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would be corrected subsequently.
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1 Introduction

The Cameroon economy resurged after an unprecedented decline between 1986 and
1994. The economic meltdown led to cutbacks in government revenue and expendi-
tures including public investment. Real growth was rekindled in 1995 when the franc
CFA was devalued and the government of Cameroon implemented medium term
economic recovery programs since 1997. The policies were designed to achieve and
maintain a high rate of economic growth that would raise per capita income and reduce
the level of poverty in the country. The programs were also intended to stabilize the
economy and consolidate public finances while strengthening the role of the private
sector. The optimistic economic situation and the prospects for future growth as
envisioned in the development program of the country could face setbacks as the
country’s infrastructure is dire and public investment in infrastructure is low compared
to Cameroon’s middle-income peers (Dominguez-Torres and Foster 2011). The gov-
ernment of Cameroon has recently embarked on large-scale infrastructure development
and appears to be committed to real investment climate reforms as this is critical for
long-term real growth and private sector development.

The study uses time series data to investigate the role of public investment in the
long-term economic growth in Cameroon. It uses a simplified production function that
incorporates both private and public investments as inputs in the production function.
The study employs the Autoregressive Distributive Lag bound testing procedure
proposed by Pesaran and Shin (1999), and Pesaran et al. (2001). Unlike the Johansen
and Juselius (1990) conventional method of cointegration, the ARDL procedure is a
more statistically significant approach in small samples like the current study. The rest
of the paper is structured as follows: Section 2 presents a brief overview of investment
and growth performance of the Cameroon economy. Section 3 presents a brief review
of related literature. Section 4 proposes the empirical model used for the analysis and
discusses the sources of data. The empirical analysis and the conclusion of the study are
provided in Sections 5 and 6 respectively.

2 Investment and growth performance of Cameroon

Cameroon implemented a series of economic development plans starting from 1961
with the first Five Year Development Plan aimed at promoting social and economic
development. The development strategy led to the expansion of public sector invest-
ment and provided incentives for private sector investment. It also contributed to the
expansion of public sector investment. The fourth development plan (1976–1981),
which was indeed the last to be implemented, led to the creation of many public-sector
enterprises that were highly mismanaged and grossly inefficient (Ghura 1997; Amin
2002). Despite the challenges encountered in executing the development plans, public
and private investments expanded rapidly between 1970 and 1985 and Cameroon
experienced high GDP growth (Subramanian 1994; Ghura 1997; Amin 2002). Cam-
eroon’s average real growth reached 7% between 1975 and 1985 and was mainly
attributed to the agriculture and petroleum booms of the 1970s and early 1980s. The
increase in public expenditure on state-owned enterprises and on infrastructure tended
to be unproductive as the government created many loss-making public enterprises and
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initiated infrastructure projects that were unsustainable. These projects encountered
problems with management and technology transfer and as such, a large amount of
capital was unproductive and wasted (Ghura 1997; Amin 1998).

Cameroon’s economic growth slowed down following a severe economic crisis that
began in 1986. At the beginning of the crisis, government officials were quick to
attribute the meltdown exclusively to deterioration in the terms of trade and the fall in
commodity prices in the world markets. But macroeconomic and structural imbalances
contributed significantly to the unprecedented decline in the growth rate of Cameroon’s
real gross domestic product in the second half of the 1980s. The excessive state
intervention in the economy and poor allocation of public resources including expen-
ditures, especially on infrastructure and on unsustainable projects resulted in excess
spending. Excess spending in turn contributed to severe fiscal deficits and in the
accumulation of internal and external debts. In addition, public investments by ineffi-
cient state-owned enterprises in agriculture, transportation, banking and financial
services crowded out private investments, thus hindering expansion in private invest-
ment and economic growth. Initially, the government implemented internal adjustment
measures to correct both budget and trade imbalances. Unfortunately, these programs
failed to achieve their objectives; and in 1988 Cameroon agreed to implement stabili-
zation programs backed by the International Monetary Fund and a structural adjustment
program supported and promoted by the World Bank. The expenditure switching
policies strongly promoted by these institutions resulted in cutbacks in public expen-
ditures including investment spending. Domestic saving and investments plummeted
with investment flooring to less than 14% of GDP in 1992 (Amin 1998). Efforts to
make the government more efficient constrained it to either restructure most of the
government-run loss-making enterprises by opening to private capital or to privatize
and in most cases liquidate them.

Figure 1 below depicts the evolution of Cameroon’s real GDP growth, public and
private investments as a percentage of GDP from 1977 to 2014. Regardless of the
evidence that show significant spikes due to the volatility of GDP growth during the

Source: Constructed from World Development Indicators and World Bank Data, 2016 
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Fig. 1 Cameroon: Real GDP Growth, Public and Private Investments as Percentage of GDP, 1977–2015.
Source: Constructed from World Development Indicators and World Bank Data, 2016
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1980s and early 1990s, Cameroon’s growth performance in the second half of the
1970s to the mid-1980s was outstanding. The average Real GDP growth over this
period was 7% and such growth was spectacular compared with those of most Sub-
Saharan African countries. The high growth performance led to a growth in both
government’s recurrent and capital investment expenditures. A large amount of the
increase in public investments was devoted to large and wasteful projects that were later
abandoned (Ghura 1997; Amin 2002). Public investment declined as output growth
plummeted until the mid-1990s when it sluggishly rose again. The rise in public
investment followed the improvement in real GDP growth, which began during the
mid-1990s together with government’s commitment to developing infrastructure. Thus,
Cameroon has doubled the public investment/ GDP ratio to more than 4% since 2010
and the momentum seems to be building up for more expansion in infrastructural
investments particularly in electricity and transport sectors.

