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Abstract

By analyzing annual data from 1980 to 2020, the study sought to identify the main factors

influencing economic growth in Botswana and empirically analyze the link between the interest

rate, inflation rate, exchange rate, Foreign Direct Investment (FDI), trade openness, population

growth, and economic growth. In order to explore the long-term relationships between variables,

measure the short term dynamics of the model, and assess the causal relationships between vari-

ables, the study employed the Johansen-Juselius cointegration, Vector Error Correction Model

(VECM), and Granger causality approaches. The results demonstrated that while exchange

rate, interest rate, population growth rate, and trade openness are long term inversely related

to economic growth, FDI and inflation rate had a positive and significant impact on economic

growth. VECM results revealed that exchange rate and interest rate have a substantial role

in explaining growth in the short run, whereas FDI and trade openness have a negative and

significant impact. According to the Granger Causality test, in the long run, the exchange

rate, inflation rate, and trade openness are the main drivers of growth. The Impulse Response

Function(IRF) displayed that even after 20 years, economic growth still responds effectively to

shocks in all variables. The policy recommendations from this study advise maintaining low

inflation rate and open up more to international markets; development and implementation of

new persuading and effective investment incentive packages to investors.

Keywords: Economic growth; economic development; macroeconomic factors; Botswana;

VECM.
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1. Introduction

1.1 Overview of the Study

Economic growth is a concept that entails quantitative changes in economic variables and is

connected to higher levels of output overall or per capita. This suggests that economic growth

is static and leads to quantitative changes. It also takes into account how a nation’s economy

has grown more capable of producing throughout a specific time span in contrast to the pre-

ceding one. Economic growth can be measured in real Gross Domestic Product (GDP) which

excludes inflation (the total has been adjusted to remove the effect of inflation) and nominal

GDP which includes inflation[1]. A study in [2] contributed to expounding the role and aspects

that strengthen the economic growth of a nation. In spite of these efforts to assume growth

as an indicator of macro-fiscal policy, in economic theory and practice, there are not yet final

determinants that logically explain why other countries develop faster than others [3]. Having

very strong growth stability can facilitate sustained economic growth, and most countries have

identified their intention as achieving sustainable rapid economic growth. However, they seem

to have encountered obstacles to achieving their goal. In many countries, GDP is regarded as

an indicator of economic growth [4]. A number of macroeconomic factors influence economic

growth, including inflation, interest rate, money supply, index of industrial production, exchange

rate, foreign direct investment, and so on. According to studies in [5, 6], at the time of her in-

dependence in 1966, Botswana was one of the 24 most impoverished nations in the world, with

a per capita income of US$60, however, it is currently classified as an upper middle-income

nation with a per capita income in excess of US$7523.22. One of the highest rates of growth

has been seen in the economy’s GDP growth in the world since the mid-1970s, amounting to

10.1% a year [7]. The country is prominent for enjoying the longest-running liberal democracy

in Africa with a track history of good leadership and a market-based economy. Since gaining its

independence, Botswana has relied on the production of diamonds to maintain steady growth,

with good policies and sizeable financial reserves helping to safeguard the country’s economy

[8].

The country drives its economy with the aid of a National Economic Development Plan which

incorporates development policies together with strategies for poverty reduction and which was

ushered in subsequent to independence by the four national principles of; Democracy, Develop-

ment, Self-reliance, and Unity. The fourth National Development Plan (NDP) added another

principle of Social Harmony. The main objectives of the NDP include sustained development,

rapid economic growth, economic independence, and social justice. Sustained development is

about ensuring a pattern of extended development and sustainability is essential for economic

diversification [9]. The Botswana governmental body intends to attain this by allocating the

wealth generated from non-renewable resources, for instance, minerals, into social and physi-

cal infrastructure; and by strengthening feasible beneficial endeavors that can secure economic

growth, lower sensitivity to economic wavering, and create employment. Economic growth is
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Chapter 1. Introduction

necessary for overall development and economic growth must surpass the rate of population

expansion in an effort to gain an improvement in the general standard of living. Restructur-

ing policies cannot be sustained in the absence of economic growth. Economic independence

requires infrastructure development, expanding markets and output, and improving program or

policy initiative ownership. Justice for all identifies that the paramount development’s goal is

to make sure the lifestyle quality is enhanced and it consists of two major corollaries: a worry

for integrity in advancement and access to opportunities and that each citizen must possess a

minimum living standard consistent with health and human dignity. These goals have strength-

ened each other in modeling the gross development innovation for the country [10].

Nevertheless, the nation’s real GDP growth rate, which has been persistent since independence

in 1966, has had a minimal impact on economic diversification and principally on managing

elevated unemployment and poverty levels, which are excessive for a nation with this degree of

GDP per capita income. Botswana endures a number of development challenges which include

a lack of resources and/or abilities required to meet fundamental human requirements, and an

inability to eradicate poverty [11].

The remainder of this chapter is structured as follows: Section 1.2 gives the background of the

study; sections 1.3 and 1.4 discuss the economic growth landscape in Botswana and the associa-

tion between economic growth and macroeconomic variables. Section 1.5 presents the statement

of the research problem; section 1.6 describes the overall objective and the specific objectives of

the study. Section 1.7 presents the major areas of research contributions to knowledge and the

last section of this chapter; Section 1.8 outlines the structure of the dissertation.

1.2 Background of the Study

Every country, both developed and developing, is concentrating on increasing the productive

capacity of their economy through the production of additional quantities of goods and services

[12]. The aforementioned will generate a perfect series of prosperity and opportunity as strong

growth and employment opportunities vitalize the government and parents to invest in the ed-

ucation of the younger generation. Thus, leading to the emergence of a great and rising group

of entrepreneurs, which will bring pressure for improved governance. Similar rates of growth

can have varying consequences on poverty, possibilities for poor people to find employment, and

other broad indices of human development depending on the circumstances. The degree to which

economic growth lowers poverty places reliance on how the poor engage in the growth process

and share in its proceeds. As a result, the rate and pattern of economic growth are important

in reducing poverty. Increasing employment is essential for generating higher economic growth

since robust expansion of the world economy implies that the majority of working-age citizens

are now employed and do not entirely depend on the government [13].

[14] argues that living standards were relatively fixed for a limitless number of years. Humans

are said to have lived a basic hunter-gatherer lifestyle, not far above subsistence. Maipose,

(2008) [10] stated that in the long run, economic growth has enhanced and diverse models of

growth have been established to show how static living standards for generations gave way to

2



Chapter 1. Introduction

the current era of economic growth, for example; the growth models in [2, 15–17]. Interpreting

how some countries can be so wealthy while some are extremely impoverished is considered

among the most crucial hurdles facing social science. The attention to income divergence across

countries does not indicate, however, that per capita can be applied as a “sufficient statistic”

for the welfare of a standard citizen or that it is the only factor that should be exercised caution

over. Economic growth is normally good for welfare, but it regularly leads to “winners” and

“losers”. Production relationships, firms, and, at times, individual livelihoods served as aspects

of economic growth, which were frequently disintegrated by the process of economic growth,

as highlighted in [18]. South Africa under apartheid shows the reality that growth does not

necessarily mean an improvement in everyone’s or most people’s quality of life. The country’s

GDP per capita increased significantly beginning in the early twentieth century and ending with

the end of apartheid control, however, during this time, actual wages for black South Africans,

who constitute the majority of the population, decreased [19].

Economic growth is triggered by two main factors: both an increase in the workforce and growth

in the productivity (output per hour worked) of that workforce. Growth in Aggregate Demand

(AD) is affected by a number of factors; lower interest rates, increased government spending,

devaluation, lower tax and financial stability. Economic growth is generated by an increase in

AD in the short run. At the same time, in the long run, it requires an increase in aggregate

supply (productive capacity) as well as AD. Lower interest rates are claimed to minimize the

cost of borrowing, therefore stimulating consumer spending and firm investment. Economic

growth motivates an increase in capital, the working population, labour productivity, the dis-

covery of new raw materials and advancements in technology that augment the productivity of

capital and labour. Political stability also contributes to economic growth by reassuring firms

and encouraging them to increase investment; however, when uncertainty rises, confidence falls

and firms delay investment [20].

Some studies have highlighted the impact of macroeconomic indicators on overall economic

growth, notably, the work in [21–24]. Few empirical studies, however, have investigated the

effects of macroeconomic factors on emerging economies, particularly Botswana. This study

aims to fill the gap in the literature by providing some valuable insights into the development

and implementation of fiscal policies. As a result, this study empirically explores the possible

links between the economic growth rate and a number of key macroeconomic aggregates such

as interest rate, inflation rate, exchange rate, Foreign Direct Investment (FDI), trade openness

and population growth rate in Botswana using annual data from 1980 to 2020. By analyzing

annual data from 1980 to 2020, the study utilizes a Johansen cointegration test and a Vector

Error Correction Model (VECM) in order to access the endogeneity of the economic growth rate

in the short run and long run. In general, the results of this study will eventually allow policy-

makers, practitioners and other stakeholders to identify the major macroeconomic factors that

influence growth and design effective facilitation schemes and a proactive dynamic development

programme. It will also enable the government to diversify its economy away from a reliance on

inefficacious factors while promoting dominating components.

3



Chapter 1. Introduction

1.3 Economic Growth in Botswana

Botswana encountered her first phase of economic growth, which coincides with colonial control

from the 1960s through independence to 1975, regarded as a time of early base-creation It is

a transitional period that begins with uncertainty about the nature and economic foundation

of the state and ends with organizational transition and developmental policy direction. The

second phase from 1975-1989 experienced consolidations of both the market economy-led devel-

opment approach and the multi-party governance system Botswana participated in negotiating

into the beef European market, creating a market incentive of general interest for Botswana

based on cattle and land ownership, resulting in a widespread appreciation of the export market

for beef, minerals, and a well-defined system of property rights. One of the most critical policy

decisions was an agreement to negotiate a joint partnership with mining companies - agreements

that resulted in the assignment of enterprise management to private partners, which has been

retroactively observed as the beginning of what can rightly be described as an institutionalized

private-government smart partnership. The De Beers Botswana (Debswana) mining firm is a

partnership between the Botswana government and De Beers [25].

The country has seen an upsurge in a political rivalry, an intimidating joint party challenge, a

restructuring of the country’s core interests as a result of increased development and educational

advancement, together with citizens venturing into new products, resulting in complicated pol-

icy decisions in a dynamic global and regional setting. It is also a term for the contracted rate of

GDP growth, and it is affiliated with high rates of unemployment and social inequality - at least

initially, before the economy began to pick up and welfare dependency began to decline again,

all made clear by complex political choices given Botswana’s modern progressive economy order.

An active National Development Plan 11 (NDP 11), which covers the period from April 2007 to

March 2023, was prepared to steer the economy of the country. The pointed programme targets

to promote inclusive growth for sustainable employment and poverty reduction falls under the

administration of Vision 2036 which was launched in September 2016 [26].

1.4 Economic growth and Macroeconomic Factors

The macroeconomic framework is presented as stable whenever interest rates are appropriate,

the inflation rate is low and predictable, revenue policy is predictable and consistent, and the

real exchange rate is attractive. The inflation rate serves as a measure of the government’s

overall capacity to steer the economy. It measures the rate at which products and service prices

increase in an economy and emerges when prices rise due to an increase in production expenses

such as raw materials and salaries. Increased demand for goods and services can drive up infla-

tion since people are ready to pay more for them [27]. A few indicators are adapted as a measure

of the inflation rate. The golden indicator, the Consumer Prices Index (CPI), concentrates on

the costs of an economy’s range of goods and services such as food, education, automobiles,

and entertainment [28]. An alternative statistic, the Producer Price Index (PPI), reflects price

shifts that impact domestic producers. It targets the cost of energy, farm supplies, chemical
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items, and metals. Price surge causes the PPI to strike, which affects consumers and is reflected

in the CPI. Inflation is not useful to consumers as it is to investors, who gain a boost if they

maintain the affected asset in the market. For instance, energy companies’ investors experience

a rise in their stock prices if energy prices are rising and companies tend to charge extra in order

to benefit from a growing inflation rate. Generally, inflation provides enterprises with pricing

power and enhanced profit margins.

The interest rate is the cost of storing or lending money, commonly expressed as a percentage of

the principal. Higher interest rates increase the motivation to save because the benefit of saving

is now greater. As a result, saving in the economy is predicted to rise, reducing consumption (as-

suming that residents’ income remains stable). It also raises the cost of lending and, as a result,

the cost of investment, discouraging firms from making an investment and, as a consequence,

lowering economic activity. The government’s debt interest payments will escalate as a result

of an increased borrowing cost, but the impact on government spending is not predictable. The

effect on net exports will be driven by the change in interest rates of trade partners. Assuming

they remain stable, there will be an increase in the value of the currency, which will result in

foreign imports being more affordable for citizens and exports becoming more expensive, re-

sulting in reduced net exports. Aron and Muellbauer, (2002) [29] applied multistep forecasting

techniques in estimations with a stochastic trend to determine output growth in South Africa

one year ahead. It was discovered that levels of real rates impact output and the effect lasts

up to three years, and there were important and persistent influences of high real interest rates,

which remarkably constrained growth.

