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ABSTRACT

The study analyzed the impact of crude oil price volatility on monetary policy in Nigeria for the
period 1980:1 to 2010:4. The study was undertaken with two main objectives. The first objective
was to estimate the extent of crude oil price volatility. And secondly, to analyze the impact of
crude ail price volatility on monetary policy in Nigeria. The study used quarterly secondary data
and ARCH and GARCH method to analyze the data. The results of the study shows that crude
oil prices are volatile and that crude oil price volatility have significant negative impact on
monetary policy, net foreign assets and crude oil export in Nigeria. However, the impact of crude
oil price volatility on crude oil import was insignificantly negative. The sum of ARCH and
GARCH cosfficients in the money supply, net foreign asset, and crude oil export models showed
that volatility is persistent (i.e. the error terms have infinite variance) while it was not persistent
in the crude oil import model. This suggests that crude oil price volatility has been part of the
reasons for the distortions or instability in monetary policy, net foreign asset, and crude ail
export in Nigeria Furthermore, there is ample evidence that real output, inflation and interest
rates exerted significant impact on monetary policy in Nigeria. Therefore, the current surge in
crude ail prices has the potentials of affecting monetary policy performance in Nigeria.
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CHAPTER ONE
INTRODUCTION
1.1 Background to the Study

The Nigerian economy depends heavily on export of crude oil as the major source of
Government revenue and export. The Nigerian oil sector accounts for over 95 percent of export
earnings and about 85 percent of Government revenues, (Aliyu, 2009). Crude oil production and
export play a dominant role in the Nigerian economy and account for about 90 % of her gross
earnings. This dominant role has pushed agriculture, the traditional mainstay of the economy,
from the early fifties and sixties, to the background (Qdularu, 2007).

Oil prices and oil revenues are volatile and it mukes the economy vulnerable to external
shocks. Falling oil prices can put serious strains on Nigerian fiscal balances or on their ability to
borrow from abroad while rising oil prices can be accommodated by economy (Kilian, 2009).
Some of the additional revenues as a result of rising oil price are used to finance imports of
refined petroleum products and the balance is shared among the three tiers of Government from
the excess crude oil account.

Crude oil price volatility has significant implication for stability of fiscal and monetary
policies and the entire Nigeria cconomy because expenditures are nol smoothening in
anticipation of future decling in the rcal price of oil when there is a boom. It is also good to know
that the extra revenue is not used to diversify the domestic economy. As a result, the ability of
the domestic economy to absolve infusions of capital from excess crude account is limited hence
the need for monetary policy (Kilian, 2009).

Oil price shocks have large and potentially harmful effects on external accounts (both for

net oil importers and exporters), forcing countries to deplete their reserves and sometimes



borrow from abroad to offset adverse terms-of-trade shocks and leading to the crowding-out of
the tradable sector by means of exchange rate appreciation (Dutch disease) for net oil exporters,
(Chuku, 2010).

The monetization of oil revenue has becn a major problem in liquidity management in
Nigeria. Measuring liquidity as the narrow and broad money definitions by the CBN, which is
responsible for keeping liquidity in check so that the three key macroeconomic prices ( interest
rate, exchange rate and inflation raie) are not affected thereby creating market distortions and
influtionary pressure (Biodun, 2004},

An excessive deficit fiscal operation which accompanies increase in oil revenue makes
Government to engage in frivolous spending on unnecessary projects, Deficit spending
invariably makes Government resort to borrowing from the Central Bank through the instrument
of Ways and Mcans Advances, which later is converted into short term debt instruments that are
quite expensive to service at market rates (Odularu, 2007).

The achievement of a balance is paramount in the design of monetary policy as an excess
or shortage in the supply of money could either induce excessive aggrepate demand, resulting in
higher inflation rate or induce stagnation, thus retarding economic growth and development.

1.2 Statement of the Problem

Since 1970, the Nigeria Government has been overly dependent on the oil sector as the
most important source of revenue accounting for about four-fifth of the total Government
revenue. In the recent past decades, the global energy market has witnessed several shocks in oil
prices. (Chuku etal, 2010).

These shocks usually come as a two-edged sword, offering enormous opportunities in

terms of profits and revenuc for oil exporting economies like Nigeria, and at the same time,



ushering in several political-economy challenges, including distortions in macroeconomic
dynamics. Particularly, oil price shocks have a strong potential to affect a major macroeconomic
variable in an oil exporting country, namely the current account. Oil price shocks primarily affect
the current account of a country by distorting the savings-investment identity (Chuku etal, 2010).

The problem of excess liquidity arising from the expansionary fiscal operations during
booms and the rapid monetization of crude oil receipts also makes it difficult to scale down
expenditure whenever there is a significant deterioration in the price of crude in the international
oil market (Babalola, 2009). Oil price changes also influence foreign exchange markets and
generate stock exchange panics, higher interest rate produce inflation and eventually lead to
monetary and financial instability (Aliyu, 2009),

Despite the general recognition that oil plays an important role in the Nigerian economy,
less attention has been given to the impact of oil price volatility on monetary policy. However,
an cconomic theory (open economy macro economy) indicates that the effect of oil price
volatility on monetary policy is critical to the effects of oil price volatility in the economy.
Empirical analysis of the oil price — monetary policy nexus is therefore a useful exercise. To
better estimate the effects, the following questions are relevant.

i.  What is the degree and pattern of crude oil price volatility?
i.  To what extent does crude oil price volatility affect monetary policy”
1.3 Objective of the Study

This study has the broad objective of estimating the impacts of crude oil price volatility

on monetary policy. Specifically. the study seeks to achieve the following,
i.  To estimate the extent of crude oil price volatility.

. Toanalyze the impact of crude oil price volatility on monetary policy in Nigeria,



iil.  To deduce policy implications of the results.
1.4 Justification of the Study

Estimating the impacts of oil price volatility on monetary policy is particularly relevant in

. the case of Nigeria since, as a small open economy, it has no real influence on the world price of

oil, whereas it is greatly influenced by the effect of oil price volatility both as an oil exporter and

~ importer of refined petroleum products. For commeoditly importing and exporting nations, an

- understanding of the risks associated with price volatility can allow better targeted policy. At the

- microeconomic level, the stochastic behavior of prices is relevant to evaluating real investments

- using modern asset pricing techniques. The relative volatility of various commodities is also &

factor in evaluating descriptive modcls of energy conservation behavior.
1.5 Scope and Limitation of the Stady

The period covered by this research is [rom 1980 to 2010. The period covers periods of
boom and burst. It also covers periods of two monetary policy regimes: periods of direct
monetary policy (1980 — 1985) and indirect controls (1986 — 2010).
1.6 Organization of the Study

The study is divided into five chapters. Immediately after the general introduction,
chapter two highlights the literature review and this consists of conceptual litcratures, an
overview of monetary policy in Nigeria, theoretical literatures and review of the empirical
literatures on the link between oil price and monetary policy. Chapter three presented the
research methodology while Chapter four covers the presentation, analysis and interpretation of
results and summary of major findings. Chapter (ive, the concluding chapter presented the

summary, conclusion and recommendations of the rescarch.



CHAPTER TWO
LITERATURE REVIEW
2.1 Conceptual Literature
2.1.1 Concepts in Monetary Policy and Volatilitics of Crude Oil Prices

Monetary policy is a blend of measures and or set of instruments designed by the Central
Bank to regulate value, supply and cost of money consistent with the absorptive capacity of the
- economy or the expecled level of economic activity without necessarily generating undue
pressure on domestlic prices and the exchange rate (Okafor, 2009). According to the United
States Federal Reserve Board, (2006), monetary policy is the process by which the Government,
Monetary Authority or Central Bank of a country controls the supply of money, availability of
money and cost of money or interest rate to attain a set of objectives oriented towards the growth
and stability of the economy. Also, according to the CBN, (2009), monetary policy refers to
specific action taken by the Central Bank to regulate the value, supply and cost of money in the
economy with a view to achicving Government’s macroeconomic objectives.

Therefore, the ultimate goal of monetary policy is to ensure the achievement of a
consistency between the cxpansion in domestic liquidity and Governmenl’s macrocconomic
objectives of price and exchange rate stability, higher output growth, full employment of
resources, balance of payment cquilibrium, promotion of sound [inancial system and sustainable
growth and development (Okafor, 2009). In some countrics, monetary policy objectives are
explicitly stated in the law establishing the Central Bank, while for others they are not. The
objectives of monetary policics may vary from country 1o country but there arc two main
objectives which are to achieve price stability and other macroeconomic objectives. In Nigeria

however, the objectives of monctary policy include: maintenance ol price stability, attainment of



full employment, maintenance of balance of payments equilibrium, exchange rate stability and
- promotion of a steady and sustained level of economic growth (CBN, 2009).
According to Okafor, (2009), low and stable inflation has become the core mandate for
. most Central Banks across the globe for the obvious reason that inflation has cost on the
economy. These cost include macrocconomic costs in which producers may mistake a general
price increase for a relative price increase and may undertake unwarranted expansion of capacity,
" while and savers may not know the rcal rate of interest, distributional cost in which borrowers
gain at the expensc of savers and resource costs in which economic agents commit resources that
could have been more efficiently and beneficially utilized, to protect themselves against the
effects of inflation. ?‘E
Monetary Policy Instruments and Process

Monetary policy instruments are tools which the Central Bank uses to conduct and

l

implement monetary policy. According to Oke, (1995), the direct instruments of monetary policy
were, sectoral credit allocation, credit ceilings and reserve requirements, administrative fixing of
interest and exchange rates, special deposits and moral suasion. The indirect instruments are
open market operations, reserve requircments, discount window operations and moral suasion.
However, monetary policy management refers (0 an aspect of macroeconomic management
which is undertaken by the CBN on behalf of the Federal Government. The monetary policy
process is a fairly complex procedure involving objectives and target setting, monetary
programming, choice of nominal anchor, policy instruments and the institutional framework of
monetary policy implementation as well as communication and evaluation of outcomes

M

(Uchendu, 2009).
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Objectives and Targets of Monetary Policy

In Nigeria, the major objectives of monetary policy are the attainment of price stability
and sustainable economic growth (Uchendu, 2009). Associated objectives are full employment
and stable long term interest rates. In pursuing these objectives, the CBN recognizes the
existence of conflicts among objectives necessitating at some point some sort of trade-offs. The
targets of monetary policy in case of CBN are the operational targets, the intermediate targets
and the ultimate targets. The bank manipulates the operating target {rescrve money) over which
it has substantial control fo influence the intermediate target (broad money supply,M2) which in
turn impacts on the ullimate or final objective of monetary policy, that is, inflation and output
(Uchendu, 2009), The broad moncy supply comprises of narrow money (M1) and quasi money
while the operating targets, reserve money is made up ol currency in circulation and bank
deposits with the Central Bank.
Nominal Anchor of Monetary Policy

A nominal anchor for monetary policy is a singlc variable or device which the Central
Bank uses to pin down expeclations of private agents about the nominal price level or its path or
about what the bank might do with respect to achieving that path (Kragman, 2003). Generally,
there are two types of nominal anchor: quantity based and priced based. The quantity based
nominal anchor targets money while the priced based targets exchange rate or interest rate
(Uchendu, 2009). It is important to note that exchange rate targeting may not produce the desired
result if the interest rate .is also subject to control at the same time. Some rules are necessary for
effective monetary policy; in this case, prices such as interest rate and cxchange rate may not be

controlled or pegged at the same time. [f interest rate is controlied, the exchange rate should be



allowed to move freely for the necessary adjustment to materialize so that price stability could be
attained.
2.1.2  Shocks and Crude Qil Price Volatility

Shocks to the system could be endogenous or exogenous shocks. Endogenous shocks
refer to unexpected economic events which originate independently from within a system and
which may (ake the economy off course (Riley, 2006). However, exogenous shocks refer to
unexpected economic cvenls which originate independently from outside a system and which
may have the effect of driving the economy off course. Exogenous shocks have two types;
Demand side shocks and Supply-side shocks.

o Demand side shocks: Demand side shocks refer to shocks affecting ihe rate of growth of
demand both in Nigeria and other countries. Demand-side shocks include a capital
investment boom c¢.g. a construction boom or rapid growth ol spending on ICT, a pre-
election Government spending, a sudden and significant rise or fali in the exchange rate —
affecting net export demand and having follow-on effects on output, employment,
incomes and profits of businesses linked to export industries (Riley, 2006).

e Supply-side shocks: Supply-side shocks refer to shocks affecling cosls and prices in
different countries of the world (Riley, 20006). Supply-side shocks to the economy could
be oil prices fluctuations, and the emergence, adoption and take-up of a new production
technology arising from invention and innovation that has the effect of reducing cost for

producers and prices for consumers.

Therefore, the term oil price shock denotes an unpredictable change in the real price of
oil, on a month-to-month basis (Kilian, 2010). 1t is also uscd to refer o episodes of large

cumulative changes in the rcal price of oil, often extending over several years. An oil price shock



in the latter senée need not involve any large unpredictable changes. It may be driven entirely by
many small unpredictable changes il'; real price of oil in the same direction (Kilian, 2010).

The Oxford Advance Learners’ Dictionary definition of volatility is given as the
statistical measure of the dispersion of returns for a given security or market index. Volatility can
be measured by using the standard deviation on variance between returns from that same security
or market index.

Measure of Crude Oil Price Volatility and Shocks

It is worthwhile studying the volatility of oil prices, because volatility measures the
uncertainty in the oil prices. The higher the volatility, the greater is the uncertainty facing the
market, The most obvious indicator of un oil price shock is the nominal oil price. In an carly
article, Hamilton (1983) shows that increase in the nominal price of oil granger-causes downturn
in economic activity. However, morc recent study have shown this simplc measure to have a
rather unstable relationship with macroeconomic outcomes, leading subsequent researchers to
employ increasingly complicated specifications of the “true” relationship between oil and the
economy.

Hamilton (1996) argucd that the correct measure of oil shocks depends on how the price
of oil affects the economy and he proposed a more complicated measure of il price (CP)
changes: the “net oil price increase”. The measure distinguishes between oil price increases that
establish new highs relative to recent expericnce and increascs that simply reverse recent
decreases. For quarterly data, the “nct oil price Increase™ compares the price of oil in cach
quarter with the maximum value observed during the preceding four quarters. If the value for the
current quarter exceeds the previous year’s maximum, the percentage change (say 10%) over the

previous year’s maximum is plotted (i.e. CP = 0.1). If the price of oil in quarter t is lower than it



had been at some point during the previous four quarters, the series is defined 1o be zero for date
t(CP =0).

In addition to Hamilton’s “net oil price”™ measure, the energy economics literature
provides many alternative indicators of oil price shocks. Those proposed by Federer (1996) and
Lee. Ni, and Ratti (1995) for example, focus on the volatility of oil prices. Mork (1989) proposed
an asymmetric relation in which the regressor is given by the magnitude of the oil price change
when oil prices increase but equal to zero when oil prices decrease. Therefore, the operational
measure of volatility for this study is discussed in chapter three.

The implication of volatile prices in the global market and in particular, the current rising
oil prices in the international market is analyzed at this section. The most possible impact of this
oil price shock on the global economy is inflationary pressure. The macroeconomic implications
of rising oil prices depend on several factors;

e Whether a country is a net importer or exporter ol oil. Nigeria is still a net exporter of
crude oil (though we import a lot too!). According to Mussa, (2002), there will be a
transfer of income from oil consumers to oil producers; as the propensity to spend of
those who lose income (energy consumers) is generally larger than the propensity to
spend of those who gain income (energy producers). This will cause some fall in demand.
On an international level, the transfer is from oil importing countries to o1l exporters and
oil exporters tend to expand demand only gradually.

e The scale of oil dependency of an economy i.c. the ratio of oil used per unit of national
output produced. Some countries have a reliance on high-energy using industries and are

therelore more susceptible to changing oil and commodity prices. Others have a much
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smaller manufacturing basc and naiional output is dominated by industries that are less
energy intensive (Riley, 2006).

The extent to which rising oil prices are temporary (i.c. lasting only a {ew months before
falling back) or regarded as more permanent (c.g. a period of 3-4 years of high prices). In
general, the impact of higher oil prices will be larger than the longer the price rise lasts
(Riley, 2006). The possibility exists of “super-spikes™ in oil prices, short bul sharp
movements in prices driven higher or lower by speculative buying and selling in the
market.

The extent to which oil uscrs (conswmners) can swiltch their demand away from oil
towards altcrnative energy substitutes. In the short term, demand is said to be inelastic
(Riley, 2006).

The extent to which the labour market is flexible (in particular the flexibility of real
wages) and the ways in which businesses react to higher oil costs.

The effects of exchange rate changes arising from oil price movements e.g. the naira
might rise against the US dollar which could absorb some of the effects of higher oil
prices on the Nigerian economy (Riley, 2006).

The macro-economic pelicy response to rising oil prices from Central Banks (e.g.
changes in monetary policy) and the Government (c.g. changes in fiscal policy).

