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Abstract: - Inflation is a problem in all facets of life and all economic entities. The government of any nation is
concerned with ensuring that her plans are not frustrated by unpredictable and galloping prices. This paper
studies the dynamic causal relationship between inflation rate (measured by consumer price index (CPI)),
exchange rate, gross domestic product (GDP), money growth, and oil export in Nigerian during 2005: Q1 to
2019: Q4. The ARDL bounds testing approach and error correction model were used to verify whether there
was a long-term relationship between the inflation rate and four determinants (exchange rate, GDP, money
growth, and oil export). The results of our study showed that the current inflation CPI, the exchange rate, GDP,
and money growth would still affect the next quarter's inflation rate in Nigeria. However, the oil export has no
significant effect on the inflation rate. Moreover, we find the long-run cointegration relationship between
inflation CPI, the exchange rate, and money. The cointegration relationship will be achieved in a short time
(during the next two quarters of the year).
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1 Introduction by the unpredictable and fluctuating prices of goods
Inflation is defined as a sustained increase in the and services. Every organization needs a stable
overall price level over time. During periods of high macro-economic setting derOId of unrepentant price
inflation, the domestic currency's value diminishes, change, resulting in confidently acceptable future
negatively affects the economy [1]. Nigeria has a prediction and forecasting to enable quality
high inflation rate over the last decade, which has planning. This is also true for an individual as
resulted in socio-economic implications. In recent proper planning enables one to strive in an unsteady
times, real income is falling due to the eroded economy experienced in Nigeria today. All these
purchasing power of the currency; there is a _result_s. to the growing peed_to sightsee the stqu of
monotonic reduction in the number of goods and inflation to develop a time-independent and reliable
services that a currency unit can purchase. The model [2]. Inflation is a word that is very common
country's high inflation trend has resulted in and familiar to all. However, very few persons have
increasing demands by workers, especially those in tried to study it in conjunction with the subject
the public civil service sector, to constantly demand matter — macroeconomic studies of inflation and its
an increase in the national minimum wage. determining factors and its effect on a growing
Furthermore, the desire to have savings and economy such as the Nigerian economy.

investments has greatly declined, which has affected Comparable to most central banks' directive, the
the country’s economic growth. Inflation is a stability of goods and services has continued to be
challenge that affects all aspects of life and one of the essential directives of the Central Bank of
especially the economy. Therefore, it is the nger_la (CBN_)._The fast-growing attention in price
government's responsibility to make sure that its steadiness originates from the need to uphold
plans and daily programs are not negatively affected overall macroeconomic equilibrium and the fact that
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price stability encourages investment, productivity,
and employment. However, notwithstanding
numerous government policies and programs in
Nigeria, the economy has reliably experienced high
inflation with associated consequences on the most
susceptible.

For a while, the grounds of Nigerian inflation could
be drawn to several studies such as [3, 4], among
others. Variations in money supply, credit to the
government by banking system, government
discrepancy spending, industrial production and
food price indices are underscored influencers that
contribute to inflationary propensities in Nigeria.
The upsurge in government spending supported by
the monetization of oil income and credit from the
banking system could also be accountable for the
growth of the money supply, which (with lagged
effect) underwrites inflationary  propensities.
Growth in the money supply of an economy is
another cause of inflation [5]. The growth of supply
intensifies significantly, inflation also rises, and
deterioration in the monetary growth rate. This
shows a strong relationship between the increase in
the supply of money and inflation. The increasing
cost of goods is frequently taken to be counter-
productive and detrimental to an economy. The
most noteworthy consequence of inflation is its
impact on the incomes and revenue of the
government. When inflation is on the increased as
well planned previously, the government's revenue
will consequently increase. Inflation is also
accountable for the inadequacies and on-
performance of an economy. It makes budgeting and
future planning tough for economic managers. It
imposes a slog on efficiency and productivity,
predominantly when firms are compelled to shift
possessions away from products and services,
thereby disheartening investment and hindering
growth [6].

2 Literature Review

The Autoregressive Distributed Lag (ARDL) model
is accepted as a standard least square regression
with lags of both independent and dependent
variable as regressors [5, 7, 8]. Though the ARDL
model has been vastly applied in econometric
studies for decades, they have added approval lately
as a method of examining cointegration between
economic variables as projected by Pesaran and
Shin [9] and extended by Pesaran et al. [10]. In
economic literature, there have been several
cointegration methods. According to Emeka and
Kelvin [11], the econometric term of “cointegration”
is used to reproduce the reality of a long-run
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symmetry among economic variables that meets
over time and the ARDL method is most preferred
as the latest of these cointegration technique used to
inspect self-motivated and symmetric relationships
between dependent variables and independent
variables. For details on cointegration methods, see
e.g., [10, 12, 13, 14, 15] Recently, Ghouse et al. [16]
indicated that the ARDL model can be used as an
alternative tool to avoid the spurious regression
problem.

