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ABSTRACT
This study evaluates the impact of Crude Oil Price (COP) on the Exchange Rate
(EXCHR), External Reserves (EXRS), Gross Domestic Product (GDP), Inflation Rate
(INFL), International Trade (INTR) and Money Supply (MSUP) in Nigeria with quarterly
data from 1995 to 2014 using GARCH and VAR models. From the analysis, all the
variables were stationary at first difference with p-value less than 0.05. The presence of
heteroscedasticity was found in exchange rate with some of its coefficient models being
significant at 5% level; and the forecasting model for exchange rate is GARCH (2, 1). The
findings further showed that negative crude oil shocks did not pose an inflationary threat
on Nigerian economy, but rather it improved output growth in terms of GDP and enhanced
the flow of MSUP. On the other hand, negative crude oil price shocks did affect external
reserves and international trade due to the recent fall in the price of crude oil which calls

for a diversification of economy in Nigeria.



TABLE OF CONTENTS

COVER PAGE ...t i
LY LB AR et r e ii
TITLE PAGE ...ttt st b e bt et e b et e e nbeene e ii
DECLARATION ..ttt h et stttk b e b e e b e e sb et st e e abe e nbe e sbe e saeesnne e \
CERTIFICATION. ..ottt b e bbb bbbt bttt sb e et e st st e b b Vi
DEDICATION ...ttt ettt bt s bt e she e s a b e s s et e e ebeeebeesbeesbbeesbeanbeebeens vii
ACKNOWLEDGEMENT ...ttt n e sb e sre e s sn e viii
A B STRACT Lttt bttt e bt E e E e bbb e b e b e e b bbb e rae e be e nae e iX
TABLE OF CONTENTS ...ttt ettt s b e et e nbe e e X
LIST OF TABLES ... .ottt bbb b ettt e e be e sbe e sbe e neesnbeanes Xiii
LIST OF FIGURES ...ttt etttk b et in e e b e st e e sbe e e e nnas Xiv
LIST OF APPENDICES ...ttt bttt sb et st nreene e XV
LIST OF ACRONYMS . ...ttt ettt ettt e sbe e b e e snbeanes XVi
DEFINITION OF TERMS ... .ottt ettt r e sb e sre e s snne s Xiv
CHAPTER ONE-... .ottt sttt ettt sbe e bt e ss e bt s e e beesbeesbeesbbeenbeenbeeteens 1
INTRODUGCTION ...ttt ettt sb e bt bt s et st e bt e be e sbeesbeeebbeanbeenreenbeens 1
1.1 BacKground OF STUAY .......c.ooiiiiiiiiiere e 1
1.2 Statement Of ProDIEM ..o s 5
1.3 AIM and ODJECtIVES OF STUAY .......ovviiririiieiee e 6
I 00 2 PSSR 6
IR T @ o1 1=l € YT SRS 6
14 SIGNITICANCE OF STUAY ... 6
15 Scope and Limitations OF STUAY .........cocvoiiiiiieee e 7
151 SCOPE OF STUY ....evetiieiteieieee sttt bbbttt b bbbt 7
1.5.2  Limitation OF STUAY .......ooeiiiiieeee e et 7
CHAPTER TWO .. .ottt sttt sttt sbe e st st e ss e s s e s e e beesbeesbeesbaeenaeanteenneens 8
LITERATURE REVIEW. ...ttt bbb 8
2.1 1] T [T 4T o ST S 8
2.2 Nigeria Crude Oil Price SNOCKS .........cccooiiiiiiiie it 8
2.2.1  Transmission channels of 0il price ShOCKS..........cccoiiiiiiiii e 9
2.3 Oil Price-Inflation RelatioNShip .....c..ccveiiiiciiie s 11
2.3.1  Types Of INTIatiON.......ooeiii et 11
2.4 Oil Price- Exchange Rate RelationsShip .........c.ccovvviiiiiiic i 13



2.5 Oil Price- GDP RelationShip .......ccoiiiiiiiiiiiisee e 14
2.6 CONCEPLUAT REVIBW ...ttt ettt st re et s ta e e te e s e sreeraenne s 16
2.6.1  Crude Ol SNOCK........cveiiiiiiieisie e 16
2.6.2  Literature and Theoretical 1SSues 0N GARCH .........ccoiiiiiiiiiiiiincc 17
2.6.3  Literature and Theoretical 1SSUES ON VAR.........ccoiiiiiiiiiccee e 18
2.7 Gaps 1dentified IN LITEIatUIE .........cooeiveiiieisisesee e 22
CHAPTER THREE ..ottt bbb et 23
METHODOLOGY ...ttt sttt ettt bt sh e st sttt e e be et e e sbeesbbeesbeanbeebeen 23
3.1 INEFOTUCTION ...t 23
3.2 Data fOr the STUAY ......ccveveieieiie e 23
3.3 Stages Incorporated in Estimating Volatility Models .........ccccoviiiiiiiciiiccccee, 23
3.4 NUmMber OF Lag LeNGtN ..o 24
3.5 Normality Test (Using Jarque-Bera TESL) .....covvcveiiiieiieiise et 24
3.6 The Stationary Test (Augmented Dickey FUller TeSt) .....oovvvvvevviiieie i 26
3.7 MOET SEIECTION. ...t 27
3.7.1  Akaike Information Criterion (AlIC) ..ot 27
3.8 Test for ARCH Effects (HeteroSCedastiCity) ..........covrvririreriiieiiieisesesie e 27
3.9 Generalize Autoregressive Conditional Heteroscedasticity Model............cc.ccceeveeienene 28
3.10 Diagnostic Check Of the RESIAUAIS...........cceiieiiiiiiiiii e 30
3.11  Forecasting EValUALiON.........c.cov ittt s 30
3.12  Variance Autoregressive (p)-Models With More Than Two Variables..............ccco....... 31
3.13  Assumption of Variance Autoregressive MOdels..........cccccvvvieviiiiiiicic e 32
3.14  Impulse Response FUNCLION (IRF)......coiiiiiiieiii e 32
3.15  Variance DecompoSition (VD) ......ccuiiiiiirieiiieiscse et 33
CHAPTER FOUR ...ttt b bbbt ettt e be e sae e s e e 35
ANALYSIS, RESULTS AND DISCUSSION ....ooiiiiiiiiiitiiieiee sttt ssae e 35
4.1 INEFOTAUCTION ... 35
4.2 DESCIIPIIVE STALISTICS ...vevveveeiieiieiesie sttt 35
4.3 Graphical REPrESENTALION ........cc.eiieiieeieie ettt nne s 36
4.4 Test for Stationarity (UNit ROOL) .......cceiiiiiiiiiiiee e 36
4.5 Specifying the Mean EQUALION ..........coooviiiiie e 37
4.6 Testing for ARCH Effects (HeteroscedastiCity) ........ccooveveririenenieie e 38
4.7 EStimation OFf GARCH ..o 39
O R B T T To | T ol @ 4 T=Tod (] T PSSR 40
4.8 Forecasting Volatility MOUEIS.........ccccveiiieie e 40
4.9 Parameter Estimates of Vector Autoregressive (VAR) Model ..o 41

Xi



410  Estimate of Impulse ReSPONSE FUNCLION .........cviiiiiiiiic e 43
4.11  Estimation of Variance DeCOMPOSITION ......ccccvviiviieiiiieic s 44
4.11.1 EXIErNAI RESEIVES. ..ottt ettt 45
4.11.2 Gross DOMESLIC PrOUUCT .......cooveiiiiiiiiiciiieiisce s 46
4.11.3 INFIAION RALE ...t 46
4.11.4 INtErnAtiONAl TIAAE.......eiviieeieieeeie e 46
ST Y/ o YA YU o] o] Y 2SS 46
CHAPTER FIVE ... et bbbttt be e sae e sane e 48
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS.........cooiiiiteeeee e 48
51 INEFOTAUCTION ...ttt b nre s 48
5.2 SUIMMIATY .ttt ettt e e st e e st e e st e e et e e e snbe e e ba e e bee e snbe e e ssbeeenteeestaeeanteeennnes 48
5,21 GARCH RESUIES. ...ttt sttt st era e b e enee e 48
522 VAR EStMated RESUILS ........ccoiviiiiiiiiicice s 48
5.3 CONCIUSTONS ...t bbbttt bbbt nenre s 49
54 RECOMMENUALIONS ...ttt 50

xii



Table 1.1:

Table 1.2:

Table 1.3:

Table 1.4:

Table 1.5;

Table 1.6:

Table 1.7:

Table 1.8:

Table 1.9;

LIST OF TABLES

DeSCriptive STatISTICS. ....vit it 36

UNIEROOT. . .ttt BT

Mean SPeCIfICAtION. ........c.iei e 38
HeteroscedastiCity TeSt........ouiiri e 39
Volatility MOdels. ... ... 39
Diagnostic Checking..........oooirii i 40
Forecasting Volatility..........coooiii i 41
Estimates Of VAR MOUEL....... ... e, 42
Estimates of Variance DeCoOmpPOSItiON..........c.ccveeieiieiieiecieeieceeeeeee e 44

xiii



LIST OF FIGURES

Figure 1.1: Time Plots of the Macroeconomic Variables.................c.cooeveieinin.e

Figure 1.2: Time Plots of the Macroeconomic Variables at Stationarity.................

Figure 1.3: Plots of Impulse Response Function................ccoiiiiiiiiiiiiinninnn

Xiv



LIST OF APPENDICES

APPENDIX I: Quarterly Data for each Study Variables..................c.ooooiiiiiii. 59
APPENDIX II: Time Plots of the Transformed Variables before Stationarity............... 61
APPENDIX I1I: Time Plots of the Study Variables at Stationarity............................ 62

APPENDIX IV: Plots Featuring the Responses of Each Variable to Crude Oil Price Shocks
L RN Fe(S) o 63

XV



ADF

AIC

ARCH

FOB

GARCH

GDP

IRF

MBPD

MAE

OPEC

PP

RSME

VAR

VD

us

LIST OF ACRONYMS
Augmented Dickey Fuller
Akaike Information Criterion
Autoregressive Conditional Heteroscedasticity
Free on Board

General Autoregressive Conditional Heteroscedasticity

Gross Domestic Product

Impulse Response Function

Million Barrels Per Day

Mean Absolute Error

Organization of Petroleum Exporting Countries
Philips and Perron
Root Square Mean Error

Vector Autoregressive

Variance Decomposition

United States

XVi



DEFINITION OF TERMS
Autocorrelation: A lag correlation of a given series with itself, lagged by a number of

time units.

Crude Oil: Mixture of natural hydrocarbon substance and refined products ranging from

lighter oils to heavier oils and bitumen.

Diagnostic Checks: A statistical procedure that checks if the fitted model really captures

the dependence in the series

External Reserves: Is the amount of revenue saved by country from trading with other
nations. It is measured in millions of US dollars.

Freight on Board: A term requiring the seller to deliver goods on board vessel chosen by
the buyer. The seller fulfills its duties to deliver when the goods have passed over the

ship’'s rail.

Heteroscedasticity: Occurs when sub-populations have different variance from others.

Homoscedasticity: Occurs when sub-populations have the same variance with others.

International Trade: Refers to the exchange of capital, goods, and services across

international borders or territories

Monetary Policy: A policy to financial markets and the supply of credit, money and other

financial assets.

Money Supply: Total amount of monetary assets available in an economy at a specific
time which include currency in circulations and demand deposits of financial institutions
Oil Price: A price in dollars at which a barrel of crude oil is sold for, in the international

market.
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Partial Autocorrelation: Measures the magnitude of linear dependence of two random

variables generated by stationary process.

Residuals: Are differences between the observed values and the expected values that are

predicted by the model and represent the variance that is not explained by the model.

Shale Gas: A natural gas found in any sedimentary rocks that contain solid bituminous

material (called kerogen) that are released as liquid- petroleum.

