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    Abstract: With an aim to achieve a status of 5 trillion economy, 
India has to fulfil the criteria of achieving minimum 9%+ growth 
rate consistently for next five years. But at present, the economic 
indicators of India reflect a dismal picture to achieve that goal. 
The economic growth rate of India has gone down to almost five 
percent in first quarter of financial year 2019-20. Since the 
opening up of the Indian economy in 1991, the role of private 
sector in reviving the country’s growth cannot be overstated. 

Expanding investment in infrastructure is often projected as a 
weapon which can play a counter cyclical role in the phase of 
such economic crisis.  In an attempt to analyse the impact 
different modes of investment in infrastructure on economic 
growth of India, this paper examines the trend of investments by 
private as well as both public and private (joint)  since 1990s. 
Further, a time series econometric analysis is carried out for a 
period of twenty-eight years (1990-2018) wherein the nexus 
between investments (primarily in transportation and energy 
sector) and economic growth of India (GDP per capita) is 
examined. To examine the dynamic relationship between the 
variables, their causality, exogeneity and comparability, the 
Vector auto regression (VAR) model, along with the Forecast 
Error Variance Decomposition (FEVD) and Vector Error 
Correction Model (VECM) is used. The results of VAR and 
VECM suggests that there is significant impact of investment in 
infrastructure upon economic growth of India. 
    Keywords: Infrastructure, Public Private Partnership, Vector 
Auto regression, Investment, Economic growth. 

INTRODUCTION 

Infrastructure could be said as the superstructure of a 
nation's overall development. It represents a broad spectrum 
of activities and services without which no activity can be 
undertaken in the economy Inadequate infrastructure 
financing in India has posed a great challenge in the last few 
years. It is often argued by the intellectuals that not only the 
infrastructure projects have been delayed but also the 
growth rate of gross fixed capital formation has been 
disappointing over the past few years. In the Budget speech 
back in 2015-16, the Union Finance Minister himself had 
emphasized the need for increasing public investment in 
infrastructure, to induce private investment for providing 
public goods. 
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A. Infrastructure and Economic Development: The linkage 

The relationship between infrastructure development and 
output growth can be traced from the following factors: 
Firstly, different means of infrastructure such as road, 
power, water, transport etc. are also used as inputs for  
further productive activities in an economy. Therefore 
inadequate infrastructure may lead to sub-optimal utilization 
of productive resources of an economy. For instance-  
 
improvement in road infrastructure not only enlarges market 
size of an economy but also it reduces cost of carrying over 
different economic activities. Similarly, the increase in 
economic growth also leads to further improvement in the 
existing stock of infrastructure of an economy. Secondly, a 
backward linkage between economic growth and 
infrastructures also exists. This is mainly because- growth 
makes demand on infrastructure- with the increase in 
income levels, the composition of infrastructure changes. 
Many studies have observed a causal relation between 
infrastructure development and economic growth. Even 
some studies indicated that around 6.5 percent of the total 
value added is contributed by the infrastructural services. 
Thus given the above type of linkage as established 
theoretically and empirically by the existing studies, 
infrastructural financing and development is important not 
only for economic growth but also for poverty and 
inequality reduction. 

 
Source: Collected from Global Competitiveness Reports, 
various issues, World Economic Forum (WEF). 
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B. Objectives 

1. To study the overall status of infrastructure and to 
analyse the trend of various modes of investment in 
Infrastructure in India. 

2. To examine the dynamic relationship, causality and 
exogeneity between Investment in transport and energy 
sector (under both private and PPP mode) and GDP growth 
of India. 

C. Data Sources and Methodology 

The data used in this study is secondary in nature ranging 
for a time period of 28 years i.e. from 1960 to 2018. The 
sources of collecting data are Department of Economic 
Affairs, Government of India, Public Private Partnership 
Database, Government of India, Ministry of Statistics and 
Programme Implementation (MOSPI), World Bank 
Database, RBI Statistical Handbooks, and various 
government WEF reports.For examining the research 
objectives, the study employs both descriptive statistics and 
econometric estimation techniques. To deal with the first 
objective we have used statistical tools like graphs, tables, 
charts, scatter plots and regression lines etc. For the second 
objective, the variables used are investments in 
transportation sector and energy sector by private sector 
alone and also both public and private sector. To represent 
economic growth, GDP per capita all in current US$ is used. 
We used the Vector auto regression (VAR) model, Forecast 
Error Variance Decomposition (FEVD) and Vector Error 
Correction Model (VECM) to examine the dynamic 
relationship between the variables, their causality and 
exogeneity.  

II. INDIA’S INFRASTRUCTURE SECTOR: AN 

OVERVIEW 

The World Economic Forum‘s “The Global 

Competitiveness Report” provides qualitative measure of 

infrastructure quality which is based on the Executive 
Opinion Survey. The survey is a tool for capturing vital 
information at a global level and is qualitative portrait of 
each country‘s economic and business environment. The 

survey includes the key infrastructure sectors of India viz. 
Electricity Supply, Road Quality, Railroad Quality, and Air 
transport Quality.Based on this qualitative survey, India‘s 

rating in overall infrastructure quality for a period of 
fourteen years i.e. from 2006-07 to 2014-15 is presented in 
Table 1. India‘s score on infrastructure quality ranged 

between 3.3 and 3.9 out of 7, and its ranking ranged from 70 
to 90 out of 144 countries covered in the survey 
In 2014-15, India‘s score was 3.7 and it ranked 90 out of 

144 in overall infrastructure quality. India‘s ranking has 

been comparatively declining among the other countries of 
the world. Even in India Competitiveness Report, 2009, it 
was stated that the inadequate supply of infrastructure is a 
major factor that inhibits the investors in expanding their 
business in India.Based on WEF surveys, the quality of 
roads infrastructure in India presents a disappointing picture. 
India ranks around 80th in quality of road infrastructure 
which is far behind some of its neighbouring countries - 
China (49th), Sri Lanka (32nd), Bhutan (56th), and Pakistan 
(75th). Importance of roads for development is immense but 
roads in India are in poor condition and half of the roads in 
India are unpaved. 

 

Source Collected from Global Competitiveness Reports, 
various issues, World Economic Forum (WEF). Score is 
based on Executive Opinion survey question where 1 = 
extremely underdeveloped infrastructure; 7 = extensive and 
efficient. Rank figures are based on World Ranking for 
India. 
Railways- the other major mode of transport in India is one 
of the largest in the world. In terms of quality of railroad 
network India managed to rank around 20th over the past 
few years. However, it has started to lose its score and rank 
from 2009 onwards indicating towards the fact that Indian 
railways, being the primary mode for carrying passengers 
and freight is under severe capacity constraints and this is 
having a serious impact on its quality. 
India‘s air transport is scored 4.3 and ranked 71st in 2014-
15. With an end to the state monopoly in commercial 
aviation sector in 1994, there was a proliferation of private 
airlines and it increased competition in the system. This has 
led to an increase in air traffic – both cargo and passengers.  
Based on data from 2005, the average Energy Development 
Index (EDI) for India was 0.295. Even within the Indian 
states there was wide disparity. As depicted in chart 1 and 2, 
both quality and ranking of Electricity Supply in India is far 
from satisfactory. Although there is a slow improvement in 
quality of electricity yet India is continuing to lag behind in 
the world ranking. 
The quality of main infrastructure sectors like Roads and 
Electricity were found to be quite bad when compared 
internationally or ranked by firms within India or when the 
quantitative indicators on quality were looked at. However, 
there were some sub sectors in India which were doing well 
in terms of quality such as civil aviation. 

A. India’s infrastructure deficit: The investment gap 

The infrastructure deficit that the India is facing in the form 
of congested roads and railways or inadequate hospital 
facilities are the main factors that are consistently 
constraining rapid and competitive economic growth. All of 
these factors collectively responsible for low productivity, 
poor competitiveness, high costs, slow pace of urbanization 
etc. Even with the half of the budgetary support provided by 
the government and enough scope of private funding, there 
still exists a funding gap of 9% of total requirement. 

Sector-wise Projected Investment in Infrastructure in 
India 

{(At Current Prices) (2012-2013 to 2016-2017)} 

(Rs in Crore) 
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Project 

Total 
Eleve
nth 

Plan 

Twelfth Plan Projections Total 
Twelf

th 
Plan 

201
2-13 

201
3-14 

2014
-15 

2015
-16 

2016
-17 

Roads and 
Bridges 

4531
21 

150
466 

164
490 

1804
15 

1981
66 

2210
00 

91453
6 

Railways 
2012

37 
647
13 

785
70 

9688
4 

1216
99 

1573
55 

51922
1 

MRTS (Mass 
Rapid 

Transport 
System) 

4166
9 

135
55 

171
48 

2229
8 

2983
6 

4132
2 

12415
8 

Airports 
3631

1 
769

1 
107
16 

1523
3 

2195
9 

3211
6 

87714 

Ports 
(Including 

ILW) 

4453
6 

186
61 

255
37 

3526
0 

4906
6 

6925
6 

19778
1 

Electricity 
7284

94 
228
405 

259
273 

2942
74 

3334
70 

3862
44 

15016
66 

Non-
Conventional 

Energy 

8922
0 

311
99 

425
90 

5812
5 

7907
5 

1076
37 

31862
6 

Oil and Gas 
Pipelines 

6253
4 

122
11 

166
04 

2383
3 

3644
0 

5984
5 

14893
3 

Telecommuni
cations 

3849
62 

105
949 

136
090 

1764
89 

2305
57 

2948
14 

94389
9 

Irrigation 
(Including 
Watershed) 

2434
97 

771
13 

873
86 

9917
8 

1125
06 

1281
86 

50437
1.0 

Water Supply 
and 

Sanitation 

1207
74 

365
69 

426
05 

4972
8 

5808
4 

6833
3 

25531
9.0 

Storage 
1792

1 
448

0 
644

4 
9599 

1471
6 

2320
2 

58441.
0 

Total 
2424
277 

751
012 

887
454 

1061
316 

1285
573 

1589
308 

55746
63.0 

Source: Ministry of Statistics and Programme Implementation 
Govt. of India. (ON611) 

India's estimated investment requirements in Infrastructure 
are seen at over 700 billion Dollars by 2022 as per the 
Economic Survey. This requirement is one reason that the 
government is looking for potential overseas investors 
interested in investing in infrastructure. Doing business ties 
with flexible and easy norms coupled with speedy 
implementation can fill this gap. Given the enormity of 
investment required and the limited availability of public 
resources for investment in physical infrastructure in India, 
the projected infrastructure requirements have made it 
imperative for the government to explore avenues for 
increasing investment in infrastructure through a 
combination of public and public-private partnership mode 
of delivery. 

III. THE TRANSPORTATION AND ENERGY 

SECTOR: A BRIEF PROFILE 

TABLE- 1  Classification of Infrastructure sub-sectors as 
per SCINS 

 
 SECTOR 

 
 SUB SECTOR 

 
 COVERAGE 

 
 
Transport 

Road transport Roads and bridges, 
Tunnels, Moto 
vehicles r  

Rail transport Railways, Signalling, 
communications 
 systems, Rail yards, 
Stations, Rolling stock 

Inland water 
transport 

Inland waterways, 
Inland water vessels 

Sea & coastal 
transport 

Seaports, Ships and 
other vessels 

Air transport Airports, Air crafts 
 
Energy/ 
Power 

Electricity(Thermal, 
Hydro, Nuclear) 

Generation plants, 
wind mills, 
transmission and 
distribution lines, 
electric substations, 
Coal Reserves, Coal 
fields/mines, Coal 
washeries 

Petroleum & Natural 
gas 

Oil and gas pipeline 
networks Distribution 
terminals, Gas 
fields/wells, 
Refineries 

A. Transport Sector 

Transportation sector is the soul of infrastructural projects in 
India since highest number of investments and projects have 
been undertaken in this sector. Additionally, efforts are 
needed to mainstream Public Private Partnerships in several 
areas such as power transmission and distribution, water 
supply and sewerage and railways where there is substantial 
resource deficit and also a need for efficient delivery of 
services. To fulfil the increasing demands, huge investments 
is needed mainly in transportation sector (roads, railways, 
ports and civil aviation) as well as energy sectors for 
increase of capacities and transformation. The financing 
from the public sector plays a vital role in building transport 
infrastructure. However, the requirements of resources are 
much larger than the public sector can provide, therefore, 
the public-private partnership (PPP) mode plays a important 
role infrastructure financing in India. 
B. Energy Sector 
 
Energy as a means of infrastructure plays a very important 
role for viable economic growth of an economy. The 
development of the energy sector also leads to extraction of 
natural resources and therefore responsibilities for 
environment management and social aspects also needs to 
be addressed simultaneously. India is set to remain one of 
the top five energy consuming country as it continues with 
its economic growth programs, and strive to improve its 
standard of living. 
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According to IEA, India is on the fourth rank in terms of 
energy consumption as it consumes over 4 per cent of the 
world’s total annual energy. 
From the figure 3, it is seen that investment in both the 
sectors has increased only after 2000s. Again, since 2012 it 
is seen declining gradually. However, as per the Economic 
Survey, 2018-19, the creation of physical infrastructure 
accelerated significantly during 2014-19.  

IV. EMPIRICAL ANALYSIS 

A. Relationship between GDP and investment in 
infrastructure development (PPP mode): 

To test the relationship between infrastructure and economic 
growth in India, the Vector Auto Regression (VAR) model 
is used in this study. To interpret the results of VAR, the 
forecast error variance decomposition (FEVD) is also used. 
To represent economic growth, the variable of GDP per 
capita (measured in current US$ values) and as proxies for 
financing in infrastructure sector the variables like total 
investment in the energy sector and total investment in 
transportation sector with private participation (in current 
values US$) for the time period of 28 years i.e. from 1990 to 
2018 are incorporated. In the analysis, the VAR model for 
three variables is constructed as follows: 

 

        

 

   

         

 

   

         

 

   

       

                   

         

 

   

         

 

   

         

 

   

       

                     

        

 

   

         

 

   

         

 

   

       

                     

 
Source: based on data collected from World Bank Database 

Where   ,     and     represent the intercept terms.  ,  
and  represents the estimated coefficients; and   represents 
the optimal lag order, which is determined by the Akaike 
information criterion (AIC). 