Membership of o1l producing organization such as OPEC.



2.2 Review of Theoretical Literatures
2.2.1 Theories of Crude Qil Pricing
The Market Base Theory of Crude Qil Pricing

There is a lot of debate surrounding the pricing of crude oil all over the world among
scholars, policy makers, organizations and Governments. The central aim of pricing crude oil
was to maximize the gains or benefits of the oil industry. Some group of thinkers argued that
crude oil needs to be subsidized by the Government so that consumers of the product will pay
less in a country producing it. Others are of the opinion that Government should deregulate the
seﬁtor to maximize the benefits. Still others argued that deregulation of the oil sector have costs
implications for the manufacturing sector and the citizens (Olowononi, 2008).

Therefore, the market based theory maintained that crude oil price should be determined
by the forces of demand and supply. That is the price ol crude oil like any other normal
commodity should be deterniine by the price system. According to Olowononi, (2008), in many
oil producing countrics, pricing of crude oil has been base on the principle of opportunity cost,
which is the world price determine by the forces of demand and supply. The domestic price is
determined as border price less freight and other related charges. This theory has the advantage
of climinating arbitrage opportunities engendered by lower domestic price relative to
international price. However, the theory is criticized {or encouraging smuggling activities and
places responsibility on Government by way of subsidy o the product. This result to high
consumption and low investment in the domestic economy.

Exhaustive Resource Theory
According to this theory, the price of crude oil may not be consistent with the equilibrium

forces of demand and supply as implied by the market based theory, but crude oil as a natural
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resource, can be exhausted over time (Hostelling (1931) as in Olowononi, 1999). This theory
recognizes the temporariness of crude oil avallability so that the price of crude oil is scen as a
used costs or depletion charge which compensates for the future generations because they are
denied access (o the commodity.
Capital Replacement Theory
This theory considered the cost of replacing capital in crude oil production, That is the
process of pricing crude oil products should be done in such a manner that will recover the
capital expended in its production and refining. This means that the revenue generated from the
sales of ¢crude oi] and its related products should be greater than the cost of producing them,
The Dutch Discase Theory
Economists W. Max Corden and J. Peter Neary developed the classic economic
model describing Dutch disease in 1982, In the model, there i1s the non-traded good sector
{this includes services and two traded good sectors: the booming sector and the lagging
sector, also called the non-booming tradable scetor). The booming sector is in this case Lthe
oil sector. The lagging sector generally refers to manulacturing sector. A resource boom
will affect this economy in two ways: resource movement effect and spending effect. [n the
resource movement effect, the resource boom will increase the demand lor labour, which
will cause production to shift toward the booming sector, away from the lagging sector.
Such an effect can be negligible, however, since the hydrocarbon and mineral sectors
generally employ few people.
The spending effect occurs as a result of the extra revenue brought in by the resource
booni. It increases the demand for labour in the non-tradable scctor, shifting labour away from

the lagging sector. This shift from the lagging sector to the non-tradable sector is calied indirect
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deindustrialization. As a result of the increased demand for non-traded goods, the price of these
goods will increase. Prices in the traded good sector are set internationally, so they cannot
change. There is an increase of the real exchange rate. an appreciation of the real exchange rate
may shrink manufacturing exports and reduce investment from firms, since firms will not invest
i they are not sure what the future economic conditions will be. There are also many other
harmful effects often associated with Dutch disease, such as corruption and protectionist policies
for affected lagging sector industries. Hence the government may not be able to carry out
effective and sound macroeconomic, social and industrial policies (Olomola, 2007).
2.2.2 Theories of Monetary Policy
Quantity Theory of Money

According Irving Fisher a proportional direct relationship exist between changes in
money supply and the general price level and inversely related to the value of money (what
money can buy in real terms). That is to say that the circulation of money stock in the economy
is related to the amount of money expended in the economy during a given period of time. The
quantity theory of money is based on the link between the stock of money (M) and the market
value of output that it finances (PY). where p is the price level and Y is the output. M is related
to P with a factor of proportionality k. The relationship is given by:
k is assumed to be constant Equation (2) can be written as

where v = I/k and this is the income velocity of money, the ratio of money income

(nominal GDP) to money stock or the number of times the stock of money turns over in a given



period in ﬁnancing the flow of nominal income. Thus V is a useful concept in policy making.
Liquation (2.3) can be written in growih form;

AM =AP +AY ~ AV i e ereenas verns (2.4)

[f V is constant, then AV = 0 so that (2.4) yields

AM=AP + AY ciivrcrienreenicenieiaeeennnns earaees v ereeererrrareeseeeierrnnrarres (2.5)

This is the fulerum of monetary targeting {)peratcd by Central Bank of Nigeria. The
operating target, base money is set base on the relationship between money supply and base
money and on the assumption of a stable money multiplier. k is illustrated in equation (6).

Mz = KBM .coiriiinriiiiinriinieiinriiane ererarrenrtesurarratraranes (2.6)

Where M; is broad money supply, k is the money multiplier and BM is base money.
The Keynesian Theory of Moncy

In his gencral theory, John M. Keynes faulted the classical and the neo classical
economists for keeping separale monetary theory and value theory. lle then developed a
reformulated quantity theory of money that brought about transition from monetary theory of
prices to a monetary theory of output, (Jhingan, 2002). According to Keynes, an increase in
money supply may lead to an unacceptable increase in the price level. That is an action by the
monetary authority to lower inflation through coniractionary monetary policy may cause
unemployment in the cconomy. The theory is based on the following assumptions (Jhingan,
2002). 1) All factor inputs are in perfect elastic supply us long as there is any unemployment. 2)
All unemployed factors are homogeneous, perfectly divisible and interchangeable. 3) Effective
demand and quantity of money changes in the same proportion so long as there are any
unemployed resources. 4) There are constant returns to scalc so that prices do not rise or fall as

output increases.
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Since the supply curve of factors of production is perfectly elastic in a situation of
unemployment, wage and non wage factors are available at constant rate of remuneration. As
such, prices do not rise with increase in output so long as there is any unemployvment. Under
circumstance, output, and employment will increase in the same proportion as the quantity of
money. But once full employment is reached, output cease to respond at all to changes in the
supply of money and so is effective demand. Prices will rise only when the level of full
employment is attained and not before it (Jhingan, 2002).

The Monetarist Theory of Money

Milton Friedman reaffirmed the position of the neo-classical economists in his articles,
‘the quantity theory of money: a restatement’ in 1956. He challenged the Keynesian view that
money supply does not matter. According to Friedman, inflation is always and everywhere a
monetary phenomenon that arises from rapid expansion of quantity of money than in total
output. Those changes in the quantity of money will work through to cause changes in nominal
income. When money supply is increased, it will increase the demand for goods and services and
then lead to increases in price level or nominal income or both.

Md =M/[P =LY, Rus Ry Res Bpy W5 BY tssconrnersunsuoncosercarsonconnsnssossai{@n )

Where: M = nominal broad money supply, P = the price level, Y = real income, Ry, = expected
nominal rate of return on money, Ry, = expected nominal rate of return on bonds, R, = expected
nominal rate of return on equities, R, = (1/P)(6P/61) = expected rate of change of price of goods
and hence the expected nominal rate of returns on physical assets, w = fraction of wealth in non
human form and w = variables other than income that may affect the utility attached to the
services of money. He regarded the amount of real cash balances (M/P) as a commodity which is

demanded for because it yield services to the person who hold it (i.e. money is seen as an asset or
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capital good). The demand for money function is homogencous of degree one and is therefore
stable in the Jong run when Ry, Ry, Re, w, and u are held constant. A rise in expected yield on
different assets reduces the amount of money demanded by wealth holder and that an increase in
wealth raises the demand for money (Mishkin, 1995)., This means that the amount of money
which people want to hold in cash or bank deposits is related in a lixed way to their permanent
income {which is the expected yield on wealth during its life time), The diagram below explains
the theory.
Financial Programming Framework

Financial programming is a comprehensive and consistent set of policy measures aimed
at achieving certain desired economic objectives in a given time horizon (Ohuche, 2003).
Economic targets and policy measures are set for a period of one to three vears ahead. They are
specilied in concrete, mostly quantitative terms but remain subject to periodic review. The CBN
has used the financial programming framework for credit targeting, (Garba, 2003). The Financial
Programming Framework (FPF) initially encompasscs three macroeconomic accounts Vi
balance of payments (extcrnal sector), Government account (fiscal sector) and monetary account
{monetary sector). Oke, 1995 presented a table that captures the [iscals, monetary and external
sectors in the financial programming as follows:

Table 2.1: A three sector financial programming framework.

Fiscal sector Monetary scctor Extcrnal sector

GR~-GE=D=ANCG |ANDC+ ANFA+AQAN=AM, or CA + KA =ANFA
ANFA + ANDA = AM,

Where; ANCP = Net change in credit to the private sector, CA = Current account balance
(export (%) - import (m)), KA = Capital account balance, ANFA = Net change in foreign asset,

GR = Government Revenue, GE = Government expenditure, D = Budget deficits, ANCG = Net
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change in credit to government, ANDC = Net credit to the domestic economy, AOAN = Change
in net other assets, ANDA = Net change in domestic asset, AM> = Broad money supply.

The Framework that is presented by Oke, (1995) ignores the real sector and failed to
reflect intergovernmental relationships (Garba, 2003). As a result, it may not be able to capture
all the crucial routes through which crude oil price volatility can affect monetary policy and its
effects on the economy. According to Garba, (2003), real sector activities such as cmployment,
investment, consumption and output growth are ends of public policy and the success of public
policy is determine by its impact on cmployment, incomes, output, consumption and welfare of
the Public. Therefore, intergovernmental relationships are crucial to the success of public policy
and hence the attainment ol monetary policy objectives. Therefore, Garba, (2003),
(Ohuche,(2003) and others, presented a four components financial programming framework as a
result of the inherent weakness of the three component financial programming framework. The
four component framework is summarized below.

Table 2.2: Four component financial programming framework

Balance of Payment | National Fiscal Account Monetary
Account Account Account
AR = X-Z+F Y=E+X-Z G-T=AB+AD® +ADP | AM = AD + ADR
=X-Z+ADS

=AD% + ADP + AR

Where, M = Money supply, D = Domestic credit, R - Foreign reserve, AR = R Rt = Balunce
of payment, P = Price level, Y = Real income, V = Velocity, X = Real exporis, PX = Price of
exports, Z = Real imports, P? = Price of imports, I = Capital inflow, M ~ Propensity to invest.

The four components TFinancial programming was developed by Considering key
economic relationships and relying on judgments and econometric projection techniques.

Financial programming involves the four macroeconomic accounts which include Nationa!
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Account( Real sector), Balance of payments (External sector), Government Account (Fiscal
sector) and Monetary Accounts (Monetary sector)
Monetary Survey

Monetary survey is the core of money and banking statistics, monitoring some of the
most useful monetary aggregates for economic analysis. Data for monetary authorities and
deposit money banks are consolidated into a monetary survey. The monetary survey measures
the size and origin of narrow money (M1) which includes transferable deposits and currency
outsides banks, and quasi money which consists of the liabilities of these institutions in the form
of time and saving deposits in addition to foreign currency deposits. Broad money (M2) consists
of narrow money plus guasi money, and it equals total liabilities of the monetary survey.

Table 2.3: Assets and liabilities of the CBN

ASSET LIABILTIES

Net foreign assets Broad money M2
Domestic credit Narrow money (M1)
Claims on Government Net Currency in circulation
Claims on others Demand deposits

Quasi money

T'ime and saving deposit
Foreign currency deposit
Other asset Nets _ o _ ]

Net Foreign Assets is the sum of the monetary authorities foreign assets (gold holdings of
SDRs, reserve position in the fund, foreign exchange (convertible / nonconvertible), regional
monetary co-operation funds and other foreign assets) and other money deposits banks foreign
assets (gold and other precious metals, claims on nonresident banks (example shares in non-
resident banks, foreign currency) and claims on other nonresident (example claims on foreign
government in the form of treasury bills and loans) less any foreign liabilities. Net Credit to

Government consists ol CBN credit 1o the Government and deposit money bank credit o the
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Government . That is 1l also includes other domestic institution’s credits of non financial public
enterprises, non monetary financial institutions, private businesses, households and non-profit
institutions. These claims on domestic sectors include bills, bonds and securities, loans and
advances as well as credit. .

On the liability side, the monctary survey shows the overall liquidity generated by the
banking system, the stock of money if defined narrowly; consist of currency in circulation
outside banks plus demand deposits in banks. A broader definition of money includes in addition
to narrow money, quasi money that consist of time, savings and foreign currency deposits in the
banking system. The discussion above is explained numerically below.

The consolidated balance shect approach will be used to analyze the cffect of crude oil
price volatility on monetary policy variables in this study. The consolidated balance sheet model
for broad money (M;) supply is made up of narrow money supply (M) and quasi money (Qu). It
is given by;

M;=M,; +Qu=NDC + NFA + OAN ............. esrestanastrrsaeaes e (2.8)

From equation (2.8), narrow money supply can be defined as;

M =D+C oiiiiiiiiiriniianiiin. cearearuss crreesrsaeresarenene 2.9)

Also from equation (2.9), demand deposit is defincd as;

D=BR+BC............. ceranmrrresnasEarrrsanarsnstaranarans cesnarreorenennen  (2.10)

Where; NDC = Net domestic credit, NFA = Net foreign asset, OAN = Net other asscts, D =
demand deposits, C = currency in circulalion, BR = bank reserves, BC = bank credits.
Decomposing equation (2.8), net foreign asset (NFA) consist CBN assets (CBNA) and deposit

money bank assets (DMBA). So, net forcign assets can be sensitive to crude oil price volatility
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and may also cause movements in broad money supply. See chapter three for further information
on the effects of crude oil price volalility on net foreign asset.

NFA=CBNA+DMBA ......cccoivvvennn. cervarenas ciererinae D 2.11)

Similarly, net domestic credit (NDC) consist net credit to the Government (NCG) and credit to
the private sector (CPS).

NDC=NCG + CPS vinriiirmnrennianisvivrisisisiaecssreormrmosssoaranss (2.12)

If NCG is decomposed further, we have CBN credit to thc Government (CBNCG) and
deposit money bank credit to the Government (DMBCG)(it also included other domestic
institution’s credits, non financial public enterprises, non monetary financial institutions, private
businesses, houscholds and non-profit institutions. These claims on domesiic sectors include
bills, bonds and securitics, loans and advances as well as credit). Credit to the private sector

consist CBN credit to the private sector (CBNCP;) and deposit money bank credit to the private

sector (DMBCP,)
DCG=CBNCG + DVMBOG ciovvivieiciiiiiiiriiiiiiisserasssnarsasesssssonnns (2.13)
CPS=CBNCPs +DMBCPS .cvvriniriacarrriienanes e Am et s e st are et teronerras . (2.14)

Therefore, monetary policy is usually designed to affect the quantity and price of
financial assets used mainly for transactional, precautionary and  speculative purposcs.
Expansion of aggregate money supply over and above the desired level (at a given cost or
interest rate) may increase the demand for goods and services and thereby resulting to
inflationary pressure (assuming the economy’s output cannot be increased in the short run) or a
loss of foreign exchange reserves or both. So, ivestigating the impact of crude oil price

volatility on monetary policy is worth pursuing using this framework.
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2.2.3 Transmission Mechanism of Crude Oil Price Volatility to Monetary Policy

The transmission mechanisms, according to Jin (2008) through which oil prices affect real
economic activity include both supply and demand channels. The main effect of rising oil prices
in the short run is on aggregate supply. The supply side effects are related to the fact that crude
oil is a basic input to production, and an increase in oil price leads to a rise in production costs
that induce firms to lower output. Higher price causes an inward shift in short run aggregate
supply and puts upward pressure on the general price level. This is an example of an “exogenous
inflationary shock’. Higher oil prices act as a dampening effect on the rate of growth of real
GDP. This is because higher prices of oil reduce people’s real incomes and their real purchasing
power (Riley, 2006). And because firms are making less profit (because of higher costs) this can
lead to a reduction in planned capital investment. Since both consumption and investment are
important components of aggregate demand, the result can be a slowdown in growth leading to

actual GDP falling below potential — i.e. a negative outpul gap (Riley, 2006).

The demand side effect is derived from the fact that oil price changes affect both consumption
and investment decisions. Consumption is adversely affected because increase in oil price affects
disposable income and the domestic price of tradable. Investment also is affected because such
increase in oil price also affects firms” input prices and thereby increasing their costs. This
reduces output growth and slower growth will have elfect on employment because not just in
those industries that depends on oil but across the whole economy. Another effect of rising oil
prices could be to erode business confidence. This too will have a negative effect on output and
investment intentions. Similarly a reduction in company profits might have a negative effect on

share prices, falling share valuations effectively increases the cost of capital for firms wanting to



issue new shares to finance an expansion and a decline in equities would also hit consumer
confidence (Riley, 2006). The actual effect of higher oil prices on world economic growth
depends in part on what those countries that are accumulating huge trade surpluses as a result of

being oil exporters, decide to do with these surpluses (Riley, 2006).

