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Abstract

In this paper, the validity of the Wagner’s law is investigated in tenth selected Sub- Saharan
African countries, namely Botswana, Equatorial Guinea, Mauritania, Nigeria, South Africa,
Sierra Leone, Tanzania, Ethiopia, Madagascar, and DR Congo. Five variants of the Wagner’s
law were tested for the period 2005-2014, using panel econometric approaches encompassing
cointegration and causality. The study found a long run relationship between the public
expenditure and the various explanatory variables used as proxies of income. The long-run
causality tests indicate that there is bidirectional causality between expenditure and income in all
models with the exemption of the Gupta model. It is concluded that for Sub-Saharan Africa, both
the Wagner’s law the Keynesian hypothesis tend to be valid under the period of investigation.
The explanation is that there has been the tendency for public expenditure to grow relative to
national income (Wagner’s law) and that public expenditure is a policy instrument (an
exogenous factor) for improving national income (Keynesian hypothesis) during the 10-year
period.
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1. Introduction

The role that government ought to play in the life of an economy is one of the most debated
issues in the economic literature. The size of public expenditure has expanded for most of the
developed and developing world in the last one century, leading to renewed interest in what the
optimal size of government might. Several theories have consequently been propounded to
explain the relationship between growth and public expenditure. Many models and frameworks
have resulted in the quest for an adequate and sufficient explanation on the growth-expenditure
nexus.

Several reasons account for this interest. In the first place, the size and the composition of
government spending is influenced by a multiplicity of factors with dimensions in the political,
institutional and macroeconomic spectrum. Second, because of the imperatives of subjecting the
economy to controls arising from endogenous and exogenous shocks, it has become necessary
for many governments to use spending as a mechanism for achieving economic stability and
macroeconomic management.

Third and very importantly, there are policy implications on the relationship between
government expenditure and economic growth, considering that empirical investigations have
largely proceeded from two dominant viewpoints, namely the Wagner’s law and the Keynesian
hypothesis. To this end, the validity of these contrasting views have been tested using different
and alternative frameworks in both time series and cross sectional data (Courakis et al., 1993).

Peacock and Wiseman (1961), in a classic paper, attributed the growing interest in the
associated problems of economic dynamics and economic growth as reasons which stimulated

interest in public expenditures. They inquired: what is the relationship between the time
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evolution of public expenditures and of other magnitudes of economic interest? Wagner’s law
and Keynesian theory aimed at establishing generalizations about government expenditures by
direct inference from historical evidence or using postulates about the logic of choice. Public
expenditure or public spending is a major component whenever strategies for stimulating
economic growth and development are discussed.

It is important to examine what impact public expenditure has on economic growth in sub-
Saharan Africa. Since the mid-1990s, Sub-Saharan Africa began for the first time to grow at
about the same rate as the rest of the world. In 2012, according to the International Monetary
Fund (IMF, 2013), growth remained strong in the region with regional GDP rates increasing in
most countries (excluding Nigeria and South Africa). For 2013 to 2014, the IMF projected a 5%
percent moderate broad-based acceleration in growth for the sub region. It is pertinent to inquire
the source and nature of the growth experienced in the period. In other words, what is
responsible for this recent growth? Is it the size of the public sector (government spending) in
these countries?

From the foregoing, the objective of the paper is to examine the validity of Wagner’s law in
Sub-Saharan Africa. The paper is divided into five sections. Following the introduction, section 2
is on literature and theoretical issues. Methodology is covered in section 3. The empirical results

of the study are presented and discussed in section 5. The paper is concluded in section 5.

2. Literature Review

The relationship between government spending and national income has been investigated in two

different ways in two major areas of economic analysis, i.e. public economics and
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macroeconomics (Demirbas, 1999). In the case of public economics, majority of the studies
support the view that public expenditure spending is caused mainly by increased economic
growth (Wagner’s hypothesis). On the other hand, most investigations in macroeconomics
suggest that economic growth is influenced by public expenditure (Keynesian hypothesis).

A large number of studies have explored the effects of public expenditure on economic
growth with the empirical literature yielding conflicting results. Katrakilidis and Tsaliki (2009)
tested the empirical relationship between economic growth and government spending employing
data spanning the period 1958-2004 on the Greek economy. They observed a long-run
equilibrium relationship between government expenditures and economic output. Furthermore,
the analysis detects causal effects in both the short-run and long-run horizon running from
government expenditures to the level of economic activity and vice versa. Findings from the
ARDL framework used, thus; indicated a-directional causality between income and government
expenditures, in support of both the Wagner’s law and the Keynesian hypothesis.

It should be recalled that Wu et al. (2010) employed a panel data set comprising 182
countries for the time frame 1950 to 2004 to re-examine the causal relationship between
government expenditure and economic growth. By conducting a panel Granger causality test
their study found strong empirical evidence in support of Wagner’s law. They argue that
government spending was helpful to economic growth regardless of how they measure the
government size and economic growth. When the countries were disaggregated by income levels
and the degree of corruption, their results also confirm the bi-directional causality between
government activities and economic growth for the different sub-samples of countries, with the
exception of the low-income countries. They suggested that the distinct feature of the low-

income countries is likely owing to their inefficient governments and poor quality institutions.

4


http://dx.doi.org/10.20944/preprints201805.0121.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2018

d0i:10.20944/preprints201805.0121.v1

Chang et al. (2011) employed the definitions of income levels by the World Bank, i.e. high,
middle and low and found that public spending is inversely related to economic growth for the
panel of low-income countries, with a marginal significance level of 10%. Using data from 23
Organization of Economic Cooperation and Development (OECD) countries, Lamartina and
Zaghini (2011) employed panel cointegration analysis to examine government expenditure and
economic growth. The authors reported a structural positive correlation between public spending
and per-capita gross domestic product (GDP), which they observed was consistent with the so-
called Wagner's law. This correlation was reported as being usually higher in countries with
lower per-capita GDP.

