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Abstract 

The main purpose of the study was to investigate whether or not there is a relationship 

between economic growth and employment in South Africa using quarterly data from 

2008Q1 to 2016Q4. The high unemployment in South Africa has long been observed and 

both suggestions and questions have been raised on how to reduce it. One of the factors 

that has been perceived as capable of reducing unemployment is economic growth. The 

current study therefore tackled whether or not economic growth had a significant impact in 

boosting employment. 

The study investigated the long and short run relationship between the two variables. 

Employing the Phillips-Ouliaris test for cointegration, the study found that the null hypothesis 

that stated that the two series were not cointegrated was not rejected at 5% level of 

significance. This indicated that the two series did not reveal significant connections in the 

long run and thus could not impact upon one another in the long run. To investigate the short 

run relationship between the two series, the study employed VAR model and found that 

economic growth influenced employment. Granger Causality confirmed this and established 

that the direction of causality ran from economic growth to employment and not vice versa. 

Impulse response function was also used to investigate how the variables may perform in 

future due to some external shocks. Of interest, the study found that shocks to GDP had 

more positive significant influence when compared to shocks in employment. The study 

found that shocks in employment had a more negative impact on GDP. Holt Winters non

seasonal forecasting produced forecasts for both of the series for 1 O quarters. The results 

revealed that both of the series show steady increases in the forecast. 

The study concludes by providing recommendations to the government to intensify current 

policies. Furthermore, the study suggests that the government needs to consider other 

possible factors that contribute to the high levels of unemployment. For instance, structural 

unemployment was identified to be the main type of unemployment in the country and 

policies aimed at reducing it may help in boosting employment. In addition, the current study 

may serve as a guide for novice researchers and also contribute to the body of knowledge 

on the topic. Also, the study partially answered the question of whether or not economic 

growth is a significant factor in promoting employment. The findings could influence the 

government in making informed decisions and planning accordingly. 



Keywords: economic growth, employment, cointegration, VAR, Granger Causality, 

exponential smoothing. 
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1.1 Introduction 

CHAPTER ONE 

ORIENTATION 

It is a common but erroneous assumption in economics that favourable economic growth 

should bring about job opportunities and in turn reduce unemployment and ultimately 

poverty. As highlighted by Fourie and Burger (2009), for the population of a county to enjoy 

better living standards, economic growth is mandatory. This estimation is supported by 

Gordon (2009), who argues that even a minor increase in economic growth could have a 

significant impact on the living standards of the people, and the positive effect could last for 

years. It is further shown in the same paper that most Asian countries, including China and 

Malaysia, have experienced rapid economic growth which in turn led to improved living 

standards of the people. 

Fourie (2001) argues that this assumption may not necessary hold for some countries 

because oftentimes technologically intensive methods of production can be used to handle 

the extra output induced by increased economic growth. It is further cited that instead of 

hiring more labour, technological innovations are used and this may not necessarily result in 

anticipated job creation. Leshoro (2013) further maintains that most employers prefer capital 

to labour in the production process. Hence sometimes there is no guarantee that economic 

growth would likely increase employment opportunities. However, the use of capital intensive 

methods may be dependent on how technologically versatile the country is or if it can afford 

such innovation. On the other hand, the annual labour market bulletin of South Africa (2014) 

maintains that economic growth is a critical aspect in addressing the twin challenges of 

unemployment and poverty. Faulkner (2013) further argues that a strong and sustained 

economic growth is needed to confront the challenges of unemployment and poverty in 

South Africa. 

It is important to note that the above reviews show that economic growth could bring about 

job creation . However, some views suggest that economic growth may not necessarily result 

in job opportunities. Given the contrasting reviews, this study aims to find out whether or not 

economic growth improves employment opportunities in the case of South Africa. 



1.2 Background Literature Review 

The relationship between economic growth and employment has generated many studies 

with notably mixed results. Many of these studies posit that economic growth causes 

employment; others postulate that economic growth has no effect on employment. The latter 

is supported by Herman (2012), who argues that the relationship between the said variables 

has received increased attention because of extensive disputes regarding the nature of this 

relationship. It is further cited in the same study that the debates are due to the fact that 

most developing countries are experiencing high rates of unemployment whist economic 

growth is performing relatively positively. It is common to assume that economic growth is a 

necessary ingredient in the promotion of the living standards of the people, in the sense that 

it promotes job creation and in turn reduces poverty. However, when the economic growth of 

a country is steady but there is no corresponding job creation, this raises questions. 

In a quest to investigate the theory that postulates that there is a positive relationship 

between economic growth and employment, Herman (2012) used the employment elasticity 

of growth to estimate the impact of economic growth on employment for the period of 1990 

to 201 O in Romania. The employment elasticity of growth measures the relationship between 

economic growth and employment. The results of the study indicated that there was a 

negative employment elasticity coefficient, indicating that an annual economic growth of a 

certain percentage led to a decrease in employment. The study found that there was a 

negative relationship between the two variables, contrary to the hypothesis that there is a 

positive relationship (Herman 2012). The study concluded that the negative relationship 

between the two variables could be the result of other factors, including the economic growth 

model specific to Romania and the employment sectoral structure of the country. Similarly 

Leshoro (2014) found that aggregate economy in Botswana did not create jobs but instead 

caused it to decline. Nonetheless, the study found that some sectors in the economy showed 

positive employtment elasticity of growth, indicating that growth in some sectors did 

encourage employment. 

Other studies postulate that there is a positive relationship between economic growth and 

employment, suggesting that growth could positively impact employment. Ayoyinka (2008) 

investigated the case for Nigeria and employed the employment elasticity of growth and 

regression analysis. The results of employment elasticity revealed a high and positive 

coefficient of 0. 76 indicating that there was indeed a positive relationship. The regression 

analysis performed in this particular study confirmed that there was a strong positive 

relationship between the variables. Seyfried (2005), Ali (2007), Malec, Gouda, Kuzmeko, 



Soloimani, Rezbova and Sanova (2016) used employment elasticity of growth and found that 

economic growth had a positive impact on employment. 

So far, most of the reviewed studies only observe the correlations between the two variables 

and do not delve to establish causality. It should be noted that correlation coefficients say 

nothing about the direction of the variables, that is to say which variable causes the other. 

The concept of causality addresses the direction of the impact of the variables. Vermeulen 

(2015) investigated the case for South Africa for the period of 1961 to 2014.The study first 

established whether there is a long run relationship between the variables and proceeded to 

investigate the direction of the relationship. Employing the Engel-Granger Cointegration 

method, the study found a positive long run relationship between economic growth and 

employment in South Africa. In addition, the study employed the Granger causality 

coefficient and found that the relationship ran from economic growth to employment 

(Vermeulen, 2015). 

However, while the reviewed studies show that causality runs from economic growth to 

employment, other studies suggest that employment causes economic growth. In particular, 

the study by Amoru (2013) investigated the impact of employment on economic growth for 

Nigeria by using the bounds Cointegration test and causality test. The study found that 

employment had a positive impact on economic growth for Nigeria both in the long and short 

run. Causality tests showed that employment caused economic growth. The latter is also 

validated by the study of Aksoy (2012), which found that growth in some industries in Turkey 

was brought upon by employment. Aksoy (2012) found that for the period 1988 to 2010, 

increases in employment caused economic growth in the energy production and distribution 

industries and also the intermediate financial industry. It was, however, found that economic 

growth led to increased employment in only two sectors. The same tests were also applied 

by Asari, Mohammad, Shamsudin, Baharuddin and Jusoff (2011) for Malaysia for the period 

of 1985 to 2006. The study saw a long run relationship and also found that the relationship 

ran from employment to economic growth (Asari et al. 2011 ).Some studies claim that 

economic growth has no effect on employment. One study that postulates this is Funlayo 

(2013), which investigated whether economic growth in Nigeria had an impact on 

employment. Employing the Johansen Vector Error model, the study found a positive 

relationship between economic growth and employment but it was found to be insignificant. 

The study therefore concluded that high and sustained economic growth experienced in 

Nigeria did not support or cause employment (Funlayo, 2013). 



So far the reviewed studies only establish the relationship between two variables. No study 

has yet attempted to predict the two variables after establishing the relationship. Forecasting 

is an important tool that could provide clues regarding how the variables perform in the 

future and that would help policy makers in making informed decisions when planning. Most 

studies however do forecast the variables in question but only focus on predicting the impact 

of one variable at a time. For instance, Marinoiu (2015) predicted employment rate for 

Romania using three forecasting model. The logic behind the study was to select the best 

performing model that could be used to predict future employment rates. The competing 

models were Autoregressive Integrated Moving Average (ARIMA), Holt exponential 

smoothing and Artificial Neural Networks. It should be noted that the ARIMA model, often 

referred to as the Box-Jenkins methodology, is one of the most commonly used methods for 

analysing time series data (Maddala, 2001 ). It is further cited that the model can handle any 

time series data, whether stationary or non-stationary with or without a seasonal component. 

The Holt exponential smoothing, on the other hand, is a technique that allows forecasting a 

time series data that exhibits only a trend and no seasonal component (Sebolai, 2010). 

According to Haider and Hanif (2009), the artificial neural network models are encouraged 

by how the biological nervous system such as the brain processes information. It is further 

cited that it can be applied in other areas for forecasting such as economics and finance. 

The study concluded that the Holt exponential smoothing method was the best one as it had 

the lowest forecasting error (Marinoiu 2015). The results of the Holt exponential smoothing 

method indicated that employment was going to decrease for the years forecast. The study 

by Maitah, Toth, Kuzmenko, Sredl, Rezbova and Sanova (2016) employed the ARI MA 

model to forecast employment rates for Switzerland. The results of the study revealed an 

upward trend, indicating that employment rate would be increasing in the years predicted. 

Similarly, Wang and Liu (2009) predicted employment rates for the computer industry in 

China. The results showed an upward increase in the year predicted. 

Numerous studies have also predicted Gross Domestic Product (GDP) for various countries 

using different methods. The study by Wabomba, Mutwiri, and Fredric (2016) used the 

ARIMA to model and forecast Kenya's GDP. The results of the study showed that GDP 

would increase for the years predicted. Dermi, Shadmanov, Aydinli and Eray (2015) 

predicted Japan's GDP by comparing the performance of Neural Networks and multiple 

regression models. The study used the Neural Network to forecast economic growth as it 

was found to produce accurate forecasts when compared to the multiple regression model. 

The model had a low forecasting error when compared to the multiple regression. The latter 

study is also confirmed by Pasarica and Popesca (2012) which found that the Neural 

Network performed better than other econometric models when predicting employment rate 



in Romania. It is further argued that the model is advantageous because these options are 

accurate in simulations and predictions. The study found an upward trend in forecasted 

values. 

1.3 Statement of the problem 

One of the major macroeconomic policy objectives for most democratic countries include 

high and sustainable economic growth and also a high and stable level of employment. 

However, major problems facing South Africa now entail the absence of high and stable 

economic growth and job creation which are essential in poverty reduction and ultimately 

improving the living standards of the people (Lewis, 2002). It is even postulated that the 

South African economy was regarded as capable of creating several job opportunities 

(Mkhize, 2015). However, the latter does not hold because the country is experiencing 

remarkably high levels of unemployment, which was estimated at 25% in 2015. 

It is argued in Vermeulen (2015) that any negative impact on economic growth reduces 

employment creation and this contributes to high levels of unemployment. It is worthy to note 

that high and stable economic growth could be solutions to the high levels of unemployment 

facing South Africa. It is also important to understand the relationship between economic 

growth and employment since it addresses the burning issues of unemployment and 

poverty. The current study addresses the question of whether or not economic growth has a 

significant impact on employment creation in South Africa. The results of the study could 

provide policymakers with useful information in planning and decision making regarding the 

two variables. 

1.4 Aims and objectives of the study 

The main aim of the study was to investigate whether or not there existed a long or short run 

relationship between the two variables - economic growth and employment. The study 

further investigated the causal effects of the two variables. Finally the study provided short 

term forecasts for both variables. To achieve the aims, the study seeks to investigate the 

objectives listed hereunder, which are set to: 

i. Investigate whether or not there exists a long run relationship between economic 

growth and employment. 

ii. Investigate whether the two variables are related in the short run. 

iii. Investigate the direction of causality. 

iv. Obtain short term forecasts of the two variables. 



1.5 Research Questions 

i. Is there a long run relationship between economic growth and employment in South 

Africa? 

ii. Is there a short run relationship between the two variables? 

iii. Which variable causes the other? 

iv. How would the two variables perform in years to come? 

1.6 Data sources 

The study investigates the relationship between economic growth and employment in South 

Africa. The study covers data from the period of 2008Q1 to 2016Q4. Time series data used 

in this study were obtained from Statistics South Africa (STATS SA) and South African 

Reserve Bank (SARB). 

1. 7 Methodology 

The study employed Cointegration technique to establish the relationship between the two 

variables. It should be noted that employing regression analysis to establish the relationship 

between economic variables would produce spurious results, since most economic variables 

are non- stationary. Even if the variables are non-stationary, some might opt to differentiate 

the variables in a bid to produce stationarity. However, this procedure would result in 

removing valuable economic information about the variables. 

This is where the concept of Cointegration becomes integral: according to Stock and Watson 

(2012), when two or more variables are non-stationary but have linear combinations that are 

stationary, then the two are said to be cointegrated. It is cited in Koop (2009) that testing for 

Cointegration involves running the regression of the dependent variable and independent 

variable. Furthermore, the residuals are tested for unit root and it should be concluded that 

the variables are cointegrated when the unit root hypothesis is rejected (Koop, 2009). When 

it is found that the variables are cointegrated, it is then that the regression results may be 

used to describe the long run relationship between the variables (Harris and Sollis, 2003). 



After establishing the nature of the relationship, the study employed the Granger causality 

test. Granger causality is a technique that analyses which variable leads to or causes the 

other (Studenmund, 2011 ). Moreover, the study provided short term forecasts of the two 

variables. According to Lenchbach (2015) the most commonly used forecasting model is the 

ARIMA model. It is further cited in the same paper that numerous studies have indicated that 

the ARIMA models are the best performing models compared to more complex econometric 

models. However, the use of the model requires that one must have at least 50 observations 

in order to produce accurate forecasts. According to Goetsschalckx (2011 ), exponential 

smoothing is one technique that works best even if the data is small. The latter is verified by 

Coyle, Langey, Novak and Gibson (2013) which claims that exponential smoothing is a 

commonly used technique because of its requirement of limited data. The procedures are 

dealt in more detail in Chapter three. 

1.8 Significance of the study 

The current study was motivated by the current high unemployment levels faced by South 

Africa. The problem of unemployment has raised irksome questions on how to deal with the 

challenge. As highlighted by previous studies, economic growth might help in dealing with 

the problem. Hence the current study is relevant because it could partially answer the 

question of whether or not economic growth is a contributing factor in promoting 

employment. 

This study is important because its findings might influence the government to make more 

informed decisions and plan accordingly. For instance, if the results of the study reveal that 

economic growth causes employment, then this would serve as a guide to the government to 

generate policies or strengthen existing ones so as to boost the economic growth in order to 

encourage employment. If, however, there results show that economic growth has no impact 

on employment the government could still use the results to generate policies that boost the 

two variables because they are both desirable in any country. Furthermore, the study is 

important in contributing to the existing literature on the relationship between employment 

and economic growth. 

1.9 Scope and limitation 

The scope of the study is to analyse the relationship between economic growth and 

employment in South Africa for the limited period of 2008 quarter one to 2016 quarter four. 

The results therefore cannot be used to generalise the relationships established here for 



other countries. In addition, it should be noted that only a few studies have been conducted 

on the causality relationship between the two variables and hence there is limited available 

literature in that area. 

1.10 Organisation of the study 

Chapter one provides the orientation of the study. It covers critical components such as the 

background literature, problem statement, aim and objectives of the study, significance of 

the study. The chapter also discusses the methodology, data sources, scope and limitations. 

Chapter two provides the literature review. It looks at the historical background of the 

relationship between economic growth and employment spanning both the international level 

and South African context. Chapter three discusses the methodology employed in the study. 

Chapter four presents the results, providing a discussion and analysis. Chapter five otters 

conclusions and recommendations based on the findings of this study. 

1.11 Conclusion 

This chapter provided the introduction of the study. It further included dentifying a problem 

statement, aims and objectives, significance of the study and the significant contributions of 

this study. The next chapter focuses on the literature review. 



2.1 Introduction 

CHAPTER TWO 

LITERATURE REVIEW 

A few studies have investigated the relationship between economic growth and employment. 

It is cited in Perugini (2008) , Slimane (2014) and Mkhize (2015) that most studies focus on 

the relationship between economic growth and unemployment, known as Okun's law. The 

law suggests that there is an inverse relationship between GDP and unemployment 

according to White and Chu (2013. The causations suggest that a positive change in GDP 

may cause either a negative or positive impact on unemployment. The other suggests that a 

positive change in unemployment may have either a positive or negative impact on GDP. 

The other suggests that there is no link between the two variables. However, when the 

relationship between the two variables is positive, it then suggests that the law is not 

applicable. 

Studies often analysing the relationship between unemployment and GDP do so in order to 

find whether or not the law is valid and applicable to different countries. For instance 

Moazammi and Dadgostar (2009) investigated the validity of the law for the Organisation for 

Economic Co-operation and Development (OECD) countries. The study used the Error 

Correction (ECM) approach for 13 OECD countries covering the period from 1988 to 2007. 

