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model from Shin et al., (2014).

The paper responds to the need for empirical knowledge about the asymmetric effects of
crude oil prices on fiscal policy in Ghana. The study used time series data spanning from
1980-2018 and adapted the Nonlinear ARDL model from Shin et al., (2014). An index was
created for fiscal policy variable (Taxation and government expenditure). The study
established that oil price shocks affect fiscal policy through two channels (i) government
expenditure (ii) tax revenue. The result revealed from a double-edged view that oil price
hasa two-way impact (positive and negative). An increase in oil price; (a) increases
government expenditure hence limit fiscal pace (b) and at the same time increases tax
revenue through oil tax revenue. The study establishes a strong evidence that the impact of
oil price volatility on fiscal policy in Ghana differs substantially in the short run and long
run. We establish persuasive evidence of long run asymmetry in the linkage between crude
oil price and fiscal policy confirming the relevance of asymmetric nonlinear in this context.
However, the short run relationship between oil price and fiscal policy is symmetrical. In
particular, the asymmetric relationship suggests that the response of fiscal policy to
negative oil price shock is greater in magnitude as compared to a positive shock. We found
that the asymmetric impact of oil price shock on government expenditure in Ghana is a
long-run phenomenon. Our empirical findings would inform the government on how to

manage political pressure in the midst of the volatile energy market.

Copyright©2020 Francis Anyaara Santaa and Emmanuel Buabeng. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Crude oil is one of the most appreciated none renewable
natural resources in the world. Since the late 1960s, the
international energy market has experienced important
structural changes and many oil importing and exporting
countries have been affected differently by these oil price
swings (Elafif, Alsamara & Gangopadhyay, 2017, IMF 2014).
Crude oil price fluctuations affect government budget, trade
balance and macroeconomic performance (Ju ef a/ 2015). The
degree of the impact of oil price fluctuationis subjected to the
country’s economic diversification and its dependence on oil.
According to El Anshasy and Bradley (2012), fiscal policy is a
medium through which oil price volatility affects
macroeconomic variables in oil exporting countries and that it
has a countercyclical ability to immune the economy. Oil
producing countries are not homogeneous as countries differ in
these - respect: (i) countries are at different stages of their
development. (ii) Oil contributes to government financial
position and export disproportionately (iii) in some countries
oil ownership and extraction are in the hands of the state but
other countries the extraction is in the hands of the private
sector.

*Corresponding author: Francis Anyaara Santaa
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Rich oil-producing countries benefit from crude oil price hikes
and suffer income losses during a burst of crude oil price
bubble from the international energy market.

However, oil importing countries benefit from a decline in oil
prices and incur more cost to import crude oil during price
hikes. This indicates that the impact of crude oil price
volatility on any country could be subjected to the degree of
dependence on oil.

Ghana is a crude oil exporting economy, however, due to
technical challenges, Ghana still imports crude and refined oil
for its domestic consumption. The discovery of oil in 2007 led
to a tightly fought elections in 2008, 2012 and 2016 in Ghana,
due to the expected new oil revenues. A situation that
generated spending pressures that the Ghanaian economy
could not contain despite the existence of the petroleum
Revenue Management Act (2011). Ghana commercial oil
exploration started in 2010. However, this did not immediately
translate into any significant growth performance until 2011
when Ghana experienced one of its highest growth rates of
14%. Ghana could not sustain this growth as the economy took
a downward nosedive. This was attributed to institutional
weakness (quality institutions) which made the resource cure
hypothesis took a precise form in Ghana. Indeed, fiscal rules
were not supported by strong legal structures neither was the
integrity of the stabilization saving fund spared. The processes
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and procedures for projecting revenues accrued from oil
extraction were not immune to political upward pressures
(Bawumia 2017;Solimano and Guajardo, 2017). Ghana as a
net importer of crude oil stands to spend more on crude oil
importation during a period of increase in crude oil prices.
However, the imposition of oil export tax which is predicated
on oil pricesas well as capital gain tax could increase
government revenue and create more fiscal space. This makes
the impact of crude oil price fluctuation in Ghana complex
hence invokes empirical discussions. Therefore, a careful
empirical enquiry into the impact of oil price shocks on
government fiscal policy is very necessary. The fiscal policy in
this study encapsulates taxation and government spending.

Literature review
Theory of fiscal policy

Thefiscal policy theory which was propounded by Leeper
(1991) suggests that the ultimate objective of policymakers is
to promote and maintain social welfare. The social welfare
hinges on socio-economic variables such as economic growth,
inflation rate, job creation, literacy rate, life expectancy,
quality environment among other variables. The theory further
explains taxes and spending as the instruments for achieving
these policy objectives. This implies that fiscal balance or
deficit has effects on stabilization policies.

The theory of fiscal policy like other theories makes some
explicit assumptions. These include (i) government decides
which policy instrument to employ in pursuance to its
economic  objectives.(ii))The existence of government
representative to pursue public interest and not their parochial
interest. (iii) The existence of the legislature to enact laws and
provide the authorization to spend money within the budget
frame and period and (iv) the existence of the executive branch
of government which has control over the policy instruments.
However, the validity or falsity of these assumptions is outside
the scope of this paper.