Reappraising the two contending theories purporting to explain long-run government
spending, i.e. Wagner's Law and different variants of the ratchet effect, Durevall and Henrekson
(2011) analysed data on Sweden and the United Kingdom spanning the early 19th century until
2010. In contrast to previous studies, they evaluated the validity of Wagner's Law and the ratchet
effect hypothesis over a very long time period. Cointegration analysis was used to investigate the
long-run relationships between government expenditure and GDP, focusing on sub-periods and
structural breaks. Moreover, they tested the ratchet effect hypothesis by estimating models which
allow for asymmetric adjustment. According to their main results, Wagner's law does not hold in
the long run, although the data was consistent with Wagner's Law between roughly 1860 and the
mid-1970s. They noted that this can be traced to the formation of the modern public sector,
including the introduction of public education, health care, among other factors. Yet Wagner's
Law did not hold during the initial industrialization phase (before 1860), and in recent periods
GDP only affects the government spending share when they control for population and age

structure. Finally, they found some evidence of asymmetric adjustment in the UK, particularly in

5


http://dx.doi.org/10.20944/preprints201805.0121.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2018

d0i:10.20944/preprints201805.0121.v1

the post-World War 11 period. However, the ratchet effect is not a general cause of the growth of
government spending.

Moreover, Chang et al. (2011) applied the Generalized Method of Moments (GMM) on a
panel of 90 countries spanning over 1992-2006. They explored possible relationships between
military expenditure and economic growth, based on the definitions of income levels by the
World Bank, i.e. high, middle and low. Their results indicate that military spending leads
negatively to economic growth for the panels of low income countries with a marginal
significance level of 10%. Of four different regional panels (Africa, Europe, the Middle East—
South Asia and Pacific Rim), a negative but stronger (5% significance level) causal relationship
from military expenditure to economic growth is found for the Europe and Middle East—South
Asian regions.

Meanwhile, Wang (2011) used total health care expenditure data for 31 countries from 1986
to 2007 for exploring the causality between an increase in health care expenditure and economic
growth. The empirical procedure is divided into two parts. The first is the panel regression
analysis and the second is the quantile regression analysis. The estimation of the panel regression
reveals that, expenditure growth stimulates economic growth; however, economic growth
reduces expenditure growth. With regard to the estimation of quantile regression, when
economic growth is quantile, in countries with low level of growth, the influence of expenditure
growth on economic growth is different. In countries with medium and high levels of economic
growth, the influence of expenditure growth on economic growth is positive; when health care
expenditure growth is quantile, the influence of economic growth on expenditure growth

indicates a higher difference.
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Moreover, Wahab (2011) investigated the effects of aggregate and disaggregate government
spending variables on output growth. Both cross-section and panel regression estimations were
conducted using a model that accommodates asymmetric adjustments of output growth to
changes in growth of government spending. He found that aggregate government spending
appears to have positive output growth effects particularly in periods of below-trend growth. The
government sector's productivity appears to be higher than non-government sector's productivity
when spending growth is below-trend growth and only for the non-OECD (Organisation for
Economic Cooperation and Development) countries. No differences in sectoral productivities are
detected for OECD countries. The author observed that government consumption spending has
no significant output growth effects, but government investment spending had positive output
growth effects particularly when its growth falls below its trend-growth; this favourable effect
turns negative when government investment spending growth exceeds its trend-growth.

Furthermore, Harun et al. (2012) empirically explored the impact of public expenditure
expansion in reducing inter-ethnic and rural-urban income disparity. They examined the impact
within the context of a Social Accounting Matrix (SAM) based fixed price multiplier model.
Generally their results show that public expenditure expansion has improved income inequality
in Malaysia. The public expenditure expansion significantly improved the distribution of income
across different household groups where it reduced both the Malay-Chinese and Malay-Indian
income inequality as well as reduced income disparity between rural and urban areas. On the
other hand, Narayan et al. (2012) tested the Wagner's law for 15 Indian states. They considered
nine panels of states based on geography and level of economic development. Using panel unit-

root, panel-cointegration, and panel-Granger causality analysis, they found strong evidence of
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Wagner's law. However, they found that the Wagner's law relationship is consumption rather
than capital-expenditure driven.

It should be recalled that Wu and Lin (2012) investigated the determinants of government
size at the provincial level in China. Employing panel data model their study shows that
Wagner's law does not hold true for China. Moreover, both expenditure decentralization and
revenue decentralization contribute to the expansion of China's government. In addition they find
that openness to trade and foreign direct investment (FDI) limit government expansion, and that
the provincial-level public sector is characterized by economies of scale. Bruckner et al. (2012)
provided instrumental variable estimates of the permanent income elasticity of government
expenditures. They employed annual variation in the international oil price weighted with
countries' average oil net-export GDP shares as a plausibly exogenous source of within-country
variation in countries’ permanent income. The short-run estimates of the permanent income
elasticity are robust across alternative specifications and are below one: the estimated elasticity
coefficients range between 0.3 and 0.6 and have standard errors of 0.1 and 0.4, respectively.
Point estimates of long-run elasticities are somewhat larger but still smaller than unity. They
found that investment component of government spending is found to be more elastic than the
consumption component, whereas elasticity differences between rich and poor countries are
insignificant.

It should be noted that Mihaiu and Opreana (2013) examined if public expenditure for
development have a decisive role in Romania in the economic recovery of the country, in a first
step, but at the same time taking into account the European Union’s objectives. They observed
that Romania during 2000-2010 had the largest public investment expenditures across European

countries as a share of GDP, and in 2011 and was ranked second after Poland. But while the
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share of GDP allocated to public investment in Romania was above the average of EU countries,
in the economy these expenditures have been seen too little. Looking at the Lisbon Index score,
which tracks the performance of member countries to achieve the objectives of the current
Lisbon strategy, one can notice that Romania is on the penultimate position, being preceded only
by Bulgaria. The explanation for this poor performance in achieving the objectives of
development comes from the lack of efficiency with which public money was used in financing
investment projects and the low absorption rate of EU funds; Romania recorded in 2013 a rate of
absorption of structural and cohesion funds of only 13.05%, the lowest among Central and
Eastern Europe (CEE) countries.

Moreover, using the time series data during the period 1980-2010 for Pakistan, Attari and
Javed (2013) explored the relationship between economic growth and government expenditure
among others in case of Pakistan. Disaggregating the government expenditure into the
government current expenditure and the government development expenditure, the authors find a
long term relationship between economic growth and government expenditure. The authors
argue that government expenditure yield positive externalities and linkages. Even in the short
run, the authors observed that government expenditures do affect economic growth. The
causality test demonstrated a unidirectional causation between economic growth and government
expenditure.