The transmission channel from oil prices to CPI may obviously generale some "second round
effects" which are the ground for a wage-inflation spiral. Indeed, workers may want to adjust
their nominal wages to rising oil prices and to the general price level in order to maintain their
real wages (Riley, 2006). Higher oil prices will increase the cost of imports of crude oil, but the
value of exports of Bonny light crude also rise. The net effect could be positive for the current
account of balance of payments. However ¢xporters of non-oil products may suller from the oil
price shock (Riley, 2006). Since higher oil prices reduce real incomes of oil consumers around
the world, firms suffer not only from a drop in demand in their home market but from overseas
as well. So exports fall causing a redugtion in aggregate demand and cxacerbating the fall in
GDP growth. An oil-price increase lcac:ﬂs to a transfer of income from importing countries 1o
exporting countries through a shift in thi terms of trade — i.e. the terms of trade for oil importing
countries gets worse because they are now paying more per barrel of oil — and therefore having
to export a greater volume of exports to pay for this (Riley, 2006). Conversely, higher oil prices
improve the terms of trade for the leading oil-exporting countries. Their oil is worth much more
on the global market, their potential export revenues are much higher as a resull and this is will

be an injection of income and demand into their circular [low (Riley, 2006).



Figure 2.1: Crude oil price volatility and monetary policy

Higher oil prices - the challenge facing monetary policy
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Source: Adopted from Riley, (2006)

The relationship between oil prices and interest rates is rather intuitive and theoretically well
established, a Central Bank that is designed to maintain price stability should react to the
inflationary pressures entailed by oil price increases by raising its interest rate (Riley, 2006).
Actually, when energy prices are rising, the consumer price level is likely to be affected rather
quickly in two ways: directly via the prices of refined products (gasoline, kerosene) which are

included in the consumer price index, and indirectly through the production costs which pass
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through to the selling prices of final goods and services. Therefore, will higher oil prices also
lead to an increase in interest rates? In theory it might well be the case because higher crude oil
prices will feed through to an increase in the general price level and may threaten to take
consumer price inflation above the Government target (Riley, 2006).

2.2.4 Crude Oil Price Volatility and Monetary Policy Management

Since the oil price shocks of 1973-74 and 1979-80, dozens of academics and practitioners have
explored the relationships between oil price shocks and the macroeconomic variables. The
recessionary impacts of these oil prices shocks were too close for possible causal links to be
ignored, and considerable attention has been devoted to study the macroeconomics of these
events.

Two fundamental propositions about the effect of the quantity ol money on the economy predate
the emergence of monetary economics as a recognized discipline of study. The first is that
increases in the quantity of money that is not associated with corresponding increases in real
output will eventually lead to inflation, and the second is that a shortage of money can depress
the volume of economic activity. A considerable literature has emerged, attempting to give
credence or discordance to these propositions, using restricted multivariate time series models as
Sims and Zha (2005).

Milton Friedman and Anna Schwartz (1963) inspired the campaign in their seminal work as they
documented the strong time series correlation of monetary aggregates with both output and
prices. They explain that these correlations did not primarily represent passive responses of
monetary aggregates to development in the private sector. but instead mainly the effects on
monetary policy shifts on the private sector (Nagel and Parker, 2003). Literature has identified

several factors that determine the capacity of Central Banks to use monetary policy to achieve
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countercyclical objectives in the economy, one of such factors is the credibility of monetary
policy. In this regard, credibility refers (o the level of commitment of the Central Bank to
following a set down monetary policy rule rather than following a discretionary approach. This is
important because economic agents make their decisions based on the expected course of
monetary policy as well as the current policy,

Also, policy transparency which deals with the exient of policy disclosure and the timing of
Central Bank commumnication are key suceess factors in evaluating the effectiveness of monetary
policies as shown by Ehrmann and Fratzscher (2007) and Geraats (2005). However, Bernanke
and Mihov (1998) and Lceper et al. (1996) prefer to make the case for the choice of the monetary
instrument used for intervention as the major determinant of the degree of impact. They both
submit that the traditional approach of using changes in the money stock to stimulate or depress
economic activity is (nferior to the usc of interest rates. This is because the growth rate of
monetary aggregates depends on a variety of non-policy influences. Other authors like Cochrane
(1998) emphasize anticipation or non-anticipation by agents as the key factor. Starr (2005), in the
spirit of new Keynesianism, focused on the sticky and flexible nature of prices.

Therefore, no matter the opinion that different authors may hold about the clfectiveness of
monetary policy, it is certain that the effectiveness of monctary policy shocks, is a tunction of a
compound sct of variables. In developed economies, such as the United States and some core
European countries, there is substantial evidence of the effectiveness of monetary policy on real
economic parameters. (Mishkin, 2002; Chnstiano et al,, 1999; Rafig and Mallick, 2008 and
Bernake ¢t al., 2005). However, for developing countries like Nigeria, the cvidence is weak and
full of “puzzles™. For example, Balolgun (2007} used simultancous ¢quation models to test the

hypothesis of monetary policy elfectiveness in Nigeria and {ind that. rather than promote growth;
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erstwhile domestic monetary policy was the source of stagnation and persistent inflation. Similar
evidence was also found for the Gambia, Guinea, Ghana and Sierra Leone using the same
models.

Rahman and Mustafa (2008) carried out a study on the Influence of money supply and oil price
on US stock market. The work studied the long-run and short-run dynamic cffects ol broad
money supply (M2) and oil price on US stock market (S&P500). Monthly data from 1974
through April 2006 was employed with each variable non stationary at levels. The three variables
depicted co-integrating relationship and the veclor error correction mechanism model did not
rcveal any converging long-run causal flows, although short-run interactive feedback
relationships existed.

Gramlich (2004) opined that monetary policy makers have understood from past experiences that
oil shocks will result in some combination of higher inflation and higher unemployment for a
time. He conclude that the worst possible outcome is not the temporary increase in inflation and
unemployment but that the worst possible outcome is for monetary policy makers to let inflation
come loose from its moorings. Ferderer (1996) clearly delincated the theories that may explain
the macroeconomic consequences of oil price changes. The two mechanisms for the relationship
between oil price changes and the macro economy that are best suppaorted by his empirical study
are also the two that generalize to other commoditics. In other words, they imply that price
volatility for any commodity that is an input to production will cause negative impacts on the
macro economy.

The first of these mechanisms is sectoral shocks: some labor and capital are dedicated 10 a
particular production process or industry and it is costly to move them to another industry.

Therefore price changes — in any input or output — that change the optimal allocation of labor and
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capital across industries will be costly to the macro economy. The second mechanism is the
option value of delaying irreversible investment when there is uncertainty about the future level
of prices for inputs or outputs.

Mysen (1994), Bruno and Sachs (1985) Hclliwell (1988) Hooker (2002) opine that the
theoretical result that energy price shocks may trigger an external inflation spike has been
pervasive in the literature. Similarly, other important studies, including DeLong (1997}, Barsky
and Kilian (2001), Hooker (1999), and Clarida, Gal'i and Gertler {2000), suggest that different
monetary policy (particularly prior to the oil shocks) could have substantial impact on inflation.
Roubini and Setser (2004) carricd out a study on the effects of oil price shock on fhc US and
global economy. They find that oil price shock has stagllationary effect on the macro economy
of oit imperting countries. According to them, oil price shock slow down the rate of growth and
even reduce level of output. However, Kilan (2009) opined in his study oil price volatility: origin
and effects that there has been increasing recognition of the importance of shift in the demand for
oil and recent research has provided robust evidence that oil demand shocks played a central role
in all major oil price shock episodes since the 1970s. According 10 him, recent research shows
that shocks to the flow supply of crude oil overall had little impact on the real price of oil since
1973. In contrast, shocks to the flow demand for oil associated with the global business cycle
have been responsible {or long swings in the real price of oil, notably in 1973/74, 1979/80 and
2003-2008.

(uo and Kilesen (2005) examine the price volatility on US macroeconomic activity. The study
used the time series data between 1984 to 2004 on fixed investment, consumption, employment
and the unemployment rate. The economeltric techniques adopted for the study are ADF unit

root test and Granger Causality. The study’s findings supported Ilamilton (2003 and 1996)
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which confirms the result that oil price volatility had a significant adverse effect on US macro
economy. The findings also showed that changes in the Supply and Demand of crude oil price
tend to reflect stochastic disturbance.

Masih et al (2010) examincd oil price volatility and stock price fluctuation in emerging markets,
evidence from South Korea. He finds that oil price volatility have profound effect on the time
horizon of investment and firms need adjust their risk management procedures accordingly, A
vector error correction mechanism model with interest rate, economic activity, real stock,
returns, real oil price and oil price volatility were used and result indicates the dominance of oil
price volatility on real stock returns.

Frankel (2006) examined the Impact of monctary policy on commodity prices. He opined that
monetary policy makers should look at everything, that it is obvious that an index of agricultural
and mineral commodity priccs belong to a useful list of variables that reveal current monetary
conditions, alongside short and long term interest rates, the exchange rate, housing prices and the
stock markct. Berumet and Ceylan (2005) also studied the effects of symmetric oil price shocks
on output for a group of Middle East and North African countries. Using impulse response and
variance decomposition analysis, they find that the effects of world oil price shocks on GDP of
Algeria, Irag, Jordan, Kuwait, Oman, Qatar, Syria, Tunisia, and UAI are positive and
statistically significant. However, for Bahrain, Egypt. Lebanon, Morocco and Yemen, they found
the existence of positive but not significant impacts.

Rajhi et-al (2005) carried out a cross country investigation on twenty four African economics.
Annual data from 1960 to 2000 using times scries daia on Gross Domestic Product, Consumer
Price Index, Current Account Balance, overall budget balance and total reserves. The ADF unit

rool test, co-integration technique and Granger Causality test were used and their findings
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showed that African economies are influenced by fluctuations in il prices in the long run for
some countries and via short run for others. In another work, Jbir and Zounari-Ghorbel (2009)
studied the impacts of the recent oil price shocks on the Tunisian economy focusing on role of
subsidy policy and found from their lincar and non-linear specification of the OPM model that
there is no direct impact of 0il price shocks on economic activity in Tunisia.

Focusing on studies on Nigeria, Olomola and Adejumeo (2006) examined the effects ol oil price
shocks on output, inflation, real exchange rate and money supply in Nigeria found that oil price
shocks significantly affect the money supply in the long-run. They conclude that their results
suggest the tendency for the Dutch disease. However, Ayadi (2005) focus on the relationship
between oil price changes and economic development via industrial production in Nigeria using
a VAR system. HMis result suggest that oil price changes affects industrial production indircctly
through its effect on exchange rate, though, he summits that this relationship is insignificant.
Akpan (2009) study the asymmetric effects of oil price shocks on the Nigerian economy. The
findings from her study show a strong positive relationship between positive oil price changes
and real government expenditure. Also, the impact of oil price shocks on industrial output
growth was found to be marginal with observed significant appreciation of the real exchange
rate. A finding which reinforces that of Olomola and Adejumo (2006) and Ayadi (2005) that oil
price shocks tend to create the tendency for the Dutch disease syndrome in Nigeria.

Recently, Aliyu (2009) used a non-linear approach lo investigate the OPM relation in Nigeria
and find evidence of both lincar and non-lincar impacts of oil price shocks on real GDP. The
results of the asymmetric o0il price increases in the non-linear models are found to have positive
impacts on real GDP growth of a larger magnitude than for other specifications; a result that is

an aberration from the previous empirical works earlier reviewed.
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2.3 Overview of Monetary Policy in Nigeria

All over the world, the major preoccupation of Central Banks is the formulation and
implementation of monetary policy. This is predicated on its use as a 1ool to enhance the
macroeconomic environment, particularly an efficient financial system/market to promote
economic growth. In developing economics, the Central Bank is further entrusted with other
developmental functions with a view to engendering rapid economic development. In pursuance
of these objectives, Central Banks are usually given the core mandate of maintaining internal and
external value of the currency, which in the domestic economy translates to keeping inflation
low and stable, Central Banks undertake an evaluation of the economy which forms the basis of
monetary policy formulation and implementation. (Okafor, 2009)

Monetary policy influences the level of money stock and/or interest rute, for example
availability, value and cost of credit in consonance with the level of economic activity.
Macroeconomic aggregates such as output, cmployment and prices arc in turn affected by the
stance of monetary policy through a number of ways including interest rate or money, credit,
wealth or portfolio and exchange rate channels (Uchendu, 2009). The monetary authorities apply
their discretionary power of influencing the money stock and interest rate lo makc money either
more expensive or cheaper depending on the prevailing cconomic conditions and policy stance,
in order to achieve price stability. Monetary policy performance in Nigeria has undergone scrics
of reforms between 1980 and 2010 and two major periods are worth discussing.

Dircet Monctary Control (Pre-SAP Period) 1980-1985,
During the pre sap period, 1980-1985, the monetary policy [ramework placed emphasis

on direct monetary control, This was due to rclatively underdeveloped nature of money and
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capital markets in the country then, The framework relied heavily on sectoral credit allocation;
credit ceilings and cash reserve requirements; administrative fixing of interest rate and exchange
rates; as well as imposition of special deposits (Uchendu, 2009). During period, the monetary
authorities imposed differcntial guantitative ceilings on all sectors of the economy, given more of
such ceilings to the preferred sectors of the economy. Agriculture, manufacturing and
construction werc the preferred sectors with respeet to credit allocation below market lending
rate. This was to ensure that these sectors were given the utmost attention to take the lead of
growing the economy through the multiplier effect. The level and structure of interest rate were
administratively determined by the CBN. Both savings and term deposit rates were fixed in order
to attain the social optimum in resource allocation, promote growth ol the preferred sectors and
orderly growth of the financial market, contain inflation and lessen the burden of internal debt
servicing of the government {Uchendu, 2009).

Available evidence during the period of direct control regime revealed that the flow of
credit to the priority sectors did not meet the prescribed targets and failed to impact positively on
investment, output and domestic price level. During the period, the average prescribed sectoral
percentage distribution of commercial bank merchant bank to agriculture; manufacturing and
others were 8.8%, 40% and 12.6 percent respectively (Okafor, 2009). A major factor which
impaired the effectiveness of monetary policy during the era of direct control regime was lack of
instrument autonomy by CBN, monetary policy at this period was mainly directed by ministry of
finance and as such was influence by short term political consideraiions (Oke, 1995).

Indirect Monetary Policy Era (1986-2010)
In line with economic deregulation embodied by SAP, there was a paradigm shift from

the hitherto repressive direct monetary control method to an indirect approach anchored on the
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use of market instruments in monetary management. This was borne out of the desire to
eliminate the distortions and inefficiencies in the financial system caused by the prolonged use of
administrative controls and the need to engender competition among banks and other operators
in the financial system.

Between 1986 and 2001, a number of monetary targets and instruments were adopted
which were consistent with the broad objective of monetary policy in Nigeria (Uchendu, 2009).
Open market operation was conducted using the Nigeria Treasury Bills (N1TBs) which 1s the
primary instrument of monetary policy. This was complemented by the cash reserve requirement
(CRR) and the Liquidity ratio (LR). Other policy instruments employed included the discount
window operations. Interest rate policy was deregulated through adjustment of minimum
rediscount rate (MRR) to signal policy direction consistent with liquidity conditions (Uchendu,
2009). Surveillance activities of the CBN focus on sound monetary stability in the banking sector
and the economy at large. Also, official and interbank exchange rates were unified in 1999, In
spite of the monetary policy reforms during this period, the CBN was unable to attain monetary
policy targets due to expansionary nature of fiscal policy by the Government and the resultant
liquidity overhang as well as lack of harmony between monetary policy and fiscal policy.
Inflation rate was largely double digit.

Furthermore, between 2002 and 2005, the CBN commenced a two vear medium term
monetary policy framework aimed at freeing monetary policy from the problem of time
inconsistency and to minimize the effect of temporary shocks to monetary policies in Nigeria.
Under this framework monetary policy was to half yearly review in the light of development in
monetary and financial market conditions so that medium to Jong term goals may be achieved.

Open market operations continued to be the major tool of monetary policy and were
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complimented by reserves requirement, discount window operations, foreign exchange market
intervention and movement of Government deposits in and out of deposit money banks
(Uchendu, 2009). The CBN also undertook banking sector reforms (13-point reform agenda) in
2004. Fiscal discipline was pursued by the Federal Government and monetary pelicy
performance was fairly effective over the period.

The post consolidation period 2006 to 2010 witneésed a lot of policy measures which
included zero tolerance for ways and means advances, gradual run down of CBN holding of
treasury bills, proactive liquidily mop up, monetary policy rate (MPR) replaces minimum
rediscount rate (MRR) in 2006, unremunerated reserve requirement, increase coordination
between the CBN and the Federal Government, restructuring of debt instruments, increased
deregulation of foreign exchange market and occasional foreign exchange swap (Uchendu,
2009} In 2009 and 2010, some of the reforms included promoting agriculture through
commercial farming, financial bailout of distress deposit money banks, introduction of sovereign
wealth fund ete. All these measures were aimed at minimizing shocks to monetary policy in
Nigeria.