Empirical review

The plethora of studies that have examined the impact of crude
oil price fluctuations on economic performance have
established either positive or negative correlation depending
on whether or not the country is an importer or exporter of
crude and refined oil. Earlier studies, Darby 1982, Hamilton
(1983), Sachs and Warner (1995) suggest a strong negative
relationship between crude oil prices and economic
performance. This notion has been subjugated by recent
studies (Jimenez-Rodriguez & Sanchez, 2009) which suggests
that crude oil price fluctuation has less influence on economic
performance.

However, some studies (Brunnschweirler and Bulte 2008,
Brunnschweirler 2007) have argued that the earlier studies,
(Darby 1982, Hamilton 1983) focused on short-run interaction
between oil price and macroeconomic variables such as GDP.
Again, Sachs and Warner’s findings suffer endogeneity
problem, yet Sachs and Warner’s regression has shaped the
empirical discuss. In recent years, as more quality data
became available, the empirical enquiry has been extended
beyond the short run analysis to incorporate long run
relationships (Hooker ((2002), Arezki, and Kareem, (2010,
Lardic and Mignon (2006), Bawumia (2017), Cashin et al
(2014).

Resource endowments create channels through which
macroeconomic variables are affected. Atkinson and Hamilton
(2003) found a negative impact of oil price on government
investment, others like Alexeev and Conrad (2009),
established a negative effect of oil price shock on
macroeconomic efficiency.

The increased in Ghana’s debt after the discovery of oil,
reflects the preposition by Mansoorian (1991) who postulates
that the discovery of natural resources may encourage
countries to assume unsustainable debt stock.Prior to oil
discovery, Ghana debt stock stood at 26 percent of GDP.
Thanks to the Highly Indebted Poor Country (HIPC) initiative
in 2002 as well as the Multilateral Debt Relief Initiative
(MDRI) in 2006 which reduced Ghana’s unsustainable debt
stock from 156.3 percent of GDP in 2000 to 26 percent in
2006(IDA and IMF,2007). It was envisaged after the oil
discovery that Ghana’s reliance on oil import was over and in
consonance with the ‘better time’’ hypothesis (Van Der Ploeg
2011), Ghana was perceived to be free from donors and
international financial institutions clutches. Despite the
exportation of oil in June, 2010, Ghana’s debt stock rose from
26 percent to 55 percent of GDP between 2006 and 2012
(Allegret, Mignon &Sallenave, 2015). The increase in debt
stock was due to a high budget deficit driven by a decline in
tax revenue coupled with higher government spending (Ayesu,
2013).

Ghana has experienced an abysmal growth rate during periods
of crude oil price hikes particularly between the period of 1972
and 1983 (Ayeetey and Harrigan (2000), Fosu and Aryeetey
(2008). Within the same period, Ghana also experienced high
levels of economic mismanagement, corruption and foreign
exchange instability (Center for Study of African Economy,
2014).The question that evokes empirical discussion is
whether the economic adversity was due to unpredictable oil
price shocks. Ghana embarked on restructuring of the
economy in the period when oil prices were low yet the
economy experienced positive growth of 5 percent in 1993
(Killick 2010). Countries that export crude oil consider
increase in crude oil as favorable but tooil importing countries
this could be detrimental.

Agyemang (2013), who examined the correlation between
fiscal policy and economic growth established a bidirectional
casualty relationship between fiscal policy and economic
growth. In a subjugated hypothetical view, Anyanwu et a/
(2018), suggests that there is a unidirectional reverse causality
between oil price shock and economic growth in Ghana. An
increase in crude oil prices reduces inflation, exchange rate
appreciation, and improvement in oil-driven industrial
activities for oil exporting countries. However, the reverse is
the case for oil importing countries (International Energy
Agency, 2012). Ghana’s crude oil consumption constitutes
about 52 percent, 92 percent and 96.7 percent for
manufacturing sector, transport sector and the Agricultural
sector respectively (CSAE, 2014 and Agyemang,2013).

Ghana’s resource curse phenomenon is not based on reduced
growth and oil revenue resulting from crude oil price volatility
but rather due to government expenditure above the
economically optimal level and high borrowing against future
oil revenue. The empirical argument advance by Van Der
Ploeg (2011) posits that this mostly occurs, especially when a
country’s political party expects to be expelled from office in
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upcoming elections.Budget deficits in Ghana can be attributed
to the government subsidizing oil price and this tends to have a
negative effect between oil price and economic growth (Ocran,
2007).

DATA AND METHODOLOGY

Sources of data

The study used the official time series datafor all selected
variables from 1980 to 2018.The data for government
expenditure, tax revenue, debt stock, and monetary policywere
obtained from the ministry of finance and bank of Ghana
database. The data on crude oil prices were obtained from
OPEC statistical database while, exchange rate, trade volume
and Inflation data were sourced from the World Bank’s World
Development Indicators. In this study, government expenditure
(GEXP) is proxy by government consumption expenditure as a
percentage of GDP, tax revenue (TAX) is proxy by total
government tax revenue as a ratio of GDP, Debt stock (DEBT)
is proxy by external debt stock as a percentage of GDP,
monetary policy (M2) is proxy by broad money supply as a
percentage of GDP, oil price (ROP) is proxy by annual
average oil price, trade volume (TRADE) is proxy by export
volume as a percentage of GDP, the exchange rate (EXCH) is
proxy by the real exchange rate and inflation (INF) is proxy by
the consumer price index. Debt stock, trade volume and tax
revenue were control variables. Exchange rate and inflation
were the deterministic variables.