Besides, Oktayer and Oktaye (2013) tested the validity of Wagner’s law on the Turkish
economy using the Autoregressive Distributed lag (ARDL) cointegration technique over 1950-
2010 period. While no long-run relationship between the variables were found in the bivariate

(first step) of the testing procedure, a long-run correlation was found in the second step when a
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trivariate framework incorporation inflation rate was employed. Moreover, non-interest
government expenditure was used instead of total government expenditures.

Turning to a component of public expenditure, Arze et al. (2013) studied the cyclical
behaviour of public spending on health and education in 145 countries during 1987—2007. They
found that spending on education and health is procyclical in developing countries and a cyclical
in developed countries. In addition, education and health expenditures follow an asymmetric
pattern in developing countries. He observed that they are procyclical during periods of positive
output gap and a cyclical during periods of negative output gap. Furthermore, the degree of
cyclicality is higher the lower the level of economic development. Further, Menyah and Wolde-
Rufael (2013) investigated the relationship between government expenditure and economic
growth in Ethiopia. Using the bounds test approach to cointegration, the paper found robust
evidence of a long-run relationship between government expenditure and national income.

Furthermore, on components of public expenditure and its influence on growth, Chen et al.
(2014) applied a two-step GMM to re-examine the causality between defence expenditure and
growth for 137 countries. Their findings indicate that in the lower-middle- and high-income
countries a short-run causality running from defence burden to growth was evident and that of
the low income countries, while bidirectional short-run causality is found in Asia, Europe, Latin
America & the Caribbean and the Middle East and North Africa. No causality was found in
upper-middle-income, European and Central Asian and Sub-Saharan African countries.

In this note Bayrak and Esen (2014) found both short- and long-run relationship between
public expenditures and economic growth, using data on 27 OECD economies between the years
1995 and 2012. In this respect, Afonso and Jalles (2014) used a panel dataset of 155 developed

and developing countries for the period 1970-2010 to examine the validity or otherwise of the
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Wagner’s law. A causal link was found from government expenditures to per capita GDP,
consistent with the Wagner’s law.

It should be recalled that Ogbonna (2015) examined the plausibility of Wagner’s law for
Greece for the period 1948 — 2010. Using causality tests, the results indicate that there is no
evidence to support either the Wagner’s Law or the alternative Keynesian hypothesis for the
Greek economy. Moreover, the Johansen Maximum Likelihood co-integration test and LSEM
indicate that the Wagner’s law is not supported for Greece.

In a study on Palestine, Abu-Eideh (2015)_found a_long-run relationship between public
expenditure and GDP growth. In addition and using the Granger causality framework, both
public expenditure and GDP were found to have a feedback relationship. Wagner’s Law was
thus validated for Palestine as both public expenditure and GDP were found to grow
substantially.

Additionally, Masan (2015) investigated the relationship between GDP and total as well as
disaggregated public expenditures in Oman over the period 1980-2005. Using the Engle-
Granger’s two-step cointegration and Granger Causality techniques, most of the results do not
show evidence of long-run equilibrium between government expenditures and national income,
but they support the short-run unidirectional causality from economic growth to government
expenditures, implying that a rise in the level of national income may be a cause in the growth of
government expenditure, in line with the Wagner’s Law.

Likewise, Magazzino et al. (2015) studied the relationship between real GDP and GGE, total
current expenditure and investment expenditure for 27 EU member countries, using annual data
for the period 1980- 2013. The empirical results suggest that there is a long-run relationship

among the variables. The results of the Granger causality tests were however mixed, and the
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authors concluded that the relationship between the three items of government expenditure and
national income used in the study appear to be more Wagnerian than Keynesian.

Further, Keho (2015) examined the causal relationship between government expenditure and
economic growth and tested the validity of Wagner’s Law for tenth African countries. Using the
Granger causality tests in the frequency domain which allows short, medium and long run
causality to be distinguished, the results indicate that Wagner’s law holds for Cameroon only in
the medium term, for Ghana in the short, medium and long terms and for Nigeria in the long-run.
The opposite results were found for Gabon and Senegal in the short, medium and long run, and
for South Africa in the medium and short run. For Burkina Faso, bidirectional causality was
found between government expenditure and income over the short, medium and long run.

Besides, Ahmad and Suleiman (2015), investigated the link between government spending
and economic growth on Nigeria between 1972 and 2011, using the Autoregressive Distributed
Lag testing, combined with Toda-Yamamoto non- Granger causality test. The empirical results
indicate that there is cointegration in both methods employed, while the causality test results are
supportive of the Wagner’ Law.

It should be noted that Bayu (2015) investigated the nexus between economic growth and
government expenditure for the Ethiopian economy, using annual data from 1974 to 2009 and
the Engel-Granger cointegration technique. The result shows that only the Peacock and Wiseman
(1961) version of Wagner’s law is supported. Moreover, a unidirectional causality was found to
run from economic growth to government consumption expenditure.

Further, Keho (2016) examined the relationship between government expenditure and
national income for sixth African countries over the period from 1960 to 2013. Using the

Gregory and Hansen (1996) cointegration test which allows for a structural break in the long run
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relationships, evidence of Wagner’s law was found for Ghana over the period 1960-2013 and in
Cote d’Ivoire for the period 1960-1995. For Kenya, in the period 1960-1991, both the Wagner’s
law and Keynesian hypotheses were supported. The results for the other three countries (namely
Benin, Senegal and South Africa) do not support either the Wagner’s law or the alternative
Keynesian hypothesis in the long run.

Finally, Thabane and Lebina (2016) examined the long-run and causal relationship between
government spending and economic growth in Lesotho using the ARDL bounds testing
procedure for the period 1980 to 2012 and found a stable long-term relationship between
government spending and economic growth. In addition, a bidirectional causality running from

economic growth to government expenditure was found, confirming Wagner’s Law.

3. Methodology

This section demonstrates the data sources and model and estimation procedures employed in

this study as followings.

