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Abstract  
For any developing country, infrastructure is at the core of economic growth and 
development. South Africa has a modern and well-developed transport infrastructure. The 
air and rail networks are the largest on the continent, and roads in good condition. To this 
degree of quality and quantity the purpose of this paper is to investigate whether or not 
public infrastructure investment contributes to economic growth, which is denoted as 
GDP per capita. The period of research is from 1960-2017. The Granger Causality method 
is applied, to find if a causal relationship exists between these two variables. Additionally, 
a log-log regression is run to see how variables, other than public infrastructure 
investment, affect GDP per capita. The endogenous growth theory is used as the main 
theory, in order to capture the essence of how the government endogenously affects 
output per capita in an economy. Findings reveal that there is a unidirectional relationship 
between public infrastructure investment and economic growth in South Africa. The 
direction of the causal relationship runs from public infrastructure investment to GDP per 
capita. Additionally, the infrastructure investment is found to be significant in the logged 
regression. Which implies that it affects economic growth. For further interest, a dummy 
variable was added in the regression to check whether the structural break in 1994 in 
South Africa affects the interpretation of the results. This yielded in no significant 
changes in the results for infrastructure investment and GDP per capita. Organisations 
and policy makers can use this paper as an indicator of how infrastructure investment 
plays a role in an economy, especially in developing countries. 
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1. Introduction 

1.1 Background & Purpose  

‘South Africa has a modern and well-developed transport infrastructure. The air and rail 

networks are the largest on the continent, and the roads in good condition.’ ("South 

Africa's transport network", 2017). To such a degree of infrastructure quantity and 

quality, we were inclined towards researching if there is a relationship between economic 

growth and public infrastructure investment in South Africa. This goes without saying 

that economic infrastructure typically exists not for its own sake but rather to support 

various kinds of economic activity (Jimenez, 1995). For this reason, the purpose of this 

paper is introduced, which is: To analyse whether public infrastructure investment 

contributes to economic growth in South Africa. This subject has been widely researched 

for decades. However, the approach taken to find out if the contribution and investment 

of infrastructure in economies is significant, narrows down to how ‘infrastructure’ is 

measured, and this inevitably varies from author to author.  

 

This paper will focus on the measurement of infrastructure investment in South Africa 

from a public-sector perspective with data mainly from the South African Reserve Bank 

(SARB), various years. Our definition of public infrastructure investment is imitated from 

Public-Sector infrastructure update. Which broadly defines infrastructure investment as 

spending on new assets, replacements, maintenance & repairs, upgrades & additions, 

rehabilitation, renovation and refurbishment of assets (National Treasury, 2018). The 

neoclassical growth & Solow-Swan model is used as a foundation in explaining the long-

run economic growth process through investment and labour. However, the main 

theoretical framework for the research question is the endogenous growth model. Which 

assists in explaining the role of the public sector on economic growth. The endogenous 

growth theory holds that endogenous variables are the primary result of economic growth. 

Thus, for this paper, the public-sector can be incorporated into the endogenous growth 

model, identical to Barro & Sala-I-martin (1990) style, in order to understand the 

relationship between public infrastructure investment and economic growth. The Granger 

causality method will be utilized to establish whether or not infrastructure investment 

Granger causes economic growth in South Africa and the direction of the causal 

relationship thereof. The economic growth denoted as GDP per capita throughout the 
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paper  is analysed from 1960 to 2017, which ranges drastically from year to year. The 

question now, lies in whether infrastructure investment significantly contributes to the 

aforementioned economic growth. Necessarily, labour, imports and exports will be 

included as explanatory variables in a log regression, to test for variables other than 

infrastructure investment, that affect GDP per capita.   

1.2 Gap & Relevance  
This paper contributes to existing literature by addressing the issue of investment 

infrastructure and its relationship with economic growth. The point of convergence, 

however, is South Africa. The commitment to further research this particular topic is 

significant by reason of the structural change in South Africa that took place in 1994. The 

apartheid era in South Africa can be briefly described as system of institutionalised racial 

segregation. This system called for separate development of different racial groups. The 

implication of this system can be checked for robustness in light of infrastructure 

investment before and after 1994. The apartheid transition in 1994 has required major 

amendments in policies and a structural change in the economy of South Africa. By way 

of background, apartheid and its implications on the skewed endowment of economic 

development, lead South Africa to being the second largest unequal country in the world 

during the period of 1997. Present-day the country holds the highest inequality index. 

