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ABSTRACT
Oil dependence ivm.il us a potentially serious economic and strategic 
problem to oil importing developing countries. Large oil imports tiraws 
heavily on the scarce tocoign exchange earnings of the developing 
countries and hence leading to reduction in imports of capital goods and 
intermediate goods, with a result that other ma jot macro economic 
variables -Jilt ink. Thiu study evaluates thin preposition by developing a 
Keynesian econometric model of the Kenyan economy using .1 VAR framework,

Kenya being a net importer of petroleum products has experienced on 
increasing trend in the value of oil imports tor the period under review. 
an average of 2t1 per annum. Thiu is an indicator of wealth transfer from 
Kenya to oil producing nations, which would otherwise have been used to 
ioport capital and intermediate goods. The highest annual growth rates 
were experienced in 1974 (36491, 1980 (901) and 1993 (1019). The oil
inport bill was 36.01*. 37.26 and 34.36 during the same pet i,id
respectively. The temporal rise in oil prices seem to have had temporal 
negative effect to the major macro economic variables immediately or 
within the next one or three years. The inverse relationship is much seen 
in lsporta of capital goods and investment. Tn 1974 and 1980 the value ot 
oil imports grew by 2641 and 90* respectively. Juports of Capital goods 
shows a drop in growth rate from 124 in 1973 to -21 in 1974 and a drop 
from 241 in 1980 to 12* in 1983. Investments fell from 26% in 1974 to -22 
In 1976 and also dropped tram 4 91 to 2* In 1981. Imports of Consumer 
goods and Government Expenditure show a direct relation ship with sharp 
increase in oil prices.

The empii leal 1 vault a show that movements ol the macro variables are 
Interdependent and therefore all oI them can be targeted indirectly in any 
policy move. Specifically most ot the macro variables react to unit shocks 
in imports of petroleum products. Thus any factor such as price increase 
and short supply ot petroleum product.!', will influence the direct, lot 1 of the 
other variables, h’e found that imports of capital goods react positively 
to shocks in import/) of petroleum products and the impact is persistent, 
and only dies out at the very end of the forecast period. Investment and 
private consumption reacts cyclically to shocics from imports ot petroleum 
product.a while imports of consumer goods react positively. Imports ot 
petroleum products have a stable and uniform /apace on government 
consumption. .

Mr therefore infer that the long term prospects for economic development. 
and the government's ability to manage the economy arc to some extend 
jeopardized through this dependence on oil imports.

Reliance on oil is a component ot the oil dependence problem, but "to 
import or not to import ? • is not the ,pivot ion to the Kenya economy. Even 
when the oil prices jump the economy will be better off to pay the higher 
prices tJ)an to cut oil Import supplies since oil is just another input in 
the production process. Therefore the ultimate solution to oil dependence 
lien in changing the fundamental tactors that give the OPEC Cartel market 
power and create oil dependence problem to the oil Importing countries and 
for the policy makers to put in place measures that enhance least coat and 
efficient supply of petroletun products.
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CHAPTER ONE
INTRODUCTION
1.1 Background

Petroleum plays an important role in the economy of every 

nation in the world and will remain one of the world's most 

indispensable commodities. Although Petroleum is important to 

economies, it has not been evenly or fairly distributed around 

the world. Some countries are endowed with large quantities 

of oil resources and have reaped large financial gains because 

of their petroleum resources. Other countries have been 

unlucky and inf act a majority of countries have no known oil 

resources for exploitation.

However irrespective of how nature has treated any ones country 

or region of the world, every country that wants to build its 

economy, improve welfare of its people and become a hub of 

growth relies to some significant degree on petroleum fuels. 

Petroleum fuels therefore remain a vital but. elusive issue for 

the whole world.

All economies are consumers of oil in its various forms: a few 

of these economies are also producers. Energy is the most 

important part of international trade, but oil alone being the 

most important item in world trade (PETRAD, Petroleum Down
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stream Management, A policy Reference framework for Energy 

1997).

Dependence on large oil imporLs lead to income transfers from 

oil consuming economies to oil producing economies, induce 

stagflation through the effect of oil price increases on other 

product prices and wages, decline in the use of capital 

intensity depending on whether energy from oil and capital are 

complements in production process and hence reduce output 

which leads to reduced demand for savings, investment and 

employment1. For oil importing nations there is always a 

corresponding worry, that the greater the oil import, 

dependence of the nation, the larger and more persistent the 

current account deficit and the overall balance of payment 

difficulties (Richard Mattione 1982) .

Oil dependence is t lie product of (1) a non-competitive world 
• •

oil market strongly influenced by Die OPEC cartel. (2) the 

importance of oil to oil importing countries (especially the

If oil prices rise suddenly, economic dislocations cause losses of COP. 
0,1*y» in adjusting prices, wages and interest rates throughout the 
economy to the sudden price result in less than full employment of 
Available resources. As a result, economic output falls helow its full 
Potential nines such macroeconomic adjuatment coats result from the 
economy'* Inability to respond quickly, they are temporary, and believed 
° dissipate within three to five years loco Greene et al . Cost of oil 
<leP«ndence: A 2000 update, p 7>
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1.2 Kenya Background

Kenya is a net importer of petroleum since it has no known oil 

deposits. The country imports all petroleum either in form of 

crude oil or refined petroleum products. The latter includes 

motor spirit, premium (MSP), Motor Spirit Regular (MSR), 

Illuminating kerosene (IK), Jet Fuel, light diesel (Automotive 

Gas Oil- AGO) . Tire major source of liquidifiod petroleum gas 

(LP<3) , fuel oil, heavy diesel oil is the Kenya Petroleum 

Refineries Ltd (KPRL). These different petroleum products 

serve as a source of primary energy in Kenya and account, tor 

about 70% of the modern sector energy requirement. In the 

transport sector where there are no close substitutes the 

petroleum fuels are used to provide motive energy and in the 

commercial and industrial HGCtor they provide process enorgy 

for production of goods and services including gonorat ion of 

thermal power. At household and institutional level they are 

uned for cooking, lighting and heating. Kenya re-exports some 

of the petroleum products t.o the landlocked neighboring 

countries namely Uganda, Rwanda, Burundi and Democratic 

Republic of Congo (DRC) and some parts of Northern Tanzania 

*nd Southern Sudan.

transportation Hectors), and (3) the absence of economical and

readily available substitutes,
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The National Development Plan (Republic ot Kenya; 2002-2008) 

emphasizes the effective management for attainable economic 

growth and poverty reduction. Today the availability and the 

effective use of petroleum fuels will play a critical role in 

economic development and achievement of the stated national 

objectives, strategies and goals.

Kenya's energy sector la largely dominated by imported 

petroleum that account for 70% of her energy requirement. 

Despite over 30 years of exploration no commercially viable 

reserves of fossil fuel have been discovered. This is 

undesirable situation, which places the country's development 

at the mercy of international petroleum market, with 

potentially disastrous consequences as borne out by the oil 

price shocks ot 1974 and 1979 1980.

1.3 Statement of the Rosoarch Problem

When the OPKC countries raised the price ot crude oil in the 

1973/74 period Kenya experienced adverse balance ot payments 

and the counLry had to resort to heavy borrowing, particularly 

from the IMF, in order to stay afloat. The rate of employment 

deration declined, the government placed a freeze on 

rotnotions and the cost of living went up by about 35% in

4



Nairobi*. Thun the oil crisis not only slowed down the 

economic growth momentum in Kenya, but also affected the 

materiel well being of Kenyans adversely.

DRspite the aforesaid oil import dependence problems, 

petroleum fuels have no close substitutes in terms of their 

convenience and range of possible uses. This therefore poses, 

a challenge to policy makers in ensuring adequate supplies of 

petroleum fuels are made available, efficiently and at 

reasonable costs in line with the stated goals of government 

policies.

fThis study seeks to answer the pertinent question: what is the

effect of reliance on oil imports on development of a

developing country? l.arge oil imports often have significant

impact on t.ho balance of payments account., end draws heavily

on a country’s foreign exchange earningc and other- resources.
•

The rate of production in any sector of the economy is to a 

greater extent influenced by »’>*- existing capacity to produce, 

which is dominated by imports of capital goods and 

intermediate goods. Given that foreign exchange reserves are 

iimited and it in not easy for the country to raise short-term

The petroleum Industry and Energy Sector Study (tec 1977> by MASK 
Keojiomic Services t.imited
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finance, temporary oil price increases can force the country 

to reduce her imports of other goods, with the result that 

domestic consumption, investment and employment generation 

also shrink. In view of this it is important for policy 

makers to be able to capture the effects of petroleum sector 

on the economy as a whole by evaluating the petroleum import 

expenditures’ on the major macroeconomic variables such an 

total consumption, GDP, total imports, total exports, 

government expenditure and investment.

1.4 Objectives of the study

The* main aim of this study is to evaluate the effects of 

reliance on oil-imports on the economy. The specific 

objectives include: -

1. Establishing the relationship between oil import Petroleum 

expenditures and imports of capital yoods and intermediate 

goods over time.
• •

2. Using appropriate macro economic model analyze the impact

of oil import petroleum expenditures on major economic 

variables.

Baaed on the findings in <1 ) and (2 ) above, suggest 

appropriate policy recommendations on strengthening the role 

°f petroleum sector on the economy as a whole.

value of imports of petroleum products In the Kenyan economy

6



The stated goal of the Kenya government economic policy Ih to 

raise the rate ot economic growth to a level, which achieves a 

broad based improvement in the standards of living and well 

being ot the Kenyans. It is recognized that economic growth 

of above 6.6% is required to achieve the poverty eradication 

targets sot. ouL in the National Poverty Eradication Plan 

(NPEP) while growth rates ot above 71 are required t.o achieve 

the industrial transformation goals by 2020/

Energy is essential t:o economic and social development. To

achieve higher growth rates the developing countries needs

sharp increases in energy supplies to improve the living

standards of growing populations*. In the last 20 years these

countries have expanded thin manufacturing industries, which

are energy intensive; have urbanized; have switched trom

traditional, non-commercial energy sources no modern fuels;
• • 

and have seen a big expansion ;n the motor vehicle ownership.

As a result the demand for oil has been on the increase.

However developing countries face particular difficulties in

this field. They rely on oil imports for almost all of their

commercial energy needs (i.e. use more than twice as much oil

| National Development: Plan 2002 
Cahlt Gurko*. UNIDO-Energy Efficiency 2002

1.5 Justification and Significance of the study.
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aw industrialized countries do to produce each unit of 

output), spending substantial amount of their foreign exchange 

resources to buy more oil as energy source. The exchange 

reserves are limited and it is not easy for them- countries to 

raise short term finance. Therefore, even temporary oil price 

increases can force the countries to reduce their imports of 

other goods, with the result that domestic consumption and 

investment also shrink. The debt-servicing costs are likely to 

increase, if higher oil prices lead to higher international 

interest rates (Annan K., 2 0 0 0)

In view of the above Kenya being one of the developing 

countries has to find ways to accommodate the oil import 

problems, because oil will continue to remain an essential

f ctor in expanding production to enable the economy reach a

stage of self sustained economic independence. With the

limited scope for replacing oil with other energy sources, as
•

is the capacity, both technical and financial, to introduce 

wore energy-efficient processes, the economy must continue to 

finance the oil import bill which accounted for 25.7% and 

19.6% in 2000 and 2001 respectively.

This study will therefore investigate the effects of petroleum 

imports on major macro economic variables and if possible the

8



extent to which an expansion or contraction of the petroleum 

sector would affect other GDP components. This will enable* 

policy markers to capture the effects of the petroleum sector 

on the economy as a whole.