3.1 Sources of Data

The data used are annual comprising real gross domestic product per capita, nominal gross
domestic product, real government expenditure and nominal government expenditure per capita.
The study covers a period of 2005 to 2014. Ten countries were selected in Sub-Saharan Africa
and studied. The data are from the World Development Indicators (World Bank, 2014), and the

World Economic Outlook (IMF, 2014).
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3.2 Model Specification and Estimation Procedures

We investigate the validity of the Wagner’s law in Sub-Saharan Africa on five versions in the
literature, namely the Peacock-Wiseman (1961), Gupta (1967), Goffman (1968), Musgrave

(1969), and the Mann (1980) versions respectively. These models are specified as follows:

GE, =, + oyGDP +¢, (1a)
58] - on(52)
GE =¢,+ ¢1(¥1 +€, (1c)
(%j :%+zl(¥jt+et (10
[%1 =¥, + ¥,GDR +¢, (1e)

where GE is the log of real government expenditures, P is log of population, (GE/GDP) is the
log of the share of government spending in total output, GDP/P is the log of the per capita real
output, GE/P is the log of the per capita real government expenditures, GDP is the log of real
GDP.

The literature on public expenditure and growth is largely of an empirical nature and the link
between public expenditure and economic growth remains an empirical question. Being aware of

this lack of clear theoretical predictions, in this thesis we turn to the data on the sub-Saharan
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African countries bearing in mind the findings of the past studies and the research gaps
identified.

Important changes have occurred in the last three decades on the methods of estimating
economic relationships and modelling. The Ordinary Least Squares (OLS) method, which is the
standard regression model, is based on the assumption that the stochastic properties of the
variables are stationary or time-invariant. The implication therefore of using non-stationary
variables in modelling using OLS framework leads to misleading inferences (Glynn et al.,
2007).When variables are non-stationary, estimating long-run relationship is based on the
method of cointegration. However, before cointegration relationship is established, it is
necessary to conduct tests of unit root.

The stability properties of the variables used in the thesis were first examined in order to
determine their order of integration. This is important as it helps determine the appropriate
econometric framework to be adopted for analysis, and helping to avoid the spurious regression
phenomenon. It needs to be noted that testing for unit roots in time series studies has become an
integral part of econometric studies, while in the case of panel data, it is relatively recent.

Six panel unit root tests were considered in the thesis. These are the Levin, Lin, and Chu
(2002), Breitung (2000), Hadri (2000), Im, Pesaran and Shin (2003), Fisher ADF, and Fisher PP
(Maddala & Wu, 1999; Choi, 2001). Thus the unit root tests are subdivided into two, i.e. those
with a common or homogenous unit root process and those with processes that are
heterogeneous. The need for the two type tests is in keeping with the empirical necessity of
investigating the countries in SSA as either homogenous due to their common history of
colonialism and similar economic structures; or heterogeneous in terms of different levels of

national income. While the first three are tests with common unit root process (homogeneous),
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the latter three relate to individual unit root process (heterogeneous) in the series.

The test for cointegration logically follows that of unit root. To determine the existence or
otherwise of a cointegrating relationship in the series used for investigation, the methodology
proposed by Pedroni (1999) and Kao (1999) was utilized.

Pedroni (1999) employed four panel statistics and three group panel statistics to test the null
hypothesis of no cointegration against the alternative hypothesis of cointegration. In the former
case of panel statistics, the first-order autoregressive term is assumed to be the same across all
the cross sections, while in the case of group panel statistics, the parameter is allowed to vary
over the cross sections. Pedroni’s (1999) test allows for considerable heterogeneity, and

considers the following type of specification:

Vi = +Ot+ X, B+ ey (2a)
where y;rand X;; are time series panel of observations for members i=/...,N over time periods
denoted a t = 1,...,T. In addition, Xj; is an m-dimensional column vector for each member i and
P; is an m-dimensional column vector for each member i in the panel. The variables y;; and X;; are
assumed to have a unit root or integrated of order 1 for each member i of the panel.
Important in the test is that the possibility of member specific fixed effects and deterministic

trends are allowed in the parameters ¢; andd;. The cointegrating vectors may be heterogeneous
across members of the panel as the slope coefficient £, can vary individually.
The DF-type test is computed from the fixed effects residuals in the following specification:

éit = péi 1tV (2b)

16


http://dx.doi.org/10.20944/preprints201805.0121.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2018 d0i:10.20944/preprints201805.0121.v1

The ADF-type tests can be calculated from the fixed effects residuals given as follows:
~n p ~N
€ =€t Z O;A8 ; +Vy (20)
j=1

Two categories of Pedroni's tests can be identified. The first category relates to what is
referred to as within dimension, involving averaging test statistics for cointegration in the time
series across cross-section. In the second category referred to as between dimension, the
averaging is implemented in pieces. However, both categories have similar basic approach in
that the hypothesized cointegration relationship is initially estimated separately for each series of
the panel and the resulting residuals are pooled when testing for the null of no cointegration.
Pooling the residuals in the second step will follow different patterns among the various
statistics, which are defined as follows:

Panel variance ratio statistic:

i=1t=1

(N -1 , (NI -1
Z\iNT = Lll(gi Azz) Lll(zzelt 1) (2d)

Panel rho-statistic:

—_
—
1l

2y i (Ba | (30T (3360 ) |23l -A) @
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Panel t-statistic:

Group rho-statistic:

- NG N troo R
ZpNT a = E 2i (A22| Tﬂ’ ) Z (Eelt 1) E(Aeitel -1 /,LI) (29)
Group t-statistic:
1
~ N no T 5 ) T A A
Zi 4= Ei O; Eei,t—l E(Aeitei,t—l - ﬂ/.) 2h)

From the above statistic, the following are defined:

S
2 A= W, ithi—s» Wk, =1- .
i —-p;€ 17 Z Kt;llut/ut ; 1+ K,
Inmno. 22 22 2 a2 loas 2 lep
S|2:_ Hit s O-|2:Si2+2ﬂ’|2’ GI%IT :_ZO-|27 21:_2 21i
T3 N = N =
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where L ; = (T, — T,y —T1,5T1,;)"? and 11, is a consistent estimator of IT,.