 

 In consideration of this, Bond (1999), concluded that there was a need for larger 

infrastructure and service subsidies in form redistributive tariffs; that standards of 

infrastructure investment ought to be much higher and that with regard to public good 

characteristics of infrastructure related services. Bond (1999) also suggested  that more 

ambition in state and community roles in infrastructure investment and services provision 

regulation and pricing is required. The post democratization period has been followed by 

the challenge of managing and improving existing infrastructure, even providing new 

infrastructure, especially in rural areas. During the past two decades limited progress has 

been made with the apparent inequality and divided societies inherited from the previous 

government’s exclusion and policies still prevailing today (Booysen 2003, Tregenna & 

Tsela, 2012).  
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 1.3 Outline  

The organization carried out in this paper will begin with relevant theories to our topic 

regarding the economic growth process and important endogenous variables like that of 

investment. Following, will be literature review about the topic at hand and what results 

have been obtained in years before present. The literature review will assist in gaining 

more perspective on alternative results that can be obtained. Preceding, the Granger 

causality method will be applied, as it is important to come to a conclusion about the 

direction of the possible causal relationship between economic growth and infrastructure 

investment. In addition, a regression will be run for knowledge of GDP per capita and the 

independent variables mentioned above. An explicit analysis of the results and findings 

will be subsequent to the methodology and data presented. The paper will be finalized 

with concluding remarks, shortcomings, as well as how future organizations and policy 

makers can use and extend this literature.  

2. Theoretical Framework  

2.1 Neoclassical model   
To begin with the neoclassical model is adopted from Solow (1956). This model 

highlights the link between capital accumulation and saving decisions. Of central focus 

however, is the assumption of diminishing returns to capital and labour. To better 

understand the growth model, a foundation of three main propositions are presented. 

Firstly, within long run steady state, the growth of output is determined by the rate of 

growth of labour in efficiency units and is independent of investment to GDP and ratio of 

savings. Secondly, the level of per capita income is positively related with savings-

investment ratio and negatively related with rate of population growth. Level of per capita 

income depends on the ratio of savings and investment to GDP. Lastly, assuming identical 

preferences and technology across countries, there exists an inverse relationship between 

capital-labour ratio and productivity of capital. With this foundation, the Solow Swan 

model can be introduced.  

2.2  Solow Growth Model    

The basic conclusion for the Solow-Swan model is that physical capital cannot account 

for all the growth or geographic differences overtime in terms of output per capita (Solow, 

1965). The model begins with the simplifying assumption is that there is no technological 
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progress, hence the economy reaches steady state equilibrium. The Solow-Swan model 

assumes a closed economy which produces one good using labour (L) and capital (K). 

Capital is denoted as infrastructure investment for this paper, since the South African 

reserve bank (SARB) presents the data as gross fixed capital formation. Labour grows at 

a constant exogenous rate. All savings in the economy are invested and also exogenously 

determined. Which can be shown as follows:  

 

S = I = sY      (1) 

 

The Solow-Swan model is structured on two equations: a production function and a 

capital accumulation equation. The production function can be written as follows:  

 

Y = F (K, L)      (2) 

  

The production function in equation 2 exhibits constant returns to scale and diminishing 

returns for individual factors of production. Also, for the function to be neoclassical it 

would have to satisfy all the INADA conditions which is an assumption about the shape 

of a production function that guarantee the stability of economic growth in a neoclassical 

model. From this, the production function is assumed to have the Cobb-Douglas form:  

 

Y = Ka L b      (3) 

Where, a + b = 1 

 

Output, denoted as GDP per capita, is said to rise less when there are high levels of capital 

than low levels of capital. This means that GDP per capita would rise less when there are 

high levels of infrastructure investment than lower levels of investment. Also, 

diminishing marginal product explains why the economy reaches steady state instead of 

infinite growth. The key exogenous factor in this model is technological progress, denoted 

as A, which is said to generate sustained growth in per capita income for the model. When 

A enters as “capital augmenting” technology, in the production function becomes:  

 

Y = (AK, L)      (4) 
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Shortcomings of the Solow-Swan model is that, it does not show the entire growth process 

since the main driving force in long run growth is technological progress which leads to 

economy to steady state growth. For this reason, the endogenous model is better for 

explanation of the role of the public sector and its investment to economic growth as they 

are viewed as primary sources in the model. Moreover, the Solow-Swan model does not 

account for positive association between saving and investment rates and growth in 

income per capita across countries. The intuitions gained from this model however is that 

increasing savings rate, seen as investment, would cause output per capita to rise, 

although growth would be generated exogenously by technological progress. Second, is 

that if marginal output obtained from using one extra unit of capital is bigger than break 

even investment, consumption rises (Solow, 1956). 

2.3  The Endogenous Growth Model  

The Solow-Swan model predicts convergence while endogenous growth does not. Hence 

for this paper, the endogenous growth model is used to capture the essence of the public 

sector’s role for economic growth since we intend to explain the relationship of 

investment infrastructure from a public-sector perspective and GDP per capita. We utilize 

Barro & Sala-I-martin (1990) endogenous growth model which includes public services 

as a productive input for private producers, as a frame of reference. For the model, three 

types of versions exist from the types of goods provided namely: publicly provided 

private goods which are rival & excludable; publicly provided public goods which are 

non-rival & non-excludable and publicly provided goods that are subject to congestion. 

