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Economic Growth in the CEE-4 Countries
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Abstract
The aim of the study is to examine the main factors driving economic growth in the CEE-4
countries since the transition with the main focus on macroeconomic policies and
institutions. The building of a market economy in the region required deep macroeconomic
reforms and the creation of a wide range of institutions and business practices needed to
support those reforms. Since the collapse of communist regimes, the CEE-4 countries have
adopted in the early 1990s a set of policy principles focused on fiscal discipline, interest
rate liberalisation, trade and financial liberalisation, privatisation, deregulation and
openness to direct foreign investment. Macroeconomic stability by itself, however, does
not ensure high rates of GDP growth. In most cases, sustained high rates of growth also
depend upon key structural measures, such as regulatory reform, civil service reform,
improved governance, and banking sector reform. Institutions of central planning in the
CEE-4 region were one of the key barriers to growth prior to the transition. As the
development of institutions has been necessary to support the well-functioning market
economies in the CEE-4 region, the study also examines deep factors of production –
institutions – in addition to the demand-side and the supply-side factors affecting output.
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Eastern European countries; Bayesian Model Averaging.
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1. Introduction
The aim of the study is to examine the main factors driving economic growth
in the CEE-4 countries since the transition with the main focus on macroeconomic
policies and institutions. The building of a market economy in the region required
deep macroeconomic reforms and the creation of a wide range of institutions and
business practices needed to support those reforms. Since the collapse of
communist regimes, the CEE-4 countries have adopted in the early 1990s a set of
policy principles termed as the so-called Washington Consensus. They focused on
fiscal discipline, interest rate liberalisation, trade and financial liberalisation,
privatisation, deregulation and openness to direct foreign investment. These
policies were perceived to be the key elements of “free markets and sound
money” (Rodrik, 2007). The growth literature always stressed the stabilizing role
of monetary and fiscal policies for long-term economic growth. They affect both
aggregate demand and supply conditions as they influence: the money supply in
an economy, which in turn impacts interest rates and inflation rate, investment
spending on business capital goods, government spending on public goods and
services, taxation, exports and imports. Macroeconomic stability by itself,
however, does not ensure high rates of GDP growth. In most cases, sustained high
rates of growth also depend upon key structural measures, such as regulatory
reform, civil service reform, improved governance, and banking sector reform
(Ames et al., 2001). Institutions of central planning in the CEE-4 region were one
of the key barriers to growth prior to the transition. Therefore, there was a
growing recognition that market-oriented policies in the CEE-4 countries might
not be fully sufficient without more serious institutional transformation. Toward
the end of the 1990s, the Washington Consensus’ list was thus augmented with a
series of so-called second-generation reforms that were more institutional in
nature and targeted at problems of “good governance” (Rodrik, 2007). According
to Douglass North, institutions are made up of formal constraints (e.g., rules, laws,
constitutions), informal constraints (e.g., norms of behavior, conventions, selfimposed codes of conduct), and their enforcement characteristics. Together they
define the incentive structure of societies and specifically economies (North,
1994). In essence, institutions set the “rules of the game” that determine the
incentives for production, investment, and consumption (Schadler et al., 2006).
Generally shared view among economists studying economic growth is that
institutional quality is crucial for achieving prosperity. Rich countries are those
where investors feel secure about their property rights, the rule of law is upheld,
monetary and fiscal policies are anchored in solid macroeconomic institutions and
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citizens have civil liberties and political representation. 1 As the development of
institutions has been necessary to support the well-functioning market economies
in the CEE-4 region, the study also examines deep factors of production –
institutions – in addition to the demand-side and the supply-side factors affecting
output. It is in line with earlier research which provides evidence that policy and
institutions affect the level of economic efficiency with which resources are
allocated in the economy. 2
Since the transition from centrally planned systems to market economies, the
CEE-4 countries have pursued a distinctive model of development based on
economic and political integration and institutional anchoring to the EU. The
prospect of membership in the EU and the adoption of its acquis communautaire
significantly differentiated the CEE-4 countries from other emerging market
economies (Becker et al., 2010). Economic policies and institutions of central
planning were the key constraints on growth in the CEE-4 region before the
transition. To examine significant changes which have occurred in the last two
decades in the region, a wide range of macroeconomic and demographic variables
as well as key institutional indicators have been analysed within the Bayesian
Model Averaging (BMA) framework to avoid model uncertainty problem. Another
contribution of this comprehensive study has been an empirical analysis of growth
determinants in the CEE-4 region in comparison to the Euro area-12 group as well
as within the EU-28 block.
The rest of the paper consists of five sections. Section 2 provides the
literature overview while sections 3 and 4 describe the data and methodology.
The main findings of the study are presented in section 5 and section 6 then
concludes.

2. Literature overview
The early studies of economic growth determinants focused on the impact of
macroeconomic policies such as low inflation, reduced budget deficits and
exchange rate stability. 3 Only later, the literature on growth factors de1

It should be noted, however, that causality can run in both directions as strong
institutions can be as much a result of economic prosperity as they are its cause. See
Rodrik (2007), p. 184.
2
See i.a.Bassanini and Scarpetta (2001), IMF (2003), Acemoglu et al. (2004), Schadler et al.
(2006) and Rodrik (2007).
3
For the literature overview see Temple (1999), Ahn and Hemmings (2000).
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emphasized macroeconomic policies in favor of the role of institutions as drivers
of economic performance (Fatás and Mihov, 2005). The main advocates of the
view that economic and political institutions were the major source of economic
growth included, among others, North (1981, 1990), Jones (1981), Bardhan
(1984), Hall and Jones (1999), Rodrik (1999), Acemoglu and Robinson (2000,
2002), Acemoglu at al. (2001, 2002). Those studies focused on the effect of
institutions on economic growth, investment or the level of development
(Acemoglu et al., 2003). The simultaneous impact of policy settings and
institutions on economic growth was also examined empirically, for example, by
Bassanini and Scarpetta (2001), Acemoglu et al. (2003), Rodrik (2003), Easterly
(2004) and Fatás and Mihov (2005). Acemoglu et al. (2003) and Easterly (2004)
provided evidence that macroeconomic policies (monetary, fiscal, trade) have an
explanatory power for the cross-country variation in growth rates and income per
capita only because they serve as proxies for institutions. Both poor
macroeconomic performance and distortionarymacroeconomic policies are more
likely to be symptoms of underlying institutional problems rather than the main
causes of economic instability. Under various specifications, policy variables turn
insignificant once institutions are included in the regressions, which imply that
bad policies are simply a reflection of bad institutions. This does not mean,
however, that macroeconomic policies do not matter for macroeconomic
outcomes. Certainly, overvalued exchange rates or high inflation would
discourage certain investments, and unsustainable policies will necessarily lead to
some sort of crisis (Acemoglu et al., 2003).The results presented by Fatás and
Mihov (2005) indicated, however, that policy volatility had a significant negative
effect on economic growth and that this was a direct effect, not simply a spurious
correlation due to the fact that both variables were caused by bad institutions. In
their analysis, institutions had an effect on growth but only through the effects
they had on macroeconomic policies. Therefore, institutions mattered to a large
extent because they affected policy and, in particular, policy volatility.
Due to model uncertainty which prevents researchers to reach consensus on
the key determinants of economic growth, a number of studies adopted more
recently Bayesian-inspired frameworks to examine the impact of economic
policies and institutions. Fernández, Ley and Steel (2001) applied the Bayesian
Model Averaging approach to determine which of 41 regressors should be
included in cross-country growth regressions. Their results for 140 countries over
the period 1960-1992 differed somewhat from the findings obtained by Sala-iMartin (1997). The authors did not advocate selecting a subset of the regressors,
but they used BMA, where all inference was averaged over models, using the
corresponding posterior model probabilities as weights. Among the most
Page | 4
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important regressors for explaining cross-country growth patterns identified by
Fernández, Ley and Steel (2001) were GDP level in 1960, life expectancy,
investment in equipment, rule of law, number of years an economy was ‘open’,
degree of capitalism as well as geographical and religious variables. Sala-i-Martin
et al. (2004) examined the robustness of explanatory variables in cross-country
economic growth regressions employing a novel approach, Bayesian Averaging of
Classical Estimates (BACE), which constructs estimates by averaging OLS
coefficients across models. The weights given to individual regressions have a
Bayesian justification similar to the Schwarz model selection criterion. Of 67
explanatory variables collected for 88 countries over the years 1960-1996, the
authors found 18 to be significantly and robustly correlated with long-term
growth, and another three variables to be marginally related. Those variables
included, among others, primary schooling, investment price, initial level of GDP
per capita, geographical and religious variables, life expectancy in 1960, number
of years an economy was ‘open’ and government consumption share in GDP.
Moral-Benito (2005) extended the Bayesian Model Averaging approach to panel
data models with country-specific fixed effects. The dataset covered 34
explanatory variables for 73 countries over the period 1960-2000. The empirical
results pointed to economic, institutional, geographic and demographic factors
affecting growth. The most robust growth determinants were investment price,
air distance to big cities and political rights. Among other variables which could be
considered as robust were demographic factors (population growth, urban
population and population), geographical dummies (such as the dummy for
landlocked countries), measures of openness and civil liberties, as well as
macroeconomic indicators such as investment share and government share.
Two studies by Bergh and Karlsson (2010) and Próchniak and Witkowski
(2014) examined the relationship between economic freedom and growth. Bergh
and Karlsson (2010) focused on one out of five dimension of the economic
freedom (EF) index developed by the Fraser Institute, namely on government
size.The authors constructed a measure of economic freedom based on the
remaining four dimensions of the EF: legal structure and security of property
rights, access to sound money, freedom to exchange with foreigners, and
regulation of credit, labor and business.They analysed the impact of government
size on economic growth while controlling for economic freedom and
globalization, and using Bayesian Averaging over Classical Estimates in a panel of
29 rich countries. The study included the set of 21 control variables and covered
the 1970–1995 and 1970–2005 periods. The results pointed to the negative effect
of government size on economic growth. The authors also found some evidence
that countries with big government could use economic openness and sound
Page | 5
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economic policies to mitigate negative effects of big government. Próchniak and
Witkowski (2014) also examined the impact of regulations – measured by the
Fraser Institute index ofeconomic freedom – on economic growth. Their study
covered 111 countries of the world as well as the EU-27 and 14 post-socialist
countries from Central and Eastern Europe over the years 1970–2010. The
authors used Bayesian Model Averaging method applied to Blundell and Bond’s
generalized method of moments (GMM) system estimator.The method of the
analysis was based on growth regressions where economicfreedom was included
in the set of explanatory variables, along with other 12 macroeconomic and
demographic controlfactors.Their results showed that the level of and the change
in economic freedom both had a positiveand nonlinear relationship with
economic growth.

3. Data
For the purpose of an empirical analysis, 21 macroeconomic and institutional
variables have been examined as growth factors for the CEE-4 countries, Euro
area-12and EU-28 member states. 4The list of variables and their sources is
presented in Table 1. Annual data cover the period of 23 years: from 1995 till
2018. For the purpose of the analysis, three BMS models were estimated, which
differ in terms of the sample of countries: for the CEE-4 group, Euro area-12 and
EU-28. The dependent variable - economic growth - is measured by GDP per
capita at purchasing power parity (PPP) in constant prices. Among the explanatory
variables collected for a study of the regulatory framework were: economic
freedom, democracy index and financial development. The economic freedom
index published by the Heritage Foundation is based on 12 quantitative and
qualitative factors, grouped into four broad pillars: rule of law (property rights,
government integrity, judicial effectiveness), government size (government
spending, tax burden, fiscal health), regulatory efficiency (business freedom, labor
freedom, monetary freedom) and open markets (trade freedom, investment
freedom, financial freedom). Each of those 12 components of economic freedom
is graded on a scale from 0 to 100, with higher outcome representing greater
4

The Euro area-12 group consists of Austria, Belgium, Finland, France, Germany, Greece,
Ireland, Italy, Luxembourg, Netherlands, Portugal and Spain. The EU-28 encompass
Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Poland, Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden, United
Kingdom.
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scope of economic freedom.They are equally weighted and averaged to produce
an overall economic freedom score for each economy. 5Since the regulatory
environment in which an economy operates is very important, more economic
freedom is viewed as detrimental to economic growth.Another qualitative index
referring to deep growth determinants considered in the study is democracy
index. It is published by the Freedom House and calculated as an average of
political rights (PR) and civil liberties (CL). The political rights questions are
grouped into three subcategories: electoral process, political pluralism and
participation, and functioning of government. The civil liberties questions refer to:
freedom of expression and belief, associational and organizational rights, rule of
law, personal autonomy and individual rights. The original scale of rating is from 1
to 7, with 1 representing the greatest degree of freedom and 7 the smallest
degree of freedom.For the purpose of the study, the original scale has been
rescaled by first calculating the average of PR and CL and then by using the
following transformation: 1 - (average - 1)/6. Hence, the original value of 7 takes
the value of 0 (the smallest degree of freedom) and the original value of 1 remains
1 (the greatest degree of freedom).
While there is no clear evidence on the strong relationship between political
participation and levels of long-run growth 6, some empirical results imply that
stable and persistent democracy has a stronger effect on development rather
than democracy per se (Persson and Tabellini, 2006). Other studies argue that the
effect of the political system is indirect, with political systems influencing the
quality of institutions and only from there to growth. Moreover, democracy
makes governments more accountable and thus improves their commitment to
chosen policies (Borner et al., 2004). Also, a new broad-based index of financial
development introduced by the IMF in 2016 has been considered in the study. 7
Well-developed financial systems contribute to economic growth by providing
funding for capital accumulation and by helping the diffusion of new technologies.
They mobilise savings by channeling small savings of individuals into profitable
large-scale investments, while offering savers a high degree of liquidity (Bassanini
and Scarpetta, 2001). The IMF’s index of financial development is created based
on nine indices that summarise how developed financial institutions and financial
markets are in a given country in terms of their depth (size and liquidity), access
(ability of individuals and companies to access financial services), and efficiency
5

More information on the grading and methodology can be found in Miller et al. (2019),
p. 457-469.
6
See Barro (1997), Brunetti (1997), Durham (1999).
7
The index database provides data for over 180 countries with annual frequency from
1980 onwards (Svirydzenka, 2016).
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(ability of institutions to provide financial services at low cost and with sustainable
revenues and the level of activity of capital markets). These indices are then
aggregated into an overall index of financial development which ranges between
0 and 1 (with 1 being the best outcome).
Table 1. The set of explanatory variables
Name

Description

Source

GDP per capita

GDP per capita, PPP (constant 2011 international $)

IMF WEO 2018

Gov consumption

Government consumption expenditure (% of GDP)

World Bank WDI

Lend borrowing

General government net lending/borrowing (% of GDP)

IMF WEO 2018

Gross fixed capital formation

Gross fixed capital formation (% of GDP)

World Bank WDI

Trade

Trade (% of GDP)

World Bank WDI

Total investment

Total investment (% of GDP)

IMF WEO 2018

Inflation

Inflation, consumer prices (annual %)

World Bank WDI

Life expectancy

Life expectancy at birth (years)

World Bank WDI

Fertility rate

Fertility rate (births per woman)

World Bank WDI

Population 15_64

Population ages 15–64 (% of total)

World Bank WDI

Population

Population ages 15–64 (% of total)

World Bank WDI

Population growth

Population growth (annual %)

World Bank WDI

Interest rate

Long-term interest rate (%)

Eurostat

FDI net inflows

FDI, net inflows (% of GDP)

World Bank WDI

Service value added

Services, value added (% of GDP)

World Bank WDI

Stock market capitalisation

Stock market capitalization to GDP (%)

World Bank WDI

Gerd

Gross domestic expenditures on R&D (% of GDP)

World Bank WDI

Berd

Business enterprise expenditure on R&D (% of GDP)

World Bank WDI

Education

Mean years of schooling

UNESCO UIS

Index of economic freedom (0–100 scale; 100 = the
best outcome)
Democracy index: average of civil liberties and political
rights (0–1 scale; 1 = the best outcome)
Index of financial development (0-1 scale; 1 = the best
outcome)

Heritage
Foundation

Economic freedom
Democracy index
Financial development

Freedom House
IMF

In the empirical investigation of the sources of economic growth also
macroeconomic variables have been considered. Economic growth has been
measured by GDP per capita at purchasing power parity (PPP) in constant prices.
The variables associated with monetary and fiscal policies refer to: inflation,
interest rates, government consumption and government balance. Economic
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theory points to a negative relationship between inflation and growth while
empirical evidence is somehow mixed and point to a nonlinear association. At
some (low) rate of inflation, the relationship could be positive or nonexistent, but
at higher rates it becomes negative (Bruno and Easterly, 1998). Nevertheless,
higher inflation is associated with lower growth because lower real balances
reduce the efficiency of factors of production. Inflation also disturbs efficient
resource allocation by obscuring the signaling role of relative price changes – the
most important guide to efficient economic decision making. While inflation
distorts price and wage fluctuations (sand), at the same time it facilitates
adjustment to shocks when wages are rigid downwards (grease). When inflation is
low, the net impact of grease and sand effects may be positive. However, at
higher inflation rates, sand effects are expected to dominate as grease effect is
bounded by the size of real shocks (Khan and Senhadij, 2000). With regard to
interest rates, an increase in interest rates moderates economic growth. Higher
interest rates increase the cost of borrowing, reduce disposable income and
therefore limit the growth in consumer spending and investment.It should be
noted, however, that high nominal and real interest rates may not decrease
economic growth if there are mechanisms such as low inflation expectations,
economy’s attractiveness to foreign investors, the technological transfer effect
and the accumulation of domestic savings(Drobyshevsky et al., 2017).Fiscal policy
conduct can also affect output and growth. It is acknowledged that a high level of
fiscal deficit may lead in the longer run to a crowding-out of the private sector,
higher interest rates, and distortions through future tax increases which affect the
efficient allocation of resources. Therefore one can expect a negative impact of
the government deficit on economic growth in the long run. Temporarily,
however, an increase in the fiscal deficit caused by higher government spending
may have an expansionary effect on the growth rate as long as it is not used for
the service of higher interest rate liabilities. In empirical research, the relationship
between government deficit and economic growth has been found to be weak
(Levine and Renelt, 1992).Government consumption as a percentage of GDP is
used in empirical studies as a proxy for the size of government. Its negative
impact on the growth rate stems from the underlying rationale that public
spending is supposedly less productive than private. Moreover, tax distortions to
finance government consumption may be harmful to economic growth (Barro and
Lee, 1994). Furthermore, variables related to components of aggregate demand
have also been examined: the level of investment as well as trade. Trade
facilitates more efficient production of goods and services by shifting production
to countries that have comparative advantage in producing them. Aside from the
benefits stemming from comparative advantages, additional gains from trade
arise through economies of scale, exposure to competition and the diffusion of
Page | 9
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knowledge(Frankel and Romer, 1999; Alcalá and Ciccone, 2004).As a
consequence, this can result both in higher overall efficiency and possibly a higher
level of investment (since the adoption of foreign technologies requires
investment in new types of capital) (Bassanini and Scarpetta, 2001).More
investment provides, in turn, more production capacity and contributes to capital
formation. A rise in capital spending has important effects on both the demand
and supply side of the economy – including a positive multiplier effect on national
income. Since foreign direct investment has been an important source of
financing for transition economies, it has also been considered in the study. A
significant and positive impact of foreign direct investments on transition
economies has been acknowledged by many studies. 8 FDI helps to cover the
current account deficit, fiscal deficit (in case of privatisation-related FDI), and
supplements inadequate domestic resources to finance both ownership change
and capital formation. Also, compared with other financing options FDI facilitates
transfer of technology, know-how and skills, and helps local enterprises to obtain
management expertise (Krkoska, 2001).The accumulation of physical and human
capital have also been analysed as the basic determinants of economic growth,
proxied by gross fixed capital formation and mean years of schooling. 9Expenditure
on research and development (R&D) measured by two indices - GERD (Gross
domestic expenditure on R&D as % of GDP) and BERD (Business enterprise
expenditure on R&D as % of GDP) - has also been considered as aninvestment in
knowledge. It translates into new technologies as well as moreefficient ways of
using existing resources of physical and human capital (Bassanini and Scarpetta,
2001). In addition, the value added in services has been included as services are
generally perceived as the most productive sector which highly influences the
economic growth. It is also viewed that the expansion of the service sector in the
CEE-4 countries was one of the key factors which significantly stimulated the
economic growth in the region since the transition. Finally, the remaining
variables related with demography and health situation such as life expectancy,
fertility rate, population level and growth have also been considered.