Oil imports in developing countries account for substantial

amount ot total import expenditures that increase in periods

of relatively high oil prices, such as during the early

19 8 0'a. Oil prices have continued to be very volatile. The

macro economic effects of oil prices have been many and

include stagflation, income transfers, reduction in growth and

investment. Knowledge of the interrelationship between oil

expenditures and macro economic variables will enable policy

makers to adopt the appropriate financial risk management

techniques arid import, control measures, which provide scope

for smooth adjustment of the economy to oil price chocks and

thus enhance their ability to plan. Further, the efferts of
• • 

oil imports to the economy would also prompt policy makers to

think aggressively on any available alternatives or ways of

conserving the use of petroleum products than ever before.

9



LITERATURE REVIEW

2.1 Theoretical Literature

The two oil price shocks of 1973--1 and 1979-80 have been so 

fax the largest price movements to occur in the international 

economy in the postwar period. Higher oil prices affect the 

world economy through several channels. The adverse effects on 

oil importing developing countries are particularly more 

pronounced.

Claessens and Varangis (1991) show how risk management

instruments can be used by a state oil importing company to

insure against price fluctuations for crude oil. They simulate

two scenarios: the short term hedge, in which the staLe oil-

importing company locks in a price for its imports for one

month ahead and tlu: long-term hedge, in which it. locks in the

price foi six months ahead. The short-term hedge reduces oil
• •

price volatility a potential 72 percent to 8b percent; the 

long-term hedge, a potential 65 percent to 81 percent. 

Apparently oil importing developing countries could gain 

considerably from using financial risk management instruments. 

But several constraints, particularly negative publicity and 

legal obstacles, can impede a state oil-importing company's 

use of risk management instruments. Sensitizing government

CHAPTER TWO
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policy makers And sLate enterprise officials about the proper 

use, limito and benefits of risk management instruments will 

make them morn acceptable.

The macroeconomic effects of the oil price increases have been 

many and the extent to which they contributed to stagflation 

is still debated. A number of authors" have cited improper 

policy, rather than oil price increases, as the main cause of 

inflation and growth slowdown during the 1970s. Cleveland and 

Bhagavatula (1981) for example, pi .iced most of the blame tor 

American inflation and recession on inappropriate domestic 

monetary policy. Chenery (1981) attributes most, of the growth 

slowdown to western anti-inflation policies, which overreacted 

to the oil price increases.

An OECD study <1999) found that a year*long US$10 per barrel 

hike in oil prices, an equivalent to about. 37 percent increase

ovei current levels would raise inflation rates in US, EU and 

Japan by 0.4 to 1.1 percentage points . Real growth in these 

economies would be 0.2 to 0.5 percentage points lower. The 

study attributed lower inflationary impact to US and Japan to

t h e i r  g r e a t e r  short-term real wage flexibility compared to EU.

Richard p. Matt lone icviowi th»» work of authors mcntionad h*r«» m
0*CD Rconomic Outlook, December 1999.
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The output effect is largest in Japan, retlecting its high 

dependence on oil imports. In the EU. the impact on growth is 

ameliorated by an increase in its exports to the OPEC 

countries, where it has a sizeable market share.

Howard G. (2001) asserts that the growing oil imports pose a 

serious threat, to the US national security and economic well 

being. Imports account for over !j0* of US oil use and are 

expected to exceed 6 0% within a decade. High and growing oil 

import dependence adds to US trade deficit, leaving the US 

economy vulnerable to oil spikes and increased dependence on 

the OPEC cartel. The study recommends that United States 

should therefore take steps to lower oil imports. Her best 

opportunity for cutting oil imports lies on the demand side, 

specifically by increasing passenger vehicle fuel economy. 

Adopting either tougher fuel economy standards or petroleum 

product consumption caps would be the most effective strateqy 

for reducing US future dependence on oil imports. In addition, 

the ACEEE" recommends expanding Laxe3 on gas guzzling 

vehicles, offering tax credits to buyers of efficient hybrid 

and fuel cell vehicles, increasing labeling and promotion of 

efficient and cleaner vehicles and continuing vigorous 

research and development efforts.

^•rlcon Council tor an Energy Elllclent Economy
i
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2.2 Empirical literature

Shams (19B8) undertook a study to test the impact of OPEC'c 

oil revenues on the major macroeconomic indicators GNP, 

investment and inflation. For each of the OPEC countries a 

reduced form approach was used to assess the quantitative 

significance of oil revenues on the economy. The following 

equation was used to estimate three indicators of 

macroeconomic performance - GNP, real investment and the 

general price level.

4 4 4
Z; = Ct + u |  0 BlM'.-i + BjG; i ♦ 1  B lRt 1 ♦ t>» »■■■■■..........— 1l-o 1*0 i-o

Where Z is an indicator of macroeconomic performance, Mt.j is 

the money supply, GL.X is the government spending measure of 

fiscal policy, and R, i is oil revenue, a constant term and Bs 

coefficients tor each variable.

The econometric results showed a direct positive impact of oil 

revenues on GNP, but a rather weak influence on investment and 

the level of prices for almost all OPEC countries. Fiscal 

policy proved to be the major demand management tool in those 

countries where monetary policy is ineffective in influencing 

economic performance.

13



pea rco D. and West boy R. (1985) carried out a study whose 

purpose wriH to measure the impact of the 197C oil price ’hike' 

on a selected group of developing countries. The study 

adopted a straight forward income-determination model in which 

domestic oil revenues are treated as a ’tax' revenue from oil 

exports us an exogenous source of government revenue.

The basis of the model was a standard GPP accounting identity 

modified such that government expenditure is disaggregated 

Into domestic oil revenue, foreign oil revenue, non-oil taxes 

and net government financing. Keynesian behavioural equations 

relate consumption and investment to national income net of 

non oil taxes and oil revenue, while the non-oil trade balance 

is a linear function of overall national income. Net 

government borrowing enters the model as an exogenous variable 

while domestic oil revenue is related directly to the 

aggregate oil ratio multiplied by national income (which equal 

domestic oil consumption) by making the oil price a numeraire. 

It follows that foreign oil revenue equals the external oil 

price multiplied by the shortfall between domestic oil 

production and domestic oil consumption. The model derived was 

as follows:

Y » C + I + g * B - M  + DOR +FOR + T ♦ G F _________2

14



Whore

Y in national income

C is private consumption

I is private investment

G is Government expenditure

E is non-oil exports

M is non-oil imports

DOR is domestic oil revenue

FOR is foreign oil revenue

T is non-oil taxes

GF is net government financing.

The model is used in order t.o derive an elasticity oi national

income in world oil prices. This elasticity is calculated for

a number of developing countries and it is employed to

estimate t he impact of the 1979 oil price 'hike' . Tn general

they found that, dollar for dollar, a 1% change in world oi 1 
• • 

prices affects developing countries considerably more than the

developed countries.

Khaoya D. (1998) in his study set out to estimate demand 

elasticities for motor spirit in Kenya. The study indicates 

that the demand for motor spirit in Kenya is determined by its 

real price, the real price of Gas Oil, real income per

15



capita and stock of motor vehicles. The -study also found that 

the long run demand foi motor spirit is real price and income 

inelastic.

pradeep M. et al (1992) analyses the nature and magnitude of 

the 1970s oil shocks, adjustment policies of oil importing 

developing countries and the effects of those events on 

economic growth, the sectoral composition of output and the 

distribution of income. The study identities the patterns of 

successful and unsuccessful adjustment that can guide policy 

reform in the face of future terms of trade shocks. It also 

allows the development methods of comparative analysis which 

can be replicated in the study of similar episodes elsewhere.

Onjala D. (1992) conducted a study on the energy - economy 

interactions in Kenya. Based upon the estimated macro-model, 

simulation runs were conducted to study the impact generated 

by 10% to 20% increases in energy price on energy 

consumptions, economic growth and inflation. The results 

revealed a relatively weak long-run energy-economy linkage. 

However these price changes generate noticeable impact on 

energy consumption, inflation and export earnings.

16



Khan M.S. and Knight M. D. (1982) observed that a decline in 

the term* of trade of non-oil developing counts lea occurred 

after each episode of oil price increases and stood at 7.6 

percent (1974-75) and 7.3 percent (1980-81). However in both 

cases, favourable movements in the prices of primary 

commodities coincided with the price increase and helped to 

mitigate part of the adverse effect. The average annual growth 

for non-oil primary commodities was nearly 12 percent for the 

period 1973-81.

2.3 Overview of the literature

While there has been a large body of literature on the 

petroleum studies on both oil producing and Importing 

economies, aa well .is case studies of individual countries, 

few of these studies have dealt with the effects of dependency 

on oil-imports for developing countries and models of the 

world economy have tended to ignore the developing countries 

or treat them in a superficial manner.

Studies reviewed tor the Kenya economy have tended to model 

the energy sector as a whole or an individual petroleum 

product. It is therefore difficult to capture the effects of 

the entire petroleum sector on the economy as a whole.

17



Although the impacts of energy generated from fossil fuels are 

relatively well understood our challenge is to effectively 

balance the complexities and interdependencies inherent In 

energy issues within the context of sustainable development. 

In order to explore the development implications of the 

petroleum sector more fully, an econometric model of the 

Kenyan economy is required. Our study will make a contribution 

in that, direction and will be much interested on the petroleum 

import expenditures versus import of capital goods and 

intermediated goods and its correlation with other economic 

factors such as investments, consumption, and cpp.

18



CHAPTER THREE
METHODOLOGY OF THE STUDY

3.1 The Model Specification

The macro econometric model for Chic study ia adopted from the 

previous works of Heidarian J. and Green R. (1989) with slight 

modifications to capture the effects of petroleum import 

expenditures on the other major macro economic variables in 

the Kenya context. The model depicts the economy of Kenya as a 

set of interrelated dynamic processes involving an income- 

expenditures sequence. A key role in these processes is played 

by the mutual feedback among the imports of the petroleum 

sector and exports of goods and services. The rate of 

production in any sector of the economy is strongly influenced 

by the existing capacity to produce, which is dominated by 

imports of capital goods. Given that, the exchange reserves 

ait: limited and il is not easy ioi the country to raise chore- 

term finance, temporary oil price increases can force the 

country to reduce her imports of other goods, with the result 

that domestic consumption. investment and employment 

9eneration also shrink. Imports of the petroleum sector are 

therefore a major determinant of expenditure flows.

In formulating a model of the Kenyan economy, total 

consumption, exports, imports and Government expenditures are

19



further divided Into their main components. The objectives o£ 

the study will be evaluated by a Keynesian econometric model 

of the economy using .• VAK framework. The definitions of the 

variables are given below, and a description of the functional 

relations follows.

Variables

c K Total consumption
CP Private Consumption
CO m Government Consumption
Y m Oroso Domestic Product
OK m Total Government expenditure
I m Domextic Investment
M n Total ImporbH
MP u Imports of petroleum products
MK u Imports of capital goods and intermediate goods
MC m Imports of consumer goods
X = Total Export s
XP = Petroleum Re-exports
XNP Non-Petroleum Exports
PM - imports price index

3.1.1 Consumption function
The consumption function is based on Keynes's fundamental 

psychological law9, which hypothesizes that people will 

increase consumption as their incomes increases, but not by as 

much as the increase in their disposable income as shown in 

the following relation.