The study found that Okun's law was applicable to most of the countries studied. In short, 

the study found that when unemployment decreased by 1 %, it resulted in an increase of 

about 4 % in GDP.White and Chu (2013) estimated the validity of the law for Japan, France 

and United States of America (USA). Their study found that the law was only applicable in 

the USA. The study used the Engle-Granger Cointegration and Granger causality tests for 

each country to establish the nature of the relationship. The results of the study showed that 

there was no long run relationship between the two variables for all countries. The study 

then estimated the Vector Autoregressive (VAR) model to observe the short run interaction 

between the two variables for each country. It found that there was a negative relationship 

between the two variables for USA. In particular, it was found that for every 1 % change in 

GDP, unemployment decreased by 6%. The VAR results for Japan and France indicated 

that the two variables had no impact on each other. The results of the study indicate that 

Okun's law was still applicable to the USA as it was originally hypothesized by Okun in 1962. 

Bankole and Fatai (2013) found that the output gap and unemployment gap were not related 

for the case of Nigeria. The study carried out the Engle-Granger and Ordinary Least Squares 

(OLS) techniques for the period covering 1980 to 2008. The results of Cointegration 

revealed that there was a long run relationship between the two variables. However, when 



estimating the long-run elasticities, the study found that the coefficients were positive. 

Subsequently, the study concluded that Okun's law was not applicable for the country. 

Driven by the aim of finding whether or not the Nigerian economy was experiencing jobless 

growth for the periods 1970 to 2010, Sanusi (2013) also estimated the Okun's coefficients. 

Moreover, the study investigated the relationship at sectoral level of five major sectors in the 

Nigerian economy. The study found that when unemployment was below 5.5 % the 

relationship between unemployment and GDP was positive. However, when unemployment 

was above 5.5% the relationship became negative. These findings of the study suggested 

that the country experienced jobless growth when unemployment was below 5.5 %. The 

findings at sectoral level revealed that the service, agriculture and industry sectors were 

more employment intensive than any other sector in the Nigerian economy. 

Pehlivanoglu and Tanga (2016) estimated the Okun's coefficients for Turkey and Brazil , 

Russia, India, China and South Africa (BRIGS) countries. In their analysis Engle-Granger 

and OLS procedures are applied in order to investigate the validity of the law for the period 

1990 to 2014. The results show that there exists a long run relationship between economic 

growth and unemployment for all the other four countries except for Brazil. Based on these 

findings, the study concluded that any positive change in GDP could not reduce 

unemployment. Mosikari (2013) studied the effects of unemployment on economic growth in 

South Africa. The study employed Johansen Cointegration and Granger causality covering 

the period 1980 to 2011. The results of Cointegration revealed that there was a long run 

relationship between the two variables for the period covered. The results of a Granger 

causality test revealed no causality between the variables. From these findings, the study 

concluded that policies targeting economic growth were useful because they reduce 

unemployment. While Mosikari (2013) finds no evidence of Okun's law in the country, 

Marinkov and Geldenhuys (2007) found that the law was applicable to South Africa for the 

period covering 1970 to 2005. The study estimated Okun's coefficient and employed 

Cointegration to analyse the relationship between cyclical unemployment and cyclical output. 

It found no evidence of cointegration but found evidence that Okun's law was applicable in 

the county. It was found that 1 % increase in output was accompanied by a decrease in 

unemployment of between 0.16% and 0.77%. Alhdiy, Johari and Rahman (2015) found no 

evidence of a long run relationship for Egypt for the period covering 2006 to 2013. The study 

employed Johansen Cointegration and Granger causality tests. The findings of the study 

suggest that economic growth could not impact upon unemployment, whether the effects 

were positive or negative. Moreover, the study argued that this is attributed to the fact that 

the Egyptian economy was more capital-intensive than it was labour intensive. 



There are obviously mixed results regarding the relationship between GDP and 

unemployment. It is argued in Moazammi and Dadgostar (2009) that the results could be 

attributed to the method employed when studying the variables. However, Knotex (2007) 

stipulates that Okun's law is a statistical relationship and that it is subject to the changing 

economy. One could also argue that the results may be dependent on the structure of any 

economy or economic policies employed in different countries, hence different results 

emerge for different countries. Nonetheless, studies on Okun's law has provided a way to 

study the relationship between economic growth and employment. In fact, the employment 

elasticity, which studies the relationship between GDP and employment, is said to be a 

modified version of the Okun's coefficient (Mkhize, 2015). Most studies that have reviewed 

the relationship between GDP and employment have done so by estimating the employment 

elasticities. 

2.2 Employment elasticity of growth 

Ajilore and Yinusa (2011) estimated employment elasticity for Botswana with the aim of 

identifying sectors that contributed more to the creation of employment opportunities. 

Investigating at aggregate and sector level, the study found that both levels did not produce 

enough employment opportunities. In fact, the study found that the employment elasticity at 

aggregate level was 0.01. According to the study, the small employment intensity of 0.01 

indicated that economic growth had no effect on employment. The findings at sectoral level 

also revealed that employment intensity was positive but small. The overall conclusion of the 

study was that jobless growth occurred both at the aggregate and sectoral growth, meaning 

that growth was not accompanied by an increase in employment opportunities. 

Likewise Sodipe and Ogunrinola (2011) estimated the employment elasticity of growth for 

Nigeria using OLS econometric techniques. The study developed a model of employment 

with four macroeconomic variables. The variables included were real GDP, real GDP growth 

rate, foreign direct capital investment and public expenditure. The study found that foreign 

direct capital investment had a negative impact on employment, while public expenditure 

had a positive impact. Moreover, the study found employment elasticity of real GDP growth 

rate to be 0.05. The study argued that the elasticity was small when compared to the 

recommended elasticity of 0.7. Nonetheless, the study still established that the country was 

not experiencing jobless growth. 

The phenomenon of jobless growth was also observed in a recent study by Basu and Das 

(2015) for India and the USA. The authors were fascinated by the fact that USA, a country 

known to be among the best performing countries economically, was experiencing a similar 



challenge as that faced by such a poor performing country as India. The study observed that 

both countries were experiencing a decline in employment elasticity. This meant that growth 

in GDP was not accompanied by an increase in employment opportunities. The study 

examined sector by sector to investigate which of the sectors were losing employment. In 

USA, it was found that the manufacturing sector was losing employment, while for India the 

agriculture sector suffered the blow. The declining employment elasticity was also observed 

by Perugini (2008) who found that the evolution of employment elasticity for the periods 

1990 and 2004 in Italy had changed. In order to understand how the employment elasticity 

had changed over the years, the author divided the data in sub periods of 11 years. The 

study found that there were fluctuations around those periods. In particular, it was found that 

between 1970 and 1980, the employment elasticity was stable until a fall in the early 1990s. 

The last years showed what was called a job rich growth period, whereby employment grew 

more than any other year. 

In analysing and forecasting employment elasticity of growth for India, Pattanaik and 

Narayan (2013) found that the country was experiencing jobless growth. The study focused 

its attention on aggregate level and across sectors. Employing the Box-Jenkins method for 

forecasting, the study found that employment elasticity of growth would improve in future. At 

sectoral level, it was found that the employment elasticity of growth at secondary and tertiary 

sectors would improve, after experiencing jobless growth. The paper, however, found that 

the service sector would still be struggling with improving employment elasticity of growth. 

Kareem (2008) used regression analysis in determining factors that contributed to 

employment levels in Nigeria from the periods 1985 to 2012. The author employed foreign 

direct investment, inflation, interest rates and economic growth to determine how these 

impacted on employment. The results of the study indicated that economic growth 

contributed significantly to increases in employment level, while it was found that inflation 

had a minor impact. However, the study found that Foreign Direct Investment (FOi) and 

interest rates had a negative impact on employment levels. 

Baah-Boateng (2016) showed that employment growth is not only dependent on economic 

growth but that the source of growth could also have an impact on employment growth. 

Employing data covering 1984 to 2013 for Ghana, the study showed that employment 

elasticity was 0.519, indicating that for every 1 % increase in economic growth, employment 

increased by 0.5%. The study further showed that growth in the agriculture and 

manufacturing sector contributed positively to employment. It was found that for every 1 % 

increase in agriculture and manufacturing, employment increased by 0.16%. Moreover, the 



study showed that for every 1 % increase in high school enrolment, employment increased 

by 0.26%. These findings of the study suggest that policies aimed at providing and improving 

education could be esential in increasing employment. 

Hirawan (2008) employed Pearson Correlation Coefficient to determine the relationship 

between employment growth in different sectors and economic growth for Java province in 

Indonesia. The study pointed out that there was a strong negative association between 

employment growth in agricultural sectors and GDP. Moreover, the results showed that 

there was a positive association between employment growth in the non-agricultural sector 

and GDP. Akinkugbe (2015) found that the insurance, business, mining and finance sectors 

failed to produce employment in Zambia for the period 1990 to 2008. The study established 

the employment elasticity of growth in all the sectors in the economy for the period 1990 to 

2008. The study pointed out that sectors that showed negative elasticity were due to capital 

intensive methods and use of advanced computerization. Nonetheless, the study found that 

the wholesale, hotel and restaurants sectors, including retail trade had positive elasticity of 

growth with the manufacturing sector being the highest. 

In assessing the employment elasticity of 90 developing countries, Slimane (2015) 

investigated the determinants of employment intensity by employing macroeconomic and 

demographic variables that were surmised to influence the employment elasticity in the 

countries studied. The results of the study revealed that employment elasticity was different 

across countries. The study also found high employment elasticity ranging from 1.27 to 

1.667 and low estimates that ranged from 0.05 to 0.10. The countries with high employment 

elasticities were advanced and had large service sectors in this specific instance. Moreover, 

it was found that countries targeting policies that reduced inflation had high employment 

elasticity. It was observed that countries with high inflation had low employment elasticity. 

Furthermore, the study found that countries with a high urban population also had high 

employment elasticity. 

Similarly, Kapsos (2005) using the panel data of 160 countries to estimate employment 

elasticity found that employment elasticity varied across countries. The study found that the 

global employment elasticity was declining, indicating that most of the countries were 

experiencing jobless growth. Basu and Das (2015) stress that the phenomenon of jobless 

growth had been observed in most countries, whereby growth is linked to decreasing 



employment. The phenomenon has been seen in countries which are considered to be rich 

such as the USA and even in poor countries like India (Basu and Das, 2015) . Khan (2005) 

argues that sometimes employment elasticities tend to vary because of lack of reliable data 

on employment trends. 

2.3 Economic growth, employment and poverty 

According to Fourie and Burger (2009) economic growth is essential in order for a county's 

population to enjoy better living standards. It is further claimed by Gordon (2009), that even 

minor increases in economic growth could have a significant impact in improving the living 

standards of the people and the effects could last for years. It is further cited in the same 

paper that most Asian countries including China and Malaysia have experienced rapid 

economic growth and in turn improved the living standards of their people. One could 

deduce that improved living standards in this context arise when the country has achieved 

one of its macroeconomic objectives which could be increased and stable economic growth. 

Hence, the high and stable economic growth has also resulted in other objectives being 

achieved, for instance employment creation and poverty reduction. 

It is reasonably safe to contend that the relationship between economic growth and 

employment could somehow affect poverty, which is one of the major concerns facing most 

countries, particularly in Africa. In a case study conducted by Khan (2005) , the results 

showed that China, Vietnam, Cambodia and India registered high economic growth during 

the periods 1990 to 2001. The study showed that this was also accompanied by low levels of 

poverty. The same study showed that Armenia, Kyrgyz Republic and Mongolia experienced 

a decrease in economic growth during the same period. These countries experienced a 

large decrease in employment, an increase in inequality and high incidence of poverty. 

Bharat and Cassim (2004) agree on the notion that economic growth is necessary for 

poverty reduction. It is pointed in their study that in order to overcome challenges such as 

poverty, inequality and unemployment, high and sustained levels of economic growth are 

needed. There has been consensus among studies that economic growth is a major factor 

that could contribute to reducing poverty (Dursun and Ogunleye, 2016, Ajilore and Yinosa, 

2011 ). It is claimed that economic growth leads to an increase in productivity, which in turn 

encourages more labour and results in poverty reduction. It is further highlighted by the 

Department for International Development (DFID, 2010) report that most cross-country 

researches have found that high and sustained economic growth is an important and 



powerful tool in reducing poverty and improving the quality of lives. Dursun and Ogunleye 

(2016) observed the relationship between the three variables for seven West African 

countries for the period of 1991 to 2010. The study employed panel Cointergration methods 

in order to establish how the three variables were related. The results of the study showed 

that there was both a long and short run relationship between the variables. The study found 

that GDP had a positive and significant relationship with poverty. However, the study found 

that there existed a positive but insignificant relationship between employment and poverty. 

The study revealed that within the regions studied employment was not transferred to the 

poor since most of the poor did not have the necessary skills to take advantage of the job 

opportunities. 

While Dursun and Ogunleye (2016) demonstrate that only economic growth had a significant 

impact on poverty, Shalini (2013) established that both economic growth and employment 

had a positive impact on poverty reduction in Mauritius. The study employed Cointegration 

methods for the period between 1975 and 2008. Moreover, the study employed other 

macroeconomic variables other than economic growth and employment to study their impact 

on poverty reduction. These variables included inflation, public expenditure and Gini 

coefficient. The results of the study revealed the main variables that contributed significantly 

to poverty reduction were economic growth and employment. Employment was found to 

have had a larger impact on poverty reduction. 

Krongkaew, Chamnivickorn and Nitithanprapas (2006) used the employment elasticity of 

growth and regression analyses to investigate the case for Thailand for the period 1980 to 

1996. The study used employment elasticity of growth for the whole economy and different 

sectors. It was established that employment elasticity of growth for the whole economy was 

low. However, it is argued that even though employment elasticity of growth was low, 

economic growth was found to have driven employment opportunities, which in turn 

contributed to poverty reduction. Moreover, the study found that manufacturing and 

construction sectors had the highest employment elasticities when compared to other 

sectors in the economy, meaning that they were more employment intensive. The results of 

the regression analysis indicated that economic growth and employment were the driving 

forces in reducing poverty. Dahliquist (2013) investigated the case for 123 low and middle 

income countries for the period 2000 to 2009. Employing econometric cross-sectional 

regression analysis, the study found that there was a positive relationship between economic 

growth and poverty. However, the study found that economic growth could not reduce 

poverty in some countries with extreme poverty. 



While most of the studies argue that economic growth and employment are essential in 

poverty reduction , Martins (2013) argues that sometimes even strong economic growth 

cannot reduce poverty, particularly when that growth has failed to provide more and better 

jobs. In analysing four African countries that were said to be growing fast in economic terms, 

Martins (2013) found that some of these countries did not reduce poverty despite strong 

economic growth. The study found that it all depended on the patterns of economic growth. 

The study found that Mozambique and Tanzania had growth that was driven by capital

intensive industries which resulted in limited employment opportunities. This in turn resulted 

in failure to reduce poverty within those countries. The study found that countries that 

invested in domestic policies which targeted employment-intensive sectors significantly 

reduced poverty. This case was evident for Ethiopia and Ghana, where it was found that a 

strong investment in the agricultural sector had a significant impact on poverty reduction. 

The study argued that this was mainly due to the fact that the sector was more employment 

intensive and it therefore produced more employment opportunities for the poor. 

Hull (2009) concedes with Martins (2013) that the agriculture sector is capable of reducing 

poverty. Hull (2009) developed a three step framework in order to capture the effects of 

economic growth and employment on poverty. The framework found that in order for 

economic growth to benefit the poor, it must occur in productive sectors of the economy. The 

findings of this study suggested that sectors such as agriculture and services were 

productive sectors and hence growth in the sectors translated into poverty reduction. 

However, it is not always the case that poverty reduction will always be realised. As Islam 

(2004) points out, sometimes it depends on whether or not the poor are able to participate in 

the employment opportunities created. As pointed out earlier in the study, the poor may not 

be able to participate due to lack of the necessary skills pertinent to the opportunities that 

would have been created. 

Others argue that rapid and strong economic growth may not benefit the poor due to 

inequality. Nindi and Odhiambo (2015) points out that economic growth may not reduce 

poverty if there is high income inequality in an economy. Their study explored the causal 

relationship between poverty reduction and economic growth for Swaziland. Employing 

Cointegration and Granger causality techniques, the study found that economic growth did 

not cause poverty reduction. However, the causal relationship ran from poverty reduction to 

economic growth. The study argued that this was due to the fact that there was a high level 

of income inequality in the country. 



2.4 Factors affecting the relationship between economic growth and employment 

Mkhize (2015) contends that South Africa's economy has not provided adequate 

employment regardless of its improved economic growth. Neumark and Muz (2013) also 

indicate that it is expected that when a country's economy increases, then the number of 

jobs should increase to the same proportion. However, there are a number of reasons why 

the expected relationship between economic growth and employment may change over time 

and has not reflected the expectations of economists. According to Pattanaik and Nyakak 

(2013) the correlation between economic growth and employment, which is considered by 

many to be a positive one, has in fact weakened. The study further argues that the said 

relationship is not always easy to determine because it is affected by many other factors 

such as change in infrastructure, wage level and technology amongst others. 