The broad money supply was captured to represent the
influence of monetary policy; it is within the powers of the
government to print money in situations of liquidity challenge
though it has macroeconomic consequences. Therefore, since
government can print money to finance the increase in oil
price, hence the relevance of money supply in this study.

The government can deal effectively with the challenge of oil
price shock through export. In periods of a concurrent increase
in oil price and rise in export prices and volume, the impact of
the increase in oil price could be mitigated by trade surplus.
This oil price hike would not have its fiscal policy cost.

The study also monetized the debt stock. Government
expenditure includes interest payment accruing from
outstanding debt stock. Therefore, the incorporated Debt and
interest payment are due to the fact that the existing debt could
have an important implication on the economy as a whole and
consequently on fiscal policy.

METHODOLOGY

There are various econometric approaches to modelling the
partial sum decomposition of variables. Principally among
them is the Regime Switching model, Smooth transition model
among others. However, these models do not provide the
lavishness of a cohesive model that is, the model iscapable of
integrating the short run error correction method and long run
nonlinearities coherently. And the linear representation which
under pins non-stationary cointegrating variables are
excessively restrictive (Shin, Yu & Greenwood-Nimmo,
20014).

Owing to these limitations outlined, among others, the study
adapted Shin, Yu & Greenwood-Nimmo (2014) asymmetric
nonlinearities Autoregressive  Distributed Lagged model
(NARDL) model which is more superior capabilities for

contemporaneously modelling nonlinearities and asymmetry
for both long run and short run cointegrating systems. The
NARDL is able to combine variables in the model
specification that are made up of 1(0) and 1(1). The NARDL
exonerate itself from serial correlation (Autocorrelation) and
deals with weak instrumental variables to cater for endogeneity
of all independent variables. The data structure used in this
study best suit the intuition and flexibility of the NARDL.

Estimable model

Linear Autoregressive Distributive Lag (ARDL) was used
based on the model by Pesaran and Shin (1998). Conducting
the bound test procedure as well as the error correction model,
the following equations werespecified.

Decomposing fiscal policy into government expenditure and
tax revenue. We modelled it as:

AGexp= Y +o,Gexp.; + (x20ilP[1 +azDebt,; +o,M2,,;
+(15EXpt 1+ogExch,. 1+0~7Inft 1+Zl 1 VlAF Py +
)i 0 Y2 AOilP,_ 43171 A ysADebt,_; +
Zl o V4AM2t 1+Zl 1 VsAExpt i +
Z‘Z o YeAExch,_ L+Z? QYA (1)

With the error correction term
AGexp= ¢ ta,Gexp.; + a,0ilP | +03Debt,.; +a,M2, | +osExp-

+a6Exch[ 1+ o7Inf +
Zl L VlAFPt it Zq_ol VzAOilPt—i"'Z?:_ll ysADebt,; +
Z? 0 YaAM2,_ l+Zl 1 VsAEth i +
i L yeAExch,_; i) y7AInft_l ZECM,.
FP€ ()

We introduce tax revenue as the left hand variable
ATax= py +tao,Tax.; + 0,0ilP,; +azDebt.; +0,M2, | +asExpe-
+(x6Excht i+ o7Inf;

Zl 1 VlAFPt it Zl =0 VzAOilPt—i"'Z?:_f YsADebt,_;
Z? 0 YaAM2,_ l+Zl 1 VsAEth i

Zi:o ]/6AExCht—L+Z?:1 Y7A1nft—l +£t ........................... (3)
Long run model

+ o+ o+

Tax= py +o,Tax.; + 0,0ilP; +azDebt,; +o,M2,; +asExpe-
+a6EXCht 1T (1711'1f1 1 +
Zl 1 VlAFPt—i + Zl 0 VzAOllPt L+Zl 1 V3ADebtt—i +
Zl o V4AM2t 1+21 1 VSAExpt—i +
Zl 0 VsAEXCht L+ZL 1 V7A1nft—i + SECM,.
TEEL e 4)

AFP[ lpo +U.1FP[_1 + UQOilPI_I +(13Debtt_1 +U.4M2[_1 +U,5EXp[-1
+(16EXCh[ 1+ a7Ian +
Zl L VlAFPt i T Zq_ol VzAOilPt—i"'Z?:_ll ysADebt,_; +
Z? 0 YaAM2,_ l+Zl 1 VsAEth i +
Zl 0 y6AExCht L+Zl 1 V7A1nft i€ Q)

The short run variation in the modelis captured by introducing
the error correction term into the short run. Thus, when there
are shocks in the short run model, the effect will be absorbed
by the long run coefficients. Therefore, model re-specification
of the short run model is required by incorporating the error
correction term as:

AFPt: lIJ() +(11FPt,1 + U,zROPt_l +(x3Debtt_1 +(14M2t,1 +(15GEXpt-1
+(16EXCh[ 1+ mInft 1 +
Zl 1 VlAFPt—i + Zl 0 VZAROPt L+Zl 1 V3ADebtt—i +
Zl o V4AM2t—i+Z?=1 YsAGExp;_; +
Yo VeAExch,_i+ X1 y,AInf_+AECMyite, (6)
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Where PF, ROP, Debt, M2, GExp, Exch, Inf, represent the
fiscal policy, Oil price, Debt stock, Money supply, government
Expenditure, Exchange rate, inflation, and Export respectively.
Delta(A) denote first-order difference of the variables. The
short run coefficients are represented by o; while y; refers to the
long run coefficients of the model. Again j=1, 2, 3, 4, 5, and
o= Op— 03— oy 0s5-0. The assumption underlying the linear
ARDL is that the relationship between the dependent and the
independent variables are linear. In an instance where the
relationship is not linear, the inferences drawn from the model
becomes misleading. To correct this potential deficiency
(misleading conclusion), the researchers introduced the
nonlinear ARDL to capture the asymmetric relationship
between the explained and explanatory variables proposed by
Shin et al. (2014).