Unit Root Test: A property of a non-stationary time series which can lead to false

regressions and wrong inference.

Volatility: Fluctuations in the value of a variable, especially price.

White Noise/Purely Random Process: A stochastic process is purely random if it has

zero mean, constant variance and is serially uncorrelated.
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CHAPTER ONE

INTRODUCTION

1.1 Background of Study
Crude oil plays a central role in bringing wealth and power to the world as Mehrara

and Mohaghegh (2011) underscored. Several countries around the globe have experienced
existing financial crises in the last two decades, namely: the Mexican crisis (1994), the
Asian crisis (1997), the Russian crisis (1998), the Brazilian crisis (1999), the Argentina
crisis (2002), the Irag crises (2004), the US subprime crisis (2008) and the Greek crisis
(2010) which diverted macroeconomic variables to extreme volatility and to disorder noted
by Gaye and Sercan (2013). Hamilton (1983) documented that sharp rises in oil prices
caused worldwide recessions and stock market collapses.

Gaye and Sercan (2013) stated that the fluctuations in oil prices are the results of the
global demand shocks, the demand growth in China and India and the recession in the US
and European economies due to the sub-prime mortgage crises; or the supply shocks
mainly stemming from the US invasion of Iraq and the output decisions of OPEC
countries. According to Mulyadi (2012), the movements of oil price affected movement of
macroeconomic variables and varies from net oil export countries to net oil import
countries. For instance, oil boom during the 1970s paid a big share on output (Gross
Domestic Product) in Indonesia, leading to higher inflation rate and immense increase in
foreign exchange rate.

Regionally, Lauren (2013) indicated that Africa’s oil history stretches over a period
of several decades along with its changes in oil. For example, between 1973 and 1983
Ghana experienced an average decline in per-capita GDP of more than 3% a year due to
crude oil price shocks; (Fosu and Aryeetey, 2008). This is because the period of poor
economic performance in Ghana was associated with political instability, high levels of

1



corruption and economic mismanagement. With crude oil prices averaging $28.3 per barrel
in 2000, domestic prices of crude oil products rose by more than 20%; budget deficit also
increased by 87.7% and economic growth fell from 4.4% in 1999 to 3.7% in 2000 with
inflation rising to 40.8%. The nominal exchange rate between Ghana Cedi and the US
dollar depreciated from GH¢O0. 35 per dollar in January 2000 to GH¢0.63 per dollar in
December 2000 (World Bank, 2012). Angola faced a period of decline in global oil prices
from 2009 to mid-2011 resulting in the fall of oil revenue, inflation, output, GDP growth
and a slowdown in domestic oil production that fell to an average of less than 1.6 million
barrels per day (mbpd) in the first half of 2011 (Monday, 2010).

As the backbone of Nigeria’s economy, Crude oil plays a substantial role in
influencing the economic and political destiny of the country; yet as the 6" largest
producer of crude oil in the world, Nigeria is vulnerable to fluctuations in the international
oil market which presents its macro economy as fragile in nature due to heavy dependence
on crude oil (Akpan, 2009).

Describing crude oil shocks, Ogundipe and Ogundipe (2012) refered to it as a
sudden, unexpected change in oil price or production. Similarly, Akpan (2009) defined oil
price shock as price fluctuations resulting from changes in either the demand or supply
side of the international oil market (Hamilton, 1983; and Wakeford, 2006). These changes
have been traditionally traced to supply-side disruptions such as OPEC supply quotas,
political upheavals in the oil-rich Middle East and activities of militant groups in the Niger
Delta region of Nigeria (Akpan, 2009).

Although, Nigeria's oil industry was founded at the start of the century, it was not
until the end of Nigeria civil war (1967-1970) that the oil industry began to play a
prominent role in the economic life of the country. Odularu (2008) and Agbede (2013)

noted that between 1960 and 1966, agriculture contributed about 58 percent to the



country's Gross Domestic Product (GDP) and employed over 60 percent of her work force.
But in the 1970s, Agriculture lost its pre-eminent position to Mining and mostly to
Petroleum due to occurrence of oil boom in the period.

In Nigeria, oil accounts for more than 90 percent of its exports, 25 percent of its
Gross Domestic Product (GDP), and 80 percent of its government total revenues (Gunu
and Kilishi, 2010). Thus, a small oil price change can have a large impact on the economy.
For instance, a US$1 increase in the oil price in the early 1990s increased Nigeria's foreign
exchange earnings by about US$650 million (2 percent of GDP) and its public revenues by
US$320 million a year (Agbede, 2013).

Philip and Akintoye (2006) vividly stated that persistent oil price shocks could
have severe macroeconomic implications that induced challenges for policy making either
fiscal or monetary in both the oil exporting and oil importing countries over the past three
decades. The studies of Hamilton (1996) and Cashin et al. (2000) suggested that rising oil
prices reduced output and increased inflation in the 1970s to early 1980s and in contrast,
falling oil prices boosted output and lowered inflation, particularly in the U.S mid-to late
1980s. Akpan (2009) stated that the shocks could be positive (a rise) or negative (a fall) in
the macroeconomic variables and that two issues can be identified regarding these shocks.
Firstly, is the magnitude of the price increase which can be quantified in absolute terms or
as percentage changes; secondly, the timing of the shock, that is, the speed and persistence
of the price increase.

Furthermore, the trend of demand and supply of Crude oil in the global economy
along with OPEC’s activities consistently affects the crude oil price; and the current global
economy melt down in which suddenly offset the increasing oil price observed to reduce
GDP growth, boost real interest rate and inflation. At the start of the crisis, Gunu and

Kilishi (2010) and Agbede (2013) noted that oil price crashed below $40/b in the world



market which had severe consequences on Nigeria fiscal budget and led to the downward
review of the budget. Recently, crude oil price is fluctuating between $60/b and $75/b,
which has become of great concern to everyone including academia and policy makers;
therefore, a study of this kind as contained herein is worth considering.

Naturally, the bigger the crude oil price increases and the longer higher prices are
sustained, the bigger the macroeconomic impact (Akpan, 2009). Despite these perceived
benefits of oil price change, Nigeria macro economy was undesirable during the booms.
For instance, inflation was mostly double digit in the 1970s; money supply grew steeply
and huge fiscal deficits resulted (Akpan, 2009). This had implications for the economies of
oil exporting countries, particularly oil dependent countries like Nigeria. This study
examines the impact of these fluctuations on the macroeconomic variables of Nigeria.

This study takes on quarterly data on crude oil prices by using the Bonny light crude
oil (with 0.4% sulphur that credits it light and sweet crude) obtained from the Central Bank
of Nigeria (CBN) online statistics database for its analysis, since the Bonny light crude
accounts for more than 55 per cent of the Nigerian crude oil export over the years as
against the UK Brent crude oil price and the Nigerian- Forcados crude oil price employed
by other authors (Olomola and Adejumo, 2006; Akpan, 2009; Aliyu, 2009; Chuku, 2012;
Akinleye and Ekpo, 2013). Therefore, this guarantees that the effect of shocks to crude oil
price on key macroeconomic variables- such as, Exchange Rate, External Reserves, Gross
Domestic Product, Inflation, International Trade and Money Supply- in Nigeria is captured
using more reliable crude oil price data. This study also estimates oil price shocks and its
impact on the Nigerian economy and as well forecasts the volatility of crude oil price
shocks and the macroeconomic variables using General Autoregressive Conditional
Heteroscedasticity (GARCH) and Vector Autoregressive (VAR) models. The

aforementioned macroeconomic variables are used because they are internal variables that



affect standardized policy in the country as earlier suggested by Akinleye and Ekpo,

(2013).

1.2 Statement of Problem

Fluctuations in crude oil prices lead to fluctuations in macroeconomic variables since
Nigeria is a mono-cultural economy (Ogundipe and Ogundipe, 2012). Likewise Obioma
(2006) and Akpan (2009) maintained that the bigger the oil price increase and the longer
higher prices of oil are sustained, the bigger the macroeconomic impact. Nigeria became
more exposed to oil price fluctuations the moment she started importing refined petroleum
products due to the collapse of local refineries in the late 1980s.

Recently, Bernard (2014) in ‘The Guardian Newspaper’- a daily publication in
Nigeria- pointed out that crude oil prices collapsed from US$104 per barrel to about
US$82 per barrel and dropped further to $50.28 in 2014, which is less than 90% of
Nigeria’s foreign exchange earnings resulting to a deficit of 0.5 per cent of GDP. From the
foregoing, it is clear that crude oil price variations play a significant role in
macroeconomic fluctuations in both oil importing and exporting countries (Akpan, 2009;
Mehrara and Mohaghegh, 2011). For fiscal and monetary policy makers to know what
effort to make in order to stabilize Nigeria’s economy, the extent to which macroeconomic
variables are affected by the recent fall of crude oil price shocks should be known. This is
what this study considers herein so as to evaluate how much is the effect of these oil price
shocks, and to predict how subsequent shocks in the future can be controlled and/or
minimized by some control measures in order to reduce its effect on the economy of

Nigeria.



1.3 Aim and Objectives of Study

1.3.1 Aim

The aim of this study is to evaluate the impact of crude oil price shocks on some
selected macroeconomic variables (exchange rate, external reserves, gross domestic
product, inflation, international trade and money supply) in relation to the overall

economic advancement in Nigeria.

1.3.2 Objectives

In order to achieve the aim stated above, the following objectives are used to:

1) evaluate crude oil shocks and the macroeconomic variables in terms of
heteroscedasticity test in order to forecast the volatility of macroeconomic
variables using GARCH model.

2) investigate the response of macroeconomic variables due to crude oil price shocks
using Vector Autoregressive model.

3) estimate oil price shocks and its impact in the economy using Vector

Autoregressive model.

1.4  Significance of Study

Examining the impact of crude oil price shocks on macroeconomic variables is vital
because it can assist the fiscal and monetary authorities to know the extent to which oil
price shocks affect macroeconomic variables so that adequate policies can be put in place
in order to absorb the shocks, caution the effects, stabilize, improve the economy and

predict measures that may be applied to future oil price shocks occurrences.



1.5 Scope and Limitations of Study

1.5.1 Scope of study
The scope of this study is limited to crude oil prices only- Freight on Board (dollars per

barrel) - obtained from CBN Statistical database (2014).

1.5.2 Limitation of Study
This study is limited to six macroeconomic variables which were collected within the

period of twenty years by CBN. The model that is used in achieving the objectives is
limited to VAR and GARCH models which by extension adopt models like ARCH,
Impulse Response Function, and Variance Decomposition. These are well-known

techniques in statistics.



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

Oil price fluctuations and shocks have been topics discussed among different
scholars. This chapter entails the review of the existing body of knowledge concerning the
effects of oil price shocks on macroeconomic variables. Relevant subjects to be discussed
shall include an overview of crude oil prices, inflation rate, exchange rate and gross
domestic product. Review of conceptual, empirical and theoretical works of previous
scholars linked to asymmetric impact of oil shocks, impact of oil shocks on Nigeria’s
macro-economy and finally estimate oil price shocks on Nigeria economy using General
Autoregressive Conditional Heteroscedasticity (GARCH) and Vector Autoregressive

(VAR).

2.2 Nigeria Crude Oil Price Shocks

The Nigerian economy is known to derive its revenue from crude oil exports since
1970’s which is greatly vulnerable to changes in oil prices. According to Akpan, (2009)
and Ogbonna (2012), crude oil price shock is a sudden, unexpected change in oil price or
production; or price fluctuations resulting from changes in either the demand or supply
side of the international oil market. Stating the fundamental drivers of demand and supply,
Baghirov (2014) pointed out that the causes of these changes affecting different economies
consisting of both oil-exporting and oil-importing countries have been traced to external
driven forces like wars, changes in political regimes, economic crises, formation or

breakdown of trade agreements, unexpected weather patterns and so on.



