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Abstract

This study investigates the links among monetary policy, energy consumption, and
economic growth in Nigeria from 1990 to 2022, employing both Autoregressive Distributed
Lag (ARDL) and Toda-Yamamoto-Dolado-Lutkephol (TYDL) approaches. Using time-
series data, the study examines the short- and long-run relationships between monetary
policy variables (monetary policy rate, money supply, and liquidity ratio), renewable and
non-renewable energy consumption, and GDP growth. The ARDL results reveal that
monetary policy rate and money supply significantly impact short-run renewable energy
consumption, while non-renewable energy consumption is positively influenced by
monetary policy rate but negatively affected by liquidity ratio and money supply. In the
long run, only liquidity ratio positively impacts renewable energy consumption. Regarding
economic growth, the ARDL findings indicate a direct impact of monetary policy rate lags
on short-run economic growth, with liquidity ratio positively influencing long-run
economic growth. More so, renewable energy consumption at lag one positively influence
economic growth in the short run. In the long run, both renewable and non-renewable
energy consumption indirectly impact economic growth in Nigeria. The TYDL approach
confirms Granger causality from economic growth to energy consumption, monetary policy
rate and money supply in the short run. However, liquidity ratio granger causes GDP
growth. Also, liquidity ratio granger causes renewable energy, non-renewable energy, and
money supply. In the long run, renewable energy consumption, non-renewable energy
consumption and liquidity ratio granger cause economic growth in Nigeria. Meanwhile,
output growth granger causes monetary policy rate. A uni-directional relationship exists
from non-renewable consumption to monetary policy rate. There is need for government to
consider implementing measures to incentivize investment in renewable energy projects to
spur economic outputs. Also, to support short-run economic growth, policymakers should
focus on enhancing the effectiveness of monetary policy transmission mechanisms.

Keywords: Monetary policy rate, money supply, liquidity ratio, renewable energy, non-

renewable energy, GDP growth.

Word Count: 285.



vi

Table of Contents

Contents Page

Title i

Certification ii

Dedication iii

Acknowledgement iv

Abstract v

Table of Contents vi

List of Tables x

List of Figures xi

Chapter One: Introduction

1.1 Background to the Study 1

1.2 Statement of the Problem 5

1.3 Research Questions 7

1.4 Objectives of the Study 7

1.5 Hypotheses 8

1.6 Significance of the Study 8

1.7 Scope of the Study 10

1.8 Limitations to the Study 13

1.9 Operational Definition of Terms 10



vii

Endnotes 12

Chapter Two: Literature Review

2.1 Conceptual Review 14

2.1.1 Monetary Policy 14

2.1.2 Energy Consumption 18

2.1.3 Economic Growth 21

2.2 Theoretical Review 24

2.2.1 Theoretical Links between Monetary Policy and Economic Variables 24

2.2.2 Theoretical Links between Energy Consumption and Economic Growth 28

2.2.3 Growth Theories 31

2.3 Empirical Review 35

2.3.1 Monetary Policy and Economic Growth 35

2.3.2 Energy Consumption and Economic Growth 47

2.3.3 Monetary Policy and Energy Consumption 57

2.4 Conceptual Framework 62



viii

2.5 Summary of Gaps in Literature 65

Endnotes 67

Chapter Three: Methodology

3.1 Model Specification 74

3.1.1 Model for Examining the Effect of Monetary Policy on Energy Consumption 74

3.1.2 Model for Investigating the Effect of Monetary Policy on Economic Growth 75

3.1.3 Model for Determining the Effect of Energy Consumption on Economic Growth 75

3.1.4 Model for Examining the Causal Links among Monetary Policy, Energy 76
Consumption and Economic Growth.

3.2 A’Priori Expectation 77

3.3 Method of Estimation 79

3.3.1 Pre-Estimation Test 79

3.3.2 Unit Root Test 79

3.3.1.1 Conventional Unit-root tests 79

3.3.1.2 Efficient Unit Root Tests 82

3.3.2 Bound Test for Cointegration 83

3.3.3 Estimation Technique 84

3.4 Sources and Measurement of Data 86

Endnotes 88



ix

Chapter Four: Results and Discussion of Findings

4.1 Data Presentation 90

4.2 Presentation of Results 90

4.2.1 Summary Statistics 90

4.2.2 Correlation Analysis 97

4.5 Trend Analysis 99

4.3 Pre-Estimation Test (Unit Root Test) 108

4.4 Presentation of Results 110

4.4.1 Empirical Results of the Impact of Monetary Policy on Energy

Consumption Cointegration Test Result 110

4.2.3 Empirical Results of the Effect of Monetary Policy on Economic Growth

Cointegration Results 125

4.4.3 Empirical Results of the Effect of Energy Consumption on Economic

Growth Cointegration Test Result 133

4.3.4 Results of the Causal Relationship between Monetary Policy, Energy

Consumption and Economic Growth 140

4.5 Discussion of Findings 143

Endnotes 149

Chapter Five: Conclusion

5.1 Summary of Findings 151

5.2 Conclusion 153



x

5.3 Recommendations 154

5.4 Contributions to Knowledge 156

5.5 Suggestion for Further Study 157

Bibliography 158

Appendices 166

Bio-data 230

The University Compliance Certification 239

List of Tables

Table Title Pages

3.1: Source of data and variable measurements 87

4.1: Descriptive statistics 91

4.2 Correlation Matrix 98

4.3: Unit Root Test Results [Trend and Intercept] 110

4.4: Existence of cointegration between monetary policy and energy consumption 113

4.5: Results of estimated ARDLmodel of renewable energy consumption 116

4.6: Results of estimated ARDLmodel of non-renewable energy consumption 120

4.7 Existence of cointegration between monetary policy and economic growth 126



xi

4.8 Results of estimated ARDLmodel of Monetary Policy and Economic growth 128

4.9 Existence of Long run cointegration between energy consumption and

economic growth 127

4.10 Results of estimated ARDLmodel of economic growth 136

4.11 Short-run Granger Causality Results based on TYDL Procedure and VECM 141

4.12 Long-run Granger Causality Results based on TYDL Procedure and VAR 142

List of Figures

Figures Title Pages

2.1 Conceptual Framework of Monetary Policy, Energy

Consumption and Growth 63

4.1 Monetary policy and economic growth in Nigeria 100

4.2 Energy consumption and economic growth in Nigeria 104

4.3 Investment, Labor and economic growth in Nigeria 106

4.4a-b Cumulative sum and Cumulative sum of Squares 118

4.5a-b Cumulative sum and Cumulative sum of Squares 124



xii

4.6a-b Cumulative sum and Cumulative sum of Squares 132

4.7a-b Cumulative sum and Cumulative sum of Squares 139



1

Chapter One

Introduction

1.1 Background to the Study

Monetary policy, energy consumption, and economic growth are three interconnected concepts

that have a significant impact on the functioning and development of modern economies.

Monetary policy refers to the actions taken by a central bank or monetary authority to manage

the money supply, interest rates, and credit in an economy. The primary goal of monetary policy

is to achieve price stability and promote sustainable economic growth. In general, central banks

adjust monetary policy in response to changes in economic conditions, such as inflation,

unemployment, and economic growth1. Energy consumption is the consumption of energy

resources, such as fossil fuels, electricity, and renewable energy sources, by individuals,

businesses, and governments. Energy consumption is a critical factor in economic growth, as it is

necessary for the production and distribution of goods and services. However, energy

consumption also has environmental and social impacts, such as greenhouse gas emissions and

resource depletion2. Meanwhile, economic growth refers to the increase in the production of

goods and services in an economy over time. Economic growth is typically measured by changes

in the gross domestic product (GDP) of a country. Economic growth is affected by various

factors, including investment, technology, labor productivity, and international trade3.

The relationship between monetary policy, energy consumption, and economic growth is

complex and multifaceted. Changes in monetary policy can influence energy consumption and

economic growth through various channels. For example, lowering interest rates can encourage

investment and consumption, leading to increased economic activity and energy consumption.
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However, it can also increase inflationary pressures and worsen environmental impacts. Similarly,

energy consumption can affect economic growth and monetary policy. Increases in energy

consumption can boost economic output, but also lead to higher energy costs and environmental

degradation. These impacts can influence the effectiveness of monetary policy and the stability

of financial markets. In summary, the relationship between monetary policy, energy consumption,

and economic growth is a critical area of study for economists and policymakers. Effective

management of these factors is essential for promoting sustainable economic growth while

mitigating environmental impacts4.

Nigeria’s economy, which is heavily dependent on imports, is subject to economic turbulence,

unstable business cycles, and stagnant growth. Unemployment, inflation, low productivity, and

balance of payments imbalance are typical outcomes of this. To ensure that resources are

allocated and used effectively in order to maximize the welfare of the populace, government has

in one way or another regulated and controlled the economy5. The Nigerian government, like the

governments of other developing nations, uses three different categories of public policy to

achieve its goals of resource allocation and income distribution. These tools of public policy

include those related to income, fiscal, and monetary policy. In Nigeria, the government has

historically relied on monetary policy to accomplish a number of macroeconomic goals,

including employment, economic growth and development, balance of payment stability, and a

generally stable general price level. Monetary policy is considered because it has key implication

on fiscal and income policy measures5.

On whether monetary policy intervention by the government will result in economic stabilization,

economists are divided. This disagreement created separate schools of economic thought. These
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are the monetarist, Keynesian, and classical schools, respectively. Each of them has an opinion

on the potential impact of monetary aggregate variation on economic stabilization1. According to

the classicists, the change in money supply will only alter price and have no impact on real

demand, investment, or output because of the equation of exchange, stability in the velocity of

money, and the assumption that the economy runs at full employment. The Keynesians, on the

other hand, hold that changes in the money supply may cause interest rates to rise or fall. A lower

interest rate will influence overall investment and boost overall income and output. This is

predicated on the idea that the main factor influencing investment in a market economy is the

interest rate. Employing labor and capital as part of the investment process results in a rise in

overall employment5. The money supply is the primary variable influencing the health of the

economy, according to monetarists. They contend that a rise in the money supply will result in a

rise in nominal demand, and if there is an excess of capacity, output will rise. According to the

monetarist viewpoint, an increase in the money supply will cause inflation in the long run

without having any impact on investment, employment, or aggregate demand5,6.

Energy demand and supply issues continue to be of concern on a worldwide scale, particularly in

this period of increased population growth trends and technological advancements in contrast to

a lack of infrastructure development. Energy difficulties pose significant hurdles to government

growth and development objectives and create societal problems for human societies7. Energy

can be produced from both renewable and non-renewable sources, generally speaking. Although

non-renewable energy sources, like fossil fuels, have a higher carbon content, higher

maintenance costs, higher capital intensity, a higher rate of depletion, are insufficient, and have

inconsistent supply, renewable energy sources like solar, wind, geothermal, hydropower, and
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biomass offer clean, environmentally friendly, inexpensive, and sustainable energy8. Inadequate

non-fossil energy supply is to blame for the excessive reliance of the world’s population on

alternative (non-renewable) sources of energy9. Because to this approach, the ecosystem is more

susceptible to serious environmental problems such ozone layer depletion, pollution, and

deforestation. According to a study, non-fossil fuels lower the amount of carbon dioxide in the

atmosphere while fossil fuels dramatically increase carbon emissions10.

Mixed results arise from empirical studies on the relationship between economic growth and

energy consumption. Some studies show a strong positive influence of energy consumption on

economic activities8,11,12,13. However, other studies reveal a negative impact of energy

consumption14,15,16. The absence of academic agreement serves as inspiration for additional

research on the topic. Also, the lack of empirical data on how actual activities respond to changes

in capital consumption and financial development, as seen in the literature under evaluation,

guided their inclusion in this study.

Notwithstanding these controversies, the Nigerian government continues to implement monetary

policy in conjunction with the country's monetary authority in order to control the economy's

usage of energy and other economic activity. As a result, the Central Bank of Nigeria implements

both contractionary and expansionary measures as part of its monetary policy to control the

economic swings that have been experienced thus far. The introduction and use of monetary

policy has been successful in growing economies, which is why this action is being taken. As a

result, it is vital to investigate how changes in monetary policy (interest rate, money supply and

domestic credit to private sector by banks) might be used to affect energy consumption in order

to increase output.
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1.2 Statement of the Problem

The Nigerian economy heavily relies on the export of crude oil, which makes it vulnerable to

fluctuations in the global oil market. Additionally, the country's energy consumption is heavily

dependent on fossil fuels, making it susceptible to fluctuations in fuel prices. This dependence on

oil exports and fossil fuels has hindered Nigeria's economic growth, as well as its efforts to

transition to more sustainable and environmentally friendly sources of energy. Furthermore,

monetary policy in Nigeria has also been a challenge, with issues of inflation and foreign

exchange management. The Central Bank of Nigeria has struggled to balance the need to

stimulate economic growth through low-interest rates with the need to combat inflation and

maintain the value of the Nigerian currency. All these factors have contributed to an economic

situation in Nigeria characterized by high inflation, low GDP growth, and a lack of sustainable

energy alternatives. Addressing these issues will require a comprehensive and coordinated

approach that includes diversifying the economy, investing in renewable energy, and

implementing effective monetary policies that support economic growth while controlling

inflation.

Stabilizing economic growth is one of Nigeria’s primary monetary policy goals. With the Central

Bank of Nigeria, the Nigerian government has implemented a number of monetary policies over

the years to promote economic growth. Even if Nigeria places more attention on manipulating

monetary policy, the issue with that country’s economic expansion still exists. High

unemployment, limited investment, high inflation, and unpredictable currency exchange rates are

a few examples of such issues. It is asserted that these alleged issues are what led to Nigeria's

economic development rapidly declining8. Low output has been rising astronomically despite the
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monetary policy committee's regular meetings and various monetary policy rates throughout the

years. According to statistics, real GDP growth in the last quarter of 2010 was 9.76% while the

monetary policy rate (MPR) was 6.25%17. However, MPR increased to 12% in 2011 and 2012,

but real GDP growth decreased to 4.89% and 4.28%, respectively. Once more, MPR rose from

13% in 2014 to 14% in 2016, but real GDP growth decreased from 5.39 to -1.62%, respectively.

In 2020, the COVID-19 pandemic era, MPR fell to 11.5% while real GDP fell to -1.79%17.

Despite Nigeria’s abundance in energy resources, the bulk of the population lacks a sufficient

and reliable supply. The majority of rural residents are underserved. The vast amounts of solar

radiation, plentiful wind energy, significant fossil fuel reserves, and hydropower resources in the

nation that may be used to generate electricity are mostly untapped. These resources could be

used to provide a steady, balanced, and sufficient supply of essential resources with the right

policy combination. Despite the existence of five (5) refineries with glaringly underutilized

capabilities, the nation now exports a significant amount of crude oil while also importing a

significant amount of processed petroleum products. Such an irony! The refineries use imported

technology that the country's current technical infrastructure cannot handle, acting as conduits

for the flow of foreign currency. These systemic inefficiencies result in an insufficient power

supply and a high cost for the energy that is available.

The ability of the local refineries to function at maximum capacity utilization is hampered by the

low degree of local content in the sector. In the oil industry, chances to optimize domestic

technology have repeatedly been lost. For instance, using local technology to refine petroleum

products was one of the benefits of the Nigerian civil war (1967–1970). Local refining

operations continue to take place even in the Niger Delta’s creeks; however, the profits do not
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contribute to the country’s GDP. These skills can be used more profitably to increase the

domestic supply of petroleum products, ensuring a greater supply of energy at a lower cost, with

the proper attitude and policies. Cheap energy, which is a necessary component of industrial

production, can encourage output development by enhancing the capacity utilization of domestic

production facilities. Therefore, it is essential to draw attention to Nigeria's monetary policy and

assess the degree to which it has genuinely influenced energy consumption and economic output

development.

The relationship between monetary policy and energy consumption in Nigeria presents a

significant challenge that warrants thorough investigation. As the government implements

monetary policies such as adjusting interest rates and controlling money supply these decisions

directly impact the economy's overall health and, consequently, energy consumption patterns.

For instance, when interest rates are lowered, borrowing becomes cheaper, encouraging

investments in energy infrastructure and consumption. Conversely, high-interest rates can stifle

economic growth, leading to reduced energy demand.

However, the existing literature on this topic is often inconclusive, leaving a gap in

understanding how these policies specifically affect energy consumption in Nigeria. This

research aims to address this gap by exploring how monetary policy influences energy

consumption and, in turn, how both factors contribute to economic growth.

Moreover, Nigeria faces unique challenges, such as inadequate energy supply and infrastructural

deficits, which complicate the relationship between monetary policy and energy consumption.

The study seeks to uncover whether the current monetary policies effectively support energy

consumption growth or if they inadvertently hinder it. By examining these dynamics, the
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research aims to provide insights that can guide policymakers in crafting strategies that not only

stimulate economic growth but also ensure a sustainable energy future for Nigeria.

1.3 Research Questions

This research study provides answers to the following research questions:

1. To what extent does monetary policy affect energy consumption in Nigeria?

2. How has monetary policy impacted economic growth in Nigeria?

3. What is the effect of energy consumption on economic growth in Nigeria?

4. What is the causal relationship among monetary policy, energy consumption and

economic growth in Nigeria?

1.4 Objectives of the Study

The main objectives of this study is to investigate the relationship among monetary policy,

energy consumption and economic growth in Nigeria. The specific objectives of the study are to:

1. determine the effect of monetary policy on energy consumption in Nigeria;

2. examine the impact of monetary policy on economic growth in Nigeria;

3. investigate the effect of energy consumption on economic growth in Nigeria; and

4. evaluate the causal relationship among monetary policy, energy consumption and

economic growth in Nigeria.

1.5 Hypotheses

The following null hypotheses tested in this study are stated as follows:
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H01: Monetary policy has no significant impact on energy consumption in Nigeria.

H02: Monetary policy has no significant effect on economic growth in Nigeria;

H03: Energy consumption has no significant effect on economic growth in Nigeria.

H04: There is no significant causal relationship among monetary policy, energy consumption

and economic growth in Nigeria.

1.6 Significance of the Study

The Nigerian government uses a variety of monetary tools, including the interest rate, control of

money supply and financial credit supports from banks, to have a bigger impact on the country’s

economic activity. But what impact does this have on indicators of overall economic activities,

such as human welfare in terms of energy consumption, which act as conduits for the influence

of these tools on economic growth. For instance, anticipated interest rate has climbed

significantly in Nigeria over time, despite the fact that this hasn’t resulted in an improvement in

the growth of economic activities. This study’s timeframe might therefore investigate these

consequences and offer policy alternatives to ensure better economic activities (i.e. output

growth and green energy consumption).

Because economic growth is one of the top priorities on the development agenda, the

government’s responsibility in ensuring improvements in output growth cannot be overstated.

Ensuring proper progress in economic activities is essential for a society's overall economic

development as well as for the development of its human capital and national economy.

Monetary policy is quite favorably correlated with both energy consumption and economic

growth, which is crucial for nations to achieve sufficient economic potential for continued
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development. This vicious cycle of low per capita income, unstable interest rate, high fossil fuel

consumption, and generally dismal economic consequences poses a severe development

challenge. An economy must improve to increase production, promote economic growth and

development, and lessen poverty. Therefore, an improvement in monetary policy formulation,

output growth, and green energy consumption are seen as prerequisites for a nation’s long-term

socioeconomic advancement and her key development indices.

Therefore, it is essential to comprehend how apex bank policy and money control affect

economic activities and energy consumption to develop public policies and social programmes to

mitigate their effects on any economy, particularly in less developed nations since they are more

vulnerable to decrease interest rate. In fact, insufficient financial credit supports have caused

enormous hardship in many nations, particularly in Sub-Saharan Africa, Latin America, and Asia,

with negative macroeconomic effects such as low economic growth and high fossil fuel

consumption. At the national, regional, and international levels, immediate and coordinated

action is required, focusing on both comprehensive medium- to long-term solutions and urgent

short-term actions. The supply of social infrastructure is essential for achieving rising output and

energy consumption, which are essential for accomplishing the sustainable development goals

and economic development, making this study pertinent to policy makers and the government.

The study will be significant for academics and researchers as it will update existing knowledge

about the phenomena and provide a crucial body of literature for studies to come on monetary

policy, energy consumption, and economic growth in Nigeria.

1.7 Scope of the Study
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The scope of this study is focused on the relationship between monetary policy, energy

consumption, and economic growth in Nigeria, covering a time frame from 1990 to 2022. This

period was chosen deliberately to capture significant economic phases in Nigeria's history,

including the aftermath of the Structural Adjustment Program and the implementation of various

economic reforms.

By examining data from this extensive timeframe, the study aims to provide a comprehensive

understanding of how monetary policy has evolved and its effects on energy consumption and

economic growth over the years. The years selected encompass critical events that have shaped

Nigeria's economic landscape, such as shifts in government policy, changes in global energy

markets, and the country's ongoing struggle with energy supply issues. This historical context is

essential for identifying trends and patterns that can inform current and future policy decisions.

1.8 Operational Definition of Terms

Energy consumption: It is the consumption of energy resources, such as fossil fuels, electricity,

and renewable energy sources, by individuals, businesses, and governments. Energy

consumption is a critical factor in economic growth, as it is necessary for the production and

distribution of goods and services.

Monetary policy: This refers to the actions taken by a central bank or monetary authority to

manage the money supply, interest rates, and credit in an economy. The primary goal of

monetary policy is to achieve price stability and promote sustainable economic growth.

Interest rate: This is the amount of interest due each period expressed as a percentage of the

amount lent, deposited, or borrowed is known as an interest rate. The total interest on a loaned or
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borrowed sum is determined by the principal amount, the interest rate, the frequency of

compounding, and the period of time the loan, deposit, or borrowing took place.

Economic growth: This refers to the increase in the production of goods and services in an

economy over time. Economic growth is typically measured by changes in the gross domestic

product (GDP) of a country. It is affected by various factors, including investment, technology,

labor productivity, and international trade.
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Chapter Two

Literature Review

This chapter presents the literature review of the links among monetary policy, energy

consumption and economic growth. This review of literature is presented under the following

sections, conceptual review, theoretical review, empirical review, summary of gaps in literature,

conceptual framework, and theoretical framework.

2.1 Conceptual Review

2.1.1 Monetary Policy

Monetary policy refers to the strategic measures implemented by a nation's monetary authority

with the aim of influencing monetary and financial circumstances to achieve overarching goals

such as promoting high employment rates and maintaining price stability, typically characterized

by a low and consistent inflation rate1. The additional objectives of a monetary policy may

encompass the promotion of economic stability and the preservation of stable exchange values

vis-à-vis other currencies. Currently, the majority of central banks in industrialized nations

implement their monetary policy within the framework of inflation targeting, while the monetary

policies of central banks in most developing countries follow a fixed exchange rate system1.

During the 1980s, there was a prevalent adoption of a third monetary policy technique known as

targeting the money supply. However, its popularity has since declined. Nevertheless, it

continues to be the official strategy in certain emerging economies2.

Monetary policy pertains to the precise measures implemented by the central bank to control the

value, supply, and cost of money within the economy, with the aim of attaining the
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macroeconomic goals set by the Government. The objectives of monetary policy are specifically

outlined in the statutes that establish the central bank in many nations, although in others, they

are not explicitly mentioned. Monetary policy objectives may differ across countries, but there

are two primary perspectives. The initial perspective advocates for the implementation of

monetary policy to attain price stability, but the subsequent perspective aims to achieve price

stability alongside other macroeconomic goals. Like other central banks in developing nations,

the Central Bank of Nigeria attains its monetary policy objective by manipulating the quantity of

money supplied. Monetary policy encompasses the measures implemented by a central bank to

regulate the money supply and interest rates within an economy, with the objective of attaining

macroeconomic objectives such as maintaining stable inflation, reducing unemployment, and

fostering economic expansion. Potential actions that can be undertaken include the manipulation

of interest rates, the purchase or sale of government securities, and the modification of reserve

requirements for commercial banks3.

The instruments of monetary policy differ among central banks, contingent upon the country’s

developmental stage, institutional framework, historical background, and political system.

Interest rate targeting is commonly employed as the principal mechanism, which can be achieved

by either direct manipulation of the central bank's interest rates or indirect manipulation through

open market operations. Interest rates have a significant impact on overall economic activity,

employment, and inflation through many channels, together referred to as the monetary

transmission mechanism. Additionally, they play a crucial role in determining the exchange rate.

Additional policy instruments encompass communication tactics such as forward guidance and,

in certain nations, the establishment of reserve requirements. Monetary policy is commonly
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categorized as either expansionary, which aims to stimulate economic activity and subsequently

impact employment and inflation, or contractionary, which seeks to reduce economic activity,

hence reducing employment and inflation3.

Financial channels such as interest rates, exchange rates, and prices of financial assets are

influenced by monetary policy, hence exerting an impact on the economy. In contrast, fiscal

policy is predicated upon alterations in taxation and government expenditure as mechanisms

employed by a government to effectively address business cycle occurrences, such as recessions.

Monetary policy in industrialized countries is typically formulated independently from fiscal

policy, with modern central banks in developed economies operating without direct government

oversight or directions2.

Direct Monetary Policy

Direct monetary policy encompasses the implementation of quantitative monetary measures,

including credit limitations, credit rationing, and statutory liquidity ratios, with the aim of

regulating the liquidity of the money supply. Additionally, it pertains to the explicit correlation

between the specific monetary policy tool and the intended policy goal. Monetary policy

instruments are employed to establish or restrict prices and/or quantity variables, such as interest

rates and the distribution of credit across sectors. Policy makers have been attracted to direct

techniques due to their perceived reliability in controlling credit costs and distribution.

Additionally, these methods offer a relatively straightforward approach to conducting monetary

policy. Significantly, governments find direct monetary controls to be highly appealing as they

aim to direct credit towards specific sectors in order to achieve predetermined economic goals.
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This approach to implementing monetary policy is typically employed in economies

characterized by a basic financial sector and a weak transmission mechanism, primarily in

developing nations. Undoubtedly, direct monetary restrictions serve as a provisional yet

indispensable measure for economies of this nature until suitable institutions for the utilization of

indirect tools are developed. However, a significant obstacle to the implementation of direct

monetary policy lies in the potential for inefficiency in the allocation of resources, which can

result in substantial costs. Furthermore, it has been suggested that direct instruments may

experience a decline in their ability to generate substantial effects due to the tendency of

economic agents to develop strategies to bypass such instruments. The Central Bank of Nigeria

(CBN) adopted and executed a direct monetary policy from its establishment until 1992.

Indirect Monetary Policy

The implementation of monetary policy by indirect means entails the utilization of market-based

instruments, such as open market operations. Put simply, it entails the central bank exerting

influence on the conditions of the money market. In the late 1970s, industrialized countries

started to use market mechanisms for implementing monetary policy, leading to a wider

acceptance of indirect instruments of monetary management. Undoubtedly, the implementation

of indirect monetary policy tools signifies the shift towards elevating price signals as a

significant indicator in the economy. Moreover, the rising utilization of indirect tools in the

majority of economies acts as a supplementary measure to the expanding trend of current

account convertibility among nations. The efficacy of direct instruments has diminished due to

the growing inclination towards transparency and adherence to market principles.
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The Central Bank of Nigeria (CBN) Act of 1958, along with its later revisions, delineates the

monetary policy objectives of the Bank. As per the Act, the primary objectives of the Bank are as

follows:

 To guarantee stability in money and prices;

 To uphold external reserves to protect the international value of the legal tender currency;

 To introduce legal tender currency in Nigeria; • To foster a strong financial system in

Nigeria; and

 To serve as a banker and offer economic and financial guidance to the Federal

Government.

The monetary policy objectives are consistently prioritized in the Bank's monetary, credit,

international trade, and exchange rate policies, as well as in the decisions made by the Monetary

Policy Committee (MPC). Consequently, the Monetary Policy Committee (MPC) is legally

entrusted with the duty of overseeing the implementation of monetary policy in Nigeria. The

Committee devises and oversees the execution of monetary policy to accomplish the objectives

of monetary policy.

2.1.2 Energy Consumption

Energy consumption refers to the comprehensive quantity of energy necessary for a specific

process, typically quantified in kilowatt hours (kWh). The sources encompass electricity, gas,

diesel, oil, and biomass4. The term “energy consumption” can also encompass the quantity of

electrical energy and demand, as well as the consumption of natural gas, oil, propane, or other

fuels within a facility during a specific billing period. Additionally, this principle is applicable to
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utility services, such as water and sewer, wherein the provision of these services necessitates the

consumption of energy. Energy consumption refers to the amount of energy required to

manufacture one metric tonne of sanitary paper. This includes the manufacturing of wood chips,

significant process chemicals, the overall energy consumption at pulp and paper mills (the

difference between energy purchased and generated and sales), and the energy consumed for off-

site treatment facilities. It does not include the energy consumed in mining and forestry

activities, transportation energy, and the energy obtained from burning biomass (such as bark or

sawdust).

Energy consumption plays a pivotal role in contemporary society and exhibits a strong

correlation with economic activity, technical advancement, and overall societal welfare. There

are multiple sectors involved in this domain, which include residential, commercial, industrial,

and transportation. Furthermore, this concept encompasses the quantification of energy

consumption by individuals, organizations, or entire societies within a specified timeframe. The

measurement of energy is commonly expressed in measures such as kilowatt-hours (kWh) or

British thermal units (BTUs), which are contingent upon the specific energy source being

utilized, such as electricity, natural gas, oil, and so forth. In 2017, Nigeria’s energy consumption

amounted to 1,540,259,766,000 BTU (1.54 quadrillion BTU). This accounts for 0.26% of the

total energy usage worldwide. A total of 5,952,847,305,000 BTU (5.95 quadrillion BTU) of

energy was generated by Nigeria, which accounted for 386% of its yearly energy consumption

requirements5.

In Nigeria, energy consumption plays a pivotal role in driving economic activities, powering

industries, facilitating transportation, and meeting the daily needs of households. The energy
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sector in Nigeria is characterized by a mix of traditional and modern energy sources, including

fossil fuels, hydroelectric power, and renewable energy.

Electricity Generation: Electricity is the primary form of energy consumed in Nigeria. Most of

the electricity generation in the country comes from thermal power plants fueled by natural gas

and, to a lesser extent, from hydroelectric dams such as the Kainji and Shiroro dams. However,

Nigeria still faces significant challenges in electricity generation, distribution, and access,

resulting in frequent power outages and limited coverage, especially in rural areas.

Petroleum Products: Nigeria is a major oil-producing country, and petroleum products such as

gasoline, diesel, and kerosene are widely consumed for transportation, cooking, and heating

purposes. The country’s reliance on imported refined petroleum products has led to issues of fuel

scarcity, price fluctuations, and smuggling.

Renewable Energy: While still relatively underdeveloped, renewable energy sources such as

solar, wind, and biomass are gaining traction in Nigeria. Solar energy, in particular, holds

significant potential due to the country's abundant sunlight. Efforts are underway to promote

renewable energy deployment through incentives, policies, and investments.

Biomass: Traditional biomass fuels, including firewood, charcoal, and agricultural residues, are

widely used for cooking and heating, especially in rural areas where access to modern energy

sources is limited. However, reliance on biomass fuels contributes to deforestation, indoor air

pollution, and adverse health effects.

Energy Infrastructure: Nigeria faces challenges in energy infrastructure development,

including inadequate power generation capacity, aging transmission and distribution networks,
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and insufficient investment in renewable energy projects. These limitations hinder the country's

ability to meet growing energy demand, attract investment, and achieve sustainable development

goals.

Energy Access: Despite being an energy-rich nation, millions of Nigerians still lack access to

reliable and affordable energy services. Addressing energy access challenges requires expanding

electricity coverage, improving grid reliability, promoting off-grid solutions, and supporting

decentralized renewable energy initiatives.

2.1.3 Economic Growth

Economic growth refers to an increase in the size of a country’s economy over a period6. The

size of an economy is typically measured by the total production of goods and services in the

economy, which is called gross domestic product (GDP). Economic growth can be measured in

‘nominal’ or ‘real’ terms. Nominal economic growth refers to the increase in the dollar value of

production over time. This includes changes in both the volume of production and the prices of

goods and services produced. Economists normally talk about real economic growth i.e.,

increases in the volume produced only, which takes away the effect of prices changing. This is

because it better reflects how much a country is producing at a given time, compared with other

points in time.

Economic growth is the process of increasing the sizes of national economies, the macro-

economic indications, especially the GDP per capita, in an ascendant but not necessarily linear

direction, with positive effects on the economic-social sector, while development shows us how

growth impacts on the society by increasing the standard of life7.Typologically, in one sense and

in the other, economic growth can be: positive, zero, negative. Positive economic growth is
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recorded when the annual average rhythms of the macro-indicators are higher than the average

rhythms of growth of the population. When the annual average rhythms of growth of the macro-

economic indicators, particularly GDP, are equal to those of the population growth, it is said to

be zero economic growth. Negative economic growth appears when the rhythms of population

growth are higher than those of the macro-economic indicators7.

Economic growth is a complex, long-run phenomenon, subjected to constraints like excessive

rise of population, limited resources, inadequate infrastructure, inefficient utilization of resources,

excessive governmental intervention, institutional and cultural models that make the increase

difficult, etc. It is obtained by an efficient use of the available resources and by increasing the

capacity of production of a country. It facilitates the redistribution of incomes between

population and society. The cumulative effects, the small differences of the increase rates,

become big for periods of one decade or more. It is easier to redistribute the income in a dynamic,

growing society, than in a static one. The history of Nigeria’s economic growth is characterized

by significant fluctuations, driven primarily by changes in global oil prices, government policies,

political instability, and structural challenges. An overview of Nigeria’s economic growth history

is presented as follows:

Pre-Independence Era (Pre-1960)

Nigeria’s economy was primarily agrarian, centered around the cultivation and export of cash

crops like cocoa, palm oil, and groundnuts. The agricultural sector was the mainstay of the

economy, employing a significant portion of the population and contributing substantially to

GDP.

Post-Independence and Oil Boom (1960s-1970s)
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Nigeria gained independence in 1960 and soon witnessed a transformative period with the

discovery of oil in commercial quantities in the late 1950s.The oil boom of the 1970s propelled

Nigeria into a period of rapid economic growth, buoyed by soaring oil revenues. This period saw

substantial investment in infrastructure, urbanization, and social programs, as Nigeria emerged as

a major player in the global oil market.

