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Abstract

Industria development has been upheld as a catalyst for quick recovery of lost fortune
in a relegated economy. Spurring industrial development is a function of wide range
of actions and activities that must be coordinated within the socio-political and
economic enclaves towards the achievement of effective industrialization of the
system. Part of the activities required spurring industrialization and economic
recovery include conscious investment in infrastructural development. This study
examines the impact of infrastructural investment on industrial growth in Nigeria,
using the annual time series data sourced from the Central Bank of Nigeria’s (CBN)
statistical  bulletin between 1960 and 2015. The study adopts Autoregressive
Distributed Lag (ARDL) bound testing approach developed by Pesaran, Shin and
Smith (2001) in estimating the relevant relationships. The result of the long run
estimates indicates that the variables are mutually co-integarted, suggesting that along
run relationship exists. The result of the short run dynamics shows that changes in the
previous one lag period of infrastructural growth, industrial growth, labor growth, will
trigger a 1% increase in the current industrial output growth. The lag of the error
Correction Term which indicates the speed of adjustment of these variables to
equilibrium was found to be statistically significant at 1% with the coefficient value (-
0.3902). This implies that 39% of the distortion in the short run is correct on yearly
basis. We therefore submit that infrastructural investment in the industrial sector is a
necessary but not sufficient condition for economic recovery if structura
transformation does not consider the interlink among other important sectors of the
economy that would facilitate growth recovery and speed up the rate of
industrialization in Nigeria.
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Infrastructural Investment and Industrial growth

1. Introduction

Considerable amount of controversy exists on the extent to which
infrastructural investment can possibly influence or predict the future of
industrial development in developing countries. In this vein, the point has been
argued in majority literature that dearth of physical infrastructure has been one
of the major constraints confronting long-term industrial development in
Nigeria. It is no longer news that the country has over the past two decades
suffered from supply shortages in the areas of energy, transport and
telecommunication networks, water resources and Port infrastructure among
others. Consequently, poor performance and inefficiency in the operation of
the nation’s infrastructure, characterized by frequent disruptions in power and
water supply, and also the inefficient telecommunication and transportation
systems have been described as mgjor constraints on industrial performance
and productivity growth in the economy. Anyanwu (2000) acknowledged that
the huge cost of doing business in Nigeria has been traced to the lack of
infrastructural facilities and loss of competitive product, due to increase in
overhead cost resulting in inefficient utilization of existing resources. This
argument is thus consistent with the World Bank (1994) finding, which pointed
out that a 1 per cent increase in the stock of infrastructure could be associated
with a1l per cent expansion in the Gross Domestic Product (GDP).

In Nigeria, an account of the trend in industrial growth clearly shows that the
contribution of the manufacturing sector was only 3.8% in 1960. This rose to
5.38% in 1966 and to 6.35% in 1969. On the average, the sub sector was
responsible for about 5% of the country’s GDP during the 1960s. During the
early part of the 1970s, there was decline in the share of manufacturing as its
share dropped from 6.35% in 1969 to 3.6% in 1970 and to 3.33% in 1974.
However, the contributions of the subsector in the latter part of the decade
improved as the share of the subsector in the industrial growth equation stood
at 8.79% in 1979. The average contribution of the subsector which stood at
4.8% in the 1970s was dlightly lower than its corresponding average in the
previous decade (Shobande, 2017). In the 1980s, the rising trend in the latter
part of the 1970s was sustained especialy in the early 1980s. It is noteworthy
that the manufacturing subsector attained its historic peak contribution of 9.9%
during this decade, precisely in 1983. After 1983, its contributions fluctuated
between 5.29% and 8.74%. The average annua contribution of the
manufacturing subsector in the 1980s (8.19%) doubled its corresponding figure
in the 1970s. The 1990s was characterized by a fall in the contributions of the
subsector. Specifically, the contribution ranged between 5.54% in 1990 and
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4.89% in 1999. Overal, the average share for the decade was 5% in the 1990s.
In 2000-04, the share of manufacturing was at its lowest ebb of 4.12%
(Shobande, 2017).

The paper sets out to investigate the impact of infrastructural investment on
industrial development; specifically, it queries whether infrastructural
investment and industrial development matter for long term growth in Nigeria?
As it were, the gap this paper is interested in filling is divided into three parts:
first provide an overview on the debate and controversy on industrial policy,
identify area of consensus, as well as the trade-off in policy; the second area
raised important questions on the current state of industrial sub-sectors and
their challenges as well as structural problems both within the private sector
and government institutions. The third is a cognitive insight on the econometric
analysis of related literature, whose empirical evidence and policy guide for
future growth has been vehemently debated (Aiginger, 2007).

