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Abstract: Considering the manufacturing sector of India and its limited growth, this study 

analyzes the impact of manufacturing output on economic growth from 1981-2014. Along 

with manufacturing output, we have taken gross capital formation and population growth as 

control variables. For short and long run estimates, we have considered the ARDL bound 

testing approach. For analyzing the directional causality between variables, we have 

considered granger causality test. According to error correction model, our findings exhibit 

the significantly positive long-run relationship of manufacturing output, gross capital 

formation and population growth with economic growth in India. However, granger 

causality presents only unidirectional causality of population causing manufacturing output 

and capital formation. Whereas, no causality has been found between manufacturing output 

and economic growth. The study implies that with human resource abundance, policy makers 

should emphasize on the capital growth to enhance the capacities of manufacturing sector in 

India. Though manufacturing sector has established a positive relationship with economic 

growth but needs dire attention with sectoral reforms that may increase manufacturing 

productivity causing economic growth in the country.

Keywords:Manufacturing Output, Economic Growth, ARDL Bound Testing, Granger 

Causality 

1. Introduction: 

With the rapid economic growth in recent decades, the sectoral growth has significantly 

increased in India. Though the manufacturing sector of India has remained eluded, merely 

accounting for 13 percent of the India’s labor force exhibiting that employment structuring 

towards manufacturing and its share towards real output has remained limited. 

Comparatively, the service sector contributed more to GDP growth (64 percent). In a country 
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where population has been estimated more than one billion, the manufacturing sector has 

undoubtedly greater capacity of generating more revenues and employment opportunities 

than other sectors. One of the possible reasons explained by bal et al, (2016) is having less 

investments in respective sector leading to limited share of sector to real output. 

Along with other factors of production, many emerging economies require capital to maintain 

their growth momentum. Lack of optimum capital level may reduce the capacities of the 

sectors which ultimately affects the overall economy of the country. Like any other emerging 

economies of the world, India also requires a chain of capital formation path in all sectors. 

With an overall demand of 20 billion dollars capital for maintaining the 8 percent growth 

rate, the capital formation becomes a major determinant for sustainable growth in India as by 

bal et al. (2016). Since 1980, the capital inflows in production of manufacturing sector in 

India has been remained under discussion (Goldar. (2000), Das and Kalita (2009)). Kapoor, 

R. (2015) provides that though with the capital intensity, industrialization in some limited 

parts of India has grown but has only increased the demand of skilled and professional 

workers. The information technology sector has grown in India whereas, the manufacturing 

sector has remained low in output in past decades.  

Parallel to sectoral and domestic investments, human resource has also remained a major 

factor of production for the countries. The population affecting economic growth have 

always remained a debating issue in the densely populated developing economies like 

India. Malthusian school of thought believes in negative relationship whereas, Cornucopian 

school believes in a positive relationship as provided by Birdsall, et al., (2001). The 

Cornucopian thought has been backed by some other scholars(Bloom, (2011); Boserup, 

(1981)) exhibiting that population growth has positive impact on the growth processes of 

the country. While considering the debate of different school of thoughts, it is necessary to 

analyze the relationship of the heavily populated countries like China and India. In this 

study, we have only considered Indian population while considering its relationship with 

economic growth. 

Our study emphasizes on the long and short run relationship between manufacturing output, 

gross capital formation and population growth in India while considering ARDL bound 

testing approach. We further use the granger causality approach to find the directional 

causality among the variables.  

The paper has been further divided as follows. Section 2 provides with data description, 

Section 3 focuses on methodologies. Section 4 explains the results and Section 5 presents 

the conclusion. 
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2. Data Description: 

The variables have been taken from the World Development Indicators(WDI) with the time 

period of 1981-2015. We have considered GDP per capita(EG)as a proxy of economic 

output. The variables considered are gross capital formation (GCF), manufacturing output 

(MO), total population (PG). To harmonize the variables for analysis we have taken log of 

all variables. All these variables except PG present the real values measured in USD (US 

Dollars) held constant at 2010.  