Macroeconomic and institutional reforms implemented in 1988 had little impact
as the imbalances widened and Cameroon’s exports remained less competitive
relative to those of her major trading partners partly due to the overvaluation of
the local currency - the CFA franc. The CFA franc was consequently devalued in
1994 and Cameroon equally implemented medium-term economic recovery pro-
grams, which to some extent, contributed to restoring economic growth. Camer-
oon has experienced steady but slow economic growth averaging 3.5% between
1995 and 2010 and a growth rate hovering around 4 to 5% since 2010 (World
Development Indicators, 2016). The Cameroon government has now acknowl-
edged the extent to which investment in infrastructure is essential to the long-term
development of the country and has launched a ten-year development plan that
prioritizes infrastructure development. Yet this venture may be counter-productive
if the country does not improve its institutions and governance, which tend to be a
hindrance to successful implementations of public investment projects.

Cameroon’s gross public investments peaked in 1986 (see Fig. 1), stagnated between
1994 and 2004, and then increased again. Despite the increase, public investment
spending in Cameroon continued to fall below the Sub-Saharan African average and
that of regional peers highlighting the severity of the deficiency. The lack of adequate
infrastructure in the country remains a key obstacle to doing business in Cameroon
(Samaké et al. 2013; IMF 2014). Between 2002 and 2011, Cameroon’s average public
investment-to-GDP ratio was only 3.5% compared to 10% the Central African Mon-
etary and Economic Community (CEMAC) where Cameroon is a member and 7% in
Sub-Sahara Africa. The overall quality1 of Cameroon’s infrastructure is low compared
to that of other Sub-Sahara African countries and the country ranks 128 out of 148
countries across the world (IMF 2014).

Overwhelming evidence from the literature (Aschauer 1989; Barro 1990; Afonso
and St. Aubyn 2008) suggests public investment is a key driver of economic growth
and development. Cameroon’s ability to achieve growth and development largely
depends on the ability of the country to raise the quality of its infrastructure especially

1 The overall quality of infrastructure is based on the yearly Global Competitive Report by the World
Economic Forum surveys business leaders in their respective countries (IMF 2015). Thus, the quality of
infrastructure is an index used in ranking countries based on the quality of ports, roads, air transport, electricity,
and telecommunication infrastructure.
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roads and power supply. This is achievable with increases in public investment despite
the revenue challenges that the country is facing as oil resources are fast depleting.
Ensuring that there is transparency in the public procurement process is crucial in
attracting the private sector participation in infrastructure projects. Public investment in
infrastructure and the social sector is critical for growth and overall economic perfor-
mance but can crowd-in private capital (Aschauer 1989; Barro 1990; IMF 2014).
Unfortunately, less than half of Cameroon’s public investment is translated into pro-
ductive capital because of inefficiency in the implementation of public investment
projects and poor governance (Samaké et al. 2013; IMF 2014).

Empirical evidence on the contribution of public capital to economic growth
upholds the fact that the actual accumulation of productive capital from public invest-
ment spending, especially in low and middle-income countries, is often overstated
because of inefficiencies in the implementation of public investment (Gupta et al.
2011). Addressing the problem of inefficiencies in the implementation of investment
budget is expected to improve the effectiveness of Cameroon government budgetary
allocations for investment and execution and consequently enhance economic growth.

3 Literature review

There exist to date two opposing views on the impact of public investment on
economic growth. The first view is that public investment spending contributes
positively to economic growth. Authors sharing this opinion argue that public
investment on economic infrastructure facilitates the implementation of investment
plans by private agents, generates positive externalities and eliminates communi-
cation and transportation bottlenecks (Aschauer 1989; Barro 1990; Afonso and St.
Aubyn 2008). The authors also argue that public investment in infrastructures such
as airports, sewage systems, education, and roads may create favorable conditions
for private investments, thus raising the productivity of private sector investment.
These authors also agree that public investments generate positive externalities
and crowd-in private investments.

Aschauer (1989) has shown in a study of the relationship between aggregate
productivity and government spending variables in the United States that nonmilitary
spending in core infrastructure of streets, highways, airports, mass transit, sewers, and
water systems play an important role in stimulating private investment among other
things. He also found that public provision of infrastructure capital had an overall
crowding-in effect on private investment, and that public and private investments were
complementary. The complementarity between private and public investment could be
attributed to the fact that private investment enhances future growth of real income;
thus, supporting the fact that effective public policy has a permanent effect on real
output. Erenburg (1993) has also found a positive correlation between the public
provision of infrastructure and private investment. As private investment activity
enhances future growth of real income, these statistical results seem to imply that
public investment has a permanent effect on real output.

Khan and Reinhart (1990) warned that in the situation where public investments
crowd-in private investment, any reduction of public investment would slow down
economic growth. Calderon and Serven (2010) have provided estimated evidence that
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African countries could boost annual economic growth by about 1.5 if infrastructure
deficits are cut by half compared to other regions. Thus, protecting public investments
from discretionary cuts and prioritizing infrastructure spending will restore economic
growth in low income infrastructure deficient countries such as Cameroon. Ramireez
(2009), investigated whether public investment spending on economic infrastructure
enhances economic growth and labor productivity in Argentina. The study estimated a
dynamic labor productivity function for the period 1960–2005 that include public and
private investment as well as labor force as arguments and sought to determine their
impact on economic growth. His study found a significant impact of public investment
on the rate of labor productivity growth.

The second view on the impact of public investment on output growth is that public
investments can divert resources from critical uses or even crowd out private invest-
ments. An increase in public investment may require an increase in taxes or govern-
ment demand for funds in capital markets to finance the investments, which might
increase interest rates (Aschauer 1989; Afonso and St. Aubyn 2008). A rise in interest
rates would reduce the amount of savings available for private investors, leading to a
decrease in the expected return on private capital and this could likely crowd-out
private investments. Devarajan et al. (1996) have provided evidence that a shift of
public capital from current government expenditures to capital expenditures holding the
overall government spending constant would lower economic growth if public capital
share was initially too high. This fact is supported by Canning and Pedroni (2008) who
suggest this would happen if the gain from infrastructure is outweighed by the
diversion of resources from other uses.