Clt . YU ---------------  3

Where

It should be noted that, in recent years, empirical observations have 
■•v*>ral timoM nerrned to conflict with the Keynesian hypothesis. The 
attempt to reconcile the basic thoory of consumption function with 
exiotlng evidence has led to a aeries of modified theories aimed at 
•olvlng different sets of statistical results.

20



Cif ■ real consumer expenditure Cor individual l at time t 

Y,r - real diapoHable income tor individual i at time t

Consumption behaviour in the Kenya economy can be eat imated by 

incorporating some basic characteristics ot the dualistic 

economy by disintegrating the consumption function into Lwo 

parts: private consumption and Government consumption.

Private consumption is assumed to be a function ot income in 

the same period and private consumption lagged one period, 

where lagged private consumption represents dependence on past 

behavioui.

Government consumption is taken >ih a function of total 

government expenditures. The consumption functions are 

therefore as follows:

CP - a™ + a u Y  a n C P - i  + r.-t 4

CG = aao+ ajtOE ♦

c * CP ♦ CG ________ ___________ 6
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3.1.2 Investment function
Acknowledging the recent developments in modeling the 

aggregate investment function which include the user-cost of 

capital, the parta.il adjustment model, the accelerator model.

Tobin’s Q and Empirical models our investment function

developed here is basically on Keynesian theory.

Theoretically, Keynes proposed that investment takes place as 

long as marginal efficiency of capiLal (MEC) is more than the 

market rate of interest. This implies that, given the 

investors expectation regarding the future, investment is 

inversely related to the interest, rate. The interest rate is 

of little importance in explaining investment, behaviour in the 

case of Kenya. This is because for a long time {until the 

decontrol of interest rates in Oct 1991) there has been no 

freely determined interest rate that reflected the real 

scarcity of loanable funds as well as organized capital 

market. Also in Kenya, the government has been the dominant 

investoz in all sccLot h (public enterprises)10, h o the factors 

such interest, rate, sales and profiLs, which affect the 

direction of investment behaviour, could not necessarily

10 Immediately alter independence, th® Government net out to strengthen the 
parasr.atal sector by reorganizing existing one* and creating new 
porantatals. The strategy of directly participating in productive 
activities was meant to decolonise the economy, promote development and 
regional balance, increase citizen participation in the economy and enourc 
greater public control of the economy. by 1982, the Philip Ndegwa report 
on Government, expenditure noted that th* Government had interest in some 
321 pairtslataiu
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affect the direction oi government investment. Therefore since 

the government has been the dominant investor, it could bo 

safely said that investment is a function of total government 

expenditure and lagged investment. The Kenyan investment 

relationship is therefore specified as:

1 = a jo * a.uGE + auT i + tj . .^

3.1.3 Foreign trade relations
Foreign trade relations are modeled with import and export 

equations.

Imports are usually significantly related to changes in 

national income and price of imported goods relative t.o 

domestic prices. Here we divide imports into three functional 

categories; consumer goods, petroleum, and capital goods. 

This will allow tor investigation ot their interaction with 

investment and GUP. Pour equations are used to explain the 

behaviour of the impoVl. sector, three of winch are behavioural 

and the fourth an identity:

MC-a40 ♦ a«;MC i + 61 8

MK • a.̂o * + a»sPM ■* Ci ... 9

10MP • afc0 • a*jY + AcjMP j ♦ Ci



AhBurning a fixed exchange race, exports depend on foreign 

circumstances, ouch as foreign national income and prices. 

While we are holding the domestic price level constant, this 

makes exports dependent only on foreign influences and hence 

makes them exogenous to the domestic economy (i.e. export are 

autonomous expenditure flows). Since Kenya re-exports

petroleum products we have disaggregated Kenya's exports into 

petroleum products re-exports and non-petroleum exports. The 

following identity represents exports.

X - XP * XMP ------------ --  12

3.1.4 Government Expenditure functions
Generally government plays a dominant role in economic 

activity in developing countries and hence government 

financial policies affecting the public sector have .1 major 

impact on the economy. Here GDP is taken as the maior 

determinant of government expenditures.

The government expenditure function is as follows:

GE = a 70 + a7iY t j    ......- ........  13
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3.1.5 The aggregate demand function
Adding the identity of gross domestic product Y (which its 

equal to aggregate demand function) to this model makes it a 

complete system:

Y C ♦ I + (X-M) ---------  14

Where

C = CP + CG 

1 = 1

X - XP + XNP 

M- M O  MR * MP

Therefore Equation 14 becomes: -

Yt - CPt + CG, + It + Xt - MCr - MK» - MPt + E,.........15

3.1.6 The estimation Model
The empirical exercise involves estimation of a tnulLivariate

VAR that includes the variables ot a Keynesian national income

identity as explained under Variables. A VAR in chosen in this

case baaed on the argument, that tor structural inference, VARs 
• •

baaed on economic reasoning and institutional detail, at their 

best, can provide sensible estimates of some causal

connections (Stock and Watson, 2001). The VAR approach side­

steps the need for structural modeling by modeling every 

endogenous variable in the system as a function of the lagged 

value# of all of the endogenous variables In the system and 

can be used for analysing the dynamic impact of random

25



disturbances on the system or variables. However, even without 

a strong theory linking economic variables, an unrestricted 

VAR can be estimated and plausible non-parametric analyses 

made. The study begins by specifying the following general VAR 

00 :

Y, ;AiYt i ♦AjYt-j + • — --*ApVt<k + . 16

This can be expressed compactly as;

Yt = iviPAiYt.fc+€c .......  .... 17

Where; Yr a a x 1 column vector comprising current values of 

the endogenous variables,

Ai ■ an 8 x a matrix ot non zero coefficients,

ct . an 8 x 1 column vector of identically and independently 

distributed random errors.

From the VAR in equation 17, the basic aquation of the 

Johansen procedure assuming I he variables are 1(1) and that 

they can form a cointegrating vector that can be given . 

structural interpretation can be derived as;

AYt -x Y c -k + i.iI*  1 H A Y t ..........................................- - - 1 8

The n matrix comprises the longrun beta coefficients. The

significance of the Granger representation theorem is

determined by the rank of the coefficient matrix x. The

possibility of r cointegrating vectors means that there exists
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an » by n matrix |3', ol rank r, such chat |3' V. is stationary. 

The tt matrix assuming there is cointegration can be decomposed 

into two matiices as;

n-u(3' ..................  .... 19

up represents the matrix of adjustment, of coefficients and 

longrun p coefficients with both n and p being ri x r matrices 
of rank r£n. The p matrix is the longrun or cointegrating 

vectors and Lhe « matrix contains the weighting elements or 

error correction coefficients, which indicate the speed of 

convergence towards long run equilibrium.

Equation lfl is reformulated into a Vector-Error correction 

model ns:

AYt ■ cx<p* Yt.k-i>+i-il K*1riAYt.1+4t .........  20.
With P* Yi i representing the lagged error correction terms. We

can interpret the relations P' Yt.i an stationary relations

among non-stationary variables which ensures that \\ converges • •
to its equilibrium-ateady-otate {Hansen and Juseliuo, 2001). 

The r matrix captures the shortrun adjustments showing the 

various linear combinations of the variables in the VAN in 

their first differences. Equation 20 contains information-both 

the shortrun and longrun adjustment to changes in Yt Once u(i

27



are identified then equation 20 can be used tor empirical 

analy*is in this paper.

3 . 1 . 7  E m p i r i c a l  i m p l e m e n t a t i o n

Pcfore estimating the model, each Meries is tested tor unit

roots using the ADF and Phi lips-Perron tests. This is

important because, according to the Granger representation

theorem, if the variables of study are integrated of the same

order, i.e., greater than zero, then there might exist a

linear combination of them that is stationary, that is, the. n

matrix is less than tull rank. Having ascertained the order of

integration of the variables, cointegration testa are carried

out. To do this all of the variables must be integrated of the

same order (greater than one). The Johansen (1988) procedure

is employed to determine cointegration based on the

stationarity tests. The approach estimates the maximum number

of cointegrating vectors among the economic variables, using

VARs, when there in little oi no a priori knowledge of the it
• •

association (Craigwell et al, 2003). If cointegration is 

established then equation 20 is estimated (the vector error 

correction model). Tf not then an unrestricted VAR model can 

be estimated without loss of information since the x matrix is 

null and the variables are stationary in first differences. 

Granger-non-causality tests, variance decompositions, and 

impulse response functions are then used in the next stage of
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analysis- These statistics are used for portraying comovemeni.s 

of multiple time series captured in the VAK that cannot, bn 

detected in univariate or bivariate models. These summary 

statistics are useful because they provide targets tor 

theoretical macroeconomic models.

3.4 Data Sources

Time eyries annual data tor specified variables was collected 

from CBS Statistical Abstracts and Economic surveys 

(Government of Kenya). The study utilizes secondary data for 

the period between 1971 and 2001. Data for year 2002 is still 

provisional and hence omitted in this study.
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CHAPTER FOUR
DATA ANALYSIS AND EMPIRICAL RESULTS
4.0 Overview

in this chapter we present, the findings of our diagnostic 

teats of the data and empirical results of the model specitied 

in chapter 3. Sections 4.1, 4.2 and 4.1 show the stationarity, 

cointegration and ECM analysis results while the succeeding 

section 4.4 derive the empirical results of our model.

4.1 Descriptive statistics

4.1.1 Data analysis and Preliminary empirical observations

The relationship between imports of petroleum products and

other variables is analyzed here below. Kenya being a net

importer oi petroleum products has experienced an increasing

trend in the value of oil imports for the period undez review,

an average of 264: per annum (figure 1). Thin is an indicatoi

of wealth transfer from Kenya to oil producing nations, which

would otherwise have been used to import capital and
• • 

intermediate goods. The highest annual growth rates were

experienced in 19/4 (264%), 1980 (90%) and 1993 (101%). The

i oil imporL bill was 26.01%, 37.26 and 24.35 during the same

period respectively. This io attributed to high oil prices as

result, of:
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1. Yom Kippur War- Arab Oil Embargo
In 1972 the price ot crude oil was about $3.00 and by the 

end ot 197-] the price of oil had quadrupled to $12.00. The 

Yom Kippui War started with an attack on Israel by Syria 

and Egypt on October 5, 1973.

2. Crises in Iran and Iraq
Events in Iran and Iraq led to another round of crude oil 

price increases in 1979 and 1980. The Iranian revolution 

resulted in the loss ol 2 to 2.5 million barrels of oil per 

day between November of 1978 and June of 1979. In 1900 

Iraq's crude oil production fell 2.7 MMBPb and Iran's 

production by 600.000 barrels [ter day during the I ran/Iraq 

War. The combination of these two events resulted in crude 

oil prices more than doubling from $14 in 1978 to $35 per 

barrel in 1981.

1.OPEC's Failure to Control Crudo Oil Pricoc
From 1902 to 1985 oV*EC attempted to set production quotas

low enough to stabilize prices. These attempts met with 

repeated failure as various members of OPEC would produce 

beyond their quotas. During most of this period Saudi 

Arabia acted as the swing producer cutting its production 

to stem the free tailing prices. In August of 1985, the 

Saudis tired of this roll. They linked their oil prices to
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the spot market tor crude and by early 1986 increased 

production trom 2 MMBPD to 5 MMBPD. Crude oil prices 

plummeted below $10 per barrel by midyear, a December 1986 

OPEC price accord set to target $18 per barrel was already 

breaking down by January of 1987. Prices remained weak. The 

price of crude oil spiked in early 1990 with the 

uncertainty associated Iraqi invasion of Kuwait until 1994.