First the Augmented Dickey-Fuller (ADF) unit root 
test is used to check the stationary of the three variables. 

After the first differencing, the all the three variables 
became stationary.  

The following are the results and interpretations of the VAR 
Model: 

1. By going through the t-statistic, it is apparent from the 
results of VAR model that, per capita GDP has a very strong 
impact on its own value. Similarly, investment in the energy 
sector has a very strong impact on its own value. Moreover, 
it is seen that per capita GDP has an impact on the 
investment in transportation sector. 

2. In the short run, it is seen from the FEVD that both the 
variables: GDP per capita and investment in energy sector 
has an impact on economic growth; that is on the variable of 
GDP per capita. Although the impact of investment in 
transportation on economic growth was very negligible; but 
its impact has increased in the long run. 

B. Relationship between GDP and investment in 
infrastructure development (Private mode): 

To analyze the nature of relationship between GDP and 
private investment in infrastructure development in India, 
we have incorporated three variables in this analysis, they 
are: 1) GDP Per capita (Constant $ 2011), 2) Private 
investment in Energy (US $) and 3) Private Investment in 
Transportation (US $); whereas the period of the study is 
1991-2018. First of all the three series become stationary 
after the first differencing and then accordingly proper lag 
have been chosen as suggested by the Aikaike Information 
Criteria (AIC) (In this case it is three). Then the Johansen 
co-integration test suggested that these three series were co-
integrated. Accordingly Vector Error Correction (VEC) 
Model has been applied to determine the long run and short 
run relationship between Economic growth and Private 
Investment in Infrastructure.VECM is a restricted VAR that 
is used with co-integrated Series. The VECM has co-
integration relations built into the specification so that it 
restricts the long run behaviour of the endogenous variables 
to converge to their co-integrating relationships while 
allowing for short run adjustments. The co-integration term 
is also known as the Error Correction Term (ECT) since the 
deviation from the long run equilibrium is gradually 
corrected through a series of short run adjustments. 

The Error Correction Model for co-integrated Series is: 

        

 

   

         

 

   

                 

Where Z is ECT and is OLS residual from the following 
long run co integrating regression: 

              

And 

                    

Here it is worth mentioning that the co efficient of ECT is 
also known as the speed of adjustment, because it measures 
the speed at which Y returns to equilibrium after a change in 
X.  
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The estimation of VECM showed that there is long run 
causality running from private investment in infrastructure 
to Economic growth. In other words, Private investment in 
energy and transportation has significant impact on GDP Per 
capita in the long run while the impact in the short run was 
largely absent as indicated by Wald Test. 

VI. CONCLUSION: 

To conclude, from the analysis, it has been found that In 
India there has been a sharp decline in the private 
investments over past decades, which cannot be considered 
as a good sign for development of infrastructures in the 
country. Therefore now the time has come to revitalize the 
public-private partnership to boost the infrastructure 
investment. To attain this goal, the first and foremost task 
will be to undertake the responsibility of restructuring the 
existing PPP contracts. Moreover, necessary steps should be 
undertaken to provide incentives to private investors so that 
the gap that exists between the demand and supply could be 
narrowed down. Finally, National PPP program should be 
made more comprehensive such that it could clearly spell 
out the objectives, scopes and implementing principles of 
the PPP Programme envisaged by the 
government.Moreover, the results of VAR and VECM for 
combined public-private investment and private investment 
respectively suggested that infrastructure do contribute 
towards economic growth although through different modes 
of infrastructure building. 

APPENDICES: 
I. Appendix for VAR: 
Unit root test result for the variables at first 
differencing: 
1. INVESTMENT IN TRANSPORT: 
Null Hypothesis: D (LNTR) has a unit root 
 t-statistic P value 

ADF Test Statistic -5.393354 0.0003 
1% level -3.788030  
5% level -3.012363  

10% level -2.646119  
2. INVESTMENT IN ENERGY: 
Null Hypothesis: D (LNEN) has a unit root 
 t-statistic P value 

ADF Test Statistic -9.925974 0.0000 
1% level -3.711457  
5% level -2.981038  

10% level -2.629906  
3. GDP PER CAPITA: 
Null Hypothesis: D (LNG) has a unit root 
 t-statistic P value 

ADF Test Statistic -4.201284 0.0030 
1% level -3.699871  
5% level -2.976263  

10% level -2.627420  

Result of Johansen co-integration test: 
Result of VAR: 

 

 

II. Appendix for VECM: 

1. Result of Unit Root: 
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2. Johansen Co-Integration Test: 

 

 

 

 

 

 

 

3. Result of VECM: 
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4. OLS Estimation: 
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