While, a review of existing literature shows that majority of the studies that
had been conducted in the past focused mainly on cross countries analysis, on
how infrastructural financing affects economic growth. This does not reflect
the current state of infrastructural financing in Nigeria. This study charts a
different path as it beams searchlight on the state of infrastructural financing in
Nigeria and its implication on industrial development. As a consequence, this
study adds new empirical evidence to the existing knowledge by using the
advanced econometric techniques of bound testing approach to ARDL to
estimate the datasets and prescribe appropriate policy strategies that will
further enhance industrial growth in Nigeria.

The next section of our paper critically reviews the literature, followed by the
methodology, while subsequent sections contain empirical results and
discussion. The final section concludes and makes relevant policy prescriptions
and developmental strategies.

2. Literature Review

Infrastructure is often regarded as the capacity to promote industrial growth in
recent times. This is not farfetched, since it is widely accepted that
development cannot occur with growth alone, without structural transformation
(IFC, 2012). In the same vein, industrial progress is meaningless without
structural change through appropriate infrastructural financing. In terms of
definition, infrastructure could be defined as investment in key sectors of the
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economy through access to power, water network, gas, transportation and
appropriate telecommunication system, as well as real estate, which has the
capacity to improve the quality of life, provide reasonable employment, and
reasonably affect the educational system, coupled with bridging the gap
between the rural-urban differentials (World bank, 2010). According to IFC
(2011), infrastructural financing acts as a catalyst for industrial development
through growth related jobs, which can be direct or indirect. In terms of direct
growth related jobs, construction of bridges, roads, power network, and related
activities provide empowerment for poverty reduction and enhanced
productivity for family income and industrial growth. In terms of indirect
growth related jobs, the same infrastructure that have been constructed have
the potential of creating additional employment for operation and maintenance
purposes. Clearly, the private sector through Public Private Partnerships (PPPs)
can help to provide technological transformation that will increase the potential
of their businesses as well as enhancing industrial growth (IFC, 2011). This
approach has once been criticized with reservation, first, higher private
investment on infrastructure is associated with better industrial growth, but
experience has shown that cost consideration and negotiation by the private
sector is critical to future government revenue since a huge amount of money is
involved in most of these infrastructural projects (IFC, 2012).

The manufacturing sector has its peculiarities, which has influenced its
classification under the industrial sector of the economy. At the basic level, the
sector deals with the production of consumer goods, intermediate or producer
goods from raw materials. The sector helps in the diversification of the
economy, as well as creation of employment and job opportunities. This is
however dependent on the effective utilization of other components of the
industrial sector as argued by Kaldor (1967). Research and studies have shown
that manufacturers in Nigeria are aways burdened with high expenses on
energy resources because the Nigerian economy is subject to oil price
fluctuation, aswell as oil production regulation (Onayemi, 2007).

In terms of industrial policies, attempts have been made by successive
governments to speed up the rate of industrial growth through the engagement
of the private sector to spur investments and contributions in this direction.
This has resulted in the adoption of the PPP model across different sub-sectors
with the capacity to propel rea industrial growth. To this end, privatization
policy which seeks to reverse the massive grip of government on economic
activities has been introduced and implemented. This policy has been wide
spread since the 1980s and has reached advanced level in recent years. So far,
over 100 State-Owned Enterprises (SOEs) have been privatized or
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concessioned with privatization proceeds exceeding US$3billion (Okonjo-
Iweala, 2007). Most of the privatized firms have been taken over by foreign
firms. A couple of productive sector privatization also yielded some positive
economic stories about employment increase and income growth especially in
the cement and sugar sub-sectors. One area where multinationals have
participated in is the power sector, especially at the generation level, where
government has evolved the PPP. Foreign firms have mostly bought into this
policy and progress seems to have been made so far (Adegboye and Eregha,
2016).

Considering local content requirement, there is the introduction/debate around
the local content initiative which was an aspect of the national industria policy
to alow Nigeria develop vertically integrated production structures by building
up domestic manufacturers supply capacity. However, there has been
considerable doubt about the effectiveness of this initiative since local input
has not been found to be more cost-effective. A tax credit of 20% is granted for
five years to industries that attain the minimum level of local raw materia
sourcing and utilization. The minimum levels of local raw materials sourcing
and utilization by sectors are Agro-allied-70%; Engineering-60%; Chemicals-
60% and Petrochemicals-70% (Tumala et a, 2011). This seems to be one area
where the industrial policy has effectively utilized the economic advantage in
the country to direct multinational corporations’ activities in the country
(Adegboye and Eregha, 2016).