1970s to 1980s (Oil Boom to Economic Downturn)

However, the oil boom was followed by a subsequent economic downturn in the late 1970s and

early 1980s.Plunging oil prices, coupled with mismanagement of oil revenues and excessive

borrowing, led to economic instability and fiscal challenges. Nigeria’s economy experienced a

period of stagnation, marked by high inflation, currency devaluation, and dwindling foreign

reserves.

Structural Adjustment Program (SAP) Era (1980s-1990s)

In response to the economic crisis, Nigeria implemented Structural Adjustment Programs (SAPs)

in the mid-1980s, under the guidance of international financial institutions. Saps aimed to

liberalize the economy, deregulate markets, and reduce government intervention, with a focus on

fiscal discipline and structural reforms. However, SAPs also brought about social hardships,

including austerity measures, subsidy removals, and privatization, leading to widespread protests

and social unrest.

1990s (Transition and Challenges)
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Throughout the 1990s, Nigeria grappled with political instability, military coups, and civil unrest,

which further hindered economic progress. Despite efforts to implement economic reforms,

Nigeria continued to face macroeconomic imbalances, corruption, and governance challenges.

Early 2000s (Reform Initiatives and Recovery)

The early 2000s witnessed a resurgence in economic growth, driven by rising oil prices,

increased oil production, and efforts to diversify the economy. The government launched various

reform initiatives aimed at improving the business environment, attracting foreign investment,

and revitalizing non-oil sectors such as telecommunications, banking, and services.

2008 Global Financial Crisis and Beyond

The global financial crisis of 2008 had a significant impact on Nigeria’s economy, leading to a

downturn in oil prices and reduced foreign investment. Despite the challenges, Nigeria

demonstrated resilience and implemented fiscal stimulus measures to mitigate the impact of the

crisis.

Recent Years (Challenges and Opportunities)

In recent years, Nigeria’s economy has faced challenges such as fluctuating oil prices, security

threats, infrastructure deficits, and governance issues. Efforts to diversify the economy away

from oil dependency and address structural constraints continue, with a focus on sectors like

agriculture, manufacturing, and technology.

Nigeria’s economic growth history reflects a mix of periods of rapid expansion, economic

downturns, and modest recovery, shaped by internal and external factors. Achieving sustained

and inclusive economic growth remains a key challenge for the country, requiring structural
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reforms, investment in infrastructure and human capital, and diversification away from oil

dependency.

2.2 Theoretical Review

2.2.1 Theoretical Links between Monetary Policy and Economic Variables

The classical monetary theory is widely recognized as the initial prominent theory of monetary

policy. It is outlined in the Irving Fisher quantity theory of money, which establishes the

fundamental connection between monetary policy (money) and economic variables. According

to this theoretical framework, it is expected that both the velocity of money and output remain

constant. Consequently, any augmentation in the quantity of money will solely result in a

corresponding increase in prices, aligning with the principles of the quantity theory. Real forces

exclusively influenced the long-term growth, while the money supply exhibits both short-term

and long-term neutrality. Keynes, in both theoretical and applied policy contexts, expressed his

rejection of the quantity theory, contending that the velocity of money is not constant and

exhibits instability8. The fundamental assumption of the quantity theory of money is the absence

of a trade-off between inflation and output. Keynesianism posited that prices are inflexible, and

that the money supply responds swiftly. According to the liquidity preference hypothesis, the

need for money is not exogenous but rather endogenous, and it is contingent upon factors such as

income and interest rates. According to the theory, there exists a positive correlation between

production and interest rate, which is derived from the liquidity preference money supply

relationship, commonly referred to as the LM curve. The fundamental iteration of the IS_LM

model operates under the assumption of a constant price level, rendering it unsuitable for

analyzing inflation but rather focusing on short-term output9.
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The liquidity preference theory integrates the demand for money with the amount of money

provided by the central bank to establish the level of money equilibrium. The state of equilibrium

refers to the monetary phenomenon of interest rates. The assumption is made that the money

supply is exogenous, meaning that any increase in the money supply will result in a decrease in

the interest rate until the quantity of money required is equal to the supply. Reducing interest

rates has a beneficial effect on the efficiency of capital and investment, resulting in an increase in

output. Hicks's IS/LM perspective on Keynes's general theory, however, faced empirical

opposition10.

John Maynard Keynes expressed scepticism over the efficacy of monetary policy in situations

where the economy is trapped in a liquidity trap and uncertain conditions prevail in the financial

markets. Keynes advocated for an increased emphasis on fiscal policy. Both classical and

Keynesian models have faced challenges and rejections in following and modern theories,

leading to the abandonment of the concept of exogenous money supply8. According to Keynes’s

theory, extended periods of low interest rates are thought to cause distortions in the form of

unsustainable asset price bubbles11.

The emergence of monetarist theory occurred around the 1950s, with its foundation rooted in the

quantity theory of money. This theory posits that the velocity of money, as described by the

quantity theory, remains relatively constant10. Consequently, it suggests that nominal income is

primarily determined by the money supply. The monetarist espoused the notion of a trade-off

between inflation and output, while also redefining the Philips curve to incorporate real wages

rather than nominal wages11. The attainment of equilibrium in the labour market is achieved by

the natural rate, with the prevailing assumptions of sticky wages. Monetary policy has a short-
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term impact on real income through nominal rigidities in wages and prices. In the short run, an

increase in money stock leads to a temporary increase in real output (GDP) and employment.

However, in the long run, there is no effect due to the countervailing effect of an increase in the

general price. The theory assumes long-term monetary neutrality since the money supply is

inflationary in the long run. There is ample evidence, including current literature, to substantiate

this claim12.

Monetarism, nevertheless, has encountered opposition due to advancements in technology and

the volatility of the money demand function. Monetarism has been subject to theoretical and

empirical debates due to its assumption of an exogenous money supply. There has been equal

challenge to the assumption of constant velocity of money. The empirical research has also

presented challenges to the concept of long-run neutrality. Evans (1996) argues that money is not

neutral in the long run, even if it is not neutral in the short run, particularly when growth is

endogenous. Long-run neutrality is observed when growth is exogenous13.

Real business cycle models, the New Classical Model, New Keynesian Models, and the New

Consensus Model have exerted significant influence over post-monetarism. There is a minimal

distinction between these theories, which pertains to their approach towards nominal rigidities of

wages and prices, as well as their treatment of demand. In addition to assuming perfect

competition and full flexible prices in all markets, the New Classical Monetary Model also

incorporates this assumption. The model additionally forecasts a state of neutrality or

approximation of neutrality in monetary policy in relation to actual variables. The New Classical

model encompasses four fundamental assumptions, namely rational expectations, the natural rate

hypothesis, continuous market clearing, and the presence of imperfect information among agents
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(specifically, imperfect information serves as a driving force for cycles within these models).

Monetary policy does not influence the equilibrium dynamics of employment, production, and

the real interest rate. The only actual driving force is fluctuations in technology14.

The New Classical real business cycle (RBC) theory is based on two fundamental principles: The

role of money in business cycles is quite insignificant. Additionally, business cycles are shaped

by rational actors who respond optimally to genuine shocks, particularly technological

advancements, within a market environment characterized by perfect competition and

frictionless transactions. According to the reasonable expectations hypothesis and the continuous

market clearing assumption, it is projected that monetary policy will not exert any influence on

real GDP. The transient impact on real variables is solely attributed to unforeseen monetary

policy surprises. The New Keynesian theorists questioned the assumptions of continuous market

clearing, flexibility of wages and prices, and instantaneous adjustment of the economy to its

long-run equilibrium. The theory's significance is also refuted by numerous empirical studies.

The prominent characteristic of New Keynesian Economics was the incorporation of sticky

prices and monopolistic competition within the frameworks of the Resource-Based View

(RBV)15.

2.2.2 Theoretical Links between Energy Consumption and Economic Growth

Energy Efficiency Hypothesis

The energy efficiency hypothesis posits that improvements in energy efficiency can drive

economic growth by reducing production costs, increasing competitiveness, and spurring

innovation. According to this theory, investments in energy-saving technologies and practices

can enhance productivity and stimulate economic activity while mitigating environmental
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impacts associated with energy consumption. One key aspect of the Energy Efficiency

Hypothesis is its focus on technological innovation and adoption. Investments in energy-saving

technologies and practices, such as improved industrial processes, energy-efficient appliances,

and renewable energy sources, can lead to significant gains in efficiency across various sectors of

the economy. By reducing energy waste and optimizing resource utilization, businesses can

lower their operating costs, improve their bottom line, and remain competitive in global

markets16.

Furthermore, the Energy Efficiency Hypothesis emphasizes the role of government policies and

regulations in promoting energy efficiency. Policies such as energy efficiency standards,

subsidies for clean energy technologies, and incentives for energy conservation measures can

create favorable conditions for businesses and consumers to adopt more efficient practices.

Additionally, research and development initiatives focused on advancing energy-efficient

technologies can drive innovation and contribute to economic growth. The benefits of energy

efficiency extend beyond cost savings and economic competitiveness. By reducing energy

consumption and greenhouse gas emissions, energy-efficient practices contribute to

environmental sustainability and climate change mitigation efforts. This aligns with broader

societal goals of promoting sustainable development and transitioning towards a low carbon

economy17.

From a macroeconomic perspective, the Energy Efficiency Hypothesis suggests that

improvements in energy efficiency can have multiplier effects on economic activity. As

businesses invest in energy-saving technologies and upgrade their infrastructure, they create

demand for goods and services in related industries, leading to job creation, income generation,
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and overall economic expansion. This virtuous cycle of investment, innovation, and growth can

contribute to long-term economic prosperity. Moreover, energy efficiency measures can enhance

energy security by reducing dependence on imported fossil fuels and mitigating the risks

associated with energy price volatility and supply disruptions. By diversifying the energy mix

and promoting domestic sources of renewable energy, countries can enhance their energy

resilience and reduce vulnerabilities to external shocks18.

Energy-Led Growth Hypothesis

The energy-led growth hypothesis posits that energy consumption plays a pivotal role in driving

economic growth, suggesting a direct and positive relationship between the two variables.

According to this hypothesis, increased energy consumption is essential for sustaining and

accelerating economic expansion, particularly in sectors that heavily rely on energy inputs, such

as manufacturing, transportation, and construction. This theory is rooted in the recognition of

energy as a fundamental factor of production, without which economic activities would be

severely constrained19.

The proponents of the energy-led growth hypothesis argue that higher levels of energy

consumption enable economies to achieve greater levels of output and productivity, leading to

increased economic activity and overall growth. In this view, energy serves as a catalyst for

economic development, providing the essential power required for industrial processes,

transportation networks, and household activities. As economies expand and modernize, the

demand for energy typically rises, reflecting the increasing use of energy-intensive technologies

and appliances18.
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One of the key mechanisms through which energy consumption drives economic growth is

through its role in facilitating technological innovation and industrialization. Energy is a critical

input in the production process, enabling firms to operate machinery, power equipment, and fuel

transportation networks. As economies invest in expanding their energy infrastructure and

harnessing new energy sources, they can enhance their productive capacity and competitiveness,

driving economic growth in the process19.

Moreover, the energy-led growth hypothesis emphasizes the importance of energy security and

access in supporting economic development. Reliable and affordable energy supplies are

essential for powering economic activities, attracting investment, and promoting business

expansion. Countries with abundant and affordable energy resources may have a competitive

advantage in attracting industries and fostering economic growth compared to those with limited

or unreliable energy supplies.

However, critics of the energy-led growth hypothesis raise concerns about the sustainability and

environmental consequences of relying heavily on energy consumption for economic growth.

They argue that unchecked energy consumption can lead to environmental degradation, resource

depletion, and climate change, posing long-term risks to economic stability and societal well-

being. As such, there is a growing recognition of the need to balance energy-driven growth with

environmental sustainability and energy efficiency measures20.

2.2.3 Growth Theories

The goal of economic growth theories is to explain the various factors that determine the success

of a project. They try to identify the most critical conditions that can trigger development. Neo-

classical, classical, and even endogenous growth theories all attempt to find a model that can be



34

applied to various issues. However, many of the standard growth theories ignore the role of

quality institutions.

Classical Theory

The classical growth theory states that markets regulate themselves. The theory states that the

increase in wealth of people is linked to the improvement in the output of factor inputs, which in

turn increases the size of the functioning capital. Adam Smith argues that population growth is a

function of the substance available to the individual. The concept of investment is also

considered as an asset that can be produced because of savings. The rise in land productivity was

attributed to technological advancements and geographical discoveries. The main factor that

drives productivity growth is the division of labour. The theory of competition states that

technological advancements can lead to rapid growth. However, it warns that a sudden increase

in real output per person could cause a population explosion that would reduce real gross

domestic product. This concept is based on Thomas Malthus's theory of agriculture. Thomas

Malthus’ examples show that the number of seeds harvested from a plot of land is related to the

number of workers employed on it21.

Neoclassical Growth Model

The concept of the neoclassical growth model was developed by Trevor Swan and Robert Solow

in the 1960s. It states that the rate of growth of the gross domestic product is increased by the

higher share of investment and the decrease by the rate of depreciation of the physical capital

stock. The model assumes that the labour force growth is constant, and all saving is equal, and

that the output is dependent on the interaction between labour and capital. It also states that the

production function Y = F (K, L) shows constant returns, and that other factors such as the
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variable factor, also hold constant22. According to the neoclassical growth theory, the continuous

increase of the labour force is required to boost productivity. This is done through the build-up of

various resources, such as human capital and physical capital. It also states that the accumulation

of these factors is stimulated by the private sector. The idea that government can only affect

economic growth by investing in education and research was suggested by the neoclassical

growth model. The literature also stated that an increase in the total factor productivity of the

country would compel an increase in the output per worker23. The school of thought explained

that the effect of a decrease or increase in the national product on the growth rate of the worker

would depend on the share of capital that is owned by the owners of the country's economy. The

marginal product of capital is computed by considering the share of capital that is equal to the

total output.

The neoclassical growth model states that technological progress is determined by the level of

competition in a country. The inclusion of this assumption in the model was necessary to ensure

that all the resources are properly allocated. The criticism levelled against the model has led to

the development of the endogenous growth theory24. The ideal competition theory states that the

optimal allocation of resources is achieved through the proper allocation of capital. This ensures

that markets are open and that investors can make informed decisions. Unfortunately, when

markets fail to clear, investors' expectations are disrupted, and the information becomes

inaccurate. The effects of changes in investment plans on economic growth are typically the

main factors that affect the country's long-term growth rate. The failure of the neo-classical

model to consider the various factors that affect the country's long-term growth rate is a major

weakness.



36

Endogenous Growth Theory

Before the emergence of the endogenous growth models, various attempts to endogenize

technology were made. The classical model of external factors failed to explain how economic

growth can be sustained25. According to the theory of the endogenous growth, the factors that

contribute to economic growth are the investments in capital, knowledge, and innovation. The

long-run growth rate of an economy is a function of its total factor productivity. In the case of the

neoclassical view, the long-run rate of technological progress is mainly influenced by external

factors. The goal of the endogenous growth theory is to explain how technological progress can

be influenced by factors outside the control of the government. According to a noted author,

technological progress is made through the invention of new products and processes, which are

often the result of economic activities26. Learning by doing is not restricted to the firms that

produced the goods and services, but also to the firms that acquired them. Thus, in a competitive

equilibrium, technological progress would not be compensated for by the additional capital that

would be received by the labour and capital.

The growth of technological progress is dependent on the increase in saving propensity. This is

why the Arrow model was only used in the case of fixed capital requirements and fixed labour

requirements. It shows that the long-run growth of output was limited by the growth in labour.

The accumulation of capital is a crucial factor that limits the growth of an economy. In a

neoclassical model, the other factors that affect the output, such as the employment of workers

and technological progress, are also considered. In a different type of model, the other

determinants are considered, and the growth of one of these factors is assumed to automatically

increase the output in proportion to capital. This method allows the output to grow in line with
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the increase in capital. The AK model was the first major innovation in the field of economics. It

predicted that a country’s long-run growth rate would be dependent on various factors such as

the efficiency of the country’s resource allocation. The first analytic models of AK were traced to

prominent authors24. Some of them developed models with fixed coefficients and others with

substitutable factors and market clearing features. The latter model was designed to reconcile the

positive long-term growth result of Harrod-Domar with the neoclassical model’s constraints27.

The Solow model is a constant savings rate, while the Frankel model proposes a learning-by-

doing approach that can increase productivity. According to the author, capital is the determining

factor of capital, but not employment. He noted that the similarities between capital and

knowledge can lead to the elimination of the Harrod-Domar model’s fixed coefficients. A new

approach to the AK model was presented by two researchers25. They argued that knowledge

could be profitable to the explorer, but it could also lead to technological spill-over and make it

more accessible to others. Their model was based on a combination of social learning and the

trade-off between consumption and capital.

The development of new economic theories has been linked to the effects of policies that support

research and education. This is because these policies could have a significant impact on the

long-term growth of the economy. New institutional economics has also been developed, which

suggests that the role of institutions in the market economy is becoming more apparent. For

instance, according to the author, factors such as technological and institutional conditions can

affect the sustainability of an economy27. In another perspective, this suggests that the quality of

institutions is also linked to the capital and resources that they produce. The sustainability of an

economy can be achieved through the various institutional settings that are designed to improve
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the efficiency of the financial system. According to literature, good institutions can help boost

the efficiency of the financial system by investing in areas that are expected to stimulate growth,

while weak institutions can allow their activities to divert credit to unproductive and inefficient

activities29.30. The relationship between monetary policy and energy consumption can also be

affected by the substitution of various inputs with technological change. For instance,

technological change can affect the composition and quality of the institutional output. In his

paper, Solow criticized the limits of the theory on technological progress as a way of mitigating

the effects of the scarcity of resources.

2.3 Empirical Review

2.3.1 Monetary Policy and Economic Growth

Some scholars investigated the impact of monetary policy on economic growth in Nigeria. The

analysis was based on secondary data obtained from the Central Bank of Nigeria statistical

bulletin, spanning the years 1980 to 2017. The estimates of the model were derived using a

multiple econometric model of ordinary least squares. This model was employed to examine the

impact of many factors, including money supply, credit in the economy, interest rate on credit,

infrastructure, inflationary rate, external debts, and price index, on the growth of Nigeria. The

findings indicated that the variables of money supply, interest rate on credit, infrastructure, and

external debt exhibited statistical significance in elucidating their effects on economic growth.

The report suggests, among other recommendations, that to ensure the efficient implementation

of monetary policy measures in the Nigerian economy, it is advisable to provide the Central

Bank of Nigeria complete autonomy in carrying out its monetary policy functions. The
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replacement of partial autonomy with full autonomy is necessary for central banks in developing

countries, as they are consistently susceptible to government meddling and political influences31.

Similarly other scholars investigated the efficacy of the Monetary Policies implemented by the

Central Bank of Nigeria in fostering economic growth throughout the time frame spanning from

1990 to 2011. The study employed multiple regression models as the primary statistical

technique for analyzing the impact of money supply, average price, interest rate, and labour force

on Gross Domestic Product. Research indicates that the procedures implemented by the Central

Bank of Nigeria (CBN) for Monetary Policy are successful in controlling both the monetary and

real sector aggregates, including employment, prices, output level, and economic growth rate.

The study's empirical findings suggest that the average price and labour force exert a substantial

impact on Gross Domestic Product (GDP), however the money supply does not demonstrate a

significant influence. The adverse interest rate exhibited a statistically significant negative trend.

Hence, it is advisable that the Central Bank's Monetary Policy serves as a potent instrument to

stimulate investment, diminish unemployment, lower lending rates, and stabilize Nigeria's

economy32.

Some other academicians also investigated the comparative efficacy of monetary and fiscal

policies on the economic growth of Bangladesh during the time span from 1974 to 2015. The

study uses cointegration and Vector Error Correction Model (VECM) as analytical tools. As a

measure of economic growth, they employed nominal GDP as a substitute, while wide money

supply (M2) and reserve money (RM) serve as substitutes for monetary policy. The proxies

employed for fiscal policy are total government income (TR) and total government expenditure

(TE). The results of the Johansen cointegration tests indicate that in Bangladesh, monetary policy
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(namely M2 and RM) exerts a more substantial and beneficial influence on long-term economic

growth compared to fiscal policy. The findings of the Vector Error Correction Model (VECM)

indicated the presence of a modest long-term causal relationship between monetary and fiscal

policy and economic development. Furthermore, it can be argued that economic growth serves as

a prominent indication in relation to fiscal policy in the immediate term. In conclusion, it can be

inferred that monetary policy is a more efficacious mechanism compared to fiscal policy for

fostering economic growth in both the short and long term within the context of Bangladesh33.

Most scholars in Ghana have not extensively examined the effect of monetary policy instruments.

Hence, some scholars assessed the influence of monetary policy instruments on economic

growth by analyzing time series data spanning from 1990 to 2019. The stationarity of the

variables was assessed using augmented Dickey-Fuller and Phillips-Perron unit root tests. The

long- and short-run dynamics of the variables were estimated using Johansen cointegration and

error correction technique. The findings derived from the estimation demonstrated a statistically

significant and positive relationship between money supply and exchange rate with economic

growth, both in the short and long term. Furthermore, the growth rate was considerably impacted

in a negative manner by the monetary policy rate, interest rate, and inflation. The findings also

demonstrated a reciprocal causal relationship between the money supply and the pace of

economic expansion. In the long run, a unidirectional association was observed between interest

rates and economic growth, inflation and economic growth, and monetary policy rates and

economic growth. The study suggests that it would be beneficial for monetary policy authorities

and the Bank of Ghana (BoG) to implement structural changes and policies aimed at fostering a

conducive environment for both domestic and foreign investment. It is imperative for the Bank
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of Ghana (BoG) to effectively manage interest rates, policy rates, and inflation to mitigate the

potential contraction of economic activities, as these factors exert a direct impact on overall

growth34.

Similarly, a study examined the efficacy of monetary policy instruments in ensuring the stability

of economic growth in Nigeria. The study utilized three components of monetary policy, namely

money supply, interest rate, and exchange rate, to assess the efficacy of monetary policy in

maintaining economic growth stability in Nigeria throughout the period spanning from 1998 to

2018. The results indicate that the money supply has a significant beneficial impact on the GDP,

which serves as an indicator of the stability of economic growth. Nevertheless, the GDP is not

significantly influenced by interest rates and exchange rates. The study asserts that the money

supply is the most effective instrument of monetary policy in Nigeria and suggests its appropriate

utilization to attain optimal economic advantage. The central bank of the country, known as the

Central Bank of Nigeria (CBN), is being pushed to enhance credit accessibility by implementing

measures to mitigate interest rate and currency rate swings35.

Some authors also investigated the correlation between monetary policy and economic growth in

Nigeria. The study employed the Granger pair-wise causality model to examine the nature and

direction of causation. Additionally, a multiple regression model was developed, drawing upon

the theoretical framework of the research. The researchers employed the error correction

mechanism (ECM) technique to accurately estimate the equation and assess the intrinsic

relationship between monetary policy and economic growth. Additionally, they examined the

influence of money supply, interest rate, and exchange rate on the rate of economic growth in

Nigeria. The finding indicated the presence of a one-way causal connection between the money
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supply and economic growth in Nigeria. Furthermore, economic growth is adversely impacted by

interest rates and exchange rates, whereas money supply has a beneficial impact on economic

growth. In order to mitigate inflation and foster economic growth in Nigeria, authorities should

focus on regulating key macroeconomic factors, namely the money supply, exchange rate, and

interest rate36.

Some scholars also examined the correlation between monetary policy and economic growth in

Nigeria. The study encompassed a period of 18 years, specifically from 2000 to 2017. The study

used the GDP as a surrogate for economic growth and serves as the variable that is influenced by

other factors. The explanatory factors included the interest rate, open market activities, exchange

rate, monetary policy rate, and cash reserve ratio. The research included time series data for the

variables under investigation and utilized the ordinary least squares method. Additionally, the

ADF unit root test was undertaken to assess stationarity, and the error correction mechanism was

employed for co-integration testing. The research revealed that factors such as interest rate, open

market operations, and exchange rate exhibit a positive influence on the Gross Domestic Product

(GDP). Conversely, the monetary policy rate and cash reserve ratio demonstrate an inverse

association with the GDP. Therefore, the study suggested that the government should implement

suitable policy measures to address the key variables in relation to the established aims and

objectives37.

To analyze the impact of monetary policy shocks on economic growth in Nigeria. Some

researchers utilized an ex post facto research strategy and employed a regression model. The

dependent variable in this model was economic growth, while the explanatory factors included

money supply, inflation, and interest rate. The study utilized time series data from the Central
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Bank of Nigeria (CBN) Statistical Bulletin and the World Bank Development Index (WDI)

spanning from 1986 to 2018. The analysis in this paper utilized the Vector Autoregression (VAR)

methodologies. The findings from the vector autoregression analysis indicated that there is a

statistically significant positive relationship between money supply and economic growth in

Nigeria. However, the impact of inflation and interest rate on economic growth in Nigeria is

shown to be statistically negligible. The findings demonstrate that monetary policy shocks have a

substantial impact on economic growth in Nigeria, although interest rate and inflation do not

exhibit any influence. It has been suggested that the Central Bank of Nigeria (CBN) should

implement a downward adjustment of the Monetary Policy Rate from 12% to 9% in order to

improve financial accessibility38.

Some scholars also investigated the correlation between monetary policy and economic growth

in Nigeria by analyzing time series data spanning from 1980 to 2017. This study utilized the

Cointegration test and the Ordinary Least Square (OLS) technique to estimate the coefficients of

the model and demonstrate the policy relationship between the variables. The findings suggested

the presence of a sustained correlation between quantitative measures of monetary policy and the

rate of economic growth. Additional empirical evidence demonstrates that the money supply

exerts a positive impact on the real GDP, whereas both the exchange rate and interest rate exhibit

a negative influence. Therefore, it is imperative for the monetary authorities in Nigeria to

effectively oversee and regulate the expansion of the money supply in order to achieve the

intended level of growth. In light of the prevailing socio-economic and political circumstances in

Nigeria, there is an increasing imperative to develop suitable monetary policies that can
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incentivize borrowing by implementing a robust and effective interest rate structure, alongside

maintaining a stable currency rate39.

To examine the dynamics of monetary policy, inflation, and economic growth within the

Ghanaian economy from 1982 to 2017, some authors employed the Autoregressive Distributed

Lag (ARDL) cointegration model and the findings of this study indicated that there exists a

significant long-term relationship between interest rates and economic growth. However, this

relationship is negative in nature, suggesting that higher interest rates tend to impede economic

growth and contribute to inflationary pressures. Regarding the exchange rate, the long-term

outcome suggested a negligible adverse impact on economic growth. Overall, the findings

indicate that the macroeconomic factors that impact economic growth are the interest rate and

currency rate. These findings provide empirical support for the notion that macroeconomic

instability exert a substantial impact on economic growth. Consequently, it is necessary to grant

the Bank of Ghana fiscal restraint and independence authority, with reduced interference from

the government, to facilitate the effective execution of monetary policy without any political

interference40.

Likewise, some authors examined the impact of monetary policy on economic development from

1981 to 2014, utilizing secondary data sourced from the Central Bank of Nigeria's publications,

including annual reports, statements of economic and financial review, and Statistical Bulletins.

The findings indicated that the monetary policies implemented during the examined period have

had a significant influence on the economic growth of Nigeria41.

Some scholars also examined the effectiveness of monetary policy instruments in Nigeria by

analyzing monthly data spanning from 2000 to 2016. The research employed the Johansen
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Multivariate Cointegration methodology and considered the application of Vector Error

Correction (VECM). The results of the Cointegration test indicate the presence of a sustained

association between monetary policy instruments and economic development. The study

additionally demonstrated that the variables exhibited a monthly rate of adjustment towards their

long-term equilibrium trajectory, reaching approximately 27 percent. The primary finding of the

study revealed that the Consumer Price Index (CPI), Real Exchange Rate (RER), Money Supply

(M2), and Interest Rate (INT) played a crucial role as monetary policy tools in driving economic

growth in Nigeria during the examined timeframe. As a result, the study concluded by suggesting

that the monetary authority in Nigeria should adopt Nominal GDP targeting as the framework for

their monetary policy making process42.

To investigate the impact of monetary policy on the economic growth of a specific group of

SAARC countries, some authors carried out an extensive study to achieve this main objective,

the analysis relies on panel data spanning 25 years, from 1996 to 2020, from five selected

SAARC states. The study employed a research strategy that utilized descriptive and causal

relationships, relying on secondary data sources. The Hausman test was conducted to determine

the appropriate model between fixed and random effects. In this study, a correlation matrix was

employed to provide a concise summary of the relationship between the variables. The study

revealed that foreign reserve and broad money variables exhibited a statistically significant

positive impact on GDP, whereas the exchange rate variable demonstrated a statistically

significant negative impact. Furthermore, the study revealed that inflation had a statistically

minor negative impact on economic growth, with a significance level of 5%. This paper asserts

that the limited efficacy of monetary policies in achieving their policy objectives can be
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attributed to deficiencies in the policy instruments employed, hence constraining their impact on

economic growth, despite the notable contributions made by monetary policies over time43.

To examine the influence of monetary policy on the economic growth prospects of Nepal, some

scholar utilized data obtained from the national account sources of the World Bank, covering the

period from 1965 to 2020. To mitigate the occurrence of spurious regression, an Augmented

Dickey-Fuller unit root test was conducted. The Johansen co-integration test was employed

subsequent to the integration of all variables in order I (1). Subsequently, the Vector Error

Correction model was utilized to determine the rate at which the system adjusts towards long-run

equilibrium. The VECM coefficient exhibited a negative and statistically significant link,

indicating a long-term association between monetary policy and GDP growth. The findings of

the study indicate a bidirectional causal relationship between the money supply and GDP growth.

The findings provide evidence for the influence of monetary policy on the economic growth of

the nation. Monetary authorities and policy makers should prioritize the implementation of a

sound monetary policy to foster economic growth within the country, as it has the potential to

mitigate unemployment, stimulate investments, and enhance economic stability44.

Some authors also conducted an empirical analysis to investigate the impact of monetary policy

on the economic growth of Lao PDR. The present research employed the Vector Autoregressive

Model (VAR) and utilized quarterly data spanning from the initial quarter of 1995 to the final

quarter of 2018. The findings of the study demonstrated a negative relationship between GDP

and price level. This suggests that when the central bank implements an expansionary monetary

policy or experiences a shock in monetary policy, it will have an impact on consumer price levels.

Consequently, this would lead to a fall in real output within the Lao economy. Additionally, this
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study has identified a detrimental impact of real interest on the Gross Domestic Product (GDP)

in Lao PDRD45.

To investigate the transmission of monetary policy instruments on the economic growth of

Nigeria, some authors analyzed quarterly time series data spanning from Q12008 to Q42018.The

research utilized the Augmented Dickey Fuller's unit root test, lag selection criteria, and impulse

response function within the framework of the Toda-Yamamoto approach to investigate the

transmission of monetary policy tools on economic growth. The findings indicated that the

effectiveness of monetary policy tools, namely the manipulation of money supply, is not

consistently consistent. Any changes in these factors, whether they increase or decrease, may

have a negative impact on the availability of credit to the key private sectors, hence impeding

growth, and development. This study suggested that the monetary authority should take proactive

efforts to ensure the stability and strength of commercial banks, which can provide significant

money to the core private sector to enhance economic productivity. It is possible to accomplish

this objective by closely monitoring banks and assuring the comprehensive deployment of

indirect monetary policy instruments46.

To examine the influence of monetary policy instruments on the economic growth of Azerbaijan

from 2005 to 2018, employing the Vector Error Correction Model (VECM), some researchers

employed robustness test, various co-integration approaches, specifically Johansen, DOLS,

FMOLS, and CCR. The results obtained from various co-integration approaches exhibit

congruence and validate the presence of enduring associations among variables. Moreover, the

findings from the Vector Error Correction Model (VECM) indicated that the monetary base and

exchange rate exert a positive and statistically significant influence on long-term economic
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growth. Conversely, the discount rate does not demonstrate a meaningful impact. The article

asserts that policymakers should prioritize the promotion of the monetary base and exchange rate

over other monetary policy tools when implementing monetary policy to stimulate economic

growth47.

To investigate the relationship between monetary policy and economic growth in Ethiopia

through the analysis of time series data spanning from 1980 to 2019, some authors conducted the

unit root tests by Zivot and Andrews (ZA) and Clemente (CMR) which demonstrated that the

real interest rate exhibited stationarity at level. The ARDL limits test for co-integration yielded

data indicating the existence of a long-term relationship among the series observed during the

duration of the investigation. The findings of the long-term estimation revealed a statistically

significant positive relationship between money supply, real interest rate, reserve requirement,

and gross capital formation with economic growth in Ethiopia over the duration of the study. The

results of the Error Correction Model (ECM) test indicate that around 29% of short-term

disequilibrium is subject to annual adjustments. The causality test revealed a substantial causal

relationship between real gross domestic product and inflation, exchange rate, and money supply

at a 5% level of significance. Additionally, a significant causal relationship was seen between

real gross domestic product and gross capital creation at a 10% level of significance. In summary,

this analysis found a positive correlation between many monetary policy instrument variables

and economic development, with the exception of inflation and exchange rate. It is

recommended that the national banks of Ethiopia demonstrate a strong commitment to the

objective of maintaining price stability48.
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Some scholars examined the influence of monetary policy on the economic growth of Nigeria.

The study utilized annual time series data spanning from 1981 to 2020. The study employed the

growth rate of gross domestic product (GRGDP) as the endogenous variable, while the

exogenous variables and proxies for monetary policy included broad money supply (MS2),

monetary policy rate (MPR), inflation (INFL), liquidity ratio (LDQR), and exchange rate

(EXCH). The data utilized in this study were sourced from the Statistical Bulletin of the Central

Bank of Nigeria for multiple years, as well as the World Bank National Account Data.

Descriptive statistics were employed in the investigation, followed by a unit root test conducted

using the Augmented Dickey-Fuller test, an Autoregressive Distributed Lag (ARDL) Bound test,

and the application of Toda Yamamoto to examine causality. The Toda Yamamoto causation test

demonstrated that all external factors exhibited bi-directional causation with economic growth,

except for the exchange rate, which shown uni-directional causality with economic growth.

Based on the research findings, it was recommended that the management and manipulation of

Broad Money Supply (MS2) be effectively implemented to attain the desired growth, aligning

with the monetary policy stance maintained by the monetary authority. Furthermore, it is

imperative for the monetary authority and the government to actively pursue policies aimed at

promoting financial inclusion in Nigeria, since this would significantly bolster the efficacy of the

monetary policy49.

Similarly, a study focused on the output of the manufacturing sector to analyze the impact of

monetary policy on industrial growth in Nigeria from 1986 to 2019. The study's data were

obtained from the CBN Statistical bulletin. The researchers created a multivariate regression

model and used the Ordinary Least Square (OLS) regression approach to analyze the data. The
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findings of the study indicated that there is a positive and significant relationship between Open

Market Operation (OMO), as measured by the Treasury bill rate, and the Gross Domestic

Product (GDP) of the Nigerian Manufacturing Domestic Sector. Additionally, the Cash Reserve

Ratio (CRR) also has a positive and significant impact on the GDP of the Nigerian

Manufacturing Sector. On the other hand, the Monetary Policy Rate (MPR) has a negative and

significant effect on the GDP of the Nigerian Manufacturing Sector. The paper asserts that

monetary policy is an effective instrument for bolstering the expansion of the industrial sector in

Nigeria. It was advised that the monetary authority should guarantee a reduced Monetary Policy

Rate (MPR) to stimulate investment and thus enhance industry growth50.

2.3.2 Energy Consumption and Economic Growth

Several scholars have conducted an analysis on the correlation between energy consumption and

economic growth in the context of Indonesia. The present study employed a quantitative research

approach to evaluate the relationship between energy consumption and economic growth in

Indonesia throughout the time frame spanning from 2000 to 2019. The study examined the

relationship between energy consumption as the independent variable and economic growth in

Indonesia as the dependent variable. The analysis includes the calculation of long-term and

short-term coefficients, as well as the use of Augmented Dickey Fuller and Johansen co-

integration. The results of the study indicate a significant correlation between economic growth

and energy usage. The analysis of historical data reveals that energy consumption possesses the

capacity to serve as a predictive factor for economic growth in Indonesia. The research can be

enhanced by augmenting the sample size, expanding the number of variables, and incorporating

additional nations for comparative analysis. This study also offers guidance to policymakers on
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the development of energy consumption policies that promote economic growth inside the

country51.

The objective of certain authors was to investigate the interconnection between energy and

economic growth in post-communist countries from 1995 to 2014. The growth model is used as

an empirical model, using an economic complexity indicator to assess the ability to export

advanced items. The long-term relationship between the variables was evaluated using Pedroni's

(1999) panel cointegration tests and Panel Dynamic OLS estimation. We have established

cointegration between energy consumption and economic growth at a significance level of 1%.

The findings of the Panel Dynamic Ordinary Least Squares (OLS) analysis indicate a positive

relationship between economic growth and energy consumption in post-Communist republics.

The panel Granger causality test conducted by Dumitrescu and Hurlin (2012) revealed a

unidirectional causal relationship from economic growth to energy consumption. The

conservation hypothesis is confirmed by the correlation between economic growth and energy

usage in post-communistic countries52.

Several scholars conducted a study to investigate the causal relationship between energy

consumption and real GDP in the fourteen MENA Countries from 1987 to 2019. They employed

a bivariate Vector Auto-regression model and the Granger causality technique for their analysis.

The study demonstrates the presence of either a one-way, two-way, or unrelated causal

connection between energy consumption and economic growth in various nations within the

MENA Region. To ensure sustainable economic growth in the MENA area, it is imperative for

environmental and energy policy to acknowledge the correlation between energy consumption

and economic growth53.
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The impact of oil, gas, and biomass fuel consumption, road infrastructure, life expectancy, and

average length of education on economic growth in Indonesia from 1990 to 2019 was examined

by some scholars. The present study employed a quantitative approach, utilizing linear regression

as the chosen method for data analysis. The utilized data include time series data spanning from

1990 to 2019. The findings of this study indicated that there is a positive and statistically

significant relationship between oil, petrol, and biomass fuel consumption, average length of

education, and economic growth in Indonesia from 1990 to 2019. However, it was observed that

road infrastructure and life expectancy do not have a significant impact on economic growth

during this period. The study proposed enhancing energy reserves through the expansion of

energy sources and the development of additional infrastructure to bolster and enhance energy

supply54.

To examine the correlation between the consumption of energy in several industries, specifically

oil, coal, gas, and electricity, and economic growth. The study utilized annual time series data of

Pakistan spanning from 1972 to 2016. The ARDL bound test was employed to examine

cointegration, while the Granger causality test is utilized to assess short-term causation. The

findings of the study indicate that there is a positive and statistically significant relationship

between oil consumption in the industrial and transport sector, petrol consumption in the

fertilizer and power industry and electricity consumption in the industrial sector, and long-term

economic growth. Nevertheless, the consumption of oil in the agricultural and power sectors,

coal in the power and brick kilns sector, gas in the cement sector and electricity in the

agricultural sector all exert a detrimental and substantial influence on economic growth. There is

no evidence of a causative relationship between oil consumption and economic growth. However,
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in the short term, there is a unidirectional causal relationship from economic growth to coal

consumption in the brick kilns sector, gas consumption in the industrial sector and electricity

consumption in the agriculture sector. To ensure a sustainable energy supply, it is important to

decrease the reliance on oil and coal and instead utilize locally accessible resources. However,

for sustainable economic growth, it is advisable to promote the use of electricity in the industrial

sector and encourage the fertilizer and power sector to utilize gas55.

Some authors examined the long run correlation and causative link between energy consumption

and economic growth in the BRICS countries from 1990 to 2018. They used the Pair-wise

Granger-causality technique to examine the causal link between the variables. The findings of

the study indicated the existence of a sustained correlation between economic development,

energy consumption, employment, and trade openness among the BRICS countries. The study

findings also revealed a one-way causal relationship from economic growth to energy

consumption. This suggests that the implementation of conservation policies aimed at reducing

energy loss could be feasible in the BRICS countries without causing negative impacts on

economic growth56.

Some researchers analyzed the causal relationship between energy consumption and economic

growth in Kuwait. Additionally, they examined the influence of rising local energy prices on

Kuwait's economic growth. They employed statistical analysis to examine the causal

relationships between different factors, including GDP, annual oil production, oil-reserves

depletion, annual energy consumption, and CO2 emission. The findings indicated a strong

correlation between Kuwait's oil exports (sales) and its total GDP. The disparity between the

overall Gross Domestic Product (GDP) and the GDP derived from oil precisely corresponds to
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the non-oil-related economic growth that contributes to the country's economy. The results of the

study offer a dependable and appropriate foundation for policy formulation, not only in Kuwait

but also in other nations that rely on a single source of oil production, such as the Gulf

Cooperation Council (GCC) countries57.

Similarly, some scholars also investigated the intricate interplay between energy consumption,

foreign direct investment, and economic growth in the Sub-Saharan African region. They

examined the impact of energy consumption, foreign direct investment, and economic growth

using the Generalized Method of Moments, in addition to examining the tripartite causal

relationship. The research employed data from a total of 42 Sub-Saharan African countries,

covering the period from 1991 to 2018. The study's findings indicated that a rise in energy

consumption by a certain percentage lead to a corresponding economic growth of 1.3 percent. In

contrast, economic development leads to a 0.004 percent increase in energy consumption

Moreover, a notable unidirectional causal relationship exists between foreign direct investment

(FDI) and economic growth. There was no statistically significant relationship observed between

energy usage and foreign direct investment (FDI) in either direction. The report proposes that it

is imperative for the government in Sub-Saharan Africa to prioritize the provision of increased

energy access to bolster economic growth58.

Some scholars also investigated the effects of energy consumption and energy costs on economic

growth using three data sets consisting of panel groups from Next 11 nations. The analysis was

conducted within a multivariate panel framework, covering the period from 1990 to 2013. The

panel Autoregressive Distributed Lag estimation approach reveals that energy consumption had a

positive effect on economic growth in both the long-run and short-run for the entire group of
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Next 11 countries. Additionally, the results of panel causality tests confirm a unidirectional

causal relationship between economic growth and energy consumption. The panel Dynamic

Ordinary Least Squares approach revealed that economic growth in the 6 out of Next 11 net oil-

importing countries is adversely affected by both energy consumption and energy prices. The

panel Autoregressive Distributed Lag estimation approach for the panel group of 5 out of the

next 11 net oil-exporting countries reveals that, in the long term, energy consumption has a

detrimental impact on economic growth, while energy prices have a positive influence on

economic growth. However, in the short term, both energy consumption and energy prices have a

negative effect on economic growth59.

Similarly, some academicians focused on the correlation between the consumption of renewable

energy and the economic growth in Uganda, utilizing data from 1988 to 2018. The study

employed a vector error correction model and utilized the augmented Dickey Fuller test to assess

stationarity. Additionally, the Johansen test was employed to examine cointegration. The Granger

test was employed to examine the presence of causation among the variables under investigation.

The results suggested a detrimental correlation between renewable energy and economic

expansion. The study recommended that government should prioritize the implementation of

clean energy policies and enhance its power trade within the East African community to

effectively manage surplus electricity supply during periods of high domestic usage60.

A researcher examined the correlation between environmental deterioration, energy usage, and

economic expansion in Cameroon by analyzing time series data from 1970 to 2018. The data

analysis in this study utilized the Autoregressive Distributional Lag (ARDL) model, employing

the Econometrics View Package (E-views 10). The findings of the study indicate a significant
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and positive correlation, both in the short term and the long term, between energy consumption

(energy consumption) and economic growth (RGDP). Furthermore, a robust and statistically

significant correlation exists between power consumption and economic growth, whether

observed in the short-term or long-term. Once again, the findings confirmed a detrimental

correlation between environmental deterioration (CO2) and economic expansion (RGDP) in both

the immediate and extended periods. Additionally, the findings indicated a statistically

significant and positive correlation between energy consumption and CO2 emissions in the short

term, but this association was shown to be statistically negligible in the long term. In conclusion,

the coefficients associated with the ARDL error correcting mechanism (ECM(-1)) exhibit

negative values and demonstrate statistical significance. This suggests that the rate at which the

system adjusts from the short-term to the long-term equilibrium is substantial. The report

suggested that oil refining and transport businesses should enhance the nationwide supply of fuel

and petrol by establishing oil pipelines to connect important communities. Additionally, it was

recommended that the government augment its budgetary commitment towards the energy

industry61.

Some researchers also investigated the influence of energy consumption on the economic growth

of post-transition countries, both inside and outside the European Union. This study employed

panel data from 10 post-transition nations throughout the observed period of 2012-2020 to assess

the influence of energy consumption on economic development. The findings indicated that there

is a positive and statistically significant relationship between energy consumption and economic

growth. A marginal increase of one percent in per capita final energy consumption is associated

with an average gain of 0.557 percent in real GDP per capita. The findings of the study hold
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significance in informing policy interventions and energy incentives aimed at promoting the

adoption of new technologies and energy-efficient sectors, hence fostering sustainable economic

growth62.

The relationship between economic growth and energy consumption is interconnected within an

economy, and it is anticipated that these variables will exhibit a positive association. Some

researchers examined this link inside the United Arab Emirates from 1996 to 2020. The analysis

in the paper employed fundamental regression and Vector Auto Regression approaches. The

research revealed a positive correlation between energy consumption and non-renewable energy

consumption, which is contingent upon the economic growth of the country. Furthermore, this

relationship reaches its optimal state when there is a lag of 7 years63.

Some scholars used the auto-regressive distributed lag approach to estimate the impact of energy

consumption on economic growth in Nigeria from 1981 to 2017. The findings suggested that the

increase of economic activity in Nigeria is highly influenced by energy consumption and gross

fixed capital creation, which serves as a proxy for infrastructure. Furthermore, the research

provided empirical evidence that an endogenous variable exhibits a delayed response to both its

own shocks and shocks to explanatory factors. Hence, it may be argued that energy consumption

has a significant role in shaping economic growth in Nigeria, thereby supporting the energy-led

hypothesis. The empirical evidence of a positive correlation between electricity usage and capital

use lends support to the endogenous growth theory. There is a significant advocacy for more

investment in energy and infrastructural development by both the government and business

sector64.
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Some authors utilized the ARDL bounds test methodology and the VECM test technique to

investigate the enduring association and causation direction between renewable energy

consumption and economic growth in Argentina. The study utilized quarterly time series data

spanning from 1990 to 2018. The study used trade openness, capital, and employment to

establish a multivariate framework. The findings indicate the presence of a sustained association

between the variables. The VECM test methodology has substantiated the presence of a

unidirectional causal relationship, wherein economic growth influences the usage of renewable

energy. Consequently, energy conservation regulations potentially do not have a detrimental

impact on economic growth. The report thus proposed the implementation of a suitable and

efficient energy policy in the long term65.

In a bid to reassess the impact of renewable energy consumption on economic growth within a

sample of 38 nations that consume renewable energy, spanning the period from 1990 to 2018.

Some scholars employed the dynamic ordinary least squares (DOLS), completely modified

ordinary least squares (FMOLS), and heterogeneous non-causality methodologies. The empirical

research provides evidence supporting the existence of a sustained correlation between the

consumption of renewable energy and the growth of the economy. Additionally, their analysis

revealed that renewable energy, nonrenewable energy, capital, and labour exert a favourable

influence on economic growth. Notably, the use of renewable energy demonstrates a favourable

impact on economic growth in 58% of the nations included in our sample. The findings from the

empirical analysis indicated that it is imperative for international cooperation agencies, energy

organizers, governments, and affiliated entities to collaborate to enhance investment in

renewable energy, hence promoting low carbon growth in the majority of these economies66.
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To investigate the causal relationship between the utilization of renewable energy and economic

growth through the application of a threshold model. Some authors conducted an analysis using a

sample of 103 countries spanning the years 1995 to 2015. The correlation between the utilization

of renewable energy and economic growth is contingent upon the quantity of renewable energy

employed. The findings of their study indicate that there exists a positive and statistically

significant relationship between the consumption of renewable energy and economic growth.

However, this relationship is contingent upon developing countries or non-OECD countries

exceeding a specific threshold of renewable energy consumption. Nevertheless, when developing

nations employ renewable energy sources at a level that falls below a specific threshold, the

impact of renewable energy consumption on economic growth becomes adverse. Nevertheless,

the analysis revealed that the utilization of renewable energy does not have a substantial impact

on the economic growth of developed nations, whereas it does have a favourable and substantial

impact on the economic growth of OECD countries. The results indicate that for developing

nations to achieve favourable economic growth through their investments in renewable energy,

they must exceed a specific threshold of renewable energy consumption67.

To investigate the correlation between economic growth and energy consumption within the time

frame of 1986 to 2015, focusing on a sample of 15 developed nations. Some researchers

employed the dynamic panel analysis technique to consider cross-section dependence and

homogeneity tests. Consequently, the decision was made to conduct unit root and cointegration

tests. The findings of the cointegration test indicate the presence of a sustained association

between economic growth and energy consumption over an extended period. The findings

derived from the examination of the Dumitrescu-Hurlin causality test indicate the presence of a
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reciprocal causal relationship. Based on the conducted analysis, it was determined that there

exists a causal relationship between economic growth and energy consumption for the time

frame spanning from 1986 to 2015 in a sample of 15 industrialized nations68.

A study examines the relationship between the consumption of renewable energy and economic

growth in developing nations, as well as the influence of environmental sustainability on this

relationship. A researcher utilized the General Method of Moment (GMM) to address the

potential issue of endogeneity that has been observed in prior studies, employing data obtained

from the World Bank. Research has revealed that the utilization of renewable energy has a

beneficial albeit modest effect on the economic growth of emerging nations. However, when

considering environmental sustainability, the influence of renewable energy consumption

becomes more significant. Likewise, the interaction between carbon dioxide (CO2) and

renewable energy results in a shift in the polarity of CO2 from positive to negative. The study

suggests that the economic effects of renewable energy consumption may be limited, but they are

justified due to its potential for environmental sustainability69.

A research reassesses the correlation between energy usage and economic expansion in Nigeria

from 1995Q1 to 2016Q4 by employing various model assumptions. Some scholars employed a

nonlinear (or asymmetric) autoregressive distributed lag (ARDL) model using an ARDL-ECM

specification, which assumes a linear relationship rather than a nonlinear one. In general, the

analysis indicates that the impact of energy consumption on economic growth has been minimal,

implying that further efforts are required to fully realize the anticipated role of energy in the

Nigerian economy. The results of the Granger causality tests indicate a unidirectional causal

relationship from energy consumption to economic growth. This suggests that Nigeria has the
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potential to achieve significant levels of sustainable growth through the enhancement and

stability of its energy supply. Therefore, the study asserts that the findings serve as a significant

reminder to governments and policymakers in Nigeria and other Sub-Saharan African economies

that exhibit structural resemblances. It emphasizes the pressing necessity to develop and execute

policies that effectively tackle the energy demands faced by these economies70.

2.3.3 Monetary Policy and Energy Consumption

The study investigates if there is an uneven effect of US monetary policy uncertainty on energy

consumption71. The study utilizes both symmetric and asymmetric autoregressive distributed lag

(ARDL) estimation methods. It reveals that monetary policy uncertainty has adverse effects on

renewable energy consumption in both the short and long term within the linear model.

Additionally, a reduction in monetary policy uncertainty significantly decreases renewable

energy consumption in the USA, as observed in the non-linear model. Nevertheless, the analysis

reveals that the level of uncertainty in monetary policy has a negligible influence on non-

renewable energy consumption in both the short and long term. However, heightened uncertainty

in monetary policy in the United States has adverse consequences, whereas reduced uncertainty

has beneficial effects on non-renewable energy consumption in both the short and long term, as

indicated by the non-linear model.

The study examined the influence of monetary policies on carbon emissions in certain Asian

economies from 1990 to 201472. It also considered other factors such as income, remittances,

urbanization, fossil fuels, and human capital as control variables. The data was analyzed using

the Pedroni and Kao co-integration tests, panel completely modified, and panel dynamic least
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squares approaches. The findings demonstrated a substantial and enduring correlation between

expansionary monetary policy and carbon emissions. The contractionary monetary policy is an

effective measure to reduce carbon emissions. Moreover, enhancements in human capital yield a

favourable effect on mitigating carbon emissions. Carbon emissions are significantly influenced

by remittances and fossil fuels.

The study investigates the relationship between monetary policy and renewable energy in the

United States by examining the effects of monetary policy on renewable energy73. The findings

demonstrate that implementing expansionary monetary policy has a positive impact on the

development and adoption of renewable energy sources, both in the long-term and short-term.

Similarly, the opposite relationship holds true as well. Moreover, the influence of monetary

policy is considerably potent in the immediate term. Consequently, financing rates have an

impact on forthcoming alterations in renewable energy.

Some scholars analyze the macroeconomic impacts of energy price shocks in energy-importing

nations using a heterogeneous-agent model74. The New Keynesian model is a theoretical

framework used in economics. When the marginal propensity to consume is very high and the

elasticity of substitution between energy and domestic products is significantly low, an increase

in energy costs leads to a decrease in real wages and triggers a recession, regardless of whether

the central bank tightens monetary policy or not. Imported energy inflation can lead to wage

inflation through a wage-price spiral, but this does not alleviate the decrease in real wages.

Implementing monetary tightening measures in isolation has a modest impact on imported

inflation. However, when done in cooperation with other energy importers, it can have a strong

effect by reducing global energy demand. Fiscal policy, particularly the provision of energy price
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subsidies, can shield individual energy importers from the impact of shocks. However, it also

generates significant adverse effects on other economies.

Four researchers conducted a study on the relationship between the monetary and fiscal policies

of G7 countries and the generation of renewable energy at a detailed level from 2000 to 201875.

The researchers utilize the well accepted Stochastic Impact of Regression on Population,

Affluence, and Technology (STIRPAT) model and employ cross-sectional augmented

econometric methods to provide impartial and efficient findings. The findings indicate that

increasing government spending has a notable and favourable impact on the production of

renewable energy. Simultaneously, the expansionary monetary policy of the G7 countries

demonstrates an unfavourable reaction against investment in renewable energy generation.

Furthermore, it saw a comparable pattern of reaction across different levels of energy production.

Nevertheless, the causal test indicates that there is a one-way causality from renewable energy to

the fiscal and monetary policy indicators of G7 economies.

The paper analyses the impact of monetary policy instruments, namely interest rate, exchange

rate, and money supply, on five sustainable development indicators as defined by the United

Nations in Iraq76. The sustainable development indicators comprise the Proportion of the

population living below the international poverty line Proportion of population using safely

managed drinking water Change in water-use efficiency Renewable energy share in the total

final energy consumption, and Annual growth rate of real GDP per capita .Applying the two-

stage least squares (2SLS) technique, the findings indicate that the exchange rate has a

favourable impact on poverty indices, effective water resource management, and per capita

economic growth. However, it has an adverse influence on access to safe drinking water. Out of
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all the tools used in monetary policy, only the amount of money in circulation has a favourable

impact on reducing poverty. In all other instances, it does not have a noteworthy effect.

The study investigates the impact of monetary policy on carbon emissions in specific nations

throughout the time frame of 2000-2019, focusing on non-linear effects77. The study utilized the

Panel Smooth Transition Regression (PSTR) method and discovered a non-linear and positive

correlation between the quantity of money supply and carbon emissions. Moreover, the impact of

monetary policy on carbon emissions is less significant in nations that have greater levels of

human development or modest proportions of manufacturing in their GDP. This suggests that

these countries are more effective in executing monetary policy in an environmentally friendly

manner. In addition, countries that have a significant proportion of their economy based on

manufacturing and/or have a poor level of human development should exercise caution when

implementing economic stimulus measures, as these measures might have a greater negative

impact on the environment.

Three scholars conducted a study to examine how the breakdown of economic policy uncertainty,

namely in monetary, fiscal, and trade policies, affects energy consumption in the United States78.

The study analyzed data from January 1990 to December 2020. The study specifically utilized

sectoral energy consumption, which refers to the energy consumed by different sectors such as

residential, industrial, transit, electric power, and commercial sectors, in addition to total energy

consumption. The results obtained from the bootstrap ARDL approach demonstrate that

fluctuations in monetary policy uncertainty have a negative impact on energy consumption,

while fluctuations in trade and fiscal policy uncertainty have a positive impact on energy

consumption in the long term. In contrast, there is a varied and diverse effect of uncertainty in
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fiscal and monetary policies on different sectors in the immediate term, although trade policy has

no influence on energy use.

The research used the panel system generalized moments approach to empirically examine the

influence of monetary policy on the energy security of 16 Asian nations during the period from

2000 to 201979. The study finds that there is a positive correlation between the real interest rate,

total reserve, and exchange rate with energy security. In other words, when these three indicators

decrease, the risk of energy security also increases. It suggests that policymakers must closely

monitor the energy security trend while pursuing loose monetary policy. Furthermore, it has been

determined that the correlation between monetary policy and energy security experienced a

substantial rise following the 2008 financial crisis. Moreover, the level of economic development

directly influences the likelihood of encountering energy security difficulties resulting from

shifts in monetary policy.

The study analyses the impact of two types of monetary policies, targeted refinancing, and broad

refinancing, on the optimization of the energy supply structure80. This is done using a dynamic

stochastic general equilibrium model. The findings indicate that focused refinancing efforts

result in a specific rise in bank loans to the green energy industry, accompanied by reduced

interest rates. This, in turn, facilitates the transition towards sustainable energy sources.

Conversely, when it comes to general refinancing, there is a substantial increase in loans for

fossil energy, resulting in higher production. However, this has a detrimental influence on the

outputs of the green sector.

An empirical study examines the influence of monetary policy on the production of renewable

energy in Iran81. The analysis focuses on three categories of renewable energy production:
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overall renewable energy production, solid biomass and biogas energy production, and the

combined energy production from hydropower, solar, and wind sources. The study used the

Kalman filter and vector autoregression (VAR) models to analyze annual data spanning from

1984 to 2016. The Kalman filter model demonstrated that the money supply parameter had a

consistent trend, except for a sudden disruption during the Iran-Iraq War. A distinct inflection

point may be identified for the real interest rate parameter; however, its value is also influenced

by the timing of global crises and sanctions. The results of the VAR model suggest that only a

perturbation in the money supply has the potential to impact all three types of renewable energy

output.

A study examines the causal link between economic policy uncertainty and energy consumption

as well as carbon (CO2) emissions in G7 countries82. The analysis utilizes a bootstrap panel

Granger causality test, which was created by Kónya in 200683. The test is used to a yearly dataset

covering the period from 1998 to 201883. The findings offer substantial evidence for a one-way

relationship where economic policy uncertainty influences energy consumption in Japan, CO2

emissions in the USA and Germany, and both energy consumption and CO2 emissions in Canada.

In Italy, there is a causal relationship where CO2 emissions influence economic policy

uncertainty. Additionally, there is a bidirectional causal relationship between economic policy

uncertainty and energy use. Additionally, it discovered a one-way relationship in which energy

usage influences CO2 levels in the USA.

2.4 Conceptual Framework

The conceptual link among monetary policy, energy consumption, and economic growth is

presented in Figure 2.1. At its core, monetary policy, conducted by central banks, aims to
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regulate the money supply and interest rates to achieve macroeconomic stability and promote

sustainable economic growth. Expansionary monetary policy, characterized by lower interest

rates and increased money supply, typically stimulates economic activity by encouraging

borrowing, investment, and consumption. Conversely, contractionary monetary policy, marked

by higher interest rates and reduced money supply, aims to control inflation, and prevent

economic overheating31,34,37. These policy tools have direct implications for economic growth, as

they influence investment decisions, consumer spending, and overall aggregate demand, thereby

shaping the pace and direction of economic expansion.

Energy consumption is a fundamental driver of economic growth, as it powers various sectors

such as manufacturing, transportation, and services. Access to reliable and affordable energy

sources is essential for productivity, innovation, and economic development52,54,55,56. Higher

levels of energy consumption are often associated with increased industrialization, urbanization,

and technological advancement, which contribute to higher levels of output and economic

Figure 2.1: Conceptual link of monetary policy, energy consumption and economic growth
Source:Author’s conceptualization
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growth. However, the impact of energy consumption on economic growth is not unidirectional.

While energy-intensive industries may experience rapid growth, excessive reliance on fossil

fuels and inefficient energy usage can pose challenges such as environmental degradation,

pollution, and resource depletion, which may undermine sustainable growth in the long

term52,54,56.

The causal linkages among monetary policy, energy consumption, and economic growth are

intricate and multifaceted. Monetary policy decisions, such as changes in interest rates and

money supply, can indirectly influence energy consumption and economic growth by affecting

borrowing costs, investment decisions, and consumer behavior. Expansionary monetary policy,

by lowering interest rates, can incentivize borrowing for investment in energy-intensive

industries, leading to increased energy consumption and economic activity. Conversely,

contractionary monetary policy may dampen investment in energy-related projects due to higher

borrowing costs, which could slow down energy consumption and economic growth59,60.

Conversely, energy consumption also influences monetary policy decisions and economic

performance. Fluctuations in energy prices, particularly oil prices, can impact inflation rates,

production costs, and overall economic stability. Changes in energy consumption patterns can

also affect the trade balance, currency values, and inflationary pressures, prompting central banks

to adjust monetary policy accordingly. Moreover, the relationship between energy consumption

and economic growth is bidirectional, as economic growth drives energy demand, while energy

availability and efficiency contribute to sustained economic expansion. Therefore, policies that

promote energy efficiency, renewable energy sources, and sustainable development can

complement monetary policy measures aimed at fostering long-term economic growth60,61,62.
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The conceptual links among monetary policy, energy consumption, and economic growth

underscore the intricate interactions between monetary factors, energy dynamics, and

macroeconomic outcomes. It shows the need to balance the objectives of price stability, full

employment, and sustainable economic growth while considering the environmental implications

of energy consumption. Moreover, coordinated efforts are needed to address structural

constraints, promote energy transition, and enhance the resilience of economies to external

shocks. By adopting a holistic approach that integrates monetary policy, energy policy, and

economic development strategies, countries can unlock the full potential of their economies

while ensuring long-term sustainability and resilience.

2.6 Summary of Gaps in Literature

The existing literature on the interplay between monetary policy, energy consumption, and

economic growth reveals significant gaps that warrant further exploration. While several studies

have examined the direct effects of monetary policy on economic growth, few have specifically

addressed how these policies influence energy consumption within the Nigerian context. For

instance, Akinwale (2020) highlights that the relationship between energy consumption and

economic growth remains underexplored, suggesting that a deeper understanding of this nexus is

crucial for sustainable development in Nigeria. Additionally, previous research has

predominantly employed linear models, which may overlook the complexities of these

relationships (Ogunleye &Akinwale, 2021).

Moreover, the existing studies often fail to incorporate the interactive effects of monetary policy

instruments, such as interest rates and money supply, on energy consumption and economic

growth (Ojo & Akinwale, 2022). This oversight limits the ability to fully comprehend the

transmission mechanisms at play. Furthermore, while some scholars have utilized the

Autoregressive Distributed Lag (ARDL) model, they have not adequately considered the mixed

order of integration of the variables involved (Adeyemi & Akinwale, 2021).
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Chapter Three

Methodology

This chapter of the study focuses on the research methodology employed to examine the nexus

between monetary policy, energy consumption and economic growth in Nigeria. This describes

the specification of empirical models, a-priori expectations, data sources, estimation techniques,

diagnostic tests, and data measurements.

3.1 Model Specification

The empirical models in this section are developed for each specific objections in chapter one.

3.1.1 Model for Examining the Effect of Monetary Policy on Energy Consumption

Building upon the conceptual framework outlined in the preceding chapter, the empirical model

assessing the impact of monetary policy variables on energy consumption in Nigeria is

constructed in alignment with previous research endeavors1,2,3. These studies posit monetary

policy variables as key determinants of energy usage, contending that monetary policy

instruments govern factors influencing economic activities, thereby fostering enhanced energy

consumption. Consequently, the model is formulated functionally as follows:

),,,,( tttttt LRMSMPRKYfEC  (3.1)

Therefore, the model incorporating control variables is specified as follows:

ttttttt eLRMSMPRKYEC  lnlnlnlnln 543210  (3.2)

Where: EC denotes energy consumption; Y represents output growth; K is capital investment;

MPR is monetary policy rate, MS denotes money supply, and LR represents liquidity ratio. Also,
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0 is constant, and 51 are the parameters of energy consumption with respect to output, capital,

monetary policy rate, money supply and liquidity ratio respectively; t is time; and e is error term.

These variables are integral to the model as they capture the key elements influencing economic

dynamics. Energy consumption (EC) directly affects output growth (Y), while capital investment

(K), monetary policy rate (MPR), money supply (MS), and liquidity ratio (LR) shape the

economic environment, impacting both energy demand and overall growth.

3.1.2 Model for Investigating the Effect of Monetary Policy on Economic Growth

Following the theoretical model developed in the previous chapter, the empirical model that

establishes the effects of monetary policy variables on economic growth in Nigeria is based on

previous works4,5,6. These studies express monetary policy variables as a determinant of

economic growth. It is argued that monetary policy instruments regulate factors that influence

economic activities to achieve growth and development. Thus, the model is specified as:

31 2, , , ,t t t t t tY AK L MPR MS LR   (3.3)

Hence, the model with the inclusion of control variables is specified as follows:

1 2 3ln ln ln ln ln ln lnt t t t t t tY A K L MPR MS LR v           (3.4)

Where: MPR is monetary policy rate, MS denotes money supply, and LR represents liquidity

ratio. Also, 1 2 3, , , ,     are the elasticity of output with respect to capital, labour, monetary

policy rate, money supply and liquidity ratio respectively; t is time; and v is error term.
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3.1.3 Model for Determining the Effect of Energy Consumption on Economic Growth

The theoretical model solved in the last section of the previous chapter is employed for analyzing

the effects of energy consumption on economic growth in Nigeria. Also, previous studies give

credence to Romer argument on importance of energy consumption on economic growth7,8,9,10.

These studies consider economic growth as a function on energy consumption, capital, and

labour. The model is functionally stated as:

1 2, , ,t t t t tY AK L REN NEN   (3.5)

Hence, the empirical model for this study is specified as:

1 2ln ln ln ln ln lnt t t t t tY A K L REN NEN          (3.6)

Where: K is capital; L is labour; �EN is renewable energy, and �EN is non-renewable energy.

Also, 1 2, , ,    are the elasticity of output with respect to capital, labour, renewable energy, and

non-renewable energy, respectively. More so, t is time, and  denotes error term.

3.1.4 Model for Examining the Causal Links among Monetary Policy, Energy

Consumption and Economic Growth

The study utilizes the unrestricted vector autoregressive (VAR) approach introduced by Sims in

1980 to estimate a five-variable VAR model. This model incorporates an 8×1 vector matrix,

denoted as Xt, which includes the variables Yt, Kt, Lt, RENt, NENt, MPRt, MSt, and LRt. In this

context, A represents a matrix polynomial for the lag operator applied to the selected variables.

Furthermore, the model includes a vector of un-estimated shocks associated with oil revenue and

other control variables, which are assumed to be serially uncorrelated structural disturbances.
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The matrix Ω is defined as a diagonal matrix, indicating that these structural disturbances are

mutually uncorrelated. The model is stated as:

1 1 ...t t p t p tX u AX A X      

(Figure 3.7 unrestricted vector autoregressive (VAR))

Where: Xt is an 8×1 vector matrix incorporating Yt, Kt, Lt, RENt, NENt, MPRt, MSt, LRt as

variables; A is a matrix polynomial for the lag operator of considered variables; and t is a

vector of un-estimated shocks for each of the oil revenue and other controlling variables and it is

assumed to be serially uncorrelated structural disturbance for ( )tVar   . Where: Ω is a

diagonal matrix, so the structural disturbances are assumed to be mutually uncorrelated.
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3.2 A’Priori Expectation

For the first model, the theoretical expectation regarding energy consumption concerning output

growth, capital investment, monetary policy rate, money supply, and liquidity ratio are presented

as follows. Output growth expected that energy consumption will positively correlate with output

growth. Higher levels of economic output typically require increased energy usage to fuel

production processes and meet rising demand for goods and services. Energy consumption is

anticipated to have a positive relationship with capital investment. Thus, greater investment in

capital-intensive industries and infrastructure often leads to higher energy usage as machinery,

equipment, and facilities require energy inputs to operate efficiently. The impact of the monetary

policy rate on energy consumption is less straightforward. A higher policy rate, indicative of

tighter monetary policy, may initially suppress economic activity and reduce energy consumption.