We adopt the second version of the model which explains the role of the public sector 

through non-rival and non-excludable public goods, for reason that infrastructure 

provided in an economy is typically non-rival and non-excludable. In conjunction with 

this, the Cobb-Douglas function takes form as: 

  

y =Ak1-aGa      (5) 

      

Where y is denoted as GDP per capita, k is infrastructure investment and G is aggregate 

quantity of government purchases also known as public services. The marginal product 

of public services is seen as the effect of a change in G on aggregate output thus y. This 

means that in equation 5, aggregate quantity of public services G is divided in a non-rival 
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manner in the economy. In light of infrastructure investment, the marginal product of 

investment provided in the Cobb-Douglas equation above, would be seen as the effect of 

a change in the investment on GDP per capita (y), all other inputs held constant. This 

marginal effect will be reflected later in the regression analysis in order to better 

understand this theory. The intuition of the endogenous growth theory is that permanent 

changes in the input variables lead to permanent changes in growth rates. In conjunction 

with this, a co-integration test can be insightful on the long run relationship between 

investment in infrastructure as an input and the economic growth in South Africa.  

3. Literature review  

A report from the National Planning Commission (NPC) illustrates how poor investments 

in new infrastructure and insufficient management of the existing infrastructure have 

affected South Africa’s development and job creations, in turn affecting its economic 

growth (National Planning Commission, 2011). Broadening investment within 

infrastructure in South Africa would according to the National Treasury (2012) create 

national growth and a development strategy for the country. The significance of public 

capital investment is evident throughout various literature. Holz-Eakin (1988) suggest 

that there is a substantial impact of aggregate public capital on private sector output and 

productivity. There is, however, a controversy about the effect of public capital 

infrastructure spending being significantly larger than the effect of private investment on 

private sector output. Aschauer (1990) goes as far as concluding that “increases in GNP 

resulting from increased public infrastructure spending are estimated to exceed those 

from private investment by a factor between two and five”. On the other hand, Munnell 

(1992) argues that a tremendous amount of public investment goes for improving the 

environment and other goals that are not captured in national output measures thus, for 

this reason, it is does not make sense that public investment impacts private output heavier 

than private investment does. The breadth of analysing both private and public investment 

is nonetheless a limitation to this paper since the point of convergence is only public-

sector infrastructure investment. 

  

Moreover, noteworthy reviews from critics concerning results derived from the 

production function have suggested that the causation runs from output to public capital 

and not the other direction as the Cobb-Douglas function suggests. Also, that data in 
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public infrastructure and output lead to spurious correlation (Munnell, 1992) hence these 

arguments could serve as assumptions for this paper. It goes without saying that the Cobb-

Douglas function may have shortfalls since it omits input prices and places too many 

restrictions on the technological advancements in firms (Munnell,1992). For some 

researches in this topic like Hulten (1996), the principle of analysing the magnitude of 

infrastructure investment is of less concern. Instead, an analysis for the effectiveness of 

infrastructure capital is carried out. For us, this standpoint is important to keep in mind 

since our focus is a developing country and the availability of sufficient infrastructure 

investment may come as a challenge to most developing countries. In light of South 

Africa, this instance could be important based on their post democratization period 

followed by challenges of managing and improving existing infrastructure as well as 

providing new infrastructure.  

  

With that said, how capital is used may be better to consider than how much capital is 

available. Hulten (1996) suggests that if capital stocks are not used effectively, adding 

new capital may be insignificant to economic growth. Findings from this paper that was 

obtained from 1994 World Development Report which proposes that $12 billion from 

road maintenance in Africa from the past decade, would have avoided $45 billion in 

reconstruction and rehabilitation if adequate management for existing infrastructure was 

in place. This argument is apparent when Africa is compared to East Asia and findings 

expose that more than 40% of growth differential is due to efficiency effect, making this 

the most important explanatory of different growth rate performances in these regions 

(Hulten, 1996). Albeit this argument is considered, it is equally important to understand 

that the strength of efficiency effect includes the opinion of infrastructure effectiveness 

variable being a proxy for a more general productive efficiency. And that if this 

interpretation is true, it challenges literature that suggests differences in total productivity 

rate not being of central importance to explaining growth in East Asian economies 

(Hulten, 1996). 

 

In Hulten & Schwab (1993), a highlight is made about the importance of investment in 

public capital to a country’s infrastructure, through the US economies’ infrastructure 

“crisis” that took place after 1968 to the 1980’s. It is argued that failing to invest in public 

capital drastically deteriorated infrastructure in the US. Evidence takes form in many 



 

8 
 

ways including a decline in the pavement quality and congestion increase in the 1970s 

and 1980s respectively. The argument, however, remains how inadequate investment is 

interpreted since having a peak of infrastructure investment in an economy cannot be 

deemed inadequate, after the level of infrastructure is anything less than what it was 

during the peak. Hulten (1993) goes on to critic that problems within economies regarding 

road conditions and other infrastructure deteriorations cannot necessarily be viewed as a 

systematic crisis in transportation for example, without correctly interpreting the 

statistics. This implies that even though statistics may depict a decline of infrastructure 

investment in the US as a whole, the issue may go as far as affecting only a few states 

and thus not being significant. To explain this further through evidence from Hulten & 