In literature, economic theories have identified the transmission mechanisms
through which infrastructural investment can positively impact on industrial
progress of many developing countries. Development economists posit that at
the early stages of economic growth and development, government investment
as a proportion of total investment of the economy is high (Musgrave, 1969).
Government provides infrastructure, which include: transportation system-road
and railway; sanitation system; law and order; health; and education (human
capital development), etc. the whole essence of government expenditure during
this period is to stimulate the economy for eventua take-off into the middle of
economic development. In addition, Wagner’s law explains economic growth
relative to the size of government. It states that as the per capitaincomesin an
economy grow, the relative size of the public sector grows. The law argues that
as real incomes in the economy increase, government spending in the
infrastructure, recreation and culture, roads, welfare, education and health
increases (Obiechina, 2010).
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Furthermore, development economics portend that when government revenue
is properly invested in infrastructure, it leads to economic growth. It has also
shown that public sector borrowing to finance improvements in infrastructure
has positive impact on private sector investments in the economy through
increased productivity of labour and greater efficiency of investment, hence,
higher levels of aggregate output (Obiechina, 2010). According to Rubinson
(2977), larger government revenue in Gross National Product (GNP) enhances
economic growth mostly in poorer developing countries. Some studies such as
Hemming (1991), llori (2002), Akpan (1999), Blger and Khan (1984),
Alogoskoufis and Kalyvitis (1996) revealed that growth in infrastructure
capacity is directly correlated with real positive economic growth. Hemming
(1991) observed that growth is influenced by the composition of expenditure,
since certain types of spending may have more of a growth orientation. Critical
among these types of spending are provision of socio-economic infrastructure,
operations and maintenance, general administrative and legal framework. Ilori
(2002) indicated that a per cent increase in the stock of infrastructure is
associated with a positive percentage increase in GDP. Akpan (1999) revealed
that public expenditure on transport, communication and agriculture crowd-in
private investment, while public spending on manufacturing and construction
crowd-out private investment. He pointed that expenditures on education and
health have a positive influence on private sector investment. Blger and Khan
(1984) explained that public investment, which has some bearing on
infrastructure and provision of public goods, can be complementary to private
sector investment. The study observed for a group of developing countries that
longer-term infrastructural expenditures, rather than short-term public
investment, positively induce private investment. Alogoskoufis and Kalyvitis
(1996) examined the effects of infrastructure on output and highlight the
production-enhancing role of public investment. Their analysis revealed that
public infrastructure changes operate through firms’ production function and
are then reflected in output changes.

Empirically, severa studies like Ukaegbu (1998), Anyanwu (2000), Adenikiju
and Chete (2002), Dipak and Ata (2003), Manufacturers Association of Nigeria
(2006), Adegbemi, Onakoya and Fasanya (2012) investigated the performance
of the manufacturing sector in the Nigerian economy, and revealed that its
effect has been negative or insignificant. Adekinju and Chete (2002) in their
study of the performance of the Nigerian manufacturing sector revealed that
between 1970 and 1980 the sector’s performance was satisfactory, but there
was a decline in the 1980s as a result of the collapse of oil price in the
industrial market. Ukaegbu (1998) and Anyanwu (2000) in their various
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studies reveaed that between 1980 and 1989, the manufacturing sector was
negatively trending downwards. This is consistent with the study of Dipak and
Ata (2003) which opined that the resultant trade restriction due to the oil price
crisis, was the reason for the negative trend and decline in the growth rate of
the manufacturing sector, as well as output reduction by 25% between 1982-
1986, thus a reduction in the contribution of the manufacturing sector to its
share of total GDP. In the celebrated works of Adegebmi, Onakoya and
Fasanya (2012) on the impact of trade openness and the manufacturing sector
in Nigeria, they noted that there was a significant payoff from the theory of
liberalization, but that inflation rate and exchange rate had a negative influence
on the manufacturing sector’s performance, due to trade liberalization.

Alli (2008) surveyed the results of a study conducted in 2007 by MAN. His
documentation revealed that over the years, the manufacturing sector
performed poorly and only 10% of companies are operating at a sustainable
level, while 60% are likely to shut down or have already shut down due to
financial crisis or other forms of crisis. The study by CBN (2008) is consistent
with the earlier study of Enebong (2003) who envisaged that the contribution
of the manufacturing sector to the share of total GDP will continue to decline
because there is the ever increasing problem of inability to access raw
materials due to competition by foreign firms. He attributed this to the many
policies implemented by the government in the late 1990s, which still poses a
huge barrier against the growth of the sector. According to CBN (2008), the
contribution of the manufacturing sector to the Nigerian economy is
insignificant, compared to the oil and agricultural sub-sectors. Against this
backdrop, the CBN formulated strategies with the singular motive of
stimulating industrial production, improving efficiency in industrial
production, as well as the enhancement of capacity utilization. However, the
effect of these strategies is yet to be felt.