Two tests of cointegration in panel were devised by Kao (1999). It starts by considering the

panel regression model of the form:
Yie =X B+ 2y + € (3a)

where the variables yj; and x;; have a unit root or 1(1) and noncointegrated. For e; as a test for
the null of no cointegration, Kao (1999) proposed DF and ADF-type unit root tests, with the DF-

type tests computed from the fixed effects residuals:
éit = péi,tfl + Vi, (3b)

Using OLS, p and t can be computed with the following specifications:

Itz
T -
D
D

N

>
I

2 (3c)

Mz
Tt
D>

L
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B 1 NT o )
e ﬁzigé(eit _mi,tfl) (3d)

The four type DF tests are given by:

oF _JNT (p—1)+3J/N
g J10.2 (3e)

=1.25.t, +1.875N

(3f)
A2
INT (5—1)+ 3\/_ No;
DF. = G
P A4
3 366, (39)
+ 55 2
O-OV
6N G,
DR = oy
62, 367 (3h)
267 " 1062

It needs to be noted that while the DF, and DF; are constructed on the basis of the strong
exogeneity of the regressors and disturbance terms for the cointegration, the DF*, and DF*; on

the other hand, are with endogenous relationship between regressors and error terms.
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The ADF test is based on the following specification:

p
€t = it Z5jAei,t—j + Vi,
-1

The ADF test statistics can be derived from:

6N G,

top + v
ADF 2 A

ADF = oy

J 62, 36
+ 2

A 2 A
26, 10o,

where tapr IS the t-statistic of p in equation (3i)

d0i:10.20944/preprints201805.0121.v1

3i)

(3))

When evidence of cointegration was found, the next stage in the analysis was to investigate

2004).

the short-run and long-run causality between public expenditure and gross domestic product
through the Error Correction Model (ECM). It needs to be pointed out however that Granger
causality tests are applicable regardless of the orders of integration of the underlying variables.
However, in implementing the Granger causality test in the presence of a long-run relationship, it
is essential to include a lagged error correction term within the error correction model in order to

capture the short-run deviations of the series from their long-run relationship (Narayan & Smyth,

The ECM specifications of the variables used in the paper are presented in two

21

endogenous variables, i.e. government expenditure and gross domestic product as follows:


http://dx.doi.org/10.20944/preprints201805.0121.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2018

k-1 k-1
AGE; =y, +0,,ECM +25111AGELH + ZngiAGDIDi,t—i + &y (4a)
i-1

i=1

k-1 k-1
AGDR, =7, +6,ECM; +z52nAGEi,t—i + 2522 AGDR ; + &5 (4b)
=)

i=1

The intercept terms are denoted by yi...y, while the disturbance terms are denoted by
€1ir,...€2i.  Note that both government expenditure (GE) and gross domestic product (GDP) are
presented according to their definitions in the various versions of Wagner’s law as captured in
equations 1a through 1e.

It is imperative to select the appropriate lag-length in the ECM. This is because the size
of the test is adversely affected when selecting too few lags, while the power of the test is
reduced when too many lags are used, thereby truncating the degree of freedom (Banerjee et al.,
1993). There are several lag length selection criteria in the literature such as the Final prediction
error, Akaike information criterion (AIC), Schwarz information criterion (SC), and Hannan-
Quinn information criterion (HQ).

The likelihood ratio (LR) test and the Akaike Information Criterion (AIC) are quite
popular in empirical research. A major advantage of the use of the LR test is that it facilitates
cross-equation restrictions to test shorter lags versus longer lags. AIC is relatively better than say
the Schwartz Bayesian Criterion (SBC) when selecting lags for models that the true data
generating process is one of long lags (Ozcicek & McMillin, 1999). Consequently, the optimal

lag length employed in the study was based on AIC and LR.

22

d0i:10.20944/preprints201805.0121.v1


http://dx.doi.org/10.20944/preprints201805.0121.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2018 d0i:10.20944/preprints201805.0121.v1

There are two sources of causation in an ECM framework i.e. one originating from the
ECM term and the other from the lagged dynamic terms. Consequently, two causality tests was
carried out, i.e. the short-run Granger non-causality test and the long-run causality. All the
causality tests will be executed through the Wald test. To test for long-run non-causality, the null
hypothesis that the coefficient of ECM.; is zero is tested in each of the equations (3.40) through
(3.41), to determine whether the variables on the right-hand side Granger-cause the variable on
the left-hand side.

4, Results

This section interprets the results generated from the aforementioned data and models to

empirically tell the tale of the countries under study.

4.1. Cointegration Test Results

We present the results of the tests for cointegration in Table 1. Results of the unit root tests

indicate that the series used are integrated of order 1. They are not presented for reason of space.

Table 1: Cointegration Test Results

Panel 1: Pedroni and Kao tests

Model Statistic Pedroni Kao

*

Panel PP-Statistic -4.776667 -
Peacock-Wiseman
Panel ADF-Statistic -4.574716" -0.189153
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Panel PP-Statistic -2.837851" -
Gupta

Panel ADF-Statistic -1.398397" -0.803165

Panel PP-Statistic -2.844776" -
Goffman

Panel ADF-Statistic -1.467450" 0.068700

Panel PP-Statistic -13.40764" -
Musgrave

Panel ADF-Statistic -14.87286" 2.771735

Panel PP-Statistic 0.931506 -
Mann

Panel ADF-Statistic -7.049580" 3.369985

Panel 2: Johansen-Fisher Test

Hypothesized Fisher Stat. Fisher Stat.
(Max-eigen
No. of CE(s) (Trace test) Prob. test) Prob.