Neumark and Muz (2013) observed that economic growth in California grew faster while job 

growth was stagnant. When comparing California's job growth with other states of the USA, 

it was observed that this growth was low. According to the paper, low levels of employment, 

even with high economic growth, were due to the nature of employment. It was established 

that the California state employers hired high wage workers, who are presumed to be more 

productive. From the analysis, it could be concluded that the California state could not hire 

more workers due to the fact that more money was already being spent on high wage 

workers. Consequently, high wage workers produced enough output without the need to 

employ other low wage workers. 

It was also discovered that employment growth in Turkey was not growing in tandem with its 

rising economic growth (Akc;oraoglu , 2010) . It is argued that the cause of such a disparity 

could be the result of some structural changes that occurred within the Turkish economy. In 

particular, the study established that technological changes might have affected the 

relationship between the two variables. It is seminal to note that implications of technology 

could reduce the need for more workers. Employing certain machinery and technologies 

could imply hiring one person to operate it, whilst if there was no machinery two or more 

people could have been employed. The study further argued that the cause could be 

attributed to the structural transformation within the economy, whereby there was a shift 

away from the labour-intensive agricultural sector. $ahin , Tansel , and Berument (2013) 

argued that this was attributed to migration from rural to urban areas. This then resulted in a 



noticeable decrease in employment within the agricultural sectors. However, this move 

resulted in the other sectors being unable to absorb some of the people who had shifted 

from the agriculture sector into other sectors. This was due to the fact that some sectors, for 

instance finance, required highly skilled people. The impact of technology on employment 

levels was also observed in a study by Leshara (2014), which intimated that capital-intensive 

methods was one of the main reasons why the Botswana economy was experiencing low 

levels of employment regardless of its improved economic growth. 

2.5 Long and short run linkages between employment and economic growth 

The relationship between employment and economic growth has also been investigated by 

the use of other methods other than elasticity of growth. Recent studies have examined how 

the variables are related in the long or short run. This has been achieved by employing 

Cointegration techniques, which also allow testing for causal relationships between 

variables. This was evident in the study by Akc;oraoglu (2010), which investigated whether or 

not there was a long run relationship between employment and economic growth for Turkey 

over the period 1995 quarter one to 2007 quarter four. The study used employment elasticity 

of growth, Engle-Granger and Johansen Cointegration to establish the relationship. 

Furthermore, Granger causality tests were employed to determine the causal relationships 

between the variables. The results of the Engle-Granger revealed that there was a positive 

long run relationship between the two variables and the use of Johansen Cointegration 

technique confirmed the results. Subsequently, the study investigated the short run 

dynamics, which was achieved by the ECM approach. The results indicated that in the short 

run in one quarter, there existed a negative and significant relationship between economic 

growth and employment, while there existed a positive but insignificant relationship in the 

subsequent quarters. The Granger causality results revealed that there was a bidirectional 

relationship. Moreover, the findings of this study established the employment elasticity of 

growth to be 0.20. The study concluded that policies aimed at increasing economic growth 

were, in fact, effective but were insufficient in increasing employment in the long run. It was 

concluded that policies targeting increasing employment elasticity of growth were needed in 

order to increase employment opportunities in the long run. 

Caporale and Skare (2014) found a negative long run relationship between economic growth 

and employment for 119 countries for the period 1970 to 201 0 using panel Cointegration and 

Granger causality techniques. The study included inflation in their model to investigate how 

this factor affected the two variables. The Granger causality measure revealed that in the 

long run employment negatively affects economic growth. In the short run the study 



established that economic growth positively affected employment. Inflation was found to 

affect both of the variables. It was found that in the long run inflation negatively caused both 

employment and economic growth, while in the short run the impact was positive. 

Abdullah and Nairn (2011 ), using Johansen Cointegration together with Vector Error 

Correction Model (VECM), tested the existence of long run and causal relationships between 

employment, economic growth, trade, public expenditure and domestic capital in Malaysia, 

Singapore and Philippine over the period 1970 to 2005. The study found that there existed a 

long run relationship in all countries. With regard to the causal relationship, the study found 

that for Malaysia, domestic capital Granger caused employment and employment influenced 

public expenditure, while in Singapore trade Granger caused capital growth. As for 

Philippines the study found that income and trade Granger caused government expenditure. 

Here the results suggest that other macroeconomic variables other than economic growth do 

influence employment. The results could thus alert governments to explore other 

macroeconomic variables that might help in creating employment opportunities. 

On the other hand, Dolot, Laurente and Pilitro (2013), combined the use of Johansen 

Cointegration, VECM and impulse response to establish how employment was influenced by 

labour and macroeconomic indicators in the National Capital Region in the Philippines for 

the period 1985 to 2010. The use of impulse response analysis in the study was intended to 

capture how the variables would react to some external shocks. The indicators used in the 

study included labour force participation rate, real wages and regional output. The results of 

the Johansen Cointegration established that there was a long run relationship between the 

variables. Furthermore, the study identified that the VECM showed that in the long run the 

indicators significantly had an impact on employment, while in the short run the relationship 

was insignificant. The results of the impulse response indicated that any shocks on 

employment rate and regional output caused an increase in employment. However, the 

shocks on labour force participation and real wages resulted in decreased employment. The 

study concluded that the results had important implications for improving or increasing 

employment for the country. For instance, the study argued that strong short term policies 

might be needed in order to increase employment in the short run. 

Ghosh (2009) analysed the interrelation between economic growth, electricity supply and 

employment using Autoregressive Distributed Lag (ARDL) bounds Cointegration test and 

Granger Causality test for the period 1971 to 2006 for India. The results of the Cointegration 

showed that there was a long run relationship between the variables whilst Granger causality 



showed that economic growth and electricity supply caused employment both in the long run 

and short run. Biswas and Sara (2014) found that employment, exports, FOi and gross 

domestic capital formation had a positive impact on economic growth in India. The study 

utilised the Johansen and VECM techniques for the period 1980 to 201 O and found that 

employment had a noticeably higher impact on GDP than other variables. The study also 

found that inflation and fiscal deficit had a negative impact on GDP. 

2.6 Historical patterns of economic growth in South Africa 

According to the Industrial Development Corporation (IDC) report of 2013, South Africa has 

had tremendous transformation ever since the dawn of democracy, particularly in terms of its 

economic growth rate. In fact, according to Shoeman, Botha and Blaauw (2010), the South 

African economy has demonstrated a long positive growth together with low interest rates 

and inflation. The economic growth rate averaged about 3.3% per annum over the period 

1994 to 2013 (IDC, 2013). This was an improvement of 1.4% average annual rate reported 

during 1980 to 1993. Nevertheless, the rate of economic growth is often affected by global 

performance. It is reported that the East Asian crises of 1998, the USA 2011 Twin Towers 

attack, the global financial crises between 2007 and 2008 and the global recession of 2009 

affected South African economic growth and that of many other countries. In fact, Munyeka 

(2014) reports that the major fall in economic growth in the country was seen in 1997 to 

1998 and also in 2008 to 2009. 

In recent times, the South African economic growth has again been declining. It has been 

reported that it has declined from 1.5 % in 2014 to 1.3 % in 2015 (Kumo, Chulu and 

Minsatet, 2016). This fall was attributed to low investment, strikes and power shortages 

amongst other factors. In the first quarter of 2016 economic growth was reported to have 

declined at an annual rate of 1.2 % (SAAB, 2016). It is further highlighted by the report that 

one of the contributors to low economic growth was the harsh climate conditions which had a 

negative impact on the agricultural sector. The resultant drought in South Africa contributed 

to a decline of 8.4 % for the agricultural production sector (IDC, 2016). This drought 

negatively affected the manufacturing sector which was reported to have recorded no growth 

in 2016. 



2.7 Historical patterns of employment in South Africa 

According to Munyeka (2014) South Africa has been struggling with improving its labour 

market in the post-apartheid era. According to Lewis (2002), formal employment in the 

country has dropped ever since early 1990. This has resulted in a remarkably high 

unemployment rate. According to Altman (2005), the low rate of employment during those 

periods could have been caused by apartheid government policies, a closed economy and 

legal constraints to entrepreneurship among indigenous blacks and many other factors. 

However, even after the political transformation, low employment and high unemployment 

have been persistent problems for the county. Pehlivanoglu and Tanga (2016) cite that ever 

since the new government took charge, unemployment has been on the increase. It is 

further cited that unemployment increased to 30.3% in 2001 from 15.6% in 1994. This 

reflects that the government has not achieved much since it took over power. 

According to the OECD report of 2015, the high rate of unemployment faced by South Africa 

reflects that the economy is unable to absorb an increasing labour force. The study by 

Bharat, Hirsch, Kanbur and Ncube, (2013) shows that employment elasticity of growth for 

the period 2000 to 2008 was very low. Notably, it was recorded to be 0.69, which indicates 

that when economic growth increased by 1 %, employment only increased by 0.69%. This 

indicates that employment rates in the country are hardly increasing. 

Nonetheless, decreasing employment in South Africa has also been caused by many factors 

other than economic growth. For instance, some sectors in the country contributed to the low 

levels of employment. It is reported that employment has declined in agriculture, 

manufacturing and mining sectors during 2001 to 2012 (Bharat, Hirsch, Kanku, 2013). 

Nonetheless, employment increased in the financial and community sectors. Shoeman, 

Botha and Blaauw (2010) argue that low employment rates are also due to lack of skills 

among the South African population. Pehlivanoglu and Tanga (2016) concur with Shoeman 

et al. (2010) and argue that low rates of employment in the country are caused by a large 

number of unskilled and low skilled workers. 

2.8 The relationship between economic growth and employment in South Africa 

According to Mkhize (2015) the relationship between employment and economic growth in 

South Africa has long been weakening since the early 1990s. This weakening of the 

relationship has also meant that employment has not been growing relative to economic 

growth. This trend has been termed as the jobless growth phenomenon by economists. The 



study by Hodge (2009) contends that the employment elasticity of growth for South Africa 

has changed over the years. The study found that even during times when the country was 

experiencing negative economic growth, employment growth grew positively. This was 

evident in 1977 and 1982. The study also found that jobless growth occurred only 5 times in 

the country in 1993, 1994, 1997, 1998 and 2001. 

Munyeka (2014) investigated the relationship between economic growth in South Africa for 

the period 1994 to 2012. The study investigated whether or not policies implemented during 

those periods were effective in improving economic growth and employment. Through the 

use of employment elasticity of growth, the study found that employment was responsive to 

economic growth, although at a low rate. In particular the study found that for a percentage 

increase in economic growth, employment grew by less than 1 %. The study submitted that 

economic growth in South Africa for that period did not produce sufficient job opportunities 

for the growing population. With regard to policies, the study found that macroeconomic 

policies at that time did improve the performance of the economy but failed to create tangible 

employment opportunities. 

Oosthuizen (2006) also investigated the phenomenon of jobless growth in South Africa. The 

study used the October Household survey of 1995 and Labour Force Survey of September 

2004 to investigate how the labour market had changed after apartheid. According to the 

study, the national household survey data did not show that the country had experienced 

jobless growth within those periods. Although Oosthuizen (2006) found no evidence of 

jobless growth, Biyase and Bong-bong (2015) seem to differ. Their study employed a more 

statistically robust approach to study the relationship between employment and economic 

growth for the period 1970 to 2008. The study employed the Structural Vector 

Autoregressive (SVAR) in order to capture the response of employment to economic growth 

shocks and it generated evidence that changes in economic growth resulted in increase in 

employment but the effect was of a small margin. Based on this, the study concluded that 

there was jobless growth within the period studied. The study points out that policies aimed 

at structural unemployment could help in contributing to job creation in the country. 

Using Engle-Granger Cointegration and employment elasticity of growth, Mkhize (2015) also 

found that the country was experiencing jobless growth. However, the study was different in 

that it investigated the case for eight non-agricultural sectors in the economy and for the 

aggregate economy for the period 2000 quarter one to 2012 quarter two. The results of the 

Cointegration showed that at aggregate level there was no long run relationship between the 



two variables. The final conclusion of the study was that jobless growth did occur during 

those periods. In fact, it was revealed that the overall employment elasticity of growth was 

0.44. According to the study, this low level suggested that employment was less responsive 

to changes in GDP. Findings at sectoral level indicated that there was a long run 

relationship in four of the sectors except in social and community services, mining, 

construction and trade. These findings suggest that most of these sectors used more capital 

intensive methods. 

Muzindutsi and Maepa (2014) investigated whether or not growth in the manufacturing 

sector was linked to employment opportunities in South Africa for the period 1970 to 2013 by 

using the Johansen Cointegration method. The results of the study revealed that during the 

apartheid era there was no long run relationship between employment and growth in the 

manufacturing sector. The long run relationship was found after the apartheid era and it was 

negative. The study suggests that this was attributed to more capital intensive methods used 

in the sector. 

Although some researchers argue that economic growth and employment do not move 

together in the long run, Leshoro (2013) has shown that economic growth could affect 

employment. Leshoro (2013) used the Toda-Yamamoto technique for the period 2001 

quarter one to 2012 quarter three to investigate the causal relationship between economic 

growth and employment. The results of the study pointed out that employment in the country 

was driven by economic growth. 

2.9 Theoretical review of the relationship between economic growth and 

employment 

One of the main theories that links economic growth and employment is the aggregate 

production function. It links aggregate output (Y) which can be seen as real GDP and two 

factor inputs, capital (K) and labor or employment (L). According to Snowdon and Vane 

(2005) the production function can be expressed as follows: 

Y = AF(K, L) ... ...................... .. . ...................... . ............ ...... ....... . . .... ... .. .. .. . . ... ... . 2.1 

Where A denotes the overall productivity of the economy and F is the function that links 

output ( Y ) to capital ( K) and employment ( L ). The equation determines how output is 

produced given capital and employment (Mankiw, 2013). It basically tells how changes say 

in capital would affect the overall output. According to Snowdon and Vane (2005), there are 

some basic properties of the production function that link how changes in capital or labor 

affect output. One property states that there is a positive relationship between output and 



employment. This property shows how output is dependent on labor input when capital and 

technology are held constant (Baumol and Blinder, 2009). The other suggests that an 

increase in capital and holding employment constant causes the production function to shift 

upward. This move would thus result in increase in output but at a decreasing rate. 

The production function has been used to link economic growth and employment. In 

particular, the production theoretical framework was used to explain the employment 

intensity of growth in European countries (Schmidt as cited by Mkhize, 2015). It further cited 

that the study used isoquants to link how combinations of labour and capital could be 

employed in order to produce certain levels of output. Similarly, using the Cobb-Douglas 

production function, Aljebrin (2013) investigated how capital and labor contributed to gross 

national output in Saudi Arabi. The results of the study indicated that capital contributed 

more to the production of GDP than labour. The study concludes that the economy was 

more capital intensive and used less labour in the production process. 

Sharma (2008) estimated the production function through the use of ECM for China in order 

to capture how much capital, labor and productivity contributed to GDP. The results of the 

study showed that capital contributed more than other inputs to growth in GDP followed by 

productivity. The study found that labor contributed only 11 % of the total growth of GDP. 

Sudrajat (2008) also used the production function to link economic growth and employment 

for Indonesia for the periods 1993 to 2003. The author reconstructed the production function 

to L = F(Y) . According to the author, the function is the demand side and it is useful in 

explaining how much labor would be needed for a given output (Sudrajat, 2008). Using this 

model, the study found economic growth had a negative correlation with employment. 

Moosavian (2015), focused on sectoral patterns to investigate the structure of production in 

the Iran mining sector. The author estimated the Cobb-Douglas production function for the 

periods 1976 to 2006 and the use of Cointegration methods to estimate how capital and 

labor contributed to output in the mining sector. The results of the study indicated the Cobb

Douglas production function provided better results when compared to Cointegration 

techniques. The results of the study showed that the sector was both capital intensive and 

labor intensive. In particular, it was shown that the elasticity of production with respect to 

capital and labour was 0.44 and 0.14 respectively. 



2.10 Conclusion 

In a nutshell , this chapter explored some related studies that link economic growth and 

employment. It is every country's desire to have significant economic growth and also to 

curb and combat unemployment. It is evident from the chapter that some authors argue that 

economic growth is essential to solve the unemployment problem. However, most studies 

have revealed that economic growth has a miniscle effect on employment opportunities. 

Most studies have revealed that growth contributed to less than 1 % improvement in 

employment opportunities. The chapter has also shown that capital-intensive methods of 

production in most countries have been blamed for low levels of employment rates. Other 

authors argue that some other factors play a significant role in achieving employment 

growth. For instance, some authors argue that investing in education could have a significant 

role in decreasing unemployment and hence increasing employment. On the other hand, 

some argue that sector-based growth could have a significant impact on employment 

growth. The following chapter traces and presents the methodology used to investigate the 

relationship between economic growth and employment growth in South Africa. 



3.1 Introduction 

CHAPTER THREE 

METHODOLOGY 

The present chapter discusses the methodology used in carrying out the study. The study 

employed four methods to address the objectives namely, the Phillip-Ouliaris Cointegration , 

Granger causality, impulse response functions and Exponential smoothing for forecasting. 

Before employing the Phillips-Ouliaris test a graphic assessment of the two series was 

inspected and a multiple break test was performed on the series to investigate suspected 

structural breaks. It should also be noted that before carrying out any Cointegration test it is 

necessary to find the order of integration and this is achieved by employing unit root test. For 

that purpose the study employed the Augmented Dickey Fuller (ADF) test and consequently 

found the order of integration. After application of the ADF test, the study carried out the 

Phillip-Ouliaris Cointegration and based on the results obtained, it employed VAR model to 

study short run interactions. Diagnostic checks were performed on the VAR model. These 

included the Jarque-Beta test for normality, White test for heteroscedasticity and Breusch

Godfrey LM test for serial correlation. The Granger causality, Impulse response function and 

exponential smoothing were carried out at a later stage in the study. All the analyses were 

carried out using E-views software. 