Conversely, a lower policy rate, signaling accommodative monetary policy, may stimulate

economic growth and lead to increased energy usage in the long run. Energy consumption is

expected to have a positive association with the money supply. An expansionary monetary policy

characterized by an increase in the money supply tends to stimulate economic activity and raise

energy demand as businesses and consumers have access to more liquidity for spending. The

liquidity ratio's effect on energy consumption is likely to be ambiguous. A higher liquidity ratio,

indicating a more conservative approach to lending by financial institutions, may constrain

economic activity and suppress energy demand. Conversely, a lower liquidity ratio, signaling a

looser credit environment, may stimulate economic growth and boost energy usage.

The theoretical expectation hypothesizes that economic growth is primarily the outcome of

endogenous forces and not external forces. As for renewable energy, increased use of renewable
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energy sources, such as solar, wind, and hydroelectric power, is expected to have a positive

impact on economic growth. Renewable energy investments can lead to job creation,

technological innovation, and reduced environmental degradation, which can contribute to

overall economic development and growth. The effects of non-renewable energy sources, such as

oil, coal, and natural gas, on economic growth are more complex. While these resources can fuel

economic growth in the short term through energy production and export revenues, their reliance

poses risks due to price volatility, resource depletion, and environmental damage. Over-reliance

on non-renewable energy may hinder long-term sustainable growth.

Concerning the monetary policy variables, the monetary policy rate, typically set by a central

bank, influences interest rates in the economy. Lowering the policy rate can stimulate economic

activity by reducing borrowing costs for businesses and consumers, leading to increased

investment and consumption. Conversely, raising the policy rate can help control inflation but

may also dampen economic growth by increasing borrowing costs. Further, an expansion in the

money supply, often achieved through central bank interventions like quantitative easing, can

stimulate economic growth by increasing liquidity in the financial system. This liquidity supports

lending and investment activities, fostering economic expansion. However, excessive money

supply growth can lead to inflationary pressures and financial instability, which may ultimately

hinder long-term growth prospects. The liquidity ratio, which measures a bank’s ability to meet

short-term obligations, can impact economic growth by influencing the availability of credit in

the economy. Higher liquidity ratios may indicate prudent risk management practices but could

also restrict credit availability, potentially slowing investment and economic growth. Conversely,

lower liquidity ratios may stimulate lending activity but raise concerns about financial stability.
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As regards the key variable of growth, increased capital investment, including physical

infrastructure, technology, and human capital, is widely regarded as a driver of economic growth.

Capital accumulation enhances productivity, efficiency, and innovation, leading to higher output

levels and improved living standards. Policies that promote investment in capital assets, such as

education, research and development, and infrastructure development, are expected to foster

long-term economic growth. Labour, comprising the workforce’s skills, productivity, and

participation rates, significantly influences economic growth. A skilled and productive workforce

can drive innovation, increase production efficiency, and attract investment, contributing to

economic expansion. Policies that enhance labor market flexibility, invest in education and

training, and promote workforce participation are expected to support economic growth by

maximizing the potential of the labor force.

3.3 Methods of Estimation

3.3.1. Pre-Estimation Test

3.3.1 Unit Root Test

This test is necessary to examine the stationarity level of individual variables. It indicates

whether the variables are stationary or non-stationary. Shocks in stationary time series will be

temporary and its effects over time eliminated as the series revert to their long run mean values.

Meanwhile, non-stationary time series contain permanent components of shocks, and its means

and variances depend on time. Different methods under the conventional and modified test were

employed to carry out the tests.
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3.3.1.1 Conventional Unit-root tests

The simplest and pioneer approach to test for a unit root referred to as Dickey-Fuller (DF) test

begins with an AR(1) model:

1t t tY Y a    (3.8)

Where: 2(0, )t aa N  . Equation 3.6 is simplified further for ease of computation and

interpretation as:

1 0 1(1 )t t t tY Y Y a      (3.9)

Where: (1 )   ; equation 3.7 can be re-written as:

0 1t t tY Y a     (3.10)

If    , the system has a unit root 0 1: 0; : 0H   .

Applying OLS method on the regression equation 3.8, the study test for unit root based on the

test statistic given as:

1
ˆ 1
ˆ. ( )

t
s e





 (3.11)

The test is a one-sided left tail test. If { }tY is stationary (i.e; 1  ), it can be shown that:

2ˆ( ) (0,(1 ))n N   . This means that under 0 , the limiting distribution of 1t is (0,1)N .
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1) Augmented Dickey Fuller (ADF)

Said and Dickey (1984) augment the basic autoregressive unit root test to accommodate general

ARMA(p, q) models with unknown orders; their test is referred to as the Augmented Dickey-

Fuller (ADF) test. If serial correlation exists in the DF test equation (i.e., if the true model is not

AR(1)), then the AR(p) is used to get rid of the serial correlation.

0( )p t tB Y a   (3.12)

Where;

2{ } (0, )t aa WN  with 4( )tE a  and '
1( ) 1 ( ) ... ( )p pB B B     may contain a unit root.

To test for unit root; the assumption assume that: 1( ) (1 ) ( )p pB B B   

Where: 1
1 1( ) 1 ... p

p pB B B 
      has unit roots lying outside the unit circle.

1 0( )(1 )p t tB B Y a    (3.13)

1 0( )p t tB Y a   

1

0
1

p

t j t j t
j

Y Y a





     

Hence, testing for a unit root is equivalent to testing 1  in the following model:

1

1 0
1

p

t t j t j t
j

Y Y Y a


 


       (3.14)

Or;
1

1 0
1

(
p

t t j t j t
j

Y Y Y a


 


        ; (   (3.15)
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ADF test equation then becomes:

1

1 0
1

p

t t j t j t
j

Y Y Y a


 


        (3.16)

For ADF Hypothesis, we have:

0

1

: 1
: 1

H
H

 

 
0

1

: 0
: 1

H
H

 

 

Reject 0H if t CV  and also reject 0H if t CV  .

3.3.1.2 Efficient Unit Root Tests

1) Elliot, Rothenberg and Shock (1996) DF-GLS Test

Elliot, Rothenberg and Shock (ERS) (1996) modified the ADF test and show that their test

referred to as DF-GLS has the limiting power function close to the point optimal test. ERS

propose a family of tests whose power functions they showed is tangent to the power envelope at

one point and never below. They call these tests (0.5)TP  , signifying that they are optimal at

50% power. They also show that their DF-GLS has the limiting power function close

to (0.5)TP  .

The DF-GLS test regression is given as:

1
*

1 1
1

p
d d d
t t j t t

j
y y y



 


       (3.17)

Where: d
ty is the detrended ty and the null of a unit root is *

0 : 0H   .



88

It should be noted that although DF-GLS has better power properties, the issue of lag length

selection still remains. Ng and Perron (1996) find that ERS has poor size properties when the

underlying Data Generating Process (DGP) has large negative moving average terms. They

augment their test by using Modified Information Criteria (MIC) and show it overcomes this

problem, if indeed there are large negative moving averages in the underlying DGP.

3.3.2 Bound Test for Cointegration

The ARDL bound estimator, based on the unrestricted ECM, presents the underlying model

(equation 3.2, 3.4 and 3.6) as follows:

titit

p

i
iti

p

i
itit vXYXYCY  





  

11
0 (3.18)

Where: Y is outcome variables; X denotes the explanatory variables; ∆ stands as the change

operator sign i.e. the first difference operator; C0 is drift;  , are long-run parameters associated

with the long-run relationships; ii  , represent the short-run dynamic coefficients of the basic

bound testing estimator in model (3.18); and υ is the white noise error. The estimated F-statistics

are used to test the null hypothesis of no cointegration against the alternative hypothesis of

cointegration in order to determine the presence of cointegration. The null and alternative

hypotheses can be derived from the equations described earlier as follows:

0,0:0  H [i.e., no co-integration]; and

0,0:1  H [i.e., there exists co-integration]

The tabulated upper and lower limits provided by Narayan in 2004 are being compared to the F-

test values that have been calculated13. If the estimated F-values exceed the tabular values at the
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upper bound, it indicates that the hypothesis of “no cointegration” is rejected, and hence,

cointegration is accepted. Nevertheless, we do not dismiss the null hypothesis of “no

cointegration” if the F-values are lower than the lower bound. However, the outcome becomes

unpredictable if the F-values are within the two critical thresholds. The short-run equilibrium

condition is expressed as the equilibrium condition for the ECM (Error Correction Model).

t

p

i
iti

p

i
itit vECTXYCY  





 )1(

11
0  (3.19)

The symbol )1( indicates that the temporary imbalance caused by unexpected changes in all

relevant factors will ultimately be resolved and restored to a stable long-term balance. The speed

at which the dynamic model's equilibrium is restored through modification is demonstrated by

the error correction term (ECT). The ECT coefficient, which measures the rate at which

equilibrium is restored, should be both statistically significant and negative in value. Error

correction procedures are employed to reestablish balance between the short-term and long-term

behaviours of the outcome variable.

3.3.3 Estimation Technique

Auto-Regressive Distributed Lag (ARDL) Estimator

In this study, the Auto Regressive Distributed Lag (ARDL) will be used to estimates the short-

run and long-run estimates of the existing relationship between institutions, government health

spending and health outcomes. Three advantages for using this method are stated as: (a) small

sample data (b) variables with mixed stationarity level either I(0) or I(1) and (c) both long- and

short-run estimates can be derived simultaneously12. The lag length is selected using the Akaike
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information criteria (AIC). The calculated F-statistic value is used to make the decision about the

cointegration. The significance of our calculated value is compared with the two tabulated values

(upper bound and lower bound) computed by a scholar13. The decision criteria support

cointegration if the calculated value is greater than the upper bound value; no cointegration if the

value is lesser than the lower bound value; and inconclusive if the value lies between the two

bounds values.

Causality Test

The fourth hypothesis is to examine the causal relationship between monetary policy, energy

consumption and economic growth in Nigeria. This will be achieved by using the Toda and

Yamamoto and Doladao and Lutkepohl (TYDL) augmented Vector autoregressive (VAR)

procedure for estimating the causal estimates14,15. It is noted that the method for causal

interference derived from an augmented level VAR with integrated and cointegrated processes.

In a VAR form, the equation is written as:




 
k

i
ijtjt ZAZ

1
0  (3.20)

Where tZ is a 8 by 1 dimensional vector of non-stationary endogenous variables of the model,

0A is a 8 by 1 dimensional vector of constant;  is a vector of parameters; i is k-dimentional

vector of stochastic error term normally distributed with white noise properties ),0( 2N . A

modified-Wald test will be used in the TYDL augmented VAR procedure. In this procedure, a

VAR (max)][ dk  that has k degree of freedom with a maximum order of cointegration for the

series (max)d is estimated.
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The TYDL augmented Vector Autoregressive (VAR) procedure is chosen for causality testing

due to its robustness and effectiveness in analyzing causal relationships between variables in a

time series framework. First, the TYDL augmented VAR procedure allows for the examination of

causal relationships among the variables without making prior assumptions about the direction of

causality. This is particularly beneficial when analyzing complex economic systems where the

causal relationships between variables may not be readily apparent. Second, the TYDL procedure

accounts for potential endogeneity issues and avoids the problem of omitted variable bias, which

can distort causality test results. By including lagged values of the variables in the model, the

TYDL procedure captures both contemporaneous and lagged effects, providing a more

comprehensive analysis of causal relationships.

Additionally, the TYDL procedure allows for the incorporation of exogenous variables that may

influence the causal relationships being examined. This enhances the flexibility of the causality

testing framework and enables researchers to control for potential confounding factors that could

affect the interpretation of causality test results. Furthermore, the TYDL procedure provides

diagnostic tests to assess the validity of the causality results, including tests for model

specification, stability, and residual autocorrelation. These diagnostic tests help ensure the

reliability of the causality test findings and provide insights into the adequacy of the model

specification.

3.4 Sources and Measurements of Data

Owing to the nature of the study, data from secondary sources will be adopted using both

quantitative and descriptive analyses. Specifically, the study shall utilize secondary data

complied majorly by the Central Bank of Nigeria (CBN), Statistical Bulletin, and World
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Development Indicators (WDI, 2022). The time-series data for analyzing the relationship among

monetary policy, energy consumption and economic growth in Nigeria span from 1990 through

2022. The explanatory variables considered for this study include real gross domestic variable

(Y), renewable energy (REN), non-renewable energy (NEN), monetary policy rate (MPR), money

supply (MS), liquidity ratio (LR), capital (K), and labour (L).
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Table 3.1: Source of Data and Variable Measurement
Variables Description Measurement Data source

Y Economic growth is the monetary value of goods and
services produced in a particular year using 2010 as
the base year

It is measured in
percentage

CBN statistical
bulletin, 2022

K Capital encompasses physical assets, technology, and
human resources used to produce goods and services,
crucial for economic growth.

It is measured as
a ratio of GDP.

CBN statistical
bulletin, 2022

L Labour refers to the workforce’s skills, productivity,
and participation in the production process,
influencing overall economic output and
development.

It is measured in
numbers

CBN statistical
bulletin, 2022

REN Renewable energy refers to energy derived from
natural resources that are replenished naturally over
time, such as sunlight, wind, rain, tides, waves, and
geothermal heat.

It is measured in
kilowatt-hours
(kWh).

WDI, 2022

NEN Non-renewable energy comes from sources that are
finite and cannot be replenished within a human
lifespan, such as coal, oil, natural gas, and nuclear
fuels.

It is measured in
kilowatt-hours
(kWh).

WDI, 2022

MPR The monetary policy rate denotes the interest rate set
by a central bank to influence borrowing and
spending in the economy.

It is measured in
percentage

CBN statistical
bulletin, 2022

MS Money supply represents the total amount of money
circulating in an economy, influencing inflation and
economic activity.

Measured as a
ratio of GDP

CBN statistical
bulletin, 2022

LR The liquidity ratio measures a bank's ability to meet
short-term obligations and manage financial risks.

Measured as a
ratio of GDP

CBN statistical
bulletin, 2022

Source:Author’s compilation (2024).
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Chapter Four

Results and Discussion of Finding

In this chapter, the study presents the details of data presentation, estimation, and the results of

the empirical investigation of the links among monetary policy, energy consumption and

economic growth in Nigeria. Also, it addresses the long-run and short-run relationship among

monetary policy, energy consumption and economic growth in Nigeria. This is divided into

descriptive analysis which shows the measure of central tendency which include the mean,

median as well measures of variation, it also takes into consideration the trend analysis which

shows the trend of the time series data used from 1990-2022 and econometric analysis which

focuses on test for unit root, co-integration test using the autoregressive distributed lagged model.

4.1 Data Presentation

The data used for analyzing the relationship among monetary policy, energy consumption and

economic growth in Nigeria is presented in the Appendix.

4.2 Presentation of Results

4.2.1 Summary Statistics

The summary of the preliminary analysis showing the mean, standard deviation, skewness and

peakedness of the variables employed for analyzing the relationship among monetary policy,

energy consumption and economic growth in Nigeria is presented in Table 4.1.
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Table 4.1 Descriptive Statistics
Signs Variable Measurements Mean Std Dev Max. Min. Kurtosis Skewness Jarque-Bera Prob.

Y GDP growth 4.288 3.958 15.329 -2.035 0.662 0.487 1.398 0.497

MPR Monetary Policy Rate 13.742 3.811 26 6 2.683 0.783 9.233 0.010

LR Liquidity ratio 49.536 15.457 104.20 26.393 4.002 1.516 25.977 0.000

MS Broad money (% of GDP) 18.181 6.140 27.379 9.063 -1.718 0.030 3.726 0.155

REN
Renewable energy consumption (% of total final

energy consumption)
85.050 2.315 88.68 80.64 -0.991 -0.333 1.995 0.369

NEN Fossil fuel energy consumption (% of total) 19.771 1.762 22.845 15.854 -0.788 -0.037 1.001 0.606

K Gross fixed capital formation (annual % growth) 2.302 12.268 40.389 -23.747 2.424 0.303 5.399 0.067

L
Labor force participation rate, total (% of total

population ages 15+) (national estimate)
58.914 6.284 76.34 55.4 3.439 2.151 33.666 0.000

Note: Std Dev. – standard deviation; Max. – maximum; Min. – minimum; Prob. – probability; Observation is 33.
Source:Author’s computation (2024).
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The mean GDP growth rate of 4.29% indicates the average annual increase in Nigeria’s gross

domestic product during the time frame considered. This figure serves as a central measure of the

country's economic performance over the period, indicating the overall trend in growth. The

standard deviation of 3.96% reflects the degree of variability or dispersion in GDP growth rates

around the mean. A higher standard deviation suggests greater volatility in economic growth,

indicating fluctuations or instability in Nigeria's economic performance over time. In contrast, a

lower standard deviation would imply more consistent or stable growth patterns. Similarly, the

maximum GDP growth rate recorded of 15.33% represents the highest observed value during the

period under analysis, indicating peak economic growth. Conversely, the minimum GDP growth

rate of -2.04% reflects the lowest observed value, indicating periods of economic contraction or

recession. The positive kurtosis values lesser than 3 suggests that the distribution of GDP growth

rates is more flatted or platykurtic than a normal distribution, indicating the presence of extreme

values or outliers. Similarly, the positive skewness coefficient indicates that the distribution of

GDP growth rates is skewed to the right, with a longer tail on the positive side, suggesting that

positive growth outliers are more common than negative ones. The relatively low Jarque-Bera

test statistic of 1.398 and the high associated probability value of 0.497 suggest that the

distribution of GDP growth rates in Nigeria may not significantly depart from a normal

distribution.

As regards monetary policy rate, its mean of 13.74% indicates the average level of interest rates

set by the central bank during the period under analysis. It serves as a central measure of the

stance of monetary policy, indicating the general level of borrowing costs and the central bank's

efforts to control inflation and stimulate economic activity. The standard deviation of 3.811
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reflects the degree of variability or dispersion in Monetary Policy Rates around the mean. A

higher standard deviation suggests greater volatility in interest rates, indicating fluctuations in

the central bank's policy decisions over time. Likewise, the maximum monetary policy rate

recorded of 26% represents the highest observed value during the period, indicating periods of

tight monetary policy where interest rates were raised to curb inflation or stabilize the currency.

Conversely, the minimum monetary policy rate of 6% reflects the lowest observed value,

indicating periods of loose monetary policy where interest rates were lowered to stimulate

economic growth or ease financial conditions. A positive kurtosis at 2.683 suggests that the

distribution of interest rates is flat or platykurtic than a normal distribution, indicating the non-

presence of extreme values or outliers. Similarly, a positive skewness coefficient of 0.783

indicates that the distribution of interest rates is skewed to the right, suggesting that higher

interest rates are more common than lower ones. The Jarque-Bera test statistic and its associated

probability value provide a formal test of whether the distribution of Monetary Policy Rates is

normally distributed. In this case, the relatively high Jarque-Bera test statistic of 9.233 and the

low associated probability value of 0.010 suggest that the distribution of interest rates may

significantly depart from a normal distribution. This implies that the distribution of Monetary

Policy Rates in Nigeria may exhibit characteristics such as skewness or kurtosis that deviate

from a normal distribution.

Concerning liquidity ratio, its mean of 49.54% indicates the average level of liquidity maintained

by financial institutions during the period under analysis. It shows the central measure of the

liquidity position of the banking sector, indicating the proportion of liquid assets held as a buffer

against short-term liabilities. The standard deviation of 15.45% reflects the degree of variability
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or dispersion in Liquidity Ratios around the mean. A higher standard deviation suggests greater

variability in liquidity positions across financial institutions, indicating differences in risk

management practices or liquidity management strategies. The maximum liquidity ratio recorded

of 104.2% represents the highest observed value during the period, indicating periods of ample

liquidity where financial institutions hold a significant proportion of liquid assets relative to their

liabilities. Conversely, the minimum Liquidity Ratio of 26.39% reflects the lowest observed

value, indicating periods of tighter liquidity conditions where financial institutions may face

challenges in meeting short-term obligations. Its kurtosis of 4.002 suggests that the distribution

of liquidity ratios is more peaked or leptokurtic than a normal distribution, indicating the

presence of extreme values or outliers. Similarly, the positive skewness coefficient indicates that

the distribution of liquidity ratios is skewed to the right, suggesting that higher liquidity ratios are

more common than lower ones. The Jarque-Bera test statistic and its associated probability value

provide a formal test of whether the distribution of Liquidity Ratios is normally distributed. In

this case, the relatively low Jarque-Bera test statistic of 25.977 and the extremely low associated

probability value of 0.000 suggest that the distribution of liquidity ratios significantly departs

from a normal distribution. This implies that the distribution of Liquidity Ratios in Nigeria may

exhibit characteristics such as skewness or kurtosis that deviate from a normal distribution.

As for money supply as a percentage of GDP, its mean of 18.18% indicates the average

proportion of broad money relative to the GDP during the period under analysis. It measures the

depth and liquidity of the financial system, reflecting the extent to which money supply

contributes to economic activity and financial intermediation. The standard deviation of 6.14%

reflects the degree of variability or dispersion in Broad Money (% of GDP) around the mean.



101

The maximum Broad Money (% of GDP) recorded of 27.38% represents the highest observed

value during the period, indicating periods of relatively high liquidity and financial

intermediation. Conversely, the minimum Broad Money (% of GDP) of 9.06% reflects the lowest

observed value, indicating periods of tighter monetary conditions and potentially lower levels of

financial intermediation relative to GDP. The negative kurtosis of -1.718 suggests that the

distribution of broad money relative to GDP is less peaked or platykurtic than a normal

distribution, indicating a flatter distribution with fewer extreme values. Similarly, a positive

skewness coefficient indicates that the distribution of Broad Money (% of GDP) is skewed to the

right, suggesting that higher values are more common than lower ones. The Jarque-Bera test

statistic and its associated probability value provide a formal test of whether the distribution of

Broad Money (% of GDP) is normally distributed. In this case, the relatively low Jarque-Bera

test statistic of 3.726 and the associated probability value of 0.155 suggest that the distribution of

broad money relative to GDP may not significantly depart from a normal distribution.

Regarding the energy consumption indicators the mean of renewable energy consumption at

85.05% indicates that, on average, 85.050% of the total final energy consumption in Nigeria is

derived from renewable sources. The relatively low standard deviation of 2.32% suggests that

there is not much variability in the proportion of energy derived from renewables, indicating a

consistent reliance on renewable sources over the period analyzed. The maximum value of

88.68% and minimum value of 80.64% show the range within which renewable energy

consumption fluctuates. The negative kurtosis and skewness coefficients suggest a distribution

with a flatter peak and a slight left skew, meaning that lower values are slightly more common

than higher ones. The Jarque-Bera test statistic and its associated probability value indicate that
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the distribution may not significantly deviate from normality. For fossil fuel energy consumption,

the mean of 19.77% indicates that, on average, 19.771% of the total energy consumption in

Nigeria comes from fossil fuels. The relatively low standard deviation of 1.76% suggests that

there is not much variability in the proportion of energy derived from fossil fuels, indicating a

consistent reliance on non-renewable sources over the period analyzed. The maximum value of

22.85% and minimum value of 15.85% show the range within which fossil fuel energy

consumption fluctuates. The negative kurtosis and skewness coefficients suggest a distribution

with a flatter peak and a slight left skew, meaning that lower values are slightly more common

than higher ones. The Jarque-Bera test statistic and its associated probability value indicate that

the distribution may not significantly deviate from normality.

As for the control variables, the mean growth rate of gross fixed capital formation as a ratio of

GDP at 2.30% indicates the average annual increase in investment in fixed assets such as

machinery, equipment, and infrastructure to GDP. The relatively high standard deviation of

12.27% suggests significant variability in investment growth rates over the period, indicating

fluctuations in capital formation. The maximum growth rate of 40.39% reflects periods of robust

investment expansion, while the minimum growth rate of -23.75% suggests contractions in

investment, potentially indicating economic downturns or periods of low investor confidence.

The positive kurtosis and skewness coefficients indicate a distribution with a flat surface and a

skewness to the right, suggesting that positive growth outliers are more common than negative

ones. The Jarque-Bera test statistic and its associated probability value indicate that the

distribution of growth rates may not significantly depart from normality. For the labour force

participation rate, the mean participation rate of 58.91% indicates the average proportion of the
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working-age population that is economically active. The standard deviation of 6.28% suggests

moderate variability in labour force participation rates over the period. The maximum

participation rate of 76.34% represents the highest observed value, indicating periods of high

labour force participation, while the minimum participation rate of 55.4% suggests lower levels

of economic activity. The positive kurtosis and skewness coefficients indicate a distribution with

a higher peak and a skewness to the right, suggesting that higher participation rates are more

common than lower ones. The Jarque-Bera test statistic and its associated probability value

suggest that the distribution of labour force participation rates may significantly depart from

normality.

4.2.2 Correlation Analysis

The correlation analyses of the variables are presented in Table 4.2. The coefficients show that

the level of association between the variables used to explain the existing relationship among

monetary policy, energy consumption and economic growth in Nigeria.

From Table 4.2, the results show that the three monetary policy instruments (monetary policy

rate, liquidity ratio and money supply) correlated negatively with economic growth measured by

GDP growth rate. As to the energy consumption components, GDP growth is directly correlated

with renewable energy consumption but relates negatively with non-renewable energy

consumption. Concerning the key factors of output growth, GDP growth has a positive level of

association with capital investment, but it indirectly relates with labour force participation rate.

As to the main and control variables, their correlation relationships differ among themselves.

Their correlation coefficients are moderates, therefore suggesting absence of multicollinearity
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problem. Consequently, these results are just preliminary analysis subject to confirmation using

the appropriate estimation method to reveal the parameter signs and magnitudes of the variables.
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Table 4.2: Correlation Matrix
Y MPR LR MS REN NEN K L

Y 1

MPR -0.178 1

LR -0.154 0.094 1

MS -0.172 -0.359 0.115 1

REN 0.051 -0.007 -0.365 -0.439 1

NEN -0.121 0.489 0.307 0.038 -0.388 1

K 0.206 -0.060 0.244 -0.122 -0.015 0.045 1

L -0.313 -0.092 0.138 0.587 -0.592 0.141 -0.052 1

Source:Author’s computation (2024).

4.2.3 Trend Analysis

This sub-section of the study assesses the trend of monetary policy, energy consumption and

economic growth in Nigeria for the period of 33 years i.e. 1990-2022. This enables to determine

the trend and pattern of GDP growth, monetary policy rate, liquidity ratio, broad money (% of

GDP), renewable energy consumption (% of total final energy consumption), fossil fuel energy

consumption (% of total), gross fixed capital formation (annual % growth), and total labour force

participation rate (% of total population ages 15+). The time series of monetary policy variables,

energy consumption components and controlling variables plotted against economic growth are

shown in Figures 4.1, 4.2, and 4.3.

The trend movement of GDP growth in Nigeria from 1990 to 2022 shows periods of both growth

and contraction, reflecting the country’s economic performance over the years. In the early 1990s,

Nigeria experienced relatively high GDP growth rates, with peaks in 1990 (11.78%) and 1992

(4.63%). However, in 1993 and 1994, the economy contracted, with negative growth rates of -
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2.04% and -1.82%, respectively. This period of economic downturn may have been influenced

by various factors such as political instability, external shocks, and poor economic policies. From

the late 1990s to the early 2000s, Nigeria witnessed a period of economic recovery and growth,

with positive GDP growth rates. The economy expanded notably in 2002, recording a growth

rate of 15.33%, which could be attributed to factors such as increased oil production and

favorable global oil prices.
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In the mid-2000s to the late 2010s, Nigeria experienced relatively stable but moderate GDP

growth rates, hovering around 5-7%. This period was characterized by various economic reforms,

infrastructure development initiatives, and efforts to diversify the economy away from oil

dependency. However, economic growth remained susceptible to fluctuations in global oil prices,

internal security challenges, and governance issues. In more recent years, Nigeria faced

economic challenges, including a recession in 2016 (-1.62%) and relatively low growth rates in

2020 (-1.79%) due to the COVID-19 pandemic and its impact on global economic activity.

Despite these setbacks, Nigeria demonstrated resilience with positive growth rates in 2021

(3.65%) and 2022 (3.25%).

The trend movement of monetary policy variables in Nigeria from 1990 to 2022 in Figure 4.2

reveals fluctuations and shifts in key indicators such as the monetary policy rate (MPR), liquidity

ratio (LR), and broad money (% of GDP) (MS). The monetary policy rate (MPR) reflects the

central bank’s benchmark interest rate, which influences borrowing and lending rates in the

economy. From 1990 to the early 2000s, the MPR fluctuated within a relatively wide range,

reflecting efforts to manage inflation and stimulate economic growth. However, there was a

noticeable decline in the MPR from the mid-2000s to the early 2010s, indicating a period of

monetary easing to support economic expansion. Subsequently, there were adjustments in the

MPR in response to changing economic conditions, with increases observed in recent years,

possibly aimed at curbing inflationary pressures.

The liquidity ratio (LR) measures the proportion of liquid assets that financial institutions are

required to hold as reserves. The LR in Nigeria experienced significant variability over the years,

reflecting changes in liquidity management strategies by the central bank. There were periods of
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tightening liquidity requirements, as evidenced by higher LR values, particularly during times of

economic uncertainty or financial instability. Conversely, there were instances of loosening

liquidity requirements to stimulate credit creation and support economic growth, as indicated by

lower LR values. Broad money (% of GDP) (MS) represents the total supply of money

circulating in the economy relative to the size of the economy. The trend movement of MS

reflects changes in money supply dynamics, influenced by factors such as monetary policy

decisions, banking regulations, and economic conditions. Over the period analyzed, MS

exhibited fluctuations, with peaks and troughs corresponding to changes in monetary policy

stance and economic performance. Generally, an increase in MS may signal expansionary

monetary policy measures aimed at stimulating economic activity, while a decrease may indicate

contractionary policy measures to contain inflation or stabilize financial markets.

The trend movement of renewable and non-renewable energy consumption in Nigeria from 1990

to 2022 in Figure 4.2 demonstrates fluctuations and shifts in the country’s utilization of

renewable and non-renewable energy sources over the years. In the early 1990s, Nigeria

exhibited relatively high levels of renewable energy consumption, with values consistently above

85%. However, there was a gradual decline in the mid to late 1990s, reaching a low point around

2003. This decline may have been influenced by various factors such as changes in energy

policies, technological advancements, and economic factors. From the mid-2000s to the early

2010s, Nigeria experienced some fluctuation in renewable energy consumption, with slight

increases observed in certain years. These fluctuations may reflect efforts to promote renewable

energy adoption, driven by concerns over energy security, environmental sustainability, and the

potential for diversifying the energy mix. In more recent years, there has been a noticeable
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upward trend in renewable energy consumption, particularly from 2019 to 2022. This trend

suggests renewed efforts to prioritize renewable energy sources, possibly driven by a growing

recognition of the need to mitigate climate change, reduce greenhouse gas emissions, and

achieve sustainable development goals.

Furthermore, in the early 1990s, Nigeria exhibited relatively high levels of fossil fuel energy

consumption, with values consistently above 20%. However, there was a slight decline observed

in the mid-1990s, followed by a fluctuating pattern throughout the late 1990s and early 2000s.

These fluctuations may have been influenced by various factors such as changes in energy

policies, economic conditions, and technological advancements. From the mid-2000s to the late

2010s, Nigeria experienced a relatively stable trend in fossil fuel energy consumption, with

minor fluctuations observed. Despite some variability, fossil fuel consumption remained

relatively high, consistently above 15%. This indicates a continued reliance on fossil fuels,

particularly oil and gas, as primary sources of energy in Nigeria’s economy. In more recent years,

there has been a slight upward trend in fossil fuel energy consumption, particularly from 2019 to

2022. This trend suggests a potential increase in fossil fuel usage, possibly driven by factors such

as population growth, industrial development, and infrastructure expansion. However, it's

essential to note that while fossil fuel consumption has increased, efforts to diversify the energy

mix and promote renewable energy adoption are also underway.
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The trend movement of investment, represented by Gross Fixed Capital Formation (annual %

growth) (K), and labour force participation in Nigeria from 1990 to 2022 in Figure 4.3

demonstrates fluctuations and changes in the country's investment patterns and economic

development. In the early 1990s, Nigeria experienced relatively high levels of investment growth,

with values consistently above 0%. This period was characterized by positive investment growth

rates, indicating robust economic activity and expansion in capital formation. However, there

were some fluctuations observed during this period, reflecting changes in economic policies,

external shocks, and domestic factors. From the mid-1990s to the early 2000s, Nigeria

encountered a mixed trend in investment growth, with periods of both positive and negative

growth rates. This period was marked by economic challenges, including political instability,

fiscal imbalances, and external pressures, which contributed to the volatility in investment levels.

From the mid-2000s to the late 2010s, Nigeria witnessed significant fluctuations in investment

growth, with periods of both high and low growth rates. There were notable peaks in investment

growth, particularly in 2003 and 2006, followed by downturns in subsequent years. These

fluctuations may have been influenced by various factors, including changes in government

policies, global economic conditions, and fluctuations in commodity prices, particularly oil. In

more recent years, there has been a mixed trend in investment growth, with periods of both

positive and negative growth rates. Despite challenges such as economic recession, fiscal

constraints, and infrastructure gaps, Nigeria has continued to attract investment, albeit at varying

levels.
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Concerning labour participation, Nigeria experienced relatively stable labor force participation

rates, with values hovering around 55.4% from 1990 to 2010. This period was characterized by

consistent participation of the working-age population in the labor market, indicating a steady

proportion of individuals actively seeking employment or engaged in economic activities.