One of the advantages of the ARDL model is: it is
used to study the long-run cointegration relationship
between the mixed-stationarity variables (some of
these variables stationarity at level 1(0) and others
variables are stationarity at first difference 1(1)).
This advantage makes the ARDL model flexible for
use in many empirical studies. Here are some of
these studies.

Ghavam et al. [17] studied the long-run relationship
between the inflation rate and its factors in Iran
using ARDL approach. Their results mentioned that
the GDP, the imported inflation, liquidity and the
exchange rate are the most significant factors
affecting Iran's inflation. Tian and Ma [18] applied
the cointegration ARDL method to investigate the
relationship between the exchange rate and the
Chinese share market. Chaudhry et al. [19] used the
ARDL bounds test approach to study the relativity
between foreign exchange reserves and inflation
rates in Pakistan between the years 1960 to 2007.
Their results showed that there is a long-run
cointegrating relationship between the two series.
Chou and Tseng [20] also used the ARDL bounds
test by considering the time frame from 1982 to
2010 to examine the consequence of oil price
volatility on Taiwan's inflation. They discovered
that there is a long-run relationship between the
global oil prices and the inflation rate in Taiwan.
Many studies focused on the relationship between
inflation and other economic variables such as
money supply, GDP, and Exchange rate [5, 21].
Since this relationship is contentious and lacks
agreement, it is significant to deliberate recent
discoveries highlighting some tightfitting trends in
the variables as they narrate to inflationary
singularity. Considering the old traditional equation,
growth in the amount of money will cause a
proportional increase in the overall price level. By
this, those in charge of funds possess a direct
connection between money supply and inflation.
This ideology of thought maintains that an increase
in the money supply may result from shortfall
government expenditure or expansionary debt
financing, which may increase the overall price
level.
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Here in Nigeria, there have been many research
works done by various scholars on the area of
money supply and prices. One notable one is the
work of Ajayi [22], who examined the relationship
between money, prices and interest rates in Nigeria.
He determined that money is one of the substantial
causes of the growing price level. His discoveries
replicated the old-style method, where the
relationship between money and prices is presumed
to be straight and one way.

Recently, Abonazel and Elnabawy [5] employed the
ARDL bounds test approach to study Egypt's
inflation rate. They studied the dynamic
fundamental relations between inflation rate, foreign
exchange rate, money supply, and GDP in Egypt
during 2005: Q1 to 2018: Q2. They examined
whether a long-run symmetric relationship exists
between the inflation rate and three determining
macro Vvariables (foreign exchange rate, money
supply, and GDP). Their results showed that the
exchange rate and the growth in the money supply
have noteworthy effects on Egypt's inflation rate. In
contrast, the real GDP has no significant
consequence on the inflation rate.

3 Data and Methodology

According to this background and literature review,
this paper studies the dynamic causal relationship
between inflation rate, exchange rate, GDP, money
growth, and oil export in Nigerian during 2005: Q1
to 2019: Q4.

3.1 Description of Data

Data on Nigerian inflation as influenced by
economic variables (money supply, real gross
domestic product, oil price and exchange rate) were
used. The data covering the period 2005 -2019 were
obtained from World Bank and Central Bank of
Nigeria (CBN).

3.2 Research Method

The methodology adopted in this study is the
Autoregressive Distributive Lag (ARDL) approach
to co-integration testing. The form of ARDL (p, Q)
model is expressed as follow:

Ye= 0+ a1y g+t apyep + Poxe +
B1Xe—1 + -+ .qut—q + ey, (1)

where p is a number of lags of y (lag order of y) and
g is a number of lags of x (lag order of x). We can
rewrite (1) as following:
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ye= 60+ Z?:l aiye—i + Z?:o Pixe—i + er. (2)

The previous model assumes that we have one
explanatory variable, hence, if we have Kk
explanatory variables, the general
ARDL(p, 91,93, ---, qx) model is

ye= 06+ Zf:l aiye-i + Z?io BiXie—i + -+
Z?ﬁo ViXke—i T €. (3)

The assumption of ARDL(p, 41,92, ---,qx) in (3),

can be expressed as following:

Linear in parameter.