The temporal rise in oil prices seem Lo have had temporal 

negative effect to the major macro economic variables 

immediately or within the next one or three years. The graphs 

in appendix 1 (figure 2 7) chow the relationships between

imports of petroleum products and other variables. The inverse 

relationship is much seen in imports of capital goods and 

investment. In 1974 and 1980 the value of oil imports grew by 

264% and 90% respectively. Imports of Capital gooda shown a 

drop in growth rate trom 12% in 1973 to -2% in 1974 and a drop4 •

from 24% in 1980 to 12% in 1903. Tnvcotments foil from 26% in 

1974 to -22 in 1975 and also dropped from 49% to 2% in 1981. 

Imports of Consumer goods and Government Expenditure show a 

direct relation ship with sharp increase in oil prices.

In the period 1971 to 1980 the average oil prices per barrel 

was US$31.74 while for the period 1981 to 1991 and 1991 to
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2001 the average prices were US$35.6 and US$ 18.93 

respectively. The greatest economic damage was done during the 

first halt of the 1980's, a period in which oil prices surged 

to peak of over US$60 per barrel in 1981 <1998 US $). Much of 

the decrease was on the imports of capital goods and 

intermediate goods. The oil crisis of 1 973 -197<1 appears to 

have had a much smaller economic impact, although iL is 

remembered aa a Lime of crisis and disruption.

However, the effects of oil price rise might not be well 

picked out because other factors such as government budgetary 

htkea/cuts, poor/good infrastructure, high/low interest rates, 

reduced/inci-eascd donor funds could have contributed to 

stablonssB or fluctuations in these economic variables. For 

example the low growth rates after 1995 especially on 

investment and imports of capital goods could also be 

attributed to reduced donor funding, poor infrastructure, 

corruption and uncertainty of the political environmeAt in the 

country.

Tn addition, for a country like Konya where the government has 

for a long time been the dominant investor in all sectors, the 

influence of oil increases would not to a large extend affect
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the direction of investment and hence the imports of capital

goods.

figure 1: Value of Oil Imports in Kenya 1971 - 2001

Years

Source: Authors own computation

4.2 EMPIRICAL RESULTS

4.2.1 Unit root testa

The results of the unit root tests indicated that all the 

variables are integrated of order one. The results are 

corroborated by inspection of the correlogram plots 

(autocorrelation functions). The autocorrelation functions for
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all the variables showed stationarity after first differences. 

Table 1 shows the: summary results of the unit root, tests.

Test lofty logs lojtmp logmc logl lof.cp logmk Log eg

A OF -2 .m 
(•MS)

-2.051
(-3.57)

•2.9ft
(-3.57)

-1.99
(-3-57)

•2 12 
(-3.57)

■ 241 
(-3.37)

-2.IS
(-3.57)

-2.21
(-3.57)

PP -1.997 -2 27
£357)

2 67
(*3 5?>

•2 56 
(-3.57)

2.71
(-3.57)

•251
<-M7> j

•2 45 
f3.57,

-I.7K9 
(-3 5?)

fable lb unit toot tc«x of variables in first dilfcieacis
Test dlogy •llogx dlogmp dlogme dlugl dlogsp dlogmi 41 OR eg

AIM •3.67
(-3.57)

.3 59 
(-3.57)

•3.89
(-3.57)

4.59
(-3.57)

-5.01
(-3.57)

•5.05
(-3.57)

•3.16
(-3,57)

4?|
(-3.57)

PP 4.72
1-3 57)

•5.55
(-357)

-5.51
(-3.57)

6.39 
(-3 57)

-6.43 
(•3 57)

-5.57 
( 3<7)

-3.59 
(3 57)

4.31
± m

A v iV<lfAfn4i*i ir itn a l whnrt fo r re/rrtion o f  kypofhew* o f  a unit root an ' i/iouti 01 p a im lh e ttt (u! 5%le>x'l)

Since all the variables are 1(1), we propose that the

variables may be cointegrated since cointegration theory

argues that although macro variables may tend t.o be

nonstat ionary, groups of variables may drift together, that is

their linear combi nations may be stationary, if there is some

tendency for some linear relationships t.o hold amongst a set • •
of variables over long periods of time, then cointcgratiou 

analysis helps discover it.

4.2.2 Cointegration analysis

Wo proceed from the conclusion that all the series are 1(1)

based on the above tests to analyze the cointegration

relationships among the variables(see Ndung'u, 1999). Given
• .y a t t a  u UAUNIAL 

t ttfxtlfv 
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group ot non-stationary series, we are interested in

determining whether the aeries are cointegrated, and if they

are, in identifying the cointegrating (longrun equilibrium)

relationships, A VAR was employed in the Johansen maximum

likelihood procedure to test for cointegration. Table 2 shows

the results ot the cointegration test. The likelihood ratio

test rejects the hypothesis ot no cointegration but not the

hypothesis ot at moat one cnintograting equation at It ievei.

TADI.K 2 Cm ulceration Test
Sample 1971 2001
Iricludod observations 20
Tost Assumption No riotnnwirstic trond m the data
Senes l OGY100CP l OGCO l OC.I LOGMC LOGMK LOGMP LOGX
I ngs interval: 1 to 1

Likeihood f, Percen: 1 Percent Hypothesised
Eigenvalue Ratio Critical Value Critical Value No. Of C£<s)

0 983092 238.4019 141.2 152 32 None"
0.720237 119.0351 109.99 1198 At most 1
0.880869 82.09449 82 49 9045 At most 2
0.474796 4 8 972 69 46 60.52 Atmos: 3
0 368709 30 29693 3989 4558 At most 4
0.29005 16.95726 24,31 29.75 At most 5

0 210389 7 022997 12 53 1631 At most 6
0 006039 0 172749 384 651 At most 7

*(•*) dons!.: , r ejection of the hypothesis at S%(1%) significance level 
L.R tost indicates 1 cointegrating cqualion(s) at 1% significance level

Unnormali/ed Conitegrnimg Coefficients 
LOGY LOGCP LOGCG LOGI

2 694565-0 905142 5320947 •1 44357
2 53593 0.074497 -5 592384 1 114479

0 153444 0 942742 001068 •1.423386
0 077851 1 488245 -0 65167 -0499325

-2,710185 1 593293 1 087252 1 258494
-1.011243 1 860855 3 325232 0136628
0 422118 0 217539 0 411539 -0 073704

-1 132979 0.167889 1.516749 0 405157

LOGMC LOGMK LOGMP LOGX 
0.409152 0.031109 -0 59813 0 90245
0 188536 1 878511 0 506752-0 811933
1 501998 0 509576 0 532692 1 185749
0 965588 -0 261624 -0 111446 -1.265746
1 239566-1479712-0 427221 1966877 
0 108861 -0 453313-0,571674 0 895695 
0 33884? 0 147499 0 220638 -1.243365 

-2 155752 0 340503 -0 73722 1 675216
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Normaluud Cotritugrailog CouflictonW t CointaQfatmg Equatton(a)

LOGY LOGCP LOGCG LOGI tOGMC LOGMK LOGMP LOGX 
1 25G2G18 lft/6923 -0 535734 0151843 0011576-0221978 0334915

<0 00008» (0 1251) (0 026851 (0 024(H) (002207) (0 018281(0 04151)

Log Uielihood 311 5807

The results provide a normalised cointegrating relation of the 

form: -

IonY-2.563LOGCC»l OVLOOCXJ 0 . 54LOOI *0.152L0HC+O.01 lLOOMK-0. 22UOOMP.O. 33LOCX

The cointegrating equation shows that private consumption,

investment and poLroleum imports growths positively influence

real income (hog Y) consistent with the propositions of the

Keynesian national income identity model. On the other hand,

government consumption, imports of consumer goods, imports of

capital goods and exports moved oppositely with economic

output. Economic growth may have been stagnated by oil price

shocks, which affected exports and therefore government
• •

consumption. This cointcgrat ing relation shows the longrun 

interlinkage of these macroeconomic variables in the real 

sector of the economy.

From the cointegration analysis, a Vector- Error Correction 

model was estimated which is found to be free of serial
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correlation from inspection of the graphs of the residuals 

(appendix i). The model results are shown in the appendix 3. 

The cointegrating coefficient, (error correction term) shows a 

speed of adjustment of 0.7% that is significant to economic 

growth (log Y) . It also shows a speed of adjustment of 3.95% 

to the log ol petroleum imports, 1.37% to the log of 

investment, o.lfc to the log of imports of capital goods and 

1.09% to the log of consumer goods imports which are 

significant.

We follow the standard practice in VAT? analysis by reporting 

results from Granger causality tests, impulse responses and 

forecast error-variance decomposition. Stock and Watson (2001) 

argue thaL because of the complicated dynamics in the VAR, 

tliooc statistics are more informative than arc the estimated 

VAK regression coefficients or K7 statistics.

4.2.3 Granger-non-causality tests

In this stage we use the cointegrating vector in a 

multivariaLe Granger non-causality tests, together with the 

variables in first differences Lo determine which variables 

drive each other. Finding cointegration is proof that the 

variables predict each other at least, in one direction. When 

carrying out these tests for a particular variable, we



consider that in addition to entering the model in rates of

change, it i0 aleo part of the error correction term- the

coinlegiatinq vector (see Ndung'u, 1997). This procedure pays

attention to the long-run information in the data, and helps

m? qet more efficient estimates and make sure that the

standard distributions for statistical inference are valid

since all variables are stationary (Ndung'u, 1 9 9 7). c.ranger-

causallty statistics examine whether lagqed values of one

variable help to predict another variable. The existence of

causal ordering in Granger's sense points to a law of

causation and implies predictability and exogeneity. It the

variables of interest are reintegrated, it implies that there

exist stationary linear combinations. Finding cointegration

among a set ol variables implies Granger-causality at least in

one direction. A lack of cointegration suggests that variable's

have no longrun link: in principle. they can wander

arbitrarily faraway from each other (Hansen and Juseliua,
• •

2 0 0 1 )  .

Multivariate Granger-causality tests

The multivariate tests were carried out by least squares 

estimation of eight equations and from each equation we test 

for causality by way of the probability values reported and 

the coefficient restriction tests. The estimated OLS equations
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are identical to the equations estimated in the v e c m . This 

system helps capture the multivariate Granger-causality testa. 

The summary results are shown in the table 3 below.

I a Mi- 3: Multivariate granger causality tests

A B C P L F G
V aoradM

▼ logy •opep u V ' f logey w logmr. lugml.
A logy. Can.toQx 1-2 3  17(0 001) -1 14(0 ?«1 -1 586(0 17| •0 322(0 751 •06 2 7 (0  53) -1 939(0 06) •24541(0
B togcp .E cm Jagi 1-2 2 8 3 (0 0 0 9 ) 3.82(0 00 | •0 5 7 5 (0 6 7 | 1 76(0 V i\ 108(0  29) 1 7 5 /(0  0 9 | 0 9 7 7 (0 ;
C lo am p .r cm . toga 1-2 IOO|U-29J •0 002(0 W J 3  M L  *12(0 00) 0.6110 54) -3  322(0 003 | -2 460(0 00?) -1 351(0
0 Ecm.kiga 1-2 •2 71(0 01) 0  48(0 63) 3 707(0 0011 1 7910 06) 0  50(0 S79| 0601*0.55] 1 598(0.1
r •ogl.Ccnvfega 1*2 2 0 0 (0 0 1 3 ] 2  00(0 011 •18 2 2 (0  06?) 2  52(0 02) 3  1(0005) ■018410855) 0  868(0 3
t toga 1 2 1 22(0 23) 1 741(0 09) 2 6 6 3 (0  011 1 ?6 (0  2 2 | 3 675(0 001) 4  784|0 0001) 7 756(0 0
G 1001* . C cm  loga 1-2 •1 6 1 (0 1 2 ) 0  369(0 70) -0  552(0 56} -1 0 6 (0 1 0 | •3 510(0 001| •2 616(0 015) 0  043(09
H k)gr»*..tcnijag« 1-2 -0  50(61) -1 99(0 05) •25 1 6 (0  021 0  19(0044| ■0135(069) -0 49910 621 0  375(0 7

Table* 3 shows the L statistics of the granger causality tests 

with the probabilities reported in parentheses. From a), the 

lagged values of log Y, log CP, log CG, Log I together with 

the cointegrating equation and the log of exports (Exogenously

specified) granger cause the growth of real income (log Y).