Foreign Direct Investment (FDI) is a long-term investment in another economy’s enterprise that

generates a long-term interest with a significant influence over the overseas enterprise [30]. The

Bank of Botswana in (2010) discovered that the level of FDI inflows was still very low, which

is mainly in the mining and finance sectors. The country was driven by FDI flows from South

Africa, Mauritius, India and Zimbabwe, which covered sectors like insurance, banking, agricul-

ture, mining and clothing [31]. Botswana, just like any other economy in the Southern African

Development Community (SADC), relies on investment from other countries to aid in achieving

its long-term economic goals. Some of the characteristics that attract investors into the econ-

omy are a stable political and macroeconomic climate, favorable regulations, qualified human

resources, a comprehensive legal system, and high-quality economic infrastructure.

This study employs a VECM to investigate whether significant macroeconomic factors can de-

fine Botswana’s economic growth rate. It also hypothesizes that macroeconomic factors like

interest rate, inflation rate, exchange rate, foreign direct investment, trade openness, and popu-

lation growth will be relevant to Botswana’s economic growth. The study also analyzed a causal

relationship between economic growth rate and macroeconomic variables.

1.5 Statement of the Problem

Botswana is classified to be a country with a middle income, having experienced one of the

most rapidly rising GDP in Africa for the past decade. The stability that lies behind high

levels of growth arises from diamond extraction, which contributes over one-third of GDP, this
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accounts for nearly all export earnings and half of the government revenue. Other leading sectors

which were identified in order to diversify the economy beyond diamond extraction are tourism,

financial sectors, subsistence farming, and livestock husbandry. Even though the country is

showing some signs of growth, the rate of economic growth continues to remain lower than the

anticipated level of growth of 7.5%, which was projected in the National Vision 2016 aims. In

2019, the travel and tourism sectors contributed 13% to the GDP of the country, which was

observed as an increase from 6.3% in 2000, while the agricultural and manufacturing sectors

accounted for just over 2% and 5% of GDP respectively. The future of the country is indefinite

as the current principal source of growth is unsustainable and the productivity, together with the

development of other sectors, is yet to be well established. This may be addressed by also paying

attention to macroeconomic variables that may potentially participate in the economic growth

process. It is challenging to fully make clear explanations of which macroeconomic factors are

more significant in stimulating economic growth. Each specific factor has an insightful effect on

economic growth, and it is difficult to identify the one with increased importance in economic

connections. The following macroeconomic variables will be investigated in order to determine

which has the most influence on economic growth in Botswana: interest rate, inflation rate,

exchange rate, FDI, trade openness, and population growth rate.

1.6 Research Objectives

The overall objective of this study was to investigate economic development and economic growth

in Botswana.

The specific objectives of the study were:

(i) To examine the rate of economic growth in Botswana.

(ii) To extend previous work by investigating potential linkages between economic growth and

macroeconomic aggregates in Botswana by adopting a VECM.

(iii) To investigate the major drivers of economic growth in Botswana.

1.7 Research Major Area of Contribution to Knowledge

Besides addressing the existing gap in previous studies, this study is important in a number of

ways. First, this study used various data sets and proposes that it may be possible to aggre-

gate growth within identifiable sectors. A sector-by-sector understanding of how macroeconomic

factors would greatly enhance the perception of the likelihood of growth. Improved knowledge

of the rate and the major drivers of economic growth may help inform cost-effective mecha-

nisms that can provide an optimal approach to promoting the growth of Botswana’s economy.

Secondly, this study contributes to understanding how economic growth can be maintained in

relation to macroeconomic factors. An insight into how macroeconomic factors influence eco-

nomic growth through the modification of market variation is presented. This provides the

Ministry of Finance and Economic Development and financial institutions such as the Bank of

Botswana with an idea of how they can enhance economic growth and stay above in times of
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economic shifts. Also, by ensuring the financial system’s continued viability and monitoring of

the economy and fiscal performance that is, deepening the financial status which will increase

the country’s competitiveness.

1.8 Structure of the Dissertation

This thesis is divided into five chapters; they are structured as follows, Chapter 1 presents

an introduction to the study. Chapter 2 reviews the literature on economic growth, which

includes a theoretical review, exploring theories that expound on economic growth for better

understanding, and an empirical review that will cover previous studies undertaken and establish

gaps. In Chapter 3, the research methodology and design are presented. Chapter 4 discusses

the data analysis and empirical results of the study. Finally, Chapter 5 provides a summary

of the major findings and conclusions drawn from the data. It discusses the major policy

implications and recommendations arising from the research. The chapter also provides the

major contributions, limitations of the study and areas for further research.
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2. Literature review

2.1 Introduction

This chapter examines previous research and highlights research needs in an investigation of the

causes of economic growth and the possible links between economic growth and macroeconomic

aggregates. The chapter is organized as follows: Section 2.2 provides a theoretical analysis; Sec-

tion 2.3 examines pertinent empirical research on the potential relationships that exist between

economic growth and macroeconomic aggregates; and Section 2.4 provides a literature overview,

which is a summary of the key findings from past studies.

2.2 Theoretical Review

The proportion of economic growth for developing nations can be demonstrated by the degree to

which they retain an interest in the level of technology. The technology diffusion model suggests

that the rate of growth for a developing economy is subject to the level at which they engage and

make use of the technology which is employed by the developed countries, which is advantageous

to drawing in new developments. Technology diffusion follows when there are innovative tech-

nologies and ideas spread into the country. There exist theories which complement the model

of technology diffusion, for example, Barro, (1990) [32] and Lucas Jr (1988) [33] established

endogenous-growth models which back the idea that growth is boosted by improvement.

This study note however that Smith, (1937) [34] was the first economist to expand the economic

growth theory. He believed that economic growth would come directly from the sum of all these

factors, not just capital accumulation, wealth creation, technologies, land ownership, labour and

exports [35]. Arguably, the major influence of Smith’s theoretical framework [34] is the estab-

lishment of the concept of incremental income in the distribution of labour-based economy and

specialization. Another vital contribution in [34] is that he also identified the significance of

international labour exchange and free trade as a technique for economic growth.

The theory of economic growth was advanced by Harrod, (1939) [36] and Domar, (1946) [37], and

established a growth model stating that “economic growth rate is a function of the relationship

between the savings rate and the capital coefficient.” This model suggests the capital coefficient

is equal to the relationship between the investment rate/investment rate in GDP and the rate

of growth of real GDP, the reciprocal of the marginal capital return. In the 1950s, the neoclas-

sical philosopher [2] developed the theory of economic growth and was interested in exogenous

growth models. He concentrated on three elements: technology, capital and labour, and argued

that physical capital accumulation was a major factor for short-term economic growth, and

technological progress was the main determinant of long-term economic growth. An essential

expansion of the neoclassical growth model was the introduction of human capital stock as one of

the principal elements motivating economic growth to complement the accumulation of physical

capital. Solow, (1956) [2] concluded that “less than half of US productivity growth per capita
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comes from productivity and profitability payments.” Until the mid-1980s, no important stud-

ies related to economic growth theory other than neoclassical growth theory were established.

But so far, economic growth theory and empirical analysis have evolved, first complemented by

what is considered “endogenous growth theory.” These theories are connected with the names;

Grossman and Helpman, (1991), Aghion and Howitt, (1992) and Smokey, (1995) [38–40]. These

economists started their theories with the assumption that individual decision-makers are more

rational and less adaptable. Commitment is based on the recognition of productivity variables

like hands-on learning and functional technical expertise (research innovation) as important

causes of economic growth. As long as there is an agreement that government factors such as

physical investment and accumulation of human capital, and, on the other hand, productivity

factors (technical growth), are crucial macroeconomic factors for almost all countries’ economic

growth [41], other supporters argue that factors that influence the effectiveness of savings and

investment are also important elements of economic growth [42–44]. These proficiency factors

became noticeable during the 1990s, with three key results being focused on: solidness of the

macroeconomic climate; adequacy of the institutional system of an economy connected with po-

litical and monetary administration; motivating force designs and social infrastructure; and the

setting up of the right value instrument and essential administrative climate to clear business

sectors [45]. The sensitivity it generates to the anticipation of the future value of financial com-

ponents is the primary reason why macroeconomic stability matters to monetary advancement.

2.3 Empirical Literature

A number of researchers in [4, 23, 46, 47] have discovered an association between economic growth

and various macroeconomic variables. Macroeconomic indicators have long been acknowledged

to play a significant role in a country’s economic development. Numerous studies from various

countries have used diverse methods in attempting to find an association between economic

growth and macroeconomic factors, including cross-country approach, panel data, Cobb Dou-

glas production function, Vector Autoregression, Autoregressive distributed lag bound test and

ordinary least squares among others.

2.3.1 Economic Growth and Trade Openness

The studies in [48–54] discovered a significant positive relationship between economic growth

and trade openness, but there exists an investigation that found a negative link between the

two which was done in [55]. According to a study in [56], there may be a weak link between

trade openness and economic growth. Research in [57] stated that trade openness has a major

effect on economic growth patterns and that the link between the two is still unconfirmed. An

investigation in [47] which focused on the impact of macroeconomic factors on economic growth

in Ghana by adopting the Johansen approach to cointegration, and established a cointegration

between real GDP per capita (economic growth) and the macroeconomic factors that contribute

to it. Augmented Dickey-Fuller (ADF) test highlighted that interest rates obtained stationarity

after first differencing. They further indicated that foreign direct investment and inflation play a

role in Ghana’s long-run economic growth. Kim, Lin and Suen (2010) [58] examined 88 countries
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from 1960 to 2005 to discover how trade openness influenced financial development. The Pooled

Mean Group (PMG) approach was utilized in the study, which generated a significant positive

long run association between trade openness and financial development but a negative link in

the short run. These findings were applicable only to low-income countries. An investigation in

[59] focused on the trade-growth nexus for 75 developing countries using the quantile regression

approach. Their research results imply that the impact of openness on economic growth is

significantly larger in low-growth countries than it is in high-growth countries. In Pakistan, a

study in [60] revealed that no causal relationship between exports and economic growth, nor

between imports and economic growth. Studies in [61, 62] questioned these results, affirming

the trade-led growth hypothesis for Pakistan. Another study in [63] centers its attention on

analyzing the causal link between trade openness and economic growth with the aid of an

econometric technique based on time series analysis. According to the study, China and South

Africa have growth-led export and growth-led import.

2.3.2 Economic Growth and Foreign Direct Investment

The impact of FDI on growth can be both beneficial and detrimental according to studies in

[64, 65], for instance, new technology is developed as FDI enters the country, which is essential

for growth, however on the other hand, FDI crowds out domestic investment. According to

a study in [66], FDI has a significant impact on economic growth because it has the power

to stimulate economic growth by attracting capital investment, technology, and management.

Utilizing time series data, the research explored the relationship between FDI and economic

growth in Malaysia and OLS regressions were employed to determine the model’s coefficients.

According to their findings, there is enough evidence to suggest that there is a significant positive

correlation between economic growth and FDI in Malaysia. Additionally a study in [67] measured

the link between FDI, the state of the financial industry, as well as economic growth. An increase

in the share of FDI resulted in a higher extra economic growth rate in nations with a more

established financial sector, emphasizing the importance of a strong financial system capable

of channeling excess resources into substantial profitable investments. Research by Mbulawa,

(2015) [68] employed a VECM and a Vector Autoregression (VAR) techniques in a study that

tests the impacts of macroeconomic factors on economic growth. According to the study, FDI

and inflation presented a positive impact on economic growth. A linear multiple regression model

was adapted in [46] using the data covering a period from 1993 to 2009. The study accessed the

effect of FDI on India and China’s economic growth rates and explained that economic growth

in India is less driven by FDI than it is in China because China can expand FDI more quickly

than India. Although it may appear logical to assert that FDI can provide significant benefits

to economic growth, Carkovic and Levine, (2005) [69] argued that the exogenous component

of FDI has no strong, independent influence on growth. The Generalized Method of Moments

(GMM) panel estimator was used in the study to obtain consistent and efficient estimates of the

effect of FDI flows on economic growth.
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2.3.3 Economic Growth and Exchange Rate

From a perspective of Aliyu, (2011) [70], an improvement in the exchange rate results in more

imports and fewer exports, whilst a decrease would increase exports and decrease imports. Addi-

tionally, a reduction in the currency’s worth tends to result in a shift from imported to domestic

commodities. As a result, there is a shift in the terms of trade, which causes wealth from na-

tions that import to be diverted to countries that export, potentially affecting both countries

economic growth. In a similar sense, Hossain, (2002) [71] concurred that the exchange rate

determines the number of imports and exports, and the position of the country’s balance of

payments, and also functions to connect the price systems of two distinct countries by enabling

international trade. Previous studies on the effect of exchange rates on economic growth pro-

duced conflicting results. For comparison purposes, empirical evidence indicates that shifts in

real exchange rates can influence growth outcomes. Considering the research in [72], economies

with more flexible exchange rates develop faster. Rapid economic growth is strongly associated

with real exchange rate depreciation [73]. There is a sizable quantity of empirical literature

on the effects of exchange rate depreciation on economic growth. Many existing studies have

acknowledged that the effects of devaluation on economic growth could be recessionary. To this

extent, multiple channels for deflationary devaluation have been identified. Studies in [74–76]

are among the few regression-based studies on contractionary devaluation. Edwards, (1989) [74]

regressed real GDP on nominal and real exchange rates, government spending, terms of trade,

and measures of money growth in a pool-time series/cross-country sample. The study discovered

that devaluation reduced economic growth in the short term even when other factors remained

constant. The outcomes for the long-term effect of a real devaluation were more mixed, but it

was concluded that the initial declining effect was not reversed. Similarly, Agenor, (1991) [75]

regressed economic growth on contemporaneous and lagged levels of the real exchange rate, as

well as deviations of actual changes from expected ones in the real exchange rate, government

spending, the money supply, and foreign income, using a sample of twenty-three developing na-

tions. The analysis indicated that unexpected depreciation of the real exchange rate enhanced

output growth, but that depreciation of the level of the real exchange rate had a recessionary

effect. On the contrary, Linjouom, (2007) [77] contends that exchange rate overvaluation has

been a huge hindrance in Nigeria and Benin Republic’s recovery processes. Furthermore, the

study argued that depreciation combined with well-targeted measures, as well as an increase

in the domestic price of tradable goods, could restore exchange rate equilibrium and enhance

economic performance. In order to ascertain the effects of various regimes on the growth of

the Nigerian economy, Obi, Oniore and Nnadi, (2016) [78] looked into the relationship between

exchange rate regimes and economic growth. The generalized method of moments was used to

analyze data for the years 1970 through 2014. The outcome showed that the exchange rate had

a negligible negative impact on economic growth throughout the entire review period. While

the study provided evidence of a non-significant beneficial impact of exchange rates on output

growth under a floating rate regime, it demonstrated a significant negative impact of exchange

rates under a fixed exchange rate policy.
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2.3.4 Economic Growth and Inflation Rate

Countless studies with a variety of theories have been conducted with the express goal of ex-

amining the connection between inflation and economic growth. All such empirical studies have

sought to determine whether there is a linear, non-linear, casual or nonexistent relationship be-

tween inflation and long-run growth. In-depth research has been done in the economic literature

on the connection between inflation and economic growth. Studies on this relationship have pro-

duced mixed results. Some claim that inflation restricts economic growth and has a threshold

at which it starts to have a negative impact [79–83]. Studies in [84, 85] provided some infor-

mation about the relationship between inflation and growth in the context of Fiji. According

to Dewan, Hussein and Morling, (1999) [84], changes in the output gap—the difference between

actual GDP and potential GDP—had an impact on Fiji’s inflation results. Another study in

[85] discovered that inflation was negatively correlated with economic growth in a sample of

41 middle-income developing nations, including Fiji. A study undertaken in [86] asserts that

while inflation’s short-term negative effects on growth are minimal, they are disastrous for living

standards. According to a study in [80], a 10% annual increase in inflation is predicted to result

in a 30-year real GDP decline of 4% − 7%. Growth is negatively impacted by inflation, and

there is no long-term correlation between the two according to a study in [87]. However studies

in [88–90] revealed that inflation has no bearing on economic expansion. Fischer, (1983) [79]

became the first to establish a non-linear relationship between low inflation rates and growth,

which becomes negative as inflation rises.

2.3.5 Economic Growth and Population Growth Rate

Extensive research in [91] on the connection between population growth and economic output

growth has been carried out. Considering the research in [92], many analysts predict that

high-income nations’ population growth will slow significantly over the coming years, which

will contribute to their predicted relatively slow economic growth. A work in [93] contends

that population growth has been and will remain problematic since more people use more of

the planet’s limited resources, which lowers the potential for long-term growth. While some

authors have found evidence to support the idea that strong population growth boosts economic

growth, others have found evidence to the contrary. Others discovered that the impacts are

not uniform and depend on a country’s level of development, the source or nature of population

growth, or other variables. Headey and Hodge, (2009) [91] noted that a variety of methodologies,

control variables, and other elements have led to significant variations in empirical analyses

of the relationship between population growth and growth in per capita income. There are

primarily three schools of thought regarding the connection between population growth and

economic growth [94]. The first is the traditional (or Malthusian) perspective, which contends

that population growth is a direct cause of poverty and slower economic growth. The Revisionist

school, which holds the opposing perspective, contends that higher population growth raises the

stock of human capital, which in turn promotes economic growth. Finally, the Transition view

argues that changes in income are partly responsible for population growth, i.e., highly populated

nations are densely populated as a result of being economically underdeveloped. In a study in
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[95] that examined the dynamic relationship between population growth and economic growth

in Mexico using a structural break cointegration analysis for the years 1960 to 2014, it was

found that while there is a short-term negative correlation between the two, there is a long-term

positive correlation. A bidirectional causality between population growth and economic growth

was revealed by the study.

It is interesting to examine the case of Botswana to find out whether there is a connection

between population growth rate and economic growth because many of these relationships are

merely descriptive and do not necessarily indicate a causal link.

2.3.6 Economic Growth and Interest Rate

The return, yield on equity, or opportunity cost of delaying current spending into the future

is referred to as the interest rate. Interest rate and economic growth are inversely correlated,

according to macroeconomic theory [96]. Some economists contend that there is a negative

relationship between interest rate and economic growth. Furthermore, the interest rate has sig-

nificantly hampered developing nations’ efforts to achieve sustainable development and economic

growth. Low-interest rate, according to Tridico, (2017) [97], is a complex issue that requires

the harmonious interaction of a number of socioeconomic and institutional factors. Research

in [98] contended that interest rate has a significant impact on Nigeria’s economic growth and

an analysis of 13 Asian developing nations, in [99] found that interest rate stimulates economic

growth. The ADRL approach was utilized for cointegration analysis in a study in [100], which

examined the impact of interest rate on economic growth in Malaysia. The study revealed a

long-term inverse relationship between interest rate and economic growth. Additionally, a study

in [101] used quarterly time series data for the years 2006 to 2014, which investigated the impact

of financial sector development on economic growth in Botswana. The ADRL model was imple-

mented in the study to calculate the consequences of economic growth determinants, including

the interest rate on economic growth. The findings demonstrated that both in the short and long

terms, the interest rate had a detrimental and statistically important effect on economic growth.

There was evidence for an inverse association in [102] which argued that a decline in interest rate

boosts economic growth. The work adopted the Dynamic Ordinary Least Estimation technique

to examine data for the years 1980 to 2016 However, a study in [103] investigated how changes in

interest rate affected economic growth in SADC nations through savings and investments. The

PMG estimate method and ARDL bounds tests were used in the study to assess cointegration

and discovered a positive link between interest rates and economic growth. A study undertaken

in [104], however, found no connection between the interest rate and economic expansion. Re-

sults from earlier studies on the connection between interest rate and economic growth are still

disputed in the literature following differing viewpoints. By studying the connection between

interest rates and economic growth in Botswana, this study aims to close the knowledge gap.

2.4 Literature Review Overview

Understanding the factors that influence economic growth is crucial across all economies [105].

Thus, policymakers are curious about how to foster rapid economic growth, particularly in de-
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veloping countries that always intend to elevate their standing to that of advanced nations. The

various engines of growth have thus been thoroughly addressed and investigated in both theo-

retical and empirical research. According to economic literature, FDI, inflation rate, and trade

openness are three of the most crucial factors for long-term economic growth, particularly when

determining an economy’s long-run productive capacity because investment produces new cap-

ital goods, and capital stock will increase quickly [106]. The main objectives of macroeconomic

policy are a free market economy, low levels of domestic and foreign debt, and stable prices (low

inflation). This alone demonstrates how these components are connected to one another in some

way, indicating the need to examine their interactions more closely. Researchers have studied

the factors that influence economic growth, with differing degrees of success. FDI inflows have

a number of favorable economic effects on the recipient countries, which in turn may stimulate

economic growth by creating various positive externalities and spillover effects, according to

research in [107–113]. From a perspective of a research in [114], the flow of foreign capital from

more developed to less developed nations is an effort to exploit the receiving nation’s natural

resources rather than provide aid, making it an unreliable source for long-term, sustainable eco-

nomic progress. Some empirical studies have found a strong correlation between a nation’s rate

of economic growth and its openness to foreign commerce, while [115] was unable to demonstrate

such a connection. As mentioned in [116, 117], differences in technique and how the openness

measures were defined are at the heart of the discrepancies in these outcomes. Numerous tech-

niques used to evaluate the investment channel reveal a negative correlation between interest

rate and growth. For instance, Tobin’s monetary growth model [118] postulates that a greater

real yield on money as a substitute for capital has a negative impact on demand for capital

in the medium run, but it makes no mention of the short term timeframe. By affecting the

supply and demand for money or other alternative assets, monetary authorities can modify the

investable premium.

Other studies were directed at identifying critical economic growth determinants, numerous

growth economists have depended on choosing as many predictors as possible as long as there

was enough collected data and degrees of freedom to carry out the investigation [47, 68, 119–

123].
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3. Research Methodology And Design

3.1 Introduction

The research methodology employed in this study is outlined in this chapter. The methodology

gives a description of the research method used to investigate the links between economic growth

and macroeconomic variables such as the interest rate, inflation rate, exchange rate, FDI, trade

openness, and population growth.

The rest of the chapter is organized as follows: Section 3.2 gives the Description and Theory of

Proposed Methods of Analysis; Section 3.3 gives a brief Description of the Application Dataset

and Statistical Software used for Analysis. Section 3.4 presents the vector error correction model

equation and the associated test, and lastly, Section 3.5 describes the data, data source, and

variables.

3.2 Description and Theory of Proposed Methods of Analysis

This study’s analysis method involves forecasting or investigating the relationship between eco-

nomic output and macroeconomic variables. The model’s general nature is derived from the

theoretical connection between macroeconomic factors such as; interest rate, inflation rate, ex-

change rate, FDI, trade openness, population growth, and economic growth rate displayed in

economic theory and empirical studies. The relation between economic growth and macroeco-

nomic variables can be formulated into a function model in the form:

EGR = F (IR, INF,EX,FDI, TO, POP, . . .) (3.1)

where EGR denotes economic growth rate, IR denotes the interest rate, INF presents the in-

flation rate, EX represents the exchange rate, FDI represents foreign direct investment, TO is

the trade openness, and POP describes the population growth rate of Botswana. The equation

(3.1) can be formulated into an econometric model (3.2) as follows:

EGRt = α0 + α1 IRt + α2 INFt + α3EXt + α4 FDIt + α5 TOt + α6 POPt + . . .+ εt,

(3.2)

α0, α1, α2, α3, α4, α5, α6 are intercept, coefficients of IR, INF, EX, FDI, TO and POP respec-

tively and t is time.

IR, INF, EX, FDI, TO, POP are as defined in equation (3.1), εt is the error term.

The study employs the Vector Error Correction Model (VECM), which has been applied in the

past to estimate the short and long run dynamics of variables, in an effort to determine the rela-
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tionship between the variables. The study conducted all the time series data preliminary tests,

including the Augmented Dickey-Fuller test for stationarity, the Akaike Information Criterion

(AIC), the Hannan-Quinn Information Criterion (HQIC) method, the Final Prediction Error

(FPE), and the Schwarz Bayesian Information Criterion (SBIC) for the selection of optimal lag

length, the Johansen cointegration tests for cointegration, and the Error Correction Term for

long run model fitting. Granger Causality Test is conducted to ascertain the direction of causal-

ity among the variables. The study also performs the Impulse Response Function (IRF) and

Forecast Error Variance Decomposition (FEVD) tests to better understand the primary factors

influencing economic growth over the study period.

Model Assumptions

• All variables are stationary after first differencing (integrated of order one), that is they

have a constant mean and variance.

• Variables are cointegrated.

• Errors should be normally distributed, that is they follow white noise.

• There is homoscedasticity and no autocorrelation among errors.