Ashipala and Haimbodi (2003) examined the relationship between public invest-
ment and economic growth in South Africa, Botswana and Namibia using vector error
correction model (VECM) methodology. The study did not find any impact of public
investment on growth. However, private investment was found to have a long run
impact on growth in South Africa and Namibia. The findings by Ashipala and
Haimbodi confirm earlier studies, particularly those by Devarajan et al. (1996); and
Barro (1990). Devarajan et al. (1996) found an inverse relationship between public
investment and growth in a sample of developing countries over the period 1970–1990,
suggesting that government may have been misallocating expenditures in favor of
capital expenditures rather than outlays on sectors such as infrastructure.

Warner (2014) examined the impact of public investment spurts on the economic
growth in low income countries. His study found a positive but rather weak relationship
between public investment spending and growth in the short term and no significant
impact in the long term. However, he noted the prevalence of problems with public
investments that would compromise efficiency, including incentives to proceed with
project if the actors are to benefit rather than whether such projects are socially worth
implementing, poor choice of projects due to lack of information for effective ap-
praisals, lack of safeguards against self-serving analysts, and lack of economic analysis.
The concerns raised by Warner (2014) regarding the efficacy of public investment were
upheld earlier by Keefer and Knack (2007) who show evidence that suggests that
public investment is higher in countries with limited political checks and balances and
is generally prone to rent-seeking.

A few studies of public capital and economic growth in Cameroon (Ghura 1997;
Amin 1998; Dominguez-Torres and Foster 2011) have provided consistent evidence of
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the role of public investment on the country’s economic growth. In a Working Paper of
the International Monetary Fund, Ghura (1997) performed an empirical investigation of
factors that contributed to economic growth in Cameroon during 1963–1996 using the
endogenous growth model. The results show that the aggregate production function
exhibits increasing returns to scale and that the impact of private investment on
economic growth is positive, significant and robust. His results also found that
increases in government investment contributed to economic growth, but was less
robust compared to the impact of private investment. However, these results were
obtained during the crisis and adjustment era characterized by severe cuts in govern-
ment investments due to the fall in government revenue and because of the stabilization
policies put in place to address the crisis. Even so, the long run effects were not
examined.

Amin (1998) investigates the relationship between public and private
investment in Cameroon and found that public investment crowds out private
investments thus upholding earlier findings that government investments were
carried out in sectors that compete or do not enhance the efficiency of the
private sector such as infrastructure spending. Tchouassi and Ngangue (2014)
obtained similar results in their study of fourteen African countries including
Cameroon using panel data from 1980 to 2010. Dominguez-Torres and Foster
(2011) in a study on Cameroon’s infrastructure found that Cameroon will need to
invest an additional $350 million each year for about 15 years to reach the
infrastructure level of middle- income African countries. The authors further
found that the country will gain about $586 million annually from any potential
gain in infrastructure related services. If this gain were sustained for 15 years, the
growth in per capita income or the potential gain in economic growth will reach
3.3%. While this sounds less realistic for Cameroon, particularly because of poor
investment management experiences, the surge in public investments in recent
years demonstrates government’s commitment to reaching its long-term develop-
ment plan (IMF 2014).

In a more recent study Samaké et al. (2013), assess the implications of public
investment on growth and fiscal sustainability in Cameroon, and reached the conclu-
sion that Cameroon’s public investment contributes less to the accumulation of public
capital. The authors suggested that due to implementation problems, public investment
budgets were not fully and properly executed and this is attributed to low administrative
capacity and poor governance. The consequence of the low efficiency of public
investment is the lack of adequate infrastructure - a key obstacle to Cameroon eco-
nomic growth. Samaké et al. (2013) also suggested that increasing the size of public
allocations for investments and the effectiveness of such investments could increase
economic growth. This viewpoint has been supported in the IMF Cameroon country
report (2014). Per this report, inadequate infrastructure is the most potential challenge
to economic growth in the country. While studies have investigated the link between
private and public investment and Cameroon’s dismal economic growth, none of the
studies have investigated the long-run effects of public investment on Cameroon’s
economic growth. It is important to know the long-run growth effects of public
investment, more so as the Cameroon government’s long-term development vision
for the country has been the subject of heated debate. By 2035, Cameroon aims to be a
democratic emerging country united in its diversity.
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The study examines the impact of public investment on social and economic infrastruc-
ture in Cameroon and leans towards the viewpoint that public investment spending in
Cameroon if well implemented, can contribute positively to economic growth.

4 Theoretical framework

Several studies on the contribution of public and private investments to economic
growth have extensively used variations of the neoclassical growth model. This study
follows the same approach to examine the relationship between public investment and
economic growth in Cameroon. Following the lead of Aschauer (1989) and Albala-
Bertrand and Mamatzakis (2001), the study incorporates public investment and a set of
other variables that affect output. We use a modified neoclassical production function
of the following form:

RGDPt ¼ At F LABt;GINVt;PINVtð Þ ð1Þ

where RGDP is a measure of real output level, LAB is the labor force, GINV is
public investment, PINV is private investment, and t is the time index. The above
production function satisfies the inada conditions which guarantee the stability of
the economic growth path. The function is decreasing in x and strictly concave in
each input such that:

FX > 0 and FXX < 0 for each 0 < x < ∞where;X ¼ LAB;GINV ;PINVð Þ

Equation (1) can be re-written as a Cobb-Douglas production function as used in
Aschauer (1989), Albala-Bertrand andMamatzakis 2001; Fullerton et al. (2013) as follows:

RGDPt ¼ At LABtð Þβ1 GINVtð Þβ2 PINVtð Þβ3 ð2Þ

where A is the efficiency parameter which measures the overall effectiveness
with which labor force, public investment, and private investment are utilized.
The production function specified above is assumed to exhibit increasing returns
so that the percentage change in all the three variables will lead to a more than
proportionate change in RGDP. This contrasts sharply with that held by
Aschauer (1989), which assumed a production function characterized by con-
stant returns to scale.