3.2 Data sources 

The data used in the study were obtained from the South African Reserve Bank (SARB) and 

Statistics South Africa (STATS SA) and spans from 2008Q1 to 201604. The real GDP data 

obtained from SARB was used to measure economic growth of all sectors in the economy 

and is measured in millions of Rands. Employment data was obtained from Quartley Labour 

Force Survey (QLFS) which is available on the STATS SA website. The QLFS collects data 

on the labour market activities for people aged 15 to 64 and it is measured in thousands 

(STATS SA, 2016) . 



3.3 Stationary and Non-stationary time series 

A stationary time series is data that shows constant features over time and non-stationary 

series shows trending and descending fluctuations over time. According to Asteriou and Hall 

(2011) a series is said to be stationary when three characteristics are met. The logic is that 

variable X, is stationary when its mean, variance and covariance are constant over time (t). 

This can be represented in the following equation form: 

E(X,) = constant for all t. 

Var(X,) = constant for all t. 

A non-stationary series occurs when some of these characteristics are not met. One can test 

for stationary and non-stationary values of time series by employing unit root test such as 

Dickey Fuller (DF), Augmented Dickey Fuller (ADF) or Phillips-Perron (PP) tests for unit 

roots. 

3.4 Augmented Dickey Fuller (ADF) test 

The ADF test is used to establish the absence or presence of a unit root and is equivalent to 

saying that one is testing whether or not the series is stationary or non-stationary. The 

application of unit root test is also necessary in determining the order of integration, since 

cointegration requires same order of integration on tested variables. The ADF test is highly 

recommended since it is reliable and also does not suffer from the challenges of 

autocorrelation (Jawad, 2015). The ADF test is the extended test of simple DF which allows 

researchers to eliminate the problem of autocorrelation (Asteriou and Hall, 2007). 

Autocorrelation is removed by adding extra lagged terms of the dependent variable. The 

extra lagged length from the extra terms could be selected using Akaike Information 

Criterion (AIC) or Schwarz Bayesian Criterion (SBC). This is determined by choosing the lag 

that minimises the information criterion. 

The ADF test can be estimated using the regression equation: 

p 

~Y, = B, + B21 + AY,_, + L/3;~Y,-; + c, ....... ... ..... ... .... ..... ... ... ...... ....... ..... ... .. ....... ..... 3.1 
i= l 

where: 



Y1 = time series, B 1 = constant, B2 = coefficient of time trend series, t= time trend, &1 = white 

noise error and i'\Y,_1 = (Y,_1 -Y,_2) symbolises first differencing. The pis the number of 

lags which can be specified using AIC or SBC. ADF test can be tested on three possible 

models which can be specified as follows: 

p 

llY, = AY,_I + '"fj3;llY,_; + &, ....... .... . ... . . . ........ . . .. .. .... . .. . . .. . . . . . .. . . . . . .......... .... . ....... .. ..... 3.2 
i= l 

p 

llY, =a+ AY,_1 + LP;llY,_; + &, .... . .. .... .. .. .. ........ .. .................................. .... ...... ... .. 3.3 
i= l 

p 

LlY,_1 =a+ J1 + AY,_1 + LP;llY,_1 + &, ........ .. .... .. ........ .... .................. ............... .. .. ... 3.4 
i= l 

Model 3.2 is used when the series tested exhibit no constant mean and no trend, while 

model 3.3 is used when the series has a constant mean but shows no trend and model 3.4 is 

used when the series has a constant mean and exhibits a trend. The choice of which model 

to use is determined by plotting the series and examining the plot to investigate evidence of 

a constant mean or a trend. 

The ADF test specifies the null and alternative hypothesis as follows: 

When the null hypothesis is accepted, it means time series Y1 is non-stationary. On the other 

hand, when the null hypothesis is rejected then Y, is said to be stationary. The null 

hypothesis is rejected when it is found that ADF test statistic is less than the specified critical 

value. 

The ADF test statistic is given by: 

/\ 

/\ A, 
r = /\ .... ... ... ...... ... ............ ... .... ..... ...... ... ... ... .. ....... ........ ... .. ....... .. ... ......... 3.5 

SE(A) 

/\ 

Where SE (A) is the standard error of A . The critical values are in Table 3.1: 



Table 3.1 Critical values for ADF test 

Model 1% 5% 10% 

p -2.56 -1.94 -1.62 
8Y, = JY, _, + IP;8Y,_; + &, 

i= l 

p -3.43 
8Y, =a+ Jr,_, + IP;8Y,_; + s, 

-2.86 -2.57 

i=l 

p -3.39 -3.41 -3.13 
8Y, =a+ ,1 + Jr,_, + IP;8Y,_, + s, 

i=l 

Standard critical values -2.33 -1.65 -1.28 

Source: Asteriou and Hall (2007) 

Alternatively one could use the probability values and level of significance to decide. The null 

hypothesis is rejected if the probability value of the test statistic is less than the specified 

level of significance. If it is found that the series are non-stationary, the next step would be 

to difference the series in order to find the order of integration. Once the series is stationary, 

say after first differencing, it is concluded that the series are integrated of order one. When 

the series have the same order of integration, then Cointegration can be applied. 

3.5 Concept of Cointegration 

Cointegration involves investigating the long run relationship between economic variables. 

Most economic variables are trending and hence show features of non-stationary 

performance. Subsequently, regression results obtained from using these variables may 

produce spurious results. However, if it is found that the linear combination of the non

stationary variables are stationary, then regression results obtained may be used. For 

instance, if it is found that Y1 and X1 are non-stationary and the estimated regression is 

given by: 

¥;=/Jo+ f31X1 +&, ...... ... .... ....... .... ... ...... ... .... ........ .... ..... ..... .. .. ... ... .... .. ...... ..... .... 3.6 

And when taking the residuals, the equation becomes: 

I\ I\ I\ 

E, =Y -/30 -/31 X, ..... .. .. ... ............. .. ... ... .. ...... ......... . .. ..... ..... .. .... ........... ..... 3.7 
I 



If &1 ~ I (0), then the variables are said to be cointegrated, that is they have a long run 

relationship (Asteriou and Hall , 2007). 

3.5.1 Phillips-Ouliaris test 

The Phillips-Ouliaris is one measure used to test for the long run relationship between 

variables and is mostly applicable in bivariate relationships. The test is based on two 

residual tests, namely, the Variance ratio and the multivariate trace statistic. Both are 

residual based unit root tests applied on residuals obtained from the Cointegration 

regression. The multivariate trace statistic is arguably advantageous because it is invariant 

to normalisation, meaning that it does not matter which variable is taken as the dependent 

variable (Ssekuma, 2011 ). 

3.5.2 Variance ratio test 

The variance ratio tests the null hypothesis that there is no Cointegration against an 

alternative for Cointegration . According to Adeleke, Adesina and Abegunrin (2016) the 

variance ratio statistic can be represented by P,, which can be defined by: 

I\ 

" T w, 1.2 P,, = -I T 2 .. .. .. . .... . ........... . ....................... . . . ..... .. . . .... . ... . .. .... ..... . .. ..... . .. ... 3.8 
T L r=I U1 

where and ut are the residuals from the long run relationship regression given by equation : 

I\ 

}'i = J3 x, + u, . . . . . . . .. . . . . ... ... .. . ... . . . . . ........ .. .. . . . ... .. . .. . ........ . ......................... . .......... 3.9 

I\ I\ 

and w, 1.2 is the conditional variance derived from the conditional matrix n 

" " " " - I " 
W11.2 = W11.2-W

1
21 0 22 W2 1 . .. . . .. . .. . . . . ... .. . . . . .. . .. . . . . .................................... ............ 3.10 

The covariance matrix is given by: 



And is estimated by: 

" T "" L T " " "" n = r-1 I:~ ~, + r-' I: w s/ I:c~, ~ ,-s + ~ ,-s ~"r) ... ..... .. ... ... ...................... ... ......... ... 3.12 
t=l t S=l t=l 

Where W51 is given by: 

ws1 = (1- s )(l + 1) ......... .. .. ...... ....... .... .... ... ... .... .... ........ ............................... .... .. .. 3.13 

The null and alternative hypothesis is derived in terms of the parameter given by w, 1.2 and 

thus is specified as follows: 

The researcher may use the probability value and level of significance to decide whether to 

accept or reject the null hypothesis. The null hypothesis is rejected when the probability 

value is less than the specified level of significance. Once the null hypothesis is rejected it 

can be concluded that the variables are cointegrated. On the other hand, when the null is 

accepted it can be concluded that the variables are not Cointegrated and thus the regression 

results cannot be used as they would provide spurious estimates. 

3.5.3 Multivariate trace statistic test 

Multivariate trace statistic can be used when testing cointegration on more than two 

I\ 

variables (Adeleke et al. , 2016). The multivariate trace statistic is denoted by P, and is 

defined by the following equation: 

I\ I\ 

Pz = Ttr(OM u _, ) ... .... .. ........... .... ........ ..... ..... ... .... ..... .. . .. .. .......... ..... .... ............ 3.14 

T 

Where M ~
1 = r' I: z,z; .... ... ....... ... ........ ... ...... ............. .. ......... ............ ....... ..... .. 3.15 

t=l 

I\ 

And n is estimated the same as in equation 3.11 . 



The decision rules are the same as in the variance ratio test. 

Once Cointegration has been applied, a decision has to be made regarding the results. For 

instance, when it is found that there exists a long run relationship between the variables, 

then a VECM model has to be estimated in order to investigate the long and short run 

interaction between the variables. On the other hand, when there is no long run relationship, 

then a VAR model is specified to study the short run interaction between the variables. 

3.6 Vector Autoregressive (VAR) model 

A VAR model is used to capture linear correlation between variables. When it is found that 

variables say X, and Y1 are non-stationary and not Cointegrated, then it is necessary to work 

with VAR model in the first differences of the variables (Hill, Griffiths and Lim, 2012). The 

VAR can thus only explain the short run interaction between variables. According to Bihn 

(2013) the VAR model shows that the variables within the model can influence one another. 

For instance when given a bivariate VAR model: 

p p 

~ = a 1 + /31X 1 + I>,j~ -j + L<PjX r-j +&,
1 

. . .. . . . .. .. . .. .. . .. .... .. . ............... ... .............. . 3.16 
j=l j=l 

p p 

xi = a 2 + /32~ + L'Pj~-j + L0jXt-j + & 21 . .. . . .. .. . . . . .• . .. . ....................................... 3.17 
j=l j=l 

where &11 and &2, are assumed to be uncorrelated white noise error and P symbolises lag 

length number. It should be noted that to select the appropriate lag length one could use the 

likelihood ratio test or information criterion test. The best would be the one that maximises 

the likelihood ratio or minimize information criterion (Xu and Shu, 2010). It could be noted 

from equation 3.16 that variable Y, is affected by both its current and past values and also 

by the current and lagged value of Variable X, . . A Wald coefficient test can be performed on 

the models to test whether or not the coefficient of lagged independent variables are zero, 

that is to show whether the dependent and independent variables have an impact on each 

other. 



3. 7 Error Correction Model (ECM) 

The ECM is a model used to investigate the long run and short run effects on variables that 

are cointegrated. According to Binh (2013) when the variables say Y, and X, are found to 

be cointegrated, the ECM term must be estimated. The ECM can be represented by the 

following equation: 

~Y, = /Jo - /J1 (Y,_l - al x,_1) + aoM , + c, .. .... .. ... ................... ..... .. ...... ............... ... . 3.18 

It should be noted that equation 3.18 is only applicable when the variables are Cointegrated 

meaning that they move together in the long run and never move apart from each other, 

meaning that they maintain equilibrium (Keele, 2004). From equation 3.18 a0 is the short 

run effect which shows the impact of variable X, on changes of variable Y, . The long run 

effect is represented by a 1 , and is referred to as the long term effect that variable X, has on 

variable Y1 (Keele, 2004). 

3.8 Impulse response function 

The impulse response function is mainly used to investigate how the dependent variable 

responds to external shocks. It may be used to predict the reaction of the variable in future. 

According to Gujarat and Porter (2009), the shocks are applied to the error terms of the VAR 

system. For instance, the shocks may be applied in the error terms such as £1, and £2, of the 

VAR in equation 3.16 and 3.17. In that case it is said that there are two shocks to the VAR 

model, which are one to Y1 and X,. If, for instance, one standard deviation shock is applied 

to £1, in equation 3.16 then Y, and X 1 will respond to the shocks. 

3.9 Diagnostic checks 

Once the VAR or the ECM are estimated, (that is determined by the existence or 

nonexistence of long run relationship), it necessary to check whether the residuals follow the 

model's assumptions. The researcher should check whether normality, heteroscedasticity 

and serial correlation of the residuals are not violated. 



3.9.1 Normality 

One of the assumptions of the models requires that the residuals are normally 

distributed.The mostly widely used test for normality is the Jarque-Bera. This involves testing 

a statistic that is a function of the skewness and excess kurtosis of the sample (Chambers, 

Anson , Black and Kazemi, 2009). The Jaque-Bera (JB) statistic may be given as follows: 

JB = N [s 2 +(K 2 /4)). .. ....... .. .... .. ....... ..... ..... .. .. .... .. .... .. ........... . .. ... . .. . ... ............ 3.19 
6 

Where N is the number of observations, S represents the skewness and K the kurtosis. 

The JB statistic tests the null and alternative hypotheses as follows: 

HO : The residuals are normally distributed. 

H 1 : The residuals are not normally distributed. 

The null hypothesis is accepted when the probability value is greater than the level of 

significance. 

3.9.2 White test for Heteroscedasticity 

One other assumption of the regression model is that the variance of the errors should be 

constant. This means that the errors of the variance should be homoscedastic. The violation 

of this assumption results in non-constant variance of the errors, which is termed 

Heteroscedasticity. The study employed the White test for heteroscedasticity because of its 

advantages. According to Asteriou and Hall (2011 ), the test is advantageous because it does 

not require prior determination of variables causing Heteroscedasticity and it also does not 

depend on normality assumption. The white test assumes a model with two explanatory 

variables which could be specified as follows: 

Y; = a1 +a2X2; +a3X3; + µ1 .... .. ..... .. .. ........... .. ....... .. .... ......... .. .. ............. .... .. .. ... 3.20 

Then the squared residuals are regressed on the constant, and on all the explanatory 

variables and cross products, and then the auxiliary regression is formed and can be written 

as: 

/\ 2 

µ , =b1 +b2X2; +b3 X 3; +b4 X 2
2; +b5X 2

3; +b6 X 2;X 3; +v; ....... ..... ......... .. .. ....... .... ... 3.21 

From the equation the null and alternative hypothesis can be specified as follows: 



HO : At least one of the b 's is not zero (No presence of Heteroscedasticity) 

H 1 : b1 = b2 = ... b P = 0 (Heteroscedasticity) 

The test statistic is given as: 

W7' = nR2 
................. . .. . . .. . . .. . . . . . . .. . . .... . . ...... .. . . . . .... . . .. . . . . .. . .. ... . ..... . .......... . .... . .. 3.22 

Where n is the number of observations and R2 is the coefficient of determination obtained 

from the regression and WT denotes White Test. 

The null hypothesis can be accepted when it is found that the probability value associated 

with test statistic is greater than level of significance. 

3.9.3 Breusch-Godfrey LM test for serial correlation 

One other assumption requires that the residuals should not be serially correlated. Hence, 

the residuals must be independent of each other. The Breusch-Godfrey LM test is used to 

test whether the residuals are serially correlated and is advantageous over the commonly 

used Durbin-Watson test in the sense that it is applicable when a lagged dependent variable 

is used (Asteriou and Hall, 2011). It is further cited that it can deal with high orders of serial 

correlation. After estimating regression and obtaining the residual , the test takes the form: 

2 

v, ~ N(O,(J'v ) ........ . .. . ......... ........ ...... . 3.23 

The test follows the null and alternative hypothesis as follows: 

HO : At least one of the p 's is not zero (No Serial correlation) 

H,: p 1 = p 2 = 0 ... Pr = 0 (serial correlation) 

According to Brooks (2002) the test statistic can be specified as follows: 

(N -r)R2 2 

~ Xr ........ ....... .... .. ........ .......... ...... .. ........................ .. ............... .. .. .. ... .. ..... 3.24 

It should be noted that R denotes the number of lags to be specified. The null hypothesis 

can be accepted when the probability value associated with this test statistic is greater than 

level of significance. 



3.1 O Granger Causality 
I NWU ,_ 
LIBftAiaj 

The concept of Granger causality involves estimating whether or not a set of variables, say 

Y1 and X1 , can influence one another. It is usually used to test the direction or causality of 

the variables. For instance, it could be found that Y1 causes X1 or X1 causes Y, and this 

is termed unidirectional causality. On the other hand, it could be found that Y, causes X1 

and also X1 causes Y1 , then it is termed bi-directional causality. Application of the test 

could be tested on two variables say Y, and X1 and the following equation can be applied 

to see how the variables are related: 

Yr= ao +alY,-1 + ... . +a pY,-p + /31X1-l + .. .. f3pXt-p +&( .... ....... ..... ....... ... ...... ...... ... .... 3.25 

The test uses the F-test to the null hypothesis of whether or not the lagged coefficients X in 

equation 3.25 are zero (Studenmund, 2011 ). The null and alternative hypothesis for equation 

3.25 can be specified as follows: 

HO : The coefficient of the lagged X variables are zero 

H1 : At least one coefficient of the lagged X variables are not zero. 