3.2.1 Unit Root Test

Testing for the presence of a unit root in the time series is a key step before attempting to

estimate economic variables. Generally, the majority of economic variables tend to be non-

stationary. It is therefore crucial to test for stationarity before establishing any relationship.

The stationarity of a series is an essential phenomenon for the reason that it has the ability to

influence its behavior. For example, modeling an association between non-stationary random

processes (integrated), X and Y , as a simple Ordinary Least Square Regression (OLS) as in

equation (3.3) will only produce a spurious regression.

Yt = α+ βXt + εt (3.3)

Time series stationarity is the statistical characteristic of a series with a constant mean, variance,

and covariance, where its fluctuations are around a constant mean and the variance does not

change throughout the period. When a time series variable is independent of time and the

autocovariance and variance are not infinite, the probability distribution of the data has no

fluctuation over time at this instant, and we can say that the time series variable is stationary.

Non-stationarity of the data is corrected by differencing a series, which designs differenced sets

of observations. An integrated of order 0 is a series that is stationary without differencing. In

addition, a series that has a stationary first difference is set apart as integrated of order one.

A unit root test is one method for evaluating objectively whether differencing is necessary. In

addition, the unit root test determines whether the variables follow a random walk, and in

addition, it helps in finding the order of integration at which the variables become stationary.

Unit root testing is necessary to ensure data is stationary and, if not, it is transformed to
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stationary data to avoid spurious regression [124]. There are several unit root tests available,

each of which is based on a various set of assumptions and may yield contradictory results. The

Dickey-Fuller Test is based on regression analysis and poses a serial correlation problem, in which

case the Augmented Dickey-Fuller (ADF) test can be used; the Phillips-Perron (PP) Test is a

modified version of the Dickey-Fuller test that rectifies autocorrelation and heteroscedasticity in

the errors; and the Schmidt–Phillips Test, which includes the deterministic variable coefficients

in the null and alternate hypotheses. We will test for stationarity of all variables in this study

using the Augmented Dickey-Fuller (ADF) test and the Phillips–Perron (PP) Test.

Augmented Dickey-Fuller Test

There are a few reasons why ADF is widely preferred; it works with serial correlation, can

manage more complex models than Dickey-Fuller tests, and is more effective. However, it does

have a relatively high Type I error size, similar to other unit root tests.

An AR(p) process such that:

yt = ρ1yt−1 + ρ2yt−2 + . . .+ ρpyt−p + εt (3.4)

is referred to as stationary if all the roots of the characteristic equation lie outside of the unit

circle. The AR(p) in equation (3.4) can be expressed in the lag polynomial notation:

(
1− ρ1L− ρ2L

2 − . . .− ρpL
p
)
yt = εt (3.5)

Replacing the lag operator L by a variable (call it q) and equating the resulting polynomial to

zero gives a characteristic equation:

(
1− ρ1q − ρ2q

2 − . . .− ρpq
p
)
yt = 0 (3.6)

The values which solve equation (3.6) are referred to as characteristic roots and there are p of

them (some of them may be equal). Some of the characteristic roots may be complex or real. If

all roots are real, then yt is stationary if the absolute value of roots greater is than one. A unit

root occurs when roots lie between plus and minus one making a series to be non-stationary.

For example; an AR(1) process: yt = ρ1yt−1 + εt with a characteristic equation 1− ρ1q = 0 has

one characteristic root q∗ = 1
ρ1
. The series is stationary if and only if |q∗| > 1 which implies

that |ρ1| < 1.

Testing for a unit root is equivalent to testing ϕ = 1 in the following model.

Yt = ϕYt−1 +

p∑
j=1

ρj∆Yt−j + εt (3.7)

Or

∆Yt = (ϕ− 1)Yt−1 +

p∑
j=1

ρj∆Yt−j + εt (3.8)
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This can be written as a function of Yt−1 and a series of differenced lag terms. ADF test equation:

∆Yt = δYt−1 +

p∑
j=1

ρj∆Yt−j + εt, (3.9)

where ∆ is the difference operator,

t is the time index,

δ is the coefficient presenting process root,

Yt−j denotes the first differences,

p is the lag order of the first differences autoregressive process

εt ∼ iid(0, σ2).

If δ = 0, then the system has a unit root and the hypotheses are as follows:

H0 : Yt is a random walk (non-stationary) or δ = 0

Ha : Yt is a stationary process or δ < 0

The ADF t-statistic is based on the least square estimates of equation (3.7) and is given by :

ADFt = tδ =
δ̂

SE(δ̂)
(3.10)

where SE(δ̂) is the standard error of coefficient estimator.

If the value(s) of |tδ| are greater than the MacKinnon critical values, the null hypothesis that

Yt is a non-stationary time series is rejected.

Phillips–Perron (PP) Test

The test statistics is a modified form of Dickey-Fuller which has a null hypothesis ρ = 1 or Yt is

a non-stationary process and an alternative hypothesis that ρ ̸= 1 from the equation below:

∆Yt = (ρ− 1)Yt−1 + εt (3.11)

where ∆Yt = Yt − Yt−1 and ∆ denotes the first difference operator.

The PP test, like the ADF, conveys the potentiality that the procedure that gathers information

for Yt has a higher order of autocorrelation than is permitted in the test equation, rendering

Yt−1 endogenous, and the Dickey-Fuller test invalid. The PP test adjusts non-parametric errors

in the t-statistic. The test is resistant to undefined autocorrelation and heteroscedasticity in the

disturbance process of the test equation. The PP test statistic is as follows:

Zt =

(
σ̂2

λ̂2

) 1
2

· tρ−1=0 −
1

2

(
λ̂2 − σ̂2

λ̂2

)
·

(
T · SE( ˆρ− 1)

σ̂2

)
(3.12)

σ̂2 = 1
T

∑T
t=1 ε̂t

2- estimate of variance

λ̂2 = σ̂2 + 2
∑p

j=1[1−
j

p+1 ]γ̂j , γ̂j =
1
T

∑T
t=j+1 ε̂tε̂t−j- estimate of covariance of order j,
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p is the number of lags.

If the p-value is less than the critical size of 0.05, then the null hypothesis is rejected in favor

of the alternative hypothesis that Yt is a stationary process. It can also be done by comparing

the PP test statistics with the test critical values, that is whenever |Zt| is greater than the test

critical value then the null hypothesis can be rejected.

3.2.2 Lag Selection

Before performing cointegration tests and modeling VECM, first decide the optimal number of

lags. According to Gutierrez et al., (2009) [125], choosing a higher order lag length than the

accurate one results in an increase in the mean square errors, while under-fitting often prompts

auto-correlated errors. The mechanism used to select the lag order and the structure of the rank

of short-run restrictions was performed by minimizing the modified information criteria listed

below:

AIC(p, s) =
T∑

i=n−s+1

ln
(
1− λ2i (p)

)
+

2

T
×N (3.13)

HQ(p, s) =

T∑
i=n−s+1

ln
(
1− λ2i (p)

)
+

2lnT

T
×N (3.14)

SC(p, s) =
T∑

i=n−s+1

ln
(
1− λ2i (p)

)
+
lnT

T
×N (3.15)

N = [n× (n× (p− 1)) + n× r]− [s× (n× (p− 1) + (n− s))] (3.16)

where n is the number of variables in the VECM and N is the number of parameters. The value

N is acquired by subtracting the total number of mean parameters in the VECM for a given

r (number of cointegration vectors) and p (finite order), from the number of restrictions the

common dynamics impose. The eigenvalues λi are determined for each p. To calculate a pair

(p, s), Hecq, (2006) [126] assumed that there are no constraints, that is r = n. After selecting a

pair (p, s), use the Johansen approach to examine the cointegration relationship.

The optimum lag length for a VAR model was selected in this study using the Akaike Information

Criterion (AIC), the Hannan-Quinn Information Criterion (HQIC) method, the Final Prediction

Error (FPE), and the Schwarz-Bayesian Information Criterion (SBIC).

3.2.3 The Johansen Cointegration Test

Correlation between several series can be established by performing a cointegration test [127].

The Johansen cointegration test examines the linear combinations of variables for unit roots.

The test also provides an estimate of all cointegrating vectors. There are two main forms of

Johansen’s cointegration test; the Maximum Eigenvalue and the Trace test, which determines

the number of cointegrating vectors. The Maximum Eigenvalue statistic compares the null

hypothesis of r cointegration relationship with r = 0, 1, 2, . . . , n− 1 and the alternative of r + 1

cointegration relationship. The null hypothesis and the alternative hypothesis for the existence

of cointegrating vectors were stated as:
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H0 : r = r0

Ha : r = r0 + 1, respectively.

This test statistic is computed as:

λmax(r/r + 1) = −T × log
(
1− λ̂

)
(3.17)

where λ̂ denotes the maximum eigenvalue and T is the sample size.

In order to demonstrate that there is a cointegration relationship among non-stationary time

series data, the null hypothesis should be rejected, revealing the existence of r + 1 linearly

independent cointegrating equations. The null hypothesis is rejected if the Maximum Eigenvalue

statistic is greater than the critical value.

On the other hand, the Trace statistic inspects the null hypothesis of r cointegrating interactions

to the alternative hypothesis of n cointegrating interactions, where n is the number of variables

in the system for r = 0, 1, 2, ..., n−1. The null hypothesis and the alternative hypothesis for the

existence of cointegrating vectors were stated as:

H0 : r = r0

Ha : r ≥ r0, respectively.

The Trace test statistic was evaluated according to the following formula;

Tr(r/n) = −T ×
n∑

i=r+1

log
(
1− λ̂i

)
(3.18)

In some cases, Trace and Maximum Eigenvalue statistics may produce different results, so the

Trace test should be preferred. The Trace statistic must be greater than the critical value

in order to reject the null hypothesis. If the null hypothesis is rejected, then a conclusion is

made that there exists a long-run association between n variables. The number of cointegrating

equations corresponds to the number of error terms of the long-run relationship.

3.2.4 Vector Autoregressive (VAR) Model

A VAR model, developed by Sims, (1980) [128], can model the joint dynamics and interrelations

among a set of macroeconomic factors [129]. A VAR(p) model is a multivariate version of the

Yule-Walker equation of a Univariate AR(p) [130]. If two variables are considered say; Yt and

Xt then a VAR model consists of two systems of equations. First-order VAR for a bivariate

system can be written in the form:

Yt = αy + θ1(L)Yt + θ2(L)Xt + µ1t (3.19)

Xt = αx + θ1(L)Xt + θ2(L)Yt + µ2t (3.20)

where Yt and Xt are time series processes; αy and αx are constants; θ1(L) and θ2(L) are lag

polynomials and µ1t and µ2t are two white noise processes. If the coefficient of the independent

variable Xt in equation (3.19) is not equal to zero, then the history of X aids in explaining Y .
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Lag Operator and Lag Polynomials

Lag operator is defined as Lyt = yt−1. It can also be detailed in powers as Lkyt = yt−k. Lag

polynomials are formed from lag operators. Let θ(L) be a lag polynomial such that;

θ(L) = A0 +A1L+A2L
2 + . . .+ApL

p (3.21)

Which is defined as an operator such that;

θ(L)∆Xt = A0∆Xt +A1∆Xt−1 + . . .+Ap∆Xt−p

=

p∑
i=0

Ai∆Xt−i

(3.22)

where Ai, i = 1, . . . , p are k × k parameter matrices.

This details that the equation (3.22) defines θ(L) by the way it operates on ∆Xt and p identifies

the optimal lag length.

In general, a VAR(p) model with k−dimensional vector yt is defined by

yt = α+A1yt−1 + . . .+Apyt−p + µt (3.23)

where Ai, i = 1, . . . , p are parameter matrices (k×k) at different lags ; α is a vector of constants;

yt−i is a vector of lagged k time series processes; µt is a k−dimensional vector of white noise

terms with covariance matrix Σ and k is the number of variables in the model.

3.2.5 The Vector Error Correction Model (VECM)

The standard VAR model can only be evaluated when variables are stationary. Applying the

first difference in a series is a conventional way of removing a unit root model [129]. Conversely,

when dealing with cointegrating series, this would give rise to over differencing and misinter-

pretation of data conveyed by the long-run comovement of variables. A unique application of

the VAR model is the Vector Error Correction Model (VECM) which incorporates the Error

Correction Term into the VAR model as part of the specification of the VECM. The VECM

works best for series which are cointegrating, and after detecting cointegration between series,

then there exists a long term equilibrium relationship, that is there is an association between

series that has been persistent to the exclusion of any other relationship, for a period of at least

two (2) years. Consequently, the study advances and engages the VECM to assess the short run

interactions of the cointegrated series. The short run is a notion that within a certain period, at

least one factor is fixed while others remain variable. In the event of no cointegration, the VECM

is no longer accurate and directly begin the Granger causality tests to discover the significant

links between variables.