2.2.1 Transmission channels of oil price shocks
From the foregoing, oil price changes are commonly admitted to be a significant

factor in both oil-exporting and oil-importing economies. Based on the study of Weigqi et al
(2009) and Baghirov (2014), there are several transmission channels through which oil
prices affect an economy and macroeconomic variables and that include:(i) supply-side
shock effect; (ii) wealth transfer effect; (iii) inflation effect; (iv) real balance effect; (v)
sector adjustment effect; and (vi) the unexpected (uncertainty) effect.

Elaborating on these shock effects, Chuku (2012) gave the following explanation:
Supply-side shock effect — This effect considers oil as a production input, thus an oil price
increase would lead to an increase in the cost of production, which would result in
reduction of output, hence reducing aggregate supply. This lowers economic activity and
growth. For an oil-exporting economy, higher revenues resulting from oil price shocks can
contribute either positively or negatively to macroeconomic variables.

Wealth transfer effect — This transmission channel explains how the income is transferred
from an oil-importing economy to an oil-exporting economy after the oil price shock
occurred. As a result, the consumer demand is decreased in oil-importing economy and
increased in oil-exporting economy.

Inflation effect — QOil price shocks also trigger the inflation in economy. As previously
mentioned, oil price shocks increased the costs of production, which considered price
shock as a consequence.

Real balance effect — In this case, an oil price shock impacts money demand. As an
example, consumers tend to borrow and not to save, it increases the interest rates and
decreases the demand for cash.

Sector adjustment effect — When an oil price shock occurs, the cost of adjusting to these
changes in each sector of an economy can be a reason for a slowdown. As a result, energy-
intensive sectors should be diminished and energy-efficient sectors should be expanded.

9



The unexpected (uncertainty) effect — This channel of an oil price shock affect investment
demand of both consumers and producers. The future investments plans can be on hold
when people are uncertain about oil prices going up or down. Apparently, this causes
investment demand to fall (Baghirov, 2014).

Monday (2010) points to the fact that Nigeria is Africa’s largest oil-producing state
and the world’s sixth largest exporter of crude oil, with an average daily production of 2.6
million barrels per day. He noted that oil in 2006 accounted for 80% of government
revenues, 90% of foreign exchange earnings, 96% of export revenues and almost half of

GDP.

Nigeria is an essential oil supplier to the United States. In the year 2010, Nigeria exported
approximately 2.2 million bbl/d of total oil and 1.8 million bbl/d of crude oil. Over 40
percent of the country's oil production (980,000 bbl/d of crude oil, and slightly over 1
million bbl/d of the total oil and products) is exported to the United States making Nigeria
the 4th largest foreign oil supplier to the United States in 2010; at the same time, Nigeria
exports crude oil to South Africa (4 percent), Brazil (8 percent), and Europe (20 percent)
(Monday, 2010). However, Obinna (2014) in ‘This Day Newspaper’ (one of the daily
publication in Nigeria) of December 2014 stated that the decline in crude oil price of the
global market is due to the increasing utilization of shale gas and other alternative sources

of energy by the United States and other advanced oil importing nations.

According to Fattouh (2011), the new OPEC reference basket was introduced in
June 2005 and it is currently made up of the following: Saharan Blend (Algeria), Girassol
(Angola), Oriente (Ecuador), Iran Heavy (Islamic Republic of Iran), Basra Light (Irag),
Kuwait Export (Kuwait), Es-Sider (Libya), Bonny Light (Nigeria), Qatar Marine (Qatar),

Arab Light (Saudi Arabia), Murban (UAE) and Merey (Venezuela).
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2.3 Oil Price-Inflation Relationship

Black (2002) described inflation as a persistent tendency for price and money
wages to increase. Inflation is measured by the proportional changes over time in some
appropriate price index commonly a consumer price index or a GDP deflator. According to
the World Bank (2012), consumer price index measure of inflation shows the yearly
percentage change in the cost to the average consumer of purchasing a basket of goods and
services that may be fixed or changed at particular interval of time. While GDP deflator as
a measure of inflation is the rate of change in prices of goods and services in the entire
economy.
2.3.1 Types of Inflation

Different kinds of inflation are commonly heard of today (Ogbonna, 2012). They

are identified in an italicized form and succinctly explained below:

Hyperinflation: This is an extreme period of inflation, usually caused by a rapid increase in
money supply due to unrestrained printing of fiat currency. Stagflation is a condition of
slow economic growth, high unemployment, accompanied by rising prices and a decline in
GDP. Asset inflation is when the price of land, shares rises more quickly than the rate of
economic growth. According to Guy et al. (1998), inflation is a social malady as well as a
universal economic phenomenon. Besides distorting prices, it erodes savings, discourages
investment, stimulates capital flight, inhibits growth, makes economic planning a
nightmare and causes political unrest. Governments consequently regard inflation as a
plague and try to squelch it by adopting sustained and consistent fiscal and monetary

policies.

Inflation can have positive and negative impact on the economic performance of a
country (Guy et al., 1998). Positively, inflation can lead to a higher sustained growth due

to the effect it has on capital accumulation. Also, the negative impact of inflation on
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productivity in an economy had adverse effects on economic growth. Khan and Asif
(2006) mentioned that inflation may reduce a country’s international competitiveness, by
making its exports comparatively more expensive, thus impacting negatively on the
balance of payments and making budget deficits to reduce both capital accumulation and
productivity growth. On the contrary, some theories advocated that there is a positive

relationship between inflation and economic growth.

Nicola et al (2012) observed that oil price increase in 2008 led to inflationary
pressures in many developing economies especially severe in net oil-exporting countries.
In the period of 2003-7, the inflation rate in these countries was always higher and more
volatile than in other countries, whereas in 2007-8, the growth in inflation was
considerably higher. While many developing countries have faced particularly strong
inflation pressures since 2007 as a result of their large consumption shares of food and fuel
products, however, this is not explained by a higher share of fuel in aggregate consumption
in oil-exporting countries, but by the tendency of these countries to apply expansionary
fiscal policies.

Clarifying inflationary pressures, Adenuga et al (2012) noted that they manifest
themselves when the overall demand for goods and services grow faster than the supply,
causing a drop in the amount of unused productive resources. Monetary policy is another
reason for any persistent change in the inflation rate. Many economists in the 1970s argued
that relative price changes, even that of OPEC oil shocks would only be inflationary if
accommodated by monetary policy. A study by Allegret and Benkhodjay (2011) for the
period of 1990-2010 in Algeria concluded that, in order to stabilize output and inflation,
monetary policy should focus on a core inflation target- structural change to the financial
sector and financial regulation institutions in order to strengthen the role of the interest rate

as a transmission channel for monetary policy.
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Recently, National Bureau of Statistics (NBS, 2014) revealed the inflation rate in
Nigeria to be 8.50 percent in August 2014. Inflation rate in Nigeria averaged 12.36 percent
from 1996 until 2014, reaching an all-time height of 47.56 percent in January 1996 and a

record low of -2.49 percent in January 2000.

From the foregoing, this study examines whether the impact of inflation under the
influence of crude oil prices is positive or negative to the Nigerian economy within the

period of twenty years (1995-2014).

2.4 Oil Price- Exchange Rate Relationship

The exchange rate measures the value of one currency in terms of another. The
equilibrium exchange rate is the price at which demand for that particular currency equals
supply (Sorensen and Whitta, 2010). The exchange rate channel works both through
aggregate demand and aggregate supply effects. Oil price changes affect the real economy
indirectly through the foreign exchange markets that facilitates international trade and
financial transactions between open economies by allowing currencies to be exchanged. In
oil-exporting countries, oil price fluctuations transmit to the exchange rate. Since any rise
or fall in oil price is not permanent, oil revenue variation injects instability to the economy
(Mohsen and Mohaghegh, 2011).

Korhonen and Juurikkala (2009) noted that real oil price has a significantly direct
effect on the exchange rate of oil-producing countries. An increase in oil price triggers
high demand for a country’s currency likely leading to an appreciation of currency net
exporting country. On the other hand, a decrease in oil price might lead to a depreciation
of the currency as the demand for that particular currency decreases. This analogy concurs
with the perception that changes in oil price might cause fluctuations in an oil-exporting
country’s exchange rate. Mishkin and Savastano (2001) noted also that exchange rate

regimes is important for the response of the economy to oil price changes because the
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value of the currency keeps fluctuating along with the movements of the foreign exchange
market. According to Rafiq (2011), several oil-producing countries have a fixed exchange
rate regime to stabilize the domestic revenues of oil exports. In this case, oil exports cannot
respond to a change in the exchange rate. However, Friedman (1953) stated that an
advantage of flexible exchange rate regimes over fixed exchange rate regimes is that they
allow a smoother adjustment to real shocks even under nominal rigidities.

Al-Abri (2008) also claimed that the flexible exchange regimes better absorbs real
external shocks and the responses to positive oil price shocks of the real exchange rate, the
inflation rate and growth in GDP exhibit a faster and smoother adjustment to their long run
equilibrium. More so, Broda (2001) mentioned that monetary policy is another channel in
which a flexible exchange rate regime is able to smooth shocks. In the presence of a
negative real shock, the countries conducting flexible exchange rate can use monetary
policy to reduce the interest rate by means of an expansionary policy. However, under
fixed exchange rate regime, negative real shocks are deflationary. Exchange rate
movements and fluctuations have become a vital issue of macroeconomic analysis,
capturing the interest of academics, financial economists and policy makers. Hence, it is

worth analyzing the impact of an oil price shocks on exchange rate.

2.5 Oil Price- GDP Relationship

Gross Domestic Product (GDP) refers to the value of all final goods and services
produced within a country or an area in a period of time (a quarter or a year), and is often
considered the best standard of measuring national economic conditions (Mankiw and
Taylor, 2007). As one of the most important measures in macroeconomics, Gross
Domestic Product per capita (GDP per capita) is often used as a tool to study
macroeconomic situation and a measure of economic development of a country or a

region.
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The significance of GDP per capita as a measure of economic development can be

seen in two aspects: Firstly, Yan (2011) reveals that GDP per capita reflects the level and
degree of economic development in industrialized countries. Secondly, GDP per capita has
been shown to be related to the level of social stability in a country (Chen and Chen,
1996).
When compiling Nigeria’s GDP, three approaches were used namely, Output, Income and
Expenditure. While the output approach is quarterly compiled, the income and expenditure
approaches are annually compiled. However, the importance of presenting these three
approaches on a quarterly basis is to aid proper policy decisions.

This research therefore, presents an attempt to undertake quarterly GDP series by
output approach.

According to Sabiu and Kouhy (2014), the effect of changes in the price of oil on
GDP can be understood via its demand or supply side effect. The demand side effect is the
situation where the prices of petroleum products increases as a result of increased
economic activity which results in high demand of oil and this is consistent with the theory
that the higher the demand the higher the prices. In this context, the effect on GDP will be
positive. On the other hand, if the increase in oil prices is due to supply side effect, then
the effect on GDP could be negative which shows that rising oil prices are indicators to the
reduced availability of essential input in production, leading to a reduction in prospective
output (Barro, 1984; Brown and Yucel, 1999; Abel and Bernanke, 2001; Brown and
Yucel, 2002).

Another empirical study that shows the relationship between oil prices and GDP is
the one conducted by Hamilton (2005) and Brown and Yucel (2002). The findings of these
studies show that oil price increases have negative effects on output. Reinforcing the

importance of oil price on GDP, Maeda (2008) stated: “rising oil prices can fuel a decline
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across a country’s domestic economy by raising production costs for companies”. He
further argued that “the International Energy Agency, (2004) calculated the effect of high
oil prices on lowering gross domestic product (GDP) using a large scale computer
simulation”. Maeda, (2008) underscored that the agency computed the decline rate of GDP
in some major countries by comparing two cases namely: a base line case showing what
would happen if oil prices remained at US$25 per barrel for the five-year period starting in
2004, and a high price case showing what would happen if the price rose to US$35 per
barrel and remained at that level. The result showed that in the high price case, GDP would
fall to 0.3 per cent in the United States, 0.4 per cent in Japan, and 0.4 per cent in the Euro-
zone countries. However, Sabiu and Kouhy (2014) noted that the above mentioned
countries are developed and industrialized oil importing countries; therefore it cannot be
concluded that the same scenario would be perceived in a net oil exporting developing
country like Nigeria. Therefore, the effect of high oil price on the GDP in Nigeria is

subject to this empirical study.