However, starting in 2011, there was a notable increase in the labor force participation rate,

reaching 60.41% in that year. This rise suggests a surge in the proportion of the population

actively participating in the labor market, potentially driven by factors such as population growth,

demographic changes, and increased labor force mobilization initiatives. Subsequently, from

2013 to 2019, there were fluctuations observed in the labor force participation rate, with values

fluctuating between 59.81% and 76.34%. These fluctuations may have been influenced by

various factors, including changes in economic conditions, government policies, and structural

shifts in the labor market. In 2015, there was a significant spike in the labor force participation

rate, reaching 72.25%, followed by a further increase to 74.58% in 2016 and 76.34% in 2017.

These higher participation rates may have been driven by factors such as population growth,

urbanization, and increased labor force mobilization efforts. However, from 2019 onwards, there

was a notable decline in the labor force participation rate, returning to levels observed in the

early 2000s. This decline could be attributed to various factors, including changes in

demographic trends, economic conditions, and social factors impacting labor force dynamics.
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4.3 Pre-Estimation Tests (Unit Root Test)

This section presents the unit root test results as it examines the stationarity level of the variables.

It is used to check for the presence of a unit root i.e. if the variables are not stationary at levels.

This test is carried out using the Augmented Dickey Fuller (ADF), Phillip-Perron (PP), and

Kwiatkowski–Phillips–Schmidt–Shin (KPSS) tests. This is the first test carried out before the co-

integration analysis and is known as the pre-estimation test. The conventional methods used in

this study were augmented Dickey–Fuller (ADF), Phillips–Perron (PP), and Kwiatkowski–

Phillips–Schmidt–Shin (KPSS) to test the stationarity level at levels and first differences. Table

4.3 shows the results of the conventional unit root test methods.

Furthermore, the a priori expectation when using the ADF and PP tests is that a variable is

stationary when the value of the ADF and PP test statistics are greater than the critical value at

5%. It is otherwise for KPSS estimator. From the test result reported in Table 4.3, capital

investment to GDP was found not to accept the null hypothesis “they have unit root test” at 5%

level. This implies that capital investment to GDP is stationary at levels. Thus, its series is

integrated at order zero i.e. I(0). However, the series of GDP growth, monetary policy rate,

liquidity rate, money supply to GDP, renewable energy consumption, non-renewable energy

consumption, capital investment, and labour force participation rate are not stationary at levels

but they are integrated at order one i.e., I(1). Therefore, GDP growth, monetary policy rate,

liquidity rate, money supply to GDP, renewable energy consumption, non-renewable energy

consumption, capital investment, and labour force participation rate were found not to reject the

null hypothesis “no stationary” at level but after several iterations based on the number of lag
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length and differencing, the series were found to reject the null hypothesis at first difference.

This indicates that the first difference of these series were stationary.

Table 4.3: Unit Root Test Results [Trend and Intercept]

Variables

Augmented Dickey

Fuller (ADF)
Phillip-Perron (PP)

Kwiatkowski–Phillips–Schmidt–Shin

(KPSS) I(d)

Levels 1stDifference Levels 1stDifference Levels 1stDifference

Y -1.9368 -9.1197*** -3.6049** – 0.1514 0.0900*** I(1)

MPR -3.3552* -7.7846*** -3.3348* -8.6703*** 0.1282 0.0901*** I(1)

LR -3.3540* -6.7948*** -3.4026* -11.041*** 0.0040*** – I(1)

MS -2.2634 -4.5166*** -1.9491 -6.4175*** 0.1054 0.0646*** I(1)

REN -1.8221 -4.8257*** -1.8221 -4.8229*** 0.0589*** – I(1)

NEN -2.0158 -5.5926*** -1.9502 -6.1300*** 0.1221 0.0561*** I(1)

K -10.245***
– -

12.462***

– 0.0229*** –
I(0)

L -4.8408*** – -2.1829 -4.9726*** 0.0868*** – I(1)

Note: ***, ** and * signify significance level at 1%, 5% and 10% respectively.
Sources:Author’s computation (2024).
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4.4 Presentation of Results

4.4.1 Empirical Results of the Impact of Monetary Policy on Energy Consumption

Cointegration Test Result

The study tests the long-run relationship between the monetary policy, energy consumption

(renewable and non-renewable energy), and other controlling variables using the autoregrssive

distributed lag (ARDL) bound cointegration tests in the stated hypotheses before estimating both

the short-run and long-run parameters. For the first model showing the relationship among

monetary policy, energy consumption and other controlling variables, the ARDL bound test is

employed because it is suitable for variables at different order of integration. The F-statistics

estimate for testing the existence of long-run relationship between monetary policy, energy

consumption, and other controlling variables in Nigeria is presented in Table 4.4.
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Table 4.4: Existence of long-run cointegration between monetary policy and energy
consumption

Test Statistic Value K

F-statistics (ren| k, l, mpr, ms, lr) 4.2445 5

F-statistics (nen| k, l, mpr, ms, lr) 3.5319 5

Critical Value Bounds

Significance I0 Bound I1 Bound

10% 2.08 3.00

5% 2.39 3.38

2.5% 2.70 3.73

1% 3.06 4.15

Source:Author’s computation (2024).

From the table, the estimated F-statistics of the normalized equation (Farb = 4.2445 and 3.5319)

are greater than the lower and upper critical bound at 1% significance level. This implies that the

null hypothesis of no long-run relationship is rejected at 1% significance level. The implication

of the above estimation is that monetary policy instruments (monetary policy rate, money supply,

and liquidity ratio), control variables (capital investment and labour participation rate) and

energy consumption (renewable and non-renewable energy consumption), all have equilibrium

condition that keep them together in the long-run. Thus, there exists a long-run relationship

between monetary policy and energy consumption in Nigeria.
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Results of Short-run and Long-run Estimates

A) Effect of Monetary Policy on Renewable Energy

The discussion in here examines the relationship between monetary policy and renewable energy

consumption in Nigeria. It examines both the short-run and long-run relationship estimates of

monetary policy and other controlling variables in Nigeria using the estimated ARDL approach

described extensively in the previous chapter. The estimated ARDL model is a composite of

short-run and long-run estimates of the interrelationship among considered series in this study.

The clear evidence of our empirical estimates from monetary policy variables (monetary policy

rate, money supply and liquidity), capital, and labour force participation rate are presented in

Table 4.5.
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Table 4.5: Results of estimated ARDLmodel of renewable energy consumption
Dependent Variable: Renewable energy (ren)
Selected Model:ARDL(3, 2, 1, 1, 1, 1)
Sample: 1990 2022 Included observations: 30

Short-Run Estimates
Variable Coefficient Std. Error t-Statistic Prob.

∆(REN(-1)) 0.589941 0.185323 3.183306 0.0062
∆(REN(-2)) 0.349120 0.177941 1.961996 0.0686

∆(K) -0.080993 0.022855 -3.543696 0.0029
∆(K(-1)) 0.074965 0.019312 3.881785 0.0015
∆(L) -0.070980 0.063365 -1.120178 0.2803

∆(MPR) -0.112355 0.061333 -1.831878 0.0869
∆(MS) 0.238084 0.094788 2.511765 0.0239
∆(LR) 0.018384 0.018229 1.008546 0.3292
ECT(-1) -0.980661 0.209098 -4.689962 0.0003

Long-run Estimates
K -0.207054 0.098186 -2.108792 0.0522
L -0.237192 0.069550 -3.410396 0.0039

MPR 0.030245 0.113784 0.265807 0.7940
MS -0.021756 0.073894 -0.294421 0.7725
LR -0.043406 0.028700 -1.512391 0.1512
C 101.4622 3.363231 30.16807 0.0000

R-squared 0.5852 F-stat 4.7867 (0.0024)
Adj. R-squared 0.4271 D-Watson 1.7898

Diagnostic Tests
Serial Correlation: 0.5461 [0.5919] Normality Test: 0.1227 [0.9405]
Functional Form:0.6952 [0.4983] Heteroskedasticity Test:0.5766 [0.8448]
Source:Author’s computation (2024).
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The short-run estimation results show the error correction mechanism which measures the speed

or degree of adjustment. It is the rate of adjustment at which the dependent variable changes due

to changes in the independent variables. The short run analysis shows the dynamic pattern in the

model and to ensure that dynamics of the model have not been constrained by inappropriate lag

length specification. The ARDL test automatically choose the lag length on all variables as the

model was set at three to ensure sufficient degree of the freedom based on automatic selection of

Akaike Information Criterion. The short-run estimates of the relationship between monetary

policy and renewable energy consumption is presented in Table 4.5. The coefficient of the ECT

is found to be negative and statistically significant at the conventional level. The ECT value (-

0.9806) implied that the model corrects its short-run disequilibrium by 98.06% speed of

adjustment in order to return to the long run equilibrium.

The coefficients of the short-run lags one and two of change in renewable energy consumption

have positive and significant impact on the current changes in renewable energy consumption at

5% level. On average, this implies that renewable energy consumption is gradually improving in

the country. The short-run parameter estimate of monetary policy rate was found to be negative

and statistically significant at 10% level. The coefficient value of -0.11% suggests that a 1%

increase in the monetary policy rate leads to a decrease in renewable energy consumption by

approximately 0.11%. This indicates a potential negative relationship between the monetary

policy rate and renewable energy consumption in the short run. The short run estimate of money

supply (% of GDP) positively and significantly impact GDP growth. The coefficient value of

0.24% indicates that a 1% increase in the money supply (% of GDP) results in an increase in
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renewable energy consumption by approximately 0.24%. This suggests a positive relationship

between money supply and renewable energy consumption in the short run.

Likewise, liquidity ratio has a direct effect on renewable energy consumption, although not

statistically significant at 5%. The parameter of 0.018% indicates that a 1% increase in the

liquidity ratio leads to a slight increase in renewable energy consumption by approximately

0.018%. However, this effect is not statistically significant, suggesting that liquidity rate do not

have a significant impact on renewable energy consumption in the short run. As to capital (% of

GDP), its current and first lag coefficients represent the effects of current and lagged values of

capital investment on renewable energy consumption. The negative coefficient for the current

value (-0.081%) suggests that an increase in capital investment leads to a decrease in renewable

energy consumption in the short run, and this effect is statistically significant at the 1% level.

Conversely, the positive coefficient for the first lag of capital (0.075%) suggests that the lagged

effect of capital investment positively influences renewable energy consumption, and this effect

is statistically significant at the 1% level. Concerning the labour participation rate, the coefficient

value of -0.071% indicates that a one-unit increase in labor force participation leads to a decrease

in renewable energy consumption by approximately 0.071%. However, this effect is not

statistically significant, suggesting that labour force participation may not have a significant

impact on renewable energy consumption in the short run.

The long-run estimates from Table 4.5 indicated that all the monetary policy instrument do not

have significant impact on long run energy consumption in Nigeria. None of the instruments

follow the theoretical expectations. Specifically, renewable energy consumption is influenced

positively by monetary policy rate, but negatively impacted by broad money supply (% of GDP)
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and liquidity ratio respectively. A 10% changes in monetary policy rate, money supply (% of

GDP) and liquidity ratio result to changes in renewable energy consumption by 0.3%, -0.22%

and 0.43% correspondingly. As to the control variable, capital investment and labour

participation rate negatively influence renewable energy consumption. Labour force participation

rate was significant at 5% level while capital investment was significant at 10% level. A 10%

increase in capital investment and labour participation rate lead to a reduction in renewable

energy consumption by 2.07% and 2.37% correspondingly.

The coefficient of determination (Adjusted-R2) is high (42.71%) indicating that about 42.71% of

the total variations in renewable energy consumption was explained by the monetary policy

variables, investment, and labour force participation rate. It simply indicated that the variation of

changes in renewable energy consumption was explained by 42.71% variations in monetary

policy and other controlling variables. The overall test using the F-statistic (4.787) is statistically

significant at 5% level of significance showing that model is well specified and statistically

significant. The Durbin Watson statistic (1.7898) shows that there is absence of serial

autocorrelation in the model.

Diagnostic Test

The estimated ARDL model is tested for heteroscedasticity, serial correlation, functional form

misspecification, parameter stability and normality. The results from these tests are also shown in

Table 4.5. The estimated ARDL model revealed that the model passed the serial correlation,

normality test, and heteroskedasticity test. It means that the error terms are normally distributed

with same variances and they are not serially correlated. Also, the Ramsey RESET test was

satisfactory for the ARDLmodel indicating that the model is well distributed.
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Additionally, the ARDL model passed the Ramsey RESET test, showing that the model is evenly

specified. Additionally, the cumulative sum (CUSUM) and cumulative sum of squares

(CUSUMSQ), respectively, as shown in Figures 4.4a and 4.4b are steady.
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Figure 4.4a: Cumulative sum
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B) Effect of Monetary Policy on Non-Renewable Energy

The discussion in here answers the null hypothesis that monetary policy has no significant effect

on the non-renewable energy consumption in Nigeria. It examines both the short-run and long-

run relationship estimates of monetary policy and other controlling variables in Nigeria using the

estimated ARDL approach described extensively in the previous chapter. The estimated ARDL

model is a composite of short-run and long-run estimates of the interrelationship among

considered series in this study. The clear evidence of our empirical estimates from monetary

policy variables (monetary policy rate, liquidity ratio and money supply), capital, and labour

force participation rate are presented in Table 4.6.
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Table 4.6: Results of estimated ARDLmodel of non-renewable energy consumption
Dependent Variable: Non-renewable energy (nen)
Selected Model:ARDL(3, 0, 0, 1, 2, 2)
Sample: 1990 2022 Included observations: 30

Short-Run Estimates
Variable Coefficient Std. Error t-Statistic Prob.

∆(NEN(-1)) 0.120344 0.117044 1.028198 0.3192
∆(NEN(-2)) 0.226954 0.118250 1.919268 0.0730
∆(MPR) 0.151583 0.039668 3.821290 0.0015
∆(MS) -0.091618 0.063635 -1.439750 0.1692

∆(MS(-1)) -0.203791 0.066052 -3.085329 0.0071
∆(LR) 0.012407 0.010531 1.178168 0.2560

∆(LR(-1)) -0.044711 0.011946 -3.742899 0.0018
ECT(-1) -0.640225 0.109807 -5.830439 0.0000

Long-run Estimates
K -0.002465 0.026901 -0.091619 0.9281
L 0.041631 0.058150 0.715924 0.4844

MPR 0.084038 0.109898 0.764695 0.4556
MS 0.043219 0.073650 0.586821 0.5655
LR 0.082205 0.024602 3.341449 0.0041
C 11.29333 3.382300 3.338950 0.0042

R-squared 0.7642 F-stat 6.9534 (0.0002)
Adj. R-squared 0.6892 D-Watson 2.0495

Diagnostic Tests
Serial Correlation:3.0256 [0.0809] Normality Test: 0.1257 [0.9391]
Functional Form:0.0742 [0.9418] Heteroskedasticity Test:1.0327 [0.4688]
Source:Author’s computation (2024).
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The short-run estimation results show the error correction mechanism which measures the speed

or degree of adjustment. It is the rate of adjustment at which the dependent variable changes due

to changes in the independent variables. The short run analysis shows the dynamic pattern in the

model and to ensure that dynamics of the model have not been constrained by inappropriate lag

length specification. The ARDL test automatically choose the lag length on all variables as the

model was set at three to ensure sufficient degree of the freedom based on automatic selection of

Akaike Information Criterion. The short-run estimates of the relationship between monetary

policy and non-renewable energy consumption is presented in Table 4.6. The coefficient of the

ECT is found to be negative and statistically significant at the conventional level. The ECT value

(-0.6402) implied that the model corrects its short-run disequilibrium by 64.02% speed of

adjustment in order to return to the long run equilibrium.

The coefficients of the short-run lags one and two of change in non-renewable energy

consumption has positive and negative significant impact on the current changes in non-

renewable energy consumption, albeit not significant at 5% level. As to the short-run of

monetary policy rate, the coefficient value of 0.15% indicates that a 1% increase in the monetary

policy rate leads to an increase in non-renewable energy consumption by approximately 0.15%.

This effect is statistically significant at the 1% level, suggesting a positive relationship between

the monetary policy rate and non-renewable energy consumption in the short run. Money supply

has a negative effect on non-renewable energy consumption in the short. Their coefficients

represent the effects of current and lagged values of money supply on non-renewable energy

consumption. The coefficient value of -0.092% for current money supply level suggests that a

1% increase in the current money supply leads to a decrease in non-renewable energy
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consumption by approximately 0.092%, although this effect is not statistically significant.

Conversely, the coefficient value of -0.20% for its first lag indicates that the lagged effect of

money supply negatively influences non-renewable energy consumption, and this effect is

statistically significant at the 1% level. The effects of current and lagged values of liquidity ratio

on non-renewable energy consumption are positive and negative respectively. The coefficient

value of 0.012$ for current liquidity ratio suggests that a 1% increase in the current liquidity ratio

leads to a slight increase in non-renewable energy consumption by approximately 0.012%.

However, this effect is not statistically significant at 5% level. Conversely, the coefficient value

of -0.045% for the first lag indicates that the lagged effect of liquidity ratio negatively influences

non-renewable energy consumption, and this effect is statistically significant at the 1% level.

The long-run estimates from Table 4.6 indicated that all monetary policy variables (monetary

policy rate, liquidity ratio and money supply) have positive impact on the non-renewable energy

consumption in Nigeria. The result shows that the three indicators were not in tandem with the

theoretical expectations and only liquidity ratio was statistically significant at 5%. A 10%

increase in monetary policy rate, money supply and liquidity ratio lead to an increase in non-

renewable by 0.84%, 0.43% and 0.82% correspondingly. Meanwhile, investment and labour

force participation rate have an insignificant effect on non-renewable energy consumption. Only

labour force participation conforms to a’priori expectations.

The coefficient of determination (adjusted-R2) is high (68.92%) indicating that about 68.92% of

the total variations in non-renewable energy consumption was explained by the variables in the

model. It simply indicated that the variation of changes in non-renewable energy consumption

was explained by 68.92% variations in monetary policy variables, investment and labour force
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participation rate. The overall test using the F-statistic (6.953) is statistically significant at 5%

level of significance showing that model is well specified and statistically significant. The

Durbin Watson statistic (2.0495) shows that there is absence of serial autocorrelation in the

model.

Diagnostic Test

The estimated ARDL model is tested for heteroscedasticity, serial correlation, functional form

misspecification, parameter stability and normality. The results from these tests are shown in

Table 4.6.

The estimated ARDL model revealed that the model passed the serial correlation, normality test,

and heteroskedasticity test. It means that the error terms are normally distributed with same

variances and they are not serially correlated. Also, the Ramsey RESET test was satisfactory for

the ARDL model indicating that the model is well distributed.

Additionally, the ARDL model passed the Ramsey RESET test, showing that the model is evenly

specified. Additionally, the cumulative sum (CUSUM) and cumulative sum of squares

(CUSUMSQ), respectively, as shown in Figures 4.5a and 4.5b are steady.
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4.4.2 Empirical Results of the Effect of Monetary Policy on Economic Growth

Cointegration Results

In this section, the long-run relationship between the monetary policy, economic growth, and

other controlling variables are tested using the autoregrssive distributed lag (ARDL) bound

cointegration tests prior to the estimation of both the short-run and long-run parameters. For the

first model showing the relationship between monetary policy (monetary policy rate, liquidity

ratio and money supply), capital investment, and labour force participation, the ARDL bound test

is employed because it is suitable for variables at different order of integration. The F-statistics

estimate for testing the existence of long-run relationship between monetary policy, economic

growth and other controlling variables in Nigeria is presented in Table 4.7.

Table 4.7 showed that the estimated F-statistics of the normalized equation (Farb= 4.5282) is

greater than the lower and upper critical bound at 1% significance level. This implies that the

null hypothesis of no long-run relationship is rejected at 1% significance level. The implication

of the above estimation is that monetary policy variables (monetary policy rate, liquidity ratio

and money supply), control variables (such as capital investment and labour force participation

rate) and economic growth, all have equilibrium condition that keep them together in the long-

run. Thus, there exists a long-run relationship between monetary policy and economic growth in

Nigeria.
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Table 4.7: Existence of long run cointegration between monetary policy and economic growth
Test Statistic Value K

F-statistics (y| k, l, mpr, ms, lr) 4.5282 5

Critical Value Bounds

Significance I0 Bound I1 Bound

10% 2.08 3.00

5% 2.39 3.38

2.5% 2.70 3.73

1% 3.08 4.15

Source:Author’s computation (2024).

Results of Short-run and Long-run Estimates

In this sub-section, this discussion answers the null hypothesis that monetary policy has no

significant effect on the economic growth of Nigeria. This examines both the short-run and long-

run estimates of monetary policy and other controlling variables in Nigeria using the estimated

ARDL approach described extensively in the previous chapter. The estimated ARDL model is a

composite of short-run and long-run estimates of the interrelationship among considered series in

this study. The clear evidence of our empirical estimates from monetary policy variables

(monetary policy rate, liquidity ratio and money supply), capital, and labour force participation

are presented in Table 4.8.

The short-run estimation results show the error correction mechanism which measures the speed

or degree of adjustment. It is the rate of adjustment at which the dependent variable changes due

to changes in the independent variables. The short run analysis shows the dynamic pattern in the

model and to ensure that dynamics of the model have not been constrained by inappropriate lag
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length specification. The ARDL test automatically choose the lag length on all variables as the

model was set at three to ensure sufficient degree of the freedom based on automatic selection of

Akaike Information Criterion. The short-run estimates of the relationship between monetary

policy and economic growth is presented in Table 4.8. The coefficient of the ECT is found to be

negative and statistically significant at the conventional level. The ECT value (-0.5153) implied

that the model corrects its short-run disequilibrium by 51.53% speed of adjustment in order to

return to the long run equilibrium.
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Table 4.8: Results of estimated ARDLmodel of Monetary Policy and economic growth
Dependent Variable: Economic growth (Y)
Selected Model:ARDL(3, 0, 3, 2, 3, 3)
Sample: 1990 2022 Included observations: 34

Short-Run Estimates
Variable Coefficient Std. Error t-Statistic Prob.
∆(Y(-1)) -0.124665 0.127110 -0.980760 0.3498
∆(Y(-2)) 0.214940 0.096081 2.237074 0.0492
∆D(L) -0.252412 0.102156 -2.470860 0.0331
∆(L(-1)) 0.744946 0.119356 6.241381 0.0001
∆(L(-2)) 0.345757 0.108470 3.187588 0.0097
∆(MPR) 0.012990 0.103114 0.125975 0.9022

∆(MPR(-1)) 0.721256 0.115837 6.226485 0.0001
∆(MS) -0.848450 0.168310 -5.041004 0.0005

∆(MS(-1)) -0.294346 0.186700 -1.576575 0.1460
∆(MS(-2)) 0.668305 0.151953 4.398109 0.0013
∆(LR) -0.071492 0.030462 -2.346947 0.0409

∆(LR(-1)) -0.102993 0.034536 -2.982159 0.0138
∆(LR(-2)) 0.057156 0.024289 2.353205 0.0404
ECT(-1) -0.515343 0.072364 -7.121530 0.0000

Long-run Estimates
K 0.050044 0.100044 0.500217 0.6277
L -0.500625 0.291319 -1.718477 0.1165

MPR -1.220193 0.493207 -2.473996 0.0329
MS -0.459050 0.350325 -1.310354 0.2194
LR 0.410280 0.151310 2.711516 0.0219
C 38.62768 12.52466 3.084130 0.0116

R-squared 0.8893 F-stat 5.1903 (0.0055)
Adj. R-squared 0.7993 D-Watson 2.0553

Diagnostic Tests
Serial Correlation: 0.7960 [0.5010] Normality Test: 0.9639 [0.6176]
Functional Form: 1.0323 [0.3289] Heteroskedasticity Test:0.9262 [0.5771]
Source:Author’s computation (2024).
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The coefficient of the short-run lag two of change in output growth has positive and significant

impact on the current changes in economic growth at 5% level. This means that the current level

of output growth depends on those that are previously produced in the economy. The short run

monetary policy rate has a direct impact on economic growth. The coefficient for short run

monetary policy rate is 0.013%, indicating that a 1% increase in the current monetary policy rate

has a negligible positive effect on GDP growth, although this effect is not statistically significant

at the 5% level. However, the coefficient for its lag one is 0.72%, indicating a significant positive

effect. This implies that a 1% increase in the lagged monetary policy rate leads to a substantial

increase in GDP growth by approximately 0.72%. This effect is statistically significant at the 5%

level. The coefficient for current money supply is -0.85%, indicating that a 1% increase in the

current money supply leads to a significant decrease in GDP growth by approximately 0.85%.

This effect is statistically significant at the 5% level. However, the coefficients for money supply

at first and second lags are -0.29% and 0.67%, respectively. While the coefficient for money

supply at first lag is not statistically significant, the coefficient for its second lag is statistically

significant at the 5% level, indicating a positive effect on GDP growth.

The coefficient for current liquidity ratio is -0.072%, indicating that a 1% increase in the current

liquidity ratio leads to a slight decrease in GDP growth by approximately 0.072%. This effect is

statistically significant at the 5% level. Similarly, the coefficients for liquidity ratio at first and

second lags are -0.10% and 0.057%, respectively. Both coefficients are statistically significant at

the 5% level, indicating negative and positive effects on GDP growth, respectively. The short-run

parameter estimate of current labour force participation was found to be negative, indicating that

it influences changes in the GDP growth negatively. Thus, the coefficient is statistically
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significant at 5%. Also, labour force participation rate at first and second lags have a direct and

significant effect on economic growth and their impacts are significant statistically at 5% level.

The long-run estimates in Table 4.8 indicated that monetary policy rate and money supply have

negative impact on economic growth. The coefficient of money supply did not corroborate the

a’priori expectation and also not statistically significant at 5%. As to monetary policy rate, its

negative effect on economic growth is significant statistically at 5% level. In magnitude terms, a

1% changes in monetary policy rate and money supply will lead to -1.22% and -0.46% changes

in economic growth respectively. However, the positive impact of liquidity ratio on GDP growth

is significant statistically at 5% level. Also, on magnitude basis, 1% increase in liquidity ratio

will cause a rise in the GDP growth by 0.41%. Also, investment has positive and insignificant

impact on GDP growth in the long-run. On the contrary, labour force participation rate negatively

impacted on the GDP growth of the Nigerian economy for the periods understudy, albeit not

significant at 5%.

The coefficient of determination (Adjusted-R2) is high (79.93%) indicating that about 79.93% of

the total variations in economic growth was explained by the variables in the model. It simply

indicated that the variation of changes in economic growth was explained by 79.93% variations

in monetary policy and other controlling variables. The overall test using the F-statistic (5.190) is

statistically significant at 5% level of significance showing that model is well specified and

statistically significant. The Durbin Watson statistic (2.0553) shows that there is absence of serial

autocorrelation in the model.
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Diagnostic Test

The estimated ARDL model is tested for heteroscedasticity, serial correlation, functional form

misspecification, parameter stability and normality. The results from these tests are shown in

Table 4.8.

The estimated ARDL model revealed that the model passed the serial correlation, normality test,

and heteroskedasticity test. It means that the error terms are normally distributed with same

variables and they are not serially correlated. Also, the Ramsey RESET test was satisfactory for

the ARDL model indicating that the model is well distributed.

In addition, the ARDL model passed the Ramsey RESET test, showing that the model is evenly

specified. Additionally, the cumulative sum (CUSUM) and cumulative sum of squares

(CUSUMSQ), respectively, as shown in Figures 4.6a and 4.6b are steady.
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4.4.3 Empirical Results of the Effects of Energy Consumption on Economic Growth

Cointegration Test Result

Concerning this section, the study examines the long-run relationship between the energy

consumption, economic growth and other control variables using the autoregrssive distributed

lag (ARDL) bound cointegration tests before the estimation of both the short-run and long-run

parameters. For the first model showing the relationship between energy consumption, economic

growth and other control variables, the ARDL bound test is employed because it is suitable for

variables at different order of integration. The F-statistics estimate for testing the existence of

long-run relationship between energy consumption, economic growth and other controlling

variables in Nigeria is presented in Table 4.9.

From the table, the estimated F-statistics of the normalized equation (Farb = 6.2585) is greater

than the lower and upper critical bound at 5% significance level. This implies that the null

hypothesis of no long-run relationship is rejected at 5% significance level. The implication of the

above estimation is that energy consumption (renewable and non-renewable energy), control

variables (capital investment and labour force participation rate) and economic growth, all have

equilibrium condition that keep them together in the long-run. Thus, there exists a long-run

relationship between energy consumption and economic growth in Nigeria.
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Table 4.9: Existence of long run cointegration between energy consumption and economic
growth

Test Statistic Value K

F-statistics (y| k, l, ren, nen) 6.2585 4

Critical Value Bounds

Significance I0 Bound I1 Bound

10% 2.20 3.09

5% 2.56 3.49

2.5% 2.88 3.87

1% 3.29 4.37

Source:Author’s computation (2024).
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Results of Short-run and Long-run Estimates

The discussion in here answers the null hypothesis that energy consumption has no significant

effect on the economic growth in Nigeria. It examines both the short-run and long-run

relationship estimates of energy consumption and other controlling variables in Nigeria using the

estimated ARDL approach described extensively in the previous chapter. The estimated ARDL

model is a composite of short-run and long-run estimates of the interrelationship among

considered series in this study. The clear evidence of our empirical estimates from energy

consumption (renewable and non-renewable energy), capital investment and labour force

participation rate are presented in Table 4.10.

The short-run estimation results show the error correction mechanism which measures the speed

or degree of adjustment. It is the rate of adjustment at which the dependent variable changes due

to changes in the independent variables. The short run analysis shows the dynamic pattern in the

model and to ensure that dynamics of the model have not been constrained by inappropriate lag

length specification. The ARDL test automatically choose the lag length on all variables as the

model was set at three to ensure sufficient degree of the freedom based on automatic selection of

Akaike Information Criterion. The short-run estimates of the relationship between renewable and

non-renewable energy consumption and economic growth are presented in Table 4.10. The

coefficient of the ECT is found to be negative and statistically significant at the conventional

level. The ECT value (-0.3768) implied that the model corrects its short-run disequilibrium by

37.68% speed of adjustment in order to return to the long run equilibrium.
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Table 4.10: Results of estimated ARDLmodel of economic growth
Dependent Variable: Economic growth (Y)
Selected Model:ARDL(1, 3, 2, 3, 0)
Sample: 1990 2022 Included observations: 35

Short-Run Estimates
Variable Coefficient Std. Error t-Statistic Prob.
∆(K) -0.139599 0.043335 -3.221411 0.0053

∆(K(-1)) 0.577944 0.089099 6.486504 0.0000
∆(K(-2)) 0.282085 0.049310 5.720668 0.0000
∆(L) -0.216739 0.096737 -2.240489 0.0396

∆(L(-1)) 0.335873 0.103674 3.239701 0.0051
∆(REN) -0.051236 0.277602 -0.184566 0.8559

∆(REN(-1)) 0.504209 0.251093 2.008055 0.0618
∆(REN(-2)) 1.341185 0.277100 4.840069 0.0002
ECT(-1) -0.376844 0.053679 -7.020358 0.0000

Long-run Estimates
K -2.901226 1.513389 -1.917039 0.0733
L -1.342431 0.534077 -2.513551 0.0230

REN -4.972410 2.263306 -2.196967 0.0431
NEN -3.625560 1.987606 -1.824083 0.0869
C 582.8718 258.2346 2.257141 0.0383

R-squared 0.7651 F-stat 5.0720 (0.0015)
Adj. R-squared 0.6756 D-Watson 2.2017

Diagnostic Tests
Serial Correlation: 0.1788 [0.9145] Normality Test:0.1788 [0.9145]
Functional Form:0.3792 [0.7099] Heteroskedasticity Test:0.7006 [0.7384]
Source:Author’s computation (2024).
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The coefficients of the short-run lags one and two of change in renewable energy consumption

has significant positive impact on the current changes in economic growth at 10% and 5%

respectively. The short run renewable energy consumption negatively and insignificantly impact

on GDP growth in Nigeria at 5% level. The short-run parameter estimates of current capital

investment was found to be negative and statistically significant at 5% indicating that it

influences changes in economic growth. Meanwhile, its first and second lags have direct and

significant impact on GDP growth in Nigeria. As to labour force participation rate, the current

value negatively and significantly influences GDP growth at 5% level. For the first lag of labour

force participation rate, the parameter is positive and significant implying that labour

participation rate influences the Nigeria’s economic growth positively.

The long-run estimates from Table 4.10 indicated that renewable and non-renewable energy

consumption have negative impact on the economic growth in Nigeria. The result shows that the

two indicators were not in tandem with the theoretical expectations but the coefficients are

significant at 5% and 10% level respectively. Also, on magnitude basis, 1% increase in

renewable and non-renewable energy consumption will cause GDP growth to reduce by 4.97%

and 3.63% respectively. Also, labour force participation rate and investment have indirect and

significant effects on economic growth at 5% and 10% level correspondingly. A 1% increase in

labour force participation rate and investment reduce GDP growth by 1.34% and 2.9% in the

same way.

The coefficient of determination (Adjusted-R2) is high (67.56%) indicating that about 67.56% of

the total variations in GDP growth was explained by the variables in the model. It simply

indicated that the variation of changes in GDP growth was explained by 67.56% variations in
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energy consumption and other controlling variables. The overall test using the F-statistic (5.072)

is statistically significant at 5% level of significance showing that model is well specified and

statistically significant. The Durbin Watson statistic (2.2017) shows that there is absence of serial

autocorrelation in the model.

Diagnostic Test

The estimated ARDL model is tested for heteroscedasticity, serial correlation, functional form

misspecification, parameter stability and normality. The results from these tests are shown in

Table 4.10. The estimated ARDL model revealed that the model passed the serial correlation,

normality test, and heteroskedasticity test. It means that the error terms are normally distributed

with same variables and they are not serially correlated. Also, the Ramsey RESET test was

satisfactory for the ARDLmodel indicating that the model is well distributed.

Additionally, the ARDL model passed the Ramsey RESET test, showing that the model is evenly

specified. Additionally, the cumulative sum (CUSUM) and cumulative sum of squares

(CUSUMSQ), respectively, as shown in Figures 4.7a and 4.7b are steady.
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4.3.4 Results of the Causal Relationship between Monetary Policy, Energy Consumption

and Economic Growth

This sub-section provides answers to the fourth null hypothesis that there is no significant causal

relationship among monetary policy, energy consumption, and economic growth in Nigeria. It is

achieved by computing the Granger causality test using both the VECM and the Toda and

Yamamoto and Dolado and Lutkepohl (TYDL) augmented VAR procedure of the causal

relationship among monetary policy, energy consumption, and economic growth measured by

GDP growth in Nigeria between 1990 and 2022. The result is reported for both short- and long-

run causal estimates which are presented in Tables 4.11 and 4.12 respectively.