2.3.1 Conduet of Monetary Policy in Nigeria

The major objective of monetary policy of the CBN is the maintenance of price stability
consistence with non-inflationary growth among others. The achievement of the policy
objectives depend on various factors including monetary policy transmission mechanism,
technological development, institutional capacity, availability of instruments and the relationship
between the banks, Government and its agencies and the private sector (Mordi, 2009). The
ultimate targets are low inflation and sustainable growth of output. However, there 1s no direct

link between the instruments of monetary policy and the ultimate targels hence the need for
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operating targets. Under this framework, the operaling target is the basc money while the broad
money supply is the intermediate target. The operating target (base money) links the Central
Bank instruments and intermediatc targets (money supply, credit, interest rate and exchange

rate). The linkage is illustrated below,

Instrument — Operating target — Intermediate target——» Ultimate target.

As described earlier, Nigeria is a developing economy with not so well developed
domestic financial market hence the choice of quantity variable (base money) as operating target
also because it has stable relationship with the intermediate target My, The setling of the
intermediate and operating targets involves the determination of the optimal money supply that is
consistent with the predetermined uitimate targets. Essentially, this step paves the way for
obtaining an ex ante monetary survey {(a consolidated balance sheet of the banking system that is,
Central bank and deposit money banks), which is consistent with the overall monetary policy
objectives. This is done within the context of financial programming methodology. The
underpinning theory is quantity theory ol money and this explains why the bank as most other
Central banks targets money.

2.3.2 Analysis of Crude Oil Prices and Some Macroeconomic Variables in Nigeria.

Prior to 1980s, Nigeria had joined the organization of petroleum exporting countries (OPEC) in
1971 and the world crude oil prices were rising and experiencing boom. Government revenue
and spending increased tremendously because of the oil boom, (Akpan, 2009). The production of

crude oil was about 845.5 million barrels per day and sold at $33.2 per barrel in 1979,
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Although the production of crude oil droped in 1980s due to global economic recession, it
however rose slowly again in 1988. Crude oil prices exhibited downward trends from 1981 up to
1989 when a slight rise was recorded, (see table 2.1). Between 1980 and 1989, the downward
trends in crude oil production and prices were largely due to the economic recession that ravaged
the market. It is important to mention that between 1980 and 1989, moncy supply was
expansionary in nature in Nigeria. The CBN undertook an expansive monetary policy in order to
accommodate public sector’s demand for credits. This is seen by the upward trends in the money
supply graph (see figure 2.3). Also real output performed poorly in 1982, 1983, 1984, 1986 and
1987.

The poor performance of the real sector was largely due to administered exchange rate and
interest rates regimes which were fairly stable over the period, (Oke, 1995). The then overvalued
Naira and interest rates could not transform national savings into productive investments. Not
foreign assets and external reserves fluctuated with the decline in crude oil prices caused by the
oil glut. Crude oil exports and imports declined in 1982 and rese again in 1986 when the
structural adjustment programme (SAP) was adopted. The degree of trade openness was highest,
4.6 in 1986 and range between 1.5 and 4.6 for the period 1980 and 1989. S¢e table 2.1 for detail
statistics. Between 1990 and 1999, crude oil prices were still between $12.8 and $24.2 up to
1999 when it rose to $71.8. However, crude oil production was relatively stable within the same
period. According to Umar and Abdulkareem, (2010), the rise in crude oil prices in 1999 was
largely due 1o some factors. Firstly, OPEC restricted crude oil production to certain quantity and
there was greater cooperation among member states. Secondly, the growing demand for crude oil
from Asia significanily increases the oil price crisis. And thirdly, shrinking non OPEC

production level. These factors made the world (o respond by offering higher prices for crude oil.
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Within this period also, the CBN continued to pursue expansionary monetary policy to
accommodate Government demand for credits. The rate of inflation was largely double digit and
real output growth was very small. In fact, there were periods where the country recorded zero
real output growth in 1991, It is important to mention that the country changed from SAP
programme and adopted a policy of guided deregulation in 1993 and 1995 and as a result
exchange rate and interest rate regimes was regulated until 1999 when the flexible model was
introduced. By 1994 and 1999, external reserves and net foreign assets had risen to $7.94 billion
and 666.3 billion Naira respectively. Crude oil exports and import continued to rise in the same
direction. The reason for the rise in import bills of crude oil was the failure and under utilization
of the existing refineries in Nigeria (Akpan, 2009). Degree of trade openness range between 1.1
and 2.4 for the period 1990 and 1999,

Table 2.4: Crude oil price and some macroeconomic variables in Nigeria

Year M, NFA [ RGDP | FR [ QCP | cP |[EXR [ INF | MPR | OX OM | DOP |
1980 5.1 562|315 [4.57 [760.1 |388 [0546 [99 [60 [1363 [023 |21
1981 16.2 2.59 2052 [4.68 [5253 [37.1 |0610 [209 60 [1068 012 [20
1982 18.1 0.89 199.7 | 1.03 |4708 [356 0673 [77 180 |8.00 023 |26
1983 20.9 0.50 185.6 | 0.60 |451.0 [300 0724 [232 |80 [720 017 [32
1984 23.4 111 183.6 | 046 | 5075 292 [0.765 |39.6 | 100 |8.84 028 |37
1985 17263 142 201.0 (098 |547.1 [282 (0893 (55 [100 [1122 [0605 [36
| 1986 274 5.37 2059 | 158 | 5359 | 142 |2021 |S4 |100 |837 |091 |46
1987 33.7 3.70 2048 |522 |4833 [ 185 |4.0i18 | 102 [12.8 |282] 3.7 22
1988 45.4 9.49 2199 (602 [5298 [15.1 [4.537 [383 [128 |2844 380 |26
1989 47.1 2252|2367 [3.66 |6259 | 186 |7.392 |[409 [185 [5502 |467 |24
1990 68.7 4391 12675 [336 [6606 |[240 [8038 |75 [185 | 10663 |6.07 1.7 |
1991 87.5 56.05 2654 [4.05 16899 [205 [99i10 [13.0 [145 [11686 |7.77 1.5 |
1992 129.1 [3578 | 2714 [278 [ 7113 [200 | 1729 [445 [ 175 [ 20138 [ 1956 |15 |
1993 1985 [6356 [2748 [490 [6914 |16.0 |2205 |572 [260 [21378 |41.14 |18
1994 2669 [5622 [2755 [794 [6962 | 162 |21.88 [57.0 [13.5 |20071 [4235 [24
1995 318.8 | 108.66 | 2814 [2.69 | 7154 | 174 [21.88 | 72.8 [ 135 | 92757 | 15583 | I.I
1996 3703 123798 [2938 [216 | 7402 216 |21.88 [293 |13.5 [1.2862 | 16218 |14
1997 429.7  [23402 |3028 602 [7597 [ 195 [21.88 |85 [135 | 12125 | 16690 | 13
1998 5256 | 247.04 13109 |7.81 [776.0 | 128 [21.88 | 100 |143 [717.79 | 17585 | 1.7
1999 699.7 | 66627 [312.2 |533 (7789 |718 |92.69 |66 |[180 | 1,1695 21166 | 1.6 |
- 2000 1,036.1 [ 1,275.0 [ 3292 [7.50 [ 7979 [261 [ 1021069 135 [19209 [22082 |16
2001 1,3159 | 13476 |357.0 [ 1028|8172 [245 |[111.94]| 189 [143 |1.8399 |237.11 |15
2002 1,599.5 [ 1,2822 [4332 [ 859 [6551 [254 |12097 [ 129 [190 |1.6494 |361.71 | 2.1
2003 1,9852 | 1,3882 [477.5 | 7.64 | 6551 |29.1 |12946 140 [ 158 [2993.1 |39892 | 1.6
2004 2,263.6 |2,644.7 | 5276 | 12069006 [287 [13350[ 150 | 150 [4.4895 [31811 | 1.7
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2005 28148 | 40985 |561.9 |2432|9193 |576 | 132151179 | 130 | 7,140.6 | 79730 | 1.5
2006 40279 |6,3079 |5958 |3746 | 8140 | 665 | 12865 | 8.2 123 [7,191.1 | 71068 | 1.8
2007 58325 (72665 [6343 [4539 (7848 (750 [ 12583154 8.8 8,1105 | 76823 | 1.7
2008 92085 | 85504 | 6749 | 5847|7227 [101.2 | 11857116 |98 9913.7 | 1,386.7 | 1.6
2009 96152 | 75573 | 7169 | 44.70 | 664.3 | 62.1 14890 | 124 |74 8,067.2 | 1,0635 | 1.8
2010 11,1548 | 7,673.7 | 765.0 | 3736 | 777.5 | 80.8 | 150.29 | I3.8 | 6.1 10.6394 | 20736 | 1.5

| Average | 1,749.11 | 1,651.44 | 348.48 | 11.93 | 682.74 | 3491 | 54.32 | 20.81 | 12.9 | 2.267.35 | 301.28 | 2.04

Source: CBN Statistical Bulletin 2010, Annual Report and Statement of Account, Various Issues
Where; M; =broad money supply (in billion Naira) , NFA = net foreign assets (in billion Naira),
RGDP = real income (in billion Naira), FR = foreign or external reserves (in billion U.S.

Dollars), QCP = quantity of crude oil production (in million barrels per day), CP = crude oil
price (in U.S. Dollars), EXR = Naira exchange rate per U.S Dollars, INF = inflation rates (in
%) . MPR = monetary policy rates (in %), OX = crude oil exports (in billion Naira) , OM -
crude oil imports (in billion Naira), DOP = degree of trade openness.

Figure 2.2: Trends in crude oil prices and some economic variables
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In the period between 2000 and 2010, crude oil prices fell to $26.1 in 2000 due to the mild
recession that affected the world in late 1998 and 1999. Note that crude oil production drop in

Nigeria due to the Niger-Delta militancy that disrupted production. Before 2010, crude oil prices
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had risen to $57.6 in 2005 and reached a high level of $101.2 in 2008. The 2007/2008 global
recession result to a downward fall of crude oil prices in 2009 and a rise in 2010 (see table 2.1
and figure 2.2). Also, money supply has being on the rise, reaching its highest growth rate of
57.9% in 2008. Real output growth rate improved between 2000 and 2010, reaching a period
average of 6.25% (see figure 2.3). In a bid to promote real production in Nigeria, the value of the
Naira depreciated further while interest rate regime reduced from double digits to single digits.
Although inflation rates were still high, the growth of non oil output increased significantly in
the economy. Net Foreign Asset and external reserve reached their peak of 8,550.4 billion Naira
and $58.5 billion in 2008 respectively (see table 2.1). This suggests that when crude oil price
rises, net foreign asset and external reserve also rises. Crude oil export and import have
continued to rise, reaching their peak in 2010. The break down and the under utilization of some
domestic refineries in Nigeria have increased the import bills for crude oil, (Akpan, 2009).
However, degree of trade openness ranges between 1.5 and 2.1 for the period 2000 to 2010.

Figure 2.3: Trends in crude oil production and some macroeconomic variables
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Figure 2.4 shows the graph of variables in table 2.1 stack in one diagram. As the name suggests,

these graphs are sums of the variable series in the table. The first graph element will be the first

variable series plotted in the usual way; the second element will be the sum, for every

observation, of the first variable series and the second. The third element will contain the sum of

the first three variables series, and so forth. The graph shows that the variables exhibited similar

pattern of behaviour (trends) when they are linearly combined (Eviews 4).
Figure 2.4: Graph of variables stack in a single graph.
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Between 1980 and 2010, crude oil prices averaged $34.91 while total crude oil

production stood at an average of 682.74 million barrels per day. Total money supply within the

period averaged 1,749.11 billion Naira. The period average for real output (GDP) was 348.48

billion Naira. The average inflation, interest rate and exchange rate depreciation was 12.9%,

20.81% and 54.32 Naira per U.S Dollar respectively. The period average for net foreign asset
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and foreign reserve were 1,651.44 billion Naira and $11.93 billion respectively. Similarly, crude
oil export and import averaged 2,267.35 and 301.28 billion Naira respectively for the period. The
degree of trade openness had a period average of 2.04 between 1980 and 2010, (see table 2.1
above). Therefore, although past studies have established the transmission mechanism of crude
oil price effect in developed countries, crude oil price movement could significantly have impact
on monetary policy, net foreign asset, crude oil export and import in Nigeria.
2.4 Review of Empirical Literature

With increasing interest in price stability, there is a growing body of empirical and
theoretical literature that analyses the impact of crude oil price volatility on monetary policy.
Many empirical studies present evidence proving a negative association between these variables
through diverse econometric analytical methods. We will classify the empirical literatures into
Nigerian studies and studies in other countries.

2.4.1 Non-Nigerian Studies

Bruno and Sachs (1982) analyzed in detail the effects of oil prices of the 1970s on output
and inflation in the UK. They took the case of UK manufacturing and developed a theoretical
mode! and concluded that higher input prices have played a significant role in the slowdown
since 1973 throughout the Organization for Economic Cooperation and Development (OECD).
Hamilton, (1983) in a study on the subject established a vital role for oil price increase in most of
US recessions. He stresses the importance of oil prices on macroeconomic activities.

Many studies that supported and expanded on Bruno and Sachs (1982) and Hamilton,
(1983) earlier works, while using different estimation procedures and data tested the relationship
between oil price increase and different macro-economic variables, (Buridge and Harrison,1984),

(Gisser and Goodwin, 1986). (Mork 1989), ( Hoover and Perez 1994). ( Federer 1996) and ( Lee
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et al, 1995). Mosl of the studies have focused on the industrialized countries, restating that oil
prices may be an important factor in affecting economic growth in the US and elsewhere. These
studies showed that there is an asymmetric relationship between oil price shocks and economic
recession. Some studies have established that the increase in oil price led to a decline in GDP
while the decrease in oil price does not stimulate the cconomic activity.,

Balke et al (2002) gave an explanation of the asymmetric eflects o0il price shocks have on
macroeconomic activity. According to thern, monetary policy alone cannot explain real effects of
oil price shocks on real GDP. They also concluded that interest rates seem to be an important
mechanism through which oil prices affect economic output. Lee et al. (1995) also revealed the
stability of asymmetric effects in the period before and after 1985 and whether or not it depended
on other variables. The implication of this study is that indirect transmission mechanisms may be
the crucial means by which oil price shocks have macrocconomic impacts.

In addition, Mork (1989), Mork, et al {1994) Huang, et al. (2005), Sadorsky (1999) also
emphasized the asymmetry of the impact of oil price shocks on cconomic activities. The basis for
their argument was the oil price declines of the mid-1980s during which the world price of il
halved. The linear relationship between oil prices and economic growth appeared to break down.
Hooker (1996) argued that the relationship oil price- US economic growth had changed and
could not be described neither by a linear relation befween oil prices and output nor by the
asymmetric relation presented by Mork (1989) after 1986 and increasing oil price volatility.
Hooker’s analysis could not confirm that only oil price increases have a negative effect on
economic growth, while o1l price decreases don’t affect macro economy. These results were

completed by subsequent studies.
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Hamiiton (1996) agreed with llooker and found out that the majority of increases in oil
prices since 1986 have been followed immediately by cven larger decreases. Therelore, he
proposed to compare the current price of oil with the price level of the previous year rather than
only compare it with the price level of the previous quarter; he introduced the ‘net oil price
increase’ (NOPI). Applied on the data after 1986, it showed that individual price increases were
simple corrections to earlier declines except for the time during the Gulf war, which was
followed by the first recession in the US. In contrast to Hooker, IHamilton demonstrated that the
relation between GDP growth and NOPI remains statistically significant when the full sample
from 1948:1 to 1994:2 was used. Thus, Hamilton concluded that even if oil price increases
seemed to have had a smaller macroeconomic effect afler 1973, oil supply disruptions have a
major effect on macro economy as the Gulf war showed. In a related study, Hsing (2007, 2008)
focused on the non- linear relationship between real output and real oil prices applying the
monetary policy function to an open economy and found the critical value of oil prices for
Germany and US,

Farzanegan and Markwadt (2007) carried out an investigation on the effect of oil price
shock on the lranian economy and finds that oil price shocks have a special impact on the Iranian
economy due to the high level of dependence on oil revenues. By applying a VAR approach, the
work analyses the dynamic relationship between asymmetric oil price shocks and major
macroeconomic variables in Iran. Farzancgan and Markwardt (2009) also studied further the
effects oil price shocks on the lraniun economy and [ound a strong positive rclation between
positive oil price changes and industrial output growth and observe the Dutch disease syndrome
through significant real effective exchange rate appreciation. Conversely, the study by Chang

and Wong (2003) on the Singaporcan cconomy show that the impacts of oil price shocks only
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had an insignificant adverse effect on Singapore’s gross domestic output, inflation and
unemployment rate.