See for example Neuhaus (2006) and Krkoska (2001).
Average number of years of education received by people ages 25 and older, converted
from educational attainment levels using official durations of each level. Barro and Lee
(2013).

8
9
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4. Methodology 10
Due to a model uncertainty in applied econometrics to explain variation of
the response variable - economic growth - Bayesian Model Averaging (BMA) has
become a popular alternative to the selection problem of explanatory variables. In
the search for a satisfactory statistical model of growth, the main area of effort
has been the selection of appropriate variables to include in growth regressions
(Moral-Benito, 2007). Since the choice of exogenous variables is highly subjective
and reflects views of the researcher on what the true model is, different
preselected sets of independent variables can lead to different conclusions
including a risk of omitted variables bias (Próchniak and Witkowski, 2013).BMA
addresses model uncertainty in a canonical regression problem and has gained
popularity in empirical studies over the last two decades. For the purpose of the
study, the Bayesian Model Sampling (BMS) package for R presented by Zeugner
and Feldkircher (2015) has been employed. It implements Bayesian Model
Averaging for linear regression models. The BMS package allows sampling data
according to different g-priors and model priors, and leaves thechoice of different
samplers.
Given a linear model structure, with y being the dependent variable, 𝛼𝛼𝛾𝛾 a
constant, 𝛽𝛽𝛾𝛾 the coefficients, and ɛ a normal IID error term with variance 𝜎𝜎 2 :
y = 𝛼𝛼𝛾𝛾 + 𝑋𝑋𝛾𝛾 𝛽𝛽𝛾𝛾 + ɛ

ɛ ~ N(0, 𝜎𝜎 2 𝐼𝐼)

(1)

a selection problem occurs when there are many potential explanatory
variables in a matrix X. The inference based on a single linear model including all
variables𝑋𝑋𝛾𝛾 𝜖𝜖 {𝑋𝑋} is inefficient and even infeasible with a limited number of
observations.BMA offers a solution to the problem by estimating models for all
possible combinations of {X} and constructing a weighted average over all of
them. With X containing K potential variables, this means estimating 2𝜅𝜅 models.
The model weights for this averaging stem from posterior model probabilities that
arise from Bayes' theorem:
p(𝑀𝑀𝛾𝛾 |y, X) =

𝑝𝑝(𝑦𝑦|𝑀𝑀𝛾𝛾 ,𝑋𝑋)𝑝𝑝(𝑀𝑀𝛾𝛾 )
𝑝𝑝(𝑦𝑦|𝑋𝑋)

=

𝑝𝑝(𝑦𝑦|𝑀𝑀𝛾𝛾 ,𝑋𝑋) 𝑝𝑝(𝑀𝑀𝛾𝛾 )
𝜅𝜅

∑2𝑠𝑠=1 𝑝𝑝(𝑦𝑦|𝑀𝑀𝑠𝑠 ,𝑋𝑋) 𝑝𝑝(𝑀𝑀𝑠𝑠 )

(2)

where p(y|X) is the integrated likelihood which is constant over all models. Hence,
the posterior model probability (PMP) p(𝑀𝑀𝛾𝛾 |𝑦𝑦, 𝑋𝑋) is proportional to the marginal
likelihood of the model 𝑝𝑝�𝑦𝑦�𝑀𝑀𝛾𝛾 , 𝑋𝑋� (the probability of thedata given the model
𝑀𝑀𝛾𝛾 ) multiplied by a prior model probability p( 𝑀𝑀𝛾𝛾 ) , which indicates how
10

Zeugner and Feldkircher (2015).
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probablethe researcher thinks model 𝑀𝑀𝛾𝛾 is before looking at the data. 11 After renormalization, the PMPs can be inferred and, thus, the model weighted posterior
distribution for any statistic θ (e.g. thecoefficients β):
𝜅𝜅

2
p (θ|y, X) = ∑𝛾𝛾=1
𝑝𝑝 (𝜃𝜃|𝑀𝑀𝛾𝛾 , 𝑦𝑦, 𝑋𝑋) 𝑝𝑝 �𝑀𝑀𝛾𝛾 �𝑋𝑋, 𝑦𝑦�

(3)

The model prior p(𝑀𝑀𝛾𝛾 ) is provided by the researcher and should reflect prior
beliefs. Very often, a uniform prior probability is chosen for each model p(𝑀𝑀𝛾𝛾 )∝ 1
to represent the lack of prior knowledge.
With regard to the estimation framework, the literature standard is to use a
'Bayesian regression' linear model with a specific prior structure called ‘Zellner's g
prior’. For each individual model 𝑀𝑀𝛾𝛾 , a normal error structure as in (5.1) is
assumed. In order to obtain posterior distributions, the priors on the model
parameters need to be specified. Placing ‘improper’ priors on the constant and
error variance means they are evenly distributed over their domain: p(⍺𝛾𝛾 )∝ 1, i.e.
there is complete prior uncertainty where the constant is located. Similarly p(σ)
∝𝜎𝜎 −1 . As far as the crucial prior on regression coefficients 𝛽𝛽𝛾𝛾 is concerned, the
researcher formulates prior beliefs on coefficients into a normal distribution with
a specified mean and variance before looking into the data (y, X). Often a
conservative prior mean of zero for the coefficients is assumed to reflect that not
much is known about them. Their variance structure is defined according to
1
Zellner's g: 𝜎𝜎 2 ( 𝑋𝑋′𝛾𝛾 𝑋𝑋𝛾𝛾 )−1 as follows:
𝑔𝑔

1

𝛽𝛽𝛾𝛾 |g ~ N (0, 𝜎𝜎 2 (𝑔𝑔 𝑋𝑋′𝛾𝛾 𝑋𝑋𝛾𝛾 )−1 )

(4)

The hyperparameter g expresses how certain the researcher is that coefficients
are indeed zero. A small g means few prior coefficient variance and thus implies
the researcher is quite certain that the coefficients are indeed zero. Conversely, a
large g means that the researcher is very uncertain that coefficients are zero.
The posterior distribution of coefficients reflects prior uncertainty: given g, it
𝑔𝑔
�𝛾𝛾 , where 𝛽𝛽
�𝛾𝛾 is
𝛽𝛽
follows a t-distribution with expected value E(𝛽𝛽𝛾𝛾 �𝑦𝑦, 𝑋𝑋, 𝑔𝑔, 𝑀𝑀𝛾𝛾 �=
1+𝑔𝑔

the standard OLS estimator for model γ. The expected value of coefficients is thus
a convex combination of OLS estimator and prior mean (zero). The more
conservative (smaller) g is, the more important is the prior, and the more the
expected value of coefficients approaches the prior mean zero. As g→∞, the

11

Proportionality is expressed with the sign ∝: p(𝑀𝑀𝛾𝛾 |𝑦𝑦, 𝑋𝑋)∝p (y|𝑀𝑀𝛾𝛾 , X) p (𝑀𝑀𝛾𝛾 ).
Page | 12

K.A. Baran / JEFA Vol:4 No:2 (2020) 1-26

coefficient estimator approaches the OLS estimator. Also, the posterior variance
of 𝛽𝛽𝛾𝛾 is affected by the choice of g: 12
Cov (𝛽𝛽𝛾𝛾 �𝑦𝑦, 𝑋𝑋, 𝑔𝑔, 𝑀𝑀𝛾𝛾 � =

(𝑦𝑦−𝑦𝑦�)′ (𝑦𝑦−𝑦𝑦�) 𝑔𝑔
𝑁𝑁−3
1+𝑔𝑔

(1 -

𝑔𝑔
𝑅𝑅 2 )
1+𝑔𝑔 𝛾𝛾

(𝑋𝑋′𝛾𝛾 𝑋𝑋𝛾𝛾 )−1

(5)

so the posterior covariance is similar to that of the OLS estimator, times a factor
that includes g and 𝑅𝑅 2 , the OLS R-squared for model γ.

For BMA, this prior framework results into a simple marginal likelihood
p(y|𝑀𝑀𝛾𝛾 , 𝑋𝑋, 𝑔𝑔) that is related to the R-squared and includes a size penalty factor
adjusting for model size 𝑘𝑘𝛾𝛾 :
−𝑁𝑁 −1
2

p(y|𝑀𝑀𝛾𝛾 , 𝑋𝑋, 𝑔𝑔)∝(𝑦𝑦 − 𝑦𝑦�)′ (𝑦𝑦 − 𝑦𝑦�)

−𝑘𝑘 𝛾𝛾

(1 + 𝑔𝑔)

2

(1 −

𝑔𝑔 −𝑁𝑁 −1
) 2
1+𝑔𝑔

(6)

The choice of the form of the hyperparameter g is crucial. A popular 'default'
approach is the 'unit information prior' (UIP), which sets g = N commonly for all
models and thus attributes about the same information to the prior as is
contained in one observation.

5. Results
The results of the analysis for 221 (2097152) model combinations are
presented in Tables 2 - 4 with the corresponding statistics. For each model
specification, Tables 2-4 present estimated coefficients obtained with the use of
BMS approach for the CEE-4 group, the Euro area-12 and the EU-28 member
states. The column PIP represents posterior inclusion probabilities, i.e. the sum of
posterior model probabilities (PMPs) for all models where a variable was
contained. The next column Post Mean displays the coefficients averaged over all
models, including the models in which the variable was not included (implying
that the coefficient was zero in that case). The column Post SD reflects the
coefficients’ posterior standard deviations while the column Cond.Pos.Sign
represents the ‘posterior probability of a positive coefficient expected value
conditional on inclusion’, respectively 'sign certainty’. The last column Idx denotes
the index of the variables' appearance in the original data set, while the results in
the study are sorted by PIP (Zeugner and Feldkircher, 2015).Analysing the CEE-4
countries, the most significant and positive effect on GDP growthhas the
economic freedom as it occurs in all models, with the highest PIP of 100 per cent,
12

N denotes here sample size, and 𝑦𝑦� the sample mean of the response variable.
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and the value of its coefficient inferred from the Post SD and Cond.Pos.Sign being
certainly positive (Table 2). This finding is in line withnumerous studies which
confirm a positive impact of economic freedom on economic growth. 13 During the
transformation, the CEE-4 countries moved from centrally managed to marketoriented economies. This meant the need to significantly expand the scope of
economic freedom by the introduction of liberalization and market reforms. Since
the regulatory environment in which an economy operates is very important,
policy-makers in the region should continue necessary reforms aiming at
increasing the scope of economic freedom. The second variable which exerts a
significant impact on economic growth with the posterior model probability of
99.86 per cent is long-term interest rate. Almost all of posterior model mass rests
on models that include this covariate. In all encountered models containing this
variable, its (expected value of) coefficient has a negative sign. This result is
confirmed by all major economic schools of thought which claim that higher
interest rates hinder economic growth. High inflation along with the lack of
proven record of monetary and fiscal credibility during the transition led to
adaptive-inflation expectations in the CEE-4 region. Therefore, long-term interest
rates as an average of expected future short-term interest rates were very high in
the 1990s. The remaining variables which exert a significant impact on economic
growth - life expectancy and democracy index - appear in above 94 per cent of
models. The coefficient signs for these two variables are certainly positive in all
models which include them. While empirical evidence is mixed about the causal
impact of life expectancy on economic performance, recent studies show that
living longer may have initially a negative effect on growth, but once fertility
declines the effect becomes significantly positive. 14 Increased life expectance in
the CEE-4 countries, thanks to improved health conditions observed in the posttransition years, might have contributed to a drop in mortality and, thus, in
fertility rates and consequently to a reduction in population growth. Acceleration
in human capital formation might have led, in turn, to increased income per capita
in the region. Also obtained evidence that democracy has a significant positive
effect on GDP per capita in the CEE-4 countries finds its explanation in empirical
literature. 15 Political transformation and democratization process which began in
the early 1990s made the governments in the region more accountable and
improved their commitment to chosen policies. This, as a result, provided a more
13

See Heckelman (2000), Dawson (2003), Weede (2006), Piątek et al. (2013), Próchniak
and Witkowski (2014).
14
See among others Acemoglu and Johnson (2006), Lorentzen et al. (2008), Kunze (2014).
15
See Papaioannou and Siourounis (2008), Persson and Tabellini (2008), Bates et al.
(2012), Acemoglu et al. (2014).
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stable environment for investment and economic reforms. The remaining
variables - fertility rate, service value added, trade, stock market capitalization,
financial development and population - occur in above 57 per cent of models and
its effect on GDP is almost certainly positive.
Table 2. CEE-4 countries
Estimator

PIP

Post Mean

Post SD

Cond.Pos.Sign

Idx

Economic Freedom

1.0000

294.6697

52.8096

1.0000

4

Interest Rate

0.9986

-408.967

106.9823

0.0000

12

Life Expectancy

0.9750

788.8843

266.6119

1.0000

14

Democracy Index

0.9432

8907.835

3654.2610

1.0000

2

Fertility Rate

0.7620

4074.524

2838.2940

1.0000

6

Service Value Added

0.7554

278.8441

199.9739

1.0000

18

Trade

0.7532

27.0693

19.1767

0.9992

21

Stock Market Capitalisation

0.6504

54.0173

46.2290

1.0000

19

Financial Development

0.5886

6473.9140

6354.3660

0.9986

7

Population

0.5680

-66.5649

69.72243

0.0003

15

Gross Fixed Capital Formation

0.4358

-39.5849

193.0274

0.5465

10

Total Investment

0.4222

116.2782

183.8212

0.9910

20

Gov Consumption

0.2638

3.5041

196.8994

0.5458

9

Population Growth

0.1864

140.9713

562.1510

0.9045

17

BERD

0.1692

206.3737

829.8443

0.8333

3

Education

0.1642

124.1031

391.5314

0.9451

1

GERD

0.1410

0.0000

0.0000

0.9375

8

Population 15-64

0.1330

-17.8102

78.1295

0.0751

16

Lend Borrowing

0.1134

4.4298

32.2864

0.7513

13

Inflation

0.1062

0.0107

1.2124

0.4915

11

FDI Net Inflows

0.0918

0.6658

5.4265

0.9782

5

As far as the advanced economies of the Euro area-12 are concerned, the
importance of the variables in explaining the data given in the PIP column
representing posterior inclusion probabilities (PMPs) differs to a large extent
(Table 3). The sum of PMPs was highest for all models where BERD, government
consumption, service value added and trade were included. With 100 per cent, all
of posterior model mass rests on models that contain the above four variables.
With regard to their coefficient signs, it appears that in all encountered models
containing these variables, the values of coefficients for BERD, service value
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added and trade are certainly positive, while for government consumption –
negative. The Euro area-12 countries have already the status of the innovationdriven economies while within the CEE-4 group only the Czech Republic has
recently emerged as the most active country in innovations and in technologymake strategies. The significant and positive impact of business sector R&D
expenditure on economic growth in the Euro area-12 reflects those countries’
high development status with growth being knowledge-driven. R&D activity in the
business sector accounts for the majority of overall R&D expenditure in most
OECD countries and has greater impact on output growth than publicly financed
R&D. Public-sector R&D expenditure is often directed at making improvements in
areas not directly related to growth, such as defense and medical research, and its
effect on growth could be diffused and slow to emerge. R&D activity in the
business sector accounts for the majority of overall R&D expenditure in most
OECD countries and has greater impact on output growth than publicly financed
R&D. Public-sector R&D expenditure is often directed at making improvements in
areas not directly related to growth, such as defense and medical research, and its
effect on growth could be diffused and slow to emerge. 16 In contrast, BERD does
not seem to matter much in the CEE-4 region. Consequently, its coefficient is low
as the results quite often include models where this coefficient is zero. Recent
studies have indicated a systemic disadvantage of Central Eastern European
countries relative to the Euro area and their limited potential for knowledgebased growth. In the 1990s, the CEE-4 lacked the capability to develop frontier
technologies and technological progress in these countries took place mainly
through the adoption and imitation of technologies developed by advanced
economies. The importance of services in stimulating the Euro area’s economic
growth can be explained with the rising contribution of the service sector to GDP
in high-income countries in the past two decades. 17 Services are generally
perceived as the most productive sector which highly influences the economic
growth. The expansion of the service sector has also been observed in the CEE-4
countries since the transition, yet the increase in services’ share of GDP in the
region has been less pronounced. Trade intensification and its significant and
positive impact on economic growth in the Euro area-12 is considered as one of
the successes of the single currency introduction.Scholars such as Bun and
Klaassen (2002), De Nardis and Vicarelli (2003), Berger and Nitsch (2005)
estimated the effect of increased bilateral commercial transactions within the