The short-run causality result in Table 4.11 based on the TYDL procedure indicated that there

exists a one-way causal links between energy consumption and economic growth in Nigeria. It

shows that economic growth granger cause renewable and non-renewable energy consumption.

However, the table shows that there is no feedback from the energy consumption components to

output growth. Also, a uni-causal link existed between monetary policy and economic growth in

Nigeria. Specifically, a uni-directional causal link exists from output growth to monetary policy

rate and money supply. As regards liquidity ratio, it granger causes GDP growth. Also, liquidity

ratio granger causes renewable energy, non-renewable energy, and money supply. The table also

shows that renewable and non-renewable energy consumption granger cause money supply.

There exit no causal relationship between renewable and non-renewable energy consumption in

Nigeria.
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Table 4.11: Short-run Granger Causality Results based on TYDL Procedure and VECM

Dependent
Variables

Results based on an Augmented VEC Model [Short run lagged differences (F-statistics)]
Independent Variables

∆(Y) ∆(REN) ∆(NEN) ∆(MPR) ∆(MS) ∆(LR)
∆(Y) 1.6103 0.5458 1.7791 1.8076 4.9327

(0.4470) (0.7612) (0.4109) (0.5541) (0.0849)
∆(REN) 16.925 2.6290 0.3065 1.1805 14.567

(0.0002) (0.2686) (0.8579) (0.5542) (0.0007)
∆(NEN) 8.1534 2.6785 0.8456 0.1146 7.0759

(0.0170) (0.2620) (0.6552) (0.9443) (0.0291)
∆(MPR) 9.0292 0.1543 4.2177 1.4694 0.3408

(0.0109) (0.9258) (0.1214) (0.4797) (0.8433)
∆(MS) 4.6933 9.8257 10.186 2.0247 6.9637

(0.0957) (0.0074) (0.0061) (0.3634) (0.0308)
∆(LR) 0.1398 2.9467 0.2277 3.8128 2.8405

(0.9325) (0.2292) (0.8924) (0.1486) (0.2417)
Note: Values in parenthesis are probability values. The bolded values are found statistically significant at 1%, 5%
and 10% significance level.
Source:Author’s computation (2024).
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Table 4.12: Long-run Granger Causality Results based on TYDL Procedure and VAR

Dependent
Variables

Results based onAugmented VARModel (TYDL Procedure) (Modified Wald-statistics)
Independent Variables

Y REN NEN MPR MS LR
Y 6.0999 7.3674 1.9267 0.0193 8.1840

(0.0474) (0.0251) (0.3816) (0.9904) (0.0167)
REN 1.1270 7.0426 3.4415 1.7904 1.0721

(0.5692) (0.0296) (0.1789) (0.4085) (0.5851)
NEN 0.7493 3.2100 2.6515 4.0497 3.4602

(0.6875) (0.2009) (0.2656) (0.1320) (0.1773)
MPR 7.6149 0.4309 7.1099 2.3162 1.9509

(0.0222) (0.8062) (0.0286) (0.3141) (0.3770)
MS 0.1369 1.2467 3.6058 8.7737 5.0660

(0.9339) (0.5361) (0.1648) (0.0124) (0.0794)
LR 0.4486 0.0313 0.7975 0.8691 0.3601

(0.7991) (0.9845) (0.6712) (0.6476) (0.8352)
Note: Values in parenthesis are probability values. The bolded values are found statistically significant at 1%, 5%
and 10% significance level.
Source:Author’s computation (2024).

Table 4.12 presented the long-run Granger causal results using the TYDL augmented VAR

procedure to explain whether there is a causal relationship among monetary policy, energy

consumption and economic growth in the long-run. The result shows that renewable energy

consumption, non-renewable energy consumption and liquidity ratio granger cause economic

growth in Nigeria. Meanwhile, the result showed that output growth granger causes monetary

policy rate. Concerning the energy consumption components, non-renewable energy granger

causes renewable energy consumption. A uni-directional relationship exists from non-renewable

consumption to monetary policy rate. In addition, a uni-directional relation was reported from

monetary policy rate to money supply.
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4.5 Discussion of Findings

This research study investigates the link among monetary policy (monetary policy rate, money

supply, and liquidity), energy consumption (renewable and non-renewable energy) and economic

growth (measured by GDP growth) in Nigeria. As for the first objective, the findings showed that

there is a long run relationship between monetary policy and energy consumption in Nigeria. The

results suggest that in the short run, changes in monetary policy rate (MPR) have a negative and

significant impact on renewable energy consumption in Nigeria at the 10% level. It is in tandem

with the findings that implementing expansionary monetary policy has a positive impact on the

development and adoption of renewable energy sources in the short run1,2. It goes against the

results that the expansionary monetary policy of the G7 countries demonstrates an unfavourable

reaction against investment in renewable energy generation3. Also, it is contrary to the results

that there is a positive link between the real interest rate and energy security4. This implies that

when the central bank increases the MPR, it becomes more expensive for businesses and

consumers to borrow money, leading to reduced investment in renewable energy projects. The

negative impact could be attributed to the fact that higher interest rates discourage investment in

long-term projects like renewable energy, as they increase the cost of financing.

Conversely, the positive and significant impact of money supply on short-run renewable energy

consumption at the 5% level indicates that an increase in the money supply stimulates

investment in renewable energy projects. When there is more money circulating in the economy,

businesses and consumers have greater access to funds, which can be used to finance renewable

energy initiatives. This suggests that expansionary monetary policies, which aim to increase the

money supply, could contribute to the growth of the renewable energy sector by providing easier
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access to financing. The absence of a short-run relationship between liquidity ratio and

renewable energy consumption implies that changes in the liquidity ratio, which measures the

proportion of liquid assets held by banks, do not have an immediate impact on renewable energy

investment in Nigeria. This could be due to various factors, including the priorities of banks in

lending decisions, the availability of alternative investment opportunities, and the specific

characteristics of the renewable energy market.

The lack of significant long-term impact of monetary policy instruments, including the monetary

policy rate, money supply, and liquidity ratio, on renewable energy consumption in Nigeria

suggests challenges in promoting sustained investment in the renewable energy sector. It is

against the results of previous studies1,3. This indicates that the market may still be immature or

constrained by structural barriers that limit the effectiveness of monetary measures over time.

The findings underscore the need for complementary policies beyond monetary tools, such as

fiscal incentives, regulatory reforms, and targeted investment strategies, to create an enabling

environment for long-term growth in renewable energy consumption. Achieving sustainable

energy transitions in Nigeria may require a coordinated and multi-dimensional policy framework

that addresses structural barriers and fosters long-term investments in renewable energy

infrastructure and technologies.

The short-run positive impact of the monetary policy rate on non-renewable energy consumption

suggests that lower interest rates may stimulate increased investment and economic activity in

sectors reliant on non-renewable energy sources. However, the negative influence of liquidity

ratio and money supply on non-renewable energy consumption implies that tighter monetary

conditions may constrain economic growth and investment in these sectors. In the long run, the
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positive impact of liquidity ratio on non-renewable energy consumption suggests that a higher

liquidity ratio may lead to increased access to credit and investment opportunities in non-

renewable energy projects.

Concerning the second objective, the findings showed that there is a long run relationship

between monetary policy and economic growth in Nigeria. The lagged effect of the monetary

policy rate on short-run economic growth suggests that changes in interest rates take time to

exert their full impact on economic activity, indicating that monetary policy decisions have a

delayed but direct influence on the economy. It aligns with the results that the growth rate was

considerably impacted in a negative manner by the monetary policy rate5,6,7,8,9. It contradicts the

findings that monetary policy rate and cash reserve ratio demonstrate an inverse association with

the GDP9. The negative impact of current and lagged money supply on short-run economic

growth implies that an expansion of the money supply may lead to inflationary pressures or other

adverse effects that dampen economic growth in the short term. The statistical significance of the

growth effects of interest rate and money supply align with previous empirical studies10. It

contradicts the findings that the money supply does not demonstrate a significant influence11.

Also, it opposes the money supply has a significant positive impact on the GDP8,12.

Additionally, the mixed effects of liquidity ratio on economic growth suggest that while current

and lagged liquidity ratios may indirectly influence economic activity through their impact on

credit availability and financial conditions, the second lag of liquidity ratio has a positive effect

on economic growth, possibly indicating a longer-term stimulative effect on economic activity.

The finding that only liquidity ratio positively impacts long-run economic growth in Nigeria

suggests that financial stability and the availability of credit may be crucial drivers of sustained
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economic expansion over extended periods. The lack of significant long-run effects from

monetary policy rate and money supply implies that while short-term adjustments in interest

rates and money supply may affect economic activity, their influence may dissipate over time,

highlighting the importance of other factors such as structural reforms, investment climate, and

institutional quality in driving long-term economic growth.

Findings from the third objective show that a long run relationship exists between energy

consumption and economic growth in Nigeria. The finding that lagged renewable energy

consumption positively influences short-run economic growth in Nigeria suggests that

investments in renewable energy infrastructure and technologies may have immediate positive

effects on economic activity, possibly through job creation, energy efficiency gains, and reduced

reliance on fossil fuels. It aligns with the results that there is a positive and statistically

significant relationship between energy consumption and economic growth13,14,15,16,17. However,

the long-run impact of renewable energy consumption on economic growth may be indirect,

indicating that while sustainable energy sources contribute to economic development over time,

their effects are mediated through various channels such as increased productivity,

environmental sustainability, and enhanced energy security. Similarly, the indirect impact of non-

renewable energy consumption on long-run economic growth underscores the importance of

transitioning towards cleaner and more sustainable energy sources to mitigate the adverse

environmental and economic consequences associated with fossil fuel dependency.

The findings from the fourth objective report the causal relationship among monetary policy,

energy consumption and economic growth in Nigeria. The finding that economic growth

Granger causes both renewable and non-renewable energy consumption suggests that as the
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economy expands, there is a corresponding increase in energy demand, driven by factors such as

industrial activity, transportation needs, and household consumption. It aligns with the findings

that there exist a one-way causal relationship from economic growth to energy consumption18,19.

A study found a unidirectional causal relationship, wherein economic growth influences the

usage of renewable energy20. This underscores the role of economic development as a driver of

energy consumption patterns. The uni-directional causal link from output growth to monetary

policy rate and money supply implies that economic expansion influences the decisions of

monetary authorities regarding interest rates and money supply levels, highlighting the role of

central bank policy in responding to changes in economic conditions. Additionally, the causality

from liquidity ratio to GDP growth suggests that the availability of liquid assets in the financial

system may impact economic activity, potentially reflecting the importance of liquidity

conditions in supporting investment and consumption. Furthermore, the causality from liquidity

ratio to renewable energy, non-renewable energy, and money supply underscores the

interconnectedness between financial market conditions, energy consumption patterns, and

monetary policy dynamics, highlighting the complex interactions within the economy.

The long-run implications of the causality test results for Nigeria reveal several significant

economic dynamics. The finding that renewable energy consumption, non-renewable energy

consumption, and liquidity ratio Granger cause economic growth suggests that these factors play

crucial roles in driving long-term economic development in the country. It aligns with the finding

of a unidirectional causal relationship from energy consumption to economic growth21. As both

renewable and non-renewable energy sources are essential inputs for various economic activities,

their sustained consumption is likely to contribute positively to overall output growth over time.
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The causal link from output growth to monetary policy rate indicates that economic expansion

influences the decisions of monetary authorities regarding interest rate adjustments in the long

run, reflecting the central bank's responsiveness to changes in the broader economic environment.

A study found a unidirectional association was observed between monetary policy rates and

economic growth in the long run, which contradicts the findings of this study5. Furthermore, the

causality from non-renewable energy consumption to renewable energy consumption

underscores the interdependence between different energy sources, with non-renewable energy

consumption potentially driving the utilization of renewable alternatives. Additionally, the uni-

directional relationship from non-renewable energy consumption to monetary policy rate

suggests that energy consumption patterns may influence the formulation of monetary policy

strategies over the long term. Lastly, the uni-directional causality from monetary policy rate to

money supply highlights the role of monetary policy in influencing the supply of money in the

economy, indicating the transmission mechanism through which changes in interest rates affect

broader monetary conditions.
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Chapter Five

Conclusion

5.1 Summary

In this study, the existing relationship among monetary policy, energy consumption and

economic growth in Nigeria is investigated to understand the effect of monetary policy on energy

consumption, the impact of monetary policy on economic growth, the effect of energy

consumption on economic growth, and the causal relationship among monetary policy, energy

consumption and economic growth. Understudying this research study became necessary

because it makes enquiries on the findings of past studies which can best be described as

inconclusive. The study is conducted for developing countries in sub-Saharan countries such as

Nigeria. The datasets employed were obtained from the Central Bank of Nigeria (2022) and

World Development Indicators (2023) which spans from 1990 to 2022. The ARDL and TYDL

estimators were used to evaluate the parameters were based on the characteristics of the datasets.

For the first objective, a long-run relationship was found between monetary policy and energy

consumption. The short-run parameter estimate of monetary policy rate was found to be negative

and statistically significant at 10% level. The short run estimate of money supply (% of GDP)

positively and significantly impact GDP growth. Liquidity ratio has a direct effect on renewable

energy consumption, although not statistically significant at 5%. In the long run, the three

monetary policy instruments do not have significant impact on long run energy consumption in

Nigeria. In the short run, monetary policy rate leads to an increase in non-renewable energy

consumption in Nigeria. Money supply has a negative effect on non-renewable energy

consumption in the short. The first lag indicates that the lagged effect of liquidity ratio negatively
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influences non-renewable energy consumption significantly. All monetary policy variables

(monetary policy rate, liquidity ratio and money supply) have positive impact on the long run

non-renewable energy consumption in Nigeria, although only liquidity ratio was statistically

significant at 5%.

Regarding the second objective, the results show that there exists a long-run relationship between

monetary policy and economic growth in Nigeria. The short run monetary policy rate has a

negligible positive effect on GDP growth, although this effect is not statistically significant at the

5% level. Money supply leads to a significant decrease in GDP growth in the short run. Also,

liquidity ratio leads to a slight decrease in short run GDP growth. In the long run, monetary

policy rate and money supply have negative impact on economic growth. The positive impact of

liquidity ratio on GDP growth is significant statistically at 5% level.

Concerning the third objective, the study found that a long run relationship between energy

consumption and economic growth in Nigeria. The short-run lags one and two of change in

renewable energy consumption has significant positive impact on the current changes in

economic growth at 10% and 5% respectively. In the long run, renewable and non-renewable

energy consumption have negative impact on the economic growth in Nigeria. Their coefficients

are significant at 5% and 10% level respectively.

As regards the fourth objective, it shows that economic growth granger cause renewable and

non-renewable energy consumption. However, there is no feedback from the energy consumption

components to output growth. A uni-directional causal link exists from output growth to

monetary policy rate and money supply. As regards liquidity ratio, it granger causes GDP growth.

Also, liquidity ratio granger causes renewable energy, non-renewable energy, and money supply.
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Renewable and non-renewable energy consumption granger causes money supply. There exit no

causal relationship between renewable and non-renewable energy consumption in Nigeria. In the

long run, renewable energy consumption, non-renewable energy consumption and liquidity ratio

granger cause economic growth in Nigeria. Meanwhile, output growth granger causes monetary

policy rate. Concerning the energy consumption components, non-renewable energy granger

causes renewable energy consumption. A uni-directional relationship exists from non-renewable

consumption to monetary policy rate. In addition, a uni-directional relation was reported from

monetary policy rate to money supply.

5.2 Conclusion

This study investigates the relationship between monetary policy (monetary policy rate, money

supply and liquidity ratio), energy consumption (renewable and non-renewable) and economic

growth (measured by the output growth) over the periods of 1990 to 2022 using the ARDL and

TYDL approaches. In the empirical model, findings showed that monetary policy rate have a

negative and significant impact on short run renewable energy consumption at 10% level.

However, money supply positively and significantly impacted short run renewable energy

consumption at 5%. There is no short run relationship between liquidity ratio and renewable

energy in the short run. In the long run, the three monetary policy instruments (monetary policy

rate, money supply and liquidity ratio) have no significant impact on renewable energy

consumption in Nigeria. Non-renewable energy consumption is positively impacted by monetary

policy rate but negatively influenced by liquidity ratio and money supply in the short run. Only

liquidity ratio positively impacted non-renewable energy consumption in the long run.
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Furthermore, the lagged of monetary policy rate have a direct impact on short run economic

growth. Current and second lag of money supply negatively affect economic growth in the short

run. Current and lag one of liquidity ratio indirectly influenced economic growth, while the

second lag has positive effect. Only liquidity ratio positively impact long run economic growth,

while monetary policy rate and money supply have no significant impact in the long run. Also,

the lagged renewable energy consumption positively influence economic growth in the short run.

In the long run, both renewable and non-renewable energy consumption indirectly impact

economic growth in Nigeria.

As regards the causality test results, economic growth granger cause renewable and non-

renewable energy consumption. A uni-directional causal link exists from output growth to

monetary policy rate and money supply. However, liquidity ratio granger causes GDP growth.

Also, liquidity ratio granger causes renewable energy, non-renewable energy, and money supply.

Renewable and non-renewable energy consumption granger causes money supply. In the long

run, renewable energy consumption, non-renewable energy consumption and liquidity ratio

granger cause economic growth in Nigeria. Meanwhile, output growth granger causes monetary

policy rate. Concerning the energy consumption components, non-renewable energy granger

causes renewable energy consumption. A uni-directional relationship exists from non-renewable

consumption to monetary policy rate. In addition, a uni-directional relation was reported from

monetary policy rate to money supply.

5.3 Recommendations

Following the reported findings discussed in the subsequent parts of the chapter in this research

study, the following policy recommendations are discussed below:
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a) Given the significant impact of monetary policy rate and money supply on short-run

renewable energy consumption, policymakers should consider implementing measures to

incentivize investment in renewable energy projects. This could include offering tax

incentives, subsidies, and favorable financing options to attract private sector

participation in renewable energy development. Additionally, enhancing public awareness

campaigns and capacity-building initiatives can help accelerate the adoption of renewable

energy technologies.

b) There is need in strengthening monetary policy transmission towards economic growth.

To support short-run economic growth, policymakers should focus on enhancing the

effectiveness of monetary policy transmission mechanisms. Addressing factors that

hinder the timely and efficient transmission of monetary policy signals, such as

improving financial infrastructure, enhancing the effectiveness of monetary policy

communication, and ensuring the stability of financial institutions, can help maximize the

impact of monetary policy rate adjustments on economic activity.

c) Also, given the positive impact of liquidity ratio on both renewable and non-renewable

energy consumption in the long run, policymakers should prioritize measures to improve

liquidity management in the financial system. This could involve implementing prudent

liquidity management practices, strengthening regulatory oversight of financial

institutions, and enhancing liquidity forecasting and monitoring mechanisms to ensure

stability and resilience in the financial sector.

d) Recognizing the positive influence of renewable and non-renewable energy consumption

on economic growth, policymakers should prioritize investments in energy infrastructure
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development. This includes upgrading and expanding energy generation, transmission,

and distribution networks to ensure reliable and affordable access to electricity for

households and businesses. Investing in renewable energy projects and promoting energy

efficiency initiatives can also help mitigate the adverse effects of energy shortages and

fluctuations in energy prices on economic growth.

e) Building on the findings of the causality tests, policymakers should adopt a holistic

approach to promoting sustainable development that integrates economic, environmental,

and social objectives. This includes implementing policies and regulations that encourage

the adoption of clean energy technologies, promote energy conservation and efficiency,

and support the transition to a low-carbon economy. Additionally, fostering partnerships

with the private sector, civil society organizations, and international stakeholders can help

mobilize resources and expertise to support sustainable development initiatives across

various sectors of the economy.

5.4 Contribution to Knowledge

This study contributes to the existing body of knowledge in the following ways:

a) Unlike previous research, which often treated energy consumption as a singular construct,

this study decomposed it into two distinct components: renewable and non-renewable.

Simultaneously, monetary policy was disentangled into three key instruments: monetary

policy rate, money supply and liquidity ratio. This decomposition provides a granular

understanding of the diverse channels through which monetary policy may influence

various components of energy consumption.
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b) The findings of this study contribute novel insights to the literature by revealing that the

individual impact of monetary policy and energy consumption on economic growth is not

uniform across different components. Moreover, the study sheds light on the dynamics

over an extended period, demonstrating that the long-run effects of energy consumption,

particularly through renewable energy, play a positive and significant role in enhancing

economic growth.

5.5. Suggestions for Further Studies

The findings of this study open avenues for further research in several key areas to deepen our

understanding of the intricate relationship monetary policy, energy consumption and economic

growth. These are some suggestions for areas of future studies:

a) Investigate the effects of specific energy policies, regulations, or interventions on sector

output growth. This could include an analysis of the influence of policy changes in

energy consumption and policy operations on sectoral outputs and activities.

b) Explore the role of investor behaviour and sentiment in influencing the relationship

between energy sector development and economic performance. Understanding how

investor decisions impact energy investments and, subsequently, performance can provide

insights for policy interventions.
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Appendices

Appendix I: Data presentation

Years
GDP
growth
(Y)

Monetary
Policy
Rate
(MPR)

Liquidity
ratio
(LR)

Broad
money
(% of
GDP)
(MS)

Renewable energy
consumption (%
of total final

energy
consumption)

(REN)

Fossil fuel
energy

consumption
(% of total)
(NEN)

Gross fixed
capital

formation
(annual %
growth) (K)

Labor force
participation rate,
total (% of total
population ages
15+) (national
estimate) (L)

1990 11.77689 18.5 44.3 11.63537 87.78 20.51768 13.80424 57.22

1991 0.358353 15.5 38.6 13.39988 86.51 21.92551 -1.2394 55.4

1992 4.631193 17.5 29.1 14.24738 84.52 22.84479 0.512945 55.4

1993 -2.03512 26 42.2 15.78772 86.33 22.04813 7.533617 55.4

1994 -1.81492 13.5 48.5 15.09194 88.61 17.83639 -2.45882 55.4

1995 -0.07266 13.5 33.1 10.28191 88.03 17.7523 -6.64314 55.4

1996 4.195924 13.5 43.1 9.063329 87.11 18.83062 6.793911 55.4

1997 2.937099 13.5 40.2 9.725269 85.56 19.19587 5.845782 55.4

1998 2.581254 13.5 46.8 10.93903 87.15 17.36211 1.393454 55.4

1999 0.584127 18 61 12.76339 87.15 17.77525 2.675391 55.4

2000 5.015935 14 64.1 14.66963 86.21 18.4483 7.285385 55.4

2001 5.917685 20.5 52.9 15.90097 84.67 19.88929 -23.7467 55.4

2002 15.32916 16.5 52.45 13.527 84.6 19.76046 10.19303 55.4

2003 7.347195 15 50.9 13.02659 82.95 21.59308 21.40866 55.4

2004 9.250558 15 50.475 11.75879 84.05 21.2808 -19.9368 55.9

2005 6.438517 13 50.175 11.30051 84.01 21.65634 2.342505 55.9

2006 6.059428 10 81.42032 11.72897 85.93 19.69781 40.38866 55.9

2007 6.59113 9.5 41.55516 19.29109 87.28 17.58054 -21.8953 55.9

2008 6.764473 9.75 37.7155 23.81187 86.25 18.42964 -2.60106 55.9

2009 8.036925 6 26.39276 25.14416 88.68 15.85414 9.924205 55.9

2010 8.005656 6.25 27.38945 21.35585 86.46 18.0815 4.01246 55.9

2011 5.307924 12 42.02 22.47905 84.63 19.0819 -8.24668 60.41

2012 4.230061 12 49.71872 24.92823 84.57 18.76894 2.551734 60.41
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2013 6.671335 12 46.23471 25.44805 82.19 18.58926 7.864836 59.81

2014 6.309719 13 38.26655 22.68961 80.64 18.87677 13.42649 59.81

2015 2.652693 11 42.34715 22.36683 82.18 19.82023 -1.3197 72.25

2016 -1.61687 14 45.95 27.37879 82.02 20.01453 -4.8405 74.58

2017 0.805887 14 54.7897 24.78142 82.32 20.34231 -2.97726 76.34

2018 1.922757 14 65.04402 25.36246 81.64 20.80364 9.73767 76.34

2019 2.208429 13.5 104.2024 23.92961 80.81 21.31071 8.290431 58.87

2020 -1.79425 11.5 67.59854 25.22161 82.51 21.70295 -14.7159 58.87

2021 3.647187 11.5 61.195 24.88618 86.13 22.14727 4.664448 58.87

2022 3.251681 16.5 54.93409 26.03932 87.17 22.62226 5.93322 58.87

Source: CBN statistical bulletin (2022) and WDI (2022).
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Appendix II: Statistical Outputs

Null Hypothesis: Y has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 1 (Fixed)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -1.936782 0.6115
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(Y)
Method: Least Squares
Date: 04/13/24 Time: 04:00
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

Y(-1) -0.331163 0.170986 -1.936782 0.0633
D(Y(-1)) -0.210215 0.161039 -1.305367 0.2028

C 1.632987 1.429450 1.142389 0.2633
@TREND("1990") -0.014340 0.063977 -0.224142 0.8243

R-squared 0.275901 Mean dependent var 0.093333
Adjusted R-squared 0.195445 S.D. dependent var 3.535058
S.E. of regression 3.170840 Akaike info criterion 5.265784
Sum squared resid 271.4640 Schwarz criterion 5.450815
Log likelihood -77.61965 Hannan-Quinn criter. 5.326099
F-statistic 3.429237 Durbin-Watson stat 1.844401
Prob(F-statistic) 0.031057
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Null Hypothesis: D(Y) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -9.119686 0.0000
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(Y,2)
Method: Least Squares
Date: 04/13/24 Time: 04:28
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(Y(-1)) -1.357274 0.148829 -9.119686 0.0000
C 0.227075 1.290498 0.175959 0.8616

@TREND("1990") -0.013379 0.067044 -0.199550 0.8433

R-squared 0.750797 Mean dependent var 0.355582
Adjusted R-squared 0.732997 S.D. dependent var 6.430843
S.E. of regression 3.322965 Akaike info criterion 5.331358
Sum squared resid 309.1787 Schwarz criterion 5.470131
Log likelihood -79.63604 Hannan-Quinn criter. 5.376594
F-statistic 42.17920 Durbin-Watson stat 1.898795
Prob(F-statistic) 0.000000
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Null Hypothesis: Y has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 1 (Used-specified) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -3.604903 0.0453
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 10.78480
HAC corrected variance (Bartlett kernel) 10.92894

Phillips-Perron Test Equation
Dependent Variable: D(Y)
Method: Least Squares
Date: 04/13/24 Time: 04:31
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

Y(-1) -0.556097 0.154581 -3.597445 0.0012
C 1.755366 1.452120 1.208830 0.2365

@TREND("1990") 0.023068 0.066197 0.348475 0.7300

R-squared 0.314272 Mean dependent var -0.266413
Adjusted R-squared 0.266980 S.D. dependent var 4.029251
S.E. of regression 3.449706 Akaike info criterion 5.403515
Sum squared resid 345.1136 Schwarz criterion 5.540928
Log likelihood -83.45624 Hannan-Quinn criter. 5.449063
F-statistic 6.645413 Durbin-Watson stat 1.843065
Prob(F-statistic) 0.004209
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Null Hypothesis: Y is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.151401
Asymptotic critical values*: 1% level 0.216000

5% level 0.146000
10% level 0.119000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Residual variance (no correction) 15.10117
HAC corrected variance (Bartlett kernel) 32.23525

KPSS Test Equation
Dependent Variable: Y
Method: Least Squares
Date: 04/13/24 Time: 04:32
Sample: 1990 2022
Included observations: 33

Variable Coefficient Std. Error t-Statistic Prob.

C 4.797911 1.364761 3.515568 0.0014
@TREND("1990") -0.031886 0.073299 -0.435008 0.6666

R-squared 0.006067 Mean dependent var 4.287737
Adjusted R-squared -0.025995 S.D. dependent var 3.958301
S.E. of regression 4.009419 Akaike info criterion 5.673862
Sum squared resid 498.3387 Schwarz criterion 5.764559
Log likelihood -91.61872 Hannan-Quinn criter. 5.704379
F-statistic 0.189232 Durbin-Watson stat 1.013449
Prob(F-statistic) 0.666570
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Null Hypothesis: D(Y) is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 1 (Used-specified) using Bartlett kernel

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.090009
Asymptotic critical values*: 1% level 0.216000

5% level 0.146000
10% level 0.119000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Residual variance (no correction) 15.59765
HAC corrected variance (Bartlett kernel) 10.01468

KPSS Test Equation
Dependent Variable: D(Y)
Method: Least Squares
Date: 04/13/24 Time: 04:33
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

C -0.910421 1.476590 -0.616570 0.5422
@TREND("1990") 0.039031 0.078095 0.499788 0.6209

R-squared 0.008258 Mean dependent var -0.266413
Adjusted R-squared -0.024801 S.D. dependent var 4.029251
S.E. of regression 4.078909 Akaike info criterion 5.709997
Sum squared resid 499.1248 Schwarz criterion 5.801606
Log likelihood -89.35996 Hannan-Quinn criter. 5.740363
F-statistic 0.249788 Durbin-Watson stat 2.491919
Prob(F-statistic) 0.620871
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Null Hypothesis: MPR has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -3.355199 0.0757
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(MPR)
Method: Least Squares
Date: 04/13/24 Time: 04:36
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

MPR(-1) -0.601918 0.179399 -3.355199 0.0022
C 9.491699 3.294210 2.881328 0.0074

@TREND("1990") -0.080864 0.073414 -1.101480 0.2797

R-squared 0.288823 Mean dependent var -0.062500
Adjusted R-squared 0.239777 S.D. dependent var 3.775451
S.E. of regression 3.291845 Akaike info criterion 5.309834
Sum squared resid 314.2511 Schwarz criterion 5.447246
Log likelihood -81.95734 Hannan-Quinn criter. 5.355382
F-statistic 5.888749 Durbin-Watson stat 1.994379
Prob(F-statistic) 0.007140
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Null Hypothesis: D(MPR) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -7.784624 0.0000
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(MPR,2)
Method: Least Squares
Date: 04/13/24 Time: 04:37
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(MPR(-1)) -1.386863 0.178154 -7.784624 0.0000
C -0.696951 1.402452 -0.496952 0.6231

@TREND("1990") 0.037756 0.072914 0.517814 0.6087

R-squared 0.684101 Mean dependent var 0.258065
Adjusted R-squared 0.661536 S.D. dependent var 6.235812
S.E. of regression 3.627848 Akaike info criterion 5.506922
Sum squared resid 368.5158 Schwarz criterion 5.645695
Log likelihood -82.35729 Hannan-Quinn criter. 5.552158
F-statistic 30.31790 Durbin-Watson stat 2.134610
Prob(F-statistic) 0.000000
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Null Hypothesis: D(MPR) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 4 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -8.670262 0.0000
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 11.88761
HAC corrected variance (Bartlett kernel) 7.208611

Phillips-Perron Test Equation
Dependent Variable: D(MPR,2)
Method: Least Squares
Date: 04/13/24 Time: 04:38
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(MPR(-1)) -1.386863 0.178154 -7.784624 0.0000
C -0.696951 1.402452 -0.496952 0.6231

@TREND("1990") 0.037756 0.072914 0.517814 0.6087

R-squared 0.684101 Mean dependent var 0.258065
Adjusted R-squared 0.661536 S.D. dependent var 6.235812
S.E. of regression 3.627848 Akaike info criterion 5.506922
Sum squared resid 368.5158 Schwarz criterion 5.645695
Log likelihood -82.35729 Hannan-Quinn criter. 5.552158
F-statistic 30.31790 Durbin-Watson stat 2.134610
Prob(F-statistic) 0.000000
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Null Hypothesis: MPR is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.128229
Asymptotic critical values*: 1% level 0.216000

5% level 0.146000
10% level 0.119000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Residual variance (no correction) 11.26854
HAC corrected variance (Bartlett kernel) 21.20904

KPSS Test Equation
Dependent Variable: MPR
Method: Least Squares
Date: 04/13/24 Time: 04:39
Sample: 1990 2022
Included observations: 33

Variable Coefficient Std. Error t-Statistic Prob.