If the null hypothesis is rejected then, variable X ganger causes Variable Y . If it is accepted 

then it would mean that the there is no evidence that variable X granger causes variable. 

Y .It is also possible that Variable Y can Granger cause Variable X. In that instance it 

would be advisable to switch the variables and test equation 3.26. The null and alternative 

hypotheses can thus be specified as follows: 

HO : The coefficient of the lagged Y variables are zero. 

H , : At least one coefficient of the lagged Y variables are not zero. 

When the null hypothesis is rejected then variable Y granger causes X . If both models 

reject the null hypothesis, then there is bi -directional causality between the variables. If both 

models do not reject the null hypothesis, it would suggest that there is no causal relationship 

between the variables. 



3.11 Exponential smoothing 

Exponential smoothing is another form of forecasting technique used in time series analysis. 

According to Hyndman, Koehler, Ord and Snyder, (2008) exponential smoothing is a 

forecasting method whereby forecasts are a weighted combination of past values and where 

recent values are given more weight than the old values. There are a number of different 

types of exponential smoothing which depends on the patterns of the data to be forecast. 

For instance, other techniques are applicable when the data shows only some patterns of a 

trend, while others are applicable when the data shows both patterns of a trend and 

seasonality. The study discusses the non-seasonal Holt exponential smoothing which was 

employed later in the study. 

3.11.1 Non seasonal Holt exponential smoothing 

The non-seasonal Holt exponential smoothing is more applicable on data that shows 

patterns of a trend and non-seasonal component. It is often referred to as double 

exponential smoothing because it t has two components, the smoothed component and the 

trend component (Lee, Lee and Lee, 2009). The model can be specified as: 

st = ox.I + o -o)(S1_, + r,_,) ...... .... ....................... .... ...... ............. ....... ........ ... .... 3.21 

T, = a(St - st-I)+ (1-a)T,_, ..... ........... ... ....... .... .. ........... .... .. .. ...... .... ........ .... .. ... 3.28 

Where SI represents the smoothed value for period t, I: is the trend value for period t, '5 

and a are the two smoothing constants which may lie between O and 1. Then initial values 

of S1 and I: can be calculated: 

s1 = x 1 ... .. .. ...... ..... ...... ................... ...... .. ...... ... ........... ..... ....... ......... ..... ... .... 3.29 

'Fi= (X 2 -X 1)-(X 3 -X 2 )-(X 4 -X 3 ) = (X 4 -X 1 ) .. . . ..... .. . . ..... ... .... ...... ..... . . 3.30 
3 3 

The forecast value for period t + 1 can be given as: 

F:+1 = SI +Tl ... ... .... ...... .. ...... .. ... .... ... ...... ............ ....... .. ... .. .... .. ........ ...... ... ...... .. . 3 .31 



3.12 Conclusion 

This chapter outlined the methods of data collation and analysis that were employed in the 

study. The next chapter focuses on applying the methods to the data on economic growth 

and employment trends in South Africa using E-view software. 



CHAPTER FOUR 

DATA ANALYSIS AND RESULTS 

4.1 Introduction 

Chapter four presents the results and analysis of the study. It starts off by assessing the 

graphic presentation of the two time series. Moreover, ADF unit root tests are applied to 

investigate stationarity and order of integration. The Multiple break test is applied to the data 

to investigate whether or not there were structural breaks within the data. Afterward, the 

chapter explores the long run relationship between the variables using Phillips-Ouliaris 

cointegration test. Then the short-run interactions of the two variables are explored following 

the results of cointegration test using the VAR model. The impulse response function is also 

assessed to investigate the response of the variables when shocks are present. The 

Granger causality test is then applied in order to investigate causal relationships of the two 

variables. Finally, Exponential smoothing is used to produce short term forecasts for each 

series. 

Before the detailed presentation and analysis, it should be noted that the two variables are 

transformed to natural logarithms. Steward (2005) suggests that it is better to work with 

variables in their logarithms especially for cases were variables grow over time. In fact, it is 

more applicable to work with time series variables only at their natural levels when they are 

not trending. Ssekuma (2011) further argues that application of variables to their natural 

logarithm stabilizes the variance that may not be constant over time. Hence, it should be 

noted that the transformed variables, employment and gross domestic product, are referred 

to as log_empl and log_gdp throughout the chapter. 



4.2 Univariate analysis of the variables 

This segment commences by plotting the time plots of each of the variables. Figure 4.1 (a) 

and (b) are the plots of variables log_empl and log_gdp respectively. 

Figure 4.1: Plot of log_empl series and log_gdp 
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Figure 4.1 (a) and 4.1 (b) show the patterns of the log_empl and log_gdp series respectively 

from 2008 Q1 to 2016 Q4. The plot of log_empl series shows that employment has been 

unstable throughout. It shows both inclines and declines throughout the years studied. It 

shows a sharp decline from 2008Q4 to 2009Q3. Afterwards, a slight increase is realized 

from 2009Q4 and then it starts to decrease until 20100 2. From there, a tremendous 

increase to 2015Q4 is observed. This kind of shift in the series indicates that there may have 

been structural breaks. 

On the other hand, log_gdp series shows an increasing trend from 200902 until there is a 

slight decrease from 2015 Q1. It is observed that both series show non-stationary features 

since they do not fluctuate around a constant pattern. However, in order to confirm that the 

two are non-stationary, formal tests are employed to establish such. 

4.1.2 ADF Unit root test 

According to Steward (2005) , Cointegration is performed on non-stationary variables as it is 

known that stationary variables cannot be cointegrated. Steward (2005) further claims that 

the variables should have the same order of integration in order to perform Cointegration 

tests. It is based on these underlying concepts that the study tested for unit roots in both of 

the variables. 

The study employed the ADF for unit root test. It should be noted that when the variables are 

found to have a unit root this is equivalent to saying that they are non-stationary. The ADF 

tests the null hypothesis of a unit root against the alternative of no unit root. The null 

hypothesis of the test is accepted when the probability value associated with the test statistic 

is greater than a certain level of significance, and is rejected when the probability value is 

less than the level of significance (Moroke, 2005). Alternatively one can also use the ADF 

test statistic and critical values to conclude, whereby the null hypothesis is accepted when 

the ADF test statistic is greater than the critical values and rejected when it is less. The study 

uses 5% level of significance to accept or reject the test. 

The ADF test is normally performed on three options, which are 'intercept', 'trend ' and 

intercept' or 'none' options. Both series in the study show an upward trend and it might be 

advisable to perform the tests on the intercept and trend option. However, the study first 

establishes whether the inclusion of 'trend and intercept' is significant. 



Table 4.1: ADF test equation for log_empl 

Variable Coefficient Std. Error t-Statistic Prob. 

LOG_EMPL(-1) -0.153338 0.077381 -1.981584 0.0562 
C 1.444558 0.730762 1.976783 0.0567 
TREND 0.001392 0.000566 2.457730 0.0196 

A-squared 0.159179 Mean dependent var 0.004718 
Adjusted A-squared 0.106628 S.D. dependent var 0.019655 
S.E. of regression 0.018577 Akaike info criterion -5.051929 
Sum squared resid 0.011044 Schwarz criterion -4.918613 
Log likelihood 91.40876 Hannan-Quinn criter. -5.005908 
F-statistic 3.029023 Durbin-Watson stat 1.786481 
Prob(F-statistic) 0.062410 

The ADF regression test is performed on the intercept and trend to check for their 

significance. Table 4.1 above shows that the intercept is insignificant at 0.0567. On the other 

hand, the trend is significant at 0.0196. This suggests that the ADF test should include a 

'trend and intercept' option for log_empl series. 

Table 4.2: ADF test equation for log_gdp 

Variable Coefficient Std. Error t-Statistic Prob. 

LOG_GDP(-1) -0.108653 0.089329 -1.216321 0.2328 
C 1.600426 1.312037 1.219802 0.2315 

TREND 0.000504 0.000453 1.112383 0.2743 

A-squared 0.047263 Mean dependent var 0.003970 
Adjusted A-squared -0.012283 S.D. dependent var 0.006005 
S.E. of regression 0.006042 Akaike info criterion -7.298263 
Sum squared resid 0.001168 Schwarz criterion -7.164947 
Log likelihood 130.7196 Hannan-Quinn criter. -7.252242 
F-statistic 0.793727 Durbin-Watson stat 1.160841 
Prob(F-statistic) 0.460857 

The ADF test for log_gdp series is performed and it can be observed in Table 4.2 that the 

trend and intercept are insignificant as the probability values are greater than 5 % level of 

significance. This suggests that the ADF test does not include the intercept and trend 

options. 



Table 4.3: ADF test at level 

Variables ADF- statistic Critical values Prob.* 

Log_empl -1.982 -3.544 0.591 

Log_gdp 3.908 -1.951 0.999 

*MacKinnon (1996) one-sided p-values 

The table 4.3 above clarifies the ADF test for log_empl and Log_gdp series respectively. The 

null and alternative hypothesis for both series are as follows: 

H O : Series have unit rooV non- stationary. 

H 1 : Series have no unit root/stationary. 

Table 4.3 clearly shows that the null hypothesis is accepted for log_empl series, since the 

probability value associated with the test statistic (0.591) is greater than the 5% level of 

significance. Similarly, log_gdp series also shows that the null hypothesis cannot be rejected 

since the probability value (0.999) is greater than 5 % level of significance. Having 

established that both the series are non-stationary, the next step involves differentiating both 

the series and applying the ADF test. This is done to find whether or not the differenced 

series is stationary and also find the order of integration. 



Figure 4.2: Plots of first difference of log_emp and log_gdp 
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Figure 4.2 (a) and (b) plots first differenced series of log_empl and log_gdp respectively. 

Both series seem to be fluctuating around a constant pattern , which may indicate 

stationarity. The ADF tests are performed on first differenced series in order to find whether 

or not they are stationary and also to find the order of integration. 



Table 4.4: ADF test on first differenced series 

Variables ADF- statistic Critical values Prob.* 

D1 log_empl -5.211 

D1 log_gdp -2.372 

-3.548 

-1.951 

*MacKinnon (1996) one-sided p-values 
Note: D1 denotes first differencing. 

0.0009 

0.0192 

From the analysis presented in Table 4.4, the null hypothesis is rejected for d1 log_empl 

series, since probability values associated with test statistic (0.0009) is less than 5 % level of 

significance. Similarly, the null hypothesis is rejected for d1 log_gdp series as the probability 

value (0.0192) is less than 5 % level of significance. It can therefore be concluded that both 

series become stationary after first differencing. This means that both series are integrated 

of the same order that is I (1 ). This could suggest that there may exist a long run relationship 

between the two variables. 

4.2 Structural breaks 

As pointed out earlier, there may have been structural breaks that occurred in the case 

studied. In order to confirm this probability, a multiple breakpoint test is applied to establish 

such breaks. This test is particularly used for multiple breaks that occurred at unknown 

dates. 



Table 4.5: Multiple breakpoint test 

Multiple breakpoint tests 
Bai-Perron tests of L+1 vs. L sequentially determined 
breaks 
Sample: 200801 201604 
Included observations: 36 
Breaking variables: C LOG_GDP 
Break test options: Trimming 0.15, Max. breaks 5, Sig. 
level 0.05 
Sequential F-statistic determined breaks: 3 

Scaled Critical 
Break Test F-statistic F-statistic Value** 

0 vs. 1 * 44.51065 89.02131 11.47 
1 vs. 2 * 45.35273 90.70546 12.95 
2 vs. 3 * 7.547004 15.09401 14.03 
3 vs. 4 3.253190 6.506379 14.85 

* Significant at the 0.05 level. 
** Bai-Perron (Econometric Journal, 2003) critical values. 

Break dates: 
Sequential Repartition 

1 201303 200903 
2 200903 201303 
3 201502 201502 

Table 4.5 illustrates that there were 3 break points within the data. The sequential and 

repartition procedure gives the dates of the breaks. It is clear from the table that the breaks 

occurred in 200903, 201303 and 201502. In order to account for structural breaks 3 

dummy variables are employed, which are given as follows: 

D1 = 1 for 200903 forward and O otherwise. 

D2=1 for 201303 forward and O otherwise 

D3= 1 for 201502 forward and O otherwise. 



4.3 Cointegration relationship between employment and GDP 

To investigate the long run relationship between the two variables the Phillip-Ouliaris 

Cointegration is employed. Following the results from the multiple break test, Cointegration 

was tested on two samples, for the period 2008Q1-2016Q4 with dummy variables and 

2009Q3-2016Q4. It should be noted that for the period 2013Q3 -2016Q2 and 2015Q2-

2016Q4 Cointegration was not performed because both samples have fewer observations 

and thus cannot produce reliable estimates. Table 4.6 and Table 4.7 illustrate the 

cointegration test for the two samples respectively. 

Table 4.6: Phillip-Ouliaris test for periods 200801 to 201604 

ICointegration Test - Phillips-Ouliaris 
Specification: LOG_EMPL LOG_GDP D1 D2 D3 C 
ICointegrating equation deterministics: C 
Null hypothesis: Series are not cointegrated 
Long-run variance estimate (Bartlett kernel, Newey-West fixed bandwidth= 

4.0000) 
No d.f. adjustment for variances 

Value Prob.* 
Phillips-Ouliaris tau-statistic -5.285215 0.0202 
Phillips-Ouliaris z-statistic -24.32269 0.1236 
*MacKinnon (1996) p-values. 

Phillips-Ouliaris Test Equation: 
Dependent Variable: D(AESID) 
Method: Least Squares 
Sample (adjusted): 2008Q2 2016Q4 
Included observations: 35 after adjustments 

Variable Coefficient Std. Error t-Statistic Prob. 
AESID(-1) -0.935446 0.178731 -5.233808 0.0000 

A-squared 0.445600 Mean dependent var 0.000357 
Adjusted A-squared 0.445600 S.D.dependentvar 0.011114 
S.E. of regression 0.008275 Akaike info criterion -6.722967 
Sum squared resid 0.002328 Schwarz criterion -6.678528 
Log likelihood 118.6519 Hannan-Quinn criter. -6.707627 
Durbin-Watson stat 1.842915 

H O : Series are not cointegrated. 

H 1 : Series are cointegrated. 



Table 4.6 reveals the Phillips-Ouliaris tau-statisitc and the z-statistic, which are used to 

conclude whether or not there was a long run relationship for the periods. The probability 

value (0.0202) associated with Phillips-Ouliaris tau-statistic rejects the null hypothesis, while 

the Phillips-Ouliaris z-statistic (0.1236) fails to reject. Based on the previous chapter, the 

study relied on using the Philips-Ouliaris z-statistic since it is more advantageous over the 

tau-statistic. From that it can be concluded that there was no long-run relationship between 

the two variables for the period of 2008Q1-2016Q4. 

Table 4.7: Phillip-Ouliaris test for periods 2009Q3 to 2016Q4 

Cointegration Test - Phillips-Ouliaris 
Specification: LOG_EMPL LOG_GDP C 
Cointegrating equation deterministics: C 
Null hypothesis: Series are not cointegrated 
Long-run variance estimate (Bartlett kernel, Newey-West fixed 
bandwidth= 

4.0000) 
No d.f. adjustment for variances 

Value Prob.* 
Phillips-Ouliaris tau-statistic -2.397283 0.3468 
Phillips-Ouliaris z-statistic -8.151453 0.4292 
*MacKinnon (1996) p-values. 

Phillips-Ouliaris Test Equation: 
Dependent Variable: D(AESID) 
Method: Least Squares 
Sample (adjusted): 2009Q4 2016Q4 
Included observations: 29 after adjustments 

Variable Coefficient Std. Error t-Statistic Prob. 
AESID(-1) -0.287595 0.121260 -2.371729 0.0248 

A-squared 0.166115 Mean dependent var -0.000749 
Adjusted A-squared 0.166115 S.D.dependentvar 0.020317 
S.E. of regression 0.018552 Akaike info criterion -5.102551 
Sum squared resid 0.009637 Schwarz criterion -5.055403 
Log likelihood 74.98699 Hannan-Quinn criter. -5.087785 
Durbin-Watson stat 1.970777 

HO : Series are not cointegrated. 

H 1 : Series are cointegrated. 

It can be concluded based on the results that the null hypothesis cannot be rejected as both 

the probability values associated with tau-statistic (0.3468) and z-statistic (0.4292) are larger 



than 5 % level of significance. Hence it could be concluded that there was no long 

relationship for the period 2009Q3-2016Q4. 

4.5 Vector Autoregressive model 

Since it was established that there was no long run relationship between the two variables, it 

is advisable to estimate the VAR model. It should be noted that the VAR model is employed 

in order to capture the short run interaction between the two variables. Before estimating 

VAR model, it is necessary to select an appropriate lag length. 

4.5.1 Lag length criterion 

Based on the FPE and AIC and HQ lag 2 was selected. The study thus employed lag order 2 

to estimate the VAR model. The model to be estimated is hence VAR (2). 