Modelling asymmetry

Asymmetric Nonlinear Autoregressive Distribution Lag RDL
(NARDL) Model

The study adapted the model specification by Shin et al.,
(2014). The study specified the asymmetric cointegration
relationship:

Ze =08y +0 yr +Tsp Ui 7

Where Z; and y, are stationary at level 1(0) and first difference
(1), 8 and & are the associated asymmetric long run
parameters. vy, = (Vo + y7 + yi )represents a k x 1 vector of
regressors disintegrated into positive and negative which enter
the model asymmetrically. "and5~ represent the partial sum
processes of positive and negative changes in the independent
variable y, within the threshold of 0. It is defined as y; =
Yj=1 8y =Xj_ max(Ay;,0) and  y;=  Xj Ay =
521 max(ij, 0). Lastly, s, represent g x 1 vector of other
regressors entering the model symmetrically.
An extension from the PesaranShin & Smith, (2001)
Autogressive Distributed Lag framework, the study modelled
the short and long runs asymmetric error correction model as:

AZ; =B, + Blzt—l +afyly oty + X vidz +
(AT AV + AT AV + AgiSe—i) + e, (8)

Where ot = -B/6" and o~ = -B/5 are the long run
asymmetric parameters. There are four sequential steps Shin et
al., (2014) identified. These include the followings. (1)
According to Shin et al., (2014) the equation (3) is estimated
using the Ordinary Least Squares estimator (OLS) and
employing the Fpgs statistics.

To check whether or not there is any relationship between the
interest variables such as Z;, y; and y; which are stationary

To test whether or not there long run contemporaneous
relationship between the variables under study. According to
Shin et al., (2014) the hypothesis that, a = a* = o~ needs to be
tested to ascertain if there is short run asymmetry in the
variables of interest or not. Thus for any short run asymmetry
to be established, the hull hypothesis can take the form of (a)
Af = A; fall all values ranging from I = 1, 2, 3, ...q or (2)
s At =302

The final step requires the use of the nonlinear Autoregressive
Distributed Lag (NARDL) model specified in equation (3)
above to derive two dynamic multipliers represented as mj

and my, the first multiplier shows a positive change in the
independent variable ;" and the second multiplier depict a
negative changes in the independent variable y; .

h 9Zt+1
=0 ayt—

n 0Zty1
i=0 ayt+ ’
Where h could take values 0, 1, 2.

Explicitly, mf =}, where as mj, =Y,

Modelling the relationship between oil price shocks and
fiscal policy

The study modelled the impact of oil price shocks on fiscal
policy and its components using the adapted NARDL model
from Shin et al., (2014). The study controlled for monetary
policy and macroeconomic variables as described in the next
few paragraphs. To establish the asymmetric effect of crude oil
price on the fiscal policy, the study partially decomposed the
explanatory variables into positive and negative effects. Hence
the study specified the following econometric model (equation
4) to establish the asymmetric cointegrating (long run)
relationship:

Z, = ag + ay OPS; + af OPS} + a,MPV, + & ... 9

Where z; represents the prices of fiscal policy (composite
index for government spending and taxation). OPS is the
measure of exogenous oil price shock which has been
disaggregated into positive and negative partial sum of the
increase and decrease in crude oil price. MPV is the collection
(vector) of the controlled variables(debt stock, money supply,
trade volume). These variables include monetary policy and
macroeconomic variables such as inflation, official exchange
rate. q; represents the parameters to be estimated and ¢ is the
random disturbance term.

The study specified the disaggregated crude oil prices into
positive and negative effects as:

OPS, = (OPS, +OPS," + OPS;)
And

7= 8'OPS;” + 5OPS, + £1rvvenn.... (10)

whereg, is the random error term which is independently
identically distributed (iid)

Substituting equation (5) into equation (3). This yields the
following non- linear asymmetric model

Az, =

Bo + B1zi—1 +ytOPSt  + vy OPS_ 1 + 271 6Az,_; +
S o(@F AOPSE  + @7 AOPS_; + 8, ;MPV,_;) + €,

(11)

Here, y* =-B/af andy~ = —B/a;

Estimating equation (11) through the use of standard NARDL
to examine whether or not there is contemporaneous
relationship between the levels of the seriesz,, OPS,’, and
OPS; using the F-statistics (Fys) as suggested by the
proponents.

Using the Wald test statistics to establish if any, the long and
short runs symmetry between the variables. Long run
symmetric relationship exist only if thedisaggregated crude oil
price shocks slope coefficients are equal. Thus y = yT=y~.
And to establish short run symmetrical relationship, study
tested the null hypothesis that, @; = ¢@; for instances where i =

1,2,3, ....por 2P g =¥ o7

i=
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The study finally derived the Random disturbance multipliers
mg and mg. From equation (11), the NARDL multiplier my is
accompanied by OPS," and the second multiplier my is
accompanied by changes in OPS;".