2.6 Conceptual Review

2.6.1 Crude Oil Shock
Chuku (2012) attested to the fact that oil price shocks are unexpected and

unpredictable changes in global oil prices, caused by exogenous factors, which are likely
to impact on endogenously determined economic variables. Similarly, Akpan, (2009)
defined oil price shocks as price instabilities that bring about changes in either the demand
or supply sides of the international oil market as earlier noted by Hamilton, (1983) and
Wakeford, (2006). In other words, oil price shocks can also be understood as a sudden hike
in prices that had been found to cause a fall in global output and a large boost in the
relative international price of oil. Furthermore, Nordhaus (2007) defined oil price shock as

an inward shift in the supply curve for crude oil that is triggered by political events
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exogenous to the oil market and the macro economy. In this study, the definition of Akpan
(2009) is adopted for ease of quantification of crude oil shocks on macroeconomic

variables.

2.6.2 Literature and Theoretical Issues on GARCH
A number of empirical studies on the impact of oil price shocks to the

macroeconomic variables in some countries have been carried out using various estimation
approaches. The analysis and results of the previous studies are synthesized into a brief
summary. Furthermore, after comparing previous studies that have been done, this chapter
looks for the gap in order to do further research that has not yet been done.

Janne (2012) specified the structure of GARCH model in forecasting time-varying
volatility and volatility clustering in finance; and by extension used exponential GARCH
model which responds asymmetrically to positive and negative excess spot prices,
beginning with pre-estimating a sample of 3050 daily observations of USD/EUR exchange
rates between January 1999 and November 2010. By using autocorrelation and partial
autocorrelation functions, it is shown that the data is heteroscedastic. Then GARCH(1,1)
model is fitted and the validation of it is tested using Ljung-Box-Pierce Q-test and Engle’s
ARCH test.

Similarly, Tatyana (2010) investigated the dynamics of oil prices (Brent and WTI
crude oil markets) and their volatilities. Forecasting its volatility and determining
fundamental factors that explain its dynamics, four GARCH-related models were
compared namely: GARCH(1,1) GJR-GARCH(1,1), EGARCH(1,1) and APARCH(1,1).
The findings suggest that oil shocks have permanent and asymmetric effects on volatility
for both markets considered.

Kang et al. (2009) investigated the efficiency of a volatility model with regard to

its ability to forecast for three crude oil markets (Brent, Dubai, and WTI). It was shown
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that the CGARCH and FIGARCH models are better equipped to capture persistence than
are the GARCH and IGARCH models. On the other hand, Oyetunji (2013) examined the
effects of oil price, external reserves and interest rate on exchange rate volatility in Nigeria
using yearly data between 1970 and 2011 based on GARCH and EGARCH. It was
observed that a proportionate change in oil price led to a more than proportionate change
in exchange rate volatility in Nigeria by 2.8%.

Estimating and forecasting petroleum oil import prices in Ethiopia, Leykun (2012)
studied monthly petroleum oil import from July 1999 to June 2011 using GARCH
approach. GARCHY(1,1) was found to be a suitable model in forecasting oil import prices
of Ethiopia due to its ability to capture the non-constant conditional variance showing that
import petroleum oil prices are expected to increase from July 2011 to June 2013 with
some fluctuations as a result of volatility.

More so, Haydee (2008) delved into the volatility feature of Philippine monthly
inflation from 1995 to August 2007, applying Generalized Autoregressive Conditional
Heteroscedasticity (GARCH) model. Diagnostic tests and examination of forecast
accuracy measures indicate that the specifications D(IR) (the first difference of month-on-
month inflation) as the stationary series, AR(1) and SMA(12) for the mean, GARCH(0,1)
or ARCH(1) for the variance with Student-t distribution having fixed degrees of freedom v
= 10 for the errors, performs best in forecasting the volatility of the inflation rate for the
Philippines. From the foregoing, a few works have been done examining and forecasting
the volatility of crude oil shocks and macroeconomic variables; therefore this present study

intends to fill this gap.

2.6.3 Literature and Theoretical Issues on VAR
Mulyadi (2012) investigated the effect of the world’s oil prices on a quarterly-based

GDP, inflation and exchange rate in Indonesia as a net oil exporter country and as a net oil
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importer country between 1999q; and 2011q4. Using VECM method, the findings revealed
that while higher oil prices led to higher GDP in the long run, higher oil prices led to
higher inflation and exchange rates in the short run and are insignificant. In the long run,
higher oil prices contributed to higher GDP. As a net oil importer, higher oil prices elicited
lower GDP, triggered inflation increases and exchange rates but insignificant in Indonesia
than the period when Indonesia acted as net oil exporter.

In estimating the impact and transmission channels of oil price shocks on
investment and how it affects the Nigerian economy, Ogundipe and Ogundipe (2012) used
annual data on interest rate, exchange rate, savings and output measured by real GDP from
1970 to 2011, adopting a VAR approach along with its components- impulse response
functions, variance decompositions and Granger Causality tests to examine the
interrelationship among the variables. It was evident that oil price shocks influences other
variables that significantly influences Real GDP (RGDP) like investment, exchange rates
and savings. However, oil price shocks have little impact on Real GDP indirectly because
effects of oil shocks on the other variables affect RGDP.

Baghirov, (2014) investigated the direct and indirect effects of an oil price shocks
on economic growth of Lithuania taking into consideration its trade linkages with main
trade partners numbering seven which include Russia, Germany, Netherlands, France,
Poland, Lithuania and Latvia, from the 2nd quarter of 1995 till the 4th quarter of 2012 with
sample size consisting of only 71 observations. Quarterly data on oil prices and Real GDP
growth rates of selected countries were used under the estimated structural VAR model.
The empirical analysis indicates that the indirect effects of a 50% increase in oil price
growth rates on real GDP growth are positive, while the direct effects are negative.
Moreover, the positive indirect effects through the trade linkages mitigate the negative

direct effects of oil price shock both in short and long run. The case study of Lithuania
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proved the fact of Rasmussen and Roitman (2011) that “oil-importing economies can
actually weaken and mitigate the direct negative effects from the oil price shocks by the
indirect positive effects that may come through the intensive trade linkages with an oil-

exporting economy”’

Furthermore, in studying the impact of oil price fluctuations on macroeconomic
variables in Nigeria as an oil exporting and oil dependent country, Gunu and Kilishi (2010)
utilized VAR model to analyze four key macroeconomic variables namely real GDP,
money supply, consumer price index and unemployment. The results show that oil prices
have significant impact on real GDP, money supply and unemployment, while consumer
price index is insignificant. This implies that the three macroeconomic variables in Nigeria
are significantly explained by oil shocks termed exogenous and highly volatile variable.
Hence, the economy is disposed to external shocks, macroeconomic performance would be
volatile and macroeconomic management would become difficult. Gunu and Kilishi
(2010) constituted these as serious implication for macroeconomic management of the
country because money supply is a major macroeconomic policy instrument, while GDP
and unemployment are key macroeconomic policy targets.

Akinyele and Ekpo, (2013) examined the macroeconomic implications of
symmetric and asymmetric oil price and oil revenue shocks in Nigeria, using VAR
estimation model on seven variables such as government expenditure, GDP, inflation rate
proxy by the Consumer Price Index, interest rate, effective exchange rate, volume of
import and external reserves collected quarterly between 1970 to 2010. Results show that
both positive and negative oil price shocks influence government expenditure in the long
run; positive oil price shocks have stronger short and long run effects on real GDP,

triggering inflationary pressure and domestic currency depreciation as importation rises
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implying that the country exhibits the Dutch disease syndrome in the short and long run.
Thus, oil revenue shocks are capable of impeding economic growth only in the long run.

Olomola and Adejumo, (2006) investigated the impact of oil price shocks on
aggregate economic activity (output, inflation, real exchange rate and money supply) in
Nigeria using quarterly data from 1970 to 2003 under VAR model. The findings revealed
that contrary to previous empirical findings, oil price shocks do not affect output and
inflation in Nigeria significantly. However, oil price shocks were found to significantly
influence the real exchange rate. They argued that oil price shocks may give rise to wealth
effect that appreciates the real exchange rate and may squeeze the tradable sector, giving
rise to the “Dutch-Disecase”.

In a related study, EI-Anshasy et al. (2005) assessed the effects of oil price shocks
on Venezuela’s economic performance from 1950 to 2001. They adopted VAR and VECM
techniques to investigate the relationship between oil prices and the variables:
governmental revenues, government consumption (spending), GDP and investment. The
results show two long-run relationships consistent with economic growth and fiscal
balance. Furthermore, they found out that this relationship is important not only for the

long-run performance but also for short-term fluctuations.

Akpan (2009) ascertained the dynamic relationship between oil price shocks and
major macroeconomic variables (government expenditure, industrial GDP per capita,
inflation, effective exchange rate, import and money supply) within the length of 1970q; —
2007q4 in Nigeria by applying a VAR approach which precedes unit root test and Johansen
maximume-likelihood approach to test whether co-integration exist among variables. The
result shows that positive and negative oil price shocks significantly increased inflation

and also directly increased real national income through higher export earnings. It also
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shows a strong positive relationship between positive oil price changes and real

government expenditures.

2.7 Gaps ldentified in Literature

From the foregoing literatures, a gap is noticed in Akpan’s work wherein the
macroeconomic variables were merely assumed to be homoscedastic instead of subjecting
the study variables to heteroscedasticity test to know which of them conformed to the
assumption of GARCH model (presence of heteroscedasticity) or VAR model (absence of
heteroscedasticity; that is, homoscedasticity). Therefore this study is subjecting the time
series data to heteroscedasticity test using five of the variables (crude oil price shocks,
exchange rate, gross domestic product, inflation and money supply) and two other
variables (external reserves and international trade) with updated data (1995Q1 -

2014Q4).
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CHAPTER THREE

METHODOLOGY

3.1 Introduction

In this chapter, the methods used in this dissertation is presented beginning with a
brief introduction of the key models used to evaluate the effects of crude oil price shocks
have on macroeconomic variables using GARCH and VAR approaches, discussion about
their main properties, some of their modifications and statistical tools applied in time

series modeling.

3.2 Data for the study

Data obtained for this study were sourced from CBN (2014) Statistical database
comprising of quarterly Crude Oil Prices (COP), Exchange Rate (EXCHR), External
Reserves (EXRS), Gross Domestic Product (GDP), Inflation Rate (INFL), International
Trade (INTR) and Money Supply (MSUP) data located in Appendix I. Quarterly series
are preferred as it increases the data points and provides greater degrees of freedom
(Akpan, 2009). These time series data covers the period of twenty (20) years beginning
from January 1995Q1 to December 2014Q4. The macroeconomic variables were all log
transformed and differenced representing Exchange Rate, External Reserves, Gross
Domestic Product, Inflation, International Trade and Money Supply as endogenous
variables while crude oil price is denoted as exogenous variable. This study used E-views

version 7 (2009) software for its analysis.

3.3 Stages Incorporated in Estimating Volatility Models
To structure a volatility model for price series of crude oil shocks and macroeconomic

variables, the fundamental stages are outlined as follows:

1) Test for stationarity of the price series to avoid counterfeit results
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2) Specify the mean equation by fitting an econometric model like AR
(Autoregressive Model), MA (Moving Average), or ARMA (Autoregressive
Moving Average) from the observation of ACF (Autocorrelation Function) and
PACF (Partial ACF).

3) Use the residuals of the mean equation to test for ARCH effects.

4) If ARCH effects are statistically significant, specify volatility model by means of
GARCH estimation.

5) Diagnostically check the fitted model, improving on it when needed.

3.4 Number of Lag Length

To capture the effect of one variable to the other variables in time series requires lag
length and this can be optimally determined in two ways viz: frequency of the data - like
using 12 lags for monthly data and 4 lags for quarterly data (Sims, 1980; Gronwald, 2006);
and information criterion which are several like Akaike Information Criterion (AIC),
Schwarz Information Criterion (SIC) and Hannan Quin Information Criterion (HQ),
Bayesian Information Criterion (BIC). Going by the second option, the lag length would
be determined by Akaike Information Criterion (AIC) in this study because it is better for
small sample size (120 below) and takes care of over fitting of the models, in conformity

to the suggestion of Akinyele and Ekpo (2013).

3.5 Normality Test (Using Jarque-Bera Test)
Jargue-Bera is a joint test of skewness and kurtosis that examines whether data series
follow normal distribution or not (Henrik, 2010). This test was developed by Jargue and
Bera (1980).

The null hypothesis is

Ho: @,,.., a,is normally distributed  versus  Hs. a,,.., &, is not normally distributed
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and asymptotically the test statistic is y° distributed with 2 degrees of freedom.
where are the study variables (COP, EXCH, EXRS, GDP, INFL, INTR, MSUP).

The Jarque-Bera test statistic is defined as:

N(g2, €-32)_ .
610 4 £ (3.1)

where S, K, and N represent Skewness, Kurtosis, and the size of the macroeconomic

variables respectively.

Skewness is a measure of asymmetry of the slope in the normal distribution. If S > 0, the
distribution is skewed to the right, having a tail of more observations that trail off to the
right (Hun, 2008). It is statistically defined as (Henrik, 2010):

Y &-x

Skewness = =L -
nS (3.2)

Where X;represents COP, EXCHR, EXRS, GDP, INFL, INTR and MSUP, while

X signifies individual mean; n is the sample size, S is the standard deviation of each

variables.

Kurtosis is a measure of flatness (platykurtic) or peakedness (leptokurtic) of the top of a
normal distribution. If K < 3 for macroeconomic variables, lower peak with thicker tails
results, but if K > 3, higher peak with thin tails results. A normally distributed random
variable should have skewness and kurtosis near zero and three, respectively. It is defined

as (Henrik, 2010):

i(i_)_(i

Kurtosis = =——

nS (3.3)
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3.6  The Stationary Test (Augmented Dickey Fuller Test)

Stationarity of the data series is among the key assumptions in financial time series.
If not stationary, data series should either undergo differencing by determining the order of
integration (that is, number of times they are to be differenced to achieve stationarity) or
transformation by log, square root and multiplicative inverse. There are various stationarity
tests such as Dickey and Fuller (DF), Augmented Dickey and Fuller (ADF), Philips Perron
(PP), Kwiatkowski, Phillips, Schmidt and Shin (KPSS). In this study, ADF test is chosen
because it uses a parametric autoregressive structure to capture serial correlation. The unit

root test proposed by Dickey and Fuller (1979) is given by

Null hypothesisis H, : ¢, =1

Alternative hypothesis is H, 1 ¢ <1

Test Statistic (t-ratio):

¢1n -1

S(¢1)
i P18 (3.4)
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where ¢ =,
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t=1
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A2 t
O =

T-1
p, is present data series, p, ; is previous data series, €, is the error term at timet, P, =0

and T is the sample size.
The null hypothesis is rejected if the t calculated value is greater than t critical value (tcitical
=2.45).
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3.7 Model Selection

3.7.1 Akaike Information Criterion (AIC)

Akaike information criterion was proposed by Hirotsugu Akaike in 1974 as a
measure of model selection for an estimated statistical model. When comparing models,
the underlying aim is to choose the “best approximating model” from among competing
models being considered. Various model selection criteria have been proposed based on
different considerations.

The most prominently used method is the Akaike Information Criterion (AIC, 1974). The
process selects the best model with the lowest AIC. Basically, AIC (1974) involves the
idea of cross-validation, but only on theoretical sense.

The AIC (1974) values can be defined as follows

RSS] (35)

AIC =2K -2In (L~ =2K —2In(—
n

RSS = Zt“:lgz

where K is the number of parameters in the model and L is the maximized value of the

likelihood function for the model and RSS is the residual sum of squares.

3.8 Test for ARCH Effects (Heteroscedasticity)

An Autoregressive Conditional Heteroscedasticity (ARCH) effect is used to describe
whether the residuals exhibit correlation among its squared data series. In testing for the
presence of heteroscedasticity, Lagrange multiplier (LM) proposed by Engle (1982) is
used over Ljung-Box test because residuals are often found to be serially correlated with
their own lagged values (Leykun, 2012). To build an ARCH model (qg), estimate the best
Autoregressive Moving Average ARMA (p, q) model in order to remove any linear

dependence in the residuals by determining its order via autocorrelation function (ACF)
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and partial autocorrelation function (PACF) of the residuals of ARMA model €, : For

example, in ARMA (1,1) process, the conditional mean equation will be as:
hh=dl,+&+0&, (3.6)

after obtaining the residualse, , the next step is to regress the squared residual on a constant

and its g-lags as in the following equation:
2 2 2
& =t +..ta e +V, (3.7)

The null hypothesis, that there is absence of ARCH effect up to order g can be formulated

as:

against the alternative
H,:a =0 forsome ie H.,m

The test statistic for the joint significance of the g-lagged squared residuals is the number
of observations times the R-squared (TR?) from the regression. TR?is tested against ;((zq)
distribution.
3.9 Generalize Autoregressive Conditional Heteroscedasticity Model

Bollerslev (1986) broadened Engle’s (1982) inventive work by formulating a method
called Generalized ARCH (p, g) model in which q lags of past conditional variance were

added into the equation and that allows the conditional variance to be an ARMA process

(Leykun, 2012). The GARCH (p, q) model is stated as follows:
2 . 2 p 2
Oy =@, +Zaigt~i +Zﬂjyu' (3.8)
i=1 j=1
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where «; >0and S; >0 forall i and

and Gtz Is the conditional variance of the estimated parameter, «,is the constant term,
@, =1,2,..., q are the parameter coefficient of the ARCH term &, and B;=12,.,p

are the parameter coefficient of the GARCH term yf_j . The order of the ARCH is g while

the order of the GARCH is p. The ARCH term captures the influence of the previous error

terms, while the GARCH term captures the influence of the previous volatility values

(Christoph and Nils, 2012).

Showing an explicit expression of GARCH model for a parameter

GARCH (1, 1) ol =ay+ gl + By (3.92)
GARCH (1, 2) ol =ay+augl + By + BV, (3.9b)
GARCH (2, 1) ol =ay+agl, v aEl, + By, (3.9¢)
GARCH (2, 2) ol =g+ sl v oel, + By + By, (3.9d)

where «, is the coefficient of the previous day two square error 8t2_2. f, is the

coefficient of the previous day two square volatility values yf_z .

The GARCH (p, q) with z, which is a discrete time stochastic process defined by:

g, = 2,0, and equation is weakly stationary with

j=1

1
p q

EQ}O andvar¢, = ao[l—(Zai +z JH
i=1

(3.10)

and

p q
cov(e, &) =0 fort=s, ifandonly if D a;+> B; <1 (&, >0)

i=1 j=1

(3.11)
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3.10 Diagnostic Check of the Residuals
When a model has been fitted to a time series, it is appropriate to check the adequacy
of fitted estimated ARCH-GARCH models by examining whether there is presence of

autocorrelation in the residuals. That is to say, if the model really does provide an adequate

description of the study variables, o,. The Lagrange Multiplier of o, is used to check the

adequacy of the mean equation and that of o/ is used to test the validity of the volatility

equation (Peter and Richard, 2002).

3.11 Forecasting Evaluation

Evaluating the performance of varied forecasting models plays a very essential part
in selecting the best accurate models, since fiscal and monetary authorities would need to
make a decision based on evaluative criteria. To forecast conditional variance from the
estimated GARCH model, statistical loss functions like the Mean Absolute Error (MAE)
which computes the mean of all the absolute errors, instead of squared forecast errors and
Root Mean Square Error (RMSE) are employed. MAE is more popular in use as it does not
require squaring, hence, it is considered easier to implement. The performance measures

are as follows Vee et al (2009):
—_ 1 : 2 2
MAE = Hz“t —-o7 | (3.12)
t-1

and

2
RMSE= |13 € -2
= (3.13)

where r? is the realized or actual variance, ois the square root of the conditional

forecasted variance and n is the number of fitted parameters.
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3.12 Variance Autoregressive (p)-Models With More Than Two Variables

Vector Autoregressions (VARS) introduced by Sims (1980) provide a flexible and
tractable framework where changes in a particular variable (oil price) are related to
changes in its own lags and to changes in macroeconomic variables (EXTR, GDP, INFL,
INTR and MSUP) and the lags of those variable. VAR model is also known for its ability
to avoid imposing a priori restrictions on structural relationships and VAR treats all
variables as endogenous.

A VAR (p)-Model is given as Eltony, (1999):

k
Yt:a+iz=l:Aiyt_l+gt (3.14)

where Y, = (COP, EXTR, GDP, INFL, INTR and MSUP) is a k vector of endogenous
variables; « is vector of constants, Y, ;are corresponding lag term for order i; A, is the

nxn matrix of coefficients to be estimated, k is the number of lagged terms and ¢, is the

nx1 vector of innovations that may be contemporaneously correlated with each other but
are uncorrelated with their own lagged values and all of the right-hand side variables.

Expanding Equation (3.14) gives:

Yi a, An o oo Ag | Y €y

I I AT HNE (3.15)

_Y6t_ | X | _A61 e Aee__yst—l_ | Cet |

The order of variables Y, = (COP, EXTR, GDP, INFL, INTR and MSUP) is important

mainly for innovation accounting (Akpan, 2009).
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Since the VAR expresses the dependent variables in terms of predetermined lagged
variables, it is neither recursive nor structural but a reduced-form model formulated as

(Akpan, 2009):
Vo= A+ A+ AY A AY L+ A+ AY  + : (3.16)

This can also be written as

Y, = Ab+Z_;AiYT—1+a[ (3.17)

3.13 Assumption of VVariance Autoregressive Models
To test the adequacy of the model structure for crude oil price shocks and macroeconomic

variables, the following conditions (assumptions) have to be fulfilled:

1) Absence of serial correlation between residuals to avoid spurious results.

2) Test for absence of heteroscedasticity (thatis, homoscedasticity) in the residuals.

3.14 Impulse Response Function (IRF)
An impulse response function comes after VAR estimation which traces the effect of

a one-time shock to one of the innovations on current and future values of the endogenous

variables. The innovations, ¢,, are usually correlated. So, in order to interpret the impulses

(associated with a specific variable), it is common to apply a transformation, so that they

become uncorrelated (Eltony, 1999). The equation of IRF is given as (Akpan, 2009):
=Y de (3.18)
i=1

Showing explicitly with the study variables, a six-variable VAR (1) model can be rewritten

as
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(LCOP, | A €y |
LEXR‘Q‘f ¢2‘1:¢2‘2:-- 2(;3) €
B R P )
" |LINFL |’ % P
LINTR, ,
| LMSUR | dei bz - Pes REN
B B (3.19a)
cov€,e,..g;, ¥0 (3.19b)

where z, is a vector of (LCOP, LEXCHR, LEXRS, LGDP, LINFL, LINT and LMSUP)
endogenous variables, ¢, are the matrices impulse response functions of the variables,

vector €, is called innovations and e, , is the corresponding lags of the matrices.
Interpretation:

#.2- — expected instantaneous impact of a one-unit change in &, on Y,

¢4-— expected one-period response of a one-unit change in &,_, on Y,

P . -
Z ¢.© — the cummulated effect of a change in ¢, on the sequence of X., , 1=12,....p

i=1

3.15 Variance Decomposition (VD)

The estimation of impulse response is denoted by VD and is also known as Forecast
Error Variance Decomposition (FEVD) which assesses the relative importance of a
variable in generating variations in its own value and in the value of other variables; that
is, to say, VD assesses the relative importance of oil price shocks in the volatility of the
macroeconomic variables in the system, indicating the amount of information forecast
error variance of each of the variables that can be explained by exogenous shocks to the

other variables in a VAR model (Sims, 1986).

