment in CO2 will decrease EC by -0.05.   GDP have a statistically insignificant and positive 

influence on CO2 in long run.  The coefficient of literacy rate is -0.000443, the negative sign 

represents a negative relationship with CO2 and is insignificant. 

Table 7. Short run for model 1 
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Table 7 shows that the term "error correction" is negative and statistically significant. This 

indicates that 65.27% convergence towards long-run equilibrium. Energy consumption has a 

negative and statistically significant with CO₂ in the short run. It is evident that the p-value is 

higher than 0.05. GDP is also seen to have an effect on CO₂ in the short run due to having a p-

value less than 0.05. LR has no statistically significant CO₂ in the short run. This is evident 

through the attainment of a p-value greater than the 5% level of significance. Thus, it is clear 

that GDP has a positive effect on CO₂, whereas EC has a negative and significant effect on 

CO₂. The adjusted R-square of Model 1 is 0.813, representing that 81.3% of the dependent 

variable (CO₂) is explained by the independent variables (literacy rate, GDP, and energy 

consumption). The value helps to confirm the specification of the model. The Durbin-Watson 

test of the model was 2.38, which is within the threshold limit (1.5-2.5), and thus, there is no 

problem of autocorrelation. 

VII. IV. II. MODEL 2 

Table 8. Bound testing approach – Model 2 

 

Table 8 shows the bound test F-value for model 2 is 6.53 which is larger than critical values 

and is significant. Ther results indicate that there is a long run relationship between HE and 

CO2 is confirmed. 

Table 9. Long run for model 2 

 

Table 9 shows that HE is significantly and positively influence CO2, representing that a 

percentage increment in HE, increases CO2 by 0.02. 
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Table 10. Short run for model 2 

 

Table 10 shows that ECM is negative and significant, implying that the variables adapt to their 

long-run equilibrium in the event of disequilibrium. The speed of adjustment from short-run to 

long-run equilibrium moves at 93.3%. This implies that 93.3% of the distortions brought about 

by the shocks of the year before might be restored in this year. Additionally, the past values of 

CO₂ determine the present values, as the lag of the dependent variable is significant. The 

adjusted R-square of Model 2 is 0.548, representing that 54.8% of the dependent variable (CO₂) 

is explained by the independent variables (health care expenditure). The value helps to confirm 

the specification of the model. The Durbin-Watson test of the model was 2.49, which is within 

the threshold limit (1.5-2.5), and thus, there is no problem of autocorrelation. 

VII. V. NARDL RESULTS 

VII. V. I. MODEL 1 

Table 11. Wald test for Model 1 
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According to the Table 11, the Wald test for GDP-EC ((F = 2.68; 𝑃 − 𝑣𝑎𝑙𝑢𝑒 = 0.18) which 

indicates that there is no evidence of long run asymmetry relationship between the variables.  

Similarly, the Wald test for GDP-LR (F=3.39; p=0.13) represents that no long run asymmetry 

interactions between GDP and LR.  On the other hand, the Wald test for EC-LR indicates that 

there is a long run asymmetry interaction between energy consumption and literacy rate 

(F=4.0652; p=0.05).  As a result, EC and LR is the only pair have a long run asymmetric 

relationship between the variables. 

Table 12. Bound test for Model 1 

 

Table 12 shows that the cointegration bounds test for asymmetric models for three pairs of 

variables. Firstly, GDP-EC shows that the F-value is 4.53 which is lower than upper bound 

level.  This implies that there is no evidence of long run asymmetry interactions between GDP 

and EC.  Secondly, GDP-LR shows that the F-value is 5.23 which is lower than upper bound 

level.  This implies that there is no evidence of long run asymmetry interactions between GDP 

and LR. Thirdly, EC-LR shows that the F-value is 2.88 which is lower than upper bound level.  

This represents that there is no evidence of long run asymmetry interactions between EC and 

LR.   Thus, this shows that there is no evidence of long run and co-integration between GDP, 

EC, LR and CO2. 

Table 13. Asymmetric long run parameters- Model 1 

 

Table 13 shows the results of NARDL model for the asymmetric association for three pairs of 

variables. In the results table, the independent variable of economic growth designated by 
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GDP_POS and GDP_NEG whereas energy consumption designated by EC_POS, EC_NEG 

and literacy rate designated as LR_POS, LR_NEG in the long run.  Table shows the long run 

parameters for every variable individually. The asymmetric long run coefficient of EC_NEG 

has a significant relationship with CO2. Negative parameter of EC implies that 1% decrement 

leads to -0.02 decrement in CO2 This shows that EC negatively influences CO2 in India.  