16

See Bassanini and Scarpetta (2001).
In 2015, services’ value added accounted for 74 per cent of GDP in high-income
countries, up from 69 per cent in 1997. Buckley and Majumdar (2018), p. 2.
17

Page | 16

K.A. Baran / JEFA Vol:4 No:2 (2020) 1-26

Euro area on trade at around 10-15 per cent level. 18 The insightful analysis by
Berger and Nitsch (2005) provides a new perspective on the explanation of
increased trade within the Euro area as a continuation of a long-term trend in
European economic integration fostered by policy changes. Also Baldwin et al.
(2008) argue that the euro induced firms to export a wider range of their products
to the Eurozone. Therefore, not only trade in existing products was stimulated;
the pro-trade effect also came from newly trade goods. The last variable which
enters all models (PIP of 100 per cent) is government consumption. It exerts a
negative effect on growth in the Euro area-12 as its coefficient is certainly
negative. Studies conducted for the EMU countries by, among others, Turrini
(2008), Schuknecht (2009) and Hauptmeier et al. (2011, 2015) show an overall
expansionary expenditure stance in the period of 1999-2009 which was mainly
driven by increasing public consumption. As a result, fiscal positions were already
unsound in the Euro area when the global financial crisis began. Further attempts
to smoothen the crisis via expansionary fiscal policies led to over-indebtedness
and resource misallocation and, consequently, to the sovereign debt crisis of
2010-2011. Ultimately, output levels and growth trend dropped in the post-crisis
years (Schuknecht, 2011). The negative impact of excessive government spending
on economic growth stems from the underlying rationale that public spending is
less productive and tends to crowd out the private sector. Moreover, excessive
budget deficits lead to higher interest rates which are harmful to investment.
Also, tax increases to finance government consumption may be harmful to
economic growth.
According to the OECD study, taxes and government expenditures affect
growth both directly and indirectly through investment. An increase of about one
percentage point in the tax pressure could be associated with a direct reduction
of about 0.3 per cent in output per capita. Once the investment effect is taken
into account, the overall reduction would be about 0.6 - 0.7 per cent (Bassanini
and Scarpetta, 2001). 19
The remaining variables – population growth, fertility rate, stock market
capitalization, population and economic freedom – also significantly affect GDP
growth with the posterior model probabilities above 75 per cent. Among those
covariates, only fertility rate enters the models with a negative sign. This can be
explained with the aging process observed in most Euro area countries since the
18

In the estimations conducted by Rose (2004), based on a meta-analysis, monetary
unions can be associated with an effect on trade between 30-90 per cent. See Cindea and
Cindea (2012).
19
See also Barro and Lee (1994).
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mid-1960s. In accordance with standard economic theory, low rates of fertility are
associated in the long run with diminished economic growth. Due to the aging
effect, the labour force declines and unless it is compensated by an increase in
total factor productivity and/or an increase in the capital stock, it leads to the
output decline. Research by Bloom et al. (2009) provides confirmation that in the
long run the economic burdens of old-age dependency dominates the youth
dependency decline, and continued low fertility will lead to small working-age
shares in the absence of large migration inflows.
Table 3. Euro area-12 countries
Estimator

PIP

Post Mean

Post SD

BERD

1.0000

6935.8402

788.9942

Cond.Pos.Sign
1.0000

Idx
3

Gov. Consumption

1.0000

-904.5066

204.5332

0.0000

9

Service Value Added

1.0000

794.6131

151.1635

1.0000

18

Trade

1.0000

121.4053

14.5121

1.0000

21

Population Growth

0.9896

3314.8417

836.4694

1.0000

17

Fertility Rate

0.9314

-5646.8255

2254.9592

0.0000

6

Stock Market Capitalisation

0.8978

30.0871

13.5892

1.0000

19

Population

0.8762

42.5330

21.3138

1.0000

15

Economic Freedom

0.7516

190.5031

133.5211

1.0000

4

Lend Borrowing

0.3142

73.5131

129.0704

1.0000

13

Financial Development

0.1898

1374.7587

3358.0978

1.0000

7

Interest Rate

0.1384

-26.2808

82.8401

0.0000

12

Gross Fixed Capital Formation

0.1254

35.2844

147.2074

1.0000

10

Total Investment

0.1158

2.4010

107.1230

0.8480

20

Democracy Index

0.1096

875.9971

3769.4281

0.9927

2

Education

0.1044

-35.2479

161.2836

0.0842

1

GERD

0.1042

0.0000

0.0000

0.9904

8

FDI Net Inflows

0.0814

1.3816

6.4150

1.0000

5

Population 15-64

0.0626

-1.3590

96.6434

0.2747

16

Life Expectancy

0.0576

15.4787

83.8371

0.9861

14

Inflation

0.0434

-0.1978

1.6008

0.0000

11

For the 28 member states of the European Union, the most important factors
of growth in the examined years 1995-2018 appear to be government
consumption, service value added and trade as all of posterior model mass rests
on models that include those variables (Table 4). Coefficient signs inferred from
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the Post SD and Cond.Pos.Sign point to a strong and negative effect of
government consumption on economic growth, while two other covariates service value added and trade – exert a positive impact on GDP. The remaining
variables which positively affect growth, and for which the posterior inclusion
probabilities are above 63 per cent, include BERD and population growth. The
other covariates do not seem to matter much. Consequently their (unconditional)
coefficients are quite low as the results quite often include models where these
coefficients are zero. The EU-28 encompass the Euro area-12, the CEE-4 as well as
6 new Euro area members 20 and the remaining 6 EU countries. Therefore, it
contains a more heterogenous group of countries in terms of their economic
development. This can explain why the ordering of the variables has changed
compared to the modeling results for the Euro area-12 countries.
Table 4. European Union-28 countries
Estimator

PIP

Gov Consumption

1.0000

Post Mean
-1362.94

Post SD
268.1440

Cond.Pos.Sign
0.0000

Idx
9

Service Value Added

1.0000

901.1249

171.7788

1.0000

18

Trade

1.0000

120.4328

19.3370

1.0000

21

BERD

0.9976

7437.441

1333.2460

1.0000

3

Population Growth

0.6304

1810.075

1604.1640

1.0000

17

Stock Market Capitalisation

0.4310

15.1102

19.6754

1.0000

19

Population

0.3350

15.8351

25.9057

1.0000

15

Economic Freedom

0.2764

73.0259

135.0099

1.0000

4

Interest Rate

0.2704

-104.1780

200.5111

0.0000

12

Lend Borrowing

0.2518

82.1188

167.1212

1.0000

13

Gross Fixed Capital Formation

0.2324

122.9058

291.6189

1.0000

10

Financial Development

0.1848

1785.1150

4398.7160

0.9945

7

Life Expectancy

0.1810

70.5789

208.2639

0.9845

14

Total Investment

0.1584

21.9713

196.7255

0.8270

20

Fertility Rate

0.1512

-650.7590

1854.8770

0.0000

6

GERD

0.1138

0.0000

0.0000

1.0000

8

Inflation

0.0576

-0.4435

2.9640

0.0000

11

Population 15-64

0.0532

18.5719

141.1350

0.8909

16

FDI Net Inflows

0.0518

0.3685

8.8542

0.7297

5

20

Slovakia has joined the Euro area on January 1, 2009, yet in this analysis is considered as
a member of the CEE-4 group.
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Education

0.0416

12.2141

106.4495

0.9663

1

Democracy Index

0.0354

346.1998

2983.7020

0.9943

2

6. Conclusion
The purpose of this study has been the examination of the main factors
driving economic growth in the CEE-4 countries since the transition with the main
focus on macroeconomic policies and institutions. To detect significant changes
which have occurred in the last two decades in the region, a wide range of
macroeconomic, demographic variables as well as key institutional indicators have
been analysed. To avoid a model uncertainty in explaining variation of the
response variable - economic growth - a new approach has been employed based
on the Bayesian Model Sampling (BMS), which implements Bayesian Model
Averaging for linear regression models. The BMS allows sampling data according
to different g-priors and model priors, and leaves the choice of different samplers.
Another contribution of this comprehensive study has been an empirical analysis
of growth determinants in the CEE-4 region in comparison to the Euro area-12
group as well as within the EU-28 block.
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1. Introduction
This paper aims to examine impacts of inflation, exchange, and interest rates
on horticultural exports in Kenya. The agriculture is one of the crucial sectors in
Kenya’s economy as it provides employment, source of food, foreign exchange
earner and provides linkages to other sectors of the economy (Salami et al., 2011).
Agriculture has an important role in growth and development in any economy of
the developing countries and it is known to be the driving force behind the
industrialization of many nations (Szirmai, 2012). Kenya’s GDP growth rate was at
5.7 percent in 2014 and 5.3 percent in 2017 and the major contributor was
agriculture and fishing (Kenya National Bureau of Statistics, 2014). With the
promulgation of the new constitution in 2010, agriculture was devolved to county
government (Mwenda, 2010). During this period, the stability of the Kenya’s
currency was relatively stable as compared with its major trading currencies
(Asongu, Folarin & Biekpe, 2020). Inflation rate rose by a small margin but
remained within the stipulated CBK lending rate. Agriculture contributed
approximately 34.5 percent of the total gross domestic product (GDP) in 2000s
coming second after tourism sector.

1.2. Horticultural Subsector in Kenya
Historically, manufacturing sector has been recognized as the engine of
economic growth and change. However, in the recent past, owing to the rising
number of services and development of agro-industries including horticulture,
innovation has made horticulture industry share similar characteristics with
manufacturing. According to Hallward and Nayyar (2017) because they are
tradable, high added value per employee and can easily absorb large number of
moderately qualified workers. The production and exports of horticultural crops
dates to colonial period when Kenya was required to contribute towards running
of East Africa budget. However, after independence the industry grew and
flourished as the Kenya’s exports to Europe increased and this led to opening of
Kenya’s export markets. In terms of household income generation, foreign
exchange earnings and food security at household and national, horticulture has
continued to play an important role.
In Kenya, horticultural subsector accounts for approximately 33 percent
(US$300 Million) of agricultural gross domestic product and 38 percent of the
total national export earnings thus making it one of Kenya’s main contributors of
foreign exchange (Bijaoui, 2017). The production of horticultural products in
Kenya is approximately 3 million metric tons per year, which makes Kenya one of
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the major world exporters of horticultural products according to Kenya
Horticulture Council. Approximately 4.5 people million work directly in
production, processing, and marketing activities. Another 3.5 million are engaged
indirectly through trade and other related activities (Boulanger et al., 2018).

1.3. Exports Performance of Horticultural Sub-sector in Kenya
According to Muendo, Tschirley & Weber (2004), horticulture production in
Kenya has received a lot of attention from international NGOs and Governments
given its rapid and growing of export sector in major importing countries such as
those in the Europe and the United States of America. In USA for instance, Kenya’s
horticultural exports such as French beans were allowed into their markets, which
is a clear indication that there is room for horticultural exports outside its
traditional markets of Europe. Kenya’s exports to European markets increased in
the 1970s with Netherlands as the largest importer with a 71 percent share by
volume. Kenya’s exports to the United Kingdom are about 20 percent and
Germany at 6 percent. France, Switzerland, Belgium, Saudi Arabia Italy and South
Africa are the other important importers of Kenya’s horticultural exports (World
Bank Group, 2013).
Kenya’s government has focused on promoting horticultural exports due to
its reduction markets in both international and its local market. Studies such as
those of Mania and Rieber (2019) show that exports of a country are important as
it provides a country a base for expansion of growth which is brought about by
increased foreign exchange earnings. In Kenya, it is evident that horticultural
exports generate employment and attracts foreign exchange earnings and further,
a major factor in economic development (Barrett, 2008). The cause of Kenya’s
increase in exporting quality horticultural exports has been facilitated by
increased airfreight arrivals to it major destinations with several interceptions due
to MRLs exceedance in countries from Europe. On the other hand, decrease in
horticultural exports has been highly associated with unpredictable weather
patterns which resulted in low yields, lack of value addition of technologies,
increased post-harvest losses and the inability of horticultural farmers to access
the right quality of planting materials.
Horticultural exports have exhibited an increasing trend over the last two
decades though not stable as evidenced by small and continuous fluctuations.
This sustained increase is attributed to various policy interventions to increase
horticultural exports by the government effort to stabilize macroeconomic
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variables such as exchange rate and the increased interest rate from wide range
of stakeholders. On the other hand, the deviations have been partly due to
unfavourable macroeconomic environment such as variability in exchange rate.
Horticultural exports rose steadily over the years, except in 2000 which was
largely as a result of ban on some of horticultural exports products from Kenya
because they did not meet requirements of GLOBAL GAP as a consequence of
excess of MRLs. In 2013, horticultural exports recorded a sharp decline, this was
attributed to the fluctuations in Kenya’s currency instability in terms of prices
fluctuation, dynamic, and versatile operational environment that include
bureaucracy in decision making, regional trading challenges, unfavourable global
trade (Nayioma, 2016). This was partially attributed to uncertainties of 2013
general elections by the investors in agricultural sector.

2. Research Methodology
The study utilizes longitudinal research design, which is time series in nature,
and it involves the measurement of a single variable at a regular interval of time.
Prior to core analysis, the paper examines stationarity of the variables. In order to
fulfil requirements of the OLS methodology, all variables should be stationary to
avoid spurious results (Mesikeet al., 2010). If not, they should be converted into
stationary series using various techniques. Thus, it is important to carry out unit
root tests (Habte, 2017). It also ensures validity of the test statistics such as t,F
statistics.
Unit Root Tests
This paper employs the Augmented Dickey Fuller (ADF) and Philips Perron
(PP) tests in order to check stationarity of the variables.
The ADF teststatistic is based on the t-statistic of the coefficient φ from OLS
estimation as per Dickey & Fuller (1979). It does not have an asymptotic standard
normal distribution, but it has a non-standard limiting distribution. ADF test
estimates equation Eq.1 on time series model to accommodate serial
autocorrelation, auto covariance and covariance (Pfaff, 2008).
𝑝𝑝
∆𝑌𝑌𝑡𝑡 = 𝛽𝛽1 + 𝛽𝛽2𝑡𝑡 + 𝛿𝛿𝛿𝛿𝑡𝑡−1 + ∑i=1 ∝𝑖𝑖 ∆𝑌𝑌𝑡𝑡−1 + 𝜀𝜀𝑡𝑡

(𝐸𝐸𝐸𝐸. 1)

where ∆𝑌𝑌𝑡𝑡 represents first difference of each variable; 𝛽𝛽1 is an intercept; 𝛽𝛽2𝑡𝑡
stands for a time trend; δ represents the co-efficient of the lagged variable; the
“p” is the optimum lag length; and 𝜀𝜀 is a resudal of the model. ADF hypothesizes
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H0 (𝛿𝛿=0) against alternative (𝛿𝛿<0), and rejection of the null confirms stationarity of
Y.
On the other hand, the Phillips and Perron (1988) proposed two alternative
statistics; Phillips and Perron’s test statistics can be viewed as Dickey–Fuller
statistics that have been made robust to serial correlation by using Wang & Wu,
(2012) heteroskedasticity and autocorrelation-consistent covariance matrix
estimator.To consider the problem of serial correlation, the Augmented Dickey–
Fuller test’s regression includes lags of the first differences of ∆Yt . The Phillips–
Perron test involves fitting 𝐼𝐼(1), and the output is used to calculate the test
statistics. Phillips – Perron builds on Dickey–Fuller unit root test and it involves
fitting the equation Eq.1;
𝑝𝑝−1
∆𝑌𝑌𝑡𝑡 = 𝛿𝛿𝛿𝛿𝑡𝑡−1 + ∑j=1 ∝𝑗𝑗 ∆𝑌𝑌𝑡𝑡−𝑗𝑗 + 𝜗𝜗𝑡𝑡

(𝐸𝐸𝐸𝐸. 2)

Vector Error Correction Model
If the variables exhibits cointegration, it implies that there exists a long term
relationship among variables (Sohail & Hussain, 2009) it is appropriate to apply
the VECM model for analysis to explain the characteristics of the cointegrated
series as noted by Greene (2008).
𝑝𝑝

𝑝𝑝

𝑝𝑝

𝑖𝑖=0

𝑖𝑖=0

𝑖𝑖=0

∆𝐻𝐻𝐻𝐻𝐻𝐻 = � 𝛽𝛽1 ∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−1 + � 𝛿𝛿1 ∆𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 + � 𝛿𝛿1 ∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−1 + 𝜀𝜀𝑡𝑡−1

Where, ECT is error correction term,

(𝐸𝐸𝐸𝐸. 3)

HOE denotes value of Horticultural exports (in Million Kshs)
INF is inflation (in percentage)
EXR is exchange rates (in percentage)
INT is interest rates (in percentage)
For the model to have long-term relationship, the ECM (𝜀𝜀𝑡𝑡−1 ) must have negative
and significant coefficient.
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3. Diagnostic Tests
Lagrange Multiplier Test for Serial Autocorrelation
Before performing inference and post estimation analysis on the VARM and
VECM, the LM test is applied to test if autocorrelation exist among the residuals.
The LM test hypothesizes that there is no correlation at a specific lag order of i .
for i = 1, 2 ,  , p . The model form to test this hypothesis was as follows;
p −1

∆Yt = α Eˆ t + ∑ Φ *i ∆Yt −i + ε t

(Eq.3)

i =1

Eˆ t = β̂Yt which is r ×1 vector of the estimated cointegration relations (Lutkepohl,
2005).

Jarque-Bera Test for Normality
Before performing inference from the estimated VECM model, Jarque-Bera
test is applied to test whether the sampled data have skewness and kurtosis that
follows normal distribution. Jarque-Bera test for normality has a joint hypothesis
and hypothesizes that disturbances are normally distributed. Jarque – Bera test is
based on the following statistical model.
2

T
T
3
T
T 
JB = T −1 ∑ εˆtp  + T −1 ∑ εˆtp
6  t =1
 24  t = 1

( )

( )

4


− 3


2

( Eq.4)

The test statistic was used to test a pair of hypotheses

( )

( )

H 0 : E ε tp = 0 and E ε tp
3

4

( )

( )

= 3 versus H 1 : E ε tp ≠ 0 or E ε tp
3

4

≠3

(Eq.5)

Test for Multicollinearity
Variance inflation factor (VIF) is applied to check presence of multicollinearity
in the estimated VECM model. VIF measures how variance has been increased the
estimates of the slope. High VIFs reflects an increase in the variances of estimated
regression coefficients due to collinearity among predictor variables over
variances obtained when predictors are orthogonal (Murray et al., 2012). Models
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with multicollinearity have lower precision and have problems in forecasting
(Midi, Sarkar & Rana, 2010). In computing VIF, the equation Eq.6 is estimated.
𝑉𝑉𝑉𝑉𝑉𝑉𝑘𝑘 = 1�
1 − 𝑅𝑅𝐾𝐾2

(𝐸𝐸𝐸𝐸. 6)

𝑉𝑉𝑉𝑉𝑉𝑉𝑘𝑘 is the variance inflation factor of each of the independent variables in
the model and 𝑅𝑅𝐾𝐾2 is the coefficient of multiple determination of the variable 𝑘𝑘.
Model Stability
Before making statistical inference on estimated VECM, the stability
conditions of the estimates were computed. For VECM model to be stable, it is
required that that all characteristics of the companion matrix lies inside the unit
circle.