Empirical procedure

The data analysis was done in four stages. The first stage
provided a descriptive statistics of the variables to uncover
variations around the means of the variables as well as their
distributional properties. The second phase established the
stationarity of the series. The third stage provided co
integration of the variables. The fourth stage dealt with the lag
selection criteria for co integration to avoid spurious results.
The fifth and final phase estimated the NARDL model with its
associated diagnostic tests.

Descriptive statistics

The study presents the descriptive statistics as a summary of
the nature the dataset. The study use the arithmetic mean to
describe the centrality of the dataset. We elaborated on the
data further by measuring the dispersion through the use of the
variances and standard deviation. The study also used the
skewness and the Kurtosis to describe the individual and
combined variable sizes respectively. The results as presented
in Table 1 shows that the series are consistent and normally
distributed.

Table 1 Descriptive statistics

Variable Mean Variance St. deviation Skewness Kurtosis Joint
GExp. 343031 40.8377 6.3904 -0.0667 23534 0.2317
Tax 12.2148 16.0619 4.0077 0.2652 3.8549 0.7047
M2 359317 61.4902 7.8415 -0.0261 1.7939 0.5028
ROP 41.2739 88.8984 9.4286 1.1213 3.0205 0.4457
Trade 65.9254 91.4856 9.5648 -0.4245  2.1197 0.8463
Debt 73.2649 928.7409  30.4752 0.2624 2.3316 0.3930
Exch. 32.73 6.4584 41.7114 0.0240 0.5589 0.0720
Inf. 18.1890 34.2318 5.8507 1.0966 2.7407 0.8624

For forecast and policy relevance, the study explored to
establish the necessary conditions that merit NARDL model,
and to avoid erroneous application, the estimation as well as
the interpretations of NARDL model, the study established the
significance or otherwise of the trends in the variables.

Using the Augmented Dickey-Fuller (1981) test of stationarity,
the null hypothesis of unit root could not be rejected in all
variable cases. This means some variables possessed unit root
problem, hence not stationary at level. Since the divergence of
the variable from its mean affect the long run equilibrium
condition, the series were purged of these trends through first
order differentiation.

Table 2 Unit root test

Variables Level First Difference
Intercept Trend Intercept Trend
ROP 1.7783 1.1130 3.6038%* -0.1136*
TAX 15.6230%** 0.1418 0.1983%* 0.0021**
EXP 11.1064%**  -0.1053*** .0009%* -0.0055%*
EXCH 28.7660 0.2482 -5.2710%%%  0.5334%**
M2+ 9.2951** 0.0139 1.5997** -0.0835%*
DEBT 24.81989** -0.3389 -3.2643%* 0.1623**
Graphical analysis

The study tested the stationarity properties of the series.
Figures 1 and 2 depict the graphical evidence of the trends in

variables and how these trends were removed to attain
stationarity.

4.5+ 4.45 5
4.4+ 44 4.9
InM2 4.3 InTax InTrade 4.8
424 4.35- 4.7
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2.6 3.4 150
2.4 2 100
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2.2 34 50
24 2.89 0
b
19809920020 12020
5 5
4+ 44
Debstock InINF
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2 24

S Y
19809920020 12020 19809920020 12020

Fig 1 variable at levels

From fig 1, the series plots of the selected variables show that
except oil price, all the other variables have trends. Modelling
a trending variables would produce spurious results leading to
misleading conclusions. Because in a short run deviation of the
variable from its mean will not return to the long run mean
over time. Therefore, for forecast and predictive purposes such
behavior in variables cannot be modeled unless purified.

To eliminate this deficiency in the selected variables, the study
transformed the variables by detrending them. This was to
ensure that the selected variables obtain a constant variance
which would be independent of time and revert around their
constant long run means. The ultimate goal of the variables
purification process is to ensure that the empirical results are
consistent.

40 20 40

198 ADED UD20
50 100+
50

DInINF 0+
-50-

-50 -100-
198 ADED ED20 198D D ED20

DInDEBT 0

20+ o 20
DInM2 0+ DInTAX DinTrade 0+
20+ 07 20
-40+ 104 -404
50
2+ 104
DInROP 0+ DINEXCH o DINnGEXP o4
14
504 2 -10

Fig 2 First Difference Plot

As depicted in figure 2, the variables have been purged off
their unit root through first order differencing and are now
mean reverting. By implication when there is a short run
deviation of the variable from its mean, it will return to its’ the
long run mean over time. This makes the long run predictive
behavior of the variables consistent and reliable.

Bound test of Cointegration

The study tested for the existence of long run relationship
between the variables. Using the bounds test (t BDM)
proposed by Banerjee et al (1998) and Pesaran, Shin & Smith
(2001). The t BDM test the significance of feedback
coefficient. The study also used the F_PSS test to establish the
significance of the variables. The study established that the F-
statistics (4.28) is greater than the critical vales of the upper
bound (3.61). Therefore, the null hypothesis of no
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cointegration was rejected in favour of the alternative
hypothesis, meaning, there is long run relationship between the
explained and explanatory variables.