The levels form of the VAR model in equation (3.23) may not be the most useful presentation

if yt is integrated of order one and the variables are potentially cointegrated due to its failure
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to explicitly include the cointegration relations, and these relations are frequently of particular

interest. Then, it may be beneficial to reparameterize the equation (3.23) by deducting yt−1

from both sides of the equation sign and rearranging the terms to obtain

∆yt = α+ θ(L)∆yt + γYt−1 + µt (3.24)

where ∆ represents the first difference operator; yt is a vector of k time series processes; α is a

k−dimensional vector of constants; θ(L) is a lagged polynomial; µt is a vector of stochastic error

terms also called impulses, innovations or shocks and the cointegrating vector, Yt−1 denotes an

Error Correction Term (ECT) which is acquired through cointegrating regression of the depen-

dent variable on the regressors. The regression coefficient on the cointegration term γ, represents

a k−dimensional vector of speed adjustment, that is, the speed at which the deviations from

the long-run equilibrium are ‘corrected’.

Yt−1 = β
′
yt−1 ∼ I(0) and so the components of yt have r linearly independent cointegrating

relations. The rank of γβ
′
, rk(Π) is the cointegrating rank of the process.

Let rk(Π) = r, 0 < r < k, then according to matrix theory there exists (k × r) matrices; γ and

β with rk(γ)=rk(β) = r such that Π = γβ
′
= −(Ik −

∑p
i=1Ai).

Equation (3.24) can be rewritten as

∆yt = α+

p−1∑
i=1

Ai∆yt−i +Πyt−1 + µt (3.25)

If rk(Π) = k, the time series process yt is I(0). Moreover, for r = 0, then Πyt−1 disappears in

a VECM so, yt has a stable VAR(p− 1) representation in first differences.

Interactive characteristics of equation (3.24) are that the error-correction specification maintains

details of the long-run equilibrium together with the short-run relationship between the first

differences of the variables. A significant negative VECM coefficient indicates that any short

term shifts in the independent variables and the dependent variable will result in a stable long

run relationship between the variables. The model uses logarithms of variables in order to

stabilize the variance of a series [131].

NOTE: By assumption, ∆yt does not contain stochastic trend since yt is integrated of order

one.

According to Pfaff, (2008) [132] a bivariate I(1) vector (Y1t, Y2t)
′
= Yt with cointegrating vector

β = (1,−β) where β
′
Yt−1 = (1,−β)(Y1t−1, Y2t−1)

′
= Y1t−1 − βY2t−1 → I(0).

A VECM exists in the form:

∆Y1t = α1 + γ1(Y1t−1 − β2Y2t−1) +

p−1∑
i=1

φ1i∆Y1t−i +

p−1∑
i=1

φ2i∆Y2t−i + ε1t (3.26)

∆Y2t = α2 + γ2(Y1t−1 − β2Y2t−1) +

p−1∑
i=1

φ1i∆Y1t−i +

p−1∑
i=1

φ2i∆Y2t−i + ε2t (3.27)
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where ∆ depicts the first difference operator; αi; i = 1, 2 are constants; γ1 and γ2 are adjustment

speed coefficients for Y1t and Y2t respectively; p − 1 is the optimal lag length and φ1i and φ2i

are short-run dynamics for Y1t and Y2t respectively.

Granger Causality Test

The test is carried out following a VECM estimation under the presumption of cointegration

between the variables. As a result, Granger causality can be tested in both the short term and

long term. The idea of causality was initiated by Wiener, (1956) [133] and Granger, (1969) [134],

and it comprises a fundamental concept for dissecting dynamic connections between time series.

Practically, Granger-causality is continually investigated for bivariate cycles. However, various

conclusions may be reached when multiple variables are considered. In the event that factors

exceeding two are available, non-causality conditions become more complicated. A standard

description of the Granger causality test in a bivariate (X,Y ) setting can be presented as:

Yt = α0 + α1 Yt−1 + . . .+ αiYt−i + β1Xt−1 + . . .+ βiXt−i + µ (3.28)

Xt = α0 + α1Xt−1 + . . .+ αiXt−i + β1Yt−1 + . . .+ βiYt−i + µ (3.29)

The subscripts in the model represent time periods and µ is a white noise error. The constant

component α0 models the stationary growth rate of Y in equation (3.28) and X in equation

(3.29) and therefore the trend in these variables can be perceived as conventional movements

of cointegration between X and Y that follows the unit root technique. Two tests from this

analysis: the first examines the null hypothesis that X does not Granger-cause Y and the

second test examines the null hypothesis that Y does not Granger-cause X and the alternative

hypotheses are that the null hypotheses are not true. Failure to reject the null hypothesis from

the first test signifies that X does not contribute to the explanatory power of equation (3.28)

which suggest that there would be no lagged values of X in equation (3.28). Unidirectional

causality will happen if either the null hypothesis of equation (3.28) or (3.29) is rejected. There

is a bidirectional causality link if both null hypotheses are rejected, and there is no causality if

neither null hypothesis of equations (3.28) nor (3.29) is rejected.

3.3 Evaluation Measures of the Proposed Method of Analysis

The study used diagnostic procedures to determine whether the designed model and assumptions

were consistent with the recorded data.

3.3.1 Serial Correlation Test

Serial correlation, also known as autocorrelation, in time series rises when there is a dependency

between residuals and their lagged version. It is a fairly sized problem since most statistical

strategies consider random errors to be independent. Instead, whilst serial correlation is present,

every error (or residual) is relied upon by the preceding residual [135]. Serial correlation test is
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carried out with the null hypothesis of no serial correlation against the alternative hypothesis of

serial correlation. And the test statistic is:

ρ =

∑n
i=2 ei × ei−1∑n

i=1 e
2
i

× n

n− 1
∼ χ2(p) (3.30)

where ei = yi − ŷi; p is the number of parameters; n is the sample size.

H0 : ρ1 = ρ2 = . . . = ρp = 0

Ha : ρi ̸= 0 for i = 1, 2, . . . , p

The null hypothesis is rejected when ρi ̸= 0, and this implies that there is enough evidence to

conclude that there is serial correlation between residuals.

3.3.2 Jarque-Bera (JB) Test

This tests whether the data sample has skewness and kurtosis that are consistent with a normal

distribution. The test statistic is defined by:

JB = n/6(S2 + 1/4(K − 3)2) ∼ χ2(α, 2) (3.31)

Where n is the sample size; S is the sample skewness coefficient, and K defines the sample

kurtosis coefficient. A normally distributed dataset has a JB statistic with a chi-squared distri-

bution and two degrees of freedom. The statistic is used to test the hypothesis

H0 : the sample under study comes from a normal distribution

against the alternative hypothesis

Ha : the sample does not come from a normal distribution.

The null hypothesis of normality is rejected if JB > χ2(α, 2) then this outlines that there is

enough evidence to conclude that the data does not follow a normal distribution.

3.3.3 Heteroscedasticity

It outlines the conditions where the variance of the errors or the model is different for all

observations. It is therefore essential to carry out a test for heteroscedasticity, and various

tests have been established with a null hypothesis of residuals being homoscedastic versus an

alternative hypothesis of residuals being heteroscedastic. The availability of heteroscedasticity

contradicts the statistical test of significance that variances are homogenous and identically

distributed.

If a regression of squared residuals on explanatory variables in equation (3.32)

µ2 = δ0 + δ1x1 + . . .+ δkxk, (3.32)

where k is the number of regressors; δ0 is the constant; δ1, δ2, . . . , δk are coefficients then Breusch-

Pagan test for heteroscedasticity with the null hypothesis

H0 : δ1 = δ2 = . . . = δk = 0

against the alternative hypothesis

Ha : at least one of the δi ̸= 0; i = 1, 2, . . . , k has a test statistic:
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F =
R2

µ̂i
2/k

(1−R2
µ̂i

2)/(n− k − 1)
∼ Fk,n−k−1 (3.33)

There is a Lagrange Multiplier (LM) statistic which is an alternative test statistic and is detailed

in equation (3.34)

LM = n ·R2
µ̂2 ∼ χ2

k (3.34)

where n is the number of observations used in order to estimate the auxiliary regression and

R2
µ̂2 is the coefficient of determination of equation (3.33).

If LM > χ2
k or p−value< 0.05 then the null hypothesis is rejected and a conclusion that there

is significant evidence of heteroscedasticity is made, therefore, in order to account for the vari-

ability of the variance, data must be transformed before modeling techniques are used.

3.4 Impulse Response Analysis

The relative strength of causality is determined by performing the impulse response analysis,

which indicates how much feedback exists from one variable to another beyond the specified

sample period. A study in [136] acknowledged that impulse response analysis is essential for

evaluating the experimental variable’s sensitivity in the VAR shocks to each of the independent

variables. This study utilizes generalized impulse response analysis. According to a study

in [137], as cited in [138], this method completely incorporates past correlation relationships

between various events.

Consider the augmented VAR model:

xt =

p∑
i=1

Φixt−i +Ψwt + εt, t = 1, 2, . . . , T, (3.35)

where xt = (x1t, x2t, . . . , xmt)
′
which comprise of jointly determined response variables, wt is

a q × 1 vector of deterministic and/or exogenous variables, and Φi, i = 1, 2, . . . , p and Ψ are

m×m and m× q coefficient matrices. The following standard assumptions are made as stated

in [139, 140].

Assumption 1. E(εt) = 0, E(εtε
′
t) = Σ for all t, where Σ = σij , i, j = 1, 2, . . . ,m is an m×m

positive matrix, E(εtε
′
t) = 0 for all t = t

′
and E(εt|wt) = 0.

Assumption 2. All the roots of |Im −
∑p

i=1Φiz
i| = 0 fall outside the unit circle.

Assumption 3. xt−1,xt−2, . . . ,xt−p, wt, t = 1, 2, . . . , T are not perfectly collinear.

xt would be covariance-stationary under Assumption 2, and equation (3.35) can be rewritten as

the representation of an infinite moving average,

xt =

∞∑
i=0

Aiεt +

∞∑
i=0

Giwt−i, t = 1, 2, . . . , T, (3.36)
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where the m×m coefficient matrices, Ai can be acquired by applying the subsequent recursive

relations.

Ai = Φ1Ai−1 +Φ2Ai−2 + . . .+ΦpAi−p, i = 1, 2, . . . , p (3.37)

where A0 = Im and Ai = 0 for i < 0, and Gi = AiΨ. The impact of shocks at a given moment

on the (anticipated) future values of variables in a dynamical system is measured by an Impulse

Response Function (IRF). An impulse response is best understood as the result of a conceptual

experiment in which the temporal profile of the impact of a hypothetical m× 1 vector of shocks

of size δ = (δ1, δ2, . . . , δm)
′
, given the history of the economy, an impact hitting it at time t is

compared to a baseline profile at time t + n. There are three primary concerns: (i) the types

of shocks that are predicted to affect the economy; (ii) the economy’s state at time t− 1 before

being shocked; and (iii) the types of shocks that are affecting the economy from t+ 1 to t+ n.

The generalized impulse response function of xt at horizon n, advanced in [141], denotes the

established history of the economy up to t− 1 by the non-decreasing information set Ωt−1, and

is defined by

GIx(n, δ,Ωt−1) = E(xt+n|εt = δ,Ωt−1)− E(xt+n|Ωt−1). (3.38)

Applying equation (3.38) in equation (3.36), GIx(n, δ,Ωt−1) = Anδ, which is reliant on the

structure of the shocks as specified by δ but independent of Ωt−1. It is obvious that the

characteristics of the IRF are largely dependent on the selection of the appropriate shock vector,

δ. The conventional strategy, as proposed in [142], is to use the Cholesky decomposition of Σ

to address the issue around the selection of δ,

PP
′
= Σ, (3.39)

where P is an m×m lower triangular matrix. Then equation (3.36) can be rewritten as

xt =

∞∑
i=0

(AiP)(P−1εt−i) +

∞∑
i=0

Giwt−i =

∞∑
i=0

(AiP)ξt−i +

∞∑
i=0

Giwt−i, t = 1, 2, . . . , T, (3.40)

such that ξt = P−1εt are orthogonalized, that is E(ξtξ
′
t) = Im. The m × 1 vector of the

orthogonalized IRF of a unit shock to the jth equation on xt+n is therefore given by

ψo
j (n) = AnPej , n = 0, 1, 2, . . . , (3.41)

where ej is an m× 1 selection vector with unity as its jth element and zeros elsewhere.

3.5 Variance Decomposition Analysis

Following the completion of the impulse response analysis, Variance Decomposition Analysis

(VDA) is used to establish additional evidence on the relationship between economic growth

rate and independent variables of the study. From a perspective of Romanov and Okamoto,

(2010) [136] VDA provides movement measurements of the dependent variables that are due to

their own shocks and the shocks of other variables. The proportion of unanticipated variation

26



Chapter 1. Introduction

in each variable caused by shocks from other variables is given by variance decomposition of the

forecast error.