In obtaining the forecast error variance of the study variables, deductive equation is
derived from VAR (p) model as (Apere and ljomah, 2013):
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Y. =AYt Aot ALY, & (3.20)

where Y, = (COP, EXTR, GDP, INFL, INTR and MSUP) is vector of endogenous

variables y, ,are corresponding lag term for order i; A, is the nxn matrix of coefficients

to be estimated, and ¢, is the nx1 vector of innovations.

The above equation can be restated in an infinite moving average form as:
Z,=> Aug, (3.21)
i=0

where z, is a vector of (LCOP, LEXCHR, LEXRS, LGDP, LINFL, LINT and LMSUP)
endogenous variables, A isthe nxn matrix of coefficients, u,_;is corresponding lag term
for order .

The matrix A; is computed using the recursive relation, (Apere and ljomah, 2013)

A =¢A_ i +..+dA_, (3.22)

The forecast error of predicting Z,,,, conditional on information at timet —1 is given as:

&(N) = Z AUy,
= (3.23)

where ¢ @ : predicted vector of the endogenous variables

A, - matrices of the forecast error for each variables

U,_y_, - corresponding lags for the forecast error matrices of the variables

N - is the number of forecasted lags
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CHAPTER FOUR

ANALYSIS, RESULTS AND DISCUSSION

4.1 Introduction

This chapter presents in detail key empirical results of the analysis regarding
evaluating crude oil shocks and the macroeconomic variables (exchange rate, external
reserves, gross domestic product, inflation, international trade and money supply) under
GARCH model estimation in order to forecast the volatility model; and as well fit in VAR
model to explore the response of macroeconomic variables to asymmetric and innovations

in crude oil shocks.

In the first phase of this analysis, the data collected is log transformed to get rid of
big outliers. Following that, is the descriptive statistics of the macroeconomic variables,
time plot (trend) for data series, unit root test, specification of the suitable mean equation
for data series, test for ARCH effect, estimation of the parameters of the volatility models,
forecast performance evaluation of GARCH models using Mean Absolute Error and Root
Mean Square Error. Subsequently, VAR model through the Impulse Response Function

and Variance Decomposition would be estimated.

4.2 Descriptive Statistics

Beginning with the statistical properties to determine the normality of the study
variables, the probability of the Jarque-Bera statistics tells whether the distribution is
normal or not. Therefore if the probability is less than 0.05, we reject the null hypothesis
and conclude that the distribution is not normal. Table 4.1 shows the descriptive statistics

variables used in this study.
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Table 4.1 Descriptive statistics of the macroeconomic variables

STATISTICS LCOP LEXCHR LEXRS LGDP LINFL LINTR LMSUP
Mean
1.638373 2.103145 4.188198 6.472774 1.762451 6.084931 6.141282
Median
1.658447 2.139233 4.259344 6.447593 1.783290 6.260163 6.134508
Std. Dev.
0.319582 0.103431 0.453583 0.379605 0.284525 0.767719 0.547123
Skewness
-0.06617 -0.638248 | -0.531372 | -0.007765 -0.083102 | -3.788616 | -0.202457
Kurtosis
1.608424 2.062668 2.309943 1.636698 1.801822 25.08430 1.639225
Jarque-Bera
6.513325 8.360118 5.352015 5.886305 4877512 1817.102 6.718879
Probability
0.038517 0.015298 0.068837 0.052699 0.087269 0.000000 0.034755

Table 4.1 indicates that GDP has the highest mean, while crude oil has the least mean. The
Jarque-Bera shows that external reserves, GDP and inflation are normally distributed as

the p-values were greater than 0.05 level of significance, the other variables are not.

4.3 Graphical Representation

The graphical representations of the data series visually aided the comprehension of
the behavioral movements or trend of each of the time series variables.

The graphical plots in Appendix Il indicate that the variables are non-stationary
because they are not oscillating within their respective mean values. However, time series

data is meant attain stationarity in order to avoid spurious implications.

4.4  Test for Stationarity (Unit Root)

The analysis is based on time series data which requires some specific approaches as
an econometric estimation of a model such as the series attaining stationarity since non-
stationary series usually result in distorted inferences. Engle and Granger (1987) provide a

standard technique to deal with this type of problem. This involves testing the variables of
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an equation for stationarity. The estimation therefore begins by employing Augmented
Dickey and Fuller (1979) test which is reported in Table 4.2,

Table 4.2 Unit Root Test using ADF (1979)

Variable t-statistic Probability Remark
LCOP -6.6915 0.0000 1(1) First differencing stationarity
LEXCHR -6.9723 0.0000 1(1) First differencing stationarity
LEXRS -8.3759 0.0000 1(1) First differencing stationarity
LGDP -8.5353 0.0000 1(1) First differencing stationarity
LINFL -4.3117 0.0052 1(1) First differencing stationarity
LINTR -9.1602 0.0000 1(1) First differencing stationarity
LMSUP -8.2442 0.0000 1(1) First differencing stationarity

1% level = -4.08; 5% level = -3.47; 10% level = -3.16
The results above shows that crude oil price and all macroeconomic variables assumed

stationarity at first level. The stationary time plots are in Appendix I11.

4.5 Specifying the Mean Equation

In determining the conditional heteroscedastic models, the mean equations were
specified as either autoregressive (AR), moving average (MA) or a combination of AR and
MA processes (ARMA) (Leykun, 2012). To identify a suitable fitted model for the mean
equation and its order, autocorrelation (ACF) and partial autocorrelation (PACF) plots
were obtained applying Akaike information criterion and the principle of parsimony,
which states that the best model is the simplest model that captures the important features
of the data in order to bring out the best specification mean equation as shown in Table

4.3.
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Table 4.3 Mean specification of each variable

VARIABLE | MODEL a, P- a, P- B, P- AIC
value value value value

D(LCOP) MA(1) 0.0150 0.1417 0.5391 | 0.0000 | -2.7611
0.0118 0.2047 0.5212 | 0.0000 | -2.8204

0.0096 0.2860 0.4951 | 0.0000 | -2.7828

0.0070 0.4696 0.4913 | 0.0000 | -2.7779

D(LEXCHR) | MA(1) 0.0025 0.1132 0.5729 | 0.0000 | -5.6519
0.0035 0.1904 0.9952 | 0.0000 | -5.5572

0.0018 0.3676 0.7283 | 0.0000 | -5.6235

0.0029 0.2953 0.9999 | 0.0000 |-5.5184

D(LEXRS) ARMA(1,1) | 0.0062 0.6441 | 0.7174 | 0.0000 | -0.1870 | 0.2926 | -3.3650
0.0062 0.6471 | 0.7170 | 0.0000 | -0.1844 | 0.3452 | -3.3395

0.0122 0.3776 | 0.7181 | 0.0000 | -0.1675 | 0.3883 | -3.3724

0.0052 0.6832 | 0.6907 | 0.0000 | -0.0759 | 0.7119 | -3.3563

D(LGDP) AR(1) 0.0163 0.0000 | -0.0957 | 0.2116 -4.0586
0.0159 0.0000 | -0.7947 | 0.1507 -3.9761

0.0169 0.0000 |-0.1198 | 0.0183 -4,0215

0.0166 0.0000 | -0.1238 | 0.0007 -3.9826

D(LINFL) MA(2) 0.0098 0.0000 -0.0825 | 0.6177 | -6.0417
0.0100 0.0000 -0.0857 | 0.5845 | -6.0439

0.0098 0.0000 -0.0723 | 0.6422 | -6.0826

0.0108 0.0000 -0.1697 | 0.1218 | -6.0998

D(LINTR) MA(1) -0.0975 0.4090 0.0236 | 0.9448 | 1.7209
-0.0174 0.8640 -0.1521 | 0.6887 | 1.7513

-0.0408 0.7354 -0.1018 | 0.6594 | 1.7186

-0.0643 0.6172 -0.1066 | 0.7320 | 1.7824

D(LMSUP) MA(1) 0.0203 0.0000 0.0316 | 0.6314 | -4.3938
0.0198 0.0000 0.0437 | 0.3838 | -4.3637

0.0205 0.0000 0.0551 | 0.3043 | -4.3900

0.0203 0.0000 0.0571 | 0.6006 | -4.3652

a, stands for the intercept,

term respectively.

a, and p,; stand for the coefficient values of Arch and Garch

4.6 Testing for ARCH Effects (Heteroscedasticity)

Attaining the mean equation for crude oil price shocks and the macroeconomic

variables led to the use of the obtained residuals to test for the presence of ARCH effect

(heteroscedasticity) through Lagrange Multiplier (LM) test proposed by Engle (1982). The

F- Statistic and P- values obtained are summarized in Table 4.4.
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Table 4.4 Heteroscedasticity test for residual series

Variable F-statistic Probability
D(LCOP) 0.1040 0.7480
D(LEXCHR) 106941 0.0016
D(LEXRS) 0.3715 0.5440
D(LGDP) 2.4161 0.1245
D(LINFL) 0.3989 0.5296
D(LINTR) 1.7807 0.1860
D(LMSUP) 0.3651 0.5475

The result shows that only exchange rate is significant (that is, have the presence of

heteroscedasticity); while the other variables are having the absence of heteroscedasticity

(that is, they are homoscedastic), which implies that they did not fulfill the condition of

GARCH or volatility estimation rather the six macroeconomic variables fulfill the

condition of VAR estimation and as such they are all homoscedastic except exchange rate.

4.7 Estimation of GARCH

Table 4.5: Volatility Models of Exchange Rate

D(LEXC
HR)

ARCH GARCH
Models Constant p-values
81 p-values 92 p-values 03 p-values ) A p-values
GARCH(1,1) 0.0001 0.0000 1.0908 0.0000 -0.0676 0.1852
GARCH(1,2) 8.94E-05 0.0083 0.7825 0.0000 0.2033 0.1568 -0.0859 | 0.0001
GARCH(2,1) 3.91E-05 0.3144 1.1325 0.0000 -0.6936 | 0.0923 0.5907 0.1315
GARCH(2,2) 0.0001 0.2517 0.6135 0.0059 -0.3111 | 0.2750 0.4821 0.3028 -0.0513 | 0.6866

Table 4.5 shows the parameter volatility of exchange rate which from the estimated

coefficient of the models indicates that some of the parameter models are significant at 5%
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level. The high values in the parameter 9,>1 revealed that EXCHR volatility is spiky and
quick to react to market movements; whereas, low values in 6, <1 parameter shows that

volatility of EXCHR is persistent and takes a short time to change. Hence, when the
volatility of EXCHR is high, it will tend to fall over time but when the volatility is low, it

will tend to rise over time (Leykun, 2012).

4.7.1 Diagnostic Checking
On fitting different volatility models, diagnosis is executed using Lagrange
Multiplier test to check if ARCH effect is still present, thus examining the reliability of the

analytical results as presented in Table 4.6.

Table 4.6: Diagnostic Checking of the Residuals

VARIABLE MODEL F-statistic | P-value
D(LEXCHR) | GARCH(1,1) | 0.1009 0.7516
GARCH(1,2) | 0.4810 0.4901
GARCH(2,1) | 0.1610 0.6893
GARCH(2,2) | 0.0259 0.8727

Table 4.6 above shows that the ARCH effects initially present in exchange rate was
entirely removed by each of the heteroscedastic models considered. The F-statistic was
very low for all of the models and the probability values were also greater than 0.05 for all
models fitted. Hence, the initial heteroscedasticity present has been completely removed

by each of the heteroscedastic models.