Peacock- None 118.9 0.0000 105.0 0.0000
Wiseman At most 1 50.77 0.0002 50.77 0.0002
Gupta None 112.8 0.0000 97.84 0.0000
At most 1 47.64 0.0005 47.64 0.0005
Goffman None 104.5 0.0000 81.84 0.0000
At most 1 59.84 0.0000 59.84 0.0000
Musgrave None 103.2 0.0000 89.28 0.0000
At most 1 50.22 0.0002 50.22 0.0002
Mann None 108.0 0.0000 96.37 0.0000
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At most 1 47.10 0.0006 47.10 0.0006
Panel 3: Johansen Fisher Cointegration Test (Individual cross section results)
Max-Eign
Trace Test Test
Cross Section Statistics ~ Prob.  Statistics  Prob.
Model Hypothesis of no cointegration
Botswana 12.5408  0.1328  12.3959  0.0967
Equatorial Guinea 27.7506  0.0005 27.0204 0.0003
Mauritania 14.8372 0.0626 9.9271 0.2168
PEACOCK-  Nigeria 22.9489  0.0031 20.7759  0.0041
WISEMAN  South Africa 31.6958  0.0001 23.2354  0.0015
Sierra Leone 52.2025 0.0000 50.8534  0.0000
Tanzania 5.0824 0.8000  4.4707  0.8066
Ethiopia 6.2085 0.6709 4.9745 0.7451
Madagascar 27.6728  0.0005 24.6932  0.0008
DR Congo 27.1898  0.0006 16.4563  0.0222
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Botswana 13.5064  0.0975 12.9402  0.0801
Equatorial Guinea 31.0262  0.0001 30.8272  0.0001
Mauritania 14.2646  0.0760 10.4241  0.1855
Nigeria 23.5923 0.0024  20.4092  0.0047
GUPTA South Africa 37.4487  0.0000 24.9074  0.0007
Sierra Leone 39.6522  0.0000 39.1901  0.0000
Tanzania 45722 0.8525 4.3123 0.8250
Ethiopia 6.0520 0.6894 50175  0.7396
Madagascar 16.7974  0.0317 16.6243  0.0208
DR Congo 29.1138 0.0003 19.1877  0.0077
Botswana 13.9867  0.0833  13.5324  0.0650
Equatorial Guinea 25.3770  0.0012 24.9615 0.0007
Mauritania 14.2262 0.0769  10.1798  0.2004
Nigeria 243301 0.0018 20.8281  0.0040
GOFFMAN  South Africa 33,5525 0.0000 24.6790 0.0008
Sierra Leone 24.2333  0.0019 23.1518 0.0015
Tanzania 5.3755 0.7677 4.9790 0.7445
Ethiopia 5.9856 0.6972 5.0125 0.7402
Madagascar 26.4339  0.0008 17.3553  0.0157
DR Congo 33.4444  0.0000 20.7941  0.0040
Botswana 14.4746  0.0708 12.6107 0.0898
Equatorial Guinea 39.7574  0.0000 34.9212  0.0000
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Mauritania 20.3226 0.0086 17.2812  0.0162
Nigeria 12.7010  0.1262  12.6343  0.0890
South Africa 31.6563  0.0001 25.8414  0.0005
MUSGRAVE Sierra Leone 10.6004  0.2373  6.0799  0.6030
Tanzania 6.5348 0.6323  6.5309  0.5460
Ethiopia 32.2137  0.0001 30.1964  0.0001
Madagascar 20.5715  0.0079 12.0472  0.1089
DR Congo 18.6600  0.0161 16.5431 0.0214
Botswana 14.3058  0.0749 12.3416  0.0985

Equatorial Guinea 42.8740  0.0000 33.7822  0.0000

Mauritania 20.4274 0.0083 17.6031  0.0143
Nigeria 12.5459  0.1326  12.5436  0.0919
MANN South Africa 247377  0.0015 20.5290  0.0045
Sierra Leone 11.8240 0.1656 7.1111 0.4761
Tanzania 7.0927 0.5669 7.0377 0.4847
Ethiopia 31.6602  0.0001 29.3251  0.0001
Madagascar 29.1146  0.0003  27.2777  0.0003
DR Congo 20.0499  0.0096 16.8556  0.0190

Source: Authors’ computations

The Pedroni cointegration test results are presented in Panel 1 of Table 1. The null hypothesis of
no cointegration is rejected in all the versions of Wagner’s models, as evidenced by the statistical

significance of the Panel PP and ADF statistics respectively.
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The results of the Kao cointegration tests present somewhat different results. Whereas the
null of no cointegration is accepted for the Peacock-Wiseman, Gupta and Goffman’s versions of
Wagner’s law, the reverse is the case with the Musgrave and Mann versions respectively.
Overall, it is plausible to conclude that, irrespective of the version of the Wagner’s law tested,
the empirical results suggest that there is a long-run equilibrium relationship between
government expenditure and economic growth. This conclusion is corroborated by the results in
Panel 3 of Table 1, where individual cross section results are presented. In majority of cases, the
null hypothesis of no cointegration is rejected. Specifically, in the Peacock-Wiseman version of
Wagner’s law, results for Mauritania, Tanzania and Ethiopia accept the null of no cointegration.
It is the same with the Gupta and Goffman versions. In the case of the Musgrave’s and Mann’s
versions, only the results of Sierra Leone and Tanzania indicate presence of no cointegration.
The overwhelming empirical evidence therefore is that there exists a long-run equilibrium
relationship between government expenditure and economic growth in a panel of setting for the
10 selected countries in Sub-Saharan Africa.

For robustness, the ten selected countries used in the study were divided into two group
namely higher and lower income groups respectively in line with World Bank income
classification. Countries in the higher income group are Botswana, Equatorial Guinea, Mauritius,
Nigeria and South Africa; while in the lower income countries encompass Sierra Leone,
Tanzania, Ethiopia, Madagascar and DR Congo. Cointegration tests were consequently applied
to each group. The results of the cointegration tests for each of the two groups of countries are
presented in Appendices 1 and 2 and are not discussed to conserve space. However, the results
are conclusive of a long run equilibrium relationship between public expenditure and income

across the countries studied.
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4.2  Causality Test Results

The long-run causality test results in respect of all the selected countries used in the investigation
are presented in 2. Because causality tests are sensitive to lag length, we first fit a vector
autoregressive (VAR) regression for each of the models and tested for the optimal lags. The

results of the lag length selection criteria are presented in the Appendix 1.

Table 2: Causality Tests (All selected countries)

Version of Hypothesis LR-causality Conclusion

Wagner’s law

Peacock-Wiseman Ho: AGDP -+ AGE 2.524007(3)  Keynesian and
. Wagners laws
A GE + AGDP 7.78030(1)
hold
Gupta Ho: AGDP/P  AGE/P L75910  Keynesian law
AGE/P+ AGDP/P 7.77728(8)""  holds
Goffman Ho: AGDP/P +» AGE 2.53410(3)  Wagners law
holds
AGE -» AGDP/P 0.35968
Musgrave Ho: AGDP/P-+ AGE/GDP 2.16418(6)

Keynesian and
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AGE/GDP -+ AGDP/P 6.37669(1)"  Wagners laws

hold
Mann Ho: AGDP +» AGE/GDP 2.36241(5)7  Keynesian and
rx Wagners laws
AGE/GDP + AGDP 2.99511(1)

hold

E

Note: + denotes “does not Granger-Cause. Number in parenthesis denotes lags used. *, ~ and

denote rejection of the null hypothesis at 1%, 5% and 10% level of significance respectively.

Source: Authors’ computations

From the empirical results in Table 2, the long-run causality tests indicate that there is
bidirectional causality between expenditure and income in all models with the exemption of the
Gupta model. In other words, both the Wagner’s and the competing Keynesian hypothesis are
valid for the selected countries in sub-Saharan Africa.

In the Gupta version, causality flows for expenditure to income, supporting the Keynesian
assertion of the significance of government expenditure in economic growth. On the whole, the
conclusion that can be reached is that in Sub-Saharan Africa, both the Wagner’s law and the

Keynesian hypothesis tend to be valid.

5. Conclusion And Implications
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This paper empirically analyses public expenditure and economic growth, with emphasis on 10"
(tenth) selected countries in sub-Saharan Africa. Using five acknowledged models in the
empirical literature, we tested for cointegration and causality, having first established the order
of integration of the variables employed. These models follow the framework of Peacock-
Wiseman (1961), Gupta (1967), Goffman (1968), Musgrave (1969) and Mann (1980).

The study found a long run relationship between the public expenditure and the various
explanatory variables used as proxies of income in line with the variant of real income used in
the models.

The empirical results are supportive of the conclusion that both the Wagner’s Law and the
Keynesian hypotheses are valid for the selected countries for the period 2005-2014. In essence,
the explanation is that there has been the tendency for public expenditure to grow relative to
national income (Wagner’s law) and that public expenditure is a policy instrument (an
exogenous factor) for improving national income (Keynesian hypothesis) during the 10-year
period.

Importantly, the long-run causality tests indicate that there is bidirectional causality between
expenditure and income in all modes with the exemption of the Gupta model. In other words,
both the Wagner’s and the competing Keynesian hypothesis are valid for the selected countries
in sub-Saharan Africa. In the Gupta version, causality flows from expenditure to income,
supporting the Keynesian assertion of the significance of government expenditure in economic
growth. On the whole, the conclusion that can be reached is that in Sub-Saharan Africa, both the

Wagner’s law the Keynesian hypothesis tend to be valid.
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APPENDIX 1

Cointegration Tests: Selected Higher Income Countries

Table 1A: Cointegration Tests

Panel Cointegration Test Results (Peacock)

Pedroni Kao
Panel PP-Statistic -1.251695*: -
Panel ADF-Statistic -5.598451 1.499773

Source: Author’s computations.

Johansen Fisher Panel Cointegration Test (Peacock)

Hypothesized Fisher stat. Fisher stat.
(from max-eigen
No. Of ce(s) (from trace test)  Prob. test) Prob.
None 55.12 0.0000 47.94 0.0000
At most 1 24.98 0.0054 24.98 0.0054
Individual cross section results
Trace test Max-eign test
Cross section Statistics Prob.** Statistics Prob.**
Botswana 12.5408 0.1328 12.3959 0.0967
Equatorial guinea 27.7506 0.0005 27.0204 0.0003
Mauritania 14.8372 0.0626 9.9271 0.2168
Nigeria 22.9489 0.0031 20.7759 0.0041
South africa 31.6958 0.0001 23.2354 0.0015

Panel Cointegration Test Results (Musgrave)
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Pedroni Kao
Panel PP-Statistic -0.493873 -
Panel ADF-Statistic -1.697314" 2.751715

Johansen Fisher Panel Cointegration Test (Musgrave)

Hypothesized Fisher Stat. Fisher Stat.
(from max-eigen
No. of CE(s)  (from trace test) Praob. test) Prob.
None 62.45 0.0000 56.03 0.0000
At most 1 24.44 0.0065 24.44 0.0065

Individual cross section results

Trace Test Max-Eign Test
Cross Section Statistics Prob.** Statistics Prob.**
Botswana 14.4746 0.0708 12.6107 0.0898
Equatorial Guinea 39.7574 0.0000 34.9212 0.0000
Mauritania 20.3226 0.0086 17.2812 0.0162
Nigeria 12.7010 0.1262 12.6343 0.0890
South Africa 31.6563 0.0001 25.8414 0.0005

Panel Cointegration Test Results (Gupta)

Pedroni Kao
Panel PP-Statistic -1.358816 -
Panel ADF-Statistic -4.314105" -4.417908"

Johansen Fisher Panel Cointegration Test (Gupta)

Hypothesized Fisher Stat. Fisher Stat.
(from max-eigen
No. of CE(s)  (from trace test) Prob. test) Prob.
None 63.46 0.0000 52.98 0.0000
At most 1 29.28 0.0011 29.28 0.0011
Individual cross section results
Trace Test Max-Eign Test
Cross Section Statistics Prob.** Statistics Prob.**
Botswana 13.5064 0.0975 12.9402 0.0801
Equatorial Guinea 31.0262 0.0001 30.8272 0.0001
Mauritania 14.2646 0.0760 10.4241 0.1855
Nigeria 23.5923 0.0024 20.4092 0.0047
South Africa 37.4487 0.0000 24.9074 0.0007
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APPENDIX 2

Cointegration Tests: Selected Lower Income Countries

Table 2A: Cointegration Test Results

Panel Cointegration Test Results (Peacock)

Pedroni Kao
Panel PP-Statistic -1.3805427 -
Panel ADF-Statistic -0.421880 2.085149"

Johansen Fisher Panel Cointegration Test (Peacock)

Hypothesized Fisher stat. Fisher stat.
(from max-eigen
No. of ce(s) (from trace test)  Prob. test) Prob.
None 63.80 0.0000 57.05 0.0000
At most 1 25.78 0.0040 25.78 0.0040
Individual cross section results
Trace test Max-eign test
Cross section Statistics Prob. Statistics Prob.
Sierra Leone 52.2025 0.0000 50.8534 0.0000
Tanzania 5.0824 0.8000 4.4707 0.0866
Ethiopia 6.2085 0.6709 4.9745 0.07451
Madagascar 27.6728 0.0005 24.6932 0.0008
DR Congo 27.1898 0.0006 16.4563 0.0222
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Panel Cointegration Test Results (Musgrave)

Pedroni Kao
Panel PP-Statistic -1.255319:: -
Panel ADF-Statistic -1.433196 1.246301

Johansen Fisher Panel Cointegration Test (Musgrave)

Hypothesized Fisher Stat. Fisher Stat.
(from max-eigen
No. of CE(s)  (from trace test) Prob. test) Prob.
None 40.79 0.0000 33.26 0.0002
At most 1 25.78 0.0040 25.78 0.0040