C 16.56061 1.178922 14.04724 0.0000
@TREND("1990") -0.176136 0.063318 -2.781762 0.0091

R-squared 0.199756 Mean dependent var 13.74242
Adjusted R-squared 0.173942 S.D. dependent var 3.810699
S.E. of regression 3.463458 Akaike info criterion 5.381104
Sum squared resid 371.8617 Schwarz criterion 5.471801
Log likelihood -86.78821 Hannan-Quinn criter. 5.411621
F-statistic 7.738198 Durbin-Watson stat 1.189389
Prob(F-statistic) 0.009118
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Null Hypothesis: D(MPR) is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 5 (Newey-West automatic) using Bartlett kernel

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.090074
Asymptotic critical values*: 1% level 0.216000

5% level 0.146000
10% level 0.119000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Residual variance (no correction) 13.63246
HAC corrected variance (Bartlett kernel) 3.746408

KPSS Test Equation
Dependent Variable: D(MPR)
Method: Least Squares
Date: 04/13/24 Time: 04:40
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

C -0.812500 1.380439 -0.588581 0.5605
@TREND("1990") 0.045455 0.073009 0.622584 0.5383

R-squared 0.012756 Mean dependent var -0.062500
Adjusted R-squared -0.020153 S.D. dependent var 3.775451
S.E. of regression 3.813304 Akaike info criterion 5.575331
Sum squared resid 436.2386 Schwarz criterion 5.666939
Log likelihood -87.20529 Hannan-Quinn criter. 5.605696
F-statistic 0.387611 Durbin-Watson stat 2.677346
Prob(F-statistic) 0.538262
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Null Hypothesis: LR has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -3.353980 0.0759
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LR)
Method: Least Squares
Date: 04/13/24 Time: 04:41
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

LR(-1) -0.558852 0.166624 -3.353980 0.0022
C 22.05809 8.107911 2.720564 0.0109

@TREND("1990") 0.355334 0.278389 1.276395 0.2119

R-squared 0.279489 Mean dependent var 0.332315
Adjusted R-squared 0.229798 S.D. dependent var 15.32859
S.E. of regression 13.45255 Akaike info criterion 8.125274
Sum squared resid 5248.160 Schwarz criterion 8.262687
Log likelihood -127.0044 Hannan-Quinn criter. 8.170822
F-statistic 5.624598 Durbin-Watson stat 1.948538
Prob(F-statistic) 0.008626
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Null Hypothesis: D(LR) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -6.794748 0.0000
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LR,2)
Method: Least Squares
Date: 04/13/24 Time: 04:41
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(LR(-1)) -1.245549 0.183311 -6.794748 0.0000
C 1.121822 6.014262 0.186527 0.8534

@TREND("1990") -0.027123 0.313186 -0.086603 0.9316

R-squared 0.622826 Mean dependent var -0.018094
Adjusted R-squared 0.595885 S.D. dependent var 24.52645
S.E. of regression 15.59148 Akaike info criterion 8.423092
Sum squared resid 6806.636 Schwarz criterion 8.561864
Log likelihood -127.5579 Hannan-Quinn criter. 8.468328
F-statistic 23.11814 Durbin-Watson stat 2.046962
Prob(F-statistic) 0.000001
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Null Hypothesis: LR has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -3.402593 0.0688
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 164.0050
HAC corrected variance (Bartlett kernel) 173.2753

Phillips-Perron Test Equation
Dependent Variable: D(LR)
Method: Least Squares
Date: 04/13/24 Time: 04:42
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

LR(-1) -0.558852 0.166624 -3.353980 0.0022
C 22.05809 8.107911 2.720564 0.0109

@TREND("1990") 0.355334 0.278389 1.276395 0.2119

R-squared 0.279489 Mean dependent var 0.332315
Adjusted R-squared 0.229798 S.D. dependent var 15.32859
S.E. of regression 13.45255 Akaike info criterion 8.125274
Sum squared resid 5248.160 Schwarz criterion 8.262687
Log likelihood -127.0044 Hannan-Quinn criter. 8.170822
F-statistic 5.624598 Durbin-Watson stat 1.948538
Prob(F-statistic) 0.008626
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Null Hypothesis: D(LR) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 14 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -11.04070 0.0000
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 219.5689
HAC corrected variance (Bartlett kernel) 37.35289

Phillips-Perron Test Equation
Dependent Variable: D(LR,2)
Method: Least Squares
Date: 04/13/24 Time: 04:50
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(LR(-1)) -1.245549 0.183311 -6.794748 0.0000
C 1.121822 6.014262 0.186527 0.8534

@TREND("1990") -0.027123 0.313186 -0.086603 0.9316

R-squared 0.622826 Mean dependent var -0.018094
Adjusted R-squared 0.595885 S.D. dependent var 24.52645
S.E. of regression 15.59148 Akaike info criterion 8.423092
Sum squared resid 6806.636 Schwarz criterion 8.561864
Log likelihood -127.5579 Hannan-Quinn criter. 8.468328
F-statistic 23.11814 Durbin-Watson stat 2.046962
Prob(F-statistic) 0.000001
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Null Hypothesis: LR is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.094027
Asymptotic critical values*: 1% level 0.216000

5% level 0.146000
10% level 0.119000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Residual variance (no correction) 198.1669
HAC corrected variance (Bartlett kernel) 335.6695

KPSS Test Equation
Dependent Variable: LR
Method: Least Squares
Date: 04/13/24 Time: 04:50
Sample: 1990 2022
Included observations: 33

Variable Coefficient Std. Error t-Statistic Prob.

C 39.80935 4.943869 8.052266 0.0000
@TREND("1990") 0.607889 0.265528 2.289357 0.0290

R-squared 0.144619 Mean dependent var 49.53558
Adjusted R-squared 0.117026 S.D. dependent var 15.45674
S.E. of regression 14.52418 Akaike info criterion 8.248199
Sum squared resid 6539.509 Schwarz criterion 8.338896
Log likelihood -134.0953 Hannan-Quinn criter. 8.278716
F-statistic 5.241157 Durbin-Watson stat 1.114207
Prob(F-statistic) 0.029027
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Null Hypothesis: MS has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.263346 0.4407
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(MS)
Method: Least Squares
Date: 04/13/24 Time: 04:52
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

MS(-1) -0.293548 0.129697 -2.263346 0.0313
C 2.939714 1.437929 2.044408 0.0501

@TREND("1990") 0.168195 0.083944 2.003667 0.0545

R-squared 0.150899 Mean dependent var 0.450123
Adjusted R-squared 0.092340 S.D. dependent var 2.472193
S.E. of regression 2.355288 Akaike info criterion 4.640263
Sum squared resid 160.8740 Schwarz criterion 4.777676
Log likelihood -71.24420 Hannan-Quinn criter. 4.685811
F-statistic 2.576884 Durbin-Watson stat 1.482764
Prob(F-statistic) 0.093306
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Null Hypothesis: D(MS) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -4.516578 0.0057
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(MS,2)
Method: Least Squares
Date: 04/13/24 Time: 04:52
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(MS(-1)) -0.837730 0.185479 -4.516578 0.0001
C 0.057249 0.985568 0.058087 0.9541

@TREND("1990") 0.016536 0.051197 0.322988 0.7491

R-squared 0.422253 Mean dependent var -0.019722
Adjusted R-squared 0.380985 S.D. dependent var 3.240200
S.E. of regression 2.549307 Akaike info criterion 4.801286
Sum squared resid 181.9711 Schwarz criterion 4.940059
Log likelihood -71.41994 Hannan-Quinn criter. 4.846523
F-statistic 10.23206 Durbin-Watson stat 1.928495
Prob(F-statistic) 0.000462
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Null Hypothesis: MS has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 7 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -1.949126 0.6058
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 5.027313
HAC corrected variance (Bartlett kernel) 3.264523

Phillips-Perron Test Equation
Dependent Variable: D(MS)
Method: Least Squares
Date: 04/13/24 Time: 04:53
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

MS(-1) -0.293548 0.129697 -2.263346 0.0313
C 2.939714 1.437929 2.044408 0.0501

@TREND("1990") 0.168195 0.083944 2.003667 0.0545

R-squared 0.150899 Mean dependent var 0.450123
Adjusted R-squared 0.092340 S.D. dependent var 2.472193
S.E. of regression 2.355288 Akaike info criterion 4.640263
Sum squared resid 160.8740 Schwarz criterion 4.777676
Log likelihood -71.24420 Hannan-Quinn criter. 4.685811
F-statistic 2.576884 Durbin-Watson stat 1.482764
Prob(F-statistic) 0.093306
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Null Hypothesis: D(MS) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 30 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -6.417483 0.0000
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 5.870036
HAC corrected variance (Bartlett kernel) 0.609576

Phillips-Perron Test Equation
Dependent Variable: D(MS,2)
Method: Least Squares
Date: 04/13/24 Time: 04:53
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(MS(-1)) -0.837730 0.185479 -4.516578 0.0001
C 0.057249 0.985568 0.058087 0.9541

@TREND("1990") 0.016536 0.051197 0.322988 0.7491

R-squared 0.422253 Mean dependent var -0.019722
Adjusted R-squared 0.380985 S.D. dependent var 3.240200
S.E. of regression 2.549307 Akaike info criterion 4.801286
Sum squared resid 181.9711 Schwarz criterion 4.940059
Log likelihood -71.41994 Hannan-Quinn criter. 4.846523
F-statistic 10.23206 Durbin-Watson stat 1.928495
Prob(F-statistic) 0.000462
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Null Hypothesis: MS is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.105498
Asymptotic critical values*: 1% level 0.216000

5% level 0.146000
10% level 0.119000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Residual variance (no correction) 10.01534
HAC corrected variance (Bartlett kernel) 23.78056

KPSS Test Equation
Dependent Variable: MS
Method: Least Squares
Date: 04/13/24 Time: 04:55
Sample: 1990 2022
Included observations: 33

Variable Coefficient Std. Error t-Statistic Prob.

C 9.523361 1.111435 8.568526 0.0000
@TREND("1990") 0.541081 0.059694 9.064302 0.0000

R-squared 0.726055 Mean dependent var 18.18066
Adjusted R-squared 0.717218 S.D. dependent var 6.140212
S.E. of regression 3.265193 Akaike info criterion 5.263207
Sum squared resid 330.5061 Schwarz criterion 5.353904
Log likelihood -84.84291 Hannan-Quinn criter. 5.293724
F-statistic 82.16156 Durbin-Watson stat 0.574055
Prob(F-statistic) 0.000000
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Null Hypothesis: D(MS) is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Used-specified) using Bartlett kernel

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.064600
Asymptotic critical values*: 1% level 0.216000

5% level 0.146000
10% level 0.119000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Residual variance (no correction) 5.915368
HAC corrected variance (Bartlett kernel) 5.169092

KPSS Test Equation
Dependent Variable: D(MS)
Method: Least Squares
Date: 04/13/24 Time: 04:56
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

C 0.319051 0.909329 0.350864 0.7281
@TREND("1990") 0.007944 0.048093 0.165175 0.8699

R-squared 0.000909 Mean dependent var 0.450123
Adjusted R-squared -0.032394 S.D. dependent var 2.472193
S.E. of regression 2.511917 Akaike info criterion 4.740431
Sum squared resid 189.2918 Schwarz criterion 4.832039
Log likelihood -73.84689 Hannan-Quinn criter. 4.770796
F-statistic 0.027283 Durbin-Watson stat 1.664047
Prob(F-statistic) 0.869914
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Null Hypothesis: REN has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -1.822080 0.6703
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(REN)
Method: Least Squares
Date: 04/13/24 Time: 04:57
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

REN(-1) -0.283765 0.155737 -1.822080 0.0788
C 24.37206 13.66312 1.783784 0.0849

@TREND("1990") -0.016710 0.038522 -0.433769 0.6677

R-squared 0.130120 Mean dependent var -0.019062
Adjusted R-squared 0.070128 S.D. dependent var 1.574806
S.E. of regression 1.518584 Akaike info criterion 3.762493
Sum squared resid 66.87678 Schwarz criterion 3.899906
Log likelihood -57.19989 Hannan-Quinn criter. 3.808041
F-statistic 2.168967 Durbin-Watson stat 1.527108
Prob(F-statistic) 0.132483
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Null Hypothesis: D(REN) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -4.825677 0.0027
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(REN,2)
Method: Least Squares
Date: 04/13/24 Time: 04:57
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(REN(-1)) -0.906045 0.187755 -4.825677 0.0000
C -0.344441 0.630139 -0.546612 0.5890

@TREND("1990") 0.021808 0.032808 0.664711 0.5117

R-squared 0.454070 Mean dependent var 0.074516
Adjusted R-squared 0.415075 S.D. dependent var 2.113509
S.E. of regression 1.616420 Akaike info criterion 3.890070
Sum squared resid 73.15878 Schwarz criterion 4.028843
Log likelihood -57.29609 Hannan-Quinn criter. 3.935307
F-statistic 11.64430 Durbin-Watson stat 1.980852
Prob(F-statistic) 0.000209
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Null Hypothesis: REN has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 0 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -1.822080 0.6703
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 2.089899
HAC corrected variance (Bartlett kernel) 2.089899

Phillips-Perron Test Equation
Dependent Variable: D(REN)
Method: Least Squares
Date: 04/13/24 Time: 04:58
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

REN(-1) -0.283765 0.155737 -1.822080 0.0788
C 24.37206 13.66312 1.783784 0.0849

@TREND("1990") -0.016710 0.038522 -0.433769 0.6677

R-squared 0.130120 Mean dependent var -0.019062
Adjusted R-squared 0.070128 S.D. dependent var 1.574806
S.E. of regression 1.518584 Akaike info criterion 3.762493
Sum squared resid 66.87678 Schwarz criterion 3.899906
Log likelihood -57.19989 Hannan-Quinn criter. 3.808041
F-statistic 2.168967 Durbin-Watson stat 1.527108
Prob(F-statistic) 0.132483



198

Null Hypothesis: D(REN) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -4.822850 0.0027
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 2.359961
HAC corrected variance (Bartlett kernel) 2.340870

Phillips-Perron Test Equation
Dependent Variable: D(REN,2)
Method: Least Squares
Date: 04/13/24 Time: 04:58
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(REN(-1)) -0.906045 0.187755 -4.825677 0.0000
C -0.344441 0.630139 -0.546612 0.5890

@TREND("1990") 0.021808 0.032808 0.664711 0.5117

R-squared 0.454070 Mean dependent var 0.074516
Adjusted R-squared 0.415075 S.D. dependent var 2.113509
S.E. of regression 1.616420 Akaike info criterion 3.890070
Sum squared resid 73.15878 Schwarz criterion 4.028843
Log likelihood -57.29609 Hannan-Quinn criter. 3.935307
F-statistic 11.64430 Durbin-Watson stat 1.980852
Prob(F-statistic) 0.000209
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Null Hypothesis: REN is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.058869
Asymptotic critical values*: 1% level 0.216000

5% level 0.146000
10% level 0.119000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Residual variance (no correction) 3.514994
HAC corrected variance (Bartlett kernel) 6.596702

KPSS Test Equation
Dependent Variable: REN
Method: Least Squares
Date: 04/13/24 Time: 04:59
Sample: 1990 2022
Included observations: 33

Variable Coefficient Std. Error t-Statistic Prob.

C 87.23005 0.658436 132.4807 0.0000
@TREND("1990") -0.136253 0.035364 -3.852916 0.0005

R-squared 0.323808 Mean dependent var 85.05000
Adjusted R-squared 0.301995 S.D. dependent var 2.315310
S.E. of regression 1.934365 Akaike info criterion 4.216127
Sum squared resid 115.9948 Schwarz criterion 4.306824
Log likelihood -67.56610 Hannan-Quinn criter. 4.246644
F-statistic 14.84496 Durbin-Watson stat 0.666581
Prob(F-statistic) 0.000549



200

Null Hypothesis: NEN has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.015787 0.5709
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(NEN)
Method: Least Squares
Date: 04/13/24 Time: 05:01
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

NEN(-1) -0.272184 0.135026 -2.015787 0.0532
C 5.017792 2.675566 1.875413 0.0708

@TREND("1990") 0.024549 0.024660 0.995474 0.3277

R-squared 0.143143 Mean dependent var 0.065768
Adjusted R-squared 0.084049 S.D. dependent var 1.343702
S.E. of regression 1.285994 Akaike info criterion 3.430001
Sum squared resid 47.95963 Schwarz criterion 3.567414
Log likelihood -51.88001 Hannan-Quinn criter. 3.475549
F-statistic 2.422311 Durbin-Watson stat 1.735183
Prob(F-statistic) 0.106456
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Null Hypothesis: D(NEN) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -5.592575 0.0004
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(NEN,2)
Method: Least Squares
Date: 04/13/24 Time: 05:01
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(NEN(-1)) -1.025190 0.183313 -5.592575 0.0000
C -0.539470 0.525910 -1.025785 0.3138

@TREND("1990") 0.033134 0.027497 1.205005 0.2383

R-squared 0.529010 Mean dependent var -0.030092
Adjusted R-squared 0.495368 S.D. dependent var 1.908070
S.E. of regression 1.355445 Akaike info criterion 3.537903
Sum squared resid 51.44248 Schwarz criterion 3.676675
Log likelihood -51.83749 Hannan-Quinn criter. 3.583139
F-statistic 15.72461 Durbin-Watson stat 2.073732
Prob(F-statistic) 0.000026
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Null Hypothesis: NEN has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 4 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -1.950171 0.6053
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 1.498738
HAC corrected variance (Bartlett kernel) 1.406494

Phillips-Perron Test Equation
Dependent Variable: D(NEN)
Method: Least Squares
Date: 04/13/24 Time: 05:02
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

NEN(-1) -0.272184 0.135026 -2.015787 0.0532
C 5.017792 2.675566 1.875413 0.0708

@TREND("1990") 0.024549 0.024660 0.995474 0.3277

R-squared 0.143143 Mean dependent var 0.065768
Adjusted R-squared 0.084049 S.D. dependent var 1.343702
S.E. of regression 1.285994 Akaike info criterion 3.430001
Sum squared resid 47.95963 Schwarz criterion 3.567414
Log likelihood -51.88001 Hannan-Quinn criter. 3.475549
F-statistic 2.422311 Durbin-Watson stat 1.735183
Prob(F-statistic) 0.106456
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Null Hypothesis: D(NEN) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 7 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -6.129973 0.0001
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 1.659435
HAC corrected variance (Bartlett kernel) 0.742554

Phillips-Perron Test Equation
Dependent Variable: D(NEN,2)
Method: Least Squares
Date: 04/13/24 Time: 05:02
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(NEN(-1)) -1.025190 0.183313 -5.592575 0.0000
C -0.539470 0.525910 -1.025785 0.3138

@TREND("1990") 0.033134 0.027497 1.205005 0.2383

R-squared 0.529010 Mean dependent var -0.030092
Adjusted R-squared 0.495368 S.D. dependent var 1.908070
S.E. of regression 1.355445 Akaike info criterion 3.537903
Sum squared resid 51.44248 Schwarz criterion 3.676675
Log likelihood -51.83749 Hannan-Quinn criter. 3.583139
F-statistic 15.72461 Durbin-Watson stat 2.073732
Prob(F-statistic) 0.000026
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Null Hypothesis: NEN is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.122046
Asymptotic critical values*: 1% level 0.216000

5% level 0.146000
10% level 0.119000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Residual variance (no correction) 2.954501
HAC corrected variance (Bartlett kernel) 7.055156

KPSS Test Equation
Dependent Variable: NEN
Method: Least Squares
Date: 04/13/24 Time: 05:03
Sample: 1990 2022
Included observations: 33

Variable Coefficient Std. Error t-Statistic Prob.

C 19.37002 0.603661 32.08755 0.0000
@TREND("1990") 0.025058 0.032422 0.772882 0.4454

R-squared 0.018905 Mean dependent var 19.77095
Adjusted R-squared -0.012743 S.D. dependent var 1.762254
S.E. of regression 1.773447 Akaike info criterion 4.042419
Sum squared resid 97.49855 Schwarz criterion 4.133117
Log likelihood -64.69992 Hannan-Quinn criter. 4.072936
F-statistic 0.597347 Durbin-Watson stat 0.574620
Prob(F-statistic) 0.445446
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Null Hypothesis: D(NEN) is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Used-specified) using Bartlett kernel

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.056099
Asymptotic critical values*: 1% level 0.216000

5% level 0.146000
10% level 0.119000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Residual variance (no correction) 1.708737
HAC corrected variance (Bartlett kernel) 1.229952

KPSS Test Equation
Dependent Variable: D(NEN)
Method: Least Squares
Date: 04/13/24 Time: 05:04
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

C -0.293310 0.488729 -0.600149 0.5529
@TREND("1990") 0.021762 0.025848 0.841929 0.4065

R-squared 0.023083 Mean dependent var 0.065768
Adjusted R-squared -0.009481 S.D. dependent var 1.343702
S.E. of regression 1.350057 Akaike info criterion 3.498632
Sum squared resid 54.67960 Schwarz criterion 3.590240
Log likelihood -53.97811 Hannan-Quinn criter. 3.528997
F-statistic 0.708844 Durbin-Watson stat 1.999015
Prob(F-statistic) 0.406490
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Null Hypothesis: K has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 1 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -10.24540 0.0000
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(K)
Method: Least Squares
Date: 04/13/24 Time: 05:04
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

K(-1) -2.261545 0.220738 -10.24540 0.0000
D(K(-1)) 0.701951 0.134480 5.219745 0.0000

C 5.164387 3.434611 1.503631 0.1443
@TREND("1990") -0.036724 0.176517 -0.208050 0.8368

R-squared 0.831795 Mean dependent var 0.231375
Adjusted R-squared 0.813106 S.D. dependent var 20.29718
S.E. of regression 8.774730 Akaike info criterion 7.301543
Sum squared resid 2078.889 Schwarz criterion 7.486574
Log likelihood -109.1739 Hannan-Quinn criter. 7.361859
F-statistic 44.50615 Durbin-Watson stat 2.097025
Prob(F-statistic) 0.000000
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Null Hypothesis: K has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 5 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -12.46231 0.0000
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 130.5434
HAC corrected variance (Bartlett kernel) 25.46302

Phillips-Perron Test Equation
Dependent Variable: D(K)
Method: Least Squares
Date: 04/13/24 Time: 05:05
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

K(-1) -1.322719 0.173368 -7.629558 0.0000
C 2.433321 4.379359 0.555634 0.5827

@TREND("1990") 0.013051 0.230020 0.056738 0.9551

R-squared 0.668074 Mean dependent var -0.245969
Adjusted R-squared 0.645182 S.D. dependent var 20.14888
S.E. of regression 12.00200 Akaike info criterion 7.897083
Sum squared resid 4177.389 Schwarz criterion 8.034496
Log likelihood -123.3533 Hannan-Quinn criter. 7.942631
F-statistic 29.18441 Durbin-Watson stat 2.460682
Prob(F-statistic) 0.000000
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Null Hypothesis: L has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 8 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -4.840796 0.0038
Test critical values: 1% level -4.394309

5% level -3.612199
10% level -3.243079

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(L)
Method: Least Squares
Date: 04/13/24 Time: 05:07
Sample (adjusted): 1999 2022
Included observations: 24 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

L(-1) -7.004537 1.446980 -4.840796 0.0003
D(L(-1)) 6.582887 1.365965 4.819222 0.0003
D(L(-2)) 6.778853 1.423430 4.762337 0.0004
D(L(-3)) 6.630021 1.433116 4.626299 0.0005
D(L(-4)) 8.862854 1.829736 4.843789 0.0003
D(L(-5)) 8.400056 1.875837 4.478030 0.0006
D(L(-6)) 7.956575 1.831785 4.343620 0.0008
D(L(-7)) 7.957708 1.815988 4.382027 0.0007
D(L(-8)) -2.046453 1.093988 -1.870637 0.0841

C 381.8212 80.40308 4.748837 0.0004
@TREND("1990") 0.438751 0.122685 3.576235 0.0034

R-squared 0.890641 Mean dependent var 0.144583
Adjusted R-squared 0.806519 S.D. dependent var 4.610618
S.E. of regression 2.028049 Akaike info criterion 4.555588
Sum squared resid 53.46878 Schwarz criterion 5.095529
Log likelihood -43.66706 Hannan-Quinn criter. 4.698835
F-statistic 10.58746 Durbin-Watson stat 1.171457
Prob(F-statistic) 0.000101
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Null Hypothesis: L has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 0 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -2.182905 0.4825
Test critical values: 1% level -4.273277

5% level -3.557759
10% level -3.212361

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 13.21480
HAC corrected variance (Bartlett kernel) 13.21480

Phillips-Perron Test Equation
Dependent Variable: D(L)
Method: Least Squares
Date: 04/13/24 Time: 05:08
Sample (adjusted): 1991 2022
Included observations: 32 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

L(-1) -0.294409 0.134870 -2.182905 0.0373
C 15.57088 7.164675 2.173284 0.0381

@TREND("1990") 0.110654 0.091794 1.205470 0.2378

R-squared 0.141649 Mean dependent var 0.051562
Adjusted R-squared 0.082453 S.D. dependent var 3.986503
S.E. of regression 3.818619 Akaike info criterion 5.606715
Sum squared resid 422.8736 Schwarz criterion 5.744127
Log likelihood -86.70743 Hannan-Quinn criter. 5.652263
F-statistic 2.392865 Durbin-Watson stat 1.626790
Prob(F-statistic) 0.109179
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Null Hypothesis: D(L) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -4.972610 0.0019
Test critical values: 1% level -4.284580

5% level -3.562882
10% level -3.215267

*MacKinnon (1996) one-sided p-values.

Residual variance (no correction) 15.66277
HAC corrected variance (Bartlett kernel) 15.25323

Phillips-Perron Test Equation
Dependent Variable: D(L,2)
Method: Least Squares
Date: 04/13/24 Time: 05:08
Sample (adjusted): 1992 2022
Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(L(-1)) -0.934510 0.187673 -4.979456 0.0000
C 0.497714 1.606941 0.309728 0.7591

@TREND("1990") -0.022898 0.083647 -0.273746 0.7863

R-squared 0.469868 Mean dependent var 0.058710
Adjusted R-squared 0.432001 S.D. dependent var 5.525383
S.E. of regression 4.164244 Akaike info criterion 5.782712
Sum squared resid 485.5459 Schwarz criterion 5.921485
Log likelihood -86.63204 Hannan-Quinn criter. 5.827949
F-statistic 12.40850 Durbin-Watson stat 1.996877
Prob(F-statistic) 0.000138
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Null Hypothesis: L is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

LM-Stat.

Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.086774
Asymptotic critical values*: 1% level 0.216000

5% level 0.146000
10% level 0.119000

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)

Residual variance (no correction) 25.54397
HAC corrected variance (Bartlett kernel) 59.29728

KPSS Test Equation
Dependent Variable: L
Method: Least Squares
Date: 04/13/24 Time: 05:09
Sample: 1990 2022
Included observations: 33

Variable Coefficient Std. Error t-Statistic Prob.

C 52.91380 1.774988 29.81078 0.0000
@TREND("1990") 0.374990 0.095332 3.933509 0.0004

R-squared 0.332939 Mean dependent var 58.91364
Adjusted R-squared 0.311421 S.D. dependent var 6.284103
S.E. of regression 5.214591 Akaike info criterion 6.199490
Sum squared resid 842.9509 Schwarz criterion 6.290188
Log likelihood -100.2916 Hannan-Quinn criter. 6.230007
F-statistic 15.47249 Durbin-Watson stat 0.588416
Prob(F-statistic) 0.000439
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Objective 1

Monetary policy and renewable energy

Dependent Variable: REN
Method: ARDL
Date: 04/13/24 Time: 06:08
Sample (adjusted): 1993 2022
Included observations: 30 after adjustments
Maximum dependent lags: 3 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Dynamic regressors (2 lags, automatic): K L MPR MS LR
Fixed regressors: C
Number of models evalulated: 729
Selected Model: ARDL(3, 2, 1, 1, 1, 1)

Variable Coefficient Std. Error t-Statistic Prob.*

REN(-1) 0.609280 0.222097 2.743309 0.0151
REN(-2) -0.240821 0.273425 -0.880756 0.3923
REN(-3) -0.349120 0.229788 -1.519309 0.1495

K -0.080993 0.043869 -1.846233 0.0847
K(-1) -0.047092 0.033760 -1.394924 0.1834
K(-2) -0.074965 0.038345 -1.955021 0.0695

L -0.070980 0.097537 -0.727727 0.4780
L(-1) -0.161624 0.099034 -1.632013 0.1235
MPR -0.112355 0.089080 -1.261275 0.2265

MPR(-1) 0.142015 0.097728 1.453156 0.1668
MS 0.238084 0.124653 1.909979 0.0754

MS(-1) -0.259419 0.129450 -2.004017 0.0635
LR 0.018384 0.033101 0.555400 0.5868

LR(-1) -0.060951 0.031708 -1.922257 0.0738
C 99.50001 29.90734 3.326942 0.0046

R-squared 0.817102 Mean dependent var 84.92800
Adjusted R-squared 0.646398 S.D. dependent var 2.357887
S.E. of regression 1.402105 Akaike info criterion 3.820679
Sum squared resid 29.48846 Schwarz criterion 4.521277
Log likelihood -42.31018 Hannan-Quinn criter. 4.044806
F-statistic 4.786648 Durbin-Watson stat 1.789772
Prob(F-statistic) 0.002346

*Note: p-values and any subsequent tests do not account for model
selection.
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ARDL Long Run Form and Bounds Test
Dependent Variable: D(REN)
Selected Model: ARDL(3, 2, 1, 1, 1, 1)
Case 2: Restricted Constant and No Trend
Date: 04/13/24 Time: 06:10
Sample: 1990 2022
Included observations: 30

Conditional Error Correction Regression

Variable Coefficient Std. Error t-Statistic Prob.

C 99.50001 29.90734 3.326942 0.0046
REN(-1)* -0.980661 0.293537 -3.340841 0.0045

K(-1) -0.203050 0.104868 -1.936247 0.0719
L(-1) -0.232605 0.080530 -2.888405 0.0113

MPR(-1) 0.029660 0.110065 0.269473 0.7912
MS(-1) -0.021335 0.074424 -0.286673 0.7783
LR(-1) -0.042566 0.035339 -1.204501 0.2471

D(REN(-1)) 0.589941 0.231342 2.550079 0.0222
D(REN(-2)) 0.349120 0.229788 1.519309 0.1495

D(K) -0.080993 0.043869 -1.846233 0.0847
D(K(-1)) 0.074965 0.038345 1.955021 0.0695

D(L) -0.070980 0.097537 -0.727727 0.4780
D(MPR) -0.112355 0.089080 -1.261275 0.2265
D(MS) 0.238084 0.124653 1.909979 0.0754
D(LR) 0.018384 0.033101 0.555400 0.5868

* p-value incompatible with t-Bounds distribution.

Levels Equation
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

K -0.207054 0.098186 -2.108792 0.0522
L -0.237192 0.069550 -3.410396 0.0039

MPR 0.030245 0.113784 0.265807 0.7940
MS -0.021756 0.073894 -0.294421 0.7725
LR -0.043406 0.028700 -1.512391 0.1512
C 101.4622 3.363231 30.16807 0.0000

EC = REN - (-0.2071*K -0.2372*L + 0.0302*MPR -0.0218*MS -0.0434
*LR + 101.4622 )

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

Asymptotic:
n=1000

F-statistic 4.244463 10% 2.08 3
K 5 5% 2.39 3.38

2.5% 2.7 3.73
1% 3.06 4.15
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Actual Sample Size 30

Finite
Sample:

n=30
10% 2.407 3.517

5% 2.91 4.193
1% 4.134 5.761

ARDL Error Correction Regression
Dependent Variable: D(REN)
Selected Model: ARDL(3, 2, 1, 1, 1, 1)
Case 2: Restricted Constant and No Trend
Date: 04/13/24 Time: 06:10
Sample: 1990 2022
Included observations: 30

ECM Regression
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

D(REN(-1)) 0.589941 0.185323 3.183306 0.0062
D(REN(-2)) 0.349120 0.177941 1.961996 0.0686

D(K) -0.080993 0.022855 -3.543696 0.0029
D(K(-1)) 0.074965 0.019312 3.881785 0.0015

D(L) -0.070980 0.063365 -1.120178 0.2803
D(MPR) -0.112355 0.061333 -1.831878 0.0869
D(MS) 0.238084 0.094788 2.511765 0.0239
D(LR) 0.018384 0.018229 1.008546 0.3292

CointEq(-1)* -0.980661 0.209098 -4.689962 0.0003

R-squared 0.585166 Mean dependent var 0.088333
Adjusted R-squared 0.427134 S.D. dependent var 1.565633
S.E. of regression 1.184995 Akaike info criterion 3.420679
Sum squared resid 29.48846 Schwarz criterion 3.841038
Log likelihood -42.31018 Hannan-Quinn criter. 3.555155
Durbin-Watson stat 1.789772

* p-value incompatible with t-Bounds distribution.

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

F-statistic 4.244463 10% 2.08 3
K 5 5% 2.39 3.38

2.5% 2.7 3.73
1% 3.06 4.15



215

0

1

2

3

4

5

6

7

8

-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5

Series: Residuals
Sample 1993 2022
Observations 30

Mean       9.97e-15
Median   0.050583
Maximum  2.122634
Minimum -2.276140
Std. Dev.   1.008387
Skewness  -0.152344
Kurtosis   2.926837

Jarque-Bera  0.122735
Probability  0.940477

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 0.546073 Prob. F(2,13) 0.5919
Obs*R-squared 2.325009 Prob. Chi-Square(2) 0.3127

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 0.576582 Prob. F(14,15) 0.8448
Obs*R-squared 10.49596 Prob. Chi-Square(14) 0.7251
Scaled explained SS 2.528000 Prob. Chi-Square(14) 0.9997

Ramsey RESET Test
Equation: UNTITLED
Specification: REN REN(-1) REN(-2) REN(-3) K K(-1) K(-2) L L(-1)

MPR MPR(-1) MS MS(-1) LR LR(-1) C
Omitted Variables: Squares of fitted values

Value df Probability
t-statistic 0.695199 14 0.4983
F-statistic 0.483302 (1, 14) 0.4983

F-test summary:

Sum of Sq. df
Mean

Squares
Test SSR 0.984017 1 0.984017
Restricted SSR 29.48846 15 1.965897
Unrestricted SSR 28.50444 14 2.036032
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Monetary policy and non-renewable energy

Dependent Variable: NEN
Method: ARDL
Date: 04/13/24 Time: 08:01
Sample (adjusted): 1993 2022
Included observations: 30 after adjustments
Maximum dependent lags: 3 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Dynamic regressors (3 lags, automatic): K L MPR MS LR
Fixed regressors: C
Number of models evalulated: 3072
Selected Model: ARDL(3, 0, 0, 1, 2, 2)

Variable Coefficient Std. Error t-Statistic Prob.*

NEN(-1) 0.480119 0.179852 2.669522 0.0168
NEN(-2) 0.106609 0.193345 0.551396 0.5890
NEN(-3) -0.226954 0.152125 -1.491886 0.1552

K -0.001578 0.017205 -0.091714 0.9281
L 0.026653 0.036243 0.735400 0.4727

MPR 0.151583 0.057914 2.617360 0.0187
MPR(-1) -0.097779 0.069420 -1.408529 0.1781

MS -0.091618 0.090368 -1.013834 0.3257
MS(-1) -0.084503 0.133021 -0.635260 0.5342
MS(-2) 0.203791 0.089552 2.275664 0.0370

LR 0.012407 0.015854 0.782616 0.4453
LR(-1) -0.004488 0.019222 -0.233509 0.8183
LR(-2) 0.044711 0.014731 3.035243 0.0079

C 7.230276 3.087405 2.341862 0.0325

R-squared 0.849615 Mean dependent var 19.57178
Adjusted R-squared 0.727427 S.D. dependent var 1.697249
S.E. of regression 0.886108 Akaike info criterion 2.900770
Sum squared resid 12.56301 Schwarz criterion 3.554662
Log likelihood -29.51155 Hannan-Quinn criter. 3.109956
F-statistic 6.953350 Durbin-Watson stat 2.049481
Prob(F-statistic) 0.000237

*Note: p-values and any subsequent tests do not account for model
selection.
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ARDL Long Run Form and Bounds Test
Dependent Variable: D(NEN)
Selected Model: ARDL(3, 0, 0, 1, 2, 2)
Case 2: Restricted Constant and No Trend
Date: 04/13/24 Time: 08:02
Sample: 1990 2022
Included observations: 30

Conditional Error Correction Regression

Variable Coefficient Std. Error t-Statistic Prob.

C 7.230276 3.087405 2.341862 0.0325
NEN(-1)* -0.640225 0.153395 -4.173691 0.0007

K** -0.001578 0.017205 -0.091714 0.9281
L** 0.026653 0.036243 0.735400 0.4727

MPR(-1) 0.053803 0.074706 0.720200 0.4818
MS(-1) 0.027670 0.047942 0.577157 0.5719
LR(-1) 0.052630 0.015609 3.371851 0.0039

D(NEN(-1)) 0.120344 0.151126 0.796320 0.4375
D(NEN(-2)) 0.226954 0.152125 1.491886 0.1552

D(MPR) 0.151583 0.057914 2.617360 0.0187
D(MS) -0.091618 0.090368 -1.013834 0.3257

D(MS(-1)) -0.203791 0.089552 -2.275664 0.0370
D(LR) 0.012407 0.015854 0.782616 0.4453

D(LR(-1)) -0.044711 0.014731 -3.035243 0.0079

* p-value incompatible with t-Bounds distribution.
** Variable interpreted as Z = Z(-1) + D(Z).

Levels Equation
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

K -0.002465 0.026901 -0.091619 0.9281
L 0.041631 0.058150 0.715924 0.4844

MPR 0.084038 0.109898 0.764695 0.4556
MS 0.043219 0.073650 0.586821 0.5655
LR 0.082205 0.024602 3.341449 0.0041
C 11.29333 3.382300 3.338950 0.0042

EC = NEN - (-0.0025*K + 0.0416*L + 0.0840*MPR + 0.0432*MS + 0.0822
*LR + 11.2933 )

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

Asymptotic:
n=1000

F-statistic 3.531846 10% 2.08 3
k 5 5% 2.39 3.38

2.5% 2.7 3.73
1% 3.06 4.15
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Actual Sample Size 30

Finite
Sample:

n=30
10% 2.407 3.517

5% 2.91 4.193
1% 4.134 5.761

ARDL Error Correction Regression
Dependent Variable: D(NEN)
Selected Model: ARDL(3, 0, 0, 1, 2, 2)
Case 2: Restricted Constant and No Trend
Date: 04/13/24 Time: 08:03
Sample: 1990 2022
Included observations: 30

ECM Regression
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

D(NEN(-1)) 0.120344 0.117044 1.028198 0.3192
D(NEN(-2)) 0.226954 0.118250 1.919268 0.0730

D(MPR) 0.151583 0.039668 3.821290 0.0015
D(MS) -0.091618 0.063635 -1.439750 0.1692

D(MS(-1)) -0.203791 0.066052 -3.085329 0.0071
D(LR) 0.012407 0.010531 1.178168 0.2560

D(LR(-1)) -0.044711 0.011946 -3.742899 0.0018
CointEq(-1)* -0.640225 0.109807 -5.830439 0.0000

R-squared 0.764213 Mean dependent var -0.007418
Adjusted R-squared 0.689190 S.D. dependent var 1.355465
S.E. of regression 0.755676 Akaike info criterion 2.500770
Sum squared resid 12.56301 Schwarz criterion 2.874422
Log likelihood -29.51155 Hannan-Quinn criter. 2.620305
Durbin-Watson stat 2.049481

* p-value incompatible with t-Bounds distribution.

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

F-statistic 3.531846 10% 2.08 3
k 5 5% 2.39 3.38

2.5% 2.7 3.73
1% 3.06 4.15
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Series: Residuals
Sample 1993 2022
Observations 30

Mean       4.28e-15
Median  -0.016197
Maximum  1.173524
Minimum -1.614030
Std. Dev.   0.658185
Skewness  -0.043644
Kurtosis   2.695095

Jarque-Bera  0.125733
Probability  0.939069

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 3.025571 Prob. F(2,14) 0.0809
Obs*R-squared 9.053562 Prob. Chi-Square(2) 0.0108

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 1.032744 Prob. F(13,16) 0.4688
Obs*R-squared 13.68771 Prob. Chi-Square(13) 0.3962
Scaled explained SS 3.299836 Prob. Chi-Square(13) 0.9966

Ramsey RESET Test
Equation: UNTITLED
Specification: NEN NEN(-1) NEN(-2) NEN(-3) K L MPR MPR(-1) MS

MS(-1) MS(-2) LR LR(-1) LR(-2) C
Omitted Variables: Squares of fitted values

Value df Probability
t-statistic 0.074184 15 0.9418
F-statistic 0.005503 (1, 15) 0.9418

F-test summary:

Sum of Sq. df
Mean

Squares
Test SSR 0.004607 1 0.004607
Restricted SSR 12.56301 16 0.785188
Unrestricted SSR 12.55840 15 0.837227
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Objective 2

Dependent Variable: Y
Method: ARDL
Date: 04/13/24 Time: 08:14
Sample (adjusted): 1993 2022
Included observations: 30 after adjustments
Maximum dependent lags: 3 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Dynamic regressors (3 lags, automatic): K L MPR MS LR
Fixed regressors: C
Number of models evalulated: 3072
Selected Model: ARDL(3, 0, 3, 2, 3, 3)

Variable Coefficient Std. Error t-Statistic Prob.*

Y(-1) 0.359992 0.194429 1.851535 0.0938
Y(-2) 0.339605 0.218090 1.557176 0.1505
Y(-3) -0.214940 0.139632 -1.539332 0.1547

K 0.025790 0.051373 0.502012 0.6265
L -0.252412 0.150129 -1.681299 0.1236

L(-1) 0.739365 0.196396 3.764661 0.0037
L(-2) -0.399189 0.212717 -1.876618 0.0900
L(-3) -0.345757 0.176527 -1.958659 0.0786
MPR 0.012990 0.179892 0.072209 0.9439

MPR(-1) 0.079448 0.167196 0.475179 0.6449
MPR(-2) -0.721256 0.182222 -3.958109 0.0027

MS -0.848450 0.276912 -3.063965 0.0120
MS(-1) 0.317535 0.398958 0.795912 0.4446
MS(-2) 0.962651 0.370203 2.600334 0.0265
MS(-3) -0.668305 0.205070 -3.258906 0.0086

LR -0.071492 0.060972 -1.172538 0.2682
LR(-1) 0.179934 0.059101 3.044537 0.0124
LR(-2) 0.160150 0.049656 3.225169 0.0091
LR(-3) -0.057156 0.034027 -1.679739 0.1239

C 19.90651 7.099909 2.803770 0.0187

R-squared 0.907932 Mean dependent var 4.157630
Adjusted R-squared 0.733002 S.D. dependent var 3.847200
S.E. of regression 1.987920 Akaike info criterion 4.446776
Sum squared resid 39.51826 Schwarz criterion 5.380907
Log likelihood -46.70164 Hannan-Quinn criter. 4.745613
F-statistic 5.190262 Durbin-Watson stat 2.055299
Prob(F-statistic) 0.005450

*Note: p-values and any subsequent tests do not account for model
selection.
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ARDL Long Run Form and Bounds Test
Dependent Variable: D(Y)
Selected Model: ARDL(3, 0, 3, 2, 3, 3)
Case 2: Restricted Constant and No Trend
Date: 04/13/24 Time: 08:14
Sample: 1990 2022
Included observations: 30

Conditional Error Correction Regression

Variable Coefficient Std. Error t-Statistic Prob.

C 19.90651 7.099909 2.803770 0.0187
Y(-1)* -0.515343 0.143837 -3.582834 0.0050

K** 0.025790 0.051373 0.502012 0.6265
L(-1) -0.257994 0.161746 -1.595057 0.1418

MPR(-1) -0.628818 0.204988 -3.067585 0.0119
MS(-1) -0.236568 0.155189 -1.524387 0.1584
LR(-1) 0.211435 0.059011 3.583006 0.0050

D(Y(-1)) -0.124665 0.204261 -0.610320 0.5553
D(Y(-2)) 0.214940 0.139632 1.539332 0.1547

D(L) -0.252412 0.150129 -1.681299 0.1236
D(L(-1)) 0.744946 0.177394 4.199398 0.0018
D(L(-2)) 0.345757 0.176527 1.958659 0.0786
D(MPR) 0.012990 0.179892 0.072209 0.9439

D(MPR(-1)) 0.721256 0.182222 3.958109 0.0027
D(MS) -0.848450 0.276912 -3.063965 0.0120

D(MS(-1)) -0.294346 0.275560 -1.068174 0.3105
D(MS(-2)) 0.668305 0.205070 3.258906 0.0086

D(LR) -0.071492 0.060972 -1.172538 0.2682
D(LR(-1)) -0.102993 0.047743 -2.157225 0.0564
D(LR(-2)) 0.057156 0.034027 1.679739 0.1239

* p-value incompatible with t-Bounds distribution.
** Variable interpreted as Z = Z(-1) + D(Z).

Levels Equation
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

K 0.050044 0.100044 0.500217 0.6277
L -0.500625 0.291319 -1.718477 0.1165

MPR -1.220193 0.493207 -2.473996 0.0329
MS -0.459050 0.350325 -1.310354 0.2194
LR 0.410280 0.151310 2.711516 0.0219
C 38.62768 12.52466 3.084130 0.0116

EC = Y - (0.0500*K -0.5006*L -1.2202*MPR -0.4590*MS + 0.4103*LR +
38.6277 )

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

Asymptotic:
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n=1000
F-statistic 4.528232 10% 2.08 3
K 5 5% 2.39 3.38

2.5% 2.7 3.73
1% 3.06 4.15

Actual Sample Size 30

Finite
Sample:

n=30
10% 2.407 3.517

5% 2.91 4.193
1% 4.134 5.761

ARDL Error Correction Regression
Dependent Variable: D(Y)
Selected Model: ARDL(3, 0, 3, 2, 3, 3)
Case 2: Restricted Constant and No Trend
Date: 04/13/24 Time: 08:15
Sample: 1990 2022
Included observations: 30

ECM Regression
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

D(Y(-1)) -0.124665 0.127110 -0.980760 0.3498
D(Y(-2)) 0.214940 0.096081 2.237074 0.0492

D(L) -0.252412 0.102156 -2.470860 0.0331
D(L(-1)) 0.744946 0.119356 6.241381 0.0001
D(L(-2)) 0.345757 0.108470 3.187588 0.0097
D(MPR) 0.012990 0.103114 0.125975 0.9022

D(MPR(-1)) 0.721256 0.115837 6.226485 0.0001
D(MS) -0.848450 0.168310 -5.041004 0.0005

D(MS(-1)) -0.294346 0.186700 -1.576575 0.1460
D(MS(-2)) 0.668305 0.151953 4.398109 0.0013

D(LR) -0.071492 0.030462 -2.346947 0.0409
D(LR(-1)) -0.102993 0.034536 -2.982159 0.0138
D(LR(-2)) 0.057156 0.024289 2.353205 0.0404

CointEq(-1)* -0.515343 0.072364 -7.121530 0.0000

R-squared 0.889258 Mean dependent var -0.045984
Adjusted R-squared 0.799279 S.D. dependent var 3.507865
S.E. of regression 1.571589 Akaike info criterion 4.046776
Sum squared resid 39.51826 Schwarz criterion 4.700668
Log likelihood -46.70164 Hannan-Quinn criter. 4.255962
Durbin-Watson stat 2.055299

* p-value incompatible with t-Bounds distribution.

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

F-statistic 4.528232 10% 2.08 3
k 5 5% 2.39 3.38
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2.5% 2.7 3.73
1% 3.06 4.15
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Series: Residuals
Sample 1993 2022
Observations 30

Mean       0.000000
Median   0.087709
Maximum  2.287148
Minimum -2.178107
Std. Dev.   1.167347
Skewness   0.047703
Kurtosis   2.127081

Jarque-Bera  0.963863
Probability  0.617589

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 0.796013 Prob. F(2,5) 0.5010
Obs*R-squared 7.003728 Prob. Chi-Square(2) 0.0301

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 0.926218 Prob. F(19,10) 0.5771
Obs*R-squared 19.12970 Prob. Chi-Square(19) 0.4485
Scaled explained SS 1.197818 Prob. Chi-Square(19) 1.0000

Ramsey RESET Test
Equation: UNTITLED
Specification: Y Y(-1) Y(-2) Y(-3) K L L(-1) L(-2) L(-3) MPR MPR(-1)

MPR(-2) MS MS(-1) MS(-2) MS(-3) LR LR(-1) LR(-2) LR(-3) C
Omitted Variables: Squares of fitted values

Value df Probability
t-statistic 1.032319 9 0.3289
F-statistic 1.065682 (1, 9) 0.3289

F-test summary:

Sum of Sq. df
Mean

Squares
Test SSR 4.183908 1 4.183908
Restricted SSR 39.51826 10 3.951826
Unrestricted SSR 35.33435 9 3.926039
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Objective 3

Dependent Variable: Y
Method: ARDL
Date: 04/13/24 Time: 08:21
Sample (adjusted): 1993 2022
Included observations: 30 after adjustments
Maximum dependent lags: 3 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Dynamic regressors (3 lags, automatic): K L REN NEN
Fixed regressors: C
Number of models evalulated: 768
Selected Model: ARDL(1, 3, 2, 3, 0)

Variable Coefficient Std. Error t-Statistic Prob.*

Y(-1) 0.623156 0.165141 3.773481 0.0017
K -0.139599 0.057966 -2.408269 0.0284

K(-1) -0.375769 0.076076 -4.939389 0.0001
K(-2) -0.295859 0.072595 -4.075466 0.0009
K(-3) -0.282085 0.066664 -4.231423 0.0006

L -0.216739 0.129374 -1.675289 0.1133
L(-1) 0.046724 0.169588 0.275512 0.7864
L(-2) -0.335873 0.143626 -2.338522 0.0327
REN -0.051236 0.469614 -0.109102 0.9145

REN(-1) -1.318381 0.497230 -2.651453 0.0174
REN(-2) 0.836976 0.445976 1.876731 0.0789
REN(-3) -1.341185 0.373209 -3.593653 0.0024

NEN -1.366272 0.386338 -3.536472 0.0027
C 219.6520 65.04442 3.376954 0.0038

R-squared 0.804726 Mean dependent var 4.157630
Adjusted R-squared 0.646067 S.D. dependent var 3.847200
S.E. of regression 2.288788 Akaike info criterion 4.798647
Sum squared resid 83.81681 Schwarz criterion 5.452539
Log likelihood -57.97970 Hannan-Quinn criter. 5.007832
F-statistic 5.072024 Durbin-Watson stat 2.201706
Prob(F-statistic) 0.001484

*Note: p-values and any subsequent tests do not account for model
selection.

ARDL Long Run Form and Bounds Test
Dependent Variable: D(Y)
Selected Model: ARDL(1, 3, 2, 3, 0)
Case 2: Restricted Constant and No Trend
Date: 04/13/24 Time: 08:21
Sample: 1990 2022
Included observations: 30

Conditional Error Correction Regression

Variable Coefficient Std. Error t-Statistic Prob.

C 219.6520 65.04442 3.376954 0.0038
Y(-1)* -0.376844 0.165141 -2.281959 0.0365
K(-1) -1.093311 0.231087 -4.731176 0.0002
L(-1) -0.505888 0.178224 -2.838495 0.0119
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REN(-1) -1.873825 0.598901 -3.128770 0.0065
NEN** -1.366272 0.386338 -3.536472 0.0027
D(K) -0.139599 0.057966 -2.408269 0.0284

D(K(-1)) 0.577944 0.124855 4.628917 0.0003
D(K(-2)) 0.282085 0.066664 4.231423 0.0006

D(L) -0.216739 0.129374 -1.675289 0.1133
D(L(-1)) 0.335873 0.143626 2.338522 0.0327
D(REN) -0.051236 0.469614 -0.109102 0.9145

D(REN(-1)) 0.504209 0.375948 1.341164 0.1986
D(REN(-2)) 1.341185 0.373209 3.593653 0.0024

* p-value incompatible with t-Bounds distribution.
** Variable interpreted as Z = Z(-1) + D(Z).

Levels Equation
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

K -2.901226 1.513389 -1.917039 0.0733
L -1.342431 0.534077 -2.513551 0.0230

REN -4.972410 2.263306 -2.196967 0.0431
NEN -3.625560 1.987606 -1.824083 0.0869

C 582.8718 258.2346 2.257141 0.0383

EC = Y - (-2.9012*K -1.3424*L -4.9724*REN -3.6256*NEN + 582.8718 )

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

Asymptotic:
n=1000

F-statistic 6.258466 10% 2.2 3.09
k 4 5% 2.56 3.49

2.5% 2.88 3.87
1% 3.29 4.37

Actual Sample Size 30

Finite
Sample:

n=30
10% 2.525 3.56

5% 3.058 4.223
1% 4.28 5.84

ARDL Error Correction Regression
Dependent Variable: D(Y)
Selected Model: ARDL(1, 3, 2, 3, 0)
Case 2: Restricted Constant and No Trend
Date: 04/13/24 Time: 08:22
Sample: 1990 2022
Included observations: 30
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ECM Regression
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.

D(K) -0.139599 0.043335 -3.221411 0.0053
D(K(-1)) 0.577944 0.089099 6.486504 0.0000
D(K(-2)) 0.282085 0.049310 5.720668 0.0000

D(L) -0.216739 0.096737 -2.240489 0.0396
D(L(-1)) 0.335873 0.103674 3.239701 0.0051
D(REN) -0.051236 0.277602 -0.184566 0.8559

D(REN(-1)) 0.504209 0.251093 2.008055 0.0618
D(REN(-2)) 1.341185 0.277100 4.840069 0.0002
CointEq(-1)* -0.376844 0.053679 -7.020358 0.0000

R-squared 0.765119 Mean dependent var -0.045984
Adjusted R-squared 0.675641 S.D. dependent var 3.507865
S.E. of regression 1.997818 Akaike info criterion 4.465313
Sum squared resid 83.81681 Schwarz criterion 4.885672
Log likelihood -57.97970 Hannan-Quinn criter. 4.599790
Durbin-Watson stat 2.201706

* p-value incompatible with t-Bounds distribution.

F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Signif. I(0) I(1)

F-statistic 6.258466 10% 2.2 3.09
k 4 5% 2.56 3.49

2.5% 2.88 3.87
1% 3.29 4.37
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Series: Residuals
Sample 1993 2022
Observations 30

Mean      -2.65e-14
Median   0.095660
Maximum  3.438342
Minimum -3.357997
Std. Dev.   1.700069
Skewness   0.042085
Kurtosis   2.631258

Jarque-Bera  0.178819
Probability  0.914471

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 0.259083 Prob. F(2,14) 0.7754
Obs*R-squared 1.070726 Prob. Chi-Square(2) 0.5855

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 0.700551 Prob. F(13,16) 0.7384
Obs*R-squared 10.88195 Prob. Chi-Square(13) 0.6207
Scaled explained SS 2.524624 Prob. Chi-Square(13) 0.9992

Ramsey RESET Test
Equation: UNTITLED
Specification: Y Y(-1) K K(-1) K(-2) K(-3) L L(-1) L(-2) REN REN(-1)

REN(-2) REN(-3) NEN C
Omitted Variables: Squares of fitted values

Value df Probability
t-statistic 0.379153 15 0.7099
F-statistic 0.143757 (1, 15) 0.7099

F-test summary:

Sum of Sq. df
Mean

Squares
Test SSR 0.795660 1 0.795660
Restricted SSR 83.81681 16 5.238550
Unrestricted SSR 83.02115 15 5.534743
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Objective 4

VAR Lag Order Selection Criteria
Endogenous variables: Y K L REN NEN MPR MS LR
Exogenous variables: C
Date: 04/13/24 Time: 08:29
Sample: 1990 2022
Included observations: 31

Lag LogL LR FPE AIC SC HQ

0 -716.3171 NA 2.72e+10 46.73014 47.10020 46.85077
1 -594.7928 172.4861 7.63e+08 43.01889 46.34944* 44.10457
2 -486.1742 98.10711* 1.10e+08* 40.14027* 46.43131 42.19100*

* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion

Long run causality tests

VAR Granger Causality/Block Exogeneity Wald Tests
Date: 04/13/24 Time: 08:31
Sample: 1990 2022
Included observations: 31

Dependent variable: Y

Excluded Chi-sq df Prob.

REN 6.099909 2 0.0474
NEN 7.367361 2 0.0251
MPR 1.926672 2 0.3816
MS 0.019250 2 0.9904
LR 8.184002 2 0.0167

All 17.80710 10 0.0583

Dependent variable: REN

Excluded Chi-sq df Prob.

Y 1.126955 2 0.5692
NEN 7.042639 2 0.0296
MPR 3.441490 2 0.1789
MS 1.790360 2 0.4085
LR 1.072111 2 0.5851
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All 16.38367 10 0.0892

Dependent variable: NEN

Excluded Chi-sq df Prob.

Y 0.749268 2 0.6875
REN 3.209980 2 0.2009
MPR 2.651446 2 0.2656
MS 4.049655 2 0.1320
LR 3.460239 2 0.1773

All 19.78535 10 0.0313

Dependent variable: MPR

Excluded Chi-sq df Prob.

Y 7.614909 2 0.0222
REN 0.430888 2 0.8062
NEN 7.109938 2 0.0286
MS 2.316165 2 0.3141
LR 1.950941 2 0.3770

All 19.00490 10 0.0402

Dependent variable: MS

Excluded Chi-sq df Prob.

Y 0.136876 2 0.9339
REN 1.246725 2 0.5361
NEN 3.605749 2 0.1648
MPR 8.773708 2 0.0124
LR 5.065992 2 0.0794

All 20.95968 10 0.0214

Dependent variable: LR

Excluded Chi-sq df Prob.

Y 0.448639 2 0.7991
REN 0.031276 2 0.9845
NEN 0.797522 2 0.6712
MPR 0.869079 2 0.6476
MS 0.360144 2 0.8352

All 9.689436 10 0.4681
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Short run causality tests

VEC Granger Causality/Block Exogeneity Wald Tests
Date: 04/13/24 Time: 09:14
Sample: 1990 2022
Included observations: 30

Dependent variable: D(Y)

Excluded Chi-sq df Prob.

D(REN) 1.610268 2 0.4470
D(NEN) 0.545828 2 0.7612
D(MPR) 1.779046 2 0.4109
D(MS) 1.180762 2 0.5541
D(LR) 4.932715 2 0.0849

All 12.20979 10 0.2713

Dependent variable: D(REN)

Excluded Chi-sq df Prob.

D(Y) 16.92497 2 0.0002
D(NEN) 2.629030 2 0.2686
D(MPR) 0.306472 2 0.8579
D(MS) 1.180457 2 0.5542
D(LR) 14.56709 2 0.0007

All 30.73828 10 0.0006

Dependent variable: D(NEN)

Excluded Chi-sq df Prob.

D(Y) 8.153428 2 0.0170
D(REN) 2.678492 2 0.2620
D(MPR) 0.845560 2 0.6552
D(MS) 0.114639 2 0.9443
D(LR) 7.075869 2 0.0291

All 17.24662 10 0.0691

Dependent variable: D(MPR)

Excluded Chi-sq df Prob.

D(Y) 9.029151 2 0.0109
D(REN) 0.154261 2 0.9258
D(NEN) 4.217732 2 0.1214
D(MS) 1.469357 2 0.4797
D(LR) 0.340806 2 0.8433

All 15.91534 10 0.1021
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Dependent variable: D(MS)

Excluded Chi-sq df Prob.

D(Y) 4.693385 2 0.0957
D(REN) 9.825725 2 0.0074
D(NEN) 10.18636 2 0.0061
D(MPR) 2.024646 2 0.3634
D(LR) 6.963675 2 0.0308

All 15.34600 10 0.1199

Dependent variable: D(LR)

Excluded Chi-sq df Prob.

D(Y) 0.139745 2 0.9325
D(REN) 2.946742 2 0.2292
D(NEN) 0.227743 2 0.8924
D(MPR) 3.812763 2 0.1486
D(MS) 2.840454 2 0.2417

All 8.175395 10 0.6117
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 To manage the delivery of a range of facilities management services, including office

premises, furniture, equipment and vehicle to ensure that the premises provide a high

quality, comfortable, safe and efficient working environment for all staff, customers and

visitors.

 To oversee the management of outsourced cleaning and security staff and services.

 To ensure that the premises comply with corporate guidelines, values, health and safety

legislation and are fit for purpose and safe for staff, customers and visitors.

 Maintenance of continuous, high quality service delivery including periodic reviews of

premises and its furniture and equipment to monitor standards (good condition and well

maintained); repairs instigated or improvements proposed as necessary

 Maintenance, safety, security and management of office premises and ACCION

International appointed staff accommodation in accordance with management and

maintenance plans

 Quarterly reviews of outsourced security and cleaning services performance to ensure all

duties carried out in accordance with contract. Outsourced staff managed to Accion MfB

standards

 Fixed asset and inventories are accurate and up to date. At least one annual inventory

check carried out and the quality of inventory record keeping monitored each quarter.

 Service Level of Agreement updated and annual review carried out to make sure agreed

service levels are met or exceeded. Annual survey on internal and external customer

satisfaction carried out and improvements proposed as necessary as part of annual

concession renewal process.

 Advice provided to the GHO on relevant legislation relating to facilities management and

leases where necessary.

Administration

 To manage the delivery of a range of administration services, including office contracts

and provision of admin management information. To contribute to building and

maintaining relationships with stakeholders (customers, business partners and Vendors)

which enhance Accion MfB’s operation. To ensure that staff and other stakeholders are
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satisfied with services provided.

 Coordinate the vendors presentations on contracts to be issued to new vendors by the

bank on behalf of various stakeholders

 Property register and preferred Vendors contracts list meet corporate standards. Corporate

prices negotiated and contracts and leases prepared for AI appointed and contracted staff

for MD/CEO approval when required. Ensure new Vendors to be added to the Approved

Preferred Vendors list within 5 working days of contract signing or approval by MD/CEO.

 Office premises leases, contracts and service level agreements are administered according

to Corporate Guideline and provide demonstrable value for money with preferred

Vendors used, quotations analyzed and financial threshold requirement met.

 At least one review of service contracts conducted every year to ensure value for money

and to manage Vendors’ performance to ensure agreed standards of services are provided

 Office contacts database regularly updated and relationships well maintained. Feedback

obtained from customers, business partners and other stakeholders is acted on

 Coordinate the CBN memo approval for the registration of new locations or change of

locations to the HOD

 Review and regular update the Business Continuity Plan, and ensure its effective

communication and understanding across the operation

 Effective coordination of outsourced staff, their welfare and remuneration

 The office vehicle is kept in good condition at all times. Weekly check of the vehicle log

for journeys, repair, maintenance and other expenses for audit purposes.

Environmental Framework and Business Risk Management

 Health, Safety, Risk Management policy, and practices implemented for current premises

and premises related projects. Emergency evacuation drill carried out at least twice a year.

 Briefing on Health &Safety for all staff done annually, First Aid Officer and Fire Fighting

Officers training organized annually. Fire extinguishers, alarm system and other security

systems checked monthly

 Ensure regular certification of the Building for fire safety

Monitoring and Forecasting
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 Annual preparation & coordination of financial budgets for the general admin and

facilities of the bank

 Budget allowances for all ACCION International Appointed staff related to housing,

facilities and related services monitored by checking monthly management account

reports.

 Approvals are obtained for all expenditure and in line with the approved budgets

 Office premises and general running costs monitored by checking monthly management

account reports.

Branch Expansion Officer

Accion Microfinance bank – 154 Ikorodu Ososun road Onipanu Lagos

Maintains of all bank equipment (AMFB Nigeria ), monitoring conditions and

arranging for procurement, disposal, and reallocation as necessary.

Procurement of all bank assets

Updates office and residential property inventories and procures office supplies.

Manages vendors at all properties, including works scheduling, supervision, and branch

Renovation & remodeling.

Property management on maintenance and projects across the bank.

Updates emergency plans and rosters while conducting weekly inspections of health

and safety systemsto ensure peak operating efficiency.

Executes BOQ, purchase order requisitioning and receiving and provides first level

support to other staff withinthe accounting and PO management system.

Contributes to development of Bank business plan.

Secretary to Bank committee on Branch Expansion programs

Participates in monthly Post Management Committee meetings and assists with

implementing decisionstaken during PMC.

GROUPADMINISTRATIVE EXECUTIVE.

Total Secure Nigeria Ltd, / Transblue Nigeria Ltd /Virtual Switch Ltd -Abuja.
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Ensure organized office operations and procedures.

Procurement of Company assets.

Manage contract and price negotiations with office vendors, service providers.

Maintain a safe and secure working environment.

Manage relationships with vendors and ensuring that all items are invoiced and paid on

time.

Daily spot check of office facilities and ensuring that the office is in good working

condition.

Participate actively in the planning and execution of company events.

Monitor and maintain office supplies inventory.

Coordinate repairs and maintenance of office facilities and office equipment.

Oversee and supervise office janitorial activities.

Repair and maintenance of company vehicles.

Supervise the refueling of all vehicles.

Supervise and coordinates operational activities of engaged outsourced workers.

Review monthly fuel reports for all company vehicles and track generator diesel

consumption.

Supervise drivers, receptionists, and office assistants, and manage the office equipment.

Ensure that all company vehicles are serviced as at when due.

Ensure that all vehicle documents are up to date, and renewals made on or before expiry

date.

Organizing travel arrangement for staff and management.

Partner with HR to maintain office policies as necessary.

Ensuring proper protocol and logistics arrangement (hotel accommodation, airport

pick-up) for all staff,consultants and senior management team.

Arrange hotel accommodation for staff and expatriates.

Coordinate staff travel, book tickets per the itinerary, and assist with hotel pickup.

Review accuracy and completeness of specifications of goods to be procured.

Prepare requests for quotes (RFQ) to be sent out to approved vendors.

Receive quotation on the approved purchase request form (PRF) for purchasing goods
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and services.

Review, compare, and analyze products to be supplied by vendors and make

recommendations.

Prepare purchase orders (PO) and process payments to vendors upon complete delivery

of goods.

Maintain procurement database including vendor list and standards of goods and service.

Monitors the market for goods and services to determine current prices.

Prepare the weekly procurement status report for the department.

REGIONALCORPORATE SERVICE OFFICER/FACILITIES MANAGER

United Bank for Africa, Ibadan.

Maintains equipment and furnishing at the office (UBA Southwest Zone),

monitoring conditions and arranging for procurement, disposal, and reallocation as

necessary.

Procurement of all bank assets

Arrange for executive escorts for senior management team across Southwest zone.

Arrange for armed police and private security guards for all UBA southwest zone

branch.

Updates office and residential property inventories and procures office supplies.

Manages vendors at all properties, including works scheduling, supervision, and

escorting.

Liaises with the property management on maintenance and projects in the business

office.

Updates emergency plans and rosters while conducting weekly inspections of health

and safety systemsto ensure peak operating efficiency.

Executes purchase order requisitioning and receiving and provides first level support to

other staff withinthe accounting and PO management system.

Contributes to development of Corporate Services business plan.

Participates in monthly Post Management Committee meetings and assists with

implementing decisionstaken during PMC.
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Supports the Corporate Service Director by ensuring an efficient and smoothly running

business office.

Updates induction materials and rosters and participates in the onboarding of new

staff, including full- time employees, temporary staff, short-term assignments, and

interns.

Assists with staff/management officer arrivals, departures, unaccompanied air freight,

and heavybaggage.

Assists with large purchases and compliance, bidding for medium to large projects

in the office incompliance with procurement guidance.

Assists with researching suitable rental accommodation, both temporary and permanent.

Liaises with occupants and vendors on maintenance works scheduling and execution.

Supports a well-managed security environment at Post by working with staff to ensure

that physical and information security procedures are understood and in compliance,

escalating concerns or gaps in security to the Corporate Service Director.

Updates Post crisis management annex as directed while maintaining up-to-date rosters,

phone trees, andcontact information for all staff. In a crisis, assumes IT and logistics

responsibilities reporting to Corporate Service Director’s crisis role.

CUSTOMER SERVICE OFFICER &ACCOUNT OFFICER

United Bank for Africa, Ibadan.

Communicating with customers to resolve issues or concerns regarding products or

accounts, such asopening new accounts or transferring funds between accounts.

Acquisition of (sustainable) new to Bank business Account

Identifying market opportunities and engagement for acquisition drive

Processing transactions such as deposits, withdrawals, or loan payments on behalf of

customers.

Processing wire transfers and other complex transactions.

Reviewing account statements and other financial documents to ensure accuracy of

entries.
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Performing cash handling duties, such as processing payments from customers using

automated tellermachines (ATMs) or hand-held devices.

Business Development and Strategy Formation.

Weekly Tracking of business activities.

Rendition of Weekly Report to Regional head.

Product tweaking to meet Clients-demand while ensuring maximum return on assets

for bank.

Providing information about bank products and services to potential clients.

Processing account transactions such as deposits, withdrawals, or loan payments on

behalf of customers.

Responding to inquiries about account balances and other general customer service

inquiries.

Maintaining accurate records of account activity and transactions to ensure

compliance with industrystandards and regulations

BANK TELLER

United Bank for Africa, Ibadan.

Recording transactions, which involves logging checks and preparing transaction

reports.

Opening new accounts and helping with loan applications.

Foreign currency exchange.

Reconciling cash drawers.

Counting and packaging currency.

Independently executes tasks related to general office administration.

Filling out paperwork/deposit and withdrawal slips.

Overseeing ATM deposits and withdrawals.

Balancing numbers at the end of the business day.

Money gram and western union payment.

Issuing of receipt to customers.
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