An estimable version of the model is obtained through the log transformation of the
eq. (2) and is expressed as follows:

lnRGDP ¼ lnAþ β1lnLABþ β2lnGINV þ β3lnPINV þ ε ð3Þ

where βs is the elasticity of the RGDP function with respect to each of the
arguments, with s = 1, 2, and 3. ε is the random error term. The coefficient βs
is assumed to be positive.
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4.1 The autoregressive distributed lag cointegration approach

As mentioned previously, this study investigates the short-run and the long-run
relationship between economic growth, public investment and other relevant
control variables. Although relatively recent, the ARDL cointegration techniques
have been found to offer useful insights into this relationship. The ARDL model
is a standard least squares regression that includes the lags of both the depen-
dent and the independent variables (Pesaran and Shin 1999). The ARDL
procedure became prominent recently through the works of Pesaran and Shin
(1999) and Pesaran et al. (2001). The dependent variable and the independent
variables are not only contemporeously related but also, they are related across
their historical lagged values. The reason for such two step-relationship is
explained by the dynamic nature of macroeconomic variables, that is, the time
needed for a macroeconomic variable to produce all the effect on another
macroeconomic variable.

The ARDL model has several advantages over the Johansen and Juselius
(1990) cointegration. First, unlike the ARDL models, the Johansen and Juselius
cointegration does not perform well with small samples. Second, the ARDL
approach does not restrict the variables in the regression to be integrated of the
same order. Thus, the ARDL approach can be applied when the variables are a
mixture of integrated order of zero I (0) and one I (1) (Pesaran et al. 2001). Third,
the ARDL procedure estimates the long-run relationship using a single reduced
form equation unlike the Johansen approach which allows for a system of equa-
tions. Finally, since many choices need to be made in the traditional Johansen
approach to cointegration including the choice of the number of endogenous and
exogenous variables, the empirical results are sensitive to the choices and the
method adopted (Pesaran and Shin 1999).

Following Pesaran and Shin (1999), and Pesaran et al. (2001), the ARDL can be
written in the following generic form:

Δ ln RGDPt ¼ α0 þ ∑
3

i¼1
α1iΔln RGDPð Þt−i þ ∑

4

i¼0
α2iΔln LABð Þt−i þ ∑

4

i¼0
α3iΔln GINVð Þt−i

þ ∑
5

i¼0
α4iΔln PINVð Þt¼0 þ δ1ln RGDPð Þt−1 þ δ2ln LABð Þt−1 þ δ3ln GINVð Þt−1

þ δ4ln PINVð Þt−1 þ δ5DUM1 þ δ6DUM2 þ εt

ð4Þ

where the symbol Δ is the difference operator, the parameters δ1 , δ2 , δ3 , and δ4
represent long-run multipliers; and α1i , α2i , α3i , and α4i are short-run dynamic
coefficients of the ARDL model. DUM1 and DUM2 are dummy variables that are
included to account for structural breaks in the data. To determine whether there
exist a cointegrating relationship among RGDP, LAB, GINV and PINV, we test
the null hypothesis, H0 : δ1 = δ2 = δ3 = δ4 = 0 against the alternate, H0 : δ1 ≠ δ2 ≠ δ3 ≠
δ4 ≠ 0 by conducting a non-standard F-test 2 using the variables in levels. The

2 The non-standard F-test was developed for small samples by Pesaran et al. (2001) and modified by Narayan
(2004).
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ARDL procedure requires the Granger causality test to determine the short-run
and the long-run relationship among the variables of the model. The test is
conducted using the following equation:

Δ ln RGDPt ¼ α0 þ ∑
3

i¼1
α1iΔln RGDPð Þt−i þ ∑

4

i¼0
α2iΔln LABð Þt−i þ ∑

4

i¼0
α3iΔln GINVð Þt−i

þ ∑
5

i¼0
α4iΔ ln PINVð Þt−i þ α5DUM1 þ α6DUM 2 þ λECTt−1 þ vt

ð5Þ

where, λ measures the speed of adjustment and the ECT is the residuals from
the estimation of eq. (4). The error correction term can lead to a better
understanding of the nature of non-stationarity among the series and can also
improve long-term forecasting.

The dependent variable is RGDP (the log real GDP) and is constructed using
constant 2010 U.S. dollars real GDP data from the 2016 World Development
Indicators (WDI) of the World Bank. The explanatory variable of interest is public
investment. Public investment (GINV) consists of government spending on social
and economic infrastructure (e.g. education, energy, transport network and public
works). The data used to construct this variable are from the World Bank National
Accounts Data, the OECG National Account data and from DataMarket.com
website. As in most studies, data on active labor force (LAB) is used as a proxy
for labor force participation.3 This study uses active labor force data to control for
the impact of labor on economic growth. Labor force consists of people of age 15
and older who are eligible to work based on the International Labor Organization
definition of economically active population. The data is from the 2016 World
Development indicators. Private investments consist of gross outlays by the
private sector and private nonprofit agencies. Data on private investment (PINV)
are from the 2016 World Development Indicators.

5 Empirical results

5.1 Unit root test

Before estimating the ARDL models, the dynamic properties of the time series
need to be determined. This is necessary because macroeconomic time series
data used in this study like most macroeconomic time series are more likely to
exhibit a time trend (i.e. non-stationary) that may render the estimations spuri-
ous. According to Eagle and Granger (1987), running ordinary least squares
regressions on non-stationary time series data will yield spurious regression
results in which there will appear a significant relationship between variables
that are unrelated. The null hypothesis is that the variable under investigation
has unit roots. This hypothesis is tested against the alternative hypothesis that it

3 The absence of reliable data on labor force participation in Cameroon is problematic especially as the rate of
unemployment is quite high.
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does not using the Augmented-Dickey-Fuller (ADF) test, (Dickey and Fuller
1981). Testing the existence of unit roots can be performed using various
versions of the following regression.

ΔY t ¼ αþ λt þ δY t−1 þ ∑
k

i¼1
βiΔY t−i þ εt ð6Þ

where, Yt is the relevant time series, α is a constant, t is a linear deterministic
time trend, λ is the coefficient on the time trend, δ and β are parameters to be
estimated and ε is the residual error term which are to be white noise. The test is
performed separately for each level variable as well as for its difference with the
aim of establishing the order of integration under the assumption of a stochastic
trend. Typically, the unit root tests test the null hypothesis H0 : δ = 0 against the
one-sided alternative H0 : δ < 0. The results of the Augmented-Dickey-Fuller test
with a lag length4 that was automatically obtained from the Schwarz information
criterion (SIC) are presented in Table 1. The results suggest that the null hypoth-
esis of a unit root in the time series cannot be rejected at 5% level of significance
in levels for all variables.

The test is also performed for the first differences of the variables reported in
columns 4 and 5 of Table 1. The null hypothesis of a unit root is rejected for all
the time series at 5% level of significance. These results are consistent with the
hypothesis that the individual time series are individually integrated of order one
or I (1). Since the data appears to be stationary after first difference, no further
tests are performed.

The presence of structural breaks if ignored, may significantly reduce the
power of the traditional ADF test reported in Table 1 when the stationary
alternative is true. In the presence of structural breaks, it is possible to errone-
ously conclude that a unit root exists in the relevant series when it does not. To
circumvent this problem, Zivot and Andrews (2002), developed an algorithm
that considers each data point as a possible break date and run a regression for
every possible break date following a logical order. During the period running
from 1977 to 2015, structural breaks occurred in Cameroon’s macroeconomic
data during the period of economic crisis from 1986 to 1994. Table 2 reports the
Zivot-Andrews one-break unit and the endogenously determined one-time break
date for each of the series of the model and Fig. 2 shows the plot for the
breakpoint of RGDP.

Apart from the RGDP which is stationary at levels, the estimates reported in Table 2
are consistent with those reported in Table 1. The results show that the null hypothesis
of structural breaks in both levels and first difference cannot be rejected at 5% level of
significance. The Zivot-Andrew test endogenously determines the break-date for each
of the series. These break-dates coincide with the period of severe economic crisis
which began in 1986 and ended in 1994.

4 The maximum lag of 9 was determined based on the suggestion by Ng and Perron (1995) which sets an
upper bound P max for P. Following this approach, the absolute value of the t-statistic for testing the
significance of the last lagged difference should be greater than 1.6 so that P is set to be equal to Pmax. If
this not the case, the procedure consists of reducing lag length by one and of repeating the process.
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5.2 Autoregressive distributed lag estimations

Having determined that the variables are all integrated of order one I (1), we
apply the ARDL bound testing procedure to test for the evidence of
cointegration among the variables RGDP, LAB, GINV and PINV. The Akaike
Information Criterion was used to automatically select a maximum lag of 5 for
both the dependent variable and the regressors. The procedure evaluated 200
models of which the model with the lowest AIC was selected from the best 20
of the ARDL models. The resulting ARDL (3, 4, 4, 5) model have 3 lags of
RGDP, 4 lags of LAB, 5 lags of GINV and 4 lags of PINV (see Appendix 4).
Table 3 shows the critical values of the Bound test provided by Narayan (2004).
The two sets of critical values presented are respectively I(0) and I(1), where the
set I(0) refers to the lower bound critical values and set I(1) referring to upper
bound critical values.

The calculated F-statistic of 7.682 is greater than the upper and the lower bounds
critical values at 1% level of significance using restricted intercept and no trend. The
results imply that we can reject the null hypothesis of no long-run relationship in favor
of a cointegration relationship between real GDP, labor force, public investment, and
private investment.

Table 4 provides the estimates of the long-run coefficients based on normaliz-
ing RGDP. The dependent variable is the natural logarithm of real gross domestic
product (RGDP) while all the regressors are also in natural logarithm so that the
estimated coefficients are interpreted as long-run elasticities. The results reveal

Table 1 Cameroon: unit root tests for stationarity, sample period 1977–2015

Variable Level First differences

Intercept Intercept and trend Intercept Intercept and trend

lnRGDP 3.274 (9) −1.111 (7) −4.512 (0) * −3.308 (6) **

lnLAB −0.770 (0) −0.365 (3) −4.070 (0) * −4.097 (6) **

lnGINV −1.574 (1) −1.652 (1) −3.311(0) ** −3.327 (0)

lnPINV −1.238 (0) −2.086 (0) −7.632 (0) * −8.331 (0) *

The number of lags are in brackets and were determined using Schwarz Information Criterion with a
maximum lag set at 9. Critical values for intercept at 1% and 5% are – 3.62 and −2.94 and are respectively
4.23 and −3.54 for intercept and trend. *, ** indicate the estimated coefficient is significant at 1 and 5%
respectively

Table 2 Cameroon: Zivot-Andrews one-break unit root test, sample period 1977–2015

Variables Levels Break year 5% Critical value 1% Critical value

RGDP −6.283 1992 −4.93 −5.34
LAB −1.581 1991 −4.93 −5.34
GINV −3.615 1991 −4.93 −5.34
PINV −3.063 1987 −4.93 −5.34
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that in the long-run, public investment (GINV) has a strong and significant effect
on RGDP and a 1 % increase in public investment leads to a 0.175% increase in
RGDP. Also, as expected, labor force has a significant long-run relationship with
real GDP and a 1 % increase in the former will lead to a 0.462% increase in the
latter. Furthermore, as expected, private investment has a significant and positive
long-run relationship impact on real GDP growth. A 1 % increase in private
investment will increase RGDP by 0.135%. Based on the long-run estimated
long-run coefficients, improving the dire state of Cameroon’s infrastructure and
removing other obstacles to doing business in the country can contribute to the
long-run growth of RGDP.