In b), the lagged^ values of log CP, log l and log X granger- 

cause private consumption giowth.

From c}, the lagged values of log 1, log X and log MK granger 

cause imports of petroleum products. This implies that imports 

of capital goods growth rate have a relationship with imports 

of petroleum products. Investment is also seen to 

influence/predict imports of petroleum products. Hence energy
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from oil and capital are complements in the production process 

and would influence output and hence demand for investment.

From d) , private consumption granger- cause government 

consumption. Investment iH also soon to granger cause 

government consumption. Also imports of capital goods (which 

have a relationship with government consumption and hence 

indirectly, imports oi petroleum products have an impact on 

government consumption through the longrun cointegrating 

relationship.

Tn e), Imports of petroleum products significantly predicts 

investment and hence the overall economy since investment in 

turn predicts real income growth. Exports and imports of 

consumer goods are also found to move investment growth.

In f) , growths in import s of consumer goods are seen to be
• • 

moved by income growths, private consumption, imports of

petroleum products, exports growth and imports of consumer

goods.

From g), imports of capital goods are granger-caused by income 

growth and exports.

•11



The results can be summarized in an equation as follows:

log Y f {log CP r. log Y.j, log I log 00.i)

log CP f (log CP-x, log X ,, log I log MK ,)

log MP « t (log MP t. log X ,, log MK t, log CG T>

log CO - i (log CP-x, log MK.,, log T log CG T)

log I ► f (log MP t. log I.,, log X j, log MC ,)

log MC - f (log Y.,, log CP log MP r. log X.,, log MC-i>

log MK f (log Y log X ,)

4 . 2 . 4  F o r e c a s t  E r r o r  v a r i a n c e  D e c o m p o s i t i o n

The strength ot the causation among the variables could t>‘-

assessed by decomposing the forecast error variance (Ndung u >
1997). Variance decomposition decomposes variation m  an

endogenous variable into the component shocks co c,ie*

endogenous variables in the VAR. 1 L gives information about

the relative importance of each random innovation the

variables in the VAR. The VAR model is used to decompose 'he
•

innovations in the variables into portions that can 

attributed to other variables11. The variance decomposition*3 

are shown in table 4

11 Soe Ndung 'u{1997) f o r  a d e t a i l e d  n t e p  by s t e p  a n a lyn iR  o t  an example  ° r" 
a VAR model .



lahle -I Variance decompositions

Vwianco OtKomponmon ofLOOY
f'o n o d S t LOGY LOOCP i o o c c ; IO O I KX JM C IO G M K  U K U rfP

1 0  054 100 000 0 0 0 0 0 0 0 0 0 0 0 0 0  000 0 0 0 0 OOOO

3 0  123 8 5  284 1 035 0  214 0 9 6 0 4 531 0 5 0 7 7 440

5 0  179 84  145 0W11 0  762 1 7 5 3 4  704 1 0 3 0 6  746

7 0 7 3 2 82  256 0 9 9 8 1.623 1 666 5  334 1 555 6  466

9 0  201 80 .900 1 279 2 2 2 1 1 9 1 5 5  552 1,950 6  183

I t 0 3 2 6 79.730 1 562 2  763 1 9 1 0 5  748 2 7 8 1 5 9 7 8

13 0 3 6 9 70.665 1.786 3 7 1 6 1 9 1 6 5  866 2 .523 5  627

15 0.40S 76  182 1.975 3 5 5 3 1 9 1 0 5 9 6 6 2 .713 5 7 1 1

17 0 .445 77 654 2 .123 3.617 1.904 6 0 2 2 2 .858 5 6 2 3

19 0.4 79 77 234 2  243 4.026 1.698 6 0 7 2 2 .973 5.55*

21 0 .512  76.697  

V ariance Onram pooiBoo erf LO G CP:

2.341 4.194 1 694 6  112 3  064 5.498

Ponod S C LOGY IO O C P IO G C G LOGl LOUMC LOGMK I OGM P

1 0.044 17 769 82 231 0  000 0 0 0 0 0 .000 OOOO 0  000

3 0 0 9 9 4 0  539 43  863 5 .685 0  089 0  129 3  381 0 3 1 5

5 0  142 5 9  807 22  926 13 225 0  370 0 / 4 6 2 4 9 1 0  342

7 0 .187 6 5 2 2 6 13 753 16 566 0  432 1 2 5 0 2 .254 0 5 1 9

9 0.231 6 6  985 9  048 1 0 7 4 2 0 4 8 6 1 0 6 4 2  494 0  581

11 0 .273 6 7  656 6 4 9 3 19.959 0 5 1 4 1 976 2 .747 0 .655

13 0.312 6 7  856 4 9 7 5 20.766 0 5 3 6 2 1 9 5 2 9 7 2 0.701

15 0  349 67.891 4  001 21.300 0.551 2.381 3 .153 0 ./3 7

17 0 3 6 3 67 .860 3  339 2 1 6 9 3 0 .563 2 .484 3  297 0.764

19 0 4 1 5 6 7 .809 2.864 2 1 9 8 0 0.671 2 .580 3 4 1 1 0.784

21 0  445 07  753 2.511 22  199 0 .6 /6 2 .655 3  503 0.801

V ariance D ecom position o f t  OGOG:

P eriod  S.fc. LOGY tO G C P  LOGCG LOGl LOQMC LOGMK IO G M P

1 0  0 4 3 34.175 0  849 6 4 9 7 7 0 0 0 0 0 .000 0 .000 0 .000

3 0 1 1 6 4 8 .565 2  536 45 .435 0 .477 0 .110 2 .544 0 .333

5 0 1 0 4 47.331 5  530 40.875 0  176 1 139 4 .760 0  383

7 0 2 6 6 47.434 6  440 38  322 0 1 0 9 1 617 5  562 0.611

0 0  337 47  020 7 3 1 8 30  035 0  091 1.963 6  003 0 .567

11 0  401 46  820 7 ,810 36.042 0  092 2 1 8 3 6 4 1 9 0 8 1 7

13 0  461 46  639 8 1 8 3 3 6 4 3 4 0  095 7  355 6 6 4 6 0 6 4 8

15 0  516 46  506 8  443 34 999 0 0 9 9 7.474 6  800 0 6 7 3

17 0 5 6 7 46  402 8  639 34 678 0 1 0 3 2.863 6  975 0 0 9 1

19 0 6 1 4 46.321 8 .789 3 4 4 3 3 0 1 0 6 2 6 3 1 7 016 0  705

21 0 .659 46 .257 8 .906 34.243 0 .108 2 6 W 7 0 8 6 0 7 1 6
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06 Decom position 0| pfXy

* 5  -  <

1 0 .128 20  260 8 4 3 2 2  394 68  905 0  000 0  000 0 0 0 0

3 0 .2 /6 17 684 2 8 .659 1 1 6 1 8 3 6 6 3 5 0 9 8 7 3  933 2 2 8 6

5 0 .3 /9 2 3 2 0 2 23 .950 13 52? 31 9 /0 0 .815 5.183 1.358

7 0 .4 /8 2 5 .446 74  533 14 929 2 7 5 1 2 0 .810 5 .7 /9 0  99?

9 0 .664 77 170 24.421 10 808 74 740 0 .919 6.174 0 7 5 3

11 0 .64b 78  319 24  4 / 8 10 441 2 ?  730 0  007 6 .429 0 6 0 9

13 0 7 2 0 29 .142 24.481 10 803 21 277 1 0 7 6 6 6 2 2 0  510

15 0 / 8 9 2 9 / 5 4 2 4 .4 8 / 1 /2 3 1 2 0  188 1 130 6 7 6 5 0 4 4 0

1 / 0  854 30  218 24  489 17 490 19 353 1.186 6  8 7 / 0 3 8 8

19 0  015 3 0  681 74  489 17 69? •8 .096 1.227 6 .965 0  348

21 0  973 3 0  870 74  4 8 9 17 853 1 8 1 7 5 1.260 7.036 0 3 1 /

c e  D e ra m p o sd o n  Of LOGMC

> 9 - < 3

1 0.154 3 0  548 3.111 4 466 29 .098 37 776 0  000 0  000

3 0  748 2 2 1 0 5 10711 4 .648 2 3 .409 35.118 0 .349 3 6 6 1

5 0 .295 21 330 8 .5 1 0 3.914 26.653 3 5 .8 /8 0 .4 /9 3 2 3 5

7 0 .340 10 564 7 .605 3 .3 /7 27  492 36.089 0 .3 /6 3 5 0 8

9 0 .3 /7 18 300 0 .8 3 / 2 .0 8 5 2 8 6 9 5 39.374 0 .315 3 .606

11 0.411 17 778 6  735 7 8 3 5 29 .76? 4 0  04C 0  264 3 .730

13 0.443 18.353 5  783 7  378 79  834 41 .693 0 2 2 8 3 .630

15 0  4 /2 15 637 6  400 7  170 30  771 4 2 4 0 3 0.201 3 9 1 3

17 0 5 0 0 1 5 0 3 3 5 1 1 1 7 0 0 ? 3 0 6 3 0 4 3 0 5 9 0  181 3 9 8 5

19 0  570 1 4 6 3 2 4 .867 1.882 30  974 4 3 8 1 1 0.1C4 4 044

21 0  551 14.108 4 .661 1.745 31.170 44 075 0  151 4  095

c* Decomposition of l OGMK-
3 3 < 3

1 * 0.142 1.042 1 771 23 .000 4 1 8 5 3 0 .009 3 1 .7 /0 0 .000

3 0 .269 11.317 7  730 3 2 4 0 0 35.702 0.761 16.550 0 .513

5 0 .3 /8 16.294 1.468 36  380 7 9  386 0 4 3 1 15 560 0 .510

7 0 . 4 / / 19.954 1 0 3 0 3 /  773 25  347 0 2 8 0 15 260 0.357

0 0  689 2 2 2 3 3 0 9 9 0 3 8  543 77  470 0  733 1 5 7 5 2 0 2 7 0

11 0 0 5 3 2 3 8 6 / 1.030 38  929 2 0 4 8 1 0.720 1 5 7 8 4 0 2 1 1

13 0  732 75  0 0 / 1 104 39.183 1 9 0 3 3 0 2 3 8 15 784 0.171

15 0  806 75  861 1 .1 /6 39 306 17.959 0 2 5 3 15 303 0  143

17 0 8 7 3 26  511 1 243 39  400 17.138 0 7 6 8 15.317 0  173

19 0.937 77  016 1 300 3 9 4 6 / 1 6 4 9 8 0  787 15 330 0 1 0 7

71 0  0 9 / 27 418 1 3 6 0 3 9 5 1 5 1 6 9 8 8 0 2 9 4 15 340 0 0 9 5

44



cupposcinn oI  LO GM P

1 0  2 3 / 11.495 1 1 5 4 0
3 0  4 0 / 8 9 7 5 1 5 1 8 8
5 0  5 /5 11 532 15 70?
7 0 / 2 4 14 643 14 618
9 0  8 /0 16.540 1 5 3 7 7