Table 4.8: Lag length criteria 

VAR Lag Order Selection Criteria 
Endogenous variables: D1 LOG_EMPL 
D1LOG_GDP 
Exogenous variables: C D 1 D2 D3 
Sample: 200801 201604 
Included observations: 31 

Lag LogL LR FPE AIC SC HQ 

0 208.9278 NA* 8.06e-09 -12.96308 -12.59302* -12.84245 
1 213.2233 6.928290 7.97e-09 -12.98215 -12.42706 -12.80120 
2 219.5149 9.335882 6.97e-09* -13.12999* -12.38987 -12.88873* 
3 221 .8798 3.204113 7.93e-09 -13.02451 -12.09935 -12.72293 
4 224.5588 3.283847 8.97e-09 -12.93928 -11.82909 -12.57738 

* indicates lag order selected by the criterion 
LR: sequential modified LR test statistic (each test at 5% 

level) 
FPE: Final prediction error 
AIC: Akaike information criterion 
SC: Schwarz information criterion 
HQ: Hannan-Quinn information criterion 



4.5.2 VAR estimates 

It should be noted that when dealing with two variables, the VAR model estimates two 

equation models. In the current study, the first model estimated is where variable 

D1 log_empl is the response variable, while the second model estimated is where the 

response variable is D1Iog_ gdp. Hence the first equation of the VAR is the employment 

equation: 

D1Iog_emp = 0.0001-0.175*d1Iog_empl (-1)-0.334*d1Iog_empl (-2) +0.150*d1Iog_gdp (-1) 

+ 1.016.917*d1 log_gdp (-2)-0.013*d1 +0.023*d2-0.007*d3 ... .... ...... .... .... .. ....... ............ .4.1 

The second one is the GDP equation: 

D1Iog_GDP = -0.008+0.041*d1Iog_empl (-1) - 0.069*d1Iog_empl (-2) - 0.103*d1Iog_gdp (-1) 

+0.0.081 *d1 log_gdp (-2) +0.015*d1-0.0001*d2-0.005*d3 ........... . ... .. . ...... .... .. ........ ..... .4.2 

Table 4.9: Vector Autoregressive model 1 

Dependent variable: D1 log_empl 

IV coefficients std. Error t-statistic p-value 

D1Iog_empl(-1) -0.175376 0.179426 -0.977428 0.3331 
D1 log_emp(-2) -0.334208 0.173658 -1.924523 0.0600 
D1Iog_GDP(-1) 1.559717 0.737153 2.115865 0.0394 
D1 log_GDP(-2) 1.015556 0.600239 1.691919 0.0969 
C 0.000104 0.011644 0.008915 0.9929 
D1 -0.012807 0.014229 -0.900038 0.3724 
D2 0.023178 0.009085 2.551308 0.0138 
D3 -0.007239 0.010172 -0.711623 0.4800 

A-squared 0.395601 Mean dependent var 0.004933 

Adjusted A-squared 0.226370 S.D. dependent var 0.020172 

S.E. of regression 0.017743 Sum squared resid 0.007870 

Durbin-Watson stat 1.818107 

The table above shows that the response variable d1 log_emp can be influenced by its own 

lagged values and also by the lagged values of explanatory variable d1 log_gdp. It can be 

observed that there is a negative relationship between variable d1 log_empl with its own 

lagged values while there is a positive relationship between variable d1 log_empl and 



variable d1 log_gdp at all its lags. Nonetheless, the main interest of the study is to 

investigate whether or not variable d1 log_gdp at all its lags can influence variable 

d1 log_emp. To achieve this, a Wald coefficient test was performed. It tests whether or not 

the coefficients of d1 log_gdp (- 1) and d1 log_gdp (-2) jointly are equal to zero in equation 4.1. 

Table 4.10: Wald coefficient test for VAR model 1 

Test Statistic Value Of Probability 

8hi-square 10.14487 2 0.0063 

Null Hypothesis: C(3)=C(4)=0 
Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
8(3) 1.559717 0.737153 
C(4) 1.015556 0.600239 
Note: C (3) and C (4) represents coefficients of d1 log_gdp (1) and 
d1 log_gdp (2) respectively. 

It should be noted that if the coefficient of the lagged values of the independent variables are 

zero, then the independent variable cannot influence the dependent variable. It can be 

observed in the table above that the null hypothesis is rejected since the probability value 

associated with the test statistic (0.0063) is less than 5% level of significance. It can be 

logically concluded that variable d1 log_gdp impacts variable d1 log_empl. 

Table 4.11: VAR model 2 

Dependent variable: 01 Log_GDP 

IV coefficients std. errors t-statistic p-value 

D1Iog_empl (-1) 0.040857 0.042306 0.965740 0.3388 
01 log_empl (-2) -0.068853 0.040946 -1.681532 0.0989 
01 log_gdp (-1) -0.103166 0.173812 -0.593550 0.5555 
01 log_gdp (-2) 0.080546 0.141529 0.569116 0.5718 
C -0.008155 0.002746 -2.970383 0.0046 
01 0.015034 0.003355 4.481198 0.0000 
02 -0.001219 0.002142 -0.569059 0.5719 
03 -0.005103 0.002398 -2.127497 0.0383 
A-squared 0.619010 Mean dependent var 0.003755 

Adjusted A-squared 0.512332 S.D. dependent var 0.005991 

S.E. of regression 0.004184 Sum squared resid 0.000438 



Durbin-Watson stat 2.464346 

It can be observed from Table 4.11 that at 1-period lag variable d1 log_emp has a positive 

impact on d1 log_gdp, while at 2-period lag there is a negative association. In order to check 

whether both of the lags of variable d1 log_empl can significantly affect variable d1 log_gdp, a 

Wald coefficient test is performed. 

Table 4.12: Wald coefficient test for VAR model 2 

Test Statistic Value Of Probability 
Chi-square 3.799512 1 0.0513 

Null Hypothesis: C(9)=C(10) 
Null Hypothesis Summary: 

I 
Normalized Restriction (= 0) Value Std. Err. 
C(9) - C(10) 0.109709 0.056283 
Note: C (9) and C (10) represents coefficients of d1Iog_emp (-1) 
And d1 log_emp (-2) respectively. 

Table 4.12 clearly indicates that the null hypothesis is accepted, since probability 0.0513 

associated with the test statistic is larger than 5 % level of significance. This indicates that 

variable d1 log_empl cannot influence variable d1 log_gdp. 

4.5 Diagnostic checking 

The next step involved checking the adequacy of the estimated models. It should be noted 

that the model should not have serial correlation, heteroscedasticity and non-normality on 

the residuals. 



4.5.1 Adequacy of VAR model 1 

The study first analyses the residuals of Vector Autoregressive model 1. 

Figure 4.13: Normality test on the residuals for VAR model 1 
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Minimum -2.298827 
Std. Dev. 0.686948 
Skewness 0.167708 
Kurtosis 2.447967 

Jarque-Bera 0.486784 
Probability 0.783964 

H O : The residuals are normally distributed. 

H 1 : The residuals are not normally distributed. 

Figure 4.13 above presents the histogram and the Jacque-Beta statistic. The Jacque-Beta 

statistic tests whether or not the residuals are normally distributed. From the analysis in the 

histogram, the null hypothesis is accepted since the probability value of 0.784 associated 

with the Jarque-Bera statistic is greater than 5% level of significance. 

Table 4.14: White Heteroscedasticity test for VAR model 1 

Heteroscedasticity Test: White 
F-statistic 
Obs*R-squared 
Scaled explained SS 

3.268828 Prob. F(7,20) 
14.94084 Prob. Chi-Square(?) 
48.61624 Prob. Chi-Square(?} 

0.0175 
0.0368 
0.0000 



H O : There is no presence of heteroscedasticity. 

H 1 : There is heteroscedasticity. 

Table 4.14 above displays the White's test for heteroscedasticity. The test statistic to be 

tested is the obs*R-squared. It can be concluded that the null hypothesis is rejected since 

the probability associated with the test statistic at 0.0368 is less than 5 % level of 

significance. It is concluded that there is a problem of heteroscedasticity in the residuals . 

Table 4.15: Breusch-Godfrey LM test for VAR model 1. 

Breusch-Godfrey Serial Correlation LM Test: 
F-statistic 0.918804 Prob. F(4, 16) 
K)bs*R-squared 5.230236 Prob. Chi-Square(4) 

H O : There is no serial correlation. 

H
1

: There is serial correlation. 

0.4770 
0.2645 

Table 4.15 above displays Breusch-Godfrey LM test for serial correlation. It can be 

observed from the table that the null hypothesis cannot be rejected as the probability value 

associated with the test statistic (0.2645) is larger than 5 % level of significance. It can 

therefore be logically concluded that there is no serial correlation in the residuals. 



4.5.2 Diagnostic checking for VAR model 2 

The same tests are applied to establish the appropriateness of VAR model 2. 

Figure 4.16: Normality test on the residuals for VAR model 2 

B~---------------~ 
Series: Residuals 
Sample 200804 201303 
Observations 20 

rvean -1.90e-18 
rvedian -0.000312 
M:lximum 0.005369 
Mnimum -0.007226 
Std. Dev. 0.003441 
Skewness -0.250561 
Kurtosis 2.505167 

L 
Jarque-Bera 0.413319 o.....,.... ____ __.,__ __________ __, 
Probability 0.813297 

-0.005 0.000 0.005 

H O : The residuals are normally distributed. 

H 1 : The residuals are not normally distributed. 

The histogram above clarifies the Jacque-Beta statistic. The Jacque-Beta statistic tests 

whether or not the residuals are normally distributed. From the analysis in the histogram the 

null hypothesis is accepted since the probability value of 0.813 associated with the Jarque

Bera statistic is larger than 5 % level of significance. It is concluded that the residuals from 

VAR model 2 are normally distributed. 



Table 4.17: White Heteroscedasticity test for VAR model 2 

Heteroscedasticity Test: White 
F-statistic 
Pbs*R-squared 

1.446970 Prob. F(5, 14) 
6.814129 Prob. Chi-Square(5) 

H O : There is no presence of heteroscedasticity. 

H 1 : There is presence of heteroscedasticity. 

0.2682 
0.2348 

The null hypothesis is accepted and it can be concluded that there is no problem of 

heteroscedasticity in the residuals , since the probability associated with obs*R-squared 

(0.2348) is greater than 5% level of significance. 

Table 4.18: Breusch-Godfrey LM test for VAR model 2 

Breusch-Godfrey Serial Correlation LM Test: 
F-statistic 0.237219 Prob. F(4, 10) 
Obs*R-squared 1.733283 Prob. Chi-Square(4) 

H O : There is no serial correlation. 

H 1 : There is serial correlation. 

0.9110 
0.7847 

The Breusch-Godfrey LM tests whether or not there is presence of serial correlation in the 

residuals. It can be observed from the table that the null hypothesis cannot be rejected as 

the probability value associated with the test statistic of 0.7847 is larger than 5% level of 

significance. It can therefore be concluded that there is no serial correlation in the residuals. 



4.6 Impulse response function 

The next step involves the impulse response function which could be used to investigate the 

reaction of the variables in future due to some shocks. Figure 4.3 represents the impulse 

response function for the shocks in the two variables. The effects are measured by a unit 

standard deviation and are examined for 1 O quarters. 

Figure 4.3: Impulse response function 

Response to Cholesky One S.D. Innovations± 2 S.E. 

Response of D1 LOG_EMPL to D1 LOG_EMPL 

.03~-------------~ 

2 3 4 5 6 7 8 9 10 

Response ofD 1 LOG_GDP to D1 LOG_EMPL 

.006~----------------, 

.004 

-.004 ...,..._~-~--.--~~-~--.--------< 
2 3 4 5 6 7 8 9 10 

Response of D1 LOG_ EMPL to D1 LOG_GDP 

.03~-------------~ 

.02 

-.01 

-.02 ;----.--.-----.--.-----.--.-----.----,----1 
2 3 4 5 6 7 8 9 10 

Response ofD1 LOG_GDP to D1 LOG_GDP 

.006~-------------~ 

2 3 4 5 6 7 8 9 10 

The first graph on the left shows the impulse response of d1 log_emp to d1 log_emp. It can 

be noted that a single point shock to d1 log_emp causes d1 log_emp to reach its highest in 

the first quarter then it starts to decline in the second until the 4th quarter. From there it can 

be seen that it remains constant until the 10th quarter. 

The second graph on the right shows the impulse response of d1 log_emp to d1 log_gdp. A 

single unit standard deviation shock to d1 log_gdp causes d1 log_emp to have a positive 

effect from the first quarter to the third quarter. A slight decrease is realised between the 



third and fourth quarter. From there on, d1 log_emp remains constant from the sixth quarter 

until the last quarter. 

The third graph at the bottom left shows the impulse response of d1 log_gdp to d1 log_emp. A 

unit standard deviation shock in d1 log_emp results in a slight increase in d1 log_gdp for the 

first two quarters. The highest decrease is realised in the third quarter and it returns to 

record a slight increase in the fourth quarter. It remains constant from quarter six until the 

last quarter. 

The bottom right graph shows impulse response of d1 log_gdp to d1 log_gdp. A shock to 

d1 log_gdp causes d1 log_gdp to peak in the first quarter and then begins to decrease in the 

second quarter and there is a slight peak realised in the third quarter. There is again a 

decrease in the fourth quarter until it remains constant in the fifth to the last quarter. 

4.7 Granger Causality 

The next step involved investigating the direction of the relationship between the two 

variables. This was achieved by applying the Granger causality test. Table 4.19 reports the 

results. 

Table 4.19: Granger causality 

VAR Granger Causality/Block Exogeneity Wald Tests 
Sample: 2008Q1 2016Q4 
Included observations: 33 
Dependent variable: D1 LOG EMPL 

Excluded Chi-sq Of Prob. 

D1Log_GDP 10.14487 2 0.0063 

All 10.14487 2 0.0063 

Dependent variable: D1 LOG GDP 

Excluded Chi-sq Of Prob. 

D1Log_Empl 4.070370 2 0.1307 

All 4.070370 2 0.1307 



It can be observed from equation one that the null hypothesis that d1 log_gdp does not 

Granger cause d1 log_empl is rejected since the probability value associated with this test 

statistic (0.0063) is less than 5 % level of significance. On the other hand, the null hypothesis 

that d1 log_emp does not Granger cause d1 log_gdp is accepted. From the analysis, it can be 

concluded that d 1 log_gdp does granger cause d 1 log_empl, and not vice versa. 

4.8 Forecasting using Holt Winters non-seasonal exponential smoothing 

The study further establishes short term forecast using the Holt Winters non-seasonal 

forecasting method. Having established that both series have a trend and show no 

seasonality, the Holt- Winters non seasonal model was selected to obtain short term forecast 

of both variables for the period of 201701 to 2018Q4. 

Table 4.20: Holt-Winters non-seasonal exponential smoothing: log_empl 

Sample: 200801 2016Q4 
Included observations: 36 
Method: Holt-Winters No Seasonal 
K)riginal Series: LOG_EMPL 
Forecast Series: PREDICTED 
Parameters: Alpha 1.0000 

Beta 0.0600 
Sum of Squared Residuals 0.013584 
Root Mean Squared Error 0.019425 
End of Period Levels: Mean 9.684647 

Trend 0.005994 

Table 4.18 shows parameter estimates of Holt-winters non-seasonal model. The smoothing 

constants are given as a =1 and 13 =0.0600. Using the estimated parameters, forecasts are 

produced for the 8 quarters to come. Figure 4.4 shows the overlay plots of the actual and the 

predicted series of log_empl which were obtained using the smoothing constants. 



Figure 4.4: Overlay plot of actual and forecasted log_empl series 
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Table 4.21: Forecast from Holt-Winters non-seasonal: log_empl 

Years Puarter Forecast 

2017 1 9.690641 

2017 ~ 9.696635 

2017 3 9.702628 

2017 ~ 9.708622 

2018 1 9.714616 

2018 ~ 9.720609 

2018 ~ 9.726603 

2018 14 9.732597 

The analysis based on Table 4.20 and Figure 4.3 reveals that employment could have a 

slight increase in the next 8 quarters estimated. The forecasts show that employment would 

have increased to 9.690641 in 201701 from 9.684647 in 201604. 



Table 4.22: Holt-Winters non seasonal model: log_gdp 

Sample: 2008Q1 2016Q4 
Included observations: 36 
Method: Holt-Winters No Seasonal 
Original Series: LOG_GDP 
Forecast Series: PREDICTED 
Parameters: Alpha 

Beta 
Sum of Squared Residuals 
Root Mean Squared Error 
End of Period Levels: Mean 

Trend 

1.0000 
0.0000 

0.001234 
0.005855 
14.84484 
0.004443 

The table above shows parameter estimates of Holt-winters non-seasonal model. The 

smoothing constants are given as a =1 and 13=0 .The parameter estimates are used to 

produce the 8 forecasts for the periods 2017Q1 to 2018Q4 for variable log_GDP. Figure 4.5 

shows the overlay plots of the actual and the predicted series of log_gdp which were 

obtained using the smoothing constants. 

Figure 4.5: Overlay plot of actual and forecasted log_gdp series 
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Table 4.23: Forecasts from Holt-Winters non seasonal: log_gdp 

Years Quarter Forecasts 

2017 1 14.89929 

2017 2 14.85373 

2017 3 14.85817 

2017 4 14.86262 

2018 1 14.86706 

2018 2 14.87150 

2018 3 14.87594 

2018 4 14.88039 

Based on the analysis of Table 4.23 and figure 4.4, the results suggest that South Africa 

would experience a slight increase in GDP for the period estimated. GDP increased from 

14.84484 in 2016Q4to 14.89929 in 2017Q1. 

4.9 Conclusion 

The chapter presented analysis of time series data in light of the aims and objectives of the 

study. The univariate analysis of each variable was analysed in order to investigate the 

possibility of Cointegration. The ADF unit root tests were applied and it was found that both 

series had the same order of integration. Furthermore, a multiple break point was applied 

and it showed that there were structural breaks within the series. Consequently, three 

dummy variables were introduced in order to account for such breaks. 

Based on the results of structural breaks, the Phillip-Ouliaris Cointegration test was applied 

on two sample periods and both indicated that there was no long run relationship between 

the two variables. Consequently, VAR model was estimated in order to investigate the short 

run relationship between the variables. Two VAR models were estimated and it was 

established that GDP impacted upon employment for the period studied. After estimating the 

VAR models, diagnostic checks were performed on the two models. It was found that VAR 

model one had the problem of heteroscedasticity, while VAR model two passed all tests. 

The study further investigated the possibility of the impact of shocks through the use of 

impulse response function analysis. It was found that shocks to GDP had more positive 



significant influence on employment when compared to shocks in employment to GDP. 

Furthermore, Granger causality test was applied to establish the causal effects of the two 

variables. It was found that GDP Granger caused employment and not vice versa. Finally, 

the Holt-Winters non-seasonal exponential was used to forecast. Based on the smoothing 

constants, both series show a slight increase for the predicted periods. Chapter five makes 

final conclusions and submits recommendations for further research in this area. 



CHAPTER FIVE 

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

5.1 Introduction 

This chapter discusses the findings and reaches conclusions based on the data presented 

and analysed from the previous chapter. It further presents recommendations and maps 

areas for further research . 

5.2 Discussion 

This study explored the relationship between employment and economic growth in South 

Africa. The main aim of the study was to establish the relationship between the two variables 

and also obtain short term forecasts. The objectives of the study were set to investigate the 

long run and short run relationships between employment and economic growth. The study 

further investigated the direction of causality between these two variables. The objectives of 

the study were addressed through employing Phillips-Ouliaris Cointegration test, impulse 

response function , Granger Causality test and exponential smoothing for forecasting. 

Before Cointegration was applied, visual analyses of the two variables were undertaken. 

Both of the variables showed patterns of non-stationarity. Economic growth series showed a 

consistent incline and decline for the period studied. On the other hand, employment series 

showed tremendous inclines and declines at some points over the same period. It was 

established that employment suffered a great decrease between 2008 and 2009. It then 

picked up significantly in the years 2013 and 2015. This observable shift indicated that there 

may have been structural breaks which are mainly caused by some economic factors. The 

study employed multiple break point tests which revealed 3 structu_ral breaks in 2009Q3, 

2013Q3 and 201502. 

The Phillips-Ouliaris test requires that the unit root test be performed prior to the test in order 

to find the order of integration. Subsequently, the ADF unit root test was employed on both 

variables. The results showed that both variables were non-stationary at level but became 

stationary after first differencing. Since both variables had the same order of integration, the 

Phillips-Ouliaris test was performed. Based on the findings of structural breaks, the Phillips

Ouliaris was performed on two samples. The test was first applied on the full sample and 

then on sample 2009Q3 to 2016Q4. The results of both samples showed that there was no 



long run relationship between the two variables. The implications of the absence of a long 

run relationship between the series suggests that the variables cannot have an impact upon 

one another. This could be inferred as true since economic growth has failed to produce 

significant employment opportunities and the country has been experiencing high levels of 

unemployment. 

Having established that there was no long run relationship between the two variables, the 

study further investigated the short run relationship. In order to capture the short run 

interaction between the two variables, this currrent study employed the VAR model. Two 

models were estimated and they showed that it was possible for economic growth to impact 

upon employment and vice versa. The first model showed the dependent variable being 

employment while the second model indicated economic growth being the dependent 

variable. 

The Wald coefficient tests were applied on both of the models in order to investigate whether 

or not the independent variable affected the dependent variable. The Wald coefficient test on 

the first model showed that economic growth had an impact on employment. On the other 

hand, the Wald coefficient test on the second model revealed that employment could not 

impact upon economic growth. 

To investigate how the two series would perform in future due to shocks in the economy, the 

impulse response function was employed. The results revealed that, in the short run, 

changes in GDP caused a major impact on employment. The Granger causality test was 

employed to investigate the direction of causality. The results revealed that economic growth 

Granger caused employment. The results are consistent with the findings in a study by 

Leshoro (2013) and Vermeulen (2015) which established that the relationship ran from 

economic growth to employment. The implications of the results of VAR, impulse response 

function and Granger causality suggest that economic growth could only impact upon 

employment in the short run. The exponential smoothing indicated that both variables would 

show increases for the period predicted. 

5.3 Conclusions 

The study examined the relationship between economic growth and employment in South 

Africa for the limited period of 2008Q1 to 2016Q4. This study was motivated by the high rate 

of unemployment faced by South Africa and the question of whether or not economic growth 

really has an impact on employment. Most of the literature reviewed in this study showed 



mixed results , some indicating that economic performance had an impact upon employment. 

Most of the literature showed that the impact was of a small margin. For instance, Marinkon 

and Geldenhuys (2007) in their study found that 1 % increase in GDP resulted in reduction 

of only 0.1 6% in unemployment. On the other hand, some researchers showed that there 

was a negative relationship, whereby economic growth caused employment to decline. 

Nonetheless, there is consensus among economists that economic growth contributes in 

decreasing the high incidence of unemployment and poverty. However, the findings of this 

current study revealed that there was no long run relationship between the two variables. 

This finding suggests that in the long run the two variables did not move together and could 

not influence one another. It is evident for the case of South Africa that economic growth has 

had no effect on employment for the period studied because of the evidence of high 

unemployment in the nation. According to Arora and Ricci (2005), the unemployment rate 

has been high since the dawn of democracy and this continues to increase. It is further 

submitted that though economic growth has shown improvement, unemployment has 

remained the same. 

Nonetheless, the study showed that in the short run the two variables were related. The 

study found that economic growth impacted upon employment and not vice versa. The 

Granger causality test confirmed that the direction of causality ran from economic growth to 

employment and not vice versa. In addition, the impulse response function showed that 

shocks to economic growth had a more significant impact on employment, meaning that the 

positive impact on economic growth could result in improvement of employment levels. The 

study also found that the forecast values for both variables would show minor increases for 

the periods predicted. 

5.4 Recommendations 

The study showed that in the short run economic growth had an impact on employment. This 

then suggests that the government should intensify current policies that promote economic 

growth with the aim of increasing employment in the long run. 

Nonetheless, Smit, Dams, Mostert, Oosthuizen and Gass (1996) contend that economic 

growth is indeed a necessary factor in increasing employment but not sufficient enough to 

reduce the high level of unemployment levels in the country. This might suggest that other 

factors other than economic growth should be interrogated to establish how these factors 

could positively increase employment. South Africa's main form of unemployment is 



structural unemployment which is characterised by lack of training and sometimes lack of 

experience (Smit el.al. 1996). This may suggest that policies aimed at reducing structural 

unemployment could assist in reducing the high levels of unemployment and subsequently 

increase employment. The government could be advised therefore to invest more on 

education and also prioritise providing graduates with adequate training so that it would be 

easier for them to acquire permanent employment. 

5.5 Areas for further research 

The current study only employed two variables to find the link between economic growth and 

employment. Further studies could be more robust and expanded to include other variables 

that could help explain the relationship. For instance, the impact of other factors affecting the 

relationship between the two variables could be investigated. It is also recommended that 

further research could apply the Engle-Granger and Johansen Cointegration test for 

comparison. The researcher also suggests that a similar study be done at provincial level for 

each of the different provinces in South Africa in order to establish trends and patters, most 

significantly to compare the provincial experiences and redress these. It has been evident 

that there are no studies at provincial level at this juncture in South Africa, hence this call. 
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APPENDICES 

Appendix A 

Year GDP EMPLOYMENT Log_empl Log_GDP 

200801 
2436040 13623 9.519515 14.70588 

200802 2466861 13729 9.527266 14.71846 

200803 2472943 13655 9.521861 14.72092 

200804 2461104 13844 9.535607 14.71612 

200901 2423456 13636 9.520469 14.70071 

200902 2416242 13369 9.500694 14.69772 

200903 2421290 12885 9.463819 14.69981 

200904 2435220 12974 9.470703 14.70555 

201001 2464013 12803 9.457435 14.7173 

201002 2477947 12742 9.452659 14.72294 

201003 2504725 12975 9.47078 14.73369 

201004 2532755 13132 9.482807 14.74482 

201101 2556187 13118 9.481741 14.75403 

201102 2570370 13125 9.482274 14.75956 

201103 2576627 13318 9.496872 14.76199 

201104 2596728 13497 9.510223 14.76976 

201201 2608240 13422 9.50465 14.77419 

201202 2632290 13447 9.506511 14.78336 

201203 2638855 13645 9.521128 14.78586 

201204 2650939 13577 9.516132 14.79042 

201301 2663092 13621 9.519368 14.795 

201302 2690784 13721 9.526683 14.80534 

201303 2704562 15036 9.618203 14.81045 

201304 2741494 15117 9.623575 14.82401 

201401 2731063 15055 9.619465 14.8202 

201402 2735553 15094 9.622053 14.82184 



201403 2750333 15117 9.623575 14.82723 

201404 2776555 15320 9.636914 14.83672 

201501 2788542 15459 9.645947 14.84103 

201502 2777810 15657 9.658673 14.83717 

201503 2780888 15828 9.669536 14.83828 

201504 2785480 16018 9.681468 14.83993 

201601 2776376 15675 9.659822 14.83666 

201602 2798209 15545 9.651494 14.84449 

201603 2800912 15833 9.669852 14.84546 

201604 2799199 16069 9.684647 14.84484 

Appendix B 
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Appendix C 
D1LOG_EMPL 
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Appendix E 
D1LOG_GDP 
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Appendix F 

Null Hypothesis: LOG_EMPL has a unit root 
Exogenous: Constant, Linear Trend 
Lag Length: 0 (Automatic - based on SIC, maxlag=9) 

t-Statistic Prob.* 

~uqmented Dickey-Fuller test statistic -1.981584 0.5908 
if est critical values: 1% level -4.243644 

5% level -3.544284 
10% level -3.204699 

*MacKinnon (1996) one-sided p-values. 

~ugmented Dickey-Fuller Test Equation 
Dependent Variable: D(LOG_EMPL) 
Method: Least Squares 
Date: 04/25/17 Time: 08:26 
Sample (adjusted): 2008Q2 201604 
Included observations: 35 after adjustments 

Variable Coefficient Std. Error t-Statistic Prob. 

LOG_EMPL(-1) -0.153338 0.077381 -1.981584 0.0562 
C 1.444558 0.730762 1.976783 0.0567 

@TAEND("2008Q1 " 
) 0.001392 0.000566 2.457730 0.0196 

A-squared 0.159179 Mean dependent var 0.004718 
~djusted A-squared 0.106628 S.D. dependentvar 0.019655 
S.E. of regression 0.018577 Akaike info criterion -5.051929 
Sum squared resid 0.011044 Schwarz criterion -4.918613 
Log likelihood 91.40876 Hannan-Quinn criter. -5.005908 
F-statistic 3.029023 Durbin-Watson stat 1.786481 
Prob(F-statistic) 0.062410 



Appendix G 

Null Hypothesis: D(LOG_EMPL) has a unit root 
Exogenous: Constant, Linear Trend 
Lag Length: O (Automatic - based on SIC, maxlag=9) 

t-Statistic Prob.* 

Augmented Dickey-Fuller test statistic -5.210671 0.0009 
Test critical values: 1% level -4.252879 

5% level -3.548490 
10% level -3.207094 

*MacKinnon (1996) one-sided p-values. 

Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LOG_EMPL,2) 
Method: Least Squares 
Date: 04/25/17 Time: 08:32 
Sample (adjusted): 200803 201604 
Included obseNations: 34 after adjustments 

Variable Coefficient Std. Error t-Statistic Prob. 

D(LOG_EMPL(-1 )) -0.928802 0.178250 -5.210671 0.0000 
C -0.004566 0.007294 -0.625925 0.5359 

@TAEND("2008Q1 " 
) 0.000480 0.000356 1.349477 0.1870 

A-squared 0.467280 Mean dependent var 0.000207 
Adjusted A-squared 0.432911 S.D. dependent var 0.026350 
S.E. of regression 0.019843 Akaike info criterion -4.917809 
Sum squared resid 0.012206 Schwarz criterion -4.783130 
Log likelihood 86.60276 Hannan-Quinn criter. -4.871880 
F-statistic 13.59597 Durbin-Watson stat 1.978446 
Prob(F-statistic) 0.000058 



Appendix F 

Null Hypothesis: LOG_GDP has a unit root 
Exogenous: Constant, Linear Trend 
Lag Length: 0 (Automatic - based on SIC, maxlag=9) 

t-Statistic Prob.* 

IAuQmented Dickey-Fuller test statistic -1.216321 0.8915 
rf est critical values: 1% level -4.243644 

5% level -3.544284 
10% level -3.204699 

*MacKinnon (1996) one-sided p-values. 

!Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LOG_GDP) 
Method: Least Squares 
Date: 04/25/17 Time: 08:38 
Sample (adjusted): 2008Q2 2016Q4 
Included observations: 35 after adjustments 

Variable Coefficient Std. Error t-Statistic Prob. 

LOG_GDP(-1) -0.108653 0.089329 -1.216321 0.2328 
C 1.600426 1.312037 1.219802 0.2315 

@TAEND("2008Q1" 
) 0.000504 0.000453 1.112383 0.2743 

A-squared 0.047263 Mean dependent var 0.003970 
!Adjusted A-squared -0.012283 S.D. dependent var 0.006005 
S.E. of regression 0.006042 Akaike info criterion -7.298263 
Sum squared resid 0.001168 Schwarz criterion -7.164947 
Log likelihood 130.7196 Hannan-Quinn criter. -7.252242 
F-statistic 0.793727 Durbin-Watson stat 1.160841 
Prob(F-statistic) 0.460857 



Appendix G 

Null Hypothesis: LOG_GDP has a unit root 
Exogenous: None 
Lag Length: 0 (Automatic - based on SIC, maxlag=9) 

t-Statistic Prob.* 

!Augmented Dickey-Fuller test statistic 3.908139 0.9999 
rrest critical values: 1% level -2.632688 

5% level -1.950687 
10% level -1.611059 

*MacKinnon (1996) one-sided p-values. 

!Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LOG_GDP) 
Method: Least Squares 
Date: 04/25/17 Time: 08:39 
Sample (adjusted): 2008Q2 2016Q4 
Included observations: 35 after adjustments 

Variable Coefficient Std. Error t-Statistic Prob. 

LOG_GDP(-1) 0.000269 6.87E-05 3.908139 0.0004 

A-squared -0.000480 Mean dependent var 0.003970 
!Adjusted A-squared -0.000480 S.D.dependentvar 0.006005 
S.E. of regression 0.006007 Akaike info criterion -7.363651 
Sum squared resid 0.001227 Schwarz criterion -7.319213 
Log likelihood 129.8639 Hannan-Quinn criter. -7.348311 
Durbin-Watson stat 1.230956 



Appendix H 

Multiple breakpoint tests 
Bai-Perron tests of L+1 vs. L sequentially determined 
breaks 
Date: 04/25/17 Time: 08:48 
Sample: 200801 201604 
Included observations: 36 
Breaking variables: C LOG_GDP 
Break test options: Trimming 0.15, Max. breaks 5, Sig. 
level 0.05 

Sequential F-statistic determined breaks: 3 

Scaled Critical 
Break Test F-statistic F-statistic Value** 

0 vs. 1 * 44.51065 89.02131 11.47 
1 vs. 2 * 45.35273 90.70546 12.95 
2 vs. 3 * 7.547004 15.09401 14.03 
3 vs. 4 3.253190 6.506379 14.85 

* Significant at the 0.05 level. 
** Bai-Perron (Econometric Journal, 2003) critical values. 

Break dates: 
Sequential Repartition 

1 201303 200903 
2 200903 201303 
3 201502 201502 



Appendix I 

Cointegration Test - Phillips-Ouliaris 
Date: 04/25/17 Time: 09:17 
Equation: UNTITLED 
Specification: LOG_EMPL LOG_GDP D1 D2 D3 C 
Cointegrating equation deterministics: C 
Null hypothesis: Series are not cointegrated 
Long-run variance estimate (Bartlett kernel, Newey-West fixed 
bandwidth = 

4.0000) 
No d.f. adjustment for variances 

Value Prob.* 
Phillips-Ouliaris tau-statistic -5.285215 0.0502 
Phillips-Ouliaris z-statistic -24.32269 0.1236 

*MacKinnon (1996) p-values. 

Intermediate Results: 
Rho-1 -0.935446 
Bias corrected Rho - 1 (Rho* -
1) -0.694934 
Rho* S.E. 0.131486 
Residual variance 6.65E-05 
Long-run residual variance 3.71 E-05 
Long-run residual 
autocovariance -1.47E-05 
Number of observations 35 
Number of stochastic trends** 5 

**Number of stochastic trends in asymptotic distribution. 

Phillips-Ouliaris Test Equation: 
Dependent Variable: D(RESID) 
Method: Least Squares 
Date: 04/25/17 Time: 09:17 
Sample (adjusted): 200802 201604 
Included observations: 35 after adjustments 

Variable Coefficient Std. Error t-Statistic Prob. 

RESID(-1) -0.935446 0.178731 -5.233808 0.0000 

A-squared 0.445600 Mean dependent var 0.000357 
~djusted A-squared 0.445600 S.D. dependent var 0.011114 
S.E. of regression 0.008275 Akaike info criterion -6.722967 
Sum squared resid 0.002328 Schwarz criterion -6.678528 
Log likelihood 118.6519 Hannan-Quinn criter. -6.707627 
Durbin-Watson stat 1.842915 



Appendix J 

Cointegration Test - Phillips-Ouliaris 
Date: 04/25/17 Time: 09:31 
Equation: UNTITLED 
Specification: LOG_EMPL LOG_GDP C 
Cointegrating equation deterministics: C 
Null hypothesis: Series are not cointegrated 
Long-run variance estimate (Bartlett kernel , Newey-West fixed 
bandwidth= 

4.0000) 
No d.f. adjustment for variances 

Value Prob.* 
Phillips-Ouliaris tau-statistic -2.397283 0.3468 
Phillips-Ouliaris z-statistic -8.151453 0.4292 

*MacKinnon (1996) p-values. 

Intermediate Results: 
Rho-1 -0.287595 
Bias corrected Rho - 1 (Rho* -
1) -0.281085 
Rho* S.E. 0.117251 
Residual variance 0.000332 
Long-run residual variance 0.000322 
Long-run residual 
autocovariance -5.25E-06 
Number of observations 29 
Number of stochastic trends** 2 

**Number of stochastic trends in asymptotic distribution. 

Phillips-Ouliaris Test Equation: 
Dependent Variable: D(RESID) 
Method: Least Squares 
Date: 04/25/17 Time: 09:31 
Sample (adjusted): 200904 201604 
Included observations: 29 after adjustments 

Variable Coefficient Std. Error t-Statistic Prob. 

RESID(-1) -0.287595 0.121260 -2.371729 0.0248 

A-squared 0.166115 Mean dependent var -0.000749 
Adjusted A-squared 0.166115 S.D. dependent var 0.020317 
S.E. of regression 0.018552 Akaike info criterion -5.102551 
Sum squared resid 0.009637 Schwarz criterion -5.055403 
Log likelihood 74.98699 Hannan-Quinn criter. -5.087785 
Durbin-Watson stat 1.970777 



Appendix K 

VAR Lag Order Selection Criteria 
Endogenous variables: D1 LOG_EMPL 
D1LOG_GDP 
Exogenous variables: C D1 D2 D3 
Date: 04/25/17 Time: 09:56 
Sample: 200801 201604 
Included observations: 31 

Lag LogL LR FPE AIC SC HQ 

0 208.9278 NA* 8.06e-09 -12.96308 -12.59302* -12.84245 
1 213.2233 6.928290 7.97e-09 -12.98215 -12.42706 -12.80120 
2 219.5149 9.335882 6.97e-09* -13.12999* -12.38987 -12.88873* 
3 221.8798 3.204113 7.93e-09 -13.02451 -12.09935 -12.72293 
4 224.5588 3.283847 8.97e-09 -12.93928 -11.82909 -12.57738 

* indicates lag order selected by the criterion 
LR: sequential modified LR test statistic (each test at 5% 

level) 
FPE: Final prediction error 
AIC: Akaike information criterion 
SC: Schwarz information criterion 
HQ: Hannan-Quinn information criterion 



Appendix L 

System: UNTITLED 
Estimation Method: Least Squares 
Sample: 2008Q4 201604 
Included observations: 33 
Total system (balanced) observations 66 

Coefficient Std. Error t-Statistic Prob. 

C(1 ) -0.175376 0.179426 -0.977428 0.3331 
C(2) -0.334208 0.173658 -1.924523 0.0600 
C(3) 1.559717 0.737153 2.115865 0.0394 
C(4) 1.015556 0.600239 1.691919 0.0969 
C(5) 0.000104 0.011644 0.008915 0.9929 
C(6) -0.012807 0.014229 -0.900038 0.3724 
C(7) 0.023178 0.009085 2.551308 0.0138 
C(8) -0.007239 0.010172 -0.711623 0.4800 
C(9) 0.040857 0.042306 0.965740 0.3388 

C(10) -0.068853 0.040946 -1.681532 0.0989 
C(11) -0.103166 0.173812 -0.593550 0.5555 
C(12) 0.080546 0.141529 0.569116 0.5718 
C(13) -0.008155 0.002746 -2.970383 0.0046 
C(14) 0.015034 0.003355 4.481198 0.0000 
C(15) -0.001219 0.002142 -0.569059 0.5719 
C(16) -0.005103 0.002398 -2.127497 0.0383 

Determinant residual 
covariance 3.12E-09 

Equation: D1LOG_EMPL = C(1)*01LOG_EMPL(-1) + 
C(2)*01 LOG_EMPL( 

-2) + C(3)*D1 LOG_GDP(-1) + C(4)*D1 LOG_GDP(-2) + C(5) + 
C(6)*D1 

+ C(7)*D2 + C(8)*D3 
Observations: 33 
A-squared 0.395601 Mean dependent var 0.004933 
~djusted A-
squared 0.226370 S.D. dependent var 0.020172 
S.E. of regression 0.017743 Sum squared resid 0.007870 
Durbin-Watson stat 1.818107 

Equation: D1LOG_GDP = C(9)*01LOG_EMPL(-1) + 
C(10)*01 LOG_EMPL( 

-2) + C(11 )*01 LOG_GDP(-1) + C(12)*D1 LOG_GDP(-2) + C(13) + 
C(14) 

*01 + C(15)*02 + C(16)*03 
Observations: 33 
A-squared 0.619010 Mean dependent var 0.003755 
~djusted A-
$quared 0.512332 S.D. dependent var 0.005991 
S.E. of regression 0.004184 Sum squared resid 0.000438 
Durbin-Watson stat 2.464346 



Appendix M 

Wald Test: 
System: %system 

If est Statistic Value df Probability 

Chi-square 10.14487 2 0.0063 

Null Hypothesis: C(3)=C(4)=0 
Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 

C(3) 1.559717 0.737153 
C(4) 1.015556 0.600239 

Restrictions are linear in coefficients. 

Appendix N 

Wald Test: 
System: sys01 

Test Statistic Value df Probability 

Chi-square 3.799512 1 0.0513 

Null Hypothesis: C(9)=C(10) 
Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 

C(9) - C(10) 0.109709 0.056283 

Restrictions are linear in coefficients. 



Appendix 0 

-2 .5 -2.0 -1.5 -1.0 -0 .5 0 .0 

Series: Residuals 
Sample 200804 201503 
Observations 28 

Mean -1.329407 
Median -1 .109896 
Maximum 0.007820 
Minimum -2.298827 
Std. Dev. 0.686948 
Skew,ess 0.167708 
Kurtosis 2.447967 

Jarque-Bera 0.486784 
Probability 0. 783964 



Appendix P 

Breusch-Godfrey Serial Correlation LM Test: 

F-statistic 0.918804 Prob. F(4, 16) 0.4770 
Obs*A-squared 5.230236 Prob. Chi-Square(4) 0.2645 

rrest Equation: 
Dependent Variable: AESID 
Method: Least Squares 
Date: 04/25/17 Time: 11 :48 
Sample: 200804 201503 
Included observations: 28 
Presample missing value lagged residuals set to zero. 

Variable Coefficient Std. Error t-Statistic Prob. 

-
0.175375604141084*01 LOG_EM 

PL(-1) 2.496943 2.868277 0.870538 0.3969 
-

0.334207951058179*01 LOG_EM 
PL(-2) 1.119652 0.998515 1.121317 0.2787 

1.55971717957923*01 LOG_GDP 
(-1) -0.566111 0.669446 -0.845640 0.4102 

1.01555616988439*01 LOG_GDP 
(-2) 0.159024 1.333776 0.119228 0.9066 
C(5) -0.002184 0.014185 -0.153976 0.8796 

-0.0128065083360395 *D 1 1.624367 1.481019 1.096790 0.2890 
0.0231784118687111 *D2 1.268297 0.450372 2.816109 0.0124 

-0.00723871363959119*03 -0.001440 2.248011 -0.000641 0.9995 
AESID(-1) 0.045879 0.518127 0.088549 0.9305 
AESID(-2) -0.280836 0.327814 -0.856693 0.4043 
AESID(-3) -0.242245 0.233422 -1.037798 0.3148 
AESID(-4) -0.138309 0.204893 -0.675032 0.5093 

A-squared 0.563062 Mean dependent var -0.011310 
~djusted A-squared 0.262666 S.D. dependent var 0.021773 
S.E. of regression 0.018696 Akaike info criterion -4.823491 
Sum squared resid 0.005593 Schwarz criterion -4.252546 
Log likelihood 79.52888 Hannan-Quinn criter. -4.648948 
Durbin-Watson stat 1.472568 



Appendix Q 

Heteroscedasticity Test: White 

F-statistic 3.268828 Prob. F(7,20) 0.0175 
Obs*R-squared 14.94084 Prob. Chi-Square(?) 0.0368 
Scaled explained SS 48.61624 Prob. Chi-Square(?) 0.0000 

if est Equation: 
Dependent Variable: RESI0"2 
Method: Least Squares 
Date: 04/25/17 Time: 11 :51 
Sample: 200804 201503 
Included observations: 28 
Collinear test regressors dropped from specification 

Variable Coefficient Std. Error t-Statistic Prob. 

C -0.000585 0.000504 -1 .1 60001 0.2597 
-

0.175375604141084 *D 1 LOG_EMPL 
(-1)"2 0.124127 0.529290 0.234517 0.8170 

-
0.334207951058179*01 LOG_EMPL 

(-2)"2 -0.368283 0.299702 -1.228832 0.2334 
1.55971717957923*01 LOG_GDP(-

1 )"2 5.209163 1.704194 3.056672 0.0062 
1.01555616988439*01 LOG_GDP(-

2)"2 0.491704 2.221091 0.221380 0.8270 
-0.0128065083360395*01 "2 -0.049788 0.035870 -1.388033 0.1804 
0.0231784118687111*02"2 0.014598 0.015194 0.960826 0.3481 

-0.00723871363959189*03"2 0.058628 0.082300 0.712365 0.4845 

R-squared 0.533602 Mean dependent var 0.000585 
~djusted R-squared 0.370362 S.D. dependent var 0.000893 
S.E. of regression 0.000709 Akaike info criterion -11.43094 
Sum squared resid 1.00E-05 Schwarz criterion -11.05031 
Log likelihood 168.0331 Hannan-Quinn criter. -11.31458 
F-statistic 3.268828 Durbin-Watson stat 1.922633 
Prob( F-statistic) 0.017545 



Appendix R 

8- -------------- -~ 
Series : Residuals 
Sample 2008Q4 2013Q3 
Observations 20 

IVean -1.90e-18 
IVedian -0.000312 
Maximum 0.005369 
Mnimum -0.007226 
Std. Dev. 0.003441 
Skewness -0.250561 
Kurtosis 2.505167 

1 -
Jarque-Bera 0.413319 o_,._ ________________ _ 

~ Probability 0.813297 

-0.005 0.000 0.005 



Appendix S 

Breusch-Godfrey Serial Correlation LM Test: 

F-statistic 0.237219 Prob. F(4, 10) 0.9110 
Obs*A-squared 1.733283 Prob. Chi-Square(4) 0.7847 

Test Equation: 
Dependent Variable: AESID 
Method: Least Squares 
Date: 04/25/17 Time: 12:13 
Sample: 200804 201303 
Included observations: 20 
Presample missing value lagged residuals set to zero. 

Variable Coefficient Std. Error t-Statistic Prob. 

-
0.00954113391743526*O1 LOG EM -

PL(-1) 2.344045 12.15516 0.192844 0.8509 
-

0.00954113391743526*01 LOG_EM 
PL(-2) -0.544566 10.23604 -0.053201 0.9586 

-
0.00954113391743526*01 LOG_ GD 

P(-1) -23.81306 53.75574 -0.442986 0.6672 
-

0.00954113391743526*O1 LOG_GD 
P(-2) 4.874058 44.73319 0.108958 0.9154 
C(13) 0.000851 0.004417 0.192598 0.8511 

-0.00954113391743526*01 0.202941 0.599046 0.338774 0.7418 
AESID(-1) -0.381868 0.483782 -0.789339 0.4482 
AESID(-2) -0.172459 0.503729 -0.342365 0.7392 
AESID(-3) -0.057399 0.366820 -0.156478 0.8788 
AESID(-4) -0.098123 0.373889 -0.262439 0.7983 

A-squared 0.086664 Mean dependent var -1.90E-18 
!Adjusted A-squared -0.735338 S.D. dependent var 0.003441 
S.E. of regression 0.004533 Akaike info criterion -7.647989 
Sum squared resid 0.000205 Schwarz criterion -7.150123 
Log likelihood 86.47989 Hannan-Quinn criter. -7.550800 
Durbin-Watson stat 1.965155 



Appendix T 

Heteroscedasticity Test: White 

F-statistic 1.446970 Prob. F(5, 14) 0.2682 
Obs*A-squared 6.814129 Prob. Chi-Square(5) 0.2348 
Scaled explained SS 2.512819 Prob. Chi-Square(5) 0.7746 

rrest Equation: 
Dependent Variable: AESID"2 
Method: Least Squares 
Date: 04/25/17 Time: 12:15 
Sample: 200804 201303 
Included obseNations: 20 
HAC standard errors & covariance (Bartlett kernel, Newey-West fixed 

bandwidth= 3.0000) 
Collinear test regressors dropped from specification 

Variable Coefficient Std. Error t-Statistic Prob. 

C 3.21 E-05 9.64E-06 3.330455 0.0050 
0.466336045591086*01 LOG EMP -

L(-1 )"2 -0.009024 0.013607 -0.663174 0.5180 
0.466336045591086*01 LOG_EMP 

L(-2)"2 0.004602 0.013803 0.333415 0.7438 
0.466336045591086*01 LOG_GDP 

(-1 )"2 0.001718 0.081338 0.021121 0.9834 
0.466336045591086*01 LOG_GDP 

(-2)"2 -0.124266 0.107078 -1.160517 0.2652 
0.466336045591086*01 "2 -4.29E-05 1.65E-05 -2.596368 0.0211 

A-squared 0.340706 Mean dependent var 1.12E-05 
!Adjusted A-squared 0.105244 S.D. dependent var 1.42E-05 
S.E. of regression 1.34E-05 Akaike info criterion -19.36023 
Sum squared resid 2.51 E-09 Schwarz criterion -19.06151 
Log likelihood 199.6023 Hannan-Quinn criter. -19.30192 
F-statistic 1.446970 Durbin-Watson stat 2.366927 
Prob(F-statistic) 0.268176 



Appendix U 

Response to Cholesky One S.D. Innovations± 2 S.E. 

Response of D1 LOG_ EMPL to D1 LOG_EMPL Response of D1 LOG_ EMPL to D1 LOG_GDP 

.03~------------------~ .03 ~------------------~ 

.02 

-.01 

-.02 -t---,----~-.-------,c------.----r---r---r---r--i -.02 --~-,----~-.-------,c------.-----.---,----r----i 
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Response of D1 LOG_GDP to D1 LOG_ EMPL Response ofD1 LOG_GDP to D1 LOG_GDP 

.006~------------------~ .006 ~------------ - - ----~ 

.004 

-.004 -t---,----~-.----r-----.-----.---,----,----r--i 

2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10 



Appendix V 

VAR Granger Causality/Block Exogeneity Wald Tests 
Date: 04/25/17 Time: 12:35 
Sample: 200801 201604 
Included observations: 33 

Dependent variable: D1 LOG_EMPL 

Excluded Chi-sq df Prob. 

D1LOG_GD 
p 10.14487 2 0.0063 

All 10.14487 2 0.0063 

Dependent variable: D1 LOG_GDP 

Excluded Chi-sq df Prob. 

D1LOG_EM 
PL 4.070370 2 0.1307 

All 4.070370 2 0.1307 

Appendix W 

Date: 04/25/17 Time: 13:04 
Sample: 200801 201604 
Included observations: 36 
Method: Holt-Winters No Seasonal 
Original Series: LOG_EMPL 
Forecast Series: PREDICTED 

Parameters: Alpha 1.0000 
Beta 0.0600 

Sum of Squared Residuals 0.013584 
Root Mean Squared Error 0.019425 

End of Period Levels: Mean 9.684647 
Trend 0.005994 



AppendixX 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

I - PREDICTED - LOG_EMPL I 

Appendix Y 

Date: 04/25/17 Time: 17:08 
Sample: 200801 201604 
Included observations: 36 
Method: Holt-Winters No Seasonal 
Original Series: LOG_GDP 
Forecast Series: PREDICTED 

Parameters: Alpha 1.0000 
Beta 0.0000 

Sum of Squared Residuals 0.001234 
Root Mean Squared Error 0.005855 

End of Period Levels: Mean 14.84484 
Trend 0.004443 



Appendix Z 
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