Table 3 Rank of cointegrating equations (Johansen Test)

Rank Parameters Eigenvalues Trace Critical
statistic value

0 56 0.8528 146.3327  124.24

1 69 0.8065 94.6281 94.15

2 80 0.5935 50.2886*  68.52

3 89 0.4565 25.9832 47.21

Optimal lag selection

We acknowledge that the dependent of the left hand variable
(fiscal policy) on the explanatory variables is scarcely an
instantaneous. Thus, we expect a time lapse for fiscal policy
to respond to variations in the selected independent variables.
Therefore, we computed the optimal lag length empirically as
shown in table 3.

Table 4 Optimal lag selection criterion

Lag LL LR df P FPE AIC  HQIC SBIC

0 -122.74 68.9337 7.07101 7.08635 7.11545
1 -117.46 10.556 64 0.001 53.9904 6.82656 6.85724 6.91544
2 -113.07 8.7893* 64 0.003 44.4837* 6.63258* 6.6786* 6.76589*
3 -113.06 0.0194 64 0.889 47.1009 6.68917 6.86692 6.75053
4 -112.56 0.99079 64 0.320 48.5256  6.718  6.7947 6.94019

From table 4, thoughall the the lag selection criteria show an
ideal lag length of two(2), the Akaike Information Criterion
(AIC) was selectedd because that gives the lowest value. The
AIC suggested an optimal lag of two. Therfore the study used
the optimal lag of two for both denpendent and independent
variables.

DISCUSSION OF FINDINGS

The models establishing linearity between oil price and other
macroeconomic variables may not provide sufficiently rich
inferences or forecasts. We begin by disintegrating fiscal
policy into government spending and tax revenue and
regressing each on the explanatory variables as shown in tables
5 and 6.

Asymmetry impact of oil price shocks on government
spending

Table 5 shows the results of the long run and short run
responses of government expenditure to the dynamics in crude
oil price. The NARDL results provide both short run and long
run coefficients representing the partial sums decomposition of
oil price. The study through the Wald test tested the null
hypothesis of symmetry against the alternative of asymmetry
for short run and long run. The long run and short run
asymmetric effect of crude oil price on the expenditure is
tested using the F_pss-statistics. Since the F pss test are
statistically significant, it gives a resounding evidence of a
long and short run asymmetry. The empirical results shows
that, a positive change (increase) in oil price has a positive
significant effect on government expenditure. This suggests
that when oil price appreciate it causes the government to
spend more to obtain the same barrel of oil like before.
Specifically a percentage increase in crude oil prices could
cause government expenditure to increase by 0.24 percent, but
no significant evidence was found for a decrease in crude oil
on government expenditure. Again, the study established long

run asymmetric effect of oil price on government expenditure
and we found strong evidence of short run and long run oil
price asymmetry. However, the magnitude of the long run
asymmetry is greater than the short run asymmetry. This
implies a non- linear relationship between oil price and
government spending. The validity of the results is
unquestionable because the Wald test rejected the null
hypothesis (no long run asymmetry) and there evidence
correctly specified long run relationship.

Table 5 Long run coefficient and asymmetry test

dependent variable: AInGExp
Long run effect[+] Long run effect[-]

Long run coefficient

Variable Coefficient F-Stat P-Value Coefficient F-Stat P-Value
InROP 0.244%%*%* 61.49 0.000 0.052 0.762  0.406
InDebt -0.529 0.863 0.377 -2.893*** 1331 0.005

InM2 0.270 0.664 0.436 0.518 1.391 0.269

InTrade 0.004 0.00133  0.972  0.713*** 18.78 0.002

Long Run Asymmetry Short Run Asymmetry
WSLtRa f_ P-Value Wir F-Stat P-Value

InROP 8.122**  0.019 6.602%* 0.030
InDebt 12.67***  0.006 3.321 0.102

InM2 5.205%*%  0.048 2.356 0.159
InTrade 22.13*** (.001 4.231* 0.070

Statistics and diagnostics
Stat. P-Value

X%sc 32.63 0.877

Xuzr 0.019 0.890

Xr 0.407 0.754
X’xorm 0.623 0.794

t- BDM = -3.7551 F-PSS =5.4658

Note: *** ** qnd * denote 1%, 5% and 10% significance levels respectively,
“—“and “+” denote negative and positive partial sums decomposition in oil
price fluctuations. LR" and LR are the long run coefficients associated with
positive and negative changes in oil prices respectively. Wig is Wald test (the
null hypothesis) for long run asymmetry and Wsg refers is the Wald test (the
null hypothesis) for additive short run asymmetric condition.

The study used the bootstrap (dynamic multiplier) approach
proposed by Hansen (1999) and the smooth transition
regression proposed by Gonzales et al (2005) to show the
travers to equilibrium in the long and short run when there is
exogenous shock. The response of government expenditure to
changes in crude oil price was found to be rapid to decrease in
crude oil price than an increase in oil price as shown in figure
3.

Cumulative effect of LNROP on LNGEXP Cumulative effect of LNDEBT on LNGEXP

10 20 10 20
Time periods Time periods
— — — positive change

asymmetry

—— — negative change
Cl for asymmetry

— — = posiive change
asymmetry

—— — negative change
Cl for asymmetry

Note: 35% bootstrap G i based on 100 replicatiors Note: 56% bootstiap I s based on 100 replicstiors.