11 1 0 0 5 18.05? 1 5 4 8 4
13 1 130 19.090 1 5 6 8 5
15 1 2 4 / 19 887 1 5 / 9 5
1/ 1 356 2 0  486 1 5 8 9 9
19 1 4W 20  956 15 9 /4
21 1 866 21 328 16 0 3 /

< »

2  548 4  6 / 7 1.512 1 124 6 7  099
1 830 20  581 1 2 5 6 7 8 0 6 44  364

2  440 18 41M 2  7?4 1 3 2 9 9 36  309
3  383 17 543 2 8 4 1 14 497 32.175
4 269 16 304 3  220 15 206 2 8 9 5 8
4 931 15 564 3  4?7 15 589 2 0 .95?
5  454 14 930 3  590 15 800 ?5 .445
5  850 14 454 3 717 1 5 9 2 6 ?4  371
6  161 14 063 3  811 16 013 ? 3  548
6 4 0 0 13 79 ) 3 8 8 4 16 074 ? ?  915
6 .6 0 ? 1 3 5 5 7 3  94? 16 120 ? ?  414

ring: LOGY LOGCP LOGCG LOG) LOGMC LOGMK LOGMP

Most innovations in real income growth are from own shocks. In 

the first horizon, 100% of innovations in log Y result from 

own shocks, which marginally decline as the forecast period 

increases and aL the end ot the forecast horizon, 7C1 of 

innovations are being accounted for by own disturbances. 

Imports of petroleum products account for about 5-7% of log y 

shocks. This shows that shocks in petroleum products due to, 

for instance, import prices fluctuations, could account for 

the movements- in real GDP growth. Imports of consumer goods, 

become important in accounting for log Y innovations as the 

forecast period rises (6%) and also capital goods imports show 

a rising pattern. This account suggests an important 

relationship botveen these variables. Government consumption 

also takes on an increasing role in accounting for the 

Innovations in log Y.
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Tho log of y is seen to account, for moat of the innovations in 

the other variable**. For instance, it accounts tor over 60% of 

the innovations in log CP, 40% in log OG, 30% in log I, 27% in 

log Mk and about 20% in log MP. These results propose an 

important interlinkage between the home and foreign economies.

The log of Imports of petroleum products account for most of 

own innovations in the initial stages of the forecast period 

which die out slowly and aeem to settle at 22% at the end of 

the forecast period. Investment growth, log of private 

consumption, log Y and the log of imports of capital goods 

assume increasing roles in accounting for innovations in 

imports of petroleum products with each accounting for over 

1!>% of the innovations in log MP. The results show that 

movements in these macro variables are interdependent and 

therefore nil of them can be targeted indirectly in any policy 

move.
. •

In the case of innovations in imports of capital goods, it is 

government consumption that accounts tor most of the 

innovations (about 35 - 40%), perhaps are undertaken by the 

government. Investment is also seen to account for about 16% 

of the innovations in imports of capital goods suggesting that.
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investment demand and Imports of capital goods drive each 

other.

The variance decomposition results have uncovered evidence 

that the Keynesian income identity has longrun relationships 

and that they could be endogenous in each macroeconomic model 

oi any ot these variables.

4 . 2 . 5  I m p u l s e  r e s p o n s e s

The impulse responses oi one unit shock are shown in tigure 2. 

An impulse response function traces the effect of a one 

standard deviation shock to one of the innovations on current 

and future values of the endogenous variables

The impulse response functions have shown that the estimated

model is stable since they are converging and not explosive.

They therefore servo as diagnostic tests together with the

variance decompositions. We look at. how the variables react, to
• •

unit shocks in imports of petroleum products.

In the case of government consumption, we see that a unit 

■hock in imports of petroleum products has a stable and 

uniform impact on government consumption that only dies out at 

the end of the forecast period. Investment reacts cyclically 

to shocks from imports of petroleum products.
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Figure 2: Impulse response functions
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Imports of consumer goods react positively and the impact from 

imports of petroleum products is stable and persists up to the 

14 horizon and then di««n out . Imports of capital goods react 

positively to shocks in petroleum products and the impact is 

persistent and only dies out at the very ond of the forecast 

period. Owns shocks in petroleum products imports dies out 

almost immediately d ,J period). The effect of a unit shock in 

imports of petroleum products are cyclical in private 

consumption and seem to stabilize in the 3rd year. Thus a shock 

in imports of petroleum products (say a price rise) or an oil
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oupply shortage due to cartel arrangements) has a non 

predictable and persistent impacts on private consumption and 

shocks in all the imports ot petroleum products have 

persistent impacts amongst themselves as well as in the other 

variables. Therefore, what happens in the oil producing 

countries affects petroleum products and hence any economy 

that is dependent on imports of petroleum products.
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CHAPTER FIVE
CONCLUSION, POLICY RECOMMENDATIONS, LIMITATIONS AND 
FURTHER AREAS OF STUDY

5.1 Conclusion and Policy Recommendations

In this study, we set out to evaluate the effects of reliance 

on oil imports on the Kenyan economy with specific objectives 

of establishing the relationship between Petroleum import 

expenditures and imports of capital goods and intermediate 

goods over time and the correlation between major economic 

variables and petroleum imporL expenditures. The analysis 

rest3 on the simple Keynesian econometric model customized to 

the Kenyan economy. The results of the model are reasonable. 

However, it should not be viewed as a final product but as a 

part of a progressive research strategy where new models 

improve and encompass old ones.

I Our most striking observation is the impact on most ol the 

I economic variables as a result of upward oil price changes. In 

I the period 1971 to 1980 the average oil prices per barrel was 

I US$31.74 while for the period 1981 to 1991 and 1991 to 2001 

I the average prices were US$35.6 and US$ 18.93 respectively. 

■The greatest economic impact was felt during the first half of 

I the 1980's, a period in which oil prices surged to peak of 

I Over US$60 per barrel in 1981 (1998 US $). The temporal rise
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in oil prices seem to have had temporal negative effect to the 

major macro economic variables immediately or within the next 

one or three years. The inverse relationship is much seen in 

imports of capital goods and investment. In 1974 and 1980 the 

value o t oil imports grew by 264% and 90% respectively. 

Imports of Capital goods shows a drop in growth rate from 12% 

m  197i to -2% in 1974 and a drop from 24% in 1980 to -12% in 

1983. Investments fell from 2C\ in 1974 to 22 in 1975 and 

also dropped from 49% to 2% in 1981. Imports of Consumer 

goods and Government Expenditure show a direct relation ship 

with sharp increase in oil prices.

Our key empirical finds are as follows: The cointegrating

equations shows that private consumption and Investment

growths positively influence real income while imports of

capital goods and consumption goods growths negatively

influence real income. This is consistent with the preposition 
• ■ 

of the Keynesian national income identity theory. However some

variables failed to achieve the correct signs such as

government consumption, imports of petroleum products and

exports. The cointegrating coefficients show a speed of

adjustment of 3.95% to imports of petroleum products.

51



The results also show that the lagged values of investment, 

exports and imports of capital goods granger cause imports of 

petroleum goods. Investment is also seen to influence or 

predict imports of petroleum products. These results are 

consistent with the prediction that energy from oil and 

capital goods are complements in the production process and 

hence influence output and demand tor investment and 

employment.

investment, private consumption, real income and imports of 

capital goods .ire found to assume increasing roles in 

accounting for innovations in imports of petroleum products 

with each accounting for over l!>% of the innovations. The

results thus show that movements in theses macro variables are

interdependent and therefore nil of them can be targeted 

indirectly in any policy move.

Me also found that imports of capital goods react positively 

to shocks in imports of petroleum products and the impact is 

persistent and only dies out at the very end of the forecast

to

nod. Investment and private consumption reacts cyclically 

shocks from imports of petroleum products while imports of 

sumer goods react positively. Imports of petroleum products 

ve a stable and uniform impact on government consumption.
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Thus, we safely conclude that the long-term prospects for 

economic development and the government's ability to manage 

the economy are to some extend jeopardized through this 

dependence on oil imports among other factors such ao external 

loans, political uncertainties and government decisions.

5.2 Policy Recommendations

The terms energy security and oil dependence have been 

frequently used. Oil dependence is often equated with the 

quantity of oil supply that must bn imported. Reliance on oil 

is a component, of the oil dependence problem, but "to import 

or not to import?" is not the question to the Kenya economy. 

Even when the oil prices jump the economy will be better off 

to pay the higher prices than to cut oil import supplies since 

il is just another input in the production process and more 

»o in the transportation sector.

refore ultimate solution to oil dependence lies in changing 

the fundamental factors that give the OPEC Cartel market power 

fM create oil dependence problem to the oil importing 

tries. Possible solutions to this include:
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1. Developing advanced technologies to increase the 

efficiency in use of energy in transportation.

2. Dower the costa of alternatives energy sources

3. Accelerate and improve the technology ot oil 

exploration.

4. Enhance the recovery of both conventional and non 

conventional oil resources.

b. Enhance the procurement policies of oil imports.

6. Improve on oil transportation infrastructure with a 

view to increasing ir exports of oil products to 

neighbouring countries.

7. Reviews strategic petroleum reserves policies.

8. Deepen the liberalization of the oil industry.

However, achieving such results is likely to require a 

significantly greater commitment in resources and 

resolve.
• •

5.2 Limitations of the study and further area of research.

The study adopted a simple Keynesian econometric model while 

there are modern econometric modeln that have been developed.
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The study uses secondary data, which might not be reliable. 

Quite often data on petroleum products imports and trade ham 

not been accurately reported. Another limitation io the time 

lags in producing and capturing annual data for the specified 

variables in the model. Also the sample size is deemed to be 

small hence much ol the data would have been lost during the 

estimations of the model.