 A1

I

A=0


0

A2  A p − 1 A p 

0 0
0

I  0
0
  
 

0  I
0 

(Eq.7)

If the model is stable, its modulus of each of the eigen values of the matrix A
in equation Eq.6 must lie inside the unit circle and strictly is less than one
(Lutkepohl, 2005) and (King, Plosser, Stock & Watson, 1987).
4. Data Analysis & Results
4.1. Descriptive Statistics
Table I presents the descriptive statistics of INF, EXR, INT and HOE. From the
results, INF had mean 8.2692 percent, standard deviation of 3.7388 which is not
close to its mean. A standard which is away from its mean implies that INF is more
spread.EXR reported a monthly average of 84.0192 percent and a standard
deviation of 10.7734 percent implying that there is much variability which is a sign
of volatility in EXR. This high variabilty in EXR is indicator that Kenya’s currency is
unstable as compared to those of their major trading partners such as the US$
and Euro. INT had a monthly average of 15.2272 percent and a standard
deviation of 2.0618 percent. It indicates that its standard deviation is not
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clustered around its mean and this indicates that INT highly varies from one
period to another.
Table 1. Descriptive Statistics
Variable
Inflation Rate
Exchange Rate
Interest Rate
Horticultural Exports

Code
INF
EXR
INT
HOE

Obs
156
156
156
156

Mean Std. Dev.
Min
8.27
3.74
1.85
84.02
10.77
62.03
15.23
2.06
12.12
5415.37 1753.52 1977.27

Max
19.72
105.29
20.34
9493.30

Horticultural exports (HOE) reported a monthly average of Kshs 5415.37
million. Its standard deviation is 1753.52 indicates that there is much variability in
horticultural exports in Kenya. This implies underlying seasonal variations in value
of horticultural exports in Kenya occasioned by natural calamities such as
Icelandic volcanic eruption in 2009 and low rainfall which resulted in low export
volumes. HOE also registered a minimum of Kshs 1977.27 million and maximum of
Ksh 9493.3 million.
4.2. Unit Root Tests
We examine stationarity of the variable using two differen unit root tests
such as Augmented Dickey Fuller (ADF) and Phillips Perron (PP) tests.
Table 2. Results of ADF Test for Unit Root
Variable

ADF

INF
-6.503
EXR
-9.570
INT
-3.733
HOE
-3.733
First Difference
INF
-14.285
EXR
-10.132
INT
-8.559
HOE
-6.454

p-values
0.8169
0.4388
0.6386
0.9938

1%
-3.572
-3.572
-3.572
-3.572

Critical values
5%
2.925
-2.925
-2.925
-2.925

10%
-2.598
-2.598
-2.598
-2.598

Unit root
Unit root
Unit root
Unit root

0.0000
0.0000
0.0000
0.0000

-3.573
-3.573
-3.573
-3.573

-2.926
-2.926
-2.926
-2.926

-2.598
-2.598
-2.598
-2.598

I(1)
I(1)
I(1)
I(1)
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Table 3. Results of PP Test for Unit Root
Variable

PP

Prob

INF
-64.476
EXR
-6.518
INT
-3.683
HOE
-7.168
First Difference
INF
-20.213
EXR
-11.457
INT
-9.095
HOE
-6.454

0.0944
0.1918
0.4196
0.7500

Critical values
1%
5%
-19.008
-13.348
-3.572
-2.925
-3.572
-2.925
-3.572
-2.925

Conclusion
10%
-10.736
-2.598
-2.598
-2.598

Unit root
Unit root
Unit root
Unit root

0.0000
0.0000
0.0000
0.0000

-3.573
-3.573
-3.573
-3.573

-2.598
-2.598
-2.598
-2.598

I(1)
I(1)
I(1)
I(1)

-2.926
-2.926
-2.926
-2.926

ADF and PP tests are applied to determine if INF, EXR, INT and HOE have unit
root problem. Their results are presented in table 2 and 3 respectively. According
to these results, we can confirm that all variables are non-stationary at their
levels, but can be successfully converted into stationary series using first
differentiation methodology. Thus, the results show that all variables are
integrated of order one, I(1).
As all series are I(1), we can conduct co-integration analysis in order to
examine their long-run interactions between themselves. To do this, we need first
to find out optimal lag length for each variable using Lag Length Selection analysis.
The table 4 shows results of this analysis. All the criteria FPE, AIC, SBIC and HQIC,
predicted the optimum number of lags at the first period. Wooldridge (2013)
recommends the use of one lag in the case of time series data to estimate VECM
Model. Cheung et al. (2019) proposes lag selection order remains the discretion of
the researcher to choose the optimum lag order to use. The optimum lag length
are indicated by “*” in the output lag length selection results. It means that these
selected lags are the lowest values of each criteria, thus they will give a better
model estimates with lower serial correlation and will reduce degrees of freedom.
Table 4. Results of Lag Length Selection
Lag

LL

LR

DF

P

FPE

AIC

0.000

26.61

HQIC

0

-2005.15

1

-1961.01

88.28

16

0.000 0.000*

26.24* 26.24*

26.64*

2

-1948.08

25.87

16

0.056 0.000

26.28

26.99
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3

-1933.47

29.22

16

0.022 0.000

26.30

26.72

27.34

4
-1918.61 29.71
16 0.020 0.000
26.31 26.87
Note: *indicates the Optimum Lag lengths of the various criteria

27.67

4.3. Vector Error Correction Model
We employ this model in order to examine long-run changes in horticultural
exports in relation with explanatory variables such as inflation, exchange, and
interest rates. Moreover, it shows the speed of adjustment of the system to
correct its previous period disequilibruim. In other words, speed of the model to
reach its long-run equilibruim. The results of VECM analysis are present in table 5
below.
Table 5. Summary Estimates of the Vector Error Correction Model
Equation
HOE
ECT(-1)
INF
EXR
INT

Parms

RMSE

R-Sq

Chi2

6
Coef
-0.0853
0.3599
0.2059
-0.0241

8.8511
std error
0.0245
0.0721
0.0682
0.0118

0.7403
z
-3.4816
4.9917
3.02
-2.04

128.2536
p>|z|
0.0010
0.0000
0.0300
0.0207

The VECM model estimate significant long-run relationship between
explanatory variables that accounts 74.03% of variations in horticultural exports.
As per (Lutkepohl, 2005) coefficients represent the short run elasticity in the
model. The model also finds negative and statistically significant error correction
term (ECT), which shows the model works perfectly according to Engle & Yoo
(1987) theorem. It confirms that 8.53% speed of convergence towards its long-run
equilibrium. In other words, 8.53% of the disequilibria are adjusted from lagged
period of error shocks and it will take approximately 11.72 months (obtained by
taking the reciprocal of the ECT term) for the deviations from the short-run to
come back to its long-run equilibrium path.
The ECM term also reveals that long-term relationship between horticultural
exports (HOE), inflation (INF), exchange rate (EXR) and interest rate (INT) in Kenya.
And their past values plays role in determination of HOE’s present value in the
short run (Maddala & Lahiri, 1992). Looking at coefficient magnitudes, the
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inflation has the highest effect on horticultural exports as it recorded the highest
positive value of the coefficient. The findings from the study indicated that
inflation and horticultural exports have a positive and significant relationship in
long-run. Similar results were observed by Rono and Rotich et.al. (2018) who
identified that changes in inflation rate and export volumes affects export
earnings positively in many flower firms in developing nations. Likewise, Gylfason
(2001) also found positive long-run relationship between inflation rates and
exports. On contrary, Meme (2015) and Oliver (2014) argued that an increase in
inflation rate will cause decrease in horticultural exports in Kenya. This is because
increasing inflation translates to an increase in cost of borrowing as a result of
increased cost of production that reduces horticultural exports.
The results show that exchange rates have a positive significant coefficient at
5% level which is consistent with economic theory. This implies that increasing
exchange rate by 1% causes horticultural exports to increase by 0.20% in long-run.
These findings are in line with results of Meme (2015), Shane et al. (2008), Chege
et al. (2014) and Mesike (2010). Devaluation of the local currency against those of
their major trading partners makes horticultural exports more competitive
therefore increase in demand. Pierola and Freund (2012) also document that low
exchange rate volatility causes exports to increase. Likewise, Bhattarai and Armah
(2005) have observed similar findings in Ghana. On the other hand, Serenis (2011)
and Wang and Barret (2007) found contrary results after observing that exchange
rates negatively influence exports.
In case of interest rates, the results document negative and significant impact
from long-run interest rates to the horticultural exports. It implies that a one
percent increase in the levels of interest rates causes a drop in horticultural
exports by approximately 0.24% in long-run. This negative relationship sheds light
on the fact that horticulture industry is a capital-intensive venture in comparison
to other agricultural subsectors in terms of technology acquisition, inputs,
materials required to set greenhouses structures, irrigation systems
agrochemicals required. Therefore, increased interest rates by commercial banks
is likely to reduce disposable incomes of investors because they will be forced to
pay more money in terms of increased rates and this consequently leads to
decrease in aggregate supply of horticultural exports (Meme, 2015). This finding is
parallel with Adofu et al. (2010), Kaabia and Gill (2000), Keror et al. (2018), and
Mabeta (2015).
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4.4. Diagnostic of the Model
Below we also present diagnostic tests of our model for robustness.
Table 5. Lagrange Multiplier Test for Serial Correlation
Chi2

Prob> Chi2

1

77.0429

0.1269

2

79.6318

0.1955

Lag order

H0: no autocorrelation at a specified lag order
H1: presence of autocorrelation at a specified lag order
The LM test is employed in order to check if the residuals of the VECM model
has autocorrelation problem. Table 5 shows that the residuals of the VECM model
are not serially correlated with lags of one and two. Thus, the analysis fails to
reject the null hypothesis.
Table 6. Jarque-Bera Test for Normality
Equation
INF
EXR
INT
HOE
ALL

Chi2
2.92
3.46
1.57
1.56
7.84

DF
2
2
2
2
8

Prob > Chi2
0.3423
0.1887
0.4670
0.5400
0.3560

We have also employed Jarque-Bera test for normality in order to check
whether sampled series are normally distributed or not. Table 5 reports output of
this analysis where it shows that all the Jarque-Bera statistics fails to reject the
null hypothesis which is “sampled data is not significantly different from normal”.
Thus, the analysis confirms that all sample data have normal distribution.
Moreover, we also examine whether the model comprises any
multicollinearity problem or not. The multicolinearity refers to the case in which
two or more explanatory variables in the regression model are highly correlated,
and make it difficult to isolate their individual effects on the dependent variable.
Using Variance Inflation Factor (VIF) test, we estimate VIF value for each of the
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independent variables in the model. The mean of variance inflation factor is
calculates as 1.18 which is threshold below ten. Thus, the analysis confirms
absence of multicollinearity in the model.
Table 7. Variance Inflation Factor
Variable

VIF

1/VIF

INF
EXR
INT

1.27
1.23
1.04

0.7853
0.8122
0.9613

Mean VIF

1.18

Lastly, we observe Eigen values on a complex plane in order to check stability
of the VECM model. Below figure 1 shows graphical illustration of the roots of
companion matrix plotted on a unit circle. The figure clearly reveals that none of
the Eigen values appear closer to the unit circle and none of them lie outside the
unit circle boundaries. This suggests that the model is stable and properly defined.
Figure 1. Unit Circle – Roots of Companion Matrix
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0
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1
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The VECM specification imposes 4 unit moduli
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6. Conclusion
The study examines effects of inflation rate, exchange rate and interest rate
on value of horticultural exports in Kenya for the period 2005-2017. It documents
several results using VECM analysis.
First, inflation rates, exchange rate, interest rates, and horticultural exports
are co-integrated in long-run and inflation, exchange, and interest rates have
significant long-run impact on horticultural exports as they account 74.03% of its
variation.
Second, the VECM model finds negative and statistically significant error
correction term (ECT) as -0.0853. It confirms that 8.53% speed of convergence
towards its long-run equilibrium and indicates that adjustment of error shock will
take approximately 11.72 months to correct itself.
Third, the study finds positive impacts from inflation and exchange rates,
while negative impact from interest rates to horticultural exports. In other words,
1% increase in inflation rates, exchange rates, or interest rates will lead to 0.35%
increase, 0.20% increase, or -0.02% decrease in long-run horticultural exports
respectively.
Fourth, the negative long-run relationship of interest rates and horticultural
exports sheds a light on the fact that horticulture industry is a capital-intensive
venture in comparison to other agricultural subsectors and when commercial
bank and other lending institutions increases interest rate, it increases cost of
borrowing which discourages businesses owners from borrowing to finance their
horticultural production. This will eventually lower aggregate supply and thereby
leading to low horticultural exports.

7. Policy Implications
The study recommends to the government that there is need to formulate
both long and short-term economic policies that stimulate investment
opportunities in horticultural sector. This can be done through encouraging both
local and foreign investors to invest in agricultural subsectors such as horticulture
production by creating conducive environment for investment. The government
through Central Bank of Kenya needs to stabilize macroeconomic environment
that is essential in formulating trade policies to increase horticultural exports by
finding out an appropriate exchange rates and finding appropriate strategies to
control inflation rate. This can be done by CBK through application of monetary
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policy instruments such as regulation of foreign reserves and money supply. From
the findings of the study, it is recommended, that there is need for commercial
banks to further reduce interest rate. This can also be achieved through radical
changes in the borrowing structure and application of monetary policies such as
credit control.
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Abstract
This paper examines relationship of unemployment rates with other macroeconomic
aggregates in Bangladesh over 1991-2019 using robust econometric analyses. It sheds a
light on the fact that GDP growth rate, inflation, and foreign direct investment flows have
statistically significant impacts on unemployment rate both in short-run and long-run.
More specifically, the paper documents that unemployment rate, GDP growth rate,
inflation rate and foreign direct investment flows are co-integrated in long-run at 5%
significance level.
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1. Introduction
Unemployment remains one of the world's greatest issues. It is the most
persistent challenge affecting all countries that are technologically advanced and
weak. 5.7 percent of the global population is unemployed, according to the
International Labor Organization (ILO) survey (2017). Nonetheless, Bangladesh
faces an austere problem. The unemployment rate measures the number of
inactive citizens in Bangladesh, but it is the work force rate that effectively
searches into it. 4.18 percent of the country's population is reportedly
unemployed, according to the 13th Quarterly Labor Force Survey (QLFS) reported
by the Bangladesh Bureau of Statistics in March 2017. The youth unemployment
crisis is critical for the economic development of Bangladesh. Over the years, the
youth unemployment rate has risen. The World Bank data shows that in 2017, the
youth unemployment labor force aged (15-24) was 11.4%. Unemployed graduates
in Bangladesh are - in a surprising way.
A big challenge in Bangladesh has been the unemployment situation for
university graduates. In some cases, male graduates get more incentives than
female graduates. According to the 2015-2016 Quarterly Labor Force Survey of
the Bangladesh Bureau of Statistics, the unemployment rate for female graduates
is 16.8 percent, almost 2.5 times greater than that for male graduates (QLFS).
Growth in the economy helps alleviate unemployment. In 2016, Bangladesh
achieved an economic growth rate of 7.11 percent (WDI revised 4-19-2018),
according to the Bangladesh Bureau of Statistics (BBS), which beats all previous
milestones in the country's economic history. However, despite economic
development in Bangladesh, the unemployment crisis has not been resolved. In
Bangladesh, the evolution of unemployment is seen by the following figure.
Figure 1. Trend of Unemployment

Source: World Development Indicator
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Figure 1 shows that the unemployment rate oscillated frequently between
1991 and 2000 and reached an all-time highest value of 5.1% in 1997; due to
political chaos and a newly formed government. Then, it has an upward trend
until 2004 when fluctuations starts on 2004-2006. Afterwards of 2006, the
unemployment rate gets a decreasing trend until 2008. The unemployment rate
remained constant at 4.5% between 2010 and 2012. After that period, it gets into
stable level of 4.3%
The unemployment rate is closely related with country’s economic growth. A
country’s total production measurement scale GDP is one of the recognized
parameter recording the state of an economy. In this research, we proxy the
economic growth rate with annual GDP growth rate. From the time of its
liberation in 1971, Bangladesh economy has experienced notable progresses.
However, the country's growth has been hampered by political uncertainty and
dangerous natural disasters. The following figure shows the trend of economic
growth in Bangladesh over the period 1991 to 2019.
Figure 2. FDI inflows into Bangladesh (1989-2018)

Source: World Bank(2018)
After the policy reforms to encourage new investment and reward schemes
in 1990 and 1995, foreign direct investment inflows have risen dramatically. The
lifting of limits on capital and benefit tunnels in the country of origin and the
opening up of almost all manufacturing industries to potential foreign buyers was
another possible factor. The authorities formed an Investment Board in 1989
(BOI). The primary aim is to construct tunnels and encourage international
investment (Mondal, 2003). A linear point of view is that foreign direct investment
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(FDI) immensely significant for economic growth. Economic activity and
development expedite by the foreign capital. Developing countries have had
experience with foreign direct investment and see it as one of the fastest forms of
economic change (Makki and Somwaru, 2004). Neoclassical and endogenous
growth models establish the most empirical work on the growth parity of FDI. In
certain economic state macroeconomic study implies positive relations with FDI
and economic state. Though, both are arguable factors in various cases. (Lean and
Tan, 2011; Alshehry, 2015; Adhikary, 2015; Gandelman & Hernandez-Murillo,
2009).
Unemployment is a problem of considerable importance to leaders in
developed and affluent countries both. About 34 million people have lost their
jobs globally due to the global recession of 2007. After the economic recession,
the number of unemployed young people has grown from 73.5 million in 2007 to
77.7 million in 2010, from 73.5 million in 2007 (ILO, 2011). Inflation and
unemployment, socially and economically annexed, usually sought to establish a
relationship between them that is inversely linked when unemployment is toe to
tip while inflation is down. If the money supply changes, it indicates to inflation. If
the money supply increases, this has a multiplier effect on the prices of goods and
services in the economy, which also leads to increase. Goods and services become
changes due to inflation of prices. The classic economist indicated that the longterm Phillips curve shaped the natural unemployment rate in the economy. It is
said that inflation and unemployment should have no relationship in the long run
(Phillips, 1958; Friedman, 1968).
The inflow of foreign direct investment into Bangladesh started in 1994 to
interrupt the steady influx of previous years, rising from $11 million to $231
million almost twenty times in 1995 and 1996. So this rise in Swift is the product
of a set of rewards for hedging. Buyers of foreign direct investment have been
granted financial sovereignty for innumerable years, consisting of tax exemptions
for innumerable years, a non-binding facility for the import of machinery, 100%
goods to abroad and a 100% income return facility, reinvestment of income or
dividends as foreign direct investment, some visas, work allows executives
abroad, permanent residence or even citizenship to invest a single post, export
processing area (EPZ) facility and hassle-free, easy exit facility (Abedin, 2015).