Individual cross section results

Trace Test Max-Eign Test
Cross Section Statistics Prob.** Statistics Prob.**
Sierra Leone 10.6004 0.2373 6.0799 0.1030
Tanzania 6.5348 0.6323 6.5309 0.0460
Ethiopia 32.2137 0.0001 30.1964 0.0001
Madagascar 20.5715 0.0079 12.0472 0.1089
DR Congo 18.6600 0.0161 16.5431 0.0214

Panel Cointegration Test Results (Gupta)

Pedroni Kao
Panel PP-Statistic -0.966977 -
Panel ADF-Statistic -4.077866 1.185293

Johansen Fisher Panel Cointegration Test (Gupta)

Hypothesized Fisher Stat. Fisher Stat.
(from max-eigen
No. of CE(s)  (from trace test) Prob. test) Prob.
None 63.46 0.0000 52.98 0.0000
At most 1 29.28 0.0011 29.28 0.0011
Individual cross section results
Trace Test Max-Eign Test
Cross Section Statistics Prob.** Statistics Prob.**
Sierra Leone 13.5064 0.0975 12.9402 0.0801
Tanzania 31.0262 0.0001 30.8272 0.0001
Ethiopia 14.2646 0.0760 10.4241 0.1025
Madagascar 23.5923 0.0024 20.4092 0.0047
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DR Congo 37.4487 0.0000 24.9074 0.0007
Panel Cointegration Test Results (Goffman)
Pedroni Kao
Panel PP-Statistic 0.386583 -
Panel ADF-Statistic -2.033907" 3.161007"
Johansen Fisher Panel Cointegration Test (Goffman)
Hypothesized Fisher Stat. Fisher Stat.
(from max-eigen
No. of CE(s)  (from trace test) Prob. test) Prob.
None 48.15 0.0000 33.46 0.0002
At most 1 33.64 0.0002 33.64 0.0002
Individual cross section results
Trace Test Max-Eign Test
Cross Section Statistics Prob.** Statistics Prob.**
Sierra Leone 24.2333 0.0019 23.1518 0.0015
Tanzania 5.3755 0.7677 4.9790 0.1045
Ethiopia 5.9856 0.6972 5.0125 0.0402
Madagascar 26.4339 0.0008 17.3553 0.0157
DR Congo 33.4444 0.0000 20.7941 0.0040
Source: Author’s computations
APPENDIX 3

Panel 1: Peacock-Wiseman

Lag Order Selection Criteria for Causality Tests

Lag LogL LR FPE AlC SC HQ
0 -70.94748 NA 5.048853  7.294748  7.394322*  7.314186
1 58.76495  220.5111 1.76e-05  -5.276495 -4.977776 -5.218182
2 65.56010  10.19272 1.35e-05 -5.556010 -5.058144 -5.458821
3 78.87353  17.30746*  5.55e-06 -6.487353* -5.790340 -6.351289*
4 91.80822 14.22815  2.45e-06 -7.380822 -6.484662 -7.205882
5 97.09307  4.756366  2.47e-06  -7.509307 -6.414001 -7.295491

Panel 2: Gupta

Lag LogL LR FPE AIC SC HQ
0 -82.55350 NA 16.11520  8.455350  8.554924  8.474788
1 64.22047  249.5158 1.02e-05  -5.822047 -5.523327 -5.763734
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2 69.67263  8.178246 8.97e-06  -5.967263 -5.469397 -5.870075
3 79.05101 12.19189 5.45e-06  -6.505101 -5.808089 -6.369037
4 93.87652  16.30806* 2.00e-06  -7.587652 -6.691493 -7.412712
5 101.1645  6.559227 1.64e-06 -7.916455 -6.821149 -7.702640
6 105.0479  2.718333 2.09e-06  -7.904788 -6.610336 -7.652097
7 114.1249 4538516 1.86e-06 -8.412491 -6.918893 -8.120925
8 134.9812 6.256882  7.16e-07* -10.09812* -8.405374* -9.767677*
Panel 3: Goffman
Lag LogL LR FPE AIC SC HQ
0 -194.7768 NA 8.982938 7.871070  7.947551 7.900195
1 149.2893  646.8441 1.11e-05 -5.731570 -5.502128 -5.644197
2 162.2712 23.36748  7.77e-06* -6.090848 -5.708443 -5.945226*
3 164.4526  3.752068*  8.38e-06 -6.018105* -5.482739* -5.814235
4 169.2842 7.923708 8.14e-06  -6.051366 -5.363038 -5.789247
5 172.7720  5.441055 8.36e-06  -6.030881 -5.189591 -5.710513
Panel 4: Musgrave
Lag LogL LR FPE AIC SC HQ
0 -52.40830 NA 0.790762 5.440830 5.540403  5.460267
1 27.53405 135.9020  0.000400 -2.153405 -1.854685 -2.095092
2 38.54023 16.50927  0.000202 -2.854023 -2.356157 -2.756834
3 43.75887 6.784235  0.000186 -2.975887 -2.278875 -2.839823
4 52.69462  9.829324* 0.000123 -3.469462 -2.573303 -3.294523
5 57.93499  4.716329  0.000124 -3.593499 -2.498193 -3.379684
6 64.64217  4.695029  0.000119* -3.864217* -2.569765 -3.611527*
7 69.76135  2.559587  0.000157 -3.976135 -2.482536 -3.684569
8 78.32933 2570396  0.000207  -4.432933 -2.740189 -4.102492
Panel 5: Mann
Lag LogL LR FPE AIC SC HQ
0 -51.16308 NA 0.698180  5.316308  5.415882  5.335746
1 20.63248 122.0525  0.000797 -1.463248 -1.164529 -1.404935
2 35.31765 22.02775 0.000279 -2.531765 -2.033899 -2.434576
3 38.92919  4.695005  0.000301 -2.492919 -1.795906 -2.356855
4 4457040  6.205327  0.000276 -2.657040 -1.760881* -2.482100
5 48.85021 3.851829* 0.000307* -2.685021 -1.589715 -2.471206*
6 56.39650  5.282402  0.000271 -3.039650 -1.745198 -2.786959
7 7140365  7.503576  0.000133 -4.140365 -2.646766 -3.848799
8 91.45702 6.016011 5.56e-05 -5.745702 -4.052957 -5.415260

* 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

43


http://dx.doi.org/10.20944/preprints201805.0121.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2018 d0i:10.20944/preprints201805.0121.v1

SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion
Source: Author’s computations
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