E (e;) = 0.

Var (e;)) = o2

Cov (e, e5) = 0; t # s.

Cov (e, xy) = 0; VEL=12, ..
6. e, is normally distributed.

Because the estimation is straightforward, least

squares estimation is an appropriate estimation

technique under the mentioned assumptions above

[23].

Vi e

k

3.3 Requirements of ARDL Cointegration

Testing

o Irrespective of whether the underlying variables
are 1(0) or I(1) or a combination of both, ARDL
technique can be applied. This helps to avoid
the pretesting problems associated with standard
co-integration analysis which requires the
classification of the variables into 1(0) and 1(1).
This means that the bound co-integration testing
procedure does not require the pre-testing of the
variables included in the model for unit roots
and is robust when there is a single long run
relationship between the underlying variables,

e If the F-statistics (Wald test) establishes that
there is a single long run relationship and the
sample data size is small or finite, the ARDL
error  correction  representation  becomes
relatively more efficient.

e If the F-statistics (Wald test) establishes that
there are multiple long-run relations, ARDL
approach cannot be applied. Hence, an
alternative approach like Johansen and Juselius
[14] can be applied. That is, if the various single
expression/equation of the underlying individual
variable as dependent variable shows a feedback
effect (multiple long run relationships) between
the variables, then a multivariate procedure
needs to be employed.

e If the trace or Maximal eigenvalue or the F-
statistics establishes that there is a single long-
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rather than applying Johansen and Juselius
approach.
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3.4 Estimation and Specification
According to Pesaran et al. [10], the error correction
model of the ARDL model is:

AINF, = ag + ¥P_ ayAINFe_; + 372 ay AER,_; + 392, a3, AMG,_; + 372 a,,AGDP,_; +

Z?:o a5, AOE:_; + B1INF;_y + B2ER;_ 1 + BsMGi_y + B4GDP;_4 + BsOE;_; + &

The null hypothesis of no cointegration is Hy: 8; =
-+ = B = 0, and the alternative hypothesis that
cointegration exists is: Hy: at least one parameter
not equal to zero, it’s achieved by Wald test using
F-test. The null hypothesis can be rejected, when the
value of F-statistic is greater than the upper bound
critical value. Since there is a long-run relationship,
then the conditional autoregressive distributed lag
model will be conducted that can be used to
estimate the long-run coefficient. The second step in

(4)

the second stage of the bounds testing ARDL
method involves approximating a restricted ECM. A
principle feature of cointegrated variables is that
their time paths are influenced by the extent of any
deviation from long-run symmetry. After all, if the
system is to return to long-run equilibrium, the
movements of at least some of the variables must
respond to the magnitude of disequilibrium [24].
The following equation specifies the conditional
ECM:

AINF, = ag + ¥P_ ay AINF_; + 302 ap AER,_; + 392, a3 AMG,_; + 372 a,,AGDP,_; +

Y g AOE,_; + VECT,_, + &,

where ECT is known as Error Correction Term
which indicate that the speed of adjustment
parameter, the ECT shows how much of the
disequilibrium is being corrected, that is, the extent
to which any disequilibrium in the

previous period is being adjusted in current point.

4 Empirical Application

4.1 Descriptive Statistics

Some descriptive statistics of the variables are
presented in Table 1. The main result from these
statistics is the all variables (except ER) are
normally distributed because the p-value of Jarque-
Bera [25] test of each variable more than 0.05, then
we can’t reject the null hypothesis, where the null

(5)

hypothesis of Jarque-Bera test is the data is
normally distributed.

Figure 1 shows that INF and MG are not have a
linear trend, but ER, GDP, and OE have a linear
trend. This means that most these variables are not
stationarity, and then we should take the first
difference to them.

For testing the stationarity of the variables,
Augmented Dickey—Fuller (ADF) [26] test has been
used. The null hypothesis (Ho) of the ADF test is
"series has a unit root" versus the alternative
hypothesis (H1) which is "the series is stationary". If
the p-value less than 0.05, we can reject Ho, then the
variable is stationarity. Table 2 indicates that the
ADF test confirmed that all variables are stationary
at (1) (integrated of order 1), except MG variable is
stationary at 1(0) (stationary at the level).