Guo and Kliesen (2005} also found the negative and significant effect of oil future prices
on future Gross Domestic Product, and discovered that this effect became more significant after
oil price changes were also included in the regression to control for the symmetric etfect. His
findings were in confirmation with Hamilton (1996, 2003), that is, increase in the price of oil
matters less as compared to the future uncertainty about the dircction of prices. As oil price
volatility is mainly driven by exogenous events such as significant terrorist attacks and military
conflicts in the Middle Cast and youth restiveness especially in the Niger Delta region of Nigeria.
His f{indings provide economic rationates for Hamilton's (2003 ) non-linear cil shock measure, as
it captures overall effects, both symmetric and asymmetric of oil shocks on output.

Krichene (2006) examined the relationship between monctary policy and oil prices within
a world oil demand and supply model and discovered that during a supply shock, rising oil prices
caused interest rates to increasc, whercas during a demand shock, falling interest rates caused oil
prices to rise. The result further revealed that world economic growth and price stability requires
stable oil markets and therefore more prudent monetary policies.

LeBlanc and chinn (2004) estimated the effects of oil price changes on inflation for the
United States, United Kingdom, France, Germany, and Japan using an augmented Phillip curve
framework and found that current oil price increases are likely to have only a modest effect on
inflation in the U.S, Japan, and Europe. However, Saunter and Awerbuch (2002) surveyed recent
research in the area of oil price movements and their effect on economic and financial
performance in IEA countries and found that there is negative relationship between oil prices and

macroeconomic activity.
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Torul (2009} investigated the effects of oil price changes on the real output for a net oil
importing small open economy, Turkey, and found that the negative response of real output to
oil price increases have diminished since the early 2000s. The conventional wisdom is that oil
prices are more volatile than prices of most other commodities since (he oil crisis of 1973
(Fleming and Ostidick, 1991; Veleger, 1993). This assumption has been used to justify prices
and allocation controls and energy efficiency subsidies and recently has been the basis for
recommendations for national energy policy to diversify cnergy sources away from oil
(Awerbuch, 2003; Humphrey and Mc clain, 1998; lovins et al, 2004). The related assumption
that prices for other energy products ar¢ more volatile than prices for non-energy products has
been used to explain microeconomic behavior and in particular the perceived underinvestment
in energy conservation technology by consumers and industry (Regnier, 2007). The question
whether oil and energy prices are really more volatile than other commodity prices, or whether
many commodity prices are actually more volatile than oil prices, has both macroeconomic and
microeconomic implications.

However, Plourde and Watkins (1998) found that crude oil price volatility during the
1985-1994 period was higher than price volatility for nine other commeoditics and that the
differences were significant for six of these. In a broad based comparison of commodity price
volatility, Clem (1985) noted that during the 1975-1984 periods, agricultural commoditics were
the most volatile. Crude petroleum and coal were less volatile than most crude non food
materials during the three periods he analyzed (1975-1984, 1979-198], and 1982-1984); in
particular, primary metals prices were noticeably more volatile than fuels prices.

Pindyck (1999) analyzed oil, coal, and natural gas price changes during the period 1870-

1996, but did not compare their volatilities, and he calculated a constant volatility measure over a

45



very long period during which volatility is believed to have changed, a Mann-- Whitney rank-
sum test of log differences confirms that oil prices are significantly more volatile than over 93%
of other commoditics. The finding that oil price volatility is not as unusual as commonly
believed also suggests that other fuciors make its price volatility so important: volatility in crude
oil prices is largely passed to consumers who are usually somewhat insulated from velatility in
production input prices, and {uels stimply make up a very large portion of the basket of goods that
producers and consumers purchase. Other characteristics of oil price dynamics, such as the rate
of mean reversion and the correlation with other prices and macroeconomic variables, are also
very important in determining the impact of changes in oil prices.
2.4.2 Nigerian studics

Chuku (2009) studied the effects of monetary policy innovation in Nigeria. He opined in
his work that correctly identifying the elfects of monetary policy innovations is necessary for
good policy making. He used a structural vector autorcgression (SVAR) model to trace the
effects of monetary policy shocks on outputl and prices in Nigeria for the period 198:1 to 2008:4.
He used three alternative policy instruments i.e. broad money (M2), minimum Rediscount Rate
(MRR) and the Real Effective Exchange Rate (REER). Other variables considered are real GDP,
CP1, and inflation rates. The study spccified the model as;

Y=o+ BiYar FB2Yezt ooy T BVt Ul i, veennne(2.15)
Where, Bi(i =1, 2, ..., p) = k x k matrix of coefficients, Bg = k x 1 vector of constants, U; =
vector of white noise process, and Y, = vector of endogenous variables. The study found that
monetary policy innovations carried out on (M2) has a modest effect on outpul and prices with a
very fast speed of adjustment. While, innovations on the price-based nominal anchors {(MRR

and REER) have neutral and fleeting effects on output. e concludes that the manipulation of
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quantity of money (M2) in the economy is the most influential instrument for monetary policy
implementation,

Umar and Abdulhakeem (2010) employed a vector auto regressive (VAR) model to
examine oil prices shocks and the Nigerian economy. The study was concerned with the eflects
of recent spikes in crude oil prices in Nigeria. They specified the model as;

Yi=m+A Yo+ A Yt A Y+ U, Seeeetstigiurenntntaasanrentes (2.16)
Where, Aj(i=1, 2, ..., p) = k x k matrix of coefficicats, m = k x 1 vector of constants, U; =
vector of white noise process, Yy = vector of endogenous variables which are real GDP,
unemployment, CP1, money supply M, and crude oil prices. The results showed that oil prices
have significant impact on real GDP, money supply and unemployment. Its imp;ict on consumer
price index was not significant. The study concluded that the Nigerian economy is vulnerable to
external shocks which could be minimized via diversification of the economy.

Adam and Goderis (2006) examined the long history of fiscal mismanagement of oil
boom in Nigeria. According to them, without the support of a disciplined and broadly prediclable
fiscal stance, Central Bank cannot make credible comments to an inflation target. They however
belicved that the successful consolidation of the financial sector in 2005 and the unification of
the foreign exchange market in 2006 and measures such as the fiscal responsibility bill in the
National Assembly have laid the foundation for improved fiscal management of oil revenue.

Akpan, (2009) examined oil price shocks and Nigeria’s macro economy using VAR model
for the period 1970 to 2007, He was also concerned about the effects of recent rise in crude oil prices
on some macroeconomic variables. The study considered these variables; inflation rates derived from
CPI, real oil prices deflated by United States’ CPI, real public expenditures deflated by inflation
rates, real effective exchange rates adjusted for inflation, the USA’s CPI. real GDP proxied by real

industrial production and crude oil prices. He specified the model as;
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Y= AiYoityees T ApYip ¥ BZy + Up cecncvsincceisinas e (2.17)

Where, Y, = vector of endogenous variables, 7; = vector of exogenous variables, A; and f =
coefficients matrices, p = lag length. The result of the study suggests that oil prices significantly
increase inflation and also directly increase real national income through higher export earnings.
Furthermore, a positive relationship exists between oil price changes and real Government
expenditures in Nigeria. He concluded that the Nigerian cconomy is vulnerable to oil price
shocks and these shocks will be reduced if the Government diversify its revenue base and save
the excess crude oil proceeds for future use of the economy.

Ayadi et al (2000) study the effects of oil production shocks for Nigeria as a net exporter
of oil over the 1975-1992 periods. The study revealed the positive response of cutput after a
positive oil production shock however, they notice that the response of inflation is negative after
a positive oil production shock, to the extent that an oil price increase leads to an oil production
increase. Therefore the response suggests that output increases, inflation decrease and the
national currency depreciate following a positive oil price shock.

In a related study, Olomola and Adejumo (2006) employed the vector auto regression
(VAR) method, using quarterly data from 1970 to 2003 to examine the effeet of oil price shock
on macroccenomic activity in Nigeria. They considered the following variables in the structural
VAR model namely; real GDP proxied by index of industrial production (y), domestic price
level measured by CPI, real exchange rates, and real oil prices. They also specify the following
model;

Y= et DY 8 crircricrvenvnnnnvrernnas evnree Ceresrrerenunrerrerrenas (2.18)

Where, Y, = nx1 vector of endogenous variables, ¢ = (¢,.....Cs) is 5x1 intercept vector of VAR,
@, = is the i" 5x5 matrix of auto regressive coefficients for | = 1,2,.....p and & = (tit, ....t5) the

5x%1 generalization of white noise error process. The result of the study was contrary to previous
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empirical findings in other countries. The result revealed that oil price shock does not alfect
output and inflation in Nigeria. However, oil price shocks do significantly influence the real
exchange rates. They concluded that a high real oil price may give rise to wealth effect that
appreciates the real exchange rate. This may squeeze the tradable sector, giving rise to the
“Dutch Disease™.

Aliyu (2009) used the VAR model to assess the impact of oil price shock and real
exchange rate volatility on real economic growth in Nigeria using quarterly data from 1986Q1 to
2007Q4. He specified the model below

AY = o+ THAYL + YY1 F B¥psissanrisonsonsrons NARSEERR RN senesransnses (£ 1)
Where, Y, = vector of log of real GDP, log of oil price shocks and log of exchange rate volatility.
¢ = 3=1 intercept vector, & = vector of white noise error term, i = 3%3 matrix coefficients, y =
contained long run information on the data. The study found unidirectional causality from oil
price to real GDP and bidirectional causality from real exchange rate to real GDP. Findings
further show that oil price shock and appreciation in the level ol exchange rate exert positive
impact on real economic growth in Nigeria. They concludes that diversification ol the economy
through investment is key factor to promote the productive sectors of the economy to guard
against the vicissitude of oil price shock and exchange rate volatility.

However studies in Nigeria such as Olusegun (2008) used ordinary least square method
to examine crude oil and the Nigerian economic performance for the period 1970 to 2005. He
transformed a Cobb-Douglass production function as follows:

RGDP = g+ L + oK + sDC+ E + Uy nenennnen. M——— FU——— (2.20)
Where, U, = stochastic or random error term, RGDP = GDP at factor price deflated by the CPI, L

= labour inputs, K = capital inputs, DC = crude oil domestic consumption. and E = crude oil
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exports, Bn = intercept term, ; = coeflicients of the variables. The result of the study shows that
crude oil consumption and exports have contributed to the improvement of the Nigerian
economy. However, the study concluded that despite the positive effect of crude oil consumption

and exports on real output, it has not significantly improved the growth of the economy.

2.5 lmplication of Literature for the study

Maost of the earlier studies concerning oil price shocks and volatility and economic
activitics have been conducted in the context of developed economies. Research concerning the
impact of oil price volatility in the context of developing countries is very limited. Most
developing countries less dependence on oil must have informed this. Therelore, very limited
research has been conducted with reference to the developing countries. Although empirical
literaturc abounds on the effect of crude ofl price volatility on macro-economy, much of these
studies focused on industrialized countries,

In Nigeria, empirical cvidence on the impact of crude oil price volalility on monetary
policy is also limited. Most of the studics in Nigeria focus on the impact of crude oil prices on
real output, money supply and unemployment (Umar and Abdulkareem, 2010). [lowever, Akpan
(2009) focused on the impact of crude prices on inflation and Government spending. Olomola
and Adejumo, (2006) focused on the impact of crude oil shocks on real exchange rates in
Nigeria, while Aliyu, (2009) investigated the impact of crude o1l shocks and exchange rates on
real output in Nigeria. Other studics considered the impact of erude oil consumption and exports
on real GDP in Nigeria (Olusegun, 2008). The studies failed to consider the effect of crude oil
price volatility on monetary policy, net foreign asset, crude oil exports and imports in Nigeria.

This implies that studying the impact of crude oil price shocks on monctary policy in Nigeria is
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worth pursuing. This study is meant to bridge the gap in the literature as far as the impact of oil
price volatility on monetary policy is concerned. The next chapter will explain how the study

will bridge this gap.
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CHAPTER THREE
METHODOLOGY

This chapter presents the research methodology. Immediately afier the introduction. the
theoretical/analytical framework, model specification, estimation procedures, sources of data,
statement of hypothesis were discussed.
3.1 Theoretical/Analytical Framework

As noted earlier, monetary policy is usually designed to affect the quantity and price of
financial assets used mainly for transactional, precautionary and speculative purposes. Expansion
of aggregate money supply over and above the desired level (at a given cost or interest rate) may
increase the demand for goods .and services and thereby resulling to inflationary pressure
(assuming the economy’s output cannot be increased in the short run) or a loss of foreign
exchange reserves or both. In the short run however, the effects of crude oil price shocks are
related to the fact that crude oil is a basic input to production, and an increase in oil price leads to
a rise in production costs that induces firms to lower output. Higher oil price causes an inward
shift in short run aggregate supply and puts upward pressure on the general price level. Higher
oil prices have a dampening effect on the rate of growth of real GDP and net forcign assets. This
is because higher prices of oil reduce people’s real incomes and their real purchasing power
(Riley, 2006). And because firms are making less profit (due to higher production costs) this can
lead to a reduction in planned capital investment. Since both consumption and investment are
important components of aggregate demand, the result can be a slowdown in net foreign asset
and growth leading to actual GDP falling below potential - i.c. a negalive output gap (Riley,
2006). So, investigating the impact of crude oil price volatility on monetary policy is worth

pursuing.
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This study adopted the CBN's balance sheet approach (as the theoretical and analytical
frameworks) presented in chapter two. From the monetary survey framework, it can be deduced
that volatility in crude oil price may indirectly have impact on net foreign assets (NFA) and
directly on money supply (M;) in the economy.

M; =M, + Q,, = NDC + NFA + OAN ........ VAT vhEi T —— g . 8 )

In other words, net foreign assets and money supply are highly sensitive to fluctuations in
crude oil prices. This is because Government budget, revenue and spending in Nigeria are highly
dependent on crude oil sales revenue (Garba, 2003). Also, crude oil revenue account for about
95% of export earning and about 85% of Government revenue (Aliyu, 2009). From equation
(3.1), net foreign asset is made up of capital account balance (KAB) and current account balance
(CAB) in the balance of payment accounts. 1.¢.

NFA=CAB+KAB ......... R — et (3.2)
CAB =NFA -KAB........ B TP ——— T ——_— .(3.3)

According to Chuku, (2010). Oil price shocks have large and potentially harmful effects
on external accounts (both for net oil importers and exporters), forcing countries to deplete their
reserves and sometimes borrow {rom abroad to offset adverse terms-of-trade shocks and leading
to the crowding-out of the tradable sector by means of exchange rate appreciation (Dutch
disease) for net oil exporters. Therefore, current account balance is made up of the difference
between total exports (X) and total imports (M) in Nigeria. i.c.

CAB = X =M corcsonssinsiuvisinavensasmsasisstesssssassasinenssussavessnssvspsivens: L)

From equation (3.4), total exports consist of oil exports (OX) and non oil exports (NOX).

While, total import is made of oil imports (OM) and non oil imports (NOM). i.c.

X = DX+ NOX civvransreiipsmrssaiscassmonepsinssasGiemmarsnspsngonsons vinsrsssananein (5



M=0OM+NOM ....irivirrarrrrnetecirircansornssrsnssrenrsissssssasrasassiaassaesassans 3.6)

The above discussion can be summarized in figure 3.1 below. Shocks in crude oil prices
can bring about changes in the direction of monetary policy. The CBN may change the growth of
money supply in order to reduce the effect of shocks on the domestic economy. A change in the
growth rate of money supply also translates into change in nel domestic credits (NIDC), net
foreign asset (NFA) and nets other asscts (OAN). But shocks to crude oil prices can also affect

monetary policy indirectly through changes in net foreign assets (NI'A).

Figure 3.1: Theoretical framework
Change in world crude
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Change in Monetary
policy (AM3)
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exports (AOX) tmports (AOM)
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As a result of change in net foreign assets, the current account and capital account
balances also change. The change in current account balance comes through changes in crude oil
exports and imports. Crude oil exports rises as crude oil price rises, while crude oil imports rises
as crude oil price falls. In figure 3.1, letter X represents other countries of the world that can also
be affected in similar manner by changes in crude oil prices as in Nigeria.

Clearly, we can model the impact of crude oil price volatility on monetary policy by
considering equations (3.1) and (3.2) as the foundation of the study. Other models (crude oil
export and import models) can be generated using equation (3.5) and (3.6). The study made some
modifications in the equations in order to accommodate other variables which could significantly
influence money supply, net foreign asset, crude oil exports and crude oil import.

3.2, Empirical Framework

From the discussion above, we can directly analyze the impact of crude oil price
volatility on monetary policy by modifying equation (3.1) and indirectly by modifying equation
(3.2). For clarity of claims, we specified two additional models to justify the impact of crude oil
price shocks on crude oil exports and imports. That is to say that four models are of interest in
this study which includes monetary policy, net foreign asset, export and import of crude oil
models. Before the models are specified. we discuss the operational measures of crude oil price
volatility.