4.8 Forecasting Volatility Models
In order to determine the performance of the fitted model in forecasting future volatility,
Root Mean Square Error (RMSE) and Mean Absolute Error (MAE) of different GARCH

models for exchange rate were obtained.
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Table 4.7: Forecasting volatility of the model

MODEL RSME MAE AIC

D(LEXCHR) | GARCH(1,1) | 0.1828 | 0.1628 | -5.4931
GARCH(L,2) | 0.1591 | 0.1413 | -5.4832
GARCH(2,1) | 0.1363 | 0.1204 |-5.5154
GARCH(2,2) | 0.1491 |0.1322 |-5.4128

Table 4.7 shows that RMSE and MAE with the least value is the appropriately fitted model
for forecasting volatility of the variable. Hence, the forecasting model for EXCHR is

GARCH (2,1).

4.9 Parameter Estimates of Vector Autoregressive (VAR) Model

In order to investigate the impact of oil price shocks on one macroeconomic variable to the
other variables in Nigeria, VAR model was employed. According to Sims (1980), VAR is
useful in examining the interrelationship among variables in the system which includes
crude oil price, external reserves, GDP, inflation, international trade and money supply
exception of exchange rate which did not conform to the assumption of VAR model. The
term autoregressive is due to the presence of lagged value of the dependent variable on the
left-hand side and the term vector is due to the fact that two or more variables are dealt
with according to Mulyadi (2012). Table 4.8 presents the estimated values for VAR in this

work.

Table 4.8 Estimated values for VAR

D(LCOP,1) D(LEXRS,1) D(LGDP,1) D(LINFL,1) D(LINTR) D(LMSUP,1)

D(LCOP(-1),1) 0.381959  0.260340 0.146180 -0.009324 2.321336  0.134689
(0.13542)  (0.09701) (0.06801) (0.02766) (1.60735) (0.05549)
[2.82060] [2.68363] [2.14924] [-0.33714] [1.44420] [2.42744]

D(LCOP(-2),1)  -0.302629 -0.007785 0.122903 -0.003910 -0.224288  0.046659
(0.13216)  (0.09467) (0.06638) (0.02699) (1.56864) (0.05415)
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[-2.28994] [-0.08223] [1.85162] [-0.14485] [-0.14298] [0.86167]

D(LEXRS(-1),1)  -0.157959 0.270926 -0.029148 0.010119 -1.193372 -0.037398
(0.08935)  (0.06401) (0.04488) (0.01825) (1.06053) (0.03661)

[-1.76789] [4.23273] [-0.64952] [0.55450] [-1.12526] [-1.02154]

D(LEXRS(-2),1)  -0.039267 0.240722 -0.121489 -0.015270 -0.495495  0.005922
(0.08283) (0.05934) (0.04160) (0.01692) (0.98315) (0.03394)

[-0.47407] [4.05688] [-2.92031] [-0.90267] [-0.50399] [0.17450]

D(LGDP(-1),1)  -0.255110 0.065056 -0.262061 0.000662 -0.140946  0.036904
(0.22914)  (0.16415) (0.11508) (0.04680) (2.71974)  (0.09389)

[-1.11336] [0.39633] [-2.27712] [0.01414] [-0.05182] [0.39308]

D(LGDP(-2),1) 0.419080 0.013157 -0.308384 0.008934 0.019172  0.151792
(0.22786)  (0.16323) (0.11444) (0.04654) (2.70454)  (0.09336)

[1.83924] [0.08060] [-2.69468] [0.19198] [0.00709] [1.62587]

D(LINFL(-1),1)  -0.578198 -0.646409 0.576966 0.177772 -5.960105 -0.602458
(0.61730)  (0.44222) (0.31004) (0.12607) (7.32704) (0.25293)

[-0.93666] [1.46175] [1.86094] [1.41006] [-0.81344] [-2.38193]

D(LINFL(-2),1)  -0.570990 2.101319 -0.432423 -0.271079 -3.945954 -0.205231
(0.56162) (0.40233) (0.28208) (0.11470) (6.66617) (0.23012)

[-1.01669] [5.22287] [-1.53300] [-2.36332] [-0.59194] [-0.89186]

D(LINTR(-1)) 0.013695 0.008453 -0.003716 -0.003556 -0.612687 -0.009337
(0.01153)  (0.00826) (0.00579) (0.00236) (0.13687) (0.00472)

[1.18764] [1.02326] [-0.64158] [-1.50985] [-4.47642] [-1.97615]

D(LINTR(-2)) 0.005350 0.006880 -0.008046 -0.004225 -0.306653 -0.019870
(0.01160) (0.00831) (0.00583) (0.00237) (0.13769)  (0.00475)

[0.46115] [0.82782] [-1.38093] [-1.78331] [-2.22705] [-4.18036]

D(LMSUP(-1),1)  0.179465 0.226412 0.058832 0.097982 0.380492 0.107632
(0.27456)  (0.19669) (0.13790) (0.05608) (3.25893)  (0.11250)

[0.65364] [1.15111] [0.42662] [1.74733] [0.11675] [0.95674]

D(LMSUP(-2),1)  -0.222689 -0.291924 -0.133220 0.022823 1.416882  0.063689
(0.27656)  (0.19812) (0.13890) (0.05648) (3.28264) (0.11332)

[-0.80521] [-1.47346] [-0.95908] [0.40407] [0.43163] [0.56205]

C 0.026423 -0.008782 0.025513 0.011066 0.125675  0.024061
(0.01426) (0.01021) (0.00716) (0.00291) (0.16923)  (0.00584)

[1.85326] [-0.85983] [3.56274] [3.80014] [0.74261] [4.11862]

R-squared 0.318962 0.495042 0.361595 0.255694 0.271908  0.333501
Adj. R-squared 0.182754 0.394051 0.233914 0.106833 0.126290  0.200202
F-statistic 2.341729  4.901819 2.832021 1.717670 1.867264  2.501890
Akaike AIC -2.679082 -3.346181 -4.056374 -5.856042 2.268874 -4.463560
Schwarz SC 2271192 -2.938291 -3.648484 -5.448152 2.676764 -4.055670
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where standard errors in () & t-statistics in [ ].

Although the estimates of individual coefficients in VAR do not have a straightforward
interpretation (Eltony, 1999); a glance at the table generally shows that none of the
variables are significant to crude oil shocks at 5% level; COP and INFL are observed to be
significant to shocks in external reserves; COP and EXRS are significant to GDP shocks;
shocks to inflation and international trade shows that none of the variables are significant;
whereas in the case of money supply shocks, the variables COP, INFL, INTR are
significant.

From the summary statistics of the VAR estimates in Table 4.8, all the variables
were best fitted because the R-squared fell within the range; that is 0 < R? <1 (David and
Gregory, 1999). The F-statistic shows that INFL and INTR parameters were significant
with approximately 1.72 and 1.87 respectively against the F-statistic tabulation which is
equal to 2.29; while the best predictive variable among the six is INFL with the smallest

AIC value of -5.86.

4.10 Estimate of Impulse Response Function

This indicates the response of macroeconomic variables to one standard-deviation
shock in itself and in other variables in the model shown out to ten periods. The plots
located in Appendix IV picture how the variables respond individually. The dash lines
indicate positive and negative two-standard errors band (upper and lower boundary).

Since the response of macroeconomic variables to crude oil price shocks is the sole
interest of this study, the plots pictured in Appendix IV show that one standard deviation
to negative crude oil prices changes caused a positive (increase) response in the first four
quarters of EXRS, GDP and MSUP with consistent fluctuations that led to a momentary
drop in EXRS, GDP increasing and MSUP at stability in the later quarters; while INFL

and INTR responded negatively as it decreases with steady variations leading to a stable
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increase in INFL and a momentary drop in INTR through the later quarters. This implies
that while negative shock to crude oil price triggered steady increase in gross domestic
product, money supply and inflation, there was a temporary drop that occurred in external
reserves and international trade in a short term that appeared stable as regards the Nigerian

economy.

4.11 Estimation of Variance Decomposition

The forecasting error variance decomposition was further examined to determine the
proportion of the movements in the time series (macroeconomic variables) that are due to
shocks in their own series as opposed to shocks in the other variable- crude oil price. It
reduces the uncertainty in one equation to the variance of error terms in all equations.

Table 4.9 Estimate of VVariance Decomposition

D(lcop,1) | D(lexrs,1) | D(lgdp,1) | D(linfl,1) | D(lintr,1) | D(Imsup,1)

D(lexrs,1)

1qtr 24.88 97.12 0.00 0.00 0.00 0.00
4|gtr 24.85 59.26 0.43 12.08 1.61 1.76
7|gtr 24.81 59.05 0.59 12.06 1.72 1.77
10|gtr 24.81 59.03 0.60 12.05 1.73 1.77
D(lgdp,1)

1liqtr 4.56 0.32 95.12 0.00 0.00 0.00
4|qtr 8.44 4.15 75.34 8.40 313 0.55
7lqtr 9.22 4.04 74.04 8.34 377 0.59
10|qgtr 9.25 4.03 73.94 8.35 384 0.58
D(linfl,1)

1lqtr 2.56 131 1.53 94.59 0.00 0.00
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A|qtr 5.03 2.37 1.68 82.16 4.99 3.76
7|qtr 5.65 2.36 1.71 81.38 5.12 3.77
10|qtr 5.67 2.36 1.72 81.85 5.12 3.77
D(lintr,1)

1jqtr 17.98 3.76 2.48 0.04 75.75 0.00
A|qtr 14.23 3.21 2.50 1.04 78.75 0.27
7|qtr 14.15 3.23 2.64 1.06 78.65 0.28
10|gtr 14.13 3.23 2.65 1.06 78.62 0.28
D(Imsup,1)

1jqtr 0.84 2.90 0.28 0.06 0.18 95.74
A|qtr 4.08 2.90 2.45 8.15 15.91 66.53
7|gtr 4,50 3.05 2.43 8.06 16.28 65.68
10|gtr 4.51 3.05 2.44 8.05 16.34 65.60

Table 4.9 explains the percentages of the variations in EXRS, GDP, INFL, INTR and
MSUP that are attributed to COP changes. The variance decomposition indicates that
Nigerian crude oil price shocks are significant source of variation for Nigerian EXRS,

GDP, INFL, INTR and MSUP.

4.11.1 External Reserves
COP accounted for the largest share of shocks as it contributed about 25% in the Qi and

slightly dropped through the Qion. However, GDP made the least input averaging 1%
through Q0. INFL shocks explained on average 12%; INTR and MSUP contributed less
than 0.1% in the Q5 and increased on an average of 2% through the Qa to the Qlg. This
confirms the evidence found by Imarhiagbe (2014) that crude oil prices significantly

affects EXRS shocks.
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4.11.2 Gross Domestic Product
COP shocks explained changes in GDP from about 5% in the Qs to 9% (sharp rise) in the

Q1oth; Shocks to EXRS explains less than 0.1% in the Qs With 4% growth in the Qu but
dropped steadily; INFL and MSUP decreased from 4% through the Qo in varied
proportions; while INTR input slight percentage rise to GDP shocks. This contradicts
expectations that oil price shocks tend to lower GDP (Gordon, 1998) implying that crude
oil shocks do not significantly affect GDP (output) in Nigeria, which is consistent with

Olomola and Adejumo (2006).

4.11.3 Inflation Rate
The input of COP is from about 3% in the Qi rising to 5% in the Qg and consistently

increasing to about 6% in the Qo The effects of EXRS, GDP, INTR and MSUP changes
to inflation shocks increased from the Qi to the Qion at their respective level of
percentages. This finding confirms that COP may not be necessarily inflationary contrary

to the finding of Basky and Kilian (2002) but consistent with Akpan (2009).