Cumulative effect of LNM2 on LNGEXP Cumulative effect of LNTRADE on LNGEXP

0 20 1 20
Time periods Time periods

— — — positive change ~ —— — negative change — — — positvechange  —— — negative change

asymmetry I for asymmetry asymmetry Cl for asymmetry

Nete: 95% bosisiran Cl s based on 100 replicsiors Nate: 95% bosisiran Clis based on 100 replicsiiors.

Figure 3 Dynamic adjustment of government expenditure to changes in crude
oil price

Table 6 presents the relationship between oil price and tax

revenue. The results provide partial sums decomposition of the

positive (OP+) and negative (OP-) as 0.512 and -

0.157respectively. The empirical results suggest that an
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increase (positive shock) in oil price has a positive significant
effect on tax revenue. This signifies that when oil price
appreciates it augment tax revenue. The study could not
establish any significant effect of a decrease in oil price on tax
revenue. The sign (negative) of a decrease in oil price and the
magnitude of an increase in oil price make it intuitively
reasonable to assume that Ghana’s total tax revenue is driven
largely by oil tax revenue. To be precise, a percentage increase
in oil price could lead to an increase in tax revenue by 0.51
percent.

Again, the study established a significant long run oil price
asymmetry on tax revenue but could not find any significant
effect of short run asymmetry. This implies that the impact of
oil price on tax revenue is asymmetrical in the long run but
symmetrical in the short run. From table 6, the short run
estimated coefficientchanges from negative as in the case if a
decrease in oil price to positive. The the study concludes that
while the effect of oil price oil tax revenue is symetrical in the
short run butthere is unambiguous eveidence for long run
asymmetry between oil price and tax revenue in Ghana.

Table 6 Long run coefficient and asymmetry test

dependent variable: AInTax
Long run effect[+]

Long run coefficient Long run effect|-]

. . P- . F- P-
Variable  Coefficient F-Stat Value Coefficient Stat Value
InROP 0.512%** 42.73 0.000 -0.157 1.211 0.300
InDebt 2.731%* 4.879 0.055 -7.268%** 11.51 0.008
InM2 -0.535 0.4096 0.538 2.409%* 3.946 0.078
InTrade 0.230 0.7789 0.400 1.432%** 11.95 0.007
Long Run Asymmetry Short Run Asymmetry
W E pvalue Wi F-Stat e
InROP 4.381%* 0.006 0.2645 0.619
InDebt 3.179 0.108 0.0060 0.940
InM2 4.386% 0.066 6.09%* 0.036
InTrade 8.172 0.019 0.8019 0.394
Statistics and diagnostics

Stat. P-value

X%c 28.86 0.4162

Xuer 2.591 0.1075

XPpr 1.138 0.4066

X%NorM 0.5579 0.7566

t-BDM = 4.7613 F-PSS=5.0519

Note: ¥** ** and * denote 1%, 5% and 10% significance levels respectively,

“—“and “+" denote negative and positive partial sums in oil price fluctuations. LR* and
LR are the long run coefficients associated with positive and negative changes in oil
prices respectively. Wi is Wald test for the null hypothesis for long run asymmetry and
Wsr refers is the Wald test for the null hypothesis for additive short run asymmetric
condition.
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Figure 4 Dynamic adjustment of tax revenue to changes in crude oil price
Fig 4 confirms that the overall existence of a positive
relationship between positive oil price shock and tax revenue.
The effect of a positive shock in crude oil price is dominant
over the negative shock. Furthermore, an asymmetric reaction
to oil price is also established. Surprisingly the study

established positive relationship between debt stock and tax
revenue in Ghana. The positive shock is dominant over
negative shock.

The third and most important stage, we used the Principal
Composite Analysis (PCA) to compute a single value (fiscal
policy) from the two variables (government expenditure and
tax revenue). The result from the PCA show that government
expenditure explains about 87 percent of the variation in fiscal
policy since it has an eigen-value greater than two (2). Table 7
present the empirical relationship between crude oil price and
Fiscal policy in Ghana.

We report a summary of the long and short run partial sum
decomposition result for the effect of the oil price variation of
fiscal policy in table7 since that is the focal point of this study.
The positive (OP") and negative (OP’) partial sum
decomposition are -0.234 and -0.298 respectively.From these
partial sum coefficients, the signs of the coefficients are
surprisingly negative. Meaning a percentage increase in oil
prices leads to 0.23 percent contraction in fiscal policy
(decrease in government expenditure and or income tax).
However, a negative oil price shock (decrease) has a positive
significant effect on fiscal policy in Ghana. A percentage
decrease in oil price leads to a 0.298 percentage increase in
fiscal policy. This suggests that when oil price decreases,
itcould create more fiscal pace for government. This fiscal
space would enable government to spend more. These(signs
and magnitude) could probably be explained by the
institutionalization of the Ghana Stabilization fund which
insulate government expenditure against positive oil price
shock in the energy market. The partial sum coefficients
suggest that, the impact of a negative change (decrease) oil
price on fiscal policy is greater than a positive
change(increase). We establish that, the impact oil price shock
is asymmetrical in the long run and symmetrical in the short
run. Interestingly, the impact of crude oil on fiscal policy
changes from being negative to positive in the long run
asymmetry. The Wald test rejected the null hypothesis in
favour of the alternative asymmetric case for the crude oil
prices.