Schwab (1993) that the average percentage of poor-quality roads across the states was 

11% in 1989, however for most the issue is relatively small as less than 4% of the highway 

pavement is in poor condition. While the issue may be more serious in other states. For 

Hulten & Schwab (1993) the conclusion about the adequacy of infrastructure capital can 

be traced through poor policy decisions rather than inadequate funding. The belief is that 

government has been slow to price infrastructure correctly and consequently there will be 

congestion 

 

Wolassa L. (2012) conducted a study on the causality between infrastructure investment, 

employment and economic growth in South Africa. An interesting touch to this study was 

the inclusion of the governmental structural break that occurred in 1994. The study did a 

granger causality test and they improved their results by receiving increased significant 

relationships through including the structural break. The study concluded that there is 

bidirectional Granger causality between infrastructure investment and both public and 

private employment in South Africa (Wolassa L., 2012). This would be something to 

reflect on in the conclusion of our paper since the structural break is taken into 

consideration for robustness check. The difference however is that the structural break in 

this paper is added into the regression with other variables that affect GDP per capita.  

 

Studies about the impact of public infrastructure investment in a country has been proven 

to improve the country’s economic development (Hlotywa & Ndaguba, 2017; Sturm, 

Kuper & De Haan, 1996; Montolio & Solé-Ollé, 2009; Looney, 1997). More specifically, 

the relationship between road transport infrastructure investment and economic 
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development was investigated through times series data and the vector error correction 

model (VECM). The study conducted by Hlotywa & Ndaguba (2017), concluded that 

there exists a long-run relationship the economic development and road transport 

infrastructure investment in South Africa. This could imply that investing in public 

infrastructure further creates an improved well-being and a better quality of life (Hlotywa 

& Ndaguba, 2017). Furthermore, studies have found that lack of sufficient infrastructure 

in more rural communities is an essential barrier to economic development (McRae 

2015).  

 

In recent years there has been more research done regarding infrastructure investment and 

its impact on poverty and inequality (Estache et al., 2002). When communities have 

access to basic infrastructure services it has been proven that their total welfare effect 

such as economic growth and social development, is greater compared to communities 

who do not have access to it (Chong et al. 2007). Additionally, when provided with the 

right conditions, public infrastructure investment contributes to lower inequality and 

poverty through economic growth and social development (Calderón & Servén, 2008). 

The relationship between education and infrastructure in the poorer communities has been 

researched by Leipziger et al. (2003) and a consensus has been reached that education 

gains a positive influence the when there is an increase in the infrastructure investment, 

therefore this potentially affects their overall welfare.   

 

Likewise, with proper water and sanitation infrastructure there would be less water-

related diseases, hence an increase in the attendance at schools (Brenneman & Kerf, 

2002). Public infrastructure includes the maintenance and availability of electricity. This 

implies that having proper electricity would enable students to study during the night and 

further make use of the available technology (Bond, 1999).  In order to increase the 

attendance of students it is important they are provided with adequate shelter with food 

& water, sanitation and heating, which is possible with appropriate and quality 

infrastructure (Bond, 1999; Brenneman & Kerf, 2002). For improving the levels of South 

Africa’s economic growth, ameliorating human capital is one prerequisite. There needs 

to be an increase in education, hence a decrease in absenteeism of students through 

improving public infrastructure.  
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4. Variables and Data  

4.1 Description of variables  
 
GDP per capita  
GDP per capita will be the dependent variable for the regression model. The data for this 

variable was retrieved from the SARB and will range from 1960-2017 as all the other 

independent variables. GDP per capita will represent economic growth measured in the 

South African Rand at 2010 constant prices.  

 

Public infrastructure investment  

For the first independent variable, the regression will include public infrastructure 

investment. Which will also be presented in the South African Rand. The data was 

retrieved from the SARB and will be an agent for spending on new assets, replacements, 

maintenance & repairs, upgrades & additions, rehabilitation, renovation and 

refurbishment of assets, as mentioned earlier. The public-sector infrastructure investment 

is measured by constant 2010 prices. The expected sign for public infrastructure is 

positive. see Table 1.  

 

Imports  

The data retrieved for imports is from the SARB and represents import goods and services 

in South Africa. These values are also in the South African Rand and measured at 2010 

constant prices. Based on previous literatures, such as Akter and Bulbul (2017) and 

Zahonogo (2017), we expect the value for imports to have either a negative or positive 

sign. These studies conclude that imports, exports and economic growth essentially are 

influenced by each other, thus both import and export are driving forces of economic 

growth. They further state that import has a positive impact on exports.  