The estimations shown in Table 5 reveal that the error correction term is
negative and significant, implying that there exists a long-run relationship be-
tween the variables of the model. Model A does not include breakpoints while
Model B includes dummy variables for 1987 breakpoint and 1991 and 1992
breakpoints respectively. The speed of convergence to the equilibrium state per
period as indicated by the coefficient of the error correction term is 45.4% in
model A and 44% in model B. In addition, 45.4 and 44% percent of the deviation
of the variables from their long run equilibrium in the two models will be
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Fig. 2 Zivot-Andrew breakpoints - RGDP

Table 3 Bound test for cointegrating relationship, null hypothesis: no levels relationship

Test statistic Value Significance level I (0) I (1)

F-statistic 7.682 10% 2.626 3.550

K 3 5% 3.160 4.218

1% 3.65 5.792

Critical values are cited from Narayan (2004). K is the number of regressors

The critical values reported by Narayan (2004) are based on small samples of sizes between 30 and 80. The
test involves asymptotic critical bounds depending on whether the variables are stationary at levels I(0) or
stationary after first difference I(1) or a mixture of both cases
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corrected within a year. The highly significant ECT term is further evidence of a
stable long-run relationship (Bannerjee et al. 1998). The estimates indicate that
LAB is not a significant determinant of RGDP although its lags are significant at
5% and 1% respectively. The estimates also reveal that GINV has a strong and
significant short-run effect on RGDP and a 1 % increase in this variable in Model
A will have a 0.063% increase in RGDP while a 1 % increase in GINV will cause
RGDP in Model B to increase by 0.047%. Private investment also has a signif-
icant short-run effect on RGDP and a 1 % increase in PINV in Model A will
cause RGDP to increase by 0.041% and a 1 % increase of this variable in Model
B will lead to a 0.051% increase in RGDP. The Cameroon economy experienced
a severe economic decline between 1986 and 1994 and the structural breaks
obtained from the Zivot-Andrew one-unit root test suggested that the null hy-
pothesis of no structural breaks was rejected for the economic crisis years of
1987, 1991 and 1992. The coefficient for DUM2 for 1991 and 1992 has the
expected negative sign and is significant at 5%. The overall results suggest that
public investment has a positive and significant effect on real GDP growth. The
other variables except for labor force are statistically significant both with and
without the dummy variables.

5.3 Diagnostic and stability tests

The results of the residual diagnostics test for normality, serial correlation and
heteroskedasticity for the ARDL model are reported in Table 6. The results of
residual diagnostics include the normality test based on the Jacque-Bera statistic,
the Breusch-Godfrey Serial Correlation LM Test, and the heteroskedasticity test.
The normality test results show that the error is normally distributed. Also, the p-
value associated with the serial correlation LM test is greater than 5% implying
that we reject the null hypothesis serial correlation. The results of the diagnostic
tests show that the model estimates are consistent and acceptable. In addition, the
adjusted R-squared reported in Table 5 indicates that about 93% of the variation in
RGDP is explained by the regression.

Testing for the presence of parameter stability is a requirement for a well
specified and performed ARDL model (Pesaran and Pesaran 1997). Thus,
evaluating the regression equation to see whether it is stable or not is critical

Table 4 Estimated long-run coefficients results using ARDL (3, 4, 4, 5)

Dependent variable is lnRGDP (1977–2015)

Variable Coefficient Standard error t-Statistics Prob.

LAB 0.432 0.072 6.014 0.000*

GINV 0.135 0.037 3.632 0.003*

PINV 0.135 0.059 2.249 0.041**

C 4.819 0.251 19.228 0.000*

The Akaike Information Criteria was used to select the optimum number of lags in the ARDL model which
was used in calculating the long-run coefficient estimates. The symbol *, ** indicates significant at 1% and
5% level respectively
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for time series data because of the uncertainty of when a structural break might
occur. Consequently, we applied the cumulative sum (CUSUM) and the cumu-
lative sum of squares (CUSUMQ) to recursive residuals estimated from the
ARDL model (Figs. 3 and 4 respectively). The plots of CUSUM and CUSUM

Table 5 Estimated Short-run ARDL cointegrating error-correction model, 1977–2015 ECM-ARDL (3,4,4,5):
Dependent Variable: ΔlnRGDP

Model A Model B

Variable Coefficient t-statistics Prob. Coefficient t-statistics Prob.

ΔRGDP(−1) 0.386 3.523 0.003* 0.405 3.175 0.008*

ΔRGDP(−2) 0.591 4.945 0.000* 0.407 0.119 0.005*

ΔLAB 0.275 1.101 0.289 −0.012 −0.034 0.973

ΔLAB(−1) 0.345 1.455 0.168 −0.820 −2.776 0.017**

ΔLAB(−2) −0.128 −0.554 0.589 −1.304 −4.60 0.001*

ΔLAB(−3) 1.229 5.517 0.000* 1.151 3.443 0.005*

ΔGINV 0.063 4.271 0.001* 0.047 2.922 0.013**

ΔGINV(−1) −0.013 −0.826 0.423 0.002 0.110 0.914

ΔGINV(−2) −0.026 −1.707 0.110 −0.021 −1.154 0.271

ΔGINV(−3) −0.046 −3.036 0.009* −0.028 −1.665 0.122

ΔGINV(−4) – – – 0.029 1.812 0.095

ΔPINV 0.041 2.264 0.048** 0.051 2.486 0.027**

ΔPINV(−1) −0.099 −4.690 0.000* −0.129 −3.795 0.003*

ΔPINV(−2) −0.052 −2.836 0.013** −0.031 −1.450 0.173

ΔPINV(−3) 0.064 4.799 0.000* 0.065 4.327 0.001*

ΔPINV(−4) 0.020 1.546 0.144 – – –

DUM1 – – – 0.017 1.450 0.173

DUM2 – – – −0.022 −2.455 0.030**

ECT(−1) −0.454 −7.027 0.000* −0.440 −4.771 0.001*

R2 0.951 0.953

Adjusted R2 0.910 0.904

DW 2.067 1.988

The symbol *, ** indicate significant at 1%, and 5% levels respectively

Table 6 Diagnostic tests

Model A Model B

Diagnostic tests LM version F version LM version F version

Jarque-Bera normality test 0.205 [0.903] 2.134[0.344]

Breusch-Godfrey serial
correlation F-test

0.590 0.590 4.353 0.734

[0.570] [0.570] [0.113] [0.504]

Heteroskedasticity test 3.045[0.218] 2.463[0.065] 21.126[0.451] 0.799[0.562]
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square residuals are within the 5% critical boundaries as suggested by Bahmani-
Oskooee and Wing (2002) thus confirming that the long-run coefficients of the
model under study are stable. These results are consistent with the estimated
coefficient of the ARDL model.

The ARDL model has an autoregressive structure and should be dynamically stable.
The inverse roots of the characteristic equation associated with the ARDL (3, 4, 4, 5)
model are presented in Appendix 5. The inverse roots lie inside the unit circle
confirming the dynamic stability of the ARDL model.
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5.4 Discussion of results

The coefficient of the error correction shows how quickly the variables will
return to equilibrium in the dynamic model and the coefficient should have a
negative sign and should be statistically significant. Table 5 shows that in model
A and B, the coefficients of the error correction term are equal to (−0.454) and
(−0.440) respectively implying that deviations from long-term equilibrium are
corrected in both models by 45.4% and 44% respectively. The coefficient of
labor is positive and significant in the estimated long-run model but not in the
short-run. Also, as expected, GINV has a positive and significant effect on
RGDP in both the short-run and the long-run implying a strong causal relation-
ship between public investment and real GDP growth. Private investment
(PINV) has the expected positive sign and is significant in both the long-run
and the short-run model estimates. In addition, the lagged value ΔPINV (−3)
has a strong positive and significant short-run effect on RGDP indicating that
the effect of private investment on RGDP is strongly influenced by previous
investment outlays.

The estimated results are consistent with the conclusion reached by Nazmi
and Ramirez (1997) that public and private investment have an identical impact
on economic growth. This study finds that the effect of private investment in
Cameroon is slightly lower than that of public investment on the growth
process in Cameroon. Despite the strong and robust relationship between public
investment and real output growth, inefficiencies in the execution of public
investment projects as well as poor governance (Gauthier and Zeufack 2011)
tend to limit the effectiveness of government investment projects. Gupta et al.
(2011) have also noted that public investments are not fully translated into
productive capital assets despite the positive impact of government investment
on economic growth. This is further supported by findings by Tabova and
Baker (2011) that investment failed to spur growth in FCFA countries due to
the lack of strong institutions and good governance. The results are also not
consistent with findings by Khan and Reinhart (1990) that private investment
has a larger impact on economic growth than public investment. The findings
suggest that cuts in government investments or inefficiency in implementing
government investment programs can undermine economic growth since these
play a key role on output growth. However, the strong positive effect of public
investment on RGDP is consistent with results from an earlier study on public
investment and economic growth in Cameroon, Ghura (1997), which finds that
increases in government investment expenditures have a positive impact on
economic growth in Cameroon. More so, as we find in this study, the positive
long-run impact is very significant.

Several studies have examined the relationship between public investment and
economic growth using various methodologies with mixed conclusions. The
current study circumvents the problem associated with the application of the
Johansen and Juselius cointegration method on estimations with few observa-
tions (38 observations) by using Autoregressive Distributed Lag methodology.
This study also suggests the crucial role of previous investments especially
private sector investments on the performance of the Cameroon economy which
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has not been addressed in previous studies on the effects of investments and
economic growth.

6 Conclusion

This paper analyzed the long-run and the short-run relationship between public
investment and real output in Cameroon during the period 1977–2015. The ARDL
cointegration estimation results suggest that real GDP growth (RGDP), labor
(LAB), private investment (PINV), and public investment (GINV), have a long
run equilibrium relationship. Although structural breaks were found in all the
variables based on the Zivot-Andrews one break unit root test, only RGDP is
stationary in levels. CUSUM and CUSUMSQ confirmed the constancy of the
regression relationship over the period under study and the estimated model also
passed the diagnostic tests. The results from the error correction model suggest
that there is a positive and significant relationship between GINV and RGDP and
between PINV and RGDP. Hence increases in the levels of each of these variables
would positively affect the RGDP growth. The results from the estimated equation
show an error term with the expected negative sign which is also statistically
significant at 5%. The positive and significant relationships between GINV and
RGDP and between PINV and RGDP are consistent with results from previous
studies which find positive effects of public and private investments on output
growth as highlighted in the literature (Aschauer 1989; Barro 1990; Afonso and
St. Aubyn 2008) and confirmed in this study.

From a policy standpoint, this study suggests that the government of Cameroon
should step up public investments in infrastructure, transport, communication and
education including other relevant sectors to boost private sector investments activities
and the overall performance of the economy. This can be achieved through the design
and implementation of investment plans and institutional reforms aimed at enhancing
the effectiveness of public investment spending. Equally important is the need to focus
on the proper and efficient execution of the government projects and this must be
stressed because studies have shown great inefficiency in public institutions and poor
implementation of public investment projects. Approved investment budgets tend not
to be properly and fully spent, and thus do not fully contribute to growth and
development as they should. Cameroon’s oil resources are dwindling; all other re-
sources could be mobilized from various sectors to help increase investment in
infrastructure capital. These investments which generate positive externality effects
are likely to create a more productive private sector. A thriving private sector would
enhance the productivity of the economy. Thus, public investment in the relevant
sectors is likely to crowd in private investment and promote economic growth.
Although Cameroon on average lags Sub-Sahara African countries on infrastructure
development, poor infrastructure is also a key obstacle to economic development in
several countries in the region. Boosting infrastructure spending in the region and
improving the implementation of government investment projects while reducing
administrative bottlenecks and poor governance would revive the growth potentials
of the continent. This is important as our study demonstrate the strong positive impact
of current, previous and long-term investments on economic performance.
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Table 7 Cameroon: real GDP, labor force, public investment, private investment (millions of dollars, and
labor in thousands), 1977–2015

Year GDP Lab GINV PINV

1977 8,462,709,264 3,381,364 364,281,990 2,993,404,525

1978 10,324,759,600 3,450,559 422,920,678 4,235,094,371

1979 10,947,871,105 3,524,148 478,224,821 3,966,657,587

1980 10,732,713,507 3,576,408 477,195,532 1,672,087,097

1981 12,566,148,852 3,632,373 568,708,464 2,518,965,910

1982 13,510,646,059 3,726,938 567,789,187 2,214,564,392

1983 14,438,399,232 3,801,893 702,617,328 2,345,550,602

1984 15,517,607,857 3,881,318 1,018,479,573 1,988,876,423

1985 16,768,817,666 3,963,959 1,290,357,056 1,592,197,412

1986 17,904,345,501 4,052,624 1,865,359,137 2,574,151,944

1987 17,520,001,830 4,171,828 1,998,188,914 2,300,619,909

1988 16,149,301,365 4,315,382 1,481,336,037 1,875,266,020

1989 15,855,526,111 4,451,453 974,863,709 1,905,538,052

1990 14,887,435,627 4,359,532 812,574,808 1,768,127,253

1991 14,320,432,847 4,504,624 570,210,643 1,813,527,098

1992 13,876,498,969 4,656,348 368,702,417 1,616,384,434

1993 12,775,805,832 4,814,419 304,151,123 1,434,807,964

1994 13,039,422,126 4,979,297 264,220,212 1,357,000,436

1995 13,577,737,840 5,150,861 330,051,517 1,493,061,720

1996 14,244,668,114 5,314,028 331,541,316 1,602,336,184

1997 15,001,652,351 5,513,315 360,844,739 1,789,959,401

1998 15,736,037,168 5,723,256 408,062,407 1,936,575,703

1999 16,375,278,876 5,943,179 388,934,137 2,012,396,644

2000 17,058,714,409 6,172,562 363,447,709 2,372,724,370

2001 17,828,791,021 6,395,172 395,301,775 3,223,616,193

2002 18,543,555,200 6,627,134 436,256,968 3,247,099,340

2003 19,291,044,670 6,869,322 404,339,517 3,041,271,901

2004 20,005,170,990 7,123,294 400,304,707 3,135,469,709

2005 20,464,660,331 7,389,748 481,813,923 3,112,903,343

2006 21,124,441,591 7,650,152 615,206,747 3,019,279,901

2007 21,812,182,535 7,926,771 867,340,039 3,284,605,288

2008 22,441,255,964 8,217,279 1,243,615,704 3,415,927,401

2009 22,874,787,500 8,519,360 962,017,332 3,560,875,953

2010 23,622,483,984 8,831,715 970,635,437 3,952,466,333

2011 24,600,594,629 9,083,525 1,592,801,456 4,480,007,243

2012 25,729,451,636 9,345,308 1,595,226,001 4,347,579,578

2013 27,160,443,493 9,615,506 2,009,872,818 4,644,670,784

2014 28,770,233,462 9,897,635 2,301,618,677 5,235,939,267

2015 30,431,210,269 10,199,662 2,708,377,714 5,659,793,001

Source: World Bank Development Indicators, Penn World Tables 8.1; https://datamarket.com/data/set/158
q/gross-public-investment-of-gdp#!ds=158q!h9m=h&display=line and Authors’ Projections

Appendix 1

J Econ Finan (2018) 42:591–614 609

https://datamarket.com/data/set/158q/gross-public-investment-of-gdp%23!ds=158q!h9m=h&display=line
https://datamarket.com/data/set/158q/gross-public-investment-of-gdp%23!ds=158q!h9m=h&display=line


Table 8 Lag length selection criteria of the VAR system, sample: 1977–2015

Lag LogR LR FPE AIC SC HQ

0 107.8620 NA 1.01e-10 −5.991879 −5.722522 −5.900021
1 395.7576 457.2460 3.83e-17 −20.80927 −18.92376 −20.16626
2 461.1401 80.76667 8.39e-18 −22.53765 −19.03600 −21.34349
3 526.8370 57.96783 2.72e-18 −24.28453 −19.16673 −22.53921
4 665.6645 73.49691* 3.16e-20* −30.33320* −23.59926* −28.03674*

*indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5% level)

FPE: Final prediction error

AIC: Akaike information criterion

SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion

Appendix 2

Table 9 The estimated autoregressive distributed lag model

Dependent Variable: RGDP

Method: ARDL

Date: 08/06/17 Time: 19:37

Sample (adjusted): 1982 2015

Included observations: 34 after adjustments

Maximum dependent lags: 5 (Automatic selection)

Model selection method: Akaike info criterion (AIC)

Dynamic regressors (5 lags, automatic): LAB GINV PINV

Fixed regressors: C

Number of models evalulated: 1080

Selected Model: ARDL(3, 4, 4, 5)

Variable Coefficient Std. Error t-Statistic Prob.*

RGDP(−1) 0.931651 0.290037 3.212185 0.0063

RGDP(−2) 0.205044 0.273798 0.748885 0.4663

RGDP(−3) −0.591086 0.155581 −3.799214 0.0020

LAB 0.274813 0.479159 0.573532 0.5754

LAB(−1) 0.266486 0.457683 0.582250 0.5697

LAB(−2) −0.473003 0.418858 −1.129269 0.2778

LAB(−3) 1.357144 0.422276 3.213883 0.0062

LAB(−4) −1.228985 0.428451 −2.868435 0.0124

GINV 0.063119 0.021896 2.882684 0.0120

Appendix 3
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Table 9 (continued)

GINV(−1) −0.014637 0.027769 −0.527093 0.6064

GINV(−2) −0.013455 0.028102 −0.478802 0.6395

GINV(−3) −0.019802 0.031220 −0.634285 0.5361

GINV(−4) 0.045987 0.022350 2.057576 0.0588

PINV 0.040922 0.035178 1.163275 0.2642

PINV(−1) −0.078910 0.032934 −2.395993 0.0311

PINV(−2) 0.045909 0.032886 1.396017 0.1845

PINV(−3) 0.117554 0.026973 4.358152 0.0007

PINV(−4) −0.043810 0.017275 −2.536099 0.0237

PINV(−5) −0.020485 0.022079 −0.927823 0.3692

C 2.189906 0.553250 3.958259 0.0014

R-squared 0.998479 Mean dependent var 10.25736

Adjusted R-squared 0.996414 S.D. dependent var 0.104937

S.E. of regression 0.006284 Akaike info criterion −7.012549
Sum squared resid 0.000553 Schwarz criterion −6.114690
Log likelihood 139.2133 Hannan-Quinn criter. −6.706353
F-statistic 483.6436 Durbin-Watson stat 2.067197

Prob(F-statistic) 0.000000

*p-values and any subsequent tests do not account for model selection
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