1.1. Objective of the Study
The study will explore the short and long-term relationships between
macroeconomic factors and unemployment in Bangladesh. The macroeconomic
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variables taken into account are GDP, inflation and foreign direct investment. The
following hypothesis is made
H1: The long-term relationship between unemployment and macroeconomic
factors is at a significant level in Bangladesh.
H2: In Bangladesh, there is a major long-term association between
unemployment and GDP.
H3: The short-term relationship between unemployment and inflation in
Bangladesh persists at a substantial level.
H4: In Bangladesh, there is a major short-term association between
unemployment and GDP.
H5: In Bangladesh, there is a substantial degree of short-term linkage
between unemployment and FDI supply.

1.2. Significance of the Research
There is no wide consensus on relationship between unemployment and
macroeconomics aggregates in Bangladesh. Many previous studies bring mixed
results. This study aim to bring significant findings for these relationships both in
short-run and long-run.

2. Literature Review
This section review relevant literature with their methodologies and findings.
For instance, Haque and Amin (2018) examine relationship and causalities
between foreign direct investment, trade and growth in Bangladesh, taking into
account macroeconomic stability. They found unidirectional causalities running
from trade openness to GDP and from trade openness to inflation in Bangladesh.
They also observe a mutual causal relationship between foreign direct investment
and GDP. However, they fail to document causality interactions between inflation
and foreign direct investment, trade and foreign direct investment, inflation and
GDP. Thus, they conclude that foreign direct investment and trade are two key
reasons for economic growth in Bangladesh.
Dey and Awal (2017) study the impacts of foreign direct investment on
economic growth in Bangladesh during the period of 1990-2015 by using Ordinary
Least Square (OLS) method. They document an inverse relationship between
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foreign direct investment and economic growth. They conclude that the negative
sign of FDI indicate that Bangladesh should attract FDI by increasing human
capital, creating a good political environment and enhancing adequate
infrastructure facilities, which will improve our economic growth.
Noor et al (2016) also study significance of foreign direct investments on
economic growth of Bangladesh for the period 1981-2010. Using OLS technique,
they document positive relationship between GDP growth and FDI, while they
observe a negative and significant relationship between GDP growth and inflation.
Jaradat (2013) examines impact of inflation and unemployment on Jordanian
economic growth during 2000-2010. He finds a negative relationship between
unemployment and economic growth, while a strong positive impact of inflation
over the GDP.
Hussain and Haque (2016) analyse relationship between foreign direct
investments, trade, and growth rate of per capita GDP for Bangladesh with the
help of annual time series data for 1973 to 2014. Using Vector Error Correction
Model (VECM) analysis, they find a long-term relationship between these
variables. They conclude that the trade and foreign investment variables have a
significant impact on the growth rate of GDP per capita. Thus, it is important to
frame policies that promote growth and reduce the barriers for capital flows in
Bangladesh.
Khan, Khattak and Hussain (2012) examine correlation between growth in
gross domestic product and unemployment in Pakistan. As a result, they observe
that 1% increase of economic growth reduces unemployment by 0.63%. On the
other hand, a 1% drop in unemployment rates will increase GDP growth by 7.25%.
The statistical relationship of unemployment and inflation is widely known as
Phillips Curve. Haider and Dutta (2012) examine inflation-unemployment trade-off
under Phillips Curve in Bangladesh during 1987-2009. As a result they document
the relevancy of the Phillips curve in the Bangladesh economy by confirming
strong negative relationship between unemployment and inflation. Moreover,
they also find that exchange rates are negatively correlated inflation while
international price of crude oil has positive effects on inflation.
On contrarily, Chowdhury and Hossain (2014) document positive relationship
between inflation and unemployment rates in their
investigation of
macroeconomic determinants of unemployment in Bangladesh during 2000-2011
periods using Simple Single Equation Linear Regression Model. They also find
negative impact of exchange rates on unemployment rates.
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Like these two study there are many conflicting results over inflation and
unemployment relationship. However, Sovbetov and Kaplan (2019) bring an
explanation for these conflictions. They study this relationship considering
tranquil and recessionary economic environment. They employ wide range study
by sampling 41 countries and accounting the periods of 1980-2016. As a result
they find this statistical relationship is fragile and varies across countries and time
periods depending on tranquillity of economic environment. More specifically,
they document that the relationship holds in the majority of developed countries,
while it fails to hold in emerging and frontier economies even during tranquil
periods. They also show that the relationship totally collapses during recessionary
periods, even in developed markets. Thus, they conclude that tranquillity of
economic environment is significantly important for the Phillip trade-off to work
smoothly.
Table 1. Summary of Literature of Relevant Studies
Authors

Findings

Adamu et al. (2015)

An effective and excellent relationship between
foreign direct investment and real GDP, an indicator
of Nigeria's economic development. The existence of
this positive link therefore requires a commitment to
implement strategies that attract foreign direct
investment, particularly in Nigeria's non-oil sectors.

Adhikary (2015),
Ghatak and Halicioglu (2007),
Lean and Tan (2011),
Alshehry (2015)

An empirical enquiry suggests that economic growth
influence by FDI.

Bibhuti (2020),
Abdullahi et al. (2012),
Nwaogu & Ryan (2015),
Makun & Azu (2015)

The experiment has suggested that foreign direct
investment as well as other variables for instancehuman capital, economic infrastructure and capital
formation have positive and important effects on
economic growth. Also, commended more open
economies, more investments in economic
infrastructure and more political engagement in the
fight against corruption.

Sovbetov & Moussa (2017)

They document strong positive impact of economic
freedom on foreign direct investments inflows in
both global and regional analyses involving 156
countries through the period of 1995-2016.
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Borensztein et al. (1998)

Wu and Hsu (2008)

Kornecki and Borodulin (2011)

Hussain and Haque (2016),
Tang (2018)

Measured of foreign direct investment in 69
developing countries during the period 1970-1989 in
developed nations. This demonstrations that foreign
direct investment is an important route for
technology transfer and that it contributes
extraordinarily much more to growth than domestic
investment. However, FDI only promotes economic
growth if the host country can properly absorb the
technology.
The record of 1975-2000 for 62 countries shows the
effects of foreign direct investment on economic
growth according to different absorption capacities.
It’s implies that FDI influenced by the initial GDP and
human capital factors.
The study shows that, based on FDI and its
importance in the IP, the significant factors are: real
income per capita, real spending per capita on
education, employment, research and development
in foreign direct investment and investment having a
significant positive impact on foreign direct
investment.
Applied VECM, in this enquiry shows that the
variables of trade and foreign investment have a
major impact on the growth of GDP per capita.
Because foreign direct investment and trade are the
two essential tools for economic growth in 2006
Bangladesh.

3. Research Methodology
This study examines the relationship of unemployment and macroeconomic
parameters in Bangladesh during 1991 to 2018. The study formulates following
model with annual data of unemployment rate and other independent variables
such as inflation, economic growth and foreign direct investment. The source of
the data is the annual reports of the Bank of Bangladesh and the World Bank
(1991-2019).
𝑈𝑈 = 𝑓𝑓(𝐺𝐺𝐺𝐺𝐺𝐺, 𝐼𝐼𝐼𝐼𝐼𝐼, 𝐹𝐹𝐹𝐹𝐹𝐹)

𝑈𝑈𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1 𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 + 𝛽𝛽2 𝐼𝐼𝐼𝐼𝐼𝐼 𝑡𝑡 + 𝛽𝛽3 𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡 + 𝜀𝜀𝑡𝑡
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Where Ut is unemployment rate at time t; GDP, INF, and FDI are GDP growth,
Inflation rate, and Foreign Direct Investments respectively. The betas are
coefficients of each related variables and the ɛ is error term of the model.
Due to stationarity requirement of OLS technique, we have examined
stationarity all series that are intended to be used in the model using Augmented
Dickey Fuller (ADF) unit root test. An important assumption for this test is that the
error term is not serially correlated and it is White Noise. The test checks the
correlation of errors by adding lags of the series. The ADF test hyphotesizes below
the H0 against H1 where rejection of the null hypothesis confirms stationarity of
the series.
H0: The data is non-stationary.
H1: The data is not non-stationary
A significance level of 1%, 5% or 10% is included in the analysis when making
a decision. If the absolute value of the test state is greater than the critical value,
we can reject the null hypothesis. However, if the absolute value of the test
statistics is less than the critical value, we cannot reject the null hypothesis.
Table 2. ADF Unit Root Test
Variables

Level

1st Difference

U

-2.29
(0.4374)

-6.02
(0.0000)

GDP

-2.88
(0.1672)

-3.61
(0.0293)

INF

-3.83
(0.0150)

NA

FDI

-2.07
(0.5597)

-4.00
(0.0088)

The results of ADF test reveal that unemployment rates, GDP growth, and FDI
are no stationary at their levels, while inflation rates appear stationary. But all
these series can be conververted into stationary series by using first
differentiation methodology. Thus, as they are integrated at same order, we can
examine whether these series are co-integrated in the long-run. For this, we
employ often used Johansen co-integration test which is based on the maximum
likelihood method that provides two main statistics: Trace statistics and MaxPage | 53
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Eigen statistics. If the rank is zero, it means that there is no co-integration
relation, and if the rank is one (1), it implies existance of a co-integration
equation. Below, we formulate our VAR model for this study where we check for
co-integration and its error corraction.
𝑝𝑝

𝑝𝑝

𝑝𝑝

𝑖𝑖=1

𝑖𝑖=1

𝑖𝑖=1

𝑝𝑝

𝑝𝑝

𝑝𝑝

𝑖𝑖=1

𝑖𝑖=1

𝑖𝑖=1

𝑉𝑉𝑉𝑉𝑉𝑉(𝑝𝑝) = ∆𝑈𝑈𝑡𝑡 = 𝛼𝛼0 + � 𝛼𝛼𝑖𝑖 ∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + � 𝛽𝛽𝑖𝑖 ∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 + � 𝜃𝜃𝑖𝑖 ∆𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑖𝑖
+ 𝜀𝜀𝑡𝑡

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(𝑝𝑝) = ∆𝑈𝑈𝑡𝑡

(3)

= 𝛼𝛼0 + � 𝛼𝛼𝑖𝑖 ∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + � 𝛽𝛽𝑖𝑖 ∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 + � 𝜃𝜃𝑖𝑖 ∆𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑖𝑖
+ 𝜆𝜆1 𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1
+ 𝜀𝜀𝑡𝑡

(4)

Where VAR equation is used to examine co-integration and VECM model is used
to detect speed of the model in converging its long-run equilibruim. The ECT
indicates the cointegration equation and its multiplies λ should be negative and
statistically significance iin robust VECM models.

4. Results
Below table 3 presents diagnostic results for Vector Auto Regression (VAR)
analysis. The diagnostic statistics appear robust for the model where
unemployment rate is considered as dependent variable. Thus, we can further
continue with co-integration test.
Table 3. Vector Auto Regression (VAR) Test
Equation

Parms

RMSE

R-Sq.

chi2

P>chi2

Unemployment

9

0.424981

0.7820

36.14632

0.0000

GDP growth

9

0.587846

0.8000

29.08123

0.0003

Inflation

9

3.79148

0.0672

1.871623

0.9847

FDI

9

3.50E+08

0.9139

276.1061

0.0000

Table 4 below shows results of Johansen co-integration test for variables of
unemployment rate, inflation rate, economic growth, and FDI in Bangladesh
during 1991-2018. The test is performed by allowing linear deterministic trend in
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data and setting the lag interval as 2 by default. As a result, both Trace and Maxeigenvalue tests indicate existence of 1 co-integrating equation at 5% statistically
significance level.
Table 4. Johansen Co-integration Test with Linear Trend and Intercept
Hypothesized
No. of CE(s)

Eigenvalue

Trace Statistic

0.05
Critical Value

Prob.**

None *

0.333198

70.84864

47.85613

0.0001

At most 1

0.126302

26.67503

29.79707

0.1098

At most 2

0.087646

11.95778

15.49471

0.1590

At most 3

0.017816

1.959487

3.841466

0.1616

Hypothesized
No. of CE(s)

Eigenvalue

Max-Eigen
Statistic

0.05
Critical Value

Prob.**

None *

0.333198

44.17361

27.58434

0.0002

At most 1

0.126302

14.71726

21.13162

0.3092

At most 2

0.087646

9.998291

14.26460

0.2120

At most 3

0.017816

1.959487

3.841466

0.1616

Note: *denotes the rejection of null hypothesis at 5% significance level. **
MacKinnın-Haug-Michelis (1999) p-values
We also have checked other specification of the co-integration test such as
no intercept and trend or quadratic trends and etc. Below table 5 summarises all
these examinations where all confirms at least one co-integrated equation.
Table 5. Summary of Johansen Co-integration Tests with All Specifications
Data Trend:

None

None

Linear

Linear

Quadratic

No Intercept

Intercept

Intercept

Intercept

Intercept

No Trend

No Trend

No Trend

Trend

Trend

Trace

1

1

1

1

1

Max-Eigen

1

1

1

1

1

Test Type
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Further we employ VECM analysis. The table 6 below illustrates the
regression equations using "unemployment" as dependent and lagged values of
GDP, inflation and foreign direct investment as independent variables. The ECT
indicates co-integration equations and it should be White-noise stationary
residual of long-run equation VAR equation. The coefficient of ECT is expected to
be statistically significant in the range of -1 and 0 for robustness of VECM model
which will show that co-integration series will eventually converge to a long-run
equilibrium. In case, the coefficient is estimated positive, then it indicates that the
model is suffering of serially correlated residual terms (autocorrelation problem).
Or if the coefficient is estimated negative but greater than 1 (in absolute terms),
then the model is instable comprising of structural breaks that are needed to be
controlled (Sovbetov, 2018).
Table 6. Vector Error Correction Model (VECM)
Unemployment

Coef.

Std. Err.

Prob.

ECT

-0.1724***

0.0653

0.0092

∆GDP

-0.0159***

0.0061

0.0098

∆INF

-0.0038*

0.0022

0.0861

∆FDI

-0.0049**

0.0023

0.0375

0.2789

0.6503

0.6680

Intercept

Table 5 shows that the error correction term ECT appears statistically
significant at 1% level with negative sign complying with the ECM theory. It
implies that the model seems to be correcting 17.24% of its previous period
disequilibrium in the way converging its long-run level. And it would take
approximately 5-6 years to reach their final equilibrium stance.
Other coefficients of variables in table 5 indicate short-run impacts on
unemployment. Briefly, a unit increase in GDP growth rate decreases
unemployment by approximately 0.0159 units in short-run at 1% statistically
significance level. Likewise, a unit increase in inflation rate will lead approximately
0.004 units drop in unemployment rate at 10% significance level. It complies with
Phillips Curve theorem, but it has a weaker significance in Bangladesh. Lastly, we
also document negative and significant impact running from FDI to
unemployment in short-run. Its multiplier indicates that a unit increase in FDI
flows will cause 0.005 units decrease in unemployment rate in short-run at 5%
significance level.
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5. Conclusion
Unemployment is one of the key problems in many economies nowadays,
especially in less developed countries. Therefore, we study determinants of
unemployment in Bangladesh over 1991-2019 using robust econometric analyses.
As a result, we document that GDP growth rate, inflation, and foreign direct
investment flows have statistically significant impacts on unemployment rate both
in short-run and long-run. More specifically, we observe that unemployment rate,
GDP growth rate, inflation rate and foreign direct investment flows are cointegrated in long-run at 5% significance level.
In order to examine short-run dynamics and speed of long-run convergence,
we have employed VECM analysis. This analysis reveals that model Error
Correction Term gets negative value at 1% significance level. Complying with the
ECM theory, it indicates that the model corrects 17.24% of its previous period
disequilibrium in each period. It shows that the model has 17.24% annual speed
of convergence to its long-run equilibrium. Thus, we conclude that it would take
approximately 5-6 years to reach their final equilibrium stance.
The analysis also gives plausible results for short-run dynamics of
unemployment rate. It shows that a unit increase in GDP growth rate decreases
unemployment by approximately 0.0159 units in short-run at 1% statistically
significance level. Likewise, a unit increase in inflation rate will lead approximately
0.004 units drop in unemployment rate at 10% significance level. It complies with
Phillips Curve theorem, but it has a weaker significance in Bangladesh. In addition,
we also document negative and significant impact running from FDI to
unemployment in short-run. Its multiplier indicates that a unit increase in FDI
flows will cause 0.005 units decrease in unemployment rate in short-run at 5%
significance level.