Consider a k−dimensional VAR model:

xt = G(xt−1, . . . , xt−p : Ψ) + εt, (3.42)

where G(·) is a nonlinear function depending on the parameter vectorΨ and εt is an independent

and identically distributed error term. Pesaran and Shin, (1998) [143] focused on the shocks

that only affect one equation at a time, then define the generalized impulse response function of

xt as in equation (3.38). Based on equation (3.38), Pesaran and Shin, (1998) [143] proposed a

Generalized Forecast Error Variance Decompositions (GFEVD) for linear models, but it has the

drawback that if the covariance matrix of the error εt is not a diagonal matrix, the contributions

of the shocks to the forecast error variance of a given variable at horizon l do not total to unity.

This complicates their understanding. In contrast, GFEVD of shock i, variable j, horizon h and

history Ωt−1 is defined by

λij,Ωt−1(h)

∑∞
l=0GI(l, δit,Ωt−1)

2
j∑k

i=0

∑∞
l=0GI(l, δit,Ωt−1)2j

, i, j = 1, 2, . . . , k (3.43)

The cumulative effect of the ith shock is measured by the numerator, while the aggregate

cumulative effect of all shocks is measured by the denominator.

3.6 Description of Application Dataset and Statistical Software

used for Analysis

The data used in this study was obtained online from World Bank Indicator’s website https:

//data.worldbank.org/indicator. The data consists of the annual economic growth rate,

exchange rate, foreign direct investment, inflation rate, interest rate, population growth rate,

and trade openness in Botswana and covers the period from 1980 to 2020. Table (3.1) presents

the variables and their descriptions together with where the data was obtained.

Botswana’s GDP had grown at an annual rate of 19.45% in 1988, with a 7.57% annual change.

Then GDP growth experienced a drop that was consistently sustained. Botswana’s GDP de-

creased by 8.9 percent in 2020, after increasing by 3.0 percent in 2019, as a result of the COVID-

19 lockdown as well as other movement restrictions. The interest rate is repeatedly referenced

as a leading indicator of the economic growth rate [144–146]. Figure (3.1) depicts Botswana’s

interest rate between 1980 and 2020. A significant rise was recorded in 1982, and then interest

rates consolidated around 0% and 15%. Economic growth is logically related to FDI since low

venture levels in developing countries have been connected with low economic development and

various challenges like low living standards and widespread poverty. The majority of developing

countries made progress as a result of opening their economies to FDI. It has the strength to

generate technology that aids in elevating production, management, and marketing advantages,

the competitiveness of the host economy, as well as advancing the integration of the host country

into the global world. From Figure (3.1), large inflows of FDI were recorded in Botswana’s early
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Table 3.1: Description of the variables

Variables Description

Economic Growth Rate Percentage change of a GDP within a specific time
period.

Inflation Rate Elevation in the overall price level of products and
services.

Exchange Rate The value of US currency (USD) in terms of the
Botswana currency (BWP).

Foreign Direct Investment An investment from one party into a business or corpo-
ration in another country with the purpose of building
a long-term commitment.

Interest rate After-inflation lending rates received by an investor,
saver, or lender.

Population Growth Rate The total of individuals occupying an area or making
up a whole.

Trade Openness Relative proportion of exports plus imports to GDP.

opening to FDI and endured a stable inflow, fluctuating between $50 million (during 1981-1985)

and approximately $70 million (through 1986-1990 and 1996-2000), excluding the years 1991-

1995, which attained a negative FDI. Massive negative flows appeared in 1993 as a consequence

of diminishing returns announced by a copper-nickel mine, Bamangwato Concessions Limited

(BCL) mine, following changes in its ownership. FDI helped in the development of the manufac-

turing sector because, even though small, it was expanded with a greater level of participation in

FDI. Over 60% of all manufacturing ventures were entirely foreign-owned [15]. Economic growth

is probably closely integrated with trade openness, especially in the production industry where

it accelerates productive gains and economic growth. It does not only boost economic growth

but also targets social aspects like standards of living and life expectancy. Developing countries

started to have a notable benefit from openness in the 1980s. This led to structural changes

as well as the development of resource allocation and an increase in efficiency. Trade openness

is among the essential elements that influence the growth of the economy, but there is a need

to analyze the causality that exists between the two. Another possible indicator fundamental

to the economic growth rate is inflation. A substantial rise in prices might have a reasonably

higher impact on those costs payable on inputs as opposed to on profits, which would have an

unhealthy effect on economic growth. An inflation rate is used as a variable to assess the change

in price. Additionally, an obvious time series association between economic growth and changes

in business formations is expected [147, 148]. Figure (3.1) portrays inflation and consumer prices

(annual %) from 1980 to 2020. It shows a maximum inflation rate in 1981 and 1992 and entered

into a consolidation. A drop is recorded from 2010 until 2020.

3.6.1 Justification of Variables

This subsection is concerned with the variables of the study; it gives light on the expected

correlation between economic growth rate and macroeconomic variables under study and the

units used to measure the variables.
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Figure 3.1: Dynamics of Economic growth rate, Exchange rate, FDI, Inflation rate, Interest
rate, Population growth rate, and Trade openness in Botswana from 1980 to 2020.

Economic Growth Rate

To measure or monitor a nation’s economic growth, various methods are employed. Real GDP

and Gross Domestic Product are two examples. Because real GDP has been utilized by previous

researchers as a dependent variable in their work, this study employed it as a measure of the

pace of economic growth.

Inflation Rate

Controlling inflation is by far the most crucial task facing economists and economic officials in

every nation in order to accomplish economic growth through the creation of suitable infrastruc-

ture. Due to the rapid economic progress over the past few decades, inflation has been kept at

a low level, social welfare has been fostered, and the residents’ living conditions have increased.

In most developing nations, including Botswana, a high inflation rate is a relatively typical

phenomenon. As a result, the analysis anticipates a negative correlation between Botswana’s
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inflation and economic development.

Exchange Rate

It is the minimum quantity of one currency’s units needed to purchase an equivalent quantity

of another currency’s units. According to a study in [149], the exchange rate is a factor that

affects the economic growth rate since a rising exchange rate is associated with rising imports

and declining exports. This analysis anticipates a negative correlation between the exchange

rate and economic growth.

Foreign Direct Investment

Foreign Direct Investment is anticipated to have quite an effect on growth according to studies

in [150, 151] which found a variety of effects that differ depending on technological progress

and emerging nations. Foreign Direct Investment significantly contributes to economic growth

by raising productivity levels. It is widely acknowledged as the most significant component in

boosting economic growth and the level of living standards in emerging economies. As a result,

the study anticipates that the FDI coefficient will be positive.

Interest Rate

Numerous methods for monetary policy are available to governments and monetary authorities.

One of them is the interest rate, which is employed to have an impact on the economy. Reduced

interest rates can increase borrowing and investment, which enhances economic growth. On the

other hand, might encourage excessive growth and inflation when they are too low, which would

lower purchasing power and threaten the stability of economic development [152].

Population Growth Rate

Population growth rate and economic growth are intimately related. The size, composition,

organization, distribution and movement of a population can promote or retard the pace of

economic growth. In order to maintain economic growth, a developed nation with low population

density and a low proportion of employable individuals must see an increase in population. On

the other hand, any population growth will hurt an underdeveloped nation’s economy because

of its high population density and a large proportion of employable individuals.

Trade Openness

One indicator of a nation’s participation in the international trading system is its trade openness.

Theoretical proportions show that, while trade openness increases economic efficiency, market

imperfections may have a negative impact on trade liberalization for some nations.

3.6.2 Statistical Software used for Analysis

Modern econometric, statistical, and forecasting software called EViews was used in this study to

provide strong analytical capabilities in a customizable and user-friendly environment. EViews
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manages data fast and effectively, performs statistical and econometric research, creates fore-

casts or model simulations and creates high-quality graphs and tables. The software enables data

input and import, data visualization, statistical analysis, estimation, forecasting and model so-

lution as well as the output of a presentation of publishing quality which are simple to carry out

by the creative EViews user interface.
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4. Data Analysis And Empirical Results

4.1 Empirical Results and Discussion

This section presents results obtained from estimating equation (3.24) utilizing Botswana’s an-

nual data on the economic growth rate, exchange rate, foreign direct investment, inflation rate,

interest rate, population growth rate and trade openness for the period from 1980 to 2020. Di-

agnostic tests were carried out to validate the parameter evaluation of the results generated by

the VECM model applied in the study.

4.2 Unit Root Test

In order to determine whether the variables were stationary or not, this study examined the time

series characteristics of the data by applying an ADF test and the PP test. Table (4.1) displays

the results of the unit root test when there is an intercept but no trend. Most variables were not

stationary at level except the natural logarithm of EGR (LNEGR) and the natural logarithm of

IR (LNIR) under an ADF test and LNEGR, LNIR and the natural logarithm of FDI (LNFDI)

under the PP test, since the absolute value of their test statistics was greater than that of the

test critical values at 5% level of significance. The null hypothesis of a unit root was rejected

using an ADF test and the PP test therefore all variables were stationary after applying the first

difference under both tests and they acquired absolute test statistics which were greater than

that of the test critical values at 5% level of significance. It can be inferred that the variables

are integrated in the same order (order one). A cointegration test can be employed since the

variables are stationary and integrated of order one.

Table 4.1: ADF and PP unit root test statistics

Variable
ADF PP

Level 1st Difference Level 1st Difference

LNEGR −4.284821 ∗ ∗ −4.283277 ∗ ∗ 4.260412 ∗ ∗ 10.07143 ∗ ∗
LNEX −1.728618 −5.173754 ∗ ∗ 2.059955 5.065256 ∗ ∗
LNTO −1.430084 −5.983174 ∗ ∗ 1.619202 6.119024 ∗ ∗
LNFDI −1.839007 7.803183 ∗ ∗ 5.220003 ∗ ∗ 16.24793 ∗ ∗
LNINF 0.274907 2.896389 ∗ ∗ 0.080960 8.070735 ∗ ∗
LNIR −4.234846 ∗ ∗ 7.091572 ∗ ∗ 4.227263 ∗ ∗ 12.39601 ∗ ∗

LNPOP −1.449729 −3.761514 ∗ ∗ 1.794555 15.57063 ∗ ∗

NB: ** denotes statistical significance at 5%.

Where LNEGR,LNEX,LNTO,LNFDI,LNINF,LNIR and LNPOP are natural logarithms

of economic growth rate, exchange rate, trade openness, foreign direct investment, inflation rate,

interest rate and population growth rate respectively.
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All variables of this study were converted to natural logarithms in order to reduce heteroscedas-

ticity.

4.3 Lag Selection

After performing a unit root test, Likelihood-ratio (LR), Final Prediction Error (FPE), Akaike

Information Criterion (AIC), Schwarz Information Criterion (SC) and Hannan-Quinn informa-

tion criterion (HQ) were tested in order to select an optimum lag number for the VAR model.

The information criterion with the smallest criterion value indicates the most optimal length to

employ. According to observations in Table (6.2), the criterion with the smallest criterion value

is an AIC which suggests that the best VAR model has three (3) optimal lags and this implies

that a VECM has two (2) optimal lags.

Table 4.2: Lag-order selection criterion

Lag LogL LR FPE AIC SC HQ

0 −55.7954 NA 0.0000 3.3051 3.6067 3.4124
1 72.6632 202.8309∗ 0.0000∗ −0.8770 1.5363∗ −0.0184∗
2 121.9716 59.6819 0.0000 −0.8932 3.6317 0.7167
3 173.7350 43.5902 0.0000 −1.0387∗ 5.5979 1.3225

Where * indicates lag order selected by the criterion

4.4 Cointegration Test

Johansen’s technique develops two likelihood estimators for the cointegration rank: a Trace test

and a Maximum Eigenvalue. The results are displayed in Tables (4.3) and (4.4) respectively.

When the probability value is less than 0.05 under both the trace statistic and the maximum

eigenvalue method, the null hypothesis, which claims the absence of cointegration, is rejected.

At 5% significance level, both tests fail to reject the null hypothesis that there are at most five

cointegrating equations, that is a maximum of five cointegration exists. As a result, there is a

cointegration relationship between the economic growth rate and independent variables.
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Table 4.3: Trace Test

Hypothesized No. of
Cointegrating Equation(s) Eigenvalue Trace Statistic Critical Value Probability Value**

None 0.971184 363.7760∗ 125.6154 0.0000
At most 1 0.950823 232.5430∗ 95.75366 0.0000
At most 2 0.775864 121.0872∗ 69.81889 0.0000
At most 3 0.546474 65.75354∗ 47.85613 0.0005
At most 4 0.458578 36.49750∗ 29.79707 0.0073
At most 5 0.243932 13.79591 15.49471 0.0887
At most 6 0.089024 3.449840 3.841465 0.0633

Trace test indicates five cointegrating equations at 0.05 level.
*denotes rejection of the hypothesis at 0.05% level.

**MacKinnon-Haug-Michelis (1999) p-values.

Table 4.4: Maximum Eigenvalue Test

Hypothesized No. of
Cointegrating Equation(s) Eigenvalue Max-Eigen Statistic Critical Value Probability Value**

None 0.971184 131.2330∗ 46.23142 0.0000
At most 1 0.950823 111.4558∗ 40.07757 0.0000
At most 2 0.775864 55.33365∗ 33.87687 0.0000
At most 3 0.546474 29.25604∗ 27.58434 0.0302
At most 4 0.458578 22.70159∗ 21.13162 0.0298
At most 5 0.243932 10.34607 14.26460 0.1902
At most 6 0.089024 3.449840 3.841465 0.0633

Maximum-eigenvalue test indicates five cointegrating equations at 0.05 level.
* denotes rejection of the hypothesis at 0.05% level.
** are MacKinnon-Haug-Michelis (1999) p-values.

Considering that the results presented the existence of cointegration between variables, then

there exists a linear, stabilized and long-run association between variables. This acknowledges

that the disequilibrium errors would tend to shift around mean zero. This also implies that

there is an Error Correction Model that portrays the long-run adjustment mechanism.

4.4.1 Correlations

A linear association between factors were measured and Table 6.4 indicates the correlation

coefficients and each cell reflects the correlation between two specific variables. The strength

of a linear relationship between the economic growth rate and the exchange rate is −0.425941,

this signifies that the two variables are inversely related. Also, a positive association between

the economic growth rate and trade openness is displayed by the results. Economic growth

rate and FDI presented a remarkably weak positive correlation in terms of the strength of a

linear relationship. In accordance with the study results, the population growth rate generally

increases whenever the economic growth rate enhances and interest rate declines provided that
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Table 4.5: Correlation Matrix

LNEGR LNEX LNFDI LNINF LNIR LNPOP LNTO
LNEGR 1.000000
LNEX −0.425941 1.000000
LNFDI 0.118727 0.008955 1.000000
LNINF 0.431685 −0.745985 −0.0886003 1.000000
LNIR −0.234956 0.235471 0.048232 0.015515 1.000000
LNPOP 0.260276 −0.845438 −0.057937 0.478818 −0.371806 1.000000
LNTO 0.525215 −0.617451 0.201081 0.396520 0.309000 0.358762 1.000000

the economic growth rate increases. Equivalently, a moderate positive correlation connecting

the economic growth rate and inflation rate in Botswana has been detected.

4.5 Vector Error Correction Model (VECM)

The existence of cointegration between factors illustrates a long-term association among variables

under study. After accomplishing a Johansen cointegration test, a VECM was applied. The

cointegration equation is used to derive the long-run model, which is represented as the Error

Correction Term in a VECM.

ECTt−1 = 1.000LNEGRt−1 + 1.747LNEXt−1 − 1.186LNFDIt−1 − 1.230LNINFt−1

+ 2.100LNIRt−1 + 4.100LNPOPt−1 + 5.071LNTOt−1 − 32.297 (4.1)

where LNEGR denotes the logarithm of the economic growth rate, LNEX represents the

logarithm of the exchange rate, LNFDI represents the logarithm of foreign direct investment,

LNINF presents the logarithm of the inflation rate, LNIR denotes the logarithm of interest

rate, LNPOP describes the logarithm of population growth rate, and LNTO is the logarithm

of trade openness in Botswana. The long-run association between economic growth, exchange

rate, FDI, inflation rate, interest rate, population growth, and trade openness of Botswana for

one cointegrating vector in the period 1980-2020 is defined as:

1.000LNEGRt−1 =− 1.747LNEXt−1 + 1.186LNFDIt−1 + 1.230LNINFt−1 − 2.100LNIRt−1

− 4.100LNPOPt−1 − 5.071LNTOt−1 + 32.297

(4.2)

Equation (4.2) implies that a percentage change in the exchange rate will result in a 1.747%

decrease in the economic growth rate, while a percentage change in FDI will bring about a

1.186% increase in the economic growth rate in the long run. The equation also shows that a

unit increase in the interest rate, population growth rate and trade openness will cause a 2.1%,

4.1% and 5.071% decrease, respectively, in the economic growth rate.

Table (4.6) displays cointegration coefficients as well as their standard errors in () and t-statistics

in [], and if the absolute value of the t-statistics is higher than the critical value that corresponds

to 0.05 level of significance, the coefficients are considered to be significant. The p-values in Table
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(4.6) are less than the 0.05 level, this suggests that a cointegrating equation has significant

coefficients for all variables.

Table 4.6: Error Correction Term

Cointegrating Equation: Cointegrating Equation 1 Probability value

LNEGR(-1) 1.000000

LNEX(-1) 1.746764 0.000599
(0.46514)
[3.75537]

LNFDI(-1) −1.186449 < 0.00001
(0.19868)
[−5.97167]

LNINF(-1) −1.230378 0.000123
(0.28856)
[−4.26389]

LNIR(-1) 2.100189 0.00001
(0.20539)
[10.2253]

LNPOP(-1) 4.100095 0.000018
(0.84015)
[4.88017]

LNTO(-1) 5.070638 < 0.00001
(0.88062)
[5.75801]

C −32.29709

To capture both the long-run and the short-run dynamics of Botswana’s economic growth,

a VECM was generated using Engle-Granger (1987) approach. It engages the inclusion of the

lagged residuals from a regression model. Table (4.7) arrays the short-run coefficients of the study

for one cointegration equation. Short run coefficients and long-run coefficients are substituted

according to equation (3.24).
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Table 4.7: VECM Short Run Dynamics

Variables Coefficient Standard Error T-Statistic Prob.

ECT −0.824 0.185 −4.44957 0.0000 ∗ ∗
D(LNEGR(-1)) −0.157 0.24356 −0.64494 0.5199

D(LNEGR(-2)) −0.148 0.21008 0.70329 0.4829

D(LNEX(-1)) −0.252 1.03500 −0.24352 0.8079

D(LNEX(-2)) 2.163 1.04182 2.07576 0.0396 ∗ ∗
D(LNFDI(-1)) −0.608 0.25784 −2.35926 0.0196 ∗ ∗
D(LNFDI(-2)) −0.069 0.15909 −0.42427 0.6647

D(LNINF(-1)) −2.315 0.60357 −3.83516 0.0002 ∗ ∗
D(LNINF(-2)) −1.160 0.68524 −1.69310 0.0925∗
D(LNIR(-1)) 1.256 0.34540 3.63728 0.0004 ∗ ∗
D(LNIR(-2)) 0.681 0.28400 2.39949 0.0176 ∗ ∗
D(LNPOP(-1)) 0.032 2.14107 0.01504 0.9880

D(LNPOP(-2)) 2.147 2.30216 0.93265 0.3525

D(LNTO(-1)) 0.070 1.53411 0.04538 0.96395

D(LNTO(-2)) −2.941 1.58869 −1.85096 0.0661∗
c −0.375 0.14233 −2.63729 0.0092 ∗ ∗

Note: ∗∗ and ∗ denote statistical significance at 5% and 10% respectively.

R2 0.696830

Adj. R-Squared 0.490123

Sum sq. residuals 6.522645

SE. equation 0.544503

F Statistic 3.371098

According to Table (4.7), the model has a significant (p-value = 0.000 < α = 0.05) error correc-

tion term of −0.824, which indicates that there is a relationship between the variables and the

negative value suggests that there is a tendency for the variables to correct any deviations from

equilibrium, and this correction occurs at a speed of 82.4% per period. The results also show

that the first two lags of the economic growth rate have a negative and negligible impact on the

current period of economic growth rate. This implies that the past values of the economic rate

do not have a significant influence on the current growth rate. The first lag of the exchange rate

variable is negative but insignificant, while the second lag is positive and significant. This sug-

gests that the exchange rate has a delayed impact on economic growth. The positive significance

of the second lag indicates that an increase in the exchange rate can positively affect economic

growth. FDI has a negative and significant impact on the economic growth rate. This suggests

that an increase in FDI can lead to a decrease in economic growth. The inflation rate variable

has a negative and significant impact in the first lag, indicating that higher inflation negatively

affects economic growth. However, the insignificance in the second lag suggests that the effect

of inflation diminishes over time. Both lags of the interest rate variable exert a positive and sig-

nificant influence on the economic growth rate. This suggests that higher interest rates can have

a stimulating effect on economic growth. The positive relationship indicates that an increase in

interest rates can lead to higher economic growth. The population growth rate variable shows a
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positive and insignificant relationship with economic growth. This implies that the population

growth rate does not have a significant impact on economic growth in the model. The second

lag of trade openness has a negative and significant impact on economic growth at the 10%

level of significance. This suggests that a more open trade policy can have a negative effect on

economic growth in the longer term. The significant negative constant indicates a systematic

bias or trend in the model that is affecting the economic growth rate. This could be due to

various factors that are not accounted for in the model.

The coefficient of determination (R2) indicates that about 69.7% of the variation in economic

growth is accounted for by the variations in the independent variables. This implies that the

model used in this study explains a sizable percentage of variations in economic growth as well

as a good strength of the relationship between the model and the economic growth of Botswana.

The overall significance of the model using the F-statistic value with a p-value= 0.000103, which

appears to be less than α = 0.05. This suggests that the rejection of the null hypothesis of the

model is not significant in explaining the variations of economic growth in Botswana.

4.6 Granger Causality Test Results

The Granger causality test is performed under the assumption of cointegration. The test is

used to investigate the causal association between variables. It tests the causal link with a joint

significance of all coefficients using a joint F distribution [134]. Table (4.8) below presents results

of causality that are significant.

Table 4.8: Pairwise Granger Causality Test

Null Hypothesis F-Statistic Probability value

EXt does not Granger Cause EGRt 4.01434 0.0272
INFt does not Granger Cause EGRt 0.13394 0.0441
EGRt does not Granger Cause POPt 6.38052 0.0044
TOt does not Granger Cause EGRt 4.02455 0.0270
IRt does not Granger Cause FDIt 3.85217 0.0310
INFt does not Granger Cause POPt 3.71183 0.0348
INFt does not Granger Cause TOt 3.88613 0.0302
TOt does not Granger Cause IRt 3.41171 0.0446
TOt does not Granger Cause POPt 8.91576 0.0008
POPt does not Granger Cause TOt 2.88656 0.0695
EXt does not Granger Cause IRt 2.50745 0.0964
EXt does not Granger Cause POPt 33.084 0.0000

According to the research results shown in Table (4.8), the null hypothesis of the exchange rate

does not Granger cause the economic growth rate was rejected since the p-value= 0.0272 is less

than the conventional level of p-value= 0.05. As a result, it is determined that the exchange

rate influences changes in the rate of economic growth. The results also specify other variables:

inflation rate and trade openness to have a unidirectional causality with the growth of the
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economic rate, however, the population growth rate does not Granger cause economic growth

rate but economic growth rate contributes to the movement of the population growth rate. The

results also indicate no causal relationship between the economic growth rate and the interest

rate, as either null hypothesis involving the economic growth rate and the interest rate were not

rejected.

4.7 Evaluation Measures of the Proposed Method of Analysis

The diagnostic tests are performed to explore serial correlation, normality of residuals and

Autocorrelation Conditional Heteroscedastic (ARCH) conclusions in residuals.

4.7.1 Serial Correlation

Serial correlation was tested, results presented by Table (4.9) and the null hypothesis was not

rejected in all lags both in LRE* stat (Logistics Readiness Evaluation) and Rao F-stat since all

probability values are greater than 0.05. This shows that the model is free from serial correlation.

Table 4.9: Serial Correlation Test

Null hypothesis: No serial correlation Test

Lag LRE∗ stat df Prob. Rao F-stat df Prob.
1 51.93868 49 0.3601 1.048271 (49, 50.1) 0.4340
2 60.86630 49 0.1190 1.315300 (49, 50.1) 0.1686
3 33.59427 49 0.9543 0.591462 (49, 50.1) 0.9661

4.7.2 Normality Test

Table (4.10) presents the normality of residuals and the joint statistic is 58.868 with 14 degrees

of freedom and a p-value=0.0000 < α = 0.05. This implies a rejection of the null hypothesis

that the data is normally distributed at 5% level of significance hence errors are not normally

distributed.