3.2.1 Measure of Crude Oil Price Volatility

It is well known that financial time series data such as prices of crude oil, stock prices,
output level, fiscal deficits, and e.t.c. are characterized by a phenomenon known as volatility
clustering, that is periods in which they exhibit wide swing for an extended time period followed

by a period of relative calm, (Gujarati and Porter, 2009). One has to look at their behavior in the
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recent past. Apart from other measures of volatility discussed earlier, the autoregressive
conditional  heteroscedasticity (ARCH) and gencralized autoregressive conditional
heteroscedasticity (GARCH} models also model volatility or conditional variunce of a random
variable. The choice of ARCH and GARCH model is to analyze the risk of holding an asset or
the value of an asset in the oil sectlor and to obtain more elficient estimators if hetroscedasticity
in the error terms are properly managed. The gencral form of ARCIH (1) proeess can he
represented as GARCH (1, 0) model. ic. the mean equation and the conditional variance
equation are given as:
LCPi=0g+crernnrnnnnn Creerearereureriennes cerenas crenrsrtnrrenrrnacnrsennes (3.19)
B2t = € F OEN] verrrerrremrnreerrarssmmmsmnseeensssssssesmsenassansones (3020)
Where;

LCP; = log ol crude oil prices at time t (mean adjusted relalive change in il prices)

ap = Intercept term of the mean equation

8% = conditional variance at time t

g, error term of the mean equation at time t

&°11 = lagged value of squared error term

In equation (3.20), the error terms are conditionally normaily distributed as €.~ N (0, 82
According to Gujarati and Porter, (2009), if we square the residuals of the above regression, we
obtain a measure of volatility. They further argued that being a squarcd quantity; its value will be
high in periods of big changes in crude oi! prices and comparatively low in periods of modest
changes in crude oil prices. Note that if we used the variance of the regression (equation 3.19}

above, it will be a single value for a given set of data. Therelore, we will use this crude oil price

volatility measure to estimate the GARCH (1, 1) models specificd below for the study.
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3.2.1.1 Correlation Coefficient and Coefficient of Variation
The correlation coefficient measures the degree of relationship or association between
two or more variables. The relationships could be positive or negative depending on the nature of

the variables whether linear or non linear variables. The correlation coeflicient is defined as

l'\\ = \‘ﬂx!v! T T T T Ty (3-21)

vﬁ?v‘ﬁr
Where, xi=(Xi- 0),and y; =(Y;- )

However, the coeflicient of variation can be computed and interpreted in two ways:
analysing a single variable and interpreting a model. The single model will be computed by
dividing the standard deviation of a variable by its mean. That is to say that the coefficient
variation measures the size of standard deviation relative 1o the mean of the variable. Coefficient
of variation has the advantage of standardising variability of a distribution by their mean. It is
defined as;

Cocefficient of variation = standard deviation/mean = 8/ | evcnininnscnennen (3.22)

In modelling setting, the coeflicient of variation is calculated as the ratio of root mean
squared error (RMSE) to the mean of the dependable variable. In both methods, the coefficient
of variation is often presented as a given ratio multiplied by 100. Therefore, the higher the
coelficient of variation, the greater the variability in the variable.
3.2.1.2 Unit Root Tests

Most time series data have been found to be non-stationary which makes the usual
regression results suffer from spurious regression problem. To evade this problem, we began the
analysis with a prior investigation of the stationary propertics of the time series using the

Augmented Dickey-Fuller (ADF) test. The purpose of this was to get the level of integration of
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the series. A series Y, is said to be integrated of order d denoted by Y,—I{d) it it becomes
stationary after differencing d times and thus Y, contains d unit roots (Gujarati 2004). According
to Grecne (2003), the Augmented Dickey Fuller (ADF) test is employed to test for unit root

based on an equation of the following forms;

YC = + ﬁYt_i + B} &Yt_l + Ec EEE J43 EE4 mes EEE a1 ETF RWE EEY DR R (3.23)

n
i=1

Equations (3.23) indicate ADT tests with intercept and without trend variable. Thus, the
ADF unit root test posits a null hypothesis # = 0 versus an alternative hypothesis §< 0, where
the ADF statistic was be compared with the observed Mackinnon critical values. If ADF statistic
was greater than the Mackinnon critical values it implied the series had unit root.
3.2.1.3 The ARCH/GARCH Regression Model and ARCH LM Test

After unit root test, we will estimate the ARCH and GARCH models using e-views 4 and
7 versions. The ARCH and GARCH model was first used in 1982 by Engel and popularized as
GARCH mode! in 1986 by Bollerslev. Therctore, most of the analytical tools in cconomics are
designed to model the conditional mean of a random variable. The ARCH and GARCH models
differ by modeling the conditional variance or volatility of a variable. The c¢hoice of ARCH and
GARCH model is crucial because knowledge of volatility enables investors to make efficient and
effective financial planning and investment decisions, The ARCH LM test is uscd (o test for
further ARCH effect in the residuals of the model. Since oil price is highly sensitive to shocks in
the international market, we will model the equations [ollowing GARCH (1, 1) modeling pattern.
3.2.2 Impact of Crude Oil Price Volatility on Monetary Policy
Specification of Crude Oil Export Model

The crude oil export model is specified as a function of crude oil price volatility, output

or quantity of crude oil produced, degree of trade openness, exchange rate, real output or income
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and an autoregressive component of order one. The conditional variance equation is a function of
the mean, (c), the ARCH term, and (¢*.;) and the GARCH term, (82.;). The sum of the ARCH
and GARCH terms’ parameters (i.e. ¢ + § < 1) are explaining the news about volatility from the
previous period and the last periods forecast variance respectively. L.e.

OX;= f (CPV,, QCP;, DOP, EXR;, RGDP AR (1)) ecureecrrncrnrnesernceciessesnnesesnrans sresromenrens (3.13)
We rewrite equation (3.13) as,

LOX, =uy+ a,LCPV,+ a;,LQCP, + azsLDOP, + 04LEXR,

+ asLRGDP, + e AR(1) + Ugeeeernannnnann. (3.14)
The conditional variance of the model is given as;

82t = €+ QB BO2L1 verreerernerrrnermrmmsimsssssnenss s rnsnssassmreasessnssasassesees (3.15)

Where ;

L = natural logarithsm of numbcrs

CPV, = crude oil price volatility

OX, = crude oil export revenue at time 1

QCP, = output or quantity of crude oil produced at time t

DOP, = degree of trade openness at time { (lotal GDP/total exports + total imports)

RGDP, = real Gross domestic product

EXR( = exchange rate of the naira to US dollar at time t

MPR; = monetary policy rate at time t

AR (1) = auto regressive process of order one

Ui = Random or error terms of the mean equation at time t

a;(i=1, 2, ... 6) = elasticity coefficients of the variablcs

& = error disturbance term of Urat time ¢

¢ = thc mean term

e’ = the lag values of the squared residuals from the mean equation i.c. the ARCH

term.

82,y = last period forecast variance, i.¢. the GARCH ferm.

82 = the conditional variance at time (, The variance of the error term which follows a
normal distribution with zero mean and unit variance

In cquation (3.14), o, is expected to be negative (i.e. o) < 0) because crude oil exports

reduce as crude oil price volatility increases. However, aa, 03, @1, s and og arc expeeted to be
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positive (i.e. o, 03, a4, 0s and g > 0) because oil exports increases as quantity of crude oil
produced, degree of trade openness, exchange rates devaluation, and real GDP increases.
Specification of Net Foreign Asset Model

Similarly, we can say thal net foreign assets in Nigeria depends on crude oil price
volatility, money supply, real income (RGDP), exchange rate, foreign or external reserve, and an
autoregressive component of order one i.e,
NFA= f (CPV,, My, RGDP;, EXRy, FR,AR (1)) corvvrvriienriaiascenanse cernresarnrreansirne (3.10)
Equation (3.10) is rewritten in log form and to capture the stochastic property of the model as;
LNFA; =0y + o LCPVt+ o LM+ a3 LRGDP, + a4 LEXR,

+ s LFR; + 0, AR(1) + Uivnvcrnnninnnnnn (3.11)

The conditional variance equation is as specified above. i.c. The conditional variance of the
model is given as;
82t = € F 0851 + PO2L1 covrrririireceninmmrinnisinssnsssneoesasnsomreeraassssnnssnearns (3012)
Where;

NFA; = net foreign asset at time t

FR; = foreign or external reserve at time t

M = narrow money supply

Also in equation (3.11), «; is expected to be negative (i.c. ¢ < Q) because as crude oil
prices become more volatile, net foreign asset reduces and vice versa. However, a2 o3 a4 ¢5
and as are expected to be positive (1.c. uz, a3, a4, os and wg > 0) because money supply,
exchange rate, real output, and foreign reserve increases as net foreign asset increases. To further

support the above model, we will also specify the export and import models for crude oil in

Nigeria by also adopting equations (3.5) and (3.6).
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Specification of Monetary Policy Model

Following the theoretical framework above, we can say that monetary policy proxied by
money supply depends on crude oil price volatility, real income (real GDP). exchange rate,
inflation, interest rate (proxied by monetary policy rate (MPR)) and an autoregressive component
of order one. The conditional variance equation is a function of the mean, (¢). the ARCH term,
and t'a;ﬂ.,) and the GARCH term, (82.;). The sum of the ARCH and GARCH terms’ parameters
(i.e. « + [ < 1) are explaining the news about volatility from the previous period and the last
periods forecast variance respectively. i.e.
M, = f(CPV,, RGDP EXR,, INF  MPRAR(D)) ..... e e e (3.7)
Equation (3.7) is rewriten in log form and to account for the stochastic property of the model as
follows:
LMy, = By + BLCPV, + LRGDP + fI;LEXRE + (4 LINF,

+ BsLMPR + BsAR(1) + Upciceniiviciiie (3.8)

The conditional variance of the model is given as;
0%t = ¢ + (182‘-1 L R SRt A REE SR PTSR S ARERE R s e Sl . 1 |
Where,

My, = broad money supply

INF, = inflation rate at time t proxied by consumers” price index (CPI)

MPR, = monetary policy rate at time 1

AR (1) = auto regressive component of order one

U, = Random or error terms of the mean equation at time t

Bi(i=1, 2, ... 6)= elasticity coefficients of the variables

g, = error disturbance term of U, at time t

In equation (3.8), B, By and is are expected to be negative (i.e. 3y, [y and Ps < 0) because

money supply reduces as crude oil price volatility, interest rates and inflation rates increases.
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However, B2, B3 and Pg are expected to be positive (i.c. By, B3 and 3, > 0) because real output and
exchange rate devaluation increases as money supply increases.
The Crude Oil Import Model

The crude oil import model is a function of crude oil price volatility, quantity of crude oil
produced, exchange rate; real GDP, foreign reserve and an autoregressive component of order
one. That is to say that
OM = f (CPV,, QCP,, EXR, RGDP FRt AR{(1))icccrnsinservesrmrissesiintmsssesessssresesesinnes (3.16)

We also rewrite equation (3.13) as;
LOM, =op+ ouLCPV, + 0:LQCP; + a3LEXR, + ¢, LRGDP,
+ asLFR, + 0gAR(1) + Uqurereneerrrerens (3.17)
The conditional variance of the model is given as above;
52 = ¢ + aefq + PO2es ceereverreens rrsssasmmarsessrrseresasressassannressrerenrenses (3.18)

In equation (3.17), o) and a3 are expected to be negative (i.e. ¢| and a3 < 0) because crude
oil imports reduce as crude oil price volatility and exchange ratc devaluation increases. However,
U2, U4, s and og are expected to be positive (i.e. ay, a4, w5 and g > 0) because oil imports
increases as quantity of crude oil produced, rcal GDP, and foreign reserves increases.

3.3 Sources of Data

The data uscd for this study covered the period 1980:1 to 2010:4. All data and
information used were obtained from the CBN, National Bureau of Statistics {NBS), and the
internet. Informational materials from the World Bank and IMF were utilized in the study.
Therefore, the models specified indjcates that we will need data on the following variables;

broad meney supply, net foreign asset, crude oil prices, output of crude oil, cxchange rates, real
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GDP, foreign reserves, inflation rates, CP1, degree of trade openness, crude o1l exports, crude oil
imports, and volume of trade in Nigeria.
3.4 Statement of Hypothesis

The hypothesis of this study is twofold and it is stated as follows:

Hy: 3 = 0; (i.e. Crude oil prices are not volatile ).

Hy: B; # 0: (i.e. Crude oil price are volatile).

Hy: ;= 05 (i.e Crude oil price volatility has no significant impact on monetary policy in

Nigeria).

Hi: «; # 0; (i.e. Crude oil price volatility have significant impact on monetary policy in
Nigeria).

Where;i= 1,2, 3,4, 5, and 6.



CHAPTER FOUR

PRESENTATION, ANALYSIS AND INTERPRETATION OF RESULTS

In this chapter, we presented, analyzed and interpreted the results of the study.
Immediately after the introduction, the first section measured crude oil price volatility and
presented the estimates of correlation coefficients and coefficients of variation for the variables
under investigation in section two. In the third section, we discussed the stochastic properties of
the variables (unit root test) and estimated the models specified in section four. At the end of the
chapter we presented the summary of major finding of the study.
4.1 Estimates of Crude Oil Price Volatilities

The estimated result of ARCH (1) model is presented below, The intercept term in the
mean equation is the average percent rate ol change in crude oil prices. Therefore, over the
sample period, the average quarterly crude oil price change was about 1.3672%. The ARCH
coetlicient is significant at 5% level. This suggests that crude oil prices in Nigeria are volatile,
I'he low coefficient of determination (R”) was due to the fact that crude oil price was regressed
on a constant and need not be interpreted.

LCP = 1.3672

Z-stat (233.93)

p-val [0.0000]

6 = 0.00033 + 1.884¢° |

z-stat (0.4824) (4.1673)

p-val [(L6295] ]0.0000]

RY=-0.1999, Adj. R =-0.2198, D.W=0.0411,

The error terms in the regression result above were squared and used as a measure of
crude oil price volatility (LCPV). Figure 4.1 below shows the graph of the residuals obtained
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from the regression above. The graph suggests also that the error terms are highly volatile. This
is shown by the wave-like moments in periods of wide swing in the errors terms

Figure 4.1: Graph of residuals
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In figure 4.2 and figure 4.3 below, the graph of squared residuals and its log were plotted and
presented. The graph of log squared residual was more volatile and behaved in a similar manner
as the real error terms’ graph (figure 4.1). The volatility in crude oil prices was spiky and moved
downward during the oil glut period of late 1980s to early 1990s. By late 1990s, oil price

volatility had gone upward and became spikier between 1997 and 2000 when the world
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experienced mild recession. From 2003 to date, crude oil prices have averagely taken upward
trends which are shown by the movements in the volatility graphs.

Figure 4.2: Graph of squared residuals
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Figure 4.3: Graph of log of squared residuals
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4.1.1 Estimates of Correlation Coefficients and Coefficients of Variation

The table below shows the correlation coefficients of each model specified in chapter

three. In the money supply (LMa,) model, all the variables have positive coefficients. This means

that crude oil price volatility (LCPV,), real GDP, exchange rates (LEXR,), inflation (LINF,), and

monetary policy rates (LMPR,) increase or decrease together with money supply. The degree of

co-variability between these variables is highest (97.64%) for inflation and lowest (17.21%) for

monetar licy rate. Notice that a negative relationship exists between degree of trade openness
Yy policy g p 2 p

and crude oil exports.

Table 4.1: Summary of correlation coefficients estimates

' Model | LCPV, [ LRGDP, | LEXR, | LINF | LMPR, | 1
"LM,, 03506 | 0.8254 | 0.7264 0_,‘)_?_64 0.1721 l
LNFA, | 0.2853 | 0.7464 | 0.7601 | -
'LOX, | 02778 10.7686 | 0.7551 | -
| LOM, | 02452 [0.7571 | 0.7755 |-

—h

FR, | LQCP, |

(EE T E—
7‘)46

0.7868 | 0.7624 |

LDOP, | LMy,

However, crude oil price volatility co-vary positively with money supply, net foreign

asset (LNFAy), crude oil exports (1LOX,), and crude oil imports (LOM,) by 35.06%, 28.53%,

27.78% and 24.52% respectively. Note that the degree of association was highest in the money

supply model, followed by the net foreign asset model. According to Koutsoyiannis, (1979),

‘although the correlation coefficient is a measure of co-variability of variables. it does not

necessarily imply any functional relationship between the variables concerned. Correlation

coefficient does not establish and prove any causal relationship between the variables.” If the

assertion above is correct, then it becomes necessary for us to investigate further via statistical

method. One of the techniques used in this study is the coelTicient of variation to examine the

variability between the variables under consideration.
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The coefficients of variation presented in table 4.2 below allows for comparism of
variability of variables regardless of the magnitude and unit of measurement of the distribution.
It also shows the consistency of sample distribution in terms of uniformity in the values of the
data or distribution. The coefficient of variation for crude oil price volatility (LCPV) is -2.125,
meaning that the sample distribution is volatile and has low variance. It also implies that the
variability in the LCPV, sample distribution is about -212.5%. llowever, when compared to other
variables, the extent of variation is highest in output of crude oil production (LQCP) of 3.490.1%
in Nigeria. If plotted on a graph, the crude o1l output movements followed the trends in the world

crude oil prices.

Table 4.2: Summary of coefficients of variation estimates
Variable | Mean | Standard deviation | Coefficient of variation
LMy, 5.443 | 0.938 5.803 -
LNFA, |5.015 | 1.359 - 3.690 o
LOX, 5493 | 1.094 5.021 -
LOM, 4.415 | 1.369 3.225
| LCPV, [-1.779 | 0.837 -2.125 |
| LRGDP, | 4.896 | 0.309 15845
LEXR, 1.312 | 1.063 11.234 o
LINF, 0.959 | 0.808 1.187 -
LMPR, | 1.082 |0.162 6.679 ]
LQCP, | 2.827 | 0.0R] 34.901
| LFR, 3.753 ]0.554 6.774 .
LDOP, | -0.299 | 0.185 -1.616
CPV, 0.063 | 0.097 1.537 J

Therefore, going by the crude oil price volatility model above, the coefficient of variation
in crude oil price volatility model is 15.65% (given that the standard deviation is 0.230001 and
mean of the dependent variable is 1.469598; see appendix A). Since most of the variables under
consideration are highly volatile by this descriptive evidence, we can conclude that crude oil

prices are volatile. This is because both the ARCH (1), graph of squared error terms and the
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coelficient of variation estimates have provided evidences that crude oil prices are volatile. This
does not mean to say that the analysis so far is sufficient to establish functional relationships
between the variables. The study estimated the specified models using GARCH (1, 1) model.
4.1.2 Unit Root Test Results

The table below shows the unit root results of variables under consideration. The ADF
type of unit root was conducted on all the variables at constant or intercept. The reason was to
overcome the problem of spurious regression often associated with time series data. The result of
the test suggests that all the variables are integrated of order one (i.e. 1 (1)). The order of
integration indicates the number of times a variable will be differenced. This means that all the
variables will be differenced once to arrive at stationarity. Since the entire ADF statistic is
greater than the Mackinnon critical values at 5% level of significance, we therefore reject the
hypothesis of unit root in all the variables.

Table 4.3: ADF unit root results

Variable | ADF Statistic | Nuisance | Levels of significance Order of
L Factor 1% 5%  10% integration |
LCP, -5.3368 ) 34865 -2.8859 25796 [1(1)
LMy, -4.2799 C 34865  -2.8859 -2.5796  |I(1)

| LRGDP, | -5.9398 C -3.4865  -2.8859 -2.5796  |[I1(1)
LCPV, [-5.1674 e -3.4865  -2.8859 -2.5796 [1(1) |
| LEXR, [ -5.9815 C -3.4865  -2.8859  -2.5796  [1(1)

| LINF, -4.1224 £ -3.4865  -2.8859 -2.5796  |1(1)

LMPR, [-5.4594 C -3.4865  -2.8859 -2.5796 | 1(l)

LNFA, -4.1431 C | -3.4865  -2.8859 -2.57%6  [1(l)
LFR, -4.3178 C | -3.4865 28859 -2.5796 | I(l) +
LOX, -4.8749 C | -3.4865  -2.8859 25796  [1(l)
LOM, -5.0299 C -3.4900 -2.8874 25804 | 1(1)

LQCP, | -4.4809 C -3.4865  -2.8859 -2.5796  |1(1)

LDOP, | -6.9800 C 34865  -2.8859 25796 [1(1)

Note: C' = constant; TC = trend and intercept; N = none
* = criteria for rejection of hypothesis of unit roof.
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4.2 Impact Analysis
The Crude Qil Export Model

The study used the crude oil export model to further validate the claims above. This is to
make sure that crude oil price volatility is also responsive to changes in crude oil export in
Nigeria. The coefficient of determination, R? of 0.9947 also means that about 99.43% of the
variations in crude oil export is explain by variations in the explanatory variables. The F-
statistics of 2363.82 suggests that the overall model is significant at 5% percent level of
significance, The Durbin Watson (D.W.) statistics ol 1.9770 is within the acceptable runge that
indicates absence of serial correlation in the residuals. The rcsults of the export model are
presented below and in appendix D.
Lox,=-38.88 — 0.024lcpv, + 0.782lgep, — 0.0161dop, -0.04031exr, -0.0078Irgdp, + 1.0004AR(1)

(z-stat) (-0.274) (7.006)  (5.708) (-:0.447)  (-11.483)  (-0.1516) (698.42)
[p-val] [0.784] [0.000] 10.000] [0.655]  [0.000] [0.880) [0.000]

52, =3.44+0.829¢2, + 051152,
(z-stat) (1.399) (5.969) (17.895)
[p-val] [0.162] [0.000] [0.000]

R? = 0.9947; Adj. R® = 9943; D.W. = 1.9769; F-stat. = 2363.82; Prob(F-stat.) = 0.00000

The coefficients of crude oil price volatility and output of crude oil production met the a-
priori expectation and arc also significant at 5% level of significance. The result above also
shows that all the coefficients of the explanatory variables are inclastic meaning that crude oil
export 15 less responsive to changes in crude oil price volatilily, output of crude oil production,
degree of trade openness, exchange rate, and rea! output. This means that when crude oil price
volatility increase by one petcent, crude oil export will decrease by 0.024 percentage points. The

finding also suggests that crude oil price volatility has a significant negative impact on crude oil
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export in Nigeria. More so, if crude oil output increases by one percent, crude oil export will
increase by 0.782 percentage points. The coefficient of exchange rate is significant at 5% level
but does not meet the a-priori expectation of the model. However, the coeflicients of degree of
trade openness and real output did not meet the a-priori expectations and are also insignificant in
influencing crude oil export in Nigeria.

The coeflicients of ARCH and GARCH terms are significant at 5% level of significance.
The high value of ARCH term (0.8290) means that volatility reacts intensely to crude oil export
movements. However, the value of GARCH term (0.5106) means that shocks to conditional
variance takes long time to die out so that volatility is highly persistent. The sum of ARCH and
GARCH terms (i.e 0.8290 + 0.5106) is 1.3396 which means that the model has an infinite
variance and volatility is persistent. This also means that crude oil price volatility has been part

of distortions to crude oil export in Nigeria.

ARCH LM Test:
F-statistic 0.504270  Probability 0.479007
Obs*R-squared 0.510530 Probability 0474910

The ARCH LM test above accepts the null hypothesis of no ARCH effects in the
residuals of the crude oil export model.
The Net Foreign Asset Model

One of the central arguments in this study is that shocks in crude oil prices can reduce or
increase the country’s net foreign assets and this will in turn have impact on the direction of
monetary policy in Nigeria. The study therefore used net foreign assets to analyze the indirect
impact of crude oil price volatility on monetary policy in Nigeria. The empirical results below
support the above arguments. The coefficient of determination, R” of 0.9892 means that about
98.92% of the variations in net foreign asset is explain by variations in the explanatory variables.
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The F-statistics of 1128.42 suggests that the overall model is significant at 5% percent level of
significance. The Durbin Watson (D.W.) statistics of 2.0208 is within the acceptable range that
indicates absence of serial correlation in the residuals.

Lnfa, = 4.024 — 0.0691cpv, + 0.367lm |, - 0.070rgdp, | + 0.035lexr + 0.141fr 5+ 0.980AR(1)

(z-stat) (4.194) (-2.233)  (3.028)  (-1.268) (3.356)  (1.901) (110.82)
[p-val] [0.000} 10.026]  [0.003] 10.205) [0.001]  [0.047] (0.600]

3% =-8.76 + 0.188¢%, + 0.82652,,
(z-stat) (-2.162) (2.950) (20.000)
[p-val] [0.031] |0.003] [0.000]
R = 0.9892; Adj. R®=9883; D.W. = 2.0208; F-stat. = 1128.42; Proh (F-stat.) = 0.00000

The coefficient of crude oil price volatility, money supply, exchange rate, two quarter
lagged period of foreign reserve and the autoregressive component met the a-priori expectation
and is also significant at 5% level of significance. All the coefficients of the explanatory
variables are inelastic suggesting that net foreign asset is less responsive to changes in ¢rude oil
price volatility, money supply, real output, exchange rate and lagged foreign reserves. For crude
oil price volatility, a one percent increase or decrease in crude oil price volatility will results to a
0.069 percentage points decrease or increasce in the country’s net foreign assets. This also means
that crude oil price volatility has a significant negative impact on net foreign assets in Nigeria.
Similarly, the coefficient of narrow money supply met the a-priori expectation and also
significant in influencing net foreign assets in Nigeria. The broad money supply did not perform
better. This finding is consistent with the direct effect model (i.c. the monetary policy model).

However, the impact of real output coefficient is not in the right direction and also significant at

5% level,
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The coefficients of ARCH and GARCH terms are significant at 5% level of significance.
The low value of ARCH term (0.188) means that volatility reacts slowly to net foreign asset
movements, However, the high value of GARCH term (0.826) means that shocks to conditional
variance takes long time to die out so that volatility is highly persistent. The sum of ARCH and
GARCH terms (i.¢ 0.188 + 0.826) is 1.0140 which means that the model has an infinite variance
and volatility is highly persistent. This also means that crude oil price volatility has been part of
the reasons for distortions and instability to net foreign asset in Nigeria
ARCH LM Test:

F-statistic 1.149730  Probability 0.285775
Obs*R-squared 1.167867  Probability 0.2815808

The ARCH LM test above accepts the null hypothesis of no ARCH effects in the residuals of the
model.
The Moncetary Policy Model

In the results below, the R of 0.9992 means that about 99.92% of the variations in
monetary policy (money supply) are explained by variations in the explanatory variables. The F-
statistics of 14656.5 suggests that the overall model is significant at 5% percent level of
significance. The Durbin Watson (D.W.) statistics is within the acceptable range that indicates
absence of auto correlation in the residuals. Detail of the results is presented in appendix D
below.

Ly = 1.499-0.016lcpv,;+0.0851rgdp, s —0.000Tlexr, + 0.243linf, - 0.164Impr, ; + LOOSAR(1)
(z-stat) (0.630) (-2.783)  (3.592) (-0.063) (3.816)  (-2.682) (264.73)
[p-val] [0.529] 10.005] [0.000] [0.950] [0.000]  0.007) [0.000]

82y = 1.76 — 0.075¢7; + 1.06162,,
(z-stat) (2.189) (-2.288) (28.891)
[p-val] [0.028] [0.022]  [0.000]

R* =0.9992; Adj. R*=9991; D.W. = 2,1250; F-stat. = 14656.53; Prob (F-stat.) = 0,00000
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The results also show that the coefficients of crude oil price volatility, real output and
interest rate meet the a-priori expectations and are statistically significant at 5% level. The
coelficients are all inelastic meaning that monetary policy is less responsive to changes in crude
oil price volatility, real output, exchange rate, inflation and interest rates in Nigeria. For instance,
when crude oil price volatility increases or reduces by one percent in the last quarter, current
money supply will reduce or increase by 0.016 percentage points. That is to say that past quarter
shocks in crude oil price has a significant negative impact on current monetary policy in Nigeria.
However, the coefficient of exchange rate does not meet the a-priori expectation and also
msienificant in influencing monetary policy in Nigeria. Similarly, the coefficient of inflation
does not meet the a-priori expectation but has a significant positive impact on monetary policy in
Nigeria. The autoregressive component is significant which shows that the maodel is in place.

The coefficients of ARCH and GARCH terms are significant at 5% level of significance.
The low ARCH term (-0.0753) means that volatility react slowly to money supply movements.
However, the high value of GARCH term (1.0605) means that shocks to conditional variance
take long time to die out. The sum of ARCH and GARCH terms (i.¢ -0.0753 + 1.0605) is 0.9852
which means that volatility is persistent. This also means that crude oil price volatility has been

part of reason for the distortions and instability 1o monetary policy in Nigeria.

ARCH LM Test:
F-statistic 0.579521  Probability 0448032
Obs*R-squared 0.586522  Probability 0443767

The result of ARCH LM test above suggests that we accept the null hypothesis of no further

ARCH effect in the residuals of the regression.
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The Crude Oil Import Model

The result below shows that the coefficient of crude oil price volatility met the a-priori
expectation and is also insignificant at 5% level of significance. The coeflficient is also inelastic
meaning that crude o1l import is less responsive to changes in crude oil price volatility. This
means that crude oil price volatility has an insignificant impact on crude oil import in Nigeria.
I'he coefficient of exchange rate did not meet the a-priori expectation but significant at 5% level
of significance. The coefficients of crude oil output, real output and foreign reserve met the a-
priori expectations and are also significant at 5% level.
Lom=-22.604 — 0.0411cpv, + 6.012lgep + 0.215lexr + L.645Irgdp, + 0.3961fr + 0.892AR(1)

(z-stat) (-3.893)  (-0.431) (3.003) (7.830)  (8.608) (3.039)  (12.861)
[p-val] [0.000]  [0.667] [0.003] [0.000] [0.000] [0.002]  [0.000]

52¢ = 0.032 - 0.038¢°; + 0.47256%,,
(z-stat) (3.230) (-1.405) (4.607)
[p-val] [0.001] [0.160] [0.000]
R* = 0.9733; Adj. R?=9712; D.W, = 1.5323; F-stat. = 453.97; Proh(F-stat.) = 0.00000

The coefficient of determination, R* of 0.9733 also means that about 97.33% of the
variations in crude oil import is explain by variations in the explanatory variables. The F-
statistics of 453.97 suggests that the overall model is significant at 5% percent level of
significance. The Durbin Watson (1. W.) statistics of 1.5323 is within the acceptable range that
indicates absence of serial correlation in the residuals.

The result also shows that the coefficient of ARCH term is insignificant, while the
GARCH term is significant at 5% level of significance. The low value of ARCIH term (-0.0381)
means that volatility react slowly to crude oil import movements. However, the value of GARCH

term (0.4723) means that shocks to conditional variance take short time to die out so that



volatility is not persistent. The sum of ARCH and GARCH terms (i.¢ -0.0381 + 0.4723) is
0.4342 which means that volatility is not persistent. This also means that crude oil price volatility

has been able to reduce the distortions to crude oil import in Nigeria.

ARCH LM Test:
F-statistic 0193817  Probability 0660557
Obs*R-squared 0.196754  Probability 0.657354

The ARCH LM test above also accepts the null hypothesis of no ARCH effects in the residuals
of the crude oil import model.
4.3 Summary of Findings

From the discussion so far, the study has summarized the major findings below;

e The study showed that crude oil prices are volatile over the sample period studied.

e The correlation coefficients revealed that crude oil price volatility has a positive
relationship with money supply, net foreign assets, crude oil export and crude oil import
in Nigeria.

e The coefficient of variation for crude oil price volatility provided further evidence of
volatility and low variance property of the crude oil price distribution.

e The unit root test result showed that the variables are integrated of order one and are
differenced once to arrive at stationarity.

e The crude oil export model also showed that the coeflicient of crude oil volatility is
inelastic and has a significant negative impact on crude oil export in Nigeria. The sum of
ARCH and GARCH terms suggests that the error terms have an infinite variance and
volatility is persistent. This also means that crude oil price volatility has been part of

distortions to crude oil export in Nigeria.
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The net foreign asset and monetary policy models showed that the coelficient of crude
oil price volatility is inelastic and has a significant negative impact on net foreign asset
and money supply respectively in Nigeria. The sum of ARCH and GARCII terms in the
two models showed that volatility is persistent. This means that crude oil price volatility
have been part of the distortions and instability in net foreign asset and monetary policy
in Nigeria. There are further evidences that real output and inflation exerted significant
positive impact on monetary policy in Nigeria.

The crude oil import model showed that crude oil price volatility coefficient is inelastic
and has an insignificant ncgative impact on crude oil import in Nigeria, The sum of
ARCH and GARCH terms suggests that volatility is not persistent. This also means that
crude oil price volatility has been able to reduce the distortions to crude oil import in
Nigeria.

The conduct of ARCH LM test also accepts the null hypothesis of no further ARCH

effects in the residuals of all the models under study.
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CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1 Summary of the Study

The study analyzed the impact of crude oil price volatility on monetary policy in Nigeria
for the period 1980:1 to 2010:4. The study was carried out with two main objectives. The first
objective was to estimate the extent of crude oil price volatility. And the second objective was to
analyze the impact of crude oil price volatility on monetary policy in Nigeria. The literature
review revealed that crude oil price can be affected by demand and supply side shocks in the
market. And these shocks can constrain the effectiveness of monetary policy in Nigeria. As a
result, monetary policy in Nigeria has undergone series of transformation from one era to another
in a bid to maintain monetary stability in the economy. Past research have centered on the impact
of oil price shocks on some macroeconomic variables in Nigeria.