 

Exports   

The data retrieved for exports is from the SARB and represents exports goods and 

services in South Africa. Exports will be measured using 2010 as a base year, in the South 

African Rand. A study by Balassa (1978) illustrated that export-expansion can advance 

economic growth, which is why we expect the value or sign for exports to be positive.  
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Labour  

The final independent variable included in our regression is the labour which is retrieved 

from the SARB. This labour variable is an index with a base year of 2010 prices. Also, 

the total employment in both of the private and public sector are computed by summing 

up the values attainted for private and public-sector employment in South Africa. Based 

on the study made by Wolassa L. (2012) we expect this variable to have a positive impact 

on South Africa’s economic growth. The study found that there exists a causal 

relationship between economic infrastructure investment and the South African public-

sector employment, due to creations of jobs for constructions and maintenance of the 

infrastructure. This would encourage further contribution of infrastructure investments 

through multiplier effects in the country’s economy, and thus have a positive impact on 

its economic growth. 

4.1.1 Expected Signs for Vqqqariables  

Variable  Expected Sign  
Infrastructure 
Investment  +	  
Import +	  or	  -‐	  
Export 	  +	  
Labour  	  +	  

Table 1. The expected signs of the variables are supported in the description of individual variables with 

support from literature and theories.  

4.2 Descriptive Statistics  

 
The descriptive statistics table is presented in Table 2. From this table, the minimum; 

maximum; mean; median and standard deviation can be found. A low standard deviation 

shows that data is widely spread and a low standard deviation shows that data is clustered 

close to the mean. For the data presented in Table 2, the standard deviation for the 

variables are generally low, except for the IMP and EXP. These two variables have a 

standard deviation closer to their mean. Although, considering that standard deviation 

assumes normal distribution, it can be impacted by outliers and/or extreme values.   

 
Furthermore, the skewness essentially measures the relative data spread in two tails while 

the Kurtosis measures the amount of probability in the tails.  Variables that are greater 

than or equal to 3 are considered leptokurtic. In Table 2 the GDP can be considered 
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leptokurtic since the value is close to 3. Which means that GDP’s distribution displays a 

positive value of excess kurtosis, or sharpness of the peak of the distribution. The 

variables can be considered as moderately skewed as the values range from -0,9 to 0,65. 

This excludes imports which has a value of 1,02, which implies that it is skewed to the 

right.  

 

 Variable GDP per capita Infrastructure 
Investment Imports Export Labour 

 Mean 46691 36346  392384 489024 156 
 Median 46260 33278 257439 381969 174 
 Maximum 56549 64749 966 025 912546 217 
 Minimum 33785 17061 102778 202552 74 
 Std. Dev. 5467 13877 260749 225679 44 
 Skewness -0,093 0,262 1,029 0,654 -0,534 
 Kurtosis 2,992 1,745 2,657 1,910 1,944 
 n 58 58 58 58 58 

Table 2. Descriptive Statistics table for the variables GDP per capita, public infrastructure investment, 

labour, imports and exports.  

   4.3 Correlation  
 
By observing the correlation matrix of our independent variables, see Table 3. Imports 

and exports are close to being perfectly correlated, seeing that the correlation value is 

0,969. This value is close to 1. As previous studies suggest, import does have a positive 

impact on exports, which could explain the high correlation (Akter and Bulbul, 2017; 

Zahonogo, 2017). The variables that have the second highest values are labour and 

exports, which could be explained by the ‘Vent for surplus’ theory discussed by Myint 

(1958). It states that a country that has a surplus of production uses export to vent its 

surplus, which could explain the high correlation between the labour and exports. 

Additionally, the high correlation problem between labour, imports and exports seen in 

Table 3 could be resolved by using net exports. However, this paper focuses on the impact 

of imports and exports individually to GDP per capita, which helps to investigate the 

relationships found in past literature. 
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Infrastructure 
Investment Labour Imports Exports 

Infrastructure 
Investment 1    
Labour 0,076 1   
Imports 0,303 0,765 1  
Exports 0,125 0,809 0,969 1 

Table 3. A correlation matrix for the variables public infrastructure investment, labour, imports and 

exports. 

5. Methodology and Empirical Results 

5.1 Granger Causality  

Following the Granger (1969) approach, we can determine the causality between 

economic variables by using time-series data. An issue that might arise within this time 

series analysis is if one economic variable is able to forecast another economic variable. 

The Granger approach, the variable X Granger-causes another variable, if the current 

value of Y is conditional on the previous values of X (xt-1, xt-2 …) and therefore X might 

increase the chances of predicting Y, (Konya, 2004). Dufour and Renault (1998), 

illustrate that a bivariate system with no-causality for one period ahead means that there 

is no causality at any extent. The bivariate system can be advantageous over a trivariate 

system (X, Y, Z), since causality between X and Y can arise through the trivariate system. 

Variable X in the trivariate system can cause Z one period ahead, which could cause Y at 

a later period. A version of an indirect, two periods ahead causality can occur even though 

a direct, one-period ahead causality between X and Y does not exist. On the other hand, 

if causality between X and Y does not exist for two periods ahead, it means that there is 

no causality at all. This distinction between the two systems implies that both of them 

need separate strategies in order to test for causality beyond one period (Konya, 2004). 