We suggest that, further studies should be conducted to examine 

and evaluate the responsiveness of an endogenous variable to a 

unit change in an exogenous variable, evaluate the economic 

costs of oil dependence to the Kenyan economy in terms of loss 

of potential GDP, Macroeconomic adjustment, costs, anil transfer 

of wealth.
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A PPEN DICES

appendix 1: Percentage Growth rates of Majoi

Year CP CO OE I MP MK MC
1972 8% 11% 101 01 241 13% -11%
1973 3% 11% 15% 45% 12% 12% 15%
1974 26% 20% 42% 26% 264% -2% 59%
1975 38% 26% 9% 22% 17% 56% -16%
1976 14% 19% 16% 29% 9% 22% 11%
1977 15% 27% 3 7% 50% 1 3 % 36% 37%
1978 21% 241 211 381 0% 37% 29%

Pl979 16% 12% 16% ■ 15% 26% -11% -14%
1980 13% 19% 23% 4 9% 90% 24% 51%
1981 16% 17% 29% -2% 28% 7% -18%
1982 19% 4% 4% 2% -7% -4% f
1983 7% 13% -13% 8% 0% -12% 61
1984 16% 6% 33% 12% 0% 32% 34%
1985 3% 13% 81 391 13% -31 101
1986 22% 22% 27% -3% -37% 41% 32%
1987 16% 13% 13% 27% 16% 26% -1%

pl988 15% 12% 29% 18% -13% 3 0% 33%
1989 19% 16% 44% 12% 31% 15% 30%
1990 14% 9% 9% 12% 44% 33% 0%

| 1991 13% 14% 14% 1% 7% -4% 6%
1992 241 b% -5% -5% 22% -11 14%

Il993 16% 25% 45% 32% * 101% 23% 77%
| 1994 20% 19% 5% 32% -25% 19% 28%
1995 25% 12% H% 31% 9% 69% 33%

1 1996 10% 24% 19% 7% 32% 2% 6%
L 1997 31% 18% 0% 6% 10% b% 16%
Il998 13% 13% 32% 4% 8% 8% 2%
Ll999 6% 11% -9% 0% 30% -3% 0%
jooo 13% 10% 21% 2% 56% 16% 10%
.2001 14% 8% 15% 6% 10% -4% 3b%
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Where
CP - Private 
Consumption

CG - Govt. 
Consumption

GE - Govt. 
Expenditure

i - investment

MP - Petroleum 
TmportH

MK- Imports of 
Capital Goods

MC - Imports of 
Consumer goods



Figure 3: Growth rate ot imports of petroleum products 
and private consumption

-•♦••Private Consumption— ■— Oil Imports

Source: Authors own computation

Figure 4: Growth rate of imports of petroleum products and 
Government consumption
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Figur® 5: Growt h i <t <• of imports ot petroleum products rind 
Government Expenditure

Source: Authors own computation

Figure 6: Growth rate of importh ot petroleum products and 
investment
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F i g u r e  7 :  Growth rate of imports* of petroleum products* and 
imports of capital goods
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Appendix 2: Unit Root Tests

Logy
A D r T o il  Statistic •2.326625 IN, Critical V alu e ' -4 .338?

6%  Crillrnl Value •3 5667
10% Critical Vafoe -3 2 7 7 9

•M acKinnon aibC dl value* tor rejection  o» hyp o th esis  c* a  unit root

P P  t e s t  S tatistic -1.997800 1% Critical Value* -4 2949
5%  Critical VaSie -3 5070
10%  Critical Value •3 2109

'M n cX h n o n  c riica l vafoe* tor rn icc to n  of hyp o th esis  o f a  on* root

A O r T es t S u ta l" • i W M 1% Critical V afoe’ -3 6 8 5 2
5%  CrtOoil Value •2 .9 /0 5

.10%  Critical Value -2 .6242

•MacKa vum  entical va lues for rejection o f hyp o th esis  o f a  un it root.

P P  t e s t  Statistic -* 7 2 0 9 2 7 1% Critical Value- -3 6 7 5 ?
9%  Critical Vafoe •2  9605
10%  Critical Vafoe •2 6720

•M acKinnon critical v a lu es rcr rejection Of h y p o th e c s  o f a  unit root

L op ip

A D f Tost Statistic •2 001211 t%  C n tc a l V alue ' -4.3382
5%  Critical V alue •3 5867
10% Critical Vafoe -3 2 2 7 9

’M acKinnon critical v a lu es for le jo d to n  o t  hypoffiests o f a  unit root

P P  To m  S ta tu te -2  790841 1%  Critical V a*ie ' -4  2 9 4 9
5%  Crfocat Vafoe ■3S670
,0 %  C n tc a l Value •3 7160

•M acKinnon critical v a lu es tor re a c tio n  o f h y p o th as*  o f  a u n i  root
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ADF T ost SialMOC •3 6 6 8 4 1 / 1% Cribrjil V alue ' 
5% Criteal Value 
10% Cnfccnl Value

-3 6969  
-7 9 /5 0  
7  0705

'M a c K n n o n  critical vakio* tor ro icc to n  of h>v>c*i*»i» cA a u n i tool

H P  l e s t  Statistic - 0 /0 0 0 6 9 1% C nocal Value* •3 .675J
5% Critical VaKio 7 9 6 6 5
10% Critical v a lu e •2 6270

’M acK nnon  c m c a l  v a lu es to r re je c to o  of hypoffiesis cf a  un* root

Lo*MIP
ADF lOSl Sl.itir.lic -2.06900J 1% Critical v a lu e ' 4 .3 2 7 6

5% C nocal Value -3  5 /9 6
10%  C nocal Value -3.2239

'M acK innon a  t e a l  v a lu es tor re je d ra *  of hypofnesis o< a  on* m ot

P P  Tost S ta tu te ■7 367947 1% Critical V alu e ' -4 7W 9
6% C to c a l Value -3.5070

•3 .716?

’M acKinnon cr*«c-il va lue*  lo t roiccrion <rf hytioffiMK of a u n i  roof

ADF T e l  Statistic 3 878653 1% C rec .il V alue' -3  6857
6% C riica l Value -2 9705
10% Critical v a lu e •7 6747

'M acK innon c m o a l value* lor rejection  o f hyiio0ie*i» of a u n i  root

P P  T est Statist*; -6 .498026 1% C necal v a lu e ' -3 .8 /5 2
5% C necal Vakio •7 9565
10% C necal V akie -2 .6220

•M acKinnon c n tc a l  v a lu e s  for rejection  o f hypotficsts of a  un< root.

*eVmP
Aor Test Statist* -2 98019G 1% Cnocal Value' -0002

5% Cnccai value -3.6/31
10% Cnocal Va*in_______________-3 2203

'MacKjnnmi cntcal value* fix rejection of hypoOimi* of a un4 tool 

PP Test MUOStiC -28/1123 1% Critical Value' 4 2949
5V. Crilicol Vakio 3 5670
10% Critical Value 3.2169

'MacKinnon cKcal values t v  rcjccton of hypotnesis of a un« root
•

ADF Test Mutate •3.893044 1% Cnucai Vakie' ■36852
5% Critical Value -2 9/06
10% Critical value -2.6242

'MacKinnon cntcui vakies for rcvccucn of hyjxiiriesis of a urvt roc*

PP Test SWislic -5 509008 1% Obcal Value' -38752
5% Cnbcaf V.Hun -7 9665
10% Cnecal Vakio -2 6720

'MacKmnon critical values for reaction of hypotheso of a uni root

Lqqttk
ADF lest statistic -1.991307 1% Critical Vak>e' •4 3082

5% Critical Vakie -3 5731
10% Critical Va** -3 2203
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P P  t e s t  Statistic -2. fO O tS 1% Critical V alue ' 
5 N  Critical V alue 
IO N  Critical V alue

■I2M » 
3  5 6 7 0  
3  2160

'M acK innon c ro c a f  v a lu e s  tor refection o f  h y p o th es is  of a  unit rocs

A I)r T est Statistic -5 008144 1% C ritic*  Value* •3 s a w
S N  Cnticiri Vafoe 7  9 /0 6
IO N  Critical Vafoe •7 6542

'M acK innon crHIcni v a lu es lor rejection o f  hyp o th esis  of a  unit root

P P  T est Statistic 6 .4 3 3 3 M IN  C n U jI  Valjo* 3 6 / 6 2
5%  Critical Value 2.966S
ION Critical Valuo 2 6 2 2 0

'M acK rinon  a h r . \ \  v.iIjci for rejection o t  hyp o th esis  o f a  unit roni

-

ADP T o il  Statistic -2  413350 IN  C n O o l V alue ' 
5% C re ca l V alue 
1 0 \  C r tira l Value

-4 3226 
•3 6786 
-3  2239

'M acK innon critical v»Me* for rejection  o f h y p o th es is  of a  unit root

P P  l e s t  Statistic ■2 517533 1% Critical Valuo* -4 .2W 9
5%  Critical Value -3 .5 6 /0
10N  Critical Valuo -3 2 1 6 0

’M arX n n o n  critical v a lu es for refection o t  hypothesis o f a  unit roof

ADP T es t Statistic -5 .0 4 /7 6 3 1N  Critical Value* -3  6652
6%  C nfluatV aiuo •7 9705
10%  O t ic a l  Value -7 6 2 4 2

'M acK innon critical v a lu e s  for rcjnntfon of h y p o th es is  of a  u n i  root

P P  t e s t  Stallnllc -5 577412 IN  C re c a l V o tin ' -3 .6752
5 N  Critical Value -2 .0065
101. Critical V al.m __________-2.G??0

•M acK innon erf.col veh iea  (or ro|OC6on of hyp o th esis  o f a  unit roof

lO ficr

ADT T e s t Statistic -2.210100 IN  Critical V alue’ 
6  V. CtIUcdf Value 
10% Critical Value

4.3082 
3  5731 

•3 2203

•MacKinflon critical vafoos for rejection  o f hypoo iesis o» a  u n f  loot.
•

P P  l e s t  S t r i a t e •1 768460 IN  Critical Value* -4 2949
5 N  Critical Value -3  5870
10N  Critical V alue -3 7 1 6 9

•M acKinnon crtlic.nl v a lu es for r e je c to r  o f hypothesis of a  unit root

ADF T m t Statistic -4 206863 1% Critical Value* -3 .6762
5%  Chiicaf Value -2 .9665
10%  Coticiri Value 7  6220

‘M acKinnon u 4 c . i l  values lor r ejection o f h y p o th rs is  of a u n i  root.

P P  T est States i t -4 309156 IN  C n e e *  V alue ' -3 .6752
5N  C r e c a iv e u c -2  9565
10%  Crfccal VaXw -2.6220

•M acK nnoo  critical va lue?  for rejection o f hypo th esis  o f a  u n i  root-
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Lug ink

ADf Tout r .u o » tc 2 191140 -4 3062 
•3 5 /31  
3 7203

1% Crdcd V »h »‘ 
5% p d c d  Value 
10% Pitted V«li»l

•M acKinnon c /l t trd  values tor fOJOCKin d  hypothosls d  < V<4 lO d

P P  1 6 V  S ta tis t* -2 4 5 3 6 9 4 1% p i t t e d  V alue' 4  2940
5% C r e e d  Value •3 5670
10% C r e e d  V att* -3 2169

•M acKinnon c r e e d  v a lu e s  tor rejeettun d  hypo th esis  o f a  ui.h r o d

PI* l a s t  S tlU tfK •5 599094 1% c r e e d  Value* •3 .6752
5%  P i t t e d  Vatoo 7 9 6 6 5
10%  C rf tc d  Value 7  6220

•M acK «uexi critical v a lu es tor rejection  Of h y p rd ie t is  Of ■  unit r o d

ADP T est Statistic -3  125821 1% P i t t e d  Value" •3 6857
5%  p i t t e d  V ator -2 0705
10%  P i t t e d  Vatoe -2 6747

•M acKinnon critical vatoe* tor re»©ctton of h y p d h e s a  d  a  u n i  lo o t

I rtf*
AJJf Test SlaDsBC -2.051748 1% Creed Vataa* 4 | * g

5%  C n tc a l VaKro -3 .5 /9 6
10%  C r e e d  Value 3  2230

‘M acKinnon c r t * d  valuo* tar rejection o l hypothesis u l a  iW  r o d

P P  T es t S t a tw e  -2 .270129  1% P i t t e d  Value* -4 7949
6%  O W c d  V aluo -3 5670

___________ 10%  P i t t e d  V a tae  -3  2169

•M acKinnon c r f t c d  value* tor rejection  Ot hypoOiestS d  a  u n i  r o d

ADF To»l S ta tis t*  -3  597279  1% CriUoal Valuo* -3  6 K 2
5%  O w e d  Valuo -2.9705

__________ _______________________ 10% Crilir.U Value __________ 7 0?47

•M acKinnon a i l e d  v ita e *  tor rejection  id  h y p o th e c s  d  a  untt r o d