In terms of the energy sector, electricity production and distribution plays a
huge role in the development of the Nigerian economy. Electricity is an
important factor in economic growth, and this is no fallacy because various
sectors of the economy require e ectricity to function, thus energy consumption
is seen as a stimulus to economic growth. Severa studies have investigated the
role which investment in energy infrastructure plays in the fostering of
economic growth. An example of such studies includes the celebrated works of
Omisakin (2008) who examined the relationship between electricity
consumption and economic growth in Nigeria, from 1970 to 2005, using the
bounds testing co-integration approach. The study reveaed that electricity
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consumption impacts on the GDP. Also, Gbadebo and Okonkwo (2009) using
the co-integration approach in their study of the impact of energy infrastructure
on economic growth in Nigeria between 1970 and 2005, documented that there
exists a positive relationship between current period energy consumption and
economic growth. The result of the study is consistent with Douglason G
Omotor (2008) who opined that electricity consumption granger causes GDP,
using the johansen co-integration technique and granger causality approach.
Yusuf Umar and Y ahyaZakari (2011) studied the relationship between energy
infrastructure and economic growth in Nigeria, using the Auto Regressive
distributed lag (ARDL) bounds testing procedure as well as time series data
from 1980 to 2010. The study revealed that petroleum consumption, coal
consumption and electricity consumption al have long run relationship with
economic growth. In the work of Orhewere and Machame (2011) using the
Vector error correction model and based granger causality test with data from
1970 to 2005, discovered that electricity consumption effects GDP, both in the
short run and long run. The result of the study by Orhewere and Machame
(2011) is consistent with that of Umar and Zakari (2009), which documented
using the ARDL bound testing procedure and data from 1980 to 2008, that
electricity consumption causes GDP. In Taiwan, Chiou-Wei et a (2008)
investigated the relationship between energy consumption and economic
growth using time series data from 1971 to 2011. Their study revealed that
causality does not run from electricity consumption to economic growth.
Rising from the above review is the need to further increase investment in
infrastructure in the energy sector, as its relationship with economic growth has
been clearly defined.

In terms of water infrastructure, United Nations (2010) millennium
development goals reported that 14% of the rural urban population in sub-
Saharan Africa lacks access to clean drinkable water. They further
acknowledged that improved sanitation for the same environment shows that
24% of infrastructural facilities are available. This notion is consistent with the
World Health Organization (2002) submission which earlier estimated water
related diseases and accounts for 4-8% in developing countries. Clearly, one
way of mending the infrastructural gap is putting in place public spending in
this identified area. While many issues surrounding water related infrastructure
are widely acknowledged, uncountable reforms to salvage the situation in form
of intervention still proved ineffective, since infrastructural deficit still remains
a big issue particularly in developing countries (Cutler and Miller, 2005;
Mosert, 2006). In terms of empirical studies, efforts have been made to find the
link between infrastructural deficit and the quest for industrial development.
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For instance Gasana et a (2002), Van Koppen (2003), Mwendera (2006),
Batterman et a (2009), Manase et a (2009), United Nations (2010) and
Bolaane and Ikgopoleng (2011), , , , acknowledged that an improved water and
sanitation infrastructure through appropriate financing have severe implication
on the reduction in spread of diseases as well as enhanced industrial
development. Batterman et a (2009) also argued that inadequate water
infrastructure is a major challenge facing majority of developing countries and
providing this key infrastructure will not only reduce the rate of diseasesin the
sub-Saharan Africa, but also foster development. Bolaane and Ikgopoleng
(2011) in their study of the relationship between water infrastructure and
economic accessibility in Botswanna, documented that there is need for
adequate water facilities to protect human health, enhance environment and
improve cultural values. In Rwanda, Gasana et a (2002) shows that the major
cause of malaria, measles, malnutrition and acute diarrhea is lack of access to
clean water infrastructure. This assertion is consistent with Mwendera (2006)
who examined the effect of infrastructure on water related diseases in rurd
Swaziland. Mwendera (2006) aso noted that there is the need for the
government of Swaziland to recognize the need to build more infrastructure
through appropriate financing, as well as maintenance of the existing supply
and sanitation system. Manase et a (2009) studied how communities with high
Human Immunodeficiency Virus (HIV) rates benefited from water and
sanitation infrastructure in rural South Africa, and concluded that appropriate
financing of water infrastructure has technically reduced the rate of spread of
HIV diseases in the country. This is consistent with the United Nations’
campaign for water infrastructural devel opment, which had the expectation that
the proportion of people without access to clean drinking water should reduce
by 2015 (United Nations, 2010). Unfortunately, the situation became worse, as
more governments of countries have failed to invest in water infrastructure.