Table 4.10: Jarque-Bera Test

Component Jarque-Bera df Prob.
LNEGR 0.487261 2 0.7838
LNEX 7.873688 2 0.0195
LNFDI 33.24514 2 0.0000
LNINF 1.427276 2 0.4899
LNIR 8.401808 2 0.0150
LNPOP 7.251539 2 0.0266
LNTO 0.181286 2 0.9133

Joint 58.86800 14 0.0000
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4.7.3 Heteroscedastic Test

The results of heteroscedasticity from Table (4.11) illustrate that no conditional heteroscedas-

ticity was detected since p-value= 0.3354 > α = 0.05. This suggests that there is no strong

statistical evidence to suggest that the variability of the residuals in the model significantly

changes with the values of the independent variables. This indicates that the assumption of

homoscedasticity holds, and the variability of the residuals can be considered constant.

Table 4.11: Heteroscedastic Test

Joint test:

Chi-squared df Probability Value

856.8667 840 0.3354

4.8 Impulse Response Analysis

Figure 4.1: Response of Economic Growth to Innovations

Figure (4.1) shows evaluation results for the impulse response function. The first one shows the

response of economic growth to its shocks which declines in the first period but response are

positive. Economic growth is also positively related to FDI as the response EGR to FDI shocks
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lies above zero. Conversely, economic growth responds negatively to inflation rate shocks except

in the fourth period as one standard deviation increase in the inflation rate leads to 0.1 standard

deviation increase in economic growth. A shock in the interest rate causes economic growth to

decrease with a negative relationship and fluctuations. The results indicate a positive response

in economic growth from the innovation of population growth’s first four periods the economic

growth experience a decline and a consolidation between zero and −0.8. This study observes a

negative response of economic growth to trade openness shocks in all periods.

4.9 Variance Decomposition Analysis

The evaluation of variance decomposition provides a method for determining the relative impor-

tance of shocks in explaining variations in an outcome variable [153]. The variance decomposition

method was applied to determine the relative importance of shocks in the exchange rate, FDI,

inflation rate, interest rate, population growth rate, and trade openness in discussing variations

in economic growth. The results of the variance decomposition evaluation are provided in Ta-

ble (4.12) and this displays the amount of the forecast error variance in economic growth as

explained by its own innovations and innovations in real exchange rates, FDI, inflation rate,

interest rate, population rate and trade openness.

Table 4.12: Variance Decomposition of LNEGR

Decomposition of LNEGR
Period SE LNEGR LNEX LNFDI LNINF LNIR LNPOP LNTO

1 0.540452 100.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.617144 80.29089 6.031851 8.481817 3.678223 0.910767 0.013403 0.593048
3 0.675388 73.27697 5.629524 7.136826 4.872220 6.753331 0.136587 2.194543
4 0.685137 72.85903 5.480476 7.005893 5.143564 6.604952 0.365562 2.540523
5 0.695113 71.04628 5.451757 8.175302 5.174745 7.143786 0.456562 2.551566
6 0.704906 69.11502 5.963236 8.834335 6.003429 7.100277 0.475512 2.508193
7 0.710856 68.46460 5.969952 9.099037 6.181431 7.342057 0.471345 2.471580
8 0.715690 67.56439 5.957155 9.290495 6.668876 7.534968 0.544766 2.439347
9 0.721593 66.57312 5.916526 9.220415 7.330654 7.868606 0.691073 2.399604
10 0.727552 65.78895 6.043463 9.087529 7.710663 8.143002 0.864029 2.362363

Table (4.12) shows that 100% of forecast error variance in LNEGR is explained by LNEGR

in the first period (year 1). It also specifies that the contribution of all independent factors

is strongly exogenous, which means their influence on predicting LNEGR is very weak in the

short run. Independent factors show growth in percentage as time goes on. That is, they exhibit

endogenous influence as periods increase, while LNEGR experiences a weak exogenous influence

on itself.
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5.1 Summary and Conclusion

This study attempted to empirically examine the rate of economic growth in Botswana; to

establish a possible link between Botswana’s economic growth and six macroeconomic factors,

including interest rate, inflation rate, exchange rate, FDI, trade openness, and population growth

rate and to investigate the major drivers of economic growth in Botswana using annual data

from the period 1980 to 2020. The study utilized a VECM technique to identify the main

drivers of economic growth in Botswana as well as the effects of these macroeconomic variables

on economic growth. The data’s stationarity was tested using the ADF and PP tests, and the

results showed that there was a unit root present. However, the series were transformed into

first differences, where they then attained their stationarity state. The long-term equilibrium

relationship between variables exists as detected by the Johansen-Juselius cointegration proce-

dures test. The study used a VECM to ascertain the model’s short-run dynamics since the

series are cointegrated. According to the VECM findings, the short-term model converges to

the long-run equilibrium with an adjustment speed of 82.4%. This is implied by the negative

and significant error correction term that was observed. Short-term interest rate and exchange

rate have a direct impact on Botswana’s economic growth while trade openness and inflation

rate had a detrimental effect on economic growth. Unlike a study in [68], this study detected a

negative and essential effect between the first lag of FDI and economic growth, but the second

lag of FDI presented a negative and insignificant impact. The study further revealed that trade

openness’s first lag showed a favorable but negligible influence, while the second lag displayed a

harmful and significant impact on economic growth at 10% level of significance. The outcome

may be potentially influenced by the driving out of local investment and expanding external

liability and inducing over-reliance. This attests that Botswana has to be financially sound for

economic growth to be impacted by the FDI and trade openness of previous periods.

The results on trade openness go along with results in [154, 155] but differ from that in [156, 157],

who detected a desirable and significant association between trade openness and economic

growth. A negative and significant impact may be a result of Botswana’s inadequate finan-

cial development, thus leading to the production of low-demand products in the international

market and thus lowering local production. Population growth appears to have a positive but

insignificant influence on the economic growth of Botswana in the short run. This brings the

study to the conclusion that population growth may not imply economic growth since the re-

lationship between the two is insignificant. Additionally, Botswana’s high population growth

appears to be a serious issue because it slows down the country’s economic progress in the long

run. An increase in the number of unemployed individuals might serve as the cause of a negative

association. This leads to an increase in non-productive members, which raises the dependent

population and inhibits economic progress because these people are not contributing to soci-

ety’s advancement through increased productivity, more labor access, or increased production
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of commodities. This study also identified that the previous lags of economic growth do not

have a significant impact on the current economic growth, which suggests that Botswana’s eco-

nomic growth cannot be explained by its previous lags. This study revealed a significant and

positive effect between the second lag of the exchange rate: United States Dollar to Botswana

Pula USD/BWP and the economic growth rate of Botswana. This suggests that the economic

growth of Botswana is favored whenever USD gets stronger than BWP. A negative constant was

detected by the VECM, and this demonstrates that without minimal policy action and strategic

inventions, Botswana will persist with recording a lower economic growth rate in the short run

while in the long run a positive constant was found.

This study’s interest rate findings go along with those in [158, 159] who discovered that lower in-

terest rate encourage the demand for loans and mortgages thus stimulating economic growth. It

also promotes investment and degrees the cost of borrowing and discourages saving. The study

also revealed the exchange rate, inflation rate and trade openness to be the major drivers of

economic growth as presented by the Granger causality test. According to the impulse response

function, a positive shock on the inflation rate will lead to a negative economic growth rate both

in the short run and in the long run except in the fourth period. It is also evident that positive

shocks to the economic growth rate will impact the growth of the country positively in the short

term while in the long run, it will not have an impact on the growth rate. The economic growth

rate negatively responds to innovations from the exchange rate while FDI shocks bring about a

positive economic growth response.

5.2 Policy Recommendations

The results of this study have considerable policy implications. The policy recommendations

are divided into FDI and trade openness, monetary and population policies.

5.2.1 Foreign Direct Investment and Trade Openness Policies

Based on the results of this study, FDI and trade openness measures can be established. The

results of this study show that FDI has a positive influence on the economic growth rate in

the long run that is a unit increase in FDI will contribute to a 1.186% increase in growth. As

it was uncovered in [156], an implication will be established on if the economy is financially

developed, thus increased local capacity in manufacturing, industrial development, technology,

and agriculture should be used to divert the government’s focus from import reliance to export-

driven growth. This is projected to boost government revenue, reduce the impact of global and

local economic crises, and increase domestic capacity, which is connected to the modeling of jobs

and an increase in the standard of living. In the short term, FDI has a negative and considerable

effect on growth. This might be due to higher FDI outflows throughout the time period. This

indicates that additional efforts should be made to boost FDI inflows, which are beneficial to

economic growth. Hence, in addition to extending and implementing fresh, persuading, and

pertinent investment incentive packages to investors, the government needs to keep a careful eye

on the economy. To meet the demands and expectations of foreign investors, the government

should work to establish domestic infrastructure, a labor force with industry-relevant skills, and
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well-managed financial resources. Improving the investment climate should be the top priority

in order to encourage and facilitate investment. The country would benefit from policies that

encourage trade with other nations because the level of openness matters.

5.2.2 Monetary Policies

This study discovered that interest rate has a significant and positive effect on Botswana’s

economic growth in the short run while in the long run a negative impact was revealed, that is

a unit increase in interest rate will decrease GDP growth by approximately 2.1%. A positive

relationship between the inflation rate and economic growth rate was established in the long

run. This suggests that monetary policy can be used to achieve high economic growth in the

long run. This study encourages constant money growth in the long run which is promoted by

high exports but this would not have a favorable effect in the short run as the study detected

a negative and significant relationship between the inflation rate and economic growth rate in

the short run. Additionally, the study suggests preserving a low inflation rate and expanding

access to international markets thus promoting rapid growth. Furthermore, the study displayed

that BWP depreciation will bring about an expansionary effect on the GDP growth rate in

the short run. This demonstrates that policymakers can increase international competitiveness,

which stimulates export sector output. It was observed that in the long run, the exchange rate

(USDBWP) has a negative impact on the GDP growth rate. This indicates that the growth

rate will be decreased as a result of BWP depreciation or devaluation. Depreciation is therefore

appropriate in the short term but should be avoided in the long term.

5.2.3 Population Policies

In the long run, the population growth of Botswana has a significant and negative impact on its

economic growth. This may be due to a rise in the number of unemployed individuals, which

increases the dependent population and slows economic growth since resources are diverted

away from productive uses to support the growing population. In order to decrease the number

of dependent citizens and raise the number of individuals who can produce unique goods or

improve competitiveness both locally and worldwide, thereby driving demand, this research

supports engaging in entrepreneurial development.

5.3 Limitations and Directions for Further Research

The principal limitation was the inaccessibility of quarterly data for some factors recommended

by the theoretical model with regard to the impact of macroeconomic factors on the economic

growth rate. The second limitation is that the secondary data used in this study were ac-

quired from a source that is subject to error and inconsistent reporting methods, which may

in turn reduce the validity of some variables. This study suggests the need to explore the

possibility of nonlinear relationship among variables, while VECM captures linear relationships,

economic phenomena often exhibit nonlinear dynamics. By incorporating nonlinear models such

as threshold or smooth transition VECM, to assess whether there are threshold effects or non-

linear interactions between the variables in Botswana’s context. Additionally, a sector-specific
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analysis is needed to analyze how the relationships differ across sectors since different sectors

may have unique characteristics that affect the relationship between macroeconomic factors and

economic growth. Conducting a sector-specific analysis can provide valuable insights for poli-

cymakers and investors The findings are highly suggestive, but they also emphasize how crucial

it is to keep unemployment in check in order to limit its consequences on economic growth in

both the short and long term.
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6. Appendix A

6.1 Eviews Commands and Output

6.1.1 Unit Root Test

Figure 6.1: Unit Root Test output

6.1.2 Lag-order selection

%var.ls 1 2

%var.ls 1 4 lnegr lnex lnfdi lninf lnir lnpop lnto

%var.results

%var.laglen(4)

%var.ls 1 2

%var.ls 1 3 lnegr lnex lnfdi lninf lnir lnpop lnto

%var.results

%var.laglen(3)

Figure 6.2: Lag-order selection criterion output

6.1.3 Vector Error Correction Estimates

%var.ec(c,1) 1 2 lnegr lnex lnfdi lninf lnir lnpop lnto

%var.results
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Figure 6.3: Johansen Cointegration Test

Figure 6.4: Correlation Matrix

6.1.4 Serial Correlation Test

%var.arlm(3)

6.1.5 Normality Test

%var.jbera

6.1.6 Heteroscedastic Test

%var.white

6.1.7 Impulse Response Function

%var.impulse(30)

6.1.8 Variance Decomposition

%var.decomp(m)

6.2 Data Source Link

https://data.worldbank.org/indicator
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Figure 6.5: Error Correction Term

Figure 6.6: VECM Short Run Dynamics
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Figure 6.7: Pairwise Granger Causality Test Output

Figure 6.8: Serial Correlation Test Output
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