4.11.4 International Trade
Changes in COP shocks accounted for the biggest share of shocks to INTR by about 18%

in the Q14 declining to 14% in the Qg to the Qiom. EXRS contributed about 4% in the Qi
but marginally dropped to 3% in the Qiom. However, MSUP made the least input and
alongside GDP and INFL shocks, a percentage increase occurred from the Qi to the Qo
respectively. This showed that INTR is significantly affected by crude oil price shocks due

to the recent fall in crude oil export and other imported resources.

4.11.5 Money Supply
While changes in INTR contributed highly to MSUP shocks, INTR alongside with COP,

EXRS, and GDP increased gradually from the Qut, to the Qo at their respective level of
percentages. However, INFL did not contribute well in the Qi but sharply rises to 8%

with little falls along the later Quarters. This suggests that negative COP shocks
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significantly affected MSUP. This supports earlier studies that monetary policy responds
to changes in crude oil price (Olomola and Adejumo, 2006; Akpan, 2009).
Policy Implications

The estimated result suggests that crude oil price shocks lead to reduced funds of
about 24% for the government that hampers on its initiative to fulfill unfinished
developmental projects. Again, an increase in money supply leads to 4% an increase in
inflation rate in the long run. Besides, although oil prices shocks have significant positive
impacts on economic output, money shocks are the main causes of gross domestic product
fluctuations as an increase in money supply generates high price level (inflation) of
commaodities. From these, it can be infered that crude oil still has a very important indirect
impact on these economies and the monetary policy is the channel through which this
indirect impact transmits.

Therefore, to tame inflationary pressures in Nigeria, the excessive fiscal expansion
has to be curtailed. The banks credit management approach need be tailored in line with
the monetary objective of the government. Also, increasing the supply of goods and
services will reduce the pressure on price level; that is, increase in real output can also be
used to stop a measure of inflationary pressure.

Furthermore, a momentary drop in international trade lowers market by 14% which
discourages the producers and the investor to increase the investment to produce more
goods and as well reduces about 25% external or foreign reserves in Nigeria, thus

increasing deficit in balance of payment for the country.
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CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction
In this chapter, the researcher presents discussion of findings by way of summary,

conclusion and recommendations centered on results obtained from chapter four.

5.2 Summary

This study entitled “Application of GARCH and VAR models in the impact of
Crude oil shocks on Nigerian Macro economy” investigated the quarterly data series of
crude oil prices and six macroeconomic variables namely: exchange rate, external reserves,
gross domestic product, inflation, international trade and money supply between the span
of January 1995q; and December 2014q4. In an attempt to achieve the objectives in Section
1.3.2, the study utilized the well-known GARCH and econometric VAR modeling
approach. The results indicated that external reserves, GDP and inflation were normally

distributed as the p-values were greater than 5% level of significance.

5.2.1 GARCH Results
The log transformed macroeconomic variables were all stationary at first difference

and there was presence of ARCH effect (Heteroscedasticity) on exchange rate only;
whereas the rest variables were Homoscedastic. While some of the parameter volatility for
exchange rate was significant at 5% level, an increase in the standard errors brings about
an increase in exchange rate volatility which takes a short time to change. The fitted model

in forecasting exchange rate future volatility is GARCH (2, 1).

5.2.2 VAR Estimated Results
Since the individual coefficients in the VAR models appeared hard to interpret

(Eltony, 1999), the summary statistics of the VAR estimate indicated that all the variables
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were best fitted because the R-squared fell within the range, that is 0 < R? <1 according to
David and Gregory (1999). The F-statistic shows that inflation and international trade
parameters were significant with 1.72 and 1.87 approximately against the tabulated F-
statistic of 2.29; while the best predictive variable among the six was inflation with the
smallest AIC value of -5.86.

The impulse response function and forecast error variance decomposition estimated
results showed that one standard deviation to negative crude oil price changes caused a
positive (increase) response in the first four period of external reserves, gross domestic
product, and money supply with consistent fluctuations that led to a momentary drop in
external reserves, gross domestic product increase and money supply at stability in the
later periods, while inflation and international trade responded negatively as it decreases
with steady variations leading to a stable increase in inflation and a momentary drop in
international trade through the later periods. This implies that, while negative shock to
crude oil price triggered steady increase in gross domestic product, money supply and
inflation, there was a temporary drop that occurred in external reserves and international

trade in a short term.

5.3 Conclusions

Conclusively, exchange rate tends to react quickly to market movements. When the
volatility is high, it tends to fall over time but when the volatility is low, it tends to rise
over time while the forecasting model for exchange rate was GARCH (2, 1).
Crude oil price shocks did not pose significant inflationary threat to the Nigerian economy
in the short run; rather, it improves the level of real gross domestic product. However,
external reserves and international trade were significantly affected due to the recent fall in
crude oil export. Oil price shocks also enhanced the increased flow of money supply,

showing monetary policy responds to oil price changes. However, while oil price shocks
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did not significantly affect output growth (GDP) in Nigeria, money supply did affect GDP;
thus indicating the critical need for governments at all levels in the country to develop the
non-oil sector, exercise expenditure restraint, strengthen their tax base as well as internally

generate revenue in order curtail high dependence on crude oil.

5.4 Recommendations
Moreover, while this study focused on the responses of macroeconomic variables to
crude oil price shocks as well as its effects on the Nigerian economy, the study suggestions

sheds light on the direction of possible causality between pairs of variables by using

Granger causality which examines whether past values of x aid in the prediction of y,

since correlation does not imply causality, (Sims, 1980).

The results obtained in this work can be employed for the necessary microeconomics
evaluation of crude oil price shocks in Nigeria.

The present study considered short run interrelationship between crude oil price
shocks and the macroeconomic variables; hence the long-run equilibrium relationship
(cointegration) between variables as well as other macroeconomic variables could be

further researched upon using Vector Error Correction Model (VECM).
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Appendix I: Quarterly data for each study variables

APPENDICES

Year Cop EXCHR [ EXRS GDP INFLR [ INTR MSUP

1995Q1 | 17.23 | 80.72 | 3513.77 681,533.59 | 14.98 | 31762.22 | 168668.39
Q2 18.38 | 83.08 | 4796.67 725,339.66 | 17.92 | 29109.28 | 168060.04
Q3 16.44 | 84.88 | 1161.17 726,723.77 20| 21591.19| 177665.4
Q4 17.4| 87.92 | 1310.07 773,761.16 | 20.38 | 21707.12 | 190207.13
1996Q1 | 19.28 | 85.93 ( 1429.83 962,864.51 | 21.61| 33710.44 | 202754.84
Q2 19.91 84.9 1915.4 ( 1,006,120.12 | 23.39 30984.8 | 211350.35
Q3 21.38 | 83.75 2113.1| 1,005,237.86 | 25.33 | 30716.48 | 208496.3
Q4 24.13 | 80.93 3173.6 | 1,058,077.85| 24.43 | 46774.32 | 217172.26
1997Q1 | 21.69| 84.17 | 5337.77 984,800.75 24.6 | 38015.21 | 236260.01
Q2 18.46 88.6 | 5726.17 | 1,046,011.33 | 26.62 | 27344.01 | 244095.54
Q3 18.96 86.3 | 6486.03 ( 1,051,387.18 | 27.23 | 28038.32 | 242238.13
Q4 18.89 | 83.98( 6947.43 | 1,107,050.50 | 26.43 ( 19184.95 | 256575.96
1998Q1 15.3 | 84.95| 8062.23 907,843.66 | 26.56 | 13207.98 | 267098.49
Q2 13.66 | 88.66 | 8033.93 997,619.21  28.02 6522.37 | 276948.19
Q3 12.6 | 89.45| 7598.53 | 1,015,393.70 29.3 8267.67 | 294818.61
Q4 11.43 | 90.99( 7564.23 | 1,068,593.71 | 29.23  -2129.33 | 304338.26
1999Q1 | 11.36| 94.29 | 6110.53| 1,087,911.77 | 30.29 | 33052.49 | 338042.61
Q2 15.57 | 101.26 | 4958.77 | 1,169,305.77 | 30.93 | 87092.53 | 384023.02
Q3 20.67 | 103.57 | 4903.77 | 1,180,990.12 | 29.99 | 118618.73 | 346265.74
Q4 24.21 ( 101.26 | 5263.33 | 1,241,004.39 | 29.39 | 145348.95 | 383257.4
2000Q1 | 27.21 | 105.54 ( 6322.27 | 1,653,875.33 | 29.73 | 215964.5 | 428428.09
Q2 26.93 [ 106.17 | 6917.27 | 1,674,669.46 | 31.76 | 216614.39 | 480974.23
Q3 30.35|114.94 | 7903.87 | 1,654,745.44 | 33.49 | 160062.62 | 534942.35
Q4 29.83 [ 120.67 | 9219.67 | 1,730,284.61 | 33.99 | 125284.02 | 592507.97
2001Q1 | 25.73 | 1254 10169.6 | 1,636,688.09 [ 35.12 | 122891.15 | 713418.4
Q2 27.41 [ 136.57 | 10232.23 | 1,723,306.06 | 38.32 | 121087.4|777131.87
Q3 26.76 | 134.99 | 10385.93 | 1,732,259.70 | 39.84 | 79865.46 | 748933.7
Q4 19.46 | 134.36 | 10322.2 | 1,802,944.47 | 40.03 ( 40897.19 | 794251.68
2002Q1 | 21.15|138.01| 9661.13 | 1,860,314.82 | 41.43 | 34748.47 | 817188.53
Q2 2497 [ 136.58 | 9101.47 | 1,949,947.77 42.8 | 71496.21 | 858717.1
Q3 27.08 | 137.58 7885.4 | 1,965,437.71 | 44.84|122921.44 | 897666.57
Q4 27.62 [ 138.99 | 7720.03 | 2,020,058.06 | 43.98 | 141946.13 | 959073.2
2003Q1 | 32.06 | 139.38 7671.9 | 2,441,890.36 44.7 | 110161.07 | 1083525.8
Q2 26.53 [ 139.49 | 8053.17 | 2,477,782.21 | 47.22 | 29841.37 | 1180782.4
Q3 28.67 141 | 7421.17| 2,475,970.16 | 51.38 | 83455.38 | 1193735.9
Q4 289 | 148.1| 7421.07 | 2,517,875.45| 54.04 | 171938.79 1276444
2004Q1 32.3 | 143.51 9120.3 | 2,631,255.55| 55.08 | 187468.76 | 1170271.2
Q2 36.09 | 139.5| 10500.4 | 2,592,273.17 | 55.29 | 253061.17 | 1193460.8
Q3 41.88 | 140.42 | 12644.53 | 2,985,541.81 | 56.98 | 340200.52 | 1244104.4
Q4 44.63 | 139.98 | 15985.8 | 3,201,996.38 | 59.58 | 406646.83 | 1315266.6
2002Q1 | 46.48 | 139.82 | 20651.57 | 3,169,613.44 | 61.87 | 371201.33 | 1412545.2
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Q2
Q3
Q4
2006Q1
Q2
Q3
Q4
2007Q1
Q2
Q3
Q4
2008Q1
Q2
Q3
Q4
2009Q1
Q2
Q3
Q4
2010Q1
Q2
Q3
Q4
2011Q1
Q2
Q3
Q4
2012Q1
Q2
Q3
Q4
2013Q1
Q2
Q3
Q4
2014Q1
Q2
Q3
Q4

51.66
63.42
58.34
63.39
70.86
71.08
61.33
59.94
71.38
77.76
90.77
98.71
127.35
119.13
58.9
47.06
61.14
70.25
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Appendix I1: Time plots of the transformed variables before stationarity
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Appendix I11: Time plots of the study variables at stationarity
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Appendix IV

Plots featuring the responses of each variable to crude oil price shocks in Nigeria
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