In terms of the empirical analysis based on telecommunication infrastructure,
mixed reviews have been found. Some studies documented a positive relation
relationship between telecommunication infrastructure and growth, while
others revealed that the relationship was negative, as well as inconclusive. The
following are a few of such studies. Hardy (1980), Ashauer (1989), Norton
(1992), Roller and Waverman (2001), Yilmaz et a (2001), Pohjola (2001),
Datta A and Agarwa (2004), Ding and Haymes (2004), World Bank report
(2006), Tella et a (2007) and Osotimehin et a (2010). Hardy (1980) in his
study of the impact of telecommunication on economic growth, using data
from both developed and developing countries, revealed that telephones per
capita had a significant effect on GDP. This is consistent with Ashauer (1989)
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who aso found a positive and significant relationship between economic
infrastructure and economic growth. Though his estimation technique and
methodology was criticized on the grounds that they were inappropriate, he
was of the opinion that public expenditure is very productive, and that
investment in physical infrastructure will significantly impact on economic
growth. Norton (1992) in his study of 47 countries, with panel data analysis
from 1957 to 1977, revealed that there is a positive and significant relationship
between telecommunication and economic growth. Roller and Waverman
(2001) in their study of OECD countries had the same documentation as
Norton (1992), that there is a positive and significant relationship between
telecommunication infrastructure and economic growth. In the United States of
America, Yilmaz et a (2001) examined the impact of telecommunication
infrastructure on economic growth in the aggregate and sectorial levels of the
economy. Their study revealed that telecommunication infrastructure is a
stimulant for growth at the regional level, as it improves the overall productive
capacity of the sectors. Pohjola (2001) investigated the relationship between
telecommunication infrastructure and economic growth in 39 countries, using
panel data from 1990 to 1995. His study revealed that there is an 80% gross
return on investment in IT for OECD countries, however the return for
developing countries was not significant. Also based on a study of OECD
countries, Datta A and Agarwa (2004) using the dynamic panel data
methodology revealed that telecommunication infrastructure is positively and
significantly related to economic growth. In China, Ding and Haynes (2004) in
their study of 29 regions revealed that there is a positive correlation and a
statistically significant relationship between telecommunication and economic
growth (proxied by real GDP per capita). According to World Bank (2006),
improvements in a nation’s information communication technologies
infrastructure, would evidently lead to economic development, and would
further lead to a diversified development across all other sectors of the
economy if channeled properly. In the celebrated works of Tella et a (2007)
which investigated the effect of telecommunications infrastructure on
economic growth, they revealed that landline and cell phone penetration
significantly affected on economic growth. This is consistent with Osotimehin
et a (2010) aso in Nigeria, which reveded that telecommunications
infrastructure has a significant impact on economic growth, using the Ordinary
Least Square estimation technique for the period 1992 to 2007.

In terms of road transport infrastructure, studies like Aschauer (1989c), Fernad
(1999), Demetriades and Mamuneas (2000), Calderon and Serven (2004),
Briceno et a (2004) and Olorunfemi (2008) all found a positive relationship
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between transport infrastructure and economic growth. Aschauer (1989c)
investigated the economic contribution of public investment to economic
growth in the G7 countries, with the use of panel data from 1966 to 1985. He
documented an output elasticity of 0.34 to 0.73, using the Cobb-Douglas
function, which reveals the importance of public investment in productivity
and growth. In USA, Fernald (1999) investigated the relationship between the
construction of inter-state highways in 1950s and 1960s, and growth in the
1970s. He revealed that investment in transport is productive, and that the
productivity effect of transport to growth is not permanent, rather it is once and
for all. Using panel data analysis of 12 OECD countries, Demetriades and
Mamuneas (2000) investigated the effect of transport investment on production
and demand, and they revealed that transport investment positively affects
production and demand in the long run. Calderon and Serven (2004) in their
study of developing countries and high income countries reported that 16 out
of 17 developing countries experienced a positive impact of transport
investment on economic growth, and 21 out of 29 high income countries also
experienced a positive impact of transport investment on economic growth.
The result of this study is highly consistent with Briceno et a (2004), which
carried out asimilar review of about 102 papers and arrived at a similar result.

In Nigeria, Olorunfemi (2008) investigated the relationship between
infrastructural services and manufacturing output, using the Vector Auto
regressive model (VAR) and granger causality test, as well as time series data
between 1981 and 2005. The study reveaded that transport and electricity
services did not granger-cause growth in the manufacturing sector, but there
was a positive relationship between governmental capital expenditure and
economic growth.