7. Recommendations
The implications of this study show that economic growth rate, inflation
rates, and foreign direct investment flows have a significant impact on
unemployment rate. The study offers some recommendations, which are given
below:
 Bangladesh can effectively decrease its unemployment rate by stimulating
its GDP growth rates.
 Bangladesh should focus on development of labour-intensive projects and
consolidate with new entrepreneurial entrants of current
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entrepreneurship operations to build more opportunities and absorb a
wide pool of unemployed people.
The Phillips curve trade-off between inflation and unemployment appears
valid in Bangladesh but its significance is a bit weaker. The government
can effectively use this trade-off in order to control the unemployment
rates. Fiscal and monetary policy makers need to formulate policies to
achieve the required inflation, which can affect the unemployment rate.
The Foreign Direct Investment flows also another tool to decrease
unemployment rates. Through implementing the joint venture scheme,
Bangladesh should attract foreign investments and bring them into the
country. It means also import of new technology and creation of new
employments. Thus, this will decrease unemployment rate gradually.
Foreign direct investment generates employment, more socio-economic
growth sectors such as agriculture, education, IT, pharmaceuticals,
fisheries, cattle farming, ready-made clothes, electricity, gig economy,
entrepreneurship, etc should be funded by the government of
Bangladesh, and private investors should also be allowed to spend more
in the economy.
It is important to prioritize foreign direct investment and domestic
investment to reinvigorate our economy. To some point, where we are
less concentrated on it, our neighbouring country relies more on FDI. We
should apply policies to develop our economy in order to keep pace with
the global trade pace. We have seen a vast influx of economic growth in
Bangladesh in recent years. Expecting potential researchers to improve
FDI and the form of policies or interventions that can raise FDI flows.
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1. Introduction
Revenue mobilization is critical for fiscal policy implementation, particularly
in developing countries with chronic budget deficit challenges. Taxation is
considered as a better resource revenue mobilization tool than other alternatives
such as money creation and debt financing. Government revenue in Ghana
therefore depends largely on taxes as in other African countries.
In recent times, Value Added Tax (VAT) has evolved as the main workhorse of
taxation in developing countries (Le et al, 2016). Heady (2002) observed the use of
VAT to mobilize sales tax revenues among OECD countries therefore the VAT
becomes the sales tax of choice in OECD countries. While these countries
continue to depend heavily on income tax collection, the VAT revenues have risen
steadily in both absolute and relative terms. In these countries, the general
consumption taxes which are dominated by VAT have seen sharp increases in
yields from 12 percent of the total tax revenues in 1965 to 18 percent in 2000
(Heady, 2002).
Given the relative success of the OECD countries in the VAT revenue
mobilization, many developing countries now make good use of the VAT to also
mobilize revenue as it is seen to be more cost effective in mobilization and
productivity. According to the IMF, the VAT has become a key source of
government revenue in over 120 countries. About 4 billion people, 70 percent of
the world’s population, now live in countries with VAT, and it raises about $18
trillion in tax revenue, thus about one-quarter of all government revenue (Ebrillet
al., 2001).
Ghana’s case is not different from the foregoing as VAT contribution to Total
Government Revenue has been between 20 percent and 30 percent since its
inception from 1995 to date. Therefore, VAT is considered a major source of
government tax revenue in Ghana which forms about as at 2019.
In view of the relevance of VAT in government’s fiscal policy, it is imperative
to precisely forecast its yield for effective budget planning. As such getting a good
forecasting model to determine this predictive power with minimum errors is step
in the right direction. Therefore, this study aims at using two comparable
forecasting techniques; the ARIMA with Intervention and Holt Winter’s models to
predict the revenue generating powers of the VAT and ascertain which of the two
is superior. Additionally, the results of the superior method is compared with the
Ghana Revenue Authority’s in-house forecasting model predictions in terms of
their target revenue figure over the period 2017 to 2019 where data exist. The
outcome of this study would be of much policy relevance to the tax authorities is
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their revenue forecasting processing as it offers alternatives to their in-house
method.
The rest of the paper is organised as follows: section two deals with a brief
literature, section three treats the estimation model and the data source. Section
four reports the forecasting results and the associated discussions and then
section five concludes the study and provides the policy suggestions.
2. Brief Literature
Although different scholars advocate different forecasting models, many of them
point to outcomes of econometrics techniques as more accurate with minimum biases to
revenue forecasts than the simple judgemental approaches. The use of time series
methods for revenue forecasting has attracted many researchers in testing for their
efficiency. Some of the methods are the ARIMA models (see Baguestani and McNown,
1992; Favero and Marcellino, 2005; Nazmi and Leuthold, 1988; Fullerton, 1989; Koirala,
2011; Brojba, Dumitru, and Belciug, 2010; Slobodnitsky and Drucker, 2008), the Vector
Auto-Regressive (VAR) model (see Baguestani and McNown, 1992; Favero and Marcellino,
2005), the Random walk model (Favero and Marcellino, 2005); the Trend models (Kong;
2007), Regression models (see Nazmi and Leuthold, 1988; Fullerton, 1989; Kong,
2007;Irizepova, 2016) and the Holt-Winters model (Fomby, 2008; Makananisa, 2015).
Gardner and McKenze (1985) test the Holt linear trend and damped trend in
forecasting time series to know which of the two approaches produces a more accurate
forecast. They develop an exponential smoothing model to damp erratic trends. The data
used consist of 181 yearly, 203 quarterly and, 617 monthly series. 114 series were
demographic, 319 macroeconomic series, 302 series were company data, and 236 series is
of industry sales. The study reveals that accurate forecast can be produced with Holt linear
trend model when the trend of the time series observations is not erratic. However, for
erratic trends, developing a model to damp the trend produces a more accurate forecast
compared to smoothing models based on a linear trend.
Nikolov (2002) forecasts tax revenue with the intervention time series model by using
the Box-Jenkins model selection approach and continued with the intervention effects
analysis. This work was done with monthly tax revenue data for the period January 1998 to
July 2002, from the Republic of Macedonia. The study recommends that the model is good
for forecasting but because the variance of the forecasts in time series models becomes
large over time, it will produce good forecast results for only a few time units ahead and
not for longer periods.
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Sologoub et al (2003) apply a stationary time series approach to establish a long-term
relationship between VAT base and VAT productivity. They also use the ARIMA model for a
monthly data to forecast VAT revenue in the short run. They conclude that ARIMA is very
consistent with the projections made by the government of Ukraine for its budget. In
addition, they argue that VAT refund, debt, numerous tax exemptions and, low VAT
compliance have the potential of complicating the VAT revenue forecasting in Ukraine.
Slobodnitsky and Drucker (2008) forecast monthly VAT revenue data for Israel from
January, 1987 to December, 2006 and compared the results with a co-integration
estimation. They use the ARIMA method and adjudged it to be better and precise than the
co-integration results since the ARIMA specification had lesser absolute deviations. A
further comparison of ARIMA and unrestricted linear regression model by Fullerton (1989)
favoured the latter because it had lesser Root Mean Squared Error.
It is worthy to note that comparisons of the forecasting performance of different
methods frequently find that ARIMA outperforms other models at least in the short run. It
can also be deduced from the literature that there is no consensus on which method can
precisely predict the fiscal variable. It is therefore suggested that each forecasting method
should be considered on case by case bases. Therefore in view of dearth of studies on tax
revenue forecasting in Ghana, this study attempts to model the VAT Revenue Forecasting
in Ghana to fill the void in the literature.
3. The Model
The forecasting model, ARIMA with intervention in this study is based on the works of
Darkwah et al (2012) and Edzie-Dadzie (2013) with modifications. The Holt linear trend
model is also based on the study by Gardner and Mckenzie (1985) with some adjustments.
3.1. The Auto-Regressive Integrated Moving Average (ARIMA) Model
The ARIMA model is appropriate for time series of at least 50 observations.
Given a time series; X1, X2, X3, ... Xt where t is the time and X is the observations, in
an attempt to fit an ARIMA model to a time series data, the first step is to check
for stationarity. A stochastic process Xt is said to be strictly stationary if the joint
distributions of Xt1, Xt2, .... Xtn and Xt1-m, Xt2-m, .... Xtn-m for all t1, t2, ... tn are the same
and lag m which is the time difference.
In this case, E(Xt)=E(Xt-m), Var(Xt)=Var(Xt-m) for all t and m, and Cov(Xt,
Xr)=Cov(Xt-m, Xr-m) for all values of t,m and r.
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Consider an observed series X1, X2, X3, ... Xt. We can form n-1 pairs of
observations, for instance; (X1, X2), (X2, X3) ... (Xn-1, Xn) where each pair of
observations is separated by a one-time interval. Taking the observations in each
pair as separate variables, we can compute the autocorrelation between X1 and
Xt+1 as:
n−m

Sm =

∑ (X
t =1

t

− X )( X t + m − X )

n

∑(X
t =1

t

− X)

(1)

2

Thus, Sm is the autocorrelation coefficient at lag m. A plot of Sm against lag
m for m = 0, 1, 2 ... and k < n is called sample Autocorrelation Function (ACF).
Testing for partial correlation in a stationary time series can also be done.
Partial Autocorrelation is the correlation between X1 and Xt-1 after removing the
effect of the intervening variables Xt-1, Xt-2, Xt-3, ... Xt-m+1. It is usually called the
Partial Autocorrelation Function (PACF) at lag m and if denoted by 𝜙𝜙𝑚𝑚𝑚𝑚 and it
can be defined as φmm = corr ( X t , X t − m X t −1 , X t − 2 , X t −3 ,..., X t − m +1 )

Thus, 𝜙𝜙𝑚𝑚𝑚𝑚 measures the correlation between Xt and Xt-m given Xt-1, Xt-2, Xt-3,
... Xt-m+1 or the correlation between Xt and Xt-m after adjusting for the effects of Xt1, Xt-2, Xt-3, ... Xt-m+1.
Stationarity can be achieved if the pattern caused by the time-dependent
autocorrelation is removed. Lastly, in comparing models, the best model should
have the smallest standard error, Akaike’s Information Criterion (AIC), and
Bayesian Information Criterion (BIC) values.
3.2. The Intervention Analysis Methods
According to Box, Jenkins, and Reinsel (2008), time series are time and again
affected by measures, happenings or circumstances, such as strikes, economic
shocks, policy changes, environmental regulations, and similar occurrences, which
we shall refer to as intervention events. Intervention analysis is used to access the
magnitude of impact that these various intervention mechanisms have on a time
series data. A stochastic, time-series ARIMA (p,d,q) model will help in analyzing
the dynamics of changes, discrepancies, and disruptions in the VAT Revenue
through time-series data. The core emphasis is to approximate the vibrant
influence of the increase in the VAT rate by 2.5% in January 2014 as an
intervention mechanism on VAT Revenues collected. In building up a time-series
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intervention analysis, we make an initial assumption that an intervention event
had occurred at timeTof the time series. This intervention analysis will help us
access the exact impact of a known intervention on a time series data. It is of
concern to determine whether there is any signal of change connected with this
known intervention on the time series under the associated intervention
mechanism.
3.3. Transfer Function and Univariate ARIMA Model
Transfer function denotes the process of accounting for the dynamic
association between two-time series 𝑌𝑌𝑡𝑡 and 𝑋𝑋𝑡𝑡 (where the latter represents the
input series whiles the former represents the output series) where previous
values of both series may be used in predicting 𝑌𝑌𝑡𝑡 , resulting in a substantial
decreasing in the errors of the prediction. The overall transfer function of an
ARIMA is of the form:

Yt =
∑ ω ( B ) / δ ( B )  B b X t + θ ( B ) / ∅ ( B )  òt

(2)

where Yt and Xt denote both the output and input series respectively, b denotes
the delay time for the impact of the intervention to occur, 𝜔𝜔(𝐵𝐵)/δ(B) is the
polynomial of the transfer function, [𝜃𝜃(𝐵𝐵)/∅(B)] denotes the noise model, and
Ὸ t is the residual or simply the white noise. The equation above can furthermore
be simplified as

=
Yt V ( B ) X t + Nt

(3)

Where

V ( B ) = δ −1 ( B ) ω ( B ) B b

ω ( B=
) ω0 + ω1B +…+ ωs B s
δ ( B ) = 1 − δ1 B −…− δ r B r and
=
N t θ ( B ) / ∅ ( B )  òt
3.4. Transfer Function and Univariate ARIMA Model
According to Box and Tiao (1975), the general form of an intervention model is
denoted by

=
Yt V ( B ) I t + N t

(4)
Page | 68

M.S. Ofori, A. Fumey, E.N. Aponsah / JEFA Vol:4 No:2 (2020) 63-99

Where V(B) denotes the transfer function, It is an intervention indicator of
deterministic input series and Nt is a noise model.
The impact of intervention has two forms of deterministic input series which
have been established to be very beneficial in intervention analysis. The
occurrence of a known intervention is denoted as 1 at time t = T and as such in the
case where the deterministic input series is a pulse function (when the known
intervention occurs at a single index of time) and stays the same as 1 in the case
of a step function (when the known intervention continuously occurs beginning
with a time index denoted say t0).
Mathematically, the deterministic input series of an intervention analysis in
terms of the pulse function is given as

0 t ≠ T
T
Pt ( ) = 
1 t = T

While the step function is also denoted as

0 t < T
St(T ) = 
1 t ≥ T
Which represent the influence of identified interventions that are likely to
continue permanently after time T to some point. In this instance the intervention
input begins in 2014 (t=T) where t is coded as 1, and remains for just a period in
the case of the pulse function, but remains as 1 for the entire presence of the
intervention exercise in the case of the step function and is, therefore, concerning
the increase in VAT rate intervention event is formulated as;

Yt =
c + ω1 I1t +

θ ( B)
∈t
∅ ( B)

( 2014 )

1 t ≥ 2014
0 Otherwise

I1t S=
where =

t

Here the c is a constant and Y is the level of variation concerning gains or losses
made in the value of reduction. The intervention variable in this study is a step
function that relates to the increase in VAT rate intervention.
3.5. Choosing the best trend model
Pegels (1969) proposed taxonomy for choosing the best modelling
framework for a given data. This taxonomy was extended by Gardener (1998),
also extended by Makridakis, Wheelwright, and Hyndman (1998) and further
modified by Hyndman et al (2002). The modified taxonomy by Hyndman et al
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(2002) is adopted in this study as a guide for selecting among the trend
forecasting models. The taxonomy is shown in Table 1.
Table 1. Taxonomy for selecting trend forecasting model
SEASONAL COMPONENT
N
A
M
NN
N
(simple exponential
NA
NM
smoothing)
AA
AM
AN
A
(Additive Holt(multiplicative
(Holt linear)
Winters)
holt winters)
M
MN
MA
MM
D
DN
DA
DM
Note: N is None; A is Additive; M is Multiplicative, D is Damped.
Source: Hyndman et al (2002)
TREND
COMPONENT

From Table 1 above, considering the case in cell NN, a simple exponential smoothing
method is to be employed for modelling and forecasting. Holt's linear method is to be
employed for the case in cell AN. Again, for the case in cell AA, the Additive Holt-Winters
method is to be employed and Multiplicative Holt-Winters method for the case of AM for
modelling and forecasting. Less commonly used modelling and forecasting methods are
employed for the cases in the other cells. The Holt linear method is the preferred trend
model for this study because the VAT Revenue data is additive and non-seasonal.
3.6. Holt's linear trend method
Simple exponential smoothing was augmented by Holt (1957) to facilitate the
forecasting of data with a trend. This method of forecasting involves the following
equations: Forecast equation and two smoothing equations (Level equation and
trend equation) as shown below:
Forecast equation;
Level equation;
Trend equation;

 t + hbt
xˆ t + h=
|t

 t= α xt + (1 − α )( t −1 + bt −1 )
b=
β ( t −  t −1 ) + (1 − β )bt −1
t

(5)
(6)
(7)

Where ℓ𝑡𝑡 represents an estimate of the level of the data series at time t; bt
represents an estimate of the trend (which can also be called the slope) of the
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data series at time t; α denotes the smoothing parameter for the level, 0 ≤ α ≤ 1
and β denotes the smoothing parameter for the trend 0 ≤ β ≤ 1 .
The level equation of the Holt linear trend indicates that for the within-sample
one-step-ahead forecast for t, which is given by ℓ𝑡𝑡−1 + 𝑏𝑏𝑡𝑡−1 with 𝛾𝛾𝑡𝑡 as
observation; ℓ𝑡𝑡 is a weighted average. Also, based on ℓ𝑡𝑡 − ℓ𝑡𝑡−1 and 𝑏𝑏𝑡𝑡−1 (which is
the previous estimate of the trend); 𝑏𝑏𝑡𝑡 is a weighted average of the estimated
trend at time t. The forecast function thus is trending and no longer flat. It is also
worth noting that h times the last estimated trend value plus the last estimated
level is equal to the h-h-step-ahead forecast, thus the forecasts will have a linear
function.
3.7. Measures of Accuracy in Prediction
A frequently used measure of the accuracy of predictions is Root Mean
Square Error (RMSE) and Mean Absolute Deviation (MAD). The smaller is RMSE
and MAD, the better the forecasting model in precision and vice versa.
3.8. Data Sources
The data for the analysis is sourced from the Ministry of Finance revenue
targets to the tax agencies and the Ghana Revenue Authority’s revenue forecasts.
4. Results and Discussion
4.1. Exploration of Data
This section of the study explores the trend in the series and assesses the
stationarity of the series through the ADF unit root test. Figure 1 presents the
time series plot of the VAT revenue recorded.
From Figure 1, VAT revenue in the country has been on the rise throughout
the entire study period. Between the years of 2002 and 2010, increases in VAT
revenue has been very steady. However, there was an unusual increase in
Domestic VAT Revenue in December 2008. This may be as a result of the
introduction of the 3% VAT Flat rate in September 2007. From 2011 to 2017, both
domestic and import VAT revenue experienced several fluctuations while
increasing. From the observed patterns in Figure 1, it is seen clearly that the Total
VAT Revenue, Domestic VAT Revenue, and Import VAT Revenue all have an
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increasing trend thus all likely to be nonstationary. The stationarity in the series is
further explored by an ADF unit root test shown in Table 2 below.
Figure 1. Times Series Plot of Total VAT, Domestic VAT, Import VAT Revenue Data