Similarly, LR is negative (-0.01) with a p-value of 0.02 which is lesser than 5% level of 

significant.  This means that an LR negatively influences CO2 in India.   This indicates that 

decrease in LR diminishes the CO2 in the long term.  For example, 1% decrement in LR leads 

to 0 -0.001 decrease CO2. In contrast, EC have statistical insignificant on both positive and 

negative shocks on CO2.  Similarly, GDP have a statistical insignificant on both positive and 

negative shocks on CO2.  LR have a statistical insignificant on both positive and negative 

shocks on CO2.  Overall, EC, GDP and LR is not a relevant asymmetric indicator for two pairs 

of parameters (GDP-EC & GDP-LR). Overall long run asymmetric interactions were found 

only in LR and EC negative shocks on CO2 on EC-LR pair of variables. 

Table 14. Short run cointegration tests - Model 1 

 



International Journal of Social Science Research (IJSSR) 
Volume- 3, Issue- 2 | March - April 2026    ISSN: 3048-9490 

IJSSR www.ijssr.com 986 

 

Table 14 shows the short run estimated coefficient of NARDL for three pairs of variables in 

Model 1. The empirical results for GDP-EC pair shows that GDP is positive and statistically 

significant in the short run.  This indicates that 1% increment in CO2 increases GDP by 0.05. 

Also, GDP and LR negative have a negative and significant effect in the short run. This reveals 

that 1% drop in GDP leads to 0.066 decrease CO2 in short run. Similarly, 1% drop in CO2leads 

to LR decrease of 0.0017 in short run.  

The results of GDP-LR pair shows that the GDP_Neg is positive and significant in the short 

run.  This represents that 1% increment in GDP lead to 0.009 increment in CO2.  The lagged 

negative change in GDP is negative and significant at 5% level of significance. Similarly, the 

lagged negative change in LR is negative and significant. This represents that 1% drop in LR 

leads to 0.02 decrement of CO2 in short run. 

The results of EC-LR pair shows that EC_pos is negative and significant in the short run.  This 

represents that 1% increment in EC lead to 0.006 decrement in CO2.  The lagged negative 

change in EC is negative and significant at 5% level of significance. Similarly, the lagged 

negative change in GDP is negative and significant. The ECT of -0.718 reverts to equilibrium 

which is negative and significant.    

VII. V. II. MODEL 2 

Table 15. Wald test for Model 2 

 

Table 15 shows the results of Wald test. F-test and chi-square test values were 7.89 and 23.67 

respectively with a p-values of 0.00 which is lesser than 5% level of significance.  This test 

confirms that the existence of cointegration in long run effect of CO2 on HE. 
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Table 16. Bound test for Model 2 

 

Table 16 shows that the cointegration bounds test for asymmetric models shows that the F-

value is 9.48 which is higher than upper bound level at 1%, 5% and 10% significance levels.  

Thus, this shows that there is evidence of long run and co-integration between HE and CO2. 

Table 17. Long run cointegration tests for Model 2 

 

Table 17 shows the results of NARDL model for the asymmetric association between HE and 

CO2.  In the results table, the independent variable of Health care expenditure long run 

coefficient designated by HE_POS and HE_NEG.  The results indicate that negative and 

positive shocks in CO2 bring about a statistically significant change in HE in the long run.  A 

positive shock in HE has a positive and significant effect on HE.  This implies that 1% 

increment in CO2 increases HE by 0.020 while a negative shock in HE implies that 1% drop in 

CO2 increases 0.070 in HE. 

Table 18. Short run cointegration tests - Model 1 
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Table 18 shows the short run estimated coefficient of NARDL for Model 2.  The empirical 

results shows that estimated coefficient negative and statistically insignificant.  In the short run, 

HE had a positive and insignificant relationship with CO2 but D(HE (-1)) is negative and 

significantly positive.  The effect of CO2 in the short run indicates that 1% increment in CO2 

decreases HE by -0.013.  A long run causal relationship can be deduced because the error 

correction terms of -0.50 returns to equilibrium and significant. This implies that in the event 

of a disequilibrium, CO2 adjust to its long run equilibrium with a speed of adjustment of 50%. 

VII. VI. DIAGNOSTIC AND STABILITY TESTS 

VII. VI. I. ARDL MODEL 1 

 

Figure 7. CUSUM test and CUSM test of square 

The results of CUSUM test and CUSM test of square reveals that the model is stable and the 

plots are inside 95% confidence band graphs indicating that model is stable.  This represents 

hat model is stable and no structural break is observed during the study period.  On that basis, 

NARDL was estimated for Model1. 

VII. VI. II. ARDL MODEL 2 
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Figure 8. CUSUM test and CUSM test of square 

The results of CUSUM test reveals that the model is stable.  CUSUM square test indicates that 

the relationship between HE and CO2 can be non-linear.  On that basis, NARDL was estimated. 
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VII. VI. III. NARDL MODEL 1 
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Figure 9. GDP_EC 

-6

-4

-2

0

2

4

6

2019 2020 2021 2022

CUSUM 5% Significance

-0.4

0.0

0.4

0.8

1.2

1.6

2019 2020 2021 2022

CUSUM of Squares 5% Significance  

Figure 10. GDP_LR   
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Figure 11. EC_LR 

The CUSUM and CUSUMSQ tests are updated relatively with respect to breakpoints. These 

figures prove that the stability in the parameters of the model with CUSUM and CUSUMSQ 

tests.  The model is stable as the blue line falling inside the critical bounds at 5% level of 

significance.  This demonstrates that the coefficients are stable and dependable and confirms 

there is a long run relationship between EC, LR and CO2.   
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Figure 12. CUSUM and CUSUMSQ tests of NARDL model 

Figure 12 shows the plot of stability test results using CUSUM and CUSUMSQ tests of 

NARDL model to assess the interactions between HE and CO2. These figures prove that the 

stability in the parameters of the model with CUSUM and CUSUMSQ tests.  Figure 12 shows 

that the model is stable as the blue line falling inside the critical bounds at 5% level of 

significance.  This demonstrates that the coefficients are stable and dependable and confirms 

there is a long run relationship between CO2 and HE.  As a result, the model has performed 

well supported by normally distribution, no autocorrelation and heteroscedasticity.   

VIII. CONCLUSION 

The main purpose of the study is to examine the asymmetric influence of EC, literacy rate, and 

economic growth on CO₂ emissions in India using the annual data from 2000 to 2020. The 

study applied linear ARDL and non-linear ARDL models to assess the symmetric and 

asymmetric interactions of CO₂ emissions in the country. This helps to find out the long-run 

and short-run interactions between the variables. Particular attention is given to the 

Environmental Kuznets Curve, environmental degradation, and human capital theory. With the 

support from the theory, the results offer a complete picture to understand the interactions 

between GDP, HE, EC, LR, and CO₂. 

This study has utilized ADF and PP to ascertain the integral properties of variables. The ADF 

and PP tests have identified mix order integration levels I (0) and I (1). After confirming that 

there are no integrated variables I(1), the lag length criterion can be used to find out the optimal 

lag. After determining the optimal lag, the symmetry and asymmetry of data can be estimated 

with ARDL and nonlinear ARDL models to check the long-run and short-run cointegration in 

the model.  

A linear ARDL model is applied to determine the short-term and long-term cointegration in 

the model. The ARDL bound test showed that there are short-term and long-term effects of EC 

and GDP on CO₂ in India. The findings demonstrate that EC is negative and significantly 

enhances CO₂ in the long term, but the previous period of EC further decreases CO₂ in the short 

term. This indicates that there is an inverse effect between EC and CO₂, meaning the higher the 

consumption leads to changes in CO₂ in the long run. Also, the empirical results indicate that 

an increment in GDP contributes to an increase in CO₂ in the short run. This represents GDP 

as the primary source to increase energy consumption in the country. As a result, GDP rises 
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may increase the production, which further increases per capita income and labour demand, 

resulting in high EC. There is a lack of symmetry interactions found between GDP and CO₂ in 

the long run. The ECM is negative and significant, which represents that the rate of adjustment 

to long-run equilibrium is 65.27%. Overall, the linear ARDL model suggests a positive effect 

of GDP on CO₂ in the long run, whereas a negative and significant effect of EC validates CO₂.  

The model reliability is confirmed with CUSUM and CUSUMSQ. 

The asymmetric effect of EC, GDP, LR, HE, and CO₂ is examined. The results showed that 

LR with negative shocks shows a negative and significant relation with CO₂. Similarly, 

negative shocks in EC show a negative and significant relation in the long run. On the other 

hand, the short-run results of asymmetric variables of GDP-EC show that the positive and 

negative shocks of GDP have a significant effect on CO₂. In addition, the lagged negative 

shocks of GDP (-1) indicate that the effect of the previous period is negative and significant on 

CO₂. The outcome indicates that an increase in GDP increases CO₂, which confirms the EKC 

hypothesis in India for the short run. In addition, the lagged variable of LR (-1) indicates the 

effect was identified between LR and CO₂. Also, the short-run results of asymmetric variables 

of GDP—LR indicate that negative shocks and negative lags of GDP have a significant effect 

on CO₂. Similarly, the lagged variable of LR (-1) indicates that LR has an effect on CO₂. 

Finally, the short-run results of EC-LR show that the positive shocks of EC have a negative 

and significant effect on CO₂. The lagged variable of negative shocks of EC (-1) has a positive 

and significant effect on CO₂, whereas the lagged variable of GDP (-1) has a negative and 

significant effect on CO₂. 

The results from the analysis point out that GDP has a symmetric relationship with CO₂ in the 

long term. On the other hand, asymmetric interactions between EC and CO₂ are short- and 

long-term, whereas GDP and CO₂ are found in the short term. Also, the asymmetric effect of 

the lagged variable of GDP and LR (-1) is observed to be significant negative and significant, 

whereas the effect of negative shocks of EC (-1) is found to be positive and significant. 

Statistical significance of long-term coefficients suggests that positive and negative shocks of 

HE have distinct effects on CO₂. The positive shocks in HE is more persistent than negative 

ones. Although the signs are positive, the coefficients of the positive shocks are statistically 

significant, whereas the negative shocks are insignificant in the long run.  The stability test of 

CUSUM and CUSUMQ proves that the estimated parameters are stable for the study period.  

This study examined the symmetric or asymmetric interactions between the variables for India. 

This leaves room to carry out further research for other developing or underdeveloped 

countries. The present study utilizes CO₂ as a proxy for environmental degradation. On the 

other hand, future study may consider other pollution indicators to expand the work. Similarly, 

utilizing other proxies for literacy rate may offer an effective insight about the association 

between LR and CO₂. Also, future work needs to be done to address the issues of normality 

and autocorrelation issues found after executing NARDL from the variables (GDP, EC, LR, 

and CO₂) 

VIII. I. RECOMMENDATIONS 

Harmful gases are being released in the Indian atmosphere, which increases CO₂ emissions in 
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the country.  The government of India has to make stringent regulations to reduce the emission 

in the country. The dominance of health expenditure increases positively due to CO₂ emissions 

in India. This implies that the lack of stringent measures in the country increases CO₂ 

emissions, which in turn influences the people’s health.  Thus, the government has to formulate 

health expenditure policies that safeguard the health of individuals and enhance the production 

of healthy capital in the country. 

Literacy rates in India negatively associate with CO₂ emissions. This implies that the 

policymakers have to take proactive measures to manage upcoming effects effectively.  They 

have to redefine literacy programs in India.  Integration of literacy with environmental practices 

can have a huge effect on individuals and make them more associated with the environment. 

Also, inclusion of environmental literacy in the curriculum will play a key role in minimizing 

negative effects with CO₂ emissions.  

Indian policymakers should understand the symmetric relationship between GDP and CO₂ 

emissions and plan appropriate strategies that enhance long-term economic development and 

guarantee a safer environment. The ECK hypothesis suggests that the government should frame 

policies to reduce the effect of CO₂ emissions.  Policymakers should create an energy policy 

that ensures both a healthy environment and sustainable economic growth.  Finding out the 

economic sectors that rely less on energy and making sure that they don’t receive additional 

resources. They have to find out unproductive industries that use an excessive amount of 

resources and offer them advice on how to increase productivity. Companies should be 

motivated to adopt energy-saving technologies to increase their energy efficiency. All these 

measures will increase productivity and close the gap between demand and supply for energy. 
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