The effect of the other explanatory variables (debt stock,
money supply and trade) on fiscal policy are all statistically
significant. The result suggests that in both increase and
decrease in these explanatory variables, there are asymmetric
effects on fiscal policy. The impact of the negative change in
the other explanatory variables on the explained (fiscal policy)
except money supply is greater than the positive change. More
specifically, an increase (positive) debt stock has 1.68 impact
on fiscal policy but a decrease in debt stock has an 8.14 impact
on fiscal policy. An increase in export volume has 0. 13 impact
on fiscal policy, and a decrease in trade volume has 1.65
impacts on fiscal policy in Ghana. However, an increase in
money supply has a 2.40 impacts on fiscal policy while a
decrease in the supply of money has 2.50 impacts on fiscal
policy. The significance of the control variable indicate that
omitting them could have resulted in incorrect projection and
forecasting.
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Table 7 Long run coefficient and asymmetry test

dependent variable: AInFP
Long run effect[+] Long run effect|-]

Long run coefficient

Variable Coefficient F-Stat P-Value Coefficient F-Stat P-Value
InROP  -0.234*** 18.31 0.002 -0.298**  8.073  0.019
InDebt 1.681* 3.698 0.087 -8.136*** 2434  0.001

InM2  -2.395%%* 16.1 0.003 2.246%* 6.242  0.034

InTrade -0.133 0.4828 0.505 1.648*** 2947  0.000

Long Run Asymmetry Short Run Asymmetry
WSLtRatF- P-Value Wik F-Stat P-Value
InROP 0.281**  0.029 1.154 0.311
InDebt 10.92%*%* 0.009 0.3768 0.554
InM2 0.049 0.830 8.505** 0.017
InTrade 22.29%** 0.001 4.547* 0.062
Statistics and diagnostics
Stat. P-value
X% 0.588 0.6447
X ur 4317 0.1155
X2 1.138 0.4066
X%NoRM 1.3677 0.1566
t-BDM = 4.7227 F-PSS =5.4658

Note: *** ** qnd * denote 1%, 5% and 10% significance levels respectively,
“—“and “+” denote negative and positive partial sums in oil price
Sfluctuations. LR* and LR are the long run coefficients associated with positive
and negative changes in oil prices respectively. Wi is Wald test for the null
hypothesis for long run asymmetry and Wiy refers is the Wald test for the null
hypothesis for additive short run asymmetric condition.

Fig 5 confirms that the effect of the negative shock in crude oil
price is dominant over the positive shock. Furthermore, an
asymmetric reaction to oil price is also established between the
other explanatory variables and fiscal policy. In all variable
cases, the positive effect dominate the negative effects.
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Figure 5 Dynamic adjustment of fiscal policy to changes in crude oil price

CONCLUSION

The study used the standard co integration and the bound tests
to establish that there is a long-term co integration relationship
between oil price shock and fiscal policy as well as other
exogenous variables. After establishing the existence of long
run relationship between the dependent and independent
variables, we used the nonlinear ARDL model to establish how
oil price variations can engender fiscal policy in Ghana. We
have examined the impact of oil price shock on fiscal policy in
Ghana without compromising the response in fiscal policy due
to debt stock dynamics, money supply, export volume, interest
rate and exchange rate over time. We analyzed the data in
three stages: first, we established the impact of oil price
changes on government spending. Second, we examined the
effect of oil price fluctuations on tax revenue in Ghana. Third

and the most important, we explored the impact of oil price
shocks on fiscal policy.

We have established strong evidence that when oil price
increases it causes the government to spend more to obtain the
same barrel of oil as before. Specifically, a percentage increase
in crude oil price could cause government expenditure to
increase by 0.24 percent, but no significant evidence was
found for a decrease in crude oil on government expenditure.
The study also established the relationship between oil price
fluctuation and tax revenue. The empirical results show that an
increase (positive shock) in oil price has a positive significant
effect on tax revenue. Thus the empirical enquiry reveals that a
percentage increase in oil price leads to 0.512 percent in tax
revenue.

We used the Principal Composite Analysis (PCA) to compute
a single value (fiscal policy) from the government expenditure
and tax revenue. The positive (OP") and negative (OP") partial
sum decomposition are -0.234 and -0.298 respectively. From
these partial sum coefficients, the signs of the coefficients are
surprisingly negative. Meaning a percentage increase in oil
prices leads to 0. 234 percent contraction in fiscal policy
(decrease in government expenditure and or increase in income
tax) however, a negative oil price shock (decrease) has a
positive significant effect on fiscal policy in Ghana. A
percentage decrease in oil price leads to 0.298 percentage
increase in fiscal policy. This empirical justification is not
surprising because the stabilization fund makes provision for
government expenditure to be supported by the oil revenue in
hard times. Increase in oil price becomes a bitter —sweet in
Ghanaian context. This is because increase in oil price reduces
the fiscal space as government spend more on oil import.
However, the fiscal space can be off -set by oil tax revenue.
From this empirical enquiry, it can be concluded that the
asymmetric impact of oil price shock on fiscal policyin Ghana
is a long run phenomenon.The significance of the control
variables indicate that omitting them can lead to in wrong
prediction and forecast.

Research limitation

This paper does not include the quality of existing institutions.
Future work could examine if institutional quality could affect
how fiscal policy response to oil price shock because quality
institution could ensure fiscal policy discipline.
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