Table 2. ADF Unit root test for VAT Revenue Data
Variable

1st Difference

Level
t-statistic

P – value

t-statistic

P – value

Total VAT

1.3061

1.0000

-6.4000

0.0000

Domestic VAT

3.5714

1.0000

-5.3852

0.0001

Import VAT

-1.3136

0.8815

-9.6805

0.0000

The null hypothesis of a unit root (that is integrated of order one, I(1) was tested with
the ADF unit root test in both the non-differenced (level) and the differenced series. All
series were non-stationary at the level (p-values > 0.05). After first difference, all series
were stationary (p-values < 0.05). Figure A1 in Appendix A presents the plot of the firstdifferenced series. After differencing the series once, the data appears to be stationary
concerning mean. However, there was high volatility (Figure A1). The Phillips-Perron unit
root test was also employed to corroborate the result of the ADF unit root test. Since both
unit root tests reveal non-stationarity at the level (p-vaules > 0.05) and stationarity at first
difference as indicated in Table A1 (Appendix A), we can therefore indisputably conclude
that the series is I(1).
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4.2. The Intervention Time Series Modelling
In this section of the study, the effect of the intervention (increase in VAT
standard rate from 12.5% to 15% which took effect from January 2014) on the
series is assessed. The pre-intervention ARIMA model was fitted. Besides, the
ARIMA model with the intervention effect was modeled. The pre-intervention
period spans from the year 2002 to 2013. Thus, the pre-intervention model was
developed with monthly VAT (Total VAT, Domestic VAT, and Import VAT) data
from 2002 to 2013.
Tables A2 and A3 (Appendix A) present the ADF and Phillips-Perron unit root
test of the pre-intervention series. It was observed that the pre-intervention
series is I(1). All series were non-stationary at the levels but stationary after the
first difference.
4.3. Fitting an ARIMA Model for the Pre-Intervention Time Series Data
The ARIMA model for the pre-intervention model as well as the intervention
time series model was estimated for Total, Domestic, and Import VAT in this
section. The intervention effect was assessed, and the forecast made.
Total VAT Revenue
The plot of ACF and PACF of the First Differenced Total VAT data is depicted
in Figure 2 below.
Figure 1. Correlogram (ACF & PACF) First Differenced Pre-Intervention Total VAT
Revenue Series
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From Figure 2, it can be observed that two positive spikes cut off after lag 2 as
depicted by the PACF graph. However, the graph had other significant spikes at the other
lags. It suffices that we may have a moving average with two periods. Furthermore, its ACF
is in sinusoidal waves and it gradually tails off. Based on the significant lags of both the ACF
and PACF, tentative models were identified for the Total VAT (Table 3).
Table 3. Tentative ARIMA Models for Pre-Intervention Total VAT Series
Model

AIC

AICc

BIC

ARIMA(1, 1, 1)

1133.35

1133.53

1142.24

ARIMA(0, 1, 1)

1132.28

1132.37

1138.21

ARIMA(1, 1, 0)

1136.62

1136.70

1142.54

ARIMA(2, 1, 0)*

1129.11*

1129.28*

1138.00*

ARIMA(0, 1, 2)

1132.17

1132.34

1141.06

ARIMA(2, 1, 1)

1131.03

1131.32

1142.88

Note: * means best, based on the selection criteria
From Table 3, using the values of AIC, AICc, and BIC, the model was the most
appropriate model that projects the pre-intervention Total VAT revenue. The parameters
of the model were then estimated and presented in Table 4.
Table 4. Estimates of Parameters for ARIMA(2, 1, 0) Model
Variable

Coefficient

Standard Error

t-statistic

p-value

α1

-0.2586

0.0816

-3.17

0.0019

α2

-0.2552

0.0813

-3.14

0.0021

Recalling the general form of the ARIMA model,

α ( B )(1 − B ) d xt = β ( B ) z t
From Table 3, the ARIMA model for Total VAT is given by

(1 − α B − α B ) (1 − B ) x
2

1

2

t

=
zt

(1 + 0.2586 B + 0.2552 B ) (1 − B ) x
2

1

t

=
zt
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The goodness of fit of the model was assessed through the plot of the residuals, its
ACF as well as PACF. Also, the Ljung-Box test (test of autocorrelation) and ARCH-LM test
(test of heteroscedasticity) was performed. These are presented in Appendix A; Figure A2,
Table A4, and Table A5. The plot of residual indicated a high level of volatility in the series.
However, the plot of the ACF and PACF indicated that much variability was accounted for
by the model. The Ljung-Box test indicated the absence of autocorrelation. However, the
ARCH-LM test confirmed the presence of volatility in the data. It can be concluded that the
model ARIMA(2, 1, 0) provides an adequate representation of the pre-intervention Total
VAT revenue.
The effect of the intervention was further explored and presented in Table 5.
Table 5. Parameter Estimates for Intervention Model for Total VAT
Variable

Coefficient

Standard Error

Z value

p–value

α1

-0.2383

0.0714

-3.3382

0.0008

α2

-0.1690

0.0716

-2.3619

0.0182

T1-AR1 (δ)

0.0747

1.2565

0.0595

0.9526

T1-MA0 (ω)

-2.9138

17.7435

-0.1642

0.8696

From Table 4 above, the various parameter estimates for the full intervention model
with their respective coefficients, standard errors, and z-values are shown. The coefficients
for AR1 (α1) and AR2 (α2) are significant (p-value < 0.05). However, T1-AR1 and T1-MA0
which represent both the decay or reduction parameter, and the impact parameter had
coefficients of 0.0747 and -2.9138 respectively which were statistically insignificant (p-value
> 0.05). This implies that the 2.5% increase in the standard VAT rate in January 2014 did not
trigger a significant effect on Total VAT Revenue. The insignificant response of Total VAT
Revenue to increase in the VAT rate agrees with the studies of Nartey (2011) and Antwiet
al (2012) which also revealed an insignificant response of Total VAT Revenue to increase in
the VAT rate. However, it contradicts the studies of Narayan (2003), Slobodnitsky and
Drucker (2008), and Charletand Jeffrey (2010) which concluded that an increase in VAT
rates results in a significant increase in tax revenue and hence government revenue.
The plot of both the observed and fitted total VAT using the time series intervention
model is presented in Figure A3 while the fitted values for 2017 are presented in Table A10
(all in Appendix A). It is observed that the fitted values follow the pattern of the observed
values indicating goodness of fit.
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Domestic VAT Revenue
The plot of ACF and PACF of the first-differenced Domestic VAT data is
presented in Figure A4 in Appendix A. Based on the significant lags of both the
ACF and PACF, tentative models were identified for the Domestic VAT (Table 6).
Table 6. Tentative ARIMA Models for Pre-Intervention Domestic VAT Series
Model

AIC

AICc

BIC

ARIMA(3, 1, 0)

992.34

992.63

1004.19

ARIMA(3, 1, 1)

990.10

990.53

1004.91

ARIMA(0, 1, 3)

985.02

985.31

996.87

ARIMA(1, 1, 3)

979.03

979.47

993.84

ARIMA(4, 1, 0)

989.36

989.80

1004.18

ARIMA(4, 1, 1)

990.67

991.29

1008.45

ARIMA(0, 1, 4)

982.86

983.30

997.68

ARIMA(1, 1, 4)*

967.13*

967.74*

984.90*

Note: * means best, based on the selection criteria
From Table 6, using the values of AIC, AICc and BIC, the model ARIMA(1, 1, 4)
was the most appropriate model that projects the pre-intervention Domestic VAT
revenue. The parameters of the model ARIMA(1, 1, 4) were then estimated and
presented in Table 7.
Table 7. Estimates of Parameters for ARIMA(1, 1, 4) Model
Variable

Coefficient

Standard Error

t-statistic

p-value

α1

0.9956

0.0063

164.49

0.0000

β1

-1.8240

0.0836

-21.83

0.0000

β2

0.5956

0.1648

3.61

0.0000

β3

0.4387

0.1601

2.75

0.0068

β4

-0.1978

0.0806

-2.45

0.0154

Recalling the general form of the ARIMA model,

α ( B )(1 − B ) d xt = β ( B ) z t
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From Table 6, the ARIMA model for Domestic VAT is given by

(1 − α1B ) (1 − B ) xt =(1 + β1B + β 2 B 2 + β3 B3 + β 4 B 4 ) zt
(1 − 0.9956 B )(1 − B ) xt =−
(1 1.8240 B + 0.5956 B 2 + 0.4387 B3 − 0.1978B 4 ) zt
Here also, the goodness of fit of the model was assessed through the plot of
the residuals, its ACF as well as PACF. This is presented in Figure A4, Appendix A.
Also, theLjung-Box test (test of autocorrelation) and ARCH-LM test (test of
heteroscedasticity) was performed and are presented in Tables A6 and A7,
Appendix A. The plot of residual indicated a high level of volatility in the series.
This was confirmed by the ARCH-LM test. The plot of the ACF and PACF indicated
that much variability was accounted for by the model. Besides, the Ljung-Box test
indicated the absence of autocorrelation. However, the ARCH-LM test confirmed
the presence of volatility in the data. It can be concluded that the model ARIMA(1,
1, 4) provides an adequate representation of the pre-intervention Domestic VAT
revenue. The effect of the intervention was further explored and presented in
Table 8.
Table 8. Parameter Estimates for Intervention Model for Domestic VAT
Variable

Coefficient

Standard Error

t-statistic

p-value

α1

-0.2455

0.7721

-0.318

0.7505

β1

-0.3165

0.8117

-0.3899

0.6966

β2

-0.2951

0.4597

-0.6421

0.5208

β3

0.2293

0.1121

2.0458

0.0408

β4

0.1588

0.2314

0.6861

0.4926

T1-AR1 (δ)

0.9635

0.0073

131.7026

0.0000

T1-MA0 (ω)

8.0243

2.1056

3.8109

0.0001

From Table 8 above, the various parameter estimates for the full intervention
model with their respective coefficients, standard errors, and z-values are shown.
The coefficients for AR1 (α1), MA1 (β1), MA2 (β2), and (β4) are insignificant (pvalue > 0.05). However, MA3 (β3) is significant. Besides, TI-AR1 and T1-MA0 have
coefficients of 0.9635 and 8.0243 respectively which are statistically significant (pvalue < 0.05). This implies that the 2.5% increase in the standard VAT rate in
January 2014 triggered a positive effect (increase in Domestic VAT Revenue) of
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magnitude 8.0243 since the decay parameter has a positive coefficient (0.9635).
Domestic VAT Revenue increased steadily in February 2014 and has had an
increasing trend to date. The steady increase in Domestic VAT Revenue can,
therefore, be attributed to the intervention (i.e. the 2.5% increase in VAT rate) in
January 2014. The significant positive response of Domestic VAT Revenue to
increase in the VAT rate may be further attributed to the efficiency in tax
administration which has reduced VAT avoidance and evasion, increased tax
compliance, broadened the Domestic VAT base in Ghana, and lessoned
corruption. This agrees with the studies of Jack (1996), Gebaueret al. (2007), Bird
and Gendron (2007), De Mello (2009), and Keen (2013) which all corroborate that
efficiency in tax administration will always result in tax revenue growth.
The significant response of Domestic VAT Revenue to increase in the VAT rate
agrees with Narayan (2003), Slobodnitsky and Drucker (2008), and Charletand
Jeffrey(2010) who concluded that increase in VAT rates results in a significant
increase in tax revenue and hence government revenue.
The plot of both the observed and fitted domestic VAT using the time series
intervention model is presented in Figure A5 while the fitted values for 2017 are
presented in Table A10 (all in Appendix A). The fitted values follow the pattern of
the observed values indicating goodness of fit.
Import VAT
The plot of ACF and PACF of the First differenced Import VAT data is
presented in Figure A6 in Appendix A.Based on the significant lags of both the ACF
and PACF, tentative models were identified for the Import VAT (Table 9).
Table 9. Tentative ARIMA Models for Import VAT Series
Model

AIC

AICc

BIC

ARIMA(1, 1, 1)

1017.02

1017.19

1025.90

ARIMA(0, 1, 1)

1015.13

1015.21

1021.05

ARIMA(1, 1, 0)

1015.82

1015.91

1021.75

ARIMA(2, 1, 0)

1015.97

1016.14

1024.86

ARIMA(0, 1, 2)

1016.85

1017.02

1025.74

ARIMA(2, 1, 1)*

1013.56*

1013.85*

1025.41*

Note: * means best, based on the selection criteria
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From Table 9, using the values of AIC, AICc, and BIC, the model ARIMA(2, 1, 1)
was the most appropriate model that projects the pre-intervention Import VAT
revenue. The parameters of the model ARIMA(2, 1, 1) were then estimated and
presented in Table 10.
Table 10. Estimates of Parameters for ARIMA(2, 1, 1) Model
Variable

Coefficient

Standard Error

t-statistic

p-value

α1

-1.0115

0.1933

-5.23

0.0000

α2

-0.3246

0.0808

-4.02

0.0000

β1

0.7640

0.1959

3.89

0.0000

Recalling the general form of the ARIMA model,
α ( B )(1 − B ) d xt = β ( B ) z t

From Table 9, the ARIMA model for Import VAT is given by
(1 + β B ) z
(1 − α B − α B ) (1 − B ) x =
(1 + 0.7640 B ) z
(1 + 1.0115B + 0.3246 B ) (1 − B ) x =
2

1

t

2

1

t

2

t

t

Furthermore, the goodness of fit of the model was assessed through the plot
of the residuals, its ACF as well as PACF. This is presented in Figure A6, Appendix
A. Also, the Ljung-Box test (test of autocorrelation) and ARCH-LM test (test of
heteroscedasticity) was performed and are presented in Tables A8 and A9,
Appendix A. The plot of residual indicated a high level of volatility in the series.
This was confirmed by the ARCH-LM test. The plot of the ACF and PACF indicated
that much variability was accounted for by the model. Also, the Ljung-Box test
indicated the absence of autocorrelation. However, the ARCH-LM test confirmed
the presence of volatility in the data. It can be concluded that the model ARIMA(2,
1, 1) provides an adequate representation of the pre-intervention Import VAT
revenue. The effect of the intervention on Import VAT was further explored and
presented in Table 11.
From Table 11 below, the various parameter estimates for the full
intervention model with their respective coefficients, standard errors, and zvalues are shown. The coefficients for AR1 (α1), AR2 (α2), and MA1 (β1) are
significant (p-value < 0.05). However, TI-AR1 and T1-MA0 had coefficients of
0.2819 and, -16.008 respectively which were statistically insignificant (p-value >
0.05). This implies that the 2.5% increase in the standard VAT rate in January 2014
did not trigger a significant effect on Import VAT Revenue. The insignificant
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positive response of Import VAT Revenue to increase in the VAT rate may be
attributed to inefficiencies in VAT administration which may include corrupt
practices between importers and customs officers in Ghana. This agrees with the
findings of Bird et al (2008) and Sokolovska (2015) who stated that high levels of
corruption slow down tax revenue growth. Igbinosa (2016), also realizing from his
study that Customs Excise Tax was negatively related to GDP, attributed the
aberrant result to smuggling and corrupt practices by importers and customs
officers.
Table 11. Parameter Estimates for Intervention Model for Import VAT
Variable

Coefficient

Standard Error

t-statistic

p-value

α1

-1.1126

0.0845

-13.1722

0.0000

α2

-0.4336

0.0672

-6.4542

0.0000

β1

0.8650

0.0730

11.845

0.0000

T1-AR1 (δ)

0.2819

0.3455

0.8159

0.4146

T1-MA0 (ω)

-16.0080

11.4120

-1.4027

0.1607

The insignificant response of Import VAT Revenue to increase in the VAT rate
agrees with the studies of Nartey (2011) and Antwiet al (2012) which also
revealed an insignificant response of Import VAT Revenue to increase in the VAT
rate. However, it contradicts the studies of Narayan (2003), Slobodnitsky and
Drucker (2008), and Charletand Jeffrey(2010) which concluded that an increase in
VAT rates results in a significant increase in tax revenue and hence government
revenue. Also, though not many imports are exempt and zero-rated from VAT,
there was not a significant change in Import VAT Revenue because the very
valuable imported plant, machinery, and equipment used in industries are
exempted from Import VAT in Ghana according to the provisions of the VAT
amendment Act 948, 2017.
The plot of both the observed and fitted domestic VAT using the ARIMA with
intervention model is presented in Figure A7 while the fitted values for 2017 are
presented in Table A10 (all in Appendix A). It is observed that the fitted values
follow the pattern of the observed values indicating goodness of fit.
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4.4. Trend Analysis
The VAT revenue data (Total VAT, Domestic VAT, and Import VAT) exhibits an
increasing rise and fall trend, however, it is not seasonal. Thus, in choosing the
trend model for forecasting and considering the features of the data, it was very
necessary to explore beyond the linear trend, logarithmic trend, polynomial trend,
power trend, and the exponential trend models. Referring to the taxonomy in
Table 1 since the VAT revenue data (Total VAT, Domestic VAT, and Import VAT) is
additive but non-seasonal, the best modelling and forecasting method for this
research is the Holt linear trend method.
Holt Linear Trend Model
The increasing trend in the series is modeled using the Holt linear trend
method. The trend model for Total VAT, Import VAT, and Domestic VAT was
fitted. The plots of the original series (black) and the fitted series (red) using the
Holt linear trend method are presented in Figure B1 in Appendix B.It is observed
that the fitted values follow the pattern of the observed values indicating
goodness of fit. The estimate of the parameters for fitting Holt linear trend
equations, that is the forecast equation and the two smoothing equations (i.e. the
level equation and the trend equation) are presented in Table 12. Here, ℓ𝑡𝑡
denotes an estimate of the level of the series at time t. 𝑏𝑏𝑡𝑡 also denotes the
estimate of the trend (slope) of the series at time t. For the smoothing parameters
of the level and trend, 𝛼𝛼 denotes the smoothing parameter for the level while 𝛽𝛽
denotes the smoothing parameter for the trend.
Table 12. Estimate of Holt’s linear trend Parameters
Total VAT

Domestic VAT

Import VAT

0.4813

0.3601

0.5847

0.0527

0.5841

0.0351

756.5771

320.1854

427.2283

8.6874

3.79795

4.22997

Smoothing Parameters
Alpha (𝛼𝛼)

Beta (𝛽𝛽)

Coefficients
Level (ℓ𝑡𝑡 )