Studies like that of Tatom (1993), Holtz-Eakin (1994), Evans and Karras
(1994), and Nurudeen and Usman (2010) documented a negetive relationship
between transport infrastructure and economic growth. Holtz-Eakin (1994) in
his study made a classification of public investment into education, road and
highway system, drainage system, public utilities. His study revealed that there
is no significant evidence of a positive effect of the road and highway system
on growth, whose share in total public spending was 34.5%. In the USA, Evans
and Karras (1994) used panel data from 1970 to 1986, to investigate the effect
of public spending on economic growth. Their study revealed a negative effect
of public spending on growth, partially due to the insignificant productivity
effect of transport. This result is consistent with Tatom (1993) whose study
also arrived at the same result of an insignificant productivity effect of
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transport investment. Nurudeen and Usman (2010) investigated the relationship
between government expenditure and economic growth in Nigeria, using the
error correction method and co-integration approach. It was revealed that
government total capital and recurrent expenditure had a negative effect on
economic growth, but also the study attested to the fact that an increase in
government expenditure on transport and communication contrastively fosters
economic growth. This study was however criticized for its lack of ability to
explain the condition and behavior of the specified variables. Clearly, al the
review above suggests that there is urgent need for further studiesin this area.

3. Methodology
The theoretical framework of this study is based on the framework of the
Solow growth model to examine the role of infrastructural investment on
industrial growth in Nigeria. Following Solow (1957), it is assumed that output
(Y) depends positively on both capital (K) and labour (L). Thus the production
function is stated as:
Y, = K2 AL

1)
Where; Y = aggregate real output; K = stock of capital; A = level of technology
or labour-augmenting technology; L = stock of labour; AL = effective labour;
O<a <1 indicate the elasticity of output with respect to capital and labour and
t = time. It is also assumed that all the production factors are fully employed
while labour and level of technology grows exogenously at rates n and g
respectively. The number of effective labour grew a n + g while capital
depreciates at a constant rate. We introduced infrastructural investment into the
augmented Solow model. The augmented model is stated as:

Y, =K AL

@)
The Il is infrastructure investment which enters the aggregate production
function either directly as an additional input or as part of the technological
constraint that determines total factor productivity (Romp and de Haan, 2007;
Sanchez-Robles, 1998). Romp and de Haan (2007) argued that the manner in
which infrastructure is incorporated into the production process will not make
any difference provided the production model is estimated via a Cobb-Douglas
function. The modd [2] is set up in a linear regression form while
decomposing infrastructure investment into expenditure on transport and
information and communication. The model is stated as:
Y, =a, +a,K, +a,L, +a,ET, +a,EIC, + m

©)
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Where; 1Y = industria output; K = capital; L = labour force; ET = expenditure
on transportation; EIC = expenditure on information and communication;
a,,a, , =parameters, m=error term. The theoretical expectation of the model

expects the slope of all the independent variables to be positive. All the
variables are in logarithm form. The data used is mainly secondary, which are
sourced from the Central Bank of Nigeria statistical bulletin and World
Development Indicators (2016) and the World Bank Indicator database. The
period considered is from 1981 to 2015.

The long-run and short-run estimates of the relationship between infrastructural
investment and industrial growth were estimated by the ARDL bounds testing
approach developed by Pesaran, Shin and Smith (2001). Using this approach,
industrial output growth is expressed as a function of the lagged value of itself
and the current and the lagged values of the explanatory variables.

AY =g, +Z:pr| A& +ZCpAKt—p +deALt—p +ZepAET—p +zprEl G
p-l p-l p-l p-l p-l 4)

+r 1Y +r K +r.Ly, +1r,ET, +r EIC, +€

Where; A isthefirst difference operator; the parameters 1, wherei =1, 2, 3,

4, 5 are the respective long run multipliers; the parameters b, c, d, e, f are the
short run dynamic coefficients of the underlying ARDL model in the equation;

and e, denotes the white noise error term. The Bounds cointegration test

involves estimating the above equation and restricting the parameters of the lag
level variablesto zero. Based on this equation, we tested the following null and
alternative hypotheses.

Table 1. Variable Description

Varla_blg Measureme Source Mean M ax Min Std
Descriptions nts Dev.
Industrial R CBN
Y ot NinBillion o) 922784 13791 5264831 2497.85
er  Bxpenditreon o piion OBN 0 g6309  gos4s6 17028 21001
transport (2015)
Expenditure on CBN
EIC inform & N inBillion 1847.94 7708.12 202.38 2464.26
- (2015)
communication
K  Capita N in Billion ‘(’;’51'6) 232233 137863 3.0878  4294.97
Vauein WDI
L Labourforce .0 (201 38931 557843 300439 842632

Source: Authors’ computation (2017).
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The null hypothesis
[Ho:ro=r1=r2=r3=r4=r5=0]
H,:not H,

indicates no co-integration or level relationship against the alternative
hypothesis implies co-integration and level relationship. The F-statistics
indicate the existence of co-integrating relationship among the variables. This
is tested by the significance of the lag levels of the variables using the F-test.
The calculated F-statistic is compared with the two critical values for the upper
and lower bounds tabulated by Narayan (2004). If the calculated vaue is
greater than the upper bounds level; it implies long-run relationship; if the
value is lesser than the lower bounds value, it means no long-run relationship;
and if it is between both upper and lower bounds, the result is inconclusive.
The study also conducted diagnostic and stability tests using the serial
correlation, normality, functional form and heteroscedasticity tests.