Foresti (2007), illustrates a situation where a Granger-Causality test may be applied. In a 

simple Granger-causality test, there exists two variables and their lags. This paper will 

adopt this application in order to find the existence, if any, of a causal relationship 

between economic growth and public infrastructure investment in South Africa.  

 

The equation 6 depicts the null hypothesis (H0) that Y does not Granger cause X, which 

implies that if H0 is rejected, the conclusion would be that Y does Granger cause X (H0: 

g1=g2=…=gp= 0). Contrarily to the H0, the alternative hypothesis (H1) states that Y does 
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Granger cause X, (H1: at least one gi ≠ 0).  The same process will be conducted on equation 

7. The bivariate regression for the test is as follows: 

 

(X)$ = 	  α +	   β*+
*,- (X)$.* + γ01

0,- (Y)$.0	   + µμ$   (6) 

 

(Y)$ = 	  α +	   β*+
*,- (Y)$.* + γ01

0,- (X)$.0	   + µμ$   (7) 

 

Where, µt is an error term.  

5.2 Unit Root  
An Augmented Dickey-Fuller (ADF) test was conducted to determine whether the 

variables consist of stationary time series or not. Table 4 confirms that both time series 

are non-stationary at levels. Therefore, we ran an ADF Unit Root test at levels and taking 

the first difference of the data. These results are presented in Table 5, which confirms that 

the series are stationary at levels. We further did a unit root test for the other independent 

variables to check for stationarity, see Appendix C and Appendix D. 

   

Variable T-Statistic ADF Critical 
Value 5% 

ADF Critical 
Value 1%  

Null Hypothesis:  
Series has a unit root  

GDP  -1,904 -2,915 -3,553 Failed to reject 

INFRASTRUCTURE -2,053 -2,915 -3,553 Failed to reject 
Table 4. ADF unit root test for economic growth and public infrastructure investment at levels, without 

taking the first difference.  

    

Variable T-Statistic ADF Critical 
Value 5% 

ADF Critical 
Value 1% 

Null Hypothesis: 
Series has a unit root 

GDP -4,778 -2,915 -3,552666 Rejected 

INFRASTRUCTURE -5,767 -2,916 -3,555023 Rejected  
Table 5. ADF unit root test for economic growth and public infrastructure investment at levels, by first 

taking the first difference. 

5.3 Granger Analysis  

The equations (6) and (7) respectively, depict our two hypotheses of the bidirectional 

causality, which we tested, see Table 6. According to these results, we reject the null 

hypothesis that the public infrastructure investment does not Granger cause economic 

growth at 10%, 5% and 1% level of significance. We found that there exists clear 
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unidirectional causality between the public infrastructure investment and economic 

growth. In other words, the occurrence of public infrastructure investment makes the 

occurrence of economic growth more likely, since the public infrastructure investment 

Granger causes economic growth. However, the null hypothesis that economic growth 

Granger causes public infrastructure investment could not be rejected at any level of 

significance, see Table 6. These results indicate that the there is no bidirectional causality, 

but a unidirectional one.  

 

Null Hypothesis F-Stat 
Critical F 
Value at 
1% 

Critical F 
Value at 
5% 

Critical F 
Value at 
10% 

Decision 

dGDP does not 
Granger cause dINFR 1,93150 7,119 

(1,55) 
4,016 
(1,55) 

2,799 
(1,55) 

Not 
Rejected 

dINFR does not 
Granger Cause dGDP 16,3617 7,119 

(1,55) 
4,016 
(1,55) 

2,799 
(1,55) 

Rejected at 
1% 

Table 6. Pairwise Granger causality tests between economic growth and infrastructure investment. The 

values in the brackets are the lower and upper degrees of freedom respectively.  

5.4 Bounds Test  

Furthermore, the bounds test is conducted to find out whether GDP per capita and public 

infrastructure have a long-term relationship in South Africa. Performing the Bounds test, 

we found that the F-statistic (3,93) of our variables is larger than the upper bound (3,51). 

See Table 7. Thus, we can conclude that we reject the null hypothesis that there is no co-

integration between the public infrastructure investment and economic growth. This 

implies that these two series are related and can be combined in a linear fashion. In the 

short-run, there might occur shocks in the series but essentially, they would converge with 

time in the long-run. 

 
Null Hypothesis F-stat Upper Bound (1) Lower Bound I(0) 
no co-integration  3,93 3,51 3,02 

Table 7. Bounds test between public infrastructure investment and economic growth.  
 

5.5 Regression Analysis  
 

lnGDPt = b0 + b1lnINFt +  b2IMPt + b3lnEXPt +  b4lnLABt     (8) 

where, INF=Infrastructure; IMP=Imports; EXP=Exports; LAB=Labour 
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Dependent variable: GDP per capita 
Models 1 2 3 4 
Independent Estimated Estimated Estimated Estimated 
variables  Coefficient Coefficient Coefficient Coefficient 
Constant  0,0076 0,0023 0,0022 0,0014 
  (0,0072) (0,1772) (0,3085) (0,5713) 
DLInfrastructure 0,0771 0,0493 0,0489 0,0459 
  (0,0005) *** (0,0014) *** (0,0016) *** (0,0046) *** 
DLImport  0,1445 0,1418 0,1402 
    (0,0000) *** (0,0000)*** (0,0000)*** 
DLExport   0,0215 0,0272 
      (0,6076) (0,5265) 
DLLabour    0,0414 
       (0,5037) 
Observations  
(after adjustments) 57 57 57 57 

R-Squared 0,2110 0,6315 0,6333 0,6365 
Adj. R-Squared 0,1865 0,6178 0,6125 0,6085 

Table 8: Source: SARB (2019), World Bank (2019) 
*=Significant at 10%  
**=Significant at 5% 
***=Significant at 1% 
 
Table 8 displays the results for the log-log regression in equation 8 above which 

summarizes the dependent variable and independent variables of choice. Multiple 

regressions have been run; specifically for 4 models, where each independent variable is 

added in the consecutive model, before coming to the final regression which includes all 

the independent variables. All independent variables are logged except for labour, as 

labour is in index form. Thus, logging all of the other independent variables helps with 

consistent interpretation of the results, since our independent variables (infrastructure 

investment, imports, and exports) including the dependent variable are all in the South 

African Rand. The ADF unit root test is run for the independent variables to be stationary 

and less prone to having multicollinearity since there is a five-decade time series. The 

results for this can be seen in appendix C and D.  

 

For model 1 in Table 8, we observe that infrastructure investment is highly significant to 

GDP per capita. This is seen through the p-value which is 0,0005 and implies that it is 

significant at 1% level. There is a positive relationship between the two coefficients which 

can be interpreted as one percent in infrastructure investment means there is a 0,0771 



 

17 
 

percent increase in GDP per capita. R2 however is only 0,2110 which may indicate that 

more variables need to be added into the regression in order to have a better goodness of 

fit for GDP per capita. Infrastructure investment is nonetheless stable throughout the 4 

models estimated, which indicates that there is indeed a consistent relationship between 

the investment and GDP per capita in South Africa. This positive relationship can be 

linked to the marginal product of investment on GDP per capita, which is mentioned in 

the endogenous growth theory.  

 

When import is added to the next three models, model 2; model 3 and model 4 

respectively, it is highly significant and positive. The expected sign for imports is positive 

or negative since we know that imports, exports and economic growth influence each 

other, as suggested by Akter and Bulbul (2017) and Zahonogo (2017).  The interpretation 

for the results are that a one percent increase in imports will increase GDP per capita by 

approximately 0,14 percent , in all the models mentioned. Conjointly, export is positively 

related to GDP, however the p-value in model 3 and model 4 are not significant at any 

levels.  

 

Imports and exports are estimated in model 4 again with labour as an additional variable, 

the coefficients are still positively correlated to GDP per capita Since we know from 

previous literature that imports and exports influence each other, it is important to keep 

in mind that there could be multicollinearity between the variables. In the correlation 

table, imports and exports have a correlation value of 0,969, see Table 3. On account of 

independent variables in a regression, variables that are highly correlated may cause 

problems in the fit of the model and interpretation of results. Thus, the correlation value 

mentioned may insinuate that the two variables are so highly correlated that they explain 

each other, meaning that there is a multicollinearity problem.  

 

Moreover, the labour variable is an index. In table 8, the labour variable is positive and 

can be interpreted as a one percent increase in labour increasing GDP per capita by 0,0414 

percent. This variable is not significant at any levels. The positive relationship between 

labour and GDP can be briefly explained by the in the neoclassical growth model 

assumption. Which is that within long run steady state, the growth of output is determined 

by the rate of growth of labour in efficiency units.  
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5.6 Robustness Check  

In Table 8, the fourth model which includes all independent variables, has an R2 of 

0,6365. This can be considered a good fit for the estimation of GDP per capita. However, 

to be sure of whether excluding imports and exports creates a better model we proceed to 

the Wald-Test. The hypothesis for a Wald-test is that the coefficients are equal to zero. In 

our case the coefficients are imports and exports, since they had multicollinearity. We 

rejected the null hypothesis and conclude that imports and exports should be included 

into the regression, thus model 4 in table 8 is a good estimate. The results for the Wald-

test can be found in Appendix A. We can say that the regression is robust.  

 

An alternative to excluding the highly correlated variables could have been to replace 

imports and exports individually with net exports. However, there was no data availability 

for net exports in the SARB measured in the South African Rand. Thus, this is a limitation 

and could not be looked into for further robustness checks.  

 

Further, for the structural break that took place in 1994, a dummy variable is generated.  

The dummy takes value of 1 before 1994 and 0 after 1994.  The infrastructure investment 

variable is significant, however only at 10% level. The dummy variable on its own, has a 

negative coefficient, this indicates a decrease in GDP per capita for every one percent 

increase. In contrast, the dummy variable that is interacting with public infrastructure 

investment has a positive coefficient. Since interpretation does not change, we can say 

that infrastructure investment is just as efficient before and after 1994.This is seen in 

appendix B. A conclusion can be made that the regression is somewhat robust, even in 

the consideration of the structural change.  

6. Conclusion  

To conclude, the purpose of this research paper has been to find if a relationship exists 

between infrastructure investment and economic growth in South Africa. Previous 

literature has made diverse conclusions about the topic, based on the measurement used 

in the research. For this paper, significant results have been found between these two 

variables. More specifically, we established that there is a causal relationship between 

GDP per capita and public infrastructure investment. There is however a unidirectional 

relationship that runs from public infrastructure investment to GDP per capita, instead of 
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a bidirectional relationship as established by Wolassa L. (2012) between these two 

variables, or even the causal relationship running from GDP per capita to infrastructure 

investment like Munnell, (1992) concluded. Thus, a conclusion can be made that the 

Cobb-Douglas function is a good representation of our results since when infrastructure 

investment increases, all other inputs held constant, GDP per capita would rise as a result. 

Moreover, having a policy that keeps infrastructure investment growing at a constant rate, 

and not a diminishing rate, is important for South Africa as it would increase the output 

per capita in the economy infinitely. This is one of the conclusions for the endogenous 

growth model, see theoretical framework.  

 

Even though a dummy variable, which represents the structural break that took place in 

1994, has been added to the regression, the significance of infrastructure investment is 

the same before and after 1994. Thus, it can be concluded that progress has been made, 

based on the result obtained in the past five decades, even though it has been said to be 

limited during the past by (Booysen 2003, Tregenna & Tsela, 2012). 

 

When studying the relationship between public infrastructure investment and economic 

growth, it is important to also include the impact of investing in a country’s public 

infrastructure. In the literature review there has been some articles that have proven that 

investment in infrastructure could improve overall welfare and decrease inequalities. It 

can be expected that there will be an overall increase in development in communities. 

The depth of analysing this impact in South Africa is a limitation to this paper, thus 

conclusions are made based on previous literature. Thus, in conjunction with the 

significant results obtained in the regression, this can insinuate that welfare has improved 

in communities as well as poverty inequalities during the period of 1960-2017, despite 

the fact that South Africa has the highest inequality index. The income disparities could 

be better explained by the unemployment rate and wages. 

 

Future researchers could be dedicated toward researching the benefits of infrastructure 

investment on economic growth in a more detailed perspective. As mentioned,  economic 

infrastructure typically exists not for its own sake but rather to support various kinds of 

economic activity (Jimenez,1995). The ‘economic activities’ can include consumption, 

as suggested by the Solow-Swan model, labour; education and economic well-being, 
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which can be measured using the HDI index. Infrastructure investment can be at the core 

of a developing country’s growth, thus the impact that it could have on different sectors 

of an economy is worth committing to, through research.  
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8. Appendix  

Appendix A: Wald Test Results  
 

Variable  Null Hypothesis  F-statistic P-value Result  

IMP(3) & EXP(4) C(3)=0, C(4)=0  16.96800  
 (2, 53) 0.000 Reject H0*** 

 
Values in the brackets are the degrees of freedom, numerator and denominator 
respectivley. 

***=Significant at 1% level  

 

Appendix B: Regression with dummy interaction  

 

 

 

 

 

 

 

 

 

 

 

 

 

*=Significant at 10%  
**=Significant at 5% 
***=Significant at 1% 
  

Dependent variable: GDP per capita 
Model 1 
Independent Estimated 
variables  Coefficient 
Constant  0,0092 
  (0,0405) 
DLInfrastructure 0,0566 
  (0,0714)* 
Dummy1*DLInfrastructure 0,0374 
  (0,3830) 
Dummy 1 -0,0022 
  (0,7036) 
Observations  
(after adjustments) 57 

R-Squared 0,2134 
Adj. R-Squared 0,1689 
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Appendix C: Unit Root without 1st difference for all variables 

Variable T-
Statistic 

ADF Critical 
Value 5% 

ADF Critical 
Value 1%  

Null 
Hypothesis:  
Series has a unit 
root  

GDP -1,904 -2,915 -3,553 Failed to reject 
INFRASTRUCTURE -2,053 -2,915 -3,553 Failed to reject 
IMPORT 0,876 -2,915 -3,553 Failed to reject 
EXPORT 0,477 -2,915 -3,553 Failed to reject 
LABOUR  -1,619 -2,915 -3,553 Failed to reject 

 

 

 

Appendix D: Unit Root with 1st difference for all variables  

 

Variable T-
Statistic 

ADF Critical 
Value 5% 

ADF Critical 
Value 1%  

Null 
Hypothesis:  
Series has a unit 
root  

GDP -4,778 -2,915 -3,553 Rejected 
INFRASTRUCTURE -5,767 -2,915 -3,553 Rejected 
IMPORT -6,374 -2,915 -3,553 Rejected 
EXPORT -6,968 -2,915 -3,553 Rejected 
LABOUR  -5,081 -2,915 -3,553 Rejected 
  