3. Methodology: 

To estimate the short and long run estimates, we rely on the ARDL bound testing approach 

of Pesaran et al. (2001). By linear transformation, ARDL method calculates both short and 

long run estimates. In our study, we employ ARDL approach due to three reasons. First, 

ARDL estimator is a better estimator when the integration is of mixed order i.e. I(0) and 

I(1). Secondly, it captures both short and long run impact of manufacturing output with 

other control variables. And thirdly, it removes the endogeneity problems if present in the 

model.  

In our study, our variables contain mixed stationarity, therefore we consider ARDL the 

righteous approach for our short and long run estimates. Secondly,we investigate 

cointegration among variables, where null hypothesis ( ) is tested 

against its alternative hypothesis .  By relying on the F statistics, we 

analyze the upper and lower bound limits for acceptance or rejection of null hypothesis. If the 

value of F-statistics remains in between upper and lower limits the results remain 

inconclusive. 

For the ARDL approach, with UECM (Unrestricted Error Correction Model), we have 

considered, 

 

Where ∆ is the first difference operator; ω, δ, ɸ, π are the coefficients for EG, MO and GCF 

and PG;  is the error term; and f, g, h, k is the lag length selected by Bayesian information 

criteria (BIC). We further, have conducted Durbin Watson (DW) and LM test for 

autocorrelation and white test for heteroskedasticity. 
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The ARDL model does show the long and short run relationship but does not show the 

direction of causality. Granger (1969) establishes that the existence of long run relationship at 

least causes unidirectional causality of the variable. To find the direction, we will apply 

granger causality test of Granger. (1969), while considering the framework of VECM: 

 

Where ∆ is the first difference operator; are the coefficients for EG, MO, GCF, and 

PG;  is the error term; and q, r, s, t is the lag length selected by Bayesian Information 

Criteria (BIC). is the error correction term in consideration of long-run relationship. 

Whereas, its coefficient is the speed adjustment to the long run equilibrium. 

4. Results:  

While considering the graphs mentioned in figure 1, it is evident that the economic growth of 

the country has remained fluctuating in the last three decades whereas, manufacturing output 

and gross capital formation has been found with increasing trend with minor fluctuations 

whereas the population of the country has been found with a down falling trend. With these 

graphic trend analyses, it is impossible to analyze the relationship of the variables. Thus, 

moving further, we rely on the estimates of ARDL bound testing approach. To progress with 

ARDL estimations, we firstly conduct few tests to verify if the ARDL is the right approach is 

valid for our analyses.  

4.1. Unit root test:  

To initiate our analyses, we conduct the augmented dickey fuller (ADF) testof Dickey and 

Fuller. (1981) to check the level of stationarity of variables. One of the main reasons of 

considering stationarity test is to verify that none of the variables considered may have 

integration with order 2. Such integration doesn’t allow us to use the ARDL estimations for 

the time series analysis. 

Table 1: Summary Statistics 

Variable Obs Mean Std.Dev Min Max 

EG 34 0.042 0.022 -0.010 0.084 

MO 34 25.423 0.653 24.429 26.565 

GCF 34 26.008 0.843 24.780 27.353 

PG 34 0.018 0.003 0.012 0.023 
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 In table 1, we exhibit that all the variables are found to be stationary with no integration of 

order 2. Economic Growth (EG) is found stationary at I(0) whereas, rest of the regressors 

Manufacturing Output(MO), Gross capital formation(GCF) and population growth(PG) are 

found stationary at first difference I(0). As we have found the integration results stationary 

with different levels of I(0) and I(1), the ARDL approach can be considered for the right 

estimations.  

4.2. Optimal lag selection and bound testing results: 

The next step considered for the ARDL estimations is the optimal lag selection. Based on the 

VAR lag selection of Bayesian information criteria (BIC), we select the lag length 3 for our 

estimations. For cointegration results, we rely on F statistics of bound testing approach. We 

present the results in table 4 for the cointegration test. 

Table 2: ADF(Augmented Dickey Fuller) test for unit root analysis 

Variable  I (0) At level I (1) At first Difference 

  Without Trend With Trend Without Trend With Trend 

  
Z-

Value 

P-

Value 

Z-

Value 

P-

Value 

Z-

Value 

P-

Value 

Z-

Value 

P-

Value 

EG -3.026 0.033 -4.144 0.005 -5.756 0.000 -5.638 0.000 

MO 0.469 0.984 -2.259 0.457 -3.939 0.002 -3.967 0.010 

GCF 0.074 0.964 -1.968 0.619 -3.616 0.006 -3.474 0.042 

PG -0.264 0.930 -1.598 0.793 -3.822 0.003 -4.654 0.001 

 

Table 3: Integration Decision 

Variable Integration 

EG I (0) 

MO I (1) 

GCF I (1) 

PG I (1) 

 

Table 4: Bound testing analysis 

Test Statistics   Values 

F-Statistics 

 

18.606 

Bounds 

  

 

Significance I (0) Bound I (1) Bound 

 

10% 2.72 3.77 

 

5% 3.23 4.35 

 

2.50% 3.69 4.89 

  1% 4.29 5.61 
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 The values for lower and upper bound has been taken from Pesaran. (2001). With the results 

of bound testing we can conclude that the value of F statistics is higher than upper bound 

limit signifying the presence of cointegration between variables allowing us further to 

estimate the long run results. 

4.3. ARDL short and long run dynamics: 

With the results of bound testing, the existence of long run relationship has been confirmed. 

Therefore, we exhibited both short and long run estimates in table 5.  

Table 5: ARDL long and short run analysis 

Dependent Variable: Economic Growth 

 

Coeff(SE) Tstat(Prob) 

Long Run Analysis Lag length (3,0,3,2) 

  MG 0.0736*** 4.00 

 

(0.018) (0.001) 

GCF 0.0506** 3.51 

 

(0.014) (0.002) 

PG 22.87*** 6.79 

 

(3.366) (0.000) 

Short Run Analysis, Lag Length (3,0,3,2) 

 ∆ EG(t-1) -0.895*** -5.35 

 

(0.167) (0.000) 

∆ EG(t-2) -0.760*** -4.95 

 

(0.153) (0.000) 

∆ EG(t-3) -0.282* -2.14 

 

(0.132) (0.046) 

∆ MO 0.216*** 3.92 

 

(0.055) (0.001) 

∆ GCF 0.128*** 5.16 

 

(0.025) (0.000) 

∆ GCF(t-1) 0.0790 1.85 

 

(0.043) (0.080) 

∆ GCF(t-2) 0.0212 0.600 

 

(0.035) (0.553) 

∆ GCF(t-3) -0.0799* -2.49 

 

(0.032) (0.022) 

∆ PG 0.374* 3.27 

 

(0.143) (0.004) 

∆ PG(t-1) -258.8* -2.65 

 

(97.810) (0.016) 

∆ PG(t-2) 123.5* 2.46 

 
(50.275) (0.024) 
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ECM(t-1) -2.937*** -8.08 

 

(0.364) (0.000) 

Intercept -10.47*** -5.33 

 

(1.962) (0.000) 

N 31 
 

R-sq 0.928   

Diagnostic Tests Value Prob 

DW-Statistics 2.429615 

 LM-Statistics (bgodfrey) 3.748 0.0529 

Heteroscedasticity  31 0.4154 

Note: Coefficients are reported with standard errors in brackets.***, **,* indicate significance at 0.001, 

0.01,0.05 levels, respectively.∆ defines the first difference. All of the above estimations are based on the error 

correction model. (t-1) represents first lag whereas, (t-2) represents second lag. DW statistics and LM statistics 

test for autocorrelation and Heteroskedasticity is tested with White test.  

The results report that the manufacturing output (MO), gross capital formation (GCF) and 

population growth (PG) have positively established a long run relationship with economic 

growth of India. While looking to the coefficients we can say that with the 1 percent increase 

of manufacturing output and gross capital formation, economic growth surges by 0.07% and 

0.05% respectively. Whereas, more interestingly, population growth has also established a 

very significant positive relationship with economic growth which is consistent with the 

findings of bloom. (2011). If observed the short run coefficients, we exhibited that the 

manufacturing output, gross capital formation and population growth show positive 

relationship though not very significantly. Whereas, ECM (error correction term) shows the 

negative statistically significant coefficient exhibiting the validity of the analysis conducted 

for the analyses of the long run relationship of explanatory and dependent variables. 

Moreover, for serial correlation we have conducted the DW (Durbin Watson) test and white 

test for heteroskedasticity. With both tests, we have exhibited the non-rejection of null 

hypothesis. After confirming the long and short run relationship of the variables, we 

considered the causality analysis based in the VECM granger causality approach.  

Table 6: Granger Causality Analysis 

Variables ∆EG ∆MO ∆GCF ∆PG 

∆EG _ 2.563 0.083 3.233 

  

0.109 0.774 0.072 

∆MO 0.717 _ 1.391 16.874 

 

0.397 

 

0.238 0.000** 

∆GCF 0.514 0.152 _ 4.311 

 
0.473 0.696 

 

0.038* 

∆PG 3.415 2.392 3.434 _ 
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  0.065 0.122 0.064   

Note: Coefficients are reported with probabilities in brackets.***, **, and * indicate significance at 1%, 5% and 

10% levels, respectively.∆ defines the first difference. 

The results presented in table 6 show that the causality is only found with population growth 

(PG) unidirectionally granger causing manufacturing output (MO) and gross capital 

formation (GCF) respectively. However, the association of population growth with gross 

capital formation is comparatively weaker. Whereas, no causality has been found between 

population growth and economic growth which also stands accurate as per Singha and Jaman. 

(2013). Moreover, neither the causality is found between manufacturing output and economic 

growth nor with gross capital formation and economic growth. 

5. Conclusion: 

The article examines the manufacturing output and economic growth of the densely 

populated South Asian countryi.e. India. Adding further the control variables of gross capital 

formation and population growth we estimate the short and long run estimates. For analysis 

of short and long run effects, we have relied on ARDL bound testing cointegration approach. 

The results reveal that there is a significant long run positive relationship found between 

manufacturing output, gross capital formation, population growth and economic development 

in India. But while considering causation estimates, we can observe that there is no granger 

causality found with either of the regressors. Whereas, a unidirectional causality has been 

found of population growth granger causing manufacturing output and gross capital 

formation. These results concur with our expectations. As per Singha and Jaman 2013 there is 

no granger causality between population growth and economic growth. We can imply from 

the findings that though manufacturing, gross capital formation and population growth has 

developed a positive relationship with economic growth in India, but it doesn’t granger 

causes economic growth. The manufacturing sector of India still remains limited in its 

capacities to be causing economic growth within the country. In addition, Gross capital 

formation also needs dire attention in the countries like India where Foreign direct 

investments are increasingly taking place. As the strong capital growth within the country 

enhances the productivities, it is considered as one of the major determinants of economic 

growth for the developing countries. With a positive relationship, we can conclude that 

capital formation is positively associated with economic growth in India but has not 

successfully achieved the level of causal relationship with economic growth. It is highly 

required for the government to increase the level of capital formation causing the significant 

economic growth within the country. Similarly, the population-growth nexus also shows the 
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positive long run relationship but doesn’t cause economic growth. In a country where skilled 

and non-skilled workers are in abundance it is necessary for the government to take measures 

associating human resourcewith economic growth. However, population growth granger 

causes manufacturing output and gross capital formation but does not cause any economic 

growth within the country. It also casts the light for the government to encourage savings in 

the country to create the conducive environment for investments, which will ultimately lead 

to economic growth of the country. It is also necessary for the Asian emerging and 

developing economies like India to adopt sustainable growth policies while considering their 

strength of labor abundance to enhance their productivities attuned to growth. Moreover, the 

new policy of flagship “Made in India” by Prime Minister Narendra Modi is necessary for the 

development of manufacturing powerhouses within the country. 
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