The study therefore used ARCH and GARCH method to analyze the data collected, The
result of the study shows that crude oil prices are volatile over the period studied. The correlation
coellicients revealed that crude oil price volatility has a positive relationship with money supply,
net foreign assets, crude oil exports and crude oil imports in Nigeria. The coeflicient of variation
for crude oil price volatility provided further evidence of volatility and low variance property of
the crude oil price distribution. The unit root test result showed that the variables are integrated
of order one and are differenced once to arrive at stationarity. Furthermore, the monetary policy
and net foreign asset models showed that the coefficient of crude oil price volatility is inclastic
and has a significant negative impact on money supply and net foreign asset respectively in

Nigeria. The sum of ARCH and GARCH terms in the two maodels showed that volatility is
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persistent. There arc further evidences that real output and inflation exerted significant positive
impact on monetary policy in Nigeria.

The crude oil export model also showed that the coefficient of crude oil volatility is
inelastic and has a significant negative impact on crude oil export in Nigeria. The sum of ARCH
and GARCH terms suggests that the error terms have an infinite variance and volatility is
persistent. The crude oil import model showed that crude oil price volalility cocfficient is
inelastic and has an insignificant negative impact on crudc oil import in Nigeria. The sum of
ARCH and GARCH terms suggests that volatility is not persisient. 'The conduct of ARCH LM
test also accepts the null hypothesis of no further ARCII effects in the residuals of all the models
under study.

5.2 Conclusion of the Study

The findings of the study suggest that erude oil price volatility definitely have significant
impact on monetary policy, net foreign assets, and crude oil exports, However, the impact of
crude oil price volatility on crude oil import was insignificant. The implication of this finding is
that Government budget, revenue and spending are also highly sensitive to crude oil revenue
gencration in Nigeria. Further depreciation of the Naira will increase the country’s exports
earning and hence an increase in Government revenue. However, import bills on crude oil will
reduce it. These points to the fact that the economy should be diversify te enhance the
performance of monetary policy in Nigeria. Diversifying the cconomy will reduced downward
shocks coming {rom crude oil price fluctuations, However, the current surge in crude oil prices
hold great potentials for an improvement in monetary policy performance in Nigeria.

5.3 Recommendations of the Study

The study therefore recommends the following measures based on the findings.
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Monetary policy should be geared towards diversifying the Nigerian economy. It should
be done in such a way that over dependence on crude oil alone as a major source of
export revenue will be reduced.

The Government and the CBN should encouraged rcal productive activilies in the
economy. This can be donc by promeoting investments in manufacturing, mining and
extraction of solid minerals, oil and gas, and real services.

The CBN should ensure that the external reserve is managed creatively and productively
in manncr that wil attract foretgn investors into the country.

Since crude oil price volatility is inelastic, there are further incentives for the Government
to utilize thc rising oil prices and generale more revenue for its developmental
programmes

The recent petrolcum industry bill is a step in the right direction because it will encourage
private individuals and enhance private sector’s participation in the oil sector.

Further research should be geared towards investigating the impact of crude oil price
volatility on Government fiscal operations in Nigeria. The use of high frequency data will

very mcaningful.
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APPENDICES

Appendix A: Estimates of crude oil volatility

Dependent Variable: LCP
Method: ML - ARCH (Marquardt)
Date: 12/20/11 Time: 05:41
Sample: 1980:1 2010:4
included observations: 124

Convergence achieved after 53 iterations

Variance backcast ON

Coefficient  Std. Error  z-Statistic Prob.
C 1.367170  0.005844  233.9302  0.0000
Variance Equation
C 0.000326 0000676 0482402 0.6295
ARCH({1) 1188379 0280335 4107280  0.0000
R-squared -0.199941 Mean dependent var 1.469598
Adjusted R-squared -0.218774 S.D. dependent var 0.230001
S.E of regression 0.254020 Akaike info criterion -0.962024
Sum squared resid 7.807691  Schwarz criterion -0.893791
Log likelihood 62 64549  Durbin-Watson stat 0.041144
Appendix B: Estimates of correlation coefficients
Lm2 LCPV LRGDP LEXR
LMz 1.000000 0.350585 0.825367 0.728692
LCPV 0.350585 1.000000 0.301543 0.084350
LRGDP 0.825367 0.301543 1.000000 0.590875
LEXR 0.728692 0.084350 0.580875 1.000000
LCP) 0.976487 0.267137 0.753802 0.746353
LMPR 0.172069 -0.505824 0.070002 0.435113
LNFA LCPV Lm2 LRGDP
LNFA 1.000000 0285344 0.969079 0746402
LCPV 0285344 1.000000 0350585 0301543
LM2 0.969079 0.350585 1.000000 0825367
LRGDP 0.746402 0.301543 0.825367 1.000000
LEXR 0.760135 0.084350 0.728692 0.590875
LFR 0.856546 0461183 0.827687 0645180
LOX LCPV Lace LoorP
LOX 1.000000 0277797 0.704620 -0.482485
LCPV 0.277797 1.000000 0 149866 -0.066388
Lace 0.794620 0.149866 1.000000 -0.487853
LDOP -0.482485 -0.066388 -0.487853 1.000000
LEXR 0.755096 0.084350 0624774 -0.363078
LRGDP 0.768621 0.301543 0.364108 -0.262107
87

LCPI
0976487
0267137
0.753802
0.746353
1.000000
0304207

LEXR
0.760135
0.084350
0.728692
0.690875
1.000000
0.555027

LEXR
0.755096
0084350
0624774

-0.363078
1.000000
0.590875

LMPR
0.172089
-0.505824
0.070002
0.435113
0.304207
1.000000

LFR
0.859546
0461183
0.827687
0.645180
0.655027
1.000000

LRGDP
0.768621
0.301543
0.364108

-0.262107

0.590875

1.000000



LOM LCPV LQcp LEXR
LOM 1.000000 0245183 0.762373 0.775521
LCPV 0.245183 1.000000 0.149866 0.084350
LQCP 0.762373 0.149866 1.000000 0624774
LEXR 0.775521 0.084350 0624774 1.000000
LRGDP 0.757076 0.301543 0.364108 0580875
LFR 0786778 0.461183 0.680027 0.555027

Estimates of Deseriptive Statistics

LM2 LNFA LOX LOM LCPV LRGDP LEXR
Mean 5443 5015 5483 4415 1779 48% 1.312
Median 5472 5041 5B46 5051 -1.720 4850 1.340
Maximum 7.060 6.931 7.027 6.317 -0.391 5925 5289
Minimum 4057 2700 3857 1.714 -4898 3868 -0.272
Std. Dev, 0938 1359 1.094 1369 0837 0309 1.063
Skewness 0.163 -0.172 -0175 -0466 0566 0137 0842
Kurtosis 1.712 1749 15666 1783 3659 7482 5659

Jarq.-Bera 9.058 8697 1126 12.14 8866 10416 51.17
Probability 0.011 0013 0004 0002 0012 0000 0000

Sum 67488 6219 6811 5474 -2205 60709 1627
Sum Sq. 108.15 2275 147.3 2308 86.15 11.778 139.0
Dev.

Observ. 124 124 124 124 124 124 124

Appendix C: Summary of unit root result

Stationary erude oil price (LCP)

ADF Test Statistic -5.336754 1% Critical Value* -3 4865
5% Critical Value -2.8859
10% Critical Value -2.56796

*MacKinnon critical values for rejection of hypothesis of a unit root.

Stationary broad money supply (L.M;)

ADF Test Statistic -4.279935 1% Cntical Value* -3.4865
5% Critical Value -2.8859
10% Critical Value -2 5796

*MacKinnon critical values for rejection of hypothesis of a unit root

Stationary real output (LRGDP)

ADF Test Statistic -5.939830 1% Critical Value* -3 4865
5% Critical Value -2.8859
10% Critical Value -2.5796

*MacKinnon critical values for rejection of hypothesis of a unit root
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LRGDP

0757076
0.301543
0.364108
0.590875
1.000000
0645190

LCPI
0.959
1.293
2.057
-0.360
0.808
-0.253
1.501

12.93
0.002

118.9
80.38

124

LMPR
1.082
1.130
1.359
0.720
0.162
-0.575
2.339

9.079
0.011

1342
3.236

124

LFR
0.786778
0.461183
0.680027
0.555027
(0.645190
1.000000

LQCP LFR
2.827 3753
2846 3.744
2963 4784
2654 2408
0.081 0.554

-0.5691 -0.039
2301 2596

9.743 0875
0.008 0645

3506 4654
0.803 3769

124 124

LDOP
-0.298
-0.322
0.091
-1.398
0.185
-2.143
16.37

885.7
0000

-37.17
4192

124



Stationary crude oil price volatility ( LCPYV)
ADF Test Statistic -5.167374 1% Critical Value* -3.4865

5% Critical Value -2.8859
10% Critical Value -2.5796

n of hypothesis of a unit root

*MacKinnon critical values for rejectio

Stationary exchange rate (LEXR)

ADF Test Statistic -5.981493 1% Critical Value* -3.4865

5% Critical Value -2.8859
10% Critical Value -2 5796
"MacKinnon critical values for rejection of hypothesis of a unit

root.

Stationary crude oil price volatility (LINF)
ADF Test Statistic -4.122398

1% Critical Value* -3.4865

5% Critical Value -2.8859

10% Critical Valye -2.5796
*MacKinnon critical

values for rejection of hypothesis of a unit root.

Stationary monetary policy rate (LM PR)
ADF Test Statistic -5.459410 1% Critical Value* -3.4865

5% Critical Value -2.8859
10% Critical Value -2.5796
"MacKinnen critical values for rejection of hypothesis of a unit

root

Stationary net foreign assets (LN FA)

ADF Test Statistic -4.143088 1% Critical Value* -3.4865
5% Critical Value -2.8859
10% Critical Value -2.5796

*MacKinnon critical values for rejection of hypothesis of a unit root
Stationary foreign assets (LFR)

ADF Test Statistic -4.317772 1% Critical Value* -3.4865

5% Critical Value -2.8859
10% Critical Value -2 5796
*MacKinnon critical values for rejection of hypothesis of a unit

root.
Stationary crude oil exports (LOX)
ADF Test Statistic -4.874889 1% Critical Value* -3.4865
5% Critical Value -2.8859
10% Critical Valye -2.5796
*MacKinnon critical values for rejection of hypothesis of a unit root
Stationary crude oil imports (LOM)
ADF Test Statistic -5.029898 1% Critical Value* -3.4900
5% Critical Value -2.8874
10% Critical Value -2.5804
*MacKinnon critical values for rejectio

n of hypothesis of a unit root
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Stationary quantity of crude oil production (LQCP)

ADF Test Statistic -4 480939 1% Critical Value*® -3.4865
5% Critical Value -2.8859
10% Critical Value -2.5796

*MacKinnon critical values for rejection of hypothesis of a unit root.

Stationary degree of openness (LDOP)

ADF Test Statistic -6.980043 1% Critical Value®* -3.4865
5% Cntical Value -2.8859
10% Critical Value -2.5798

"MacKinnon critical values for rejection of hypothesis of a unit root.

Appendix D: Empirical estimates of the models

Model one: monetary policy model

Dependent Variable: LM2

Method: ML - ARCH (Marquardt)

Date: 12/28/11 Time: 11:17

Sample(adjusted): 1981:1 2010:4

Included observations: 120 after adjusting endpoints
Convergence achieved after 39 iterations

Variance backcast: ON

Coefficient  Std. Error  z-Statistic Prob.

C 1499410 2379486 0630140 0.5286

LCPV(-1) -0.015548 0005585 -2.783858  0.0054

LRGDP(-3) 0.085047 0023680 3.591557  0.0003

LEXR -0.000148  0.002357 -0.062846  0.9499

LCPI 0243072 D.063703 3815686  0.0001

LMPR(-1) -0.164189  0.061187 -2.682885 0.0073

AR(1) 1.005072  0.003797 2647272  0.0000

Variance Equation

c 1.76E-05 8.068E-06 2189280 00286

ARCH(1) -0.075261 0.032898 -2.287745 0.0222

GARCH(1) 1.060508 0036707 2889112 0.0000

R-squared 0.999167 Mean dependent var 5.487332

Adjusted R-squared 0.999099 &.D. dependent var 0.919863

S.E. of regression 0.027617 Akaike info criterion -4.452124

Sum squared resid 0.083898 Schwarz criterion -4 219833

Log likelihood 277.1274  F-statistic 14656.53

Durbin-Watson stat 2.124968 Prob(F-statistic) 0.000000
Inverted AR Roots 1.01

Estimated AR process is nonstationary
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Model two: net foreign asset model

Dependent Variable: LNFA
Method: ML - ARCH (Marquardt}
Date: 01/04/12 Time: 01:21
Sample(adjusted): 1980:4 2010:4

Included observations: 121 after adjusting endpoints
Falure to improve Likelthood after 40 iterations

Variance backcast. ON

Coefficient  Std. Error  z-Statistic Prob.
Cc 4023588 0.959456 4.193612  0.0000
LCPV -0.068866  0.030835 -2.233396  0.0255
LM1 0367389 0.121327 3.028088 0.0025
LRGDP(-1) -0.070168  0.055346 -1.267806  0.2049
LEXR 0.035138 0.010469 3.356351 0.0008
LFR(-2) 0.140826  0.074095 1900623 0.0574
AR(1) 0979801 00088417 1108233  0.0000
Variance Equation
C -8.76E-05 405E-05 -2.162104  0.0306
ARCH(1) 0.187693 0063618 2950311 (0.0032
GARCH(1) 0.826396  0.041320 2000015  0.0000
R-squared 0.989188 Mean dependentvar  5.048442
Adjusted R-squared 0.988312 S.D. dependent var 1.359768
S.E. of regression 0.147007  Akaike info criterion  -1.5694899
Sum squared restd 2398841 Schwarz criterion -1.363842
Log likelihood 106.4914  F-statistic 1128.416
Durbin-Watson stat 2.020832  Prob(F-statistic) 0.000000
Inverted AR Roots .98
Model three: erude oil export madel AT
Dependent Variable: LOX ® Lol -~/
Method: ML - ARCH (Marquardt)
Date: 12/28/11 Time: 11:23
Sample(adjusted): 1980:2 2010:4
Included observations: 122 after adjusting endpoints
Convergence achieved after 95 iterations
Variance backcast: ON
Coefficient  Std. Error  z-Statistic Prob.
C -38.88361 1418624 -0.274094 0.7840
LCPV -0.023805 0003388 7.006106 (.0000
LQcP 0.781933  0.136989 5708017  0.0000
LDOP -0.015863 0035808 -0.446743  0.6551
LEXR -0.040312 0003811 -11.48274  0.0000
LRGDP 0007849 0051767 -0151628 08795
AR(1) 1.000430 0001432 6984244  0.0000
Variance Equation
c 344E-05 246E-05 1399536 0.1617
ARCH(1) 0.828951  0.138857 5969833  0.0000
GARCH(1) _ 0510622  0.028535_  17.89484  0.0000

91

’358



R-squared 0.994717 Mean dependent var 5 504866
Adjusted R-squared 0.994296 S.D. dependent var 1.090835
S.E of regression 0.082387  Akaike info criterion -3.221894
Sum squared resid 0.767007 Schwarz criterion -2.993261
Log likelihcod 208.1465 F-statistic 2363.817
Durbin-Watson stat 1.976977 Prob(F-statistic) 0.000000
Inverted AR Roots 1.00
Estimated AR process is nonstationary
Model four: erude oil import model
Dependent Variable: LOM
Method: ML - ARCH (Marquardt)
Date: 12/28/11 Time: 11:25
Sample(adjusted): 1980:3 2010:4
Included observations: 122 after adjusting endpoints
Convergence achieved after 14 iterations
Variance backcast: ON
Coefficient  Std. Error  z-Statistic Prob.
C -22.60469  5B06796 -3.892800 00001
LCPV -0.040722  0.094507 -0.430887  (0.6666
LQCP(-1) 6.012131 2001954  3.003131 0.0027
LEXR 0214731 0027423 7830405 0.0000
LRGDP 1644563 0191043 8608338  0.0000
LFR 0395862 0130237 3.039549 0.0024
AR(1) 0891898 0.069348 12.86117  0.0000
Variance Equation
Cc 0.031633 0.009794 3.229929 0.0012
ARCH(1) -0.038118 0027124 -1.405335 0.1599
GARCH(1) 0472344 0102522 4607250  0.0000
R-squared 0.973319 Mean dependent var 4.448207
Adjusted R-squared 0.971175 S.D. dependent var 1.355140
S E of regression 0230075 Akaike info criterion -0.092441
Sum squared resid 5028681 Schwarz criterion 0.137387
Log likelihood 1563889 F-statistic 453.9692
Durbin-Watson stat 1.532288 Prob{F-statistic) 0.000000
Inverted AR Roots .89