The description of the variables is presented in Table 1. The table also shows
the time series properties of the variables within the periods of 1981 to 2015.
The table shows that the mean values of industrial output (1Y), expenditure on
transport (ET), expenditure on information and telecommunication (EIC),
capital (K) and labour force (L) stood at 9227.84, 363.99, 1847.94, 2322.33
and 38938.1 correspondingly. The standard deviation of industrial output (1Y),
expenditure on transport (ET), expenditure on information and
telecommunication (EIC), capital (K) and labour force (L)from their respective
long term mean values every year point at 2497.85, 219.91, 2464.26, 4294.97
and 8426.32 respectively.
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Table 2: ADF Unit Root Test Results

Variabl ADF Tau Statistics Order of
aravies | nter cept Linear Trend Integration
K -3.7011 (0) [- -4.7458 (0) [- 0
3.5485]** 3.6463]*
AL -4.4145 (2) [- -4.7678 (0) [- 1
4.3098]* 4.3240]*
ET 53708(0)[-  -5.7381(0) [- 0
3.6463]* 4.2627*
AEIC 32036 (0)[-  -3.8416(0) [- 1
2.9540]** 3.5530]*
AlY 54468 (0)[-  -5.3330(0) [- 1
3.6463]F Z2627T

Note: * significant at 1%; ** significant at 5%; *** significant at 10% Mackinnon critical
values and are shown in parenthesis. The lagged numbers shown in brackets are selected using
the minimum Schwarz and Akaike Information criteria.

Source: Authors’ computation (2017).

4. Results and Discussion
4.1 Unit Root Test Results

Table 2 presents the results of the time series properties of the variables
included in the model. This pre-test was carried out before estimating the long-
run and short-run relationship between socia infrastructure investment and
economic growth in Nigeria between the periods of 1981-2015. The
Augmented Dickey Fuller (ADF) unit root test results presented in Table 4.2
indicate that capital (K) and expenditure on transportation (ET) are stationary
a levels [I (0)]. However, industrial output (1Y), labour force (L) and
expenditure on information and technology (EIC) were reported to be
stationary at first difference [1 (1)]. Thus, these series are hon-mean reverting
at levels and do not converge to their long-run equilibrium until they are first
differenced.

4.2 Autoregressive Distributed Lag (ARDL) Results
4.2.1 ARDL Cointegration Result

The data series provides evidence for the use of Autoregressive Distributed
Lag (ARDL) technique of analysis. As posited by Pesaran et al., (2001),
ARDL is more suitable for variables at different order of integration. The F-
statistics estimate for testing the existence of long-run relationship between
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infrastructure development and industrial output growth in Nigeria are
presented in Table 3. The estimated F-statistics of the normalized equations
(Fca = 11.4478) is greater than the lower and upper critica bound at 1%
significance level. It implies that the null hypothesis of no long-run
relationship is rejected at 1% significance level. The implication of the above
estimation is that expenditure on transport (ET), expenditure on information
and communication (EIC), capital (K), labour force (L) and industrial output
growth (1Y), al have equilibrium condition that keep them together in the
long-run.

Table 3: Existence of ARDL cointegration

Test Statistic Value K
F-statistics (IY| ET, EIC, K, L) 11.4478 4
Critical Value Bounds

Significance 10 Bound I1Bound
10% 2.45 3.52
5% 2.86 4.01
2.5% 3.25 4.49
1% 3.74 5.06

Source: Authors’ computation (2017).

4.2.2 Results of Long-run Estimates of Infrastructure Investment and
Industrial Output Growth using the ARDL Approach

Table 4 reveals the long-run estimates between infrastructure investment and
industrial output growth in Nigeria. The long-run estimates suggested that
expenditure on transport, expenditure on information and communication and
capital have positive and significant impact on industrial output growth in
Nigeriaand all these conform to theoretical expectations. In magnitude terms, a
10% change in expenditure on transport, expenditure on information and
communication and capital increase industrial output growth by 8.5%, 3.32%
and 1.19% respectively. All the variables were found to be significant at 5%
significance level.
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Table 4: Long-run coefficients[ARDL: 3,4,4,4,4]

Dependent Variable: Industrial Output (1Y)

Variables Coefficient  Std. Error t-Statistic  Prob.
ET 0.850379 0.056198 15.131723  0.0000
EIC 0.332418 0.095707 3473289 0.0104
K 0.118477 0.005592 21.185296  0.0000
L -0.433108 0.028897 -14.987817  0.0000
C 2.961513 1.018081 2.908918  0.0227

Source: Authors’ computation (2017).

However, the table indicated that labour force has an indirect impact on
industrial output growth in Nigeria which does not follow a’priori expectation.
Specificaly, a 10%-point increase in labour force deteriorates industrial output
growth by 4.33%. This suprising result is consistent with Fadaerke and Bogetic
(2006) who found same for South Africa. The table also shows that the
indicator was statistically significant at 5% significance level.

Table 5: Estimated
Error Correction Model using ARDL [ARDL: 3,4,4,4,4]

Dependent Variable: Industrial Output (AlY)

Variables Coefficient Std. Error t-Statistic Prob.
A(Y (1)) 2.311669 0.399648 5.784269 0.0007
AY (-2)) 2.453828 0.478078 5.132693 0.0013
A(ET) 1.941619 0.367916 5.277339 0.0012
A(ET(-1)) -0.826085 0.205462 -4.020620 0.0051
A(ET(-2)) -0.746495 0.160580 -4.648748 0.0023
A(ET(-3)) -0.155615 0.109420 -1.422179 0.1980
A(EIC) -0.256907 0.092830 -2.767507 0.0278
A(EIC(-1)) -0.579671 0.145179 -3.992790 0.0052
A(EIC(-2) 1.262543 0.234683 5.379780 0.0010
A(EIC(-3)) -0.314843 0.118780 -2.650647 0.0329
A(K) 0.069481 0.023247 2.988746 0.0203
A(K(-1)) -0.133709 0.040535 -3.298635 0.0131
A(K(-2) -0.086706 0.024993 -3.469248 0.0104
A(K(-3)) -0.094442 0.029234 -3.230506 0.0144
A(L) 1.153241 0.596104 1.934631 0.0943
A(L(-1)) -1.280364 1.654081 -0.774063 0.4642
A(L(-2)) 7.592060 2.312721 3.282740 0.0134
A(L(-3)) -5.726080 1.494290 -3.831975 0.0064
ECT(-1) -0.390148 0.057922 -6.735787 0.0003

Source: Authors’ computation (2017).
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4.2.3Error Correction Modelsusing the ARDL Approach

The short-run dynamic relationship between infrastructure investment and
industrial output growth in Nigeria, indicating the second part of the estimated
ARDL model, is reported in Table 5. The lag lengths were selected based on
Akaike Information Criterion (AIC). The table below reveals the short-run
dynamic estimates among variables of interest.

The short-run estimates suggested that the first to first two lags of industria
output growth exact positive and significant impact on the current industrial
output growth in Nigeria. Thus, the short-run estimates of the expenditure on
transport, information and communication, capital and labour were a'so shown
in the table. The error correction term indicates the speed of adjustment to
restore equilibrium in the model. The value is negative and aso significant at
1% significance level. Specifically, the lag of the error correction term (ECT)
was found statistically significant at 1% level with the co-efficient of -0.3902.
This indicates that 39.02% of the distortion in the short-run is corrected in the
first year in attainting equilibrium on the basis of the changes in the
expenditure on transport, information and communication, capital and labour in
Nigeria.

4.2.4 Diagnostic Tests

The estimated ARDL model is tested for heteroscedasticity, serial correlation,
functional form misspecification, parameter stability and normality. Table 6
showed the results for the tests.

Table 6: Diagnostic Tests of Selected ARDL Model
Results
Serial Correlation:1.05559 Normality Test: 0.9637 [0.6177]
[0.4145]
Functional Form: 0.0159 Heteroskedasticity Test: 0.7386
[0.9878] [0.7288]
Source: Authors’ computation (2017).

The estimated ARDL model revealed that the model passed the serid
correlation, normal test, heteroscedasticity Ramsey RESET tests, that is the
error terms are uncorrelated, normally distributed, same variance and the
model is not mis-specified. Thus, they were satisfactory for the ARDL mode!.
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5. Concluding Remarks and Policy Recommendations

This study has examined the impact of infrastructural investment on industrial
growth, between 1981 and 2015. The analysis was carried out using the
Autoregressive Distributive Lag Model (ARDL) developed by Peseran et al.
(2001). The results of the cointegration test based on bound test result, shows
that the variables are mutually cointegrated, which suggests that a long run
relationship persists. The result of the short run dynamics shows that a change
in the previous on lag period of industrial growth affects the current year
industrial output growth. Specifically, the lag of the error correction term
(ECT) was found statistically significant at 1% level with the co-efficient of -
0.3902. Thisindicates that 39.02% of the distortion in the short-run is corrected
in the first year in attainting equilibrium on the basis of the changes in the
expenditure on transport, information and communication, capital and labour in
Nigeria. Based on the results obtained, the study recommends that policy
makers need to speed up infrastructural financing on telecommunication,
construction of bridges, roads, power network and storage facilities that will
further stimulate the development of the industrial sector. The negative effects
of labour force on industrial growth also calls for concerted effort to be
intensified in making sure that labour skills are revived and are effectively
utilized.
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