P P  Teal S tatistic  -5 .548480  1% C l»calV .lM «• -3 6752
6%  P in e a l  Valor* -7  9665
10% P i t te d  Value 7 6220

•MacKinnon creed v a lu es to r rejection d  hypo thesis d  a  unit ro d
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Appendix 3: ECM Model Results

'iam|Hc<iKljuitiKlj 1 0 /3  2001
bicludnd c h sw v w io n i; 2 9  a lta r ad ju te o g  «i>dpoi.ii»
SWKi.vd o ro fs  (, t-staitiiliCT ir. c-arertte*e&

CowtegciUntj Eg: ComiFql
LOGYI-1) 1.000000

LO G CP( 1) -1 /6 4 7 7 3  
10.10167) 

(-11 6356)

IO O C Q (-1) 0 .905045  
<0 19883) 
(4 .65191)

LOf5M-1» -0 4 1 1 8 4 6  
(0 0 5 0 4 2 ) 

(-7 200661

LO Q M C(-I) 0  038040  
(0  03706) 
(1 .05084)

LOGMK<-1) 0  249047 
(0 0 4 2 2 0 ) 
(5 9 0 1 3 8 )

LO G M P(-I) 0 1 4 7 1 3 0  
(0  02205) 

( 6  67143)

LlfO* C ofinrlkm 0(LOGY) O(LOGCI’) DlLCXiCG) U<LOGI> IXLOGMC) 0<LOUMK) n< lO G M P |

C o in tU jI 0 .200607
(0 2 3 5 3 0 )

( .0 8 6 6 2 6 )

■0 040009 
(0 19-135) 

(•0.25656)

0 3 / 1 / 3 0
10.18730)
(1 .9 8 4 /2 )

1 .3 7 4 /8 0  
(0  66078) 
(2 .4 5 3 /4 )

1 .091 /80
( 0 6 /4 1 0 )
(1 .61W 0)

-0  100054 
(0 6 2 1 9 1 ) 

(-0 .1 /1 9 8 )

3.054887 
(1 03939) 
(3 .80497)

6<LOGY(-1|) 0 .227222  
(0  23555) 
(0.8591.1)

-0  126383 
(0 2 1 1 0 1 ) 

( 0  69421)

0 0 7 /6 9 8  
(0  20336) 
(0  382091

0 .270410  
10 603311 
(0 .44453)

-0  120775 
(0  73108) 

( 0  105001

-0 3 3 3 0 /0  
(0 .0 /6 2 2 ) 

( 0  49328)

-1.414951
11.12819)

M  25300)

0(LO G C J(H )> 0 .004318  
(0  323221 

(-0.20161)

0  152262 
(0 26688) 
(0 .67000)

0  446329  
(0  25719) 
(1 7 3 1 5 1 )

0 .1 0 /5 4 4  
(0  7 6 9  V.) 
(0 2 1 7 7 7 )

0 .104529  
(0 92578) 
(0 2 1 0 1 2 )

0 6 / / 9 9 6  
<0 85399) 
(0  79393)

3  052890  
(1 4272/1  
(2 .1 3 8 9 /)

0(I.O G C G (-I)> 0.356531
(0.31333)
(1.13099)

0  738748 
(0 2 6 0 3 9 ) 
(7 83738)

0.335261 
• (0 .25091) 

(•1 34016)

1 024391  
(0 .75058) 

( 1 36480)

-1.335134 
(0  90310) 

(-1 47826)

1 340846 
(0  83314) 
(1 60939)

-4 188929 
(1 39243) 

(-3 0 0 6 3 /)

DjlOGK-111 0  1 1 4 /6 3  
(0  11722) 
(0 .9 /9 0 3 )

0  153901 
(0 .09679) 
(1 .59003)

0  135669 
(0 0 9 3 2 8 ) 
(1 .45468)

•0.336851 
(0  27903) 

(-1 .20721)

0 0 4 5 4 4 5
(0 .33576)
(0 .13535)

0  198134 
(0  30977) 
(0 .64036)

•0 1081 ec
(0  51764) 

(4).20900)

OO .OGM CM )) -0 .191629  
(0 .0 9 /7 1 ) 

(•1 96124)

0 0 1 0 6 3 8  
(0 .06068) 
(0  13186)

-0 .013216  
( 0 . 0 / / /5 )  

(-0  16996)

0 .0 8 4 4 /8  
(0 .23258) 
(0 363221

-0  034007 
<0 279661 

(-0 1 2 1 6 1 )

0 1 5 6 1 0 7
(0.25816)
(0 6 0 4 6 9 )

0 3 5 7 1 0 6  
(0 4314G) 
(0 82766)

n |lO G M K (.1 )j 43.017147 
(0  10347) 

( 0 .1 6 5 /1 )

■0 216262 
(0.08544) 

(-2.53152)

0 .031065
(0.08233)
10.38450)

0  306186 
<0 24630) 
<1 24316)

•0 154184
(0  29637) 

(-0 52024)

•0 482446 
(0.273391 

(-1 /6 4 6 9 )

0 2 2 1 5 0 4  
(0  456911 

(-0 48478)

0<L0GMP<-1)) 0 .080219  
(0.04980) 
(1 61143)

0  015197  
(0 0 4 1 1 2 ) 
(0  369571

0 .0 8 /7 9 9  
(0 0 3 9 6 3 )  
(2  21565)

0 0 1 9 3 1 6  
(0  11854) 
(0 .16295)

-0.010065
(0 .14264)

(-0.07056)

0 0 9 2 3 1 5  
(0 1 3 1 5 8 ) 

(-0  70150)

0  355800 
(0.21991) 
(1 G170G)

LOGX •0.037023 
(0  06110)

•0 005734 
(0  04719)

0 0 6 6 2 5 /
(0 0 4 0 6 6 )

0 3 1 0 5 1 4
(0 .12164)

0 .266150  
(0  14637)

•0 029505 
(0  13502)

0  882679 
(0 22565)
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l-O/Wtt I-OIMM)
H a q o m v d 0 3 1 6 6 4 1 0 .530363 0 3 7 5 5 6 0
M l  R iq u a r* o 0  046087 0  342500 0 1 7 5 7 8 3
S u m  sg  res*3s 0  083688 0 .057066 0 0 5 7 9 6 9
S T  oQ oalon 0  064667 0  053412 OOS1473

1 168130 2  023266 1 501585
l o o  **>Mhcoa 4 3 6 4 6 1 3 49  20051 5 0  7 7 2 /4
A » a* « A lC •2 380366 •2 772449 ■ 2  646396
S chw arz  SC ■1 960065 -2 348116 ■7 427067
M ean  depnixlnnt 0 .147604 0 .150770 0 1 4 0 6 5 4
S D  depfKiiienl 0  066731 _ 0  066871 0  045057

IV i^ rm n a n t Rr-Wdual C o vananca 1.17C 16
I o g  U kekhood 243  8650
Akt»ko (nhM nution Cillnrta ■ 11 9W 69
Schw arz C ritcna -8  690318

<2.652801 <1 81839) H ).?1853» ,■.0 116 8 )
0 3 5 7 5 2 0  
0  150527 
0  474170

029696/
0 0 1 5 /5 4  
0  6 8 6 5 8 0

0  263640 
•0 030004 
0  584??8

0 7 0 9 0 7 ?

:ssi
,9 2 5 1 8 3  
0  575387
O J81008

0  153977 0  166281 0  170913
1 0 4 9 6 1 2 1 056071 0  895077
1 8 4 9 6 1 2 13 17904 16 46980

•0 054905 -0  764761 -0  446103
-0  230572 0  1.1957? -0  071*30 1 005X 1
0.127257 0  14758? 0.136222 q 1/1684
0  1676M 0  160758 0 1 6 8 3 3 ? 0  321180

Appendix 4: Residual Graphs

us*riMMi uxxy—  m m  twee
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APPENDIX 4: Graphical Representation of Variables ar l.oq

Levels

a p p e n d i x 5: Graphical Representation of Variables at Log 

Differences
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Scar 
1971 ' 
I97»

1973
1974
1975 
197ft 
197; 
I97K 
1979
J9X0 
i 1981 
1982 
1981
1984
1985 
198ft
1987
1988
1989

1990

1991

Appendix 7 j
mil Hons)
_rc:
m.45j_
11.324.!
! ! V̂ 1<K>
147702 
19J9&T.
22.984 60

2?.i2rool

Data used in Regressions (Kenya chilli

CP
8,152*110 
877KOO 

9.015 00 
11,390.20 
15,731.2.1 
17.908.80
20.ft80.00

32.949 201 24.977 20 7,972.00
17,93700 28.990 80 8.946,20
43.493 80 32.HIS.40 10.ft73.40
50.070 20 38,190 ftO 12.47960

1992

58.27? 20 
63,006 20 
M .481 00 

75.126 40 
91 .839  60 

106.008.80 
121.244 4

143.187.0 
161,60040
183.477.0

45.773 40 
48.344 00

C.fc
3.377,18
: 6>N K
4.250.76 
6.022 60 
6.560.64
7.6J2.64 

10.4M .04 
12,698 94 
U.748J8, 
18,I97J«

3.243 40 
3.233.40 
4.6*8)40
5.893.60
4.575.60
5.885.40
8.824 60

12.212
10.32500

15341 80

12.948.80j 70,874.40 
14.662.2(8 79.233 4oI

55.969M  
57.324 40 
70,321.40 
81.634 80 
93.95760 
111 ,377.8Q| 
127.083.2 
144.070.C

88,82 ft.2(>|

220.Q46.40j 171,571.20’ 
258.902i(Hl(>7o93 2('1993

1994

1995
1996

1997

1998

1999 
201)0
2001 845.902.20; 695.472.Q7j

112.964 601 
129.612 40 
149.026.80 
170.807.20 
195.997.00 
228.050.60 

51.809.60) 283.708.20

41,163.80 
43.332.OU 
52,51160
6 0 .4 6 4 .401  23.S34.O O l 1 3 ,0 5 6 .2 0 j 

13.2KX.OO] 

16,584 IN)! 

18,571 60 
25.810 40 

25.024 2 0

3l.8M.Ool

24.4 *8 1

2U82.j 
28 330.4 
30.662 * 
39.050 8( 
44.032 80 
56.691004 37.73736.;
81,907.201 42,365. W| 
89.093.80l 47.533.ai

39.407.
4M75.2C

39,093.80j 
11.312 2o[w. mi ml

47,1 IQ.t

61,620 40 338,064.80 
69,224 20 384,115.80 
83.56S.4o! 437,31 1 00 
100,711 <3 623.235.07

310,795 80 249.173.41 
381,678 401 312.454.21 
■(311.501 10 344.936.00:
55,3,881 76 433.172 66*
623,698 35 510.129.93 113.5684dj 690,909.98 
663~.HOO.64l 539,057,64| I25.94XOO| 742,135.73 

139.158 35| 795 977 46 
150.4.30 1 3 89 5.77 R47

749,096 76] 609.938 21

101,312 
96.491.20 1 44 .674 .t 

I '9 .4 6  ' JO* 58.749.)

77.299.60)
101.517.20

145,899 60 

157.524 60

187.543.81)1 109,003,2C 
I 86,669.44 1 15,773 21

120.088 74
120,107 69

246,394.58 
225,242.64 
272.44068 
313.549.75 129,540 44

177.510.21

Source: Various Economic Surveys and statistic abstract.

(Government of Kenya)
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