Slope (𝑏𝑏𝑡𝑡 )
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From Table 12, the trend equation, level equation, and forecast equation for
total, domestic, and import VAT are deduced as follows;
Trend Equation: b=
β ( t −  t −1 ) + (1 − β )bt −1
t
Level Equation:  t = α xt + (1 − α )( t −1 + bt −1 )
Forecast Equation: x
ˆt + h=
 t + hbt
|t
From Table 12, the weighted average of the observed Total, Domestic, and
Import VAT Revenues are respectively 756.5771, 320.1854, and 427.2283. Also,
the weighted average of the estimated trend for total, domestic, and import VAT
are 8.6874, 3.798, and 4.22997 respectively. Forecasts for total, domestic, and
import VAT recorded in 2017 were obtained and are presented in Table B1,
Appendix B.
4.5. Cross-Validation of Intervention ARIMA & Holt Linear Trend Model
From the 2017 forecast using the ARIMA model with Intervention effect and Holt
linear trend analysis, both models predicted with a small margin of error. On average, the
forecast by ARIMA model with Intervention effect was below what was observed values in
2017 whiles that of Holt’s linear trend technique exceeded observed values in 2017. As
both the Holt linear trend model and the ARIMA with intervention analysis model were
used to predict the monthly VAT (Total VAT, Domestic VAT, and Import VAT) revenues in
2017, the RMSE, MAPE, and MAD were used to compare the precision in prediction of
both models. The RMSE, MAPE, and MAD were computed using the predicted values and
the observed values in 2017 for both models.
It was observed that ARIMA with intervention analysis model had a lesser RMSE,
MAPE, and MAD for the predicted values of Total VAT Revenue, Domestic VAT Revenue,
and Import VAT Revenue. As shown in Appendix A table A10, using the ARIMA with
intervention analysis model to predict VAT revenues in 2017, the RMSE for Total VAT
Revenue, Domestic VAT Revenue, and Import VAT Revenue was 37.22, 17.02 and 32.20
respectively whiles the MAD for Total VAT Revenue, Domestic VAT Revenue and Import
VAT Revenue was 30.25, 14.80 and 24.41 respectively and the MAPE for Total VAT
Revenue, Domestic VAT Revenue, and Import VAT Revenue was 4.37, 5.01 and 5.97
respectively as shown in Appendix A table A10. Using the Holt linear trend model, on the
other hand, to predict VAT Revenues in 2017, the RMSE for Total VAT Revenue, Domestic
VAT Revenue, and Import VAT Revenue is 43.65, 27.83 and 37.70 respectively whiles the
MAD for Total VAT Revenue, Domestic VAT Revenue and Import VAT Revenue was 35.70,
24.05 and 33.82 respectively and the MAPE for Total VAT Revenue, Domestic VAT
Revenue, and Import VAT Revenue was 5.45, 8.49 and 8.74 respectively as shown in
Appendix B Table B1.This result thus agrees with the studies of Favero and Marcellino
Page | 82

M.S. Ofori, A. Fumey, E.N. Aponsah / JEFA Vol:4 No:2 (2020) 63-99

(2005) and Nazmi and Leuthold (1988) that found that ARIMA outperforms other models
in forecast precision in the short run.
4.6. Comparison of In-house and ARIMA with Intervention Forecast Figures
Since ARIMA with intervention model outperformed the Holt linear trend model,
ARIMA with intervention model was further compared with the in-house model of GRA.
The RMSE, MAPE, and MAD were again used to compare the precision in prediction of
forecast figures produced by the ARIMA with intervention model and the GRA target
figures for the period, 2017 to 2019 (36 months).
It was observed that the RMSE, MAPE, and MAD for the predicted values of Total VAT
Revenue using the ARIMA with intervention model were less than RMSE, MAPE, and MAD
for the GRA target figures. Moreover, for Domestic VAT revenue only, the MAD and RMSE
of the GRA target figures were lesser than the predicted figures of the ARIMA with
intervention model but otherwise for MAPE. Also for the Import VAT revenue only, the
MAD and MAPE of the predicted figures of the ARIMA with intervention model were less
than of the GRA target but otherwise for the RMSE (These are shown in Table C1 of
Appendix C).
6. Conclusion and Policy Suggestions
Results from the analysis prove that ARIMA with intervention analysis model is a
better forecasting approach than the Holt Linear Trend model because it gives a more
accurate prediction of Ghana's monthly Total VAT revenue, Domestic VAT Revenue, and,
Import VAT Revenue.
Also, it was realized that the increase in the standard VAT rate in January 2014 by
2.5% did not have a significant effect on Total VAT revenue though some significant effect
was realized in the Domestic VAT revenues that were collected from February 2014 to
date. The overall insignificant response of Total VAT revenue to the change in the VAT rate
may be as a result of revenue leakages in the VAT system. We thus submit that increasing
the VAT rate without sealing the VAT revenue leakages is likely to result in an insignificant
response of VAT revenue to the change in the VAT rate. We recommend that the effect of
interventions (e.g. discretionary VAT policy change) should be analyzed using the ARIMA
with intervention for accurate forecasting of monthly VAT revenue by the Ghana Revenue
Authority.
In addition, the ARIMA with intervention model is more precise in predicting the VAT
figure than the in-house model adopted by the Ghana Revenue Authority in forecasting
monthly VAT revenues which are used for budgetary policies of the government. We thus
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recommend the ARIMA method for the GRA on grounds of precision and effective fiscal
planning.
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APPENDIX-A
Figure A1: Times Series Plot of First Difference of Total VAT, Domestic VAT, and
Import VAT Revenue Data

Figure A2: Plot of Residual Diagnostics for ARIMA(2, 1, 0) Model
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Figure A3: Plot of Observed and Fitted Total VAT Revenue from Intervention
Model

Figure A4: Correlogram (ACF and PACF) First Differenced Pre-Intervention
Domestic VAT Revenue Series
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Figure A5: Plot of Observed and Fitted Domestic VAT revenue from intervention
model

Figure A6: Correlogram (ACF and PACF) first differenced Import VAT
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Figure A7: Plot of Observed and Fitted Import VAT Revenue from Intervention
Model

Figure A8: Plot of Residual Diagnostics for ARIMA(1, 1, 4) Model
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Figure A8: Plot of Residual Diagnostics for ARIMA(2, 1, 1) Model

Table A1. Phillips-Perron Unit root test for VAT Revenue Data
Variable
Total VAT
Domestic VAT
Import VAT

Level
t-statistic
4.4414
4.6342
1.7617

p-value
1.0000
1.0000
0.9997

1st Difference
t-statistic
p-value
-18.2144
0.0000
-18.8238
0.0000
-20.4580
0.0000

Table A2. ADF Unit root test pre-intervention series
Variable
Total VAT
Domestic VAT
Import VAT

Level
t-statistic
1.5847
3.0153
0.6122

p-value
1.0000
1.0000
0.9995
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1st Difference
t-statistic
p-value
-4.0085
0.0105
-5.9712
0.0000
-7.5460
0.0000
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Table A3. Phillips-Perron Unit root test pre-intervention series
Level

Variable
Total VAT
Domestic VAT
Import VAT

t-statistic
4.7199
0.4578
4.8286

p-value
1.0000
0.9847
1.0000

1st Difference
t-statistic
p-value
-16.5161
0.0000
-26.3922
0.0000
-16.4334
0.0000

Table A4. Ljung-Box Test for ARIMA(2, 1, 0) Residuals
Lag
4
8
12
16
20
24

Test Statistic
3.27
8.65
14.18
15.60
22.93
38.30

p-value
0.5139
0.3726
0.2892
0.4813
0.2925
0.0323

Table A5. ARCH-LM Test for ARIMA(2, 1, 0) Residuals
Lag
4
8
12
16
20
24

Test Statistic
15.0
18.5
25.9
26.1
31.9
39.0

p-value
0.0047
0.0178
0.0112
0.0533
0.0443
0.0272

Table A6. Ljung-Box Test for ARIMA(1, 1, 4) Residuals
Lag
4
8
12
16
20
24

Test Statistic
1.01
2.38
4.76
6.81
11.63
13.59
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p-value
0.9080
0.9670
0.9650
0.9770
0.9280
0.9550
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Table A7. ARCH-LM Test for ARIMA(1, 1, 4) Residuals
Lag
4
8
12
16
20
24

Test Statistic
0.112
0.220
0.631
0.722
3.021
10.910

p-value
0.9980
1.0000
1.0000
1.0000
1.0000
0.9900

Table A8. Ljung-Box Test for ARIMA(2, 1, 1) Residuals
Lag
4
8
12
16
20
24

Test Statistic
0.468
2.341
13.318
16.748
25.099
37.069

p-value
0.9765
0.9687
0.3463
0.4021
0.1977
0.0431

Table A9. ARCH-LM Test for ARIMA(2, 1, 1) Residuals
Lag
4
8
12
16
20
24

Test Statistic
39.1
63.5
91.6
120.0
140.0
144.9
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p-value
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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Table A10. Forecast for ARIMA with Intervention for 2017
Month
January
February
March
April
May
June
July
August
September
October
November
December
TOTAL
n
MAD
MSE
RMSE
MAPE

Total VAT
Obser.
Predict.
632.80
665.27
590.59
636.44
620.93
607.39
627.52
620.83
693.76
620.82
724.05
678.86
690.42
705.64
755.72
693.31
777.37
745.84
757.95
761.17
732.81
758.92
749.94
742.08
8353.86 8236.57
12
30.25
1385.14
37.22
4.37

Domestic VAT
Obser.
Predict.
294.68
285.21
260.62
288.86
266.51
279.31
295.48
283.57
274.58
285.68
283.01
274.48
287.01
284.32
294.41
284.04
317.60
290.67
314.15
304.18
293.20
308.52
340.06
309.82
3521.31
3478.66
12
14.8
289.78
17.02
5.01
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Import VAT
Obser.
Predict.
338.13
382.52
329.97
338.99
354.42
350.42
332.04
334.21
419.17
344.46
441.04
396.56
403.41
417.40
461.30
423.69
459.77
445.74
443.80
448.50
439.61
458.16
409.89
435.15
4832.55 4775.80
12
24.41
1036.99
32.2
5.97
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APPENDIX-B
Figure B1. Plot of Observed and Fitted values of Holt Linear Trend Method

Figure B2. Residual Plot for Trend 1 (Total VAT)
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Figure B3. Residual Plot for Trend 2 (Domestic VAT)

Figure B4. Residual Plot for Trend 3 (Import VAT)
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Table B1. Observed and Predicted Monthly VAT revenue from Holt Linear Trend
model for 2017
Month
January
February
March
April
May
June
July
August
September
October
November
December
TOTAL
n
MAD
MSE
RMSE
MAPE

Total VAT
Obser.
Predict.
632.80
669.41
590.59
678.71
620.93
688.01
627.52
697.31
693.76
706.61
724.05
715.91
690.42
725.21
755.72
734.50
777.37
743.80
757.95
753.10
732.81
762.40
749.94
771.70
8353.86 8646.67
12
35.70
1905.63
43.65
5.45

Domestic VAT
Obser.
Predict.
294.68
292.7
260.62
297.15
266.51
301.59
295.48
306.04
274.58
310.49
283.01
314.93
287.01
319.38
294.41
323.83
317.60
328.28
314.15
332.72
293.20
337.17
340.06
341.62
3521.31
3805.9
12
24.05
774.77
27.83
8.48
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Import VAT
Obser.
Predict.
338.13
378.45
329.97
383.00
354.42
387.55
332.04
392.10
419.17
396.65
441.04
401.20
403.41
405.74
461.30
410.29
459.77
414.84
443.80
419.39
439.61
423.94
409.89
428.48
4832.55 4841.63
12
33.82
1420.96
37.70
8.74
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APPENDIX-C
Table C1. Measuring Accuracy of the Prediction Between Gra Target And ARIMA
with Intervention Forecast
TIME
Jan-17
Feb-17
Mar-17
Apr-17
May-17
Jun-17
Jul-17
Aug-17
Sep-17
Oct-17
Nov-17
Dec-17
Jan-18
Feb-18
Mar-18
Apr-18
May-18
Jun-18
Jul-18
Aug-18
Sep-18
Oct-18
Nov-18
Dec-18
Jan-19
Feb-19
Mar-19
Apr-19
May-19
Jun-19
Jul-19
Aug-19
Sep-19
Oct-19
Nov-19
Dec-19

n
MAD
MSE
RMSE
MAPE

Total VAT
Domestic VAT
Import VAT
ACTUAL TARGET FORECAST ACTUAL TARGET FORECAST ACTUAL TARGET FORECAST
632.8 651.25
667.73
294.68 289.42
285.21 338.13
361.83
382.52
590.59
570.7
627.85
260.62 257.07
288.86 329.97
313.63
338.99
620.93 664.57
629.73
266.51
281.2
279.31 354.42
383.37
350.42
627.52 707.67
617.78
295.48 322.17
283.57 332.04
385.5
334.21
693.76 726.79
630.14
274.58 323.37
285.68 419.17
403.42
344.46
724.05 770.51
671.04
283.01 324.07
274.48 441.04
446.44
396.56
690.42 773.83
701.72
287.01 325.77
284.32 403.41
448.06
417.4
755.72
770.1
707.73
294.41 329.48
284.04
461.3
440.62
423.69
777.37
744.7
736.41
317.6
310.2
290.67 459.77
434.5
445.74
757.95 773.35
752.68
314.15
320
304.18
443.8
453.35
448.5
732.81 798.43
766.68
293.2
325.4
308.52 439.61
473.03
458.16
749.94 894.58
744.97
340.06 390.48
309.82 409.89
504.1
435.15
696.36 709.64
687.77
298.62 271.74
343.88 397.74
437.9
343.88
674.32 714.11
651.41
314.92 330.41
325.71
359.4
383.7
325.71
714.6 773.08
663.93
308.57 353.16
331.97 406.03
419.92
331.97
690.16 817.06
691.16
322.82 372.44
345.58 367.34
444.62
345.58
699.64 855.65
696.52
299.2 375.34
348.26 400.44
480.31
348.26
752.25 925.39
702.3
342.08 383.11
351.15 410.17
542.28
351.15
802.02 924.47
701.3
391.68 401.38
350.65 410.34
523.09
350.65
826.75 955.39
719.05
416.58 396.08
359.53 410.17
559.32
359.53
722.15 772.82
725.86
369.92 342.71
362.93 352.23
430.11
362.93
784.63 805.99
731.42
394.65 349.75
365.71 389.98
456.24
365.71
775.73 844.68
730.64
385.61 349.46
365.32 390.12
495.22
365.32
833.81 945.47
759.61
425.38
438.7
379.8 408.43
506.77
379.8
725.02 787.53
758.46
380.16 388.43
379.23 344.86
399.1
379.23
681.25 709.82
743.98
354.12 345.02
371.99 327.13
364.8
371.99
758.75 774.08
754.55
403.8 377.39
377.27 354.95
396.68
377.27
696.51
780.7
778.27
381.55 421.45
389.13 314.96
359.25
389.13
726.22 817.88
770.09
415.04 434.93
385.04 311.18
382.95
385.04
688.27 826.18
775.25
435.42 434.93
387.62 252.85
391.25
387.62
729.55 829.39
787.41
435.41 437.23
393.71 294.14
392.17
393.71
710.06 842.27
797.33
418.72 451.47
398.67 291.34
390.8
398.67
720.79 848.26
816.13
439.67 446.83
408.07 281.12
401.43
408.07
717.8 896.57
819.75
423.49
469.7
409.87 294.31
426.87
409.87
812.93 895.76
814.82
513.65
470.7
407.41 299.28
425.06
407.41
963.04 907.68
846.36
636 498.73
423.18 327.04
408.95
423.18
GRA
TARGET
36
76.83
8,290.23
91.05
10.6

ARIMA
36
45.74
3,279.35
57.27
6.16

GRA
TARGET
36
30.21
1,551.97
39.4
8.95
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ARIMA
36
30.4
9,605.37
98.01
7.58

GRA
TARGET
36
66.52
6,186.77
78.66
19.83

ARIMA
36
50.67
7,207.53
84.9
15.19

Page | 100

JOURNAL OF ECONOMICS AND FINANCIAL ANALYSIS
GUIDE FOR AUTHORS
• Papers should be in English.
• Submit manuscripts electronically either to jefa@tripaledu.com in Microsoft
Word format (No Submission Fee) or online at ojs.tripaledu.com/jefa.
• Papers that are submitted to JEFA for publication should not be under review
at other journals.
• The first page of the manuscript should contain:
 The title
 The name(s) and institutional affiliation(s) of the author(s)
 The address, telephone, and fax numbers (as well as the e-mail address) of
the corresponding author and co-authors.
 An abstract of 250 words
 6 keywords
 JEL categories
• Page Setup: The structure of paper (W:17cm x H:24cm) should follow margins:
2.5 cm from top and bottom, and 2 cm right and left.
• Text: A single space should be used in text, with 6 pt space after each
paragraph. The font in main body should be Calibri font in 11 pt. type.
• Additionally, equations should be in Microsoft Word-Equation form.
• Figures and tables should be numbered consecutively in Arabic numerals. Use
dot for a decimal separator, and comma for a thousands-separator. Consider
only 4 digits after decimal point (Ex: 62.88%). Tables & Figures should be
manually prepared (editable, not in picture formats).
• Manuscripts should be approximately 5,000 to 8,000 words. Longer
manuscripts will be considered only in exceptional circumstances.
• Manuscripts should be original works and must not be submitted elsewhere
while under consideration by JEFA.
• Articles are assessed by three-stage review process that explained in Review
Process section.
• The authors should avoid self-citations unless it is necessary.
• The citations should follow APA 6th referencing system, and references
should be listed at the end of the main text in alphabetical order.
• The text font for footnotes should be Calibri, and size should be 10 pt type.
They should be kept to a minimum, and lengthy notes are strongly
discouraged.

Page | 101

COPYRIGHT & OPEN ACCESS POLICIES
JEFA owns copyright to all published works and have the right of first publication,
both in print and online, unless other arrangements are made with the Editors in
advance. The journal adopts a BOAI-compliant open access policy providing an
immediate public-free access to its contents, with the purpose to support a
greater global exchange of knowledge, under the Creative Commons Attribution
License (CC BY-NC-ND) which allows users to copy, distribute and re-use of an
open access article only with non-commercial purposes identifying its original
authors, citation details, and the publisher.
REVIEW PROCESS
Journal of Economics and Financial Analysis (JEFA) employs three-stage review
process. First, the journal employs an initial content screening process to assess
plagiarism rate of each submission utilizing iThenticate software. Second is editorreviewing stage where (one of) the journal's editor(s) review(s) the article in order
to decide whether it is worthy of peer-review. The manuscripts which fail to
accomplish these two stages will be immediately desk rejected by the editors of
the journal. In final stage, the manuscripts often sent to two anonymous peerreviewers (double-blind review), and the editors strive to complete whole review
process within two months.
Procedures for reviewing manuscripts are based on the anonymity of the author
and the confidentiality of readers’ and editors’ reports. As author anonymity is
preserved during the editorial decision-making process, self-references should be
removed. Referees are drawn from Editorial Board of the journal and other
institutions; published articles have usually been reviewed by the editors and at
least two peer-reviewers.
JEFA does not accept manuscripts that have already been published, are
scheduled for publication elsewhere, or have been simultaneously submitted to
another journal. Statements of fact and opinion appearing in the journal are made
on the responsibility of the authors alone and do not imply the endorsement of
the editors or publisher.
APA 6th EDITION CITATION (REFERENCING)
The following examples illustrate citations using the APA 6th edition citation
system. Each example of a reference list entry is accompanied by an example of a
corresponding parenthetical citation in the text. Follow extended examples at
ojs.tripaledu.com/jefa/about/submissions#authorGuidelines

Page | 102

Page | 103

Page | 104