Table 1. Descriptive statistics of the variables from 2005:Q1 to 2019:Q4

Variable Abbreviation | Min. Mean | Median | SD Max. Jargu_e-Bera test

Statistic | P-value

Inflation CPI INF -3.73 | 10.84 11.07 578 | 24.30 0.27 0.88

Exchange Rate ER 118.82 | 210.68 161.65 | 94.44 | 397.24 10.52 0.01

Gross Domestic GDP 2216 | 2472| 2472| 144| 2696| 252| 028

Product

Money Growth MG -12.66 | 19.90 1581 | 14.89| 55.66 2.75 0.25

Oil Export OE 1.18 1.72 1.71 0.21 2.20 1.11 0.57
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Table 2. Results of ADF test

Variable Level First difference Integration degree
t-statistic p-value | t-statistic | p-value
INF -2.606644 0.0978 | -4.779701 | 0.0003 1(1)
ER -1.619991 0.7729 | -10.02139 | 0.0000 1(1)
GDP -3.162854 0.1033 | -7.803901 | 0.0000 1(1)
MG -6.090620 0.0000 | -------m | - 1(0)
OE -2.042594 0.2684 | -2.964642 | 0.0456 I(1)
NE
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Fig. 1: Time series plots of the variables from 2005:Q1 to 2019:Q4

4.2 ARDL Model 0, 2, 0) model, it was selected depending on the
The estimated ARDL model with automatic lag least AIC, as shown in Figure 2.

selection using E-views (version 10) is ARDL(Z, 1,
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Table 3 shows that there are significant effects of
the lags of INF, ER, and MG variables on current
Inflation rate. However, GDP and OE have not lag
effect on current Inflation rate. All estimated
coefficients of the model are highly statistically
significant at 0.01 (level of significant), except the
coefficient of OE is not significant. Since the p-
value of F-statistic less than 0.01, then the model
overall is highly statistically significant.

4.3 Bounds F-Test
As stated before the bounds test is the test to find
out if there is a long-run relationship as a null
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hypothesis says that; there is no long-run
relationship, conferring to the value of F-statistics,
first case; if this value lower than I(0) we don’t
reject the null hypothesis and there is no long rum
relationship, second; if this value greater than 1(1)
we reject the null hypothesis and we can indicate
that there is long relationship, the last case; if this
value lies between two bounds we cannot conclude.
Here, we are in second case as the value of F-
statistic (12.283) greater that upper bound which
include that there is a long-run relationship for all
levels of significance more than or equal to 1% as
shown in Table 4.

Akaike Information Criteria (top 20 models)

6.11
6.10 | I I I i E E i
| | I
6.00 _ ool L l i i : :
O A A O
6.08 e e
08 4 S T T T R S N T T S B
0 O O R R R A
6.07 _ 7'!"!’}'!}}!'::':
AR
o O A O O
| | . [ | . |
605 I\!\I\!\!\i\i\:\l\i!\:\:\i\:\!\!\!\i\l
S3i53335535832832353
TTETTETTETETETTETETETEZTETETEZEER
Fig. 2: Model Selection Summary Graph

Table 3. The results of ARDL(1, 1, 0, 2, 0) model
Variable Coefficient | Std. Error t-Statistic | P-value
Constant -56.00316 1.466525 -38.18765 0.0001
INF(-1) 0.114846 0.008754 13.11935 0.0001
ER 0.031939 0.002503 12.75991 0.0001
ER(-1) -0.054124 0.002367 -22.86540 0.0001
GDP 2.601982 0.071003 36.64601 0.0001
MG 0.053901 0.003312 16.27465 0.0001
MG(-1) 0.016447 0.003401 4.835552 0.0001
MG(-2) 0.161413 0.003237 49.86478 0.0001
OE 0.588073 0.382397 1.537860 0.1241

Model Statistics
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R-squared 0.467063 | Adjusted R-squared 0.380053
F-statistic 5.367915 | P-value (F-statistic) 0.0001
Table 4. F-Bounds Test Results
Test Statistic Value | Significant level 1(0) 1(1)
Asymptotic: n=1000
F-statistic 12.283 10% 2.45 3.52
k 4 5% 2.86 4.01
2.5% 3.25 4.49
1% 3.74 5.06
Actual Sample Size 58 Finite Sample: n=60
10% 2.568 3.712
5% 3.062 4.314
1% 4.176 5.676
Finite Sample: n=55
10% 2.578 3.71
5% 3.068 4.334
1% 4.244 5.726

4.4 Error Correction Model

Since there is a cointegration (long-run)
relationship, the error correction model is
performed. Table 5 shows that the change
(difference) of ER and MG is highly statistically
significant (at 0.01) on the change of the INF.
Moreover, the ECT is negative sign and highly
significant which indicate convergence, and we can
conclude that the adjustment is taken place after two
quarters only of the year.

4.5 Diagnostics Tests

For the estimated model, we performed four
diagnostics  tests:  stability, normally, serial
correlation, and heteroskedasticity [5].

For testing the normality of residuals, Jarque-Bera
[25] test is used as in [27, 28]. According to this

test, the null hypothesis is the residuals are normally
distributed. Then if p-value of Jarque-Bera test more
than 0.05, then we can accept the null hypothesis.
Figure 3 shows that the residuals of the model are
normally distributed, because the p-value of the test
statistic is more than 0.05.

For testing the serial correlation and
heteroskedasticity of the errors, Breusch-Godfrey
LM and Breusch-Pagan-Godfrey tests have been
performed. The results of Table 6 confirmed that
there is no longer serial correlation between errors,
and the errors of the model have constant variance
(i.e., no heteroskedasticity), because P-values of the
two tests (0.5423 and 0.4575) more than 0.05, this
means that we don’t reject the null hypotheses of the
two tests at level 0.05.

Table 5. The results Error Correction Model

Variable Coefficient | Std. Error t-Statistic | P-value
Constant | -62.24456 | 0.251289 -247.7008 | 0.0001
D(ER) 0.036089 0.000975 37.02351 | 0.0001
D(MG) 0.045281 0.001101 41.11903 | 0.0001
D(MG(-1)) |-0.144711 | 0.001180 -122.6092 | 0.0001
EC(-1) -0.896819 | 0.003614 -248.1318 | 0.0001
Model Statistics
R-squared | 0.561189 Adjusted R-squared 0.528071
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F-statistic | 16.94523 P-value of F-statistic 0.0001
10

Series: Residuals

[ ] Sample 2005Q3 2019Q4
8 Observations 58
Mean 2.63e-15
6+ — — Median -0.014631
Maximum 11.18216
Minimum -8.110800
4 Std. Dev. 4.232918
| Skewness 0.189766
5 | Kurtosis 2.757253
Jarque-Bera  0.490513
0 H H p-value 0.782504
-8 é -4 -2 0 2 A‘l 6 8 1‘0 1‘2
Fig. 3: Histogram and Jarque-Bera test of the residuals
Table 6. Serial Correlation and Heteroskedasticity tests
Test x? P-value
Breusch-Godfrey Serial Correlation LM Test 1.223936 0.5423
Breusch-Pagan-Godfrey Heteroskedasticity test | 7.757494 0.4575

30

—— CUSUM

,,,,, 5% Significance
20 |

10

0

0] 7

-20 |

-30

T
07 08 09 10 11

Fig. 4: CUSUM (Stability) test of the model

1.4

12

T
13 14

15

16

17

18

19

— CUSUM of Squares
,,,,, 5% Significance

1.2

1.0
0.8
0.6 |
0.4
02—

0.0

0.2

-0.4

I o
07 08 09 10 11

12

BRERE I e
13 14

15

16

17

18

19

Fig. 5: CUSUM of squares (Stability) test of the

E-ISSN: 2224-2899

model

1377

For checking the stability and the accuracy of the
estimated model, the cumulative sum of the
recursive residuals (CUSUM) and CUSUM of
squares are used, see Figures 4 and 5. These figures
of the stability are confirmed that the estimated
model satisfies the stability condition during the
sample period, because the CUSUM and CUSUM
of squares are within the 5% significance lines.

5 Conclusion

This study presents the most recent and very
effective approach to modeling dynamic systems
using an autoregressive distributed lag (ARDL)
model by applying it to Nigeria's inflation rate. The
model succeeded in tackling the problem of mixed-
stationary and non-stationary series as they can be
treated with series that integrated from different
orders and overcame the problem of serial
correlation associated with the least square
regression method. We discovered that in the long
run, the Nigerian inflation would have a long-run
equilibrium relationship with exchange rate and
money growth, and the best ARDL model
describing this relationship is ARDL(Z, 1, 0, 2, 0).
The results indicate that the current values of the
exchange rate, GDP, money growth, and lagged
values of the inflation rate, exchange rate, and
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money growth significantly affect the current
inflation rate. But the oil export has no significant

effect on

the inflation rate. Moreover, a

cointegration (long-run) relation-ship between these
variables also concludes that 90% of the short-run
adjustment to the long-run takes place each quarter.
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