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Social and Economic Infrastructure
Impacts on Economic Growth in

South Africa*

C. Kularatne'™

Abstract

One of the key constraints to growth identified by the Ac-
celerated Shared Growth Initiative (ASGI) in South Africa is
investment in infrastructure. Analysis on the various measures
of physical infrastructure provides one with a declining trend in
infrastructure development over the recent past. Investment in
infrastructure affects GVA directly and indirectly via private in-
vestment. There also exist feedback effects from GVA and pri-
vate investment to investment in economic infrastructure. This
implies that infrastructure investment responds to growth. So-
cial infrastructure investment is found to have a direct, positive
impact on GVA. Theoretical evidence does posit the belief that
even though public and private capital may be complements,
there may exist threshold effects present with respect to public
infrastructure expenditure. The findings do allude that the pos-
sibility of a non-linear relationship existing between per capita
output and social infrastructure investment. This threshold is
not reached at 1.3% with regard to the social infrastructure net
investment rate. The threshold between the private investment
rate and net investment rate in economic infrastructure is not
reached at 6%. This implies that the government can afford to

*Any comments or statements made herein reflect the views of the author and
do not necessarily reflect the views of the National Treasury. Although great care is
taken to ensure the accuracy of the information, neither the author nor the National
Treasury can be held responsible for any decision made on the basis of the information
cited.

fSouth African National Treasury.
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invest (net) at least 1.3% and 6% in social and economic in-
frastructure (as a percentage of GVA), respectively.

South Africa is seeking to accelerate her growth rate in order to
provide greater social and economic benefits to a wider section of her
population. The Accelerated Shared Growth Initiative for South Africa
(ASGI-SA) document outlines six salient topics that need immediate
address - one of which is investment in infrastructure. Targeting of
infrastructure expenditure is crucial as one of the key constraints to
growth given the fact that the relative logistics cost of South Africa
(15% of GDP) versus those of its trading partners (8.5% of GDP).! This
puts South Africa at an immediate competitive disadvantage. Moreover,
Figure 1 depicts government net investment rates in both economic and
social infrastructure have been declining over the last few years.?

[INSERT FIGURE 1]

The extensive capital expenditure program the government is cur-
rently undertaking is aimed at improving and increasing both the effi-
ciency and network of country-wide infrastructure needs of the economy.
In the same vein, the SA Cabinet has given its approval for Eskom and
Transnet to undertake some R121-billion worth of investment by 2010
with a private sector target of R44-billion for both sectors — R23-billon
for the energy system and an additional R21-billion for transport. It
is estimated that approximately R107-billion would be needed between
2005 and 2009 to meet South Africa’s growing energy needs. Eskom
plans to meet 70% of this requirement, implying an investment of R84-
billion over the next five years with the balance reserved for possible
Independent Power Producer (IPP) entrants.®* The planned rate of
growth of the capital budget of government at between 15% and 20%
per year is unprecedented in South African history.

A plethora of studies have highlighted the importance of investment
in infrastructure on growth. Infrastructure investment is deemed to in-
crease the growth potential of an economy by increasing the economy’s
productive capacity. This may be borne by affecting output directly

!Source: Department of Trade and Industry

2Infrastructure investment rates are calculated by obtaining the first difference
of capital stock used in economic and social infrastructure as a percentage of Gross
Value-Added (GVA). Capital stock data on public infrastructure is obtained from
the SA Reserve Bank (SARB). The SARB provides capital stock figures net of
depreciation. Allowance for depreciation of capital stock is generated by the SARB
depending on the type of asset.

3Engineering News, 26 October 2004.



(as additional factor of production) or indirectly (increasing the produc-
tivity of private capital). This implies that productive infrastructure
and private capital are “complements” in production.* Thus, a rise in
infrastructure capital raises the marginal productivity of private capital
services so that, given the rental price of such services, a larger flow of
private capital services and a larger stock of private assets producing
them are demanded. The rise in the marginal product of capital in-
creases private capital formation, raising private sector output further.

The indirect effect of a rise in infrastructure capital on private output,
however, is not necessarily positive. In fact, this effect can be negative
if infrastructure and private capital are "substitutes". This is charac-
terised by two opposing forces. On the one hand, infrastructure capital
enhances the productivity of private capital, raising its rate of return and
encouraging more investment. On the other hand, from the investor’s
perspective, infrastructure capital acts as a substitute for private capi-
tal and “crowds out” private investment. One needs to test empirically
when private and infrastructure stocks are complements or substitutes
by estimating a system of equations that highlights the complex webs
of association between private and public capital. This is crucial in
understanding the role played by public capital in enhancing growth.
Moreover, this analysis needs to be taken on a country-by-country basis
because the various peculiarities of each economy determine if public
and private capital are complements or substitutes.

South Africa, being a middle-income country, provides an excellent
case study on the impact of infrastructure on growth in aiding such tran-
sition economies. To what extent does social and economic infrastruc-
ture lead growth or is it merely responding to increasing growth rates
as these transition economies attain higher growth paths. Given the
fact that SA is currently embarking on increasing expenditure on eco-
nomic infrastructure, there have been some studies done on the impact
of infrastructure expenditure on growth. This paper finds that even
though public and private capital may be complements, this may not
be borne out by the econometric results if there exists threshold effects
present with respect to public infrastructure expenditure. The paper
tests for the possibility of a non-linear relationship existing between per
capita output and economic infrastructure expenditure likely for South
Africa.® Furthermore, a principle component analysis is conducted on
various measures of physical infrastructure to draw a picture of actual

4See Gramlich (1994) for a review of the main studies about the impact of in-
frastructure investment.

®Mariotti (2002) finds a non-linear relationship beween government consumption
expenditure and GDP in SA.



physical infrastructure created over the years. This index should provide
one with a picture of the trends in infrastructure development over the
recent past, given that infrastructure development in SA has occurred
in stages (by type of physical infrastructure) over the decades.

This paper proceeds as follows: Section 1 provides a theoretical ex-
position of the model together with an overview of the literature; Section
2 discusses the econometric methodology employed in the analysis; Sec-
tion 3 provides a brief overview of the trends in the different forms of
physical infrastructure together with a composite index of physical in-
frastructure; Section 4 will discuss the results of two models - one which
excludes threshold effects and one which does not; and lastly Section 5
provides the conclusion and policy implications of this study.

1 Impact of Economic and Social Infrastructure on
Growth

1.1 Theoretical Background

The paper adapts the Barro (1990) theoretical model to underpin the
interaction of economic and social infrastructure on growth. This model
aims to disentangle the impact public sector infrastructure investment
from private sector investment in capital stock (k). From the theoretical
literature, investment in infrastructure is argued to raise the marginal
product of private capital used in production. A nuance this paper
attaches to the Barro model (1990) is the inclusion of public investment
in social infrastructure. Thus the paper is considering an economy in
which infrastructure (economic® and social”) is used in the production
of final output and is financed by a tax on output.

Assume the existence of an endogenous growth model (similar to
Barro (1990)) in which the government owns no capital and does not
produce services but acquires private-sector output in order to provide
(economic and social) productive services, which serve as inputs into the
private-sector production process. The services are purchased under
a balanced budget constraint, using a flat-rate income tax, 7, for the
provision of economic and social infrastructure, respectively.

Assuming Cobb-Douglas technology, the labour-intensive production
function is assumed to be:

y = Ags(g.)" k'™, 0<a<l (1)

$Economic infrastucture represents items such as roads, bridges, dams, electricity
and water supply.
"Social infrastructure represents items such as schools and hospitals.



where y denotes output per worker, A > 0 the level of technology, k
private capital per worker®, and g, and g, represents social and economic
infrastructure capital stock per worker, respectively. We assume con-
stant returns to scale in k£ and g.. It follows that the marginal products
of gs, ge anld k are Oy/dgs = A(ge)" k'™ = [y/gs] > 0, Oy/dg. =
adgs(k/ge) ~ = aly/g] > 0 and dy/ok = (1—a)Ags(ge/k)" =
(1 —a)ly/k] > 0, respectively. We assume that the marginal prod-
uct of gs is constant (for given levels of A, g. and k) in the model.
This implies that there exist constant returns to social infrastructure.
This assumption is valid as social infrastructure encompasses external-
ity effects especially if we construe g, to broadly encompass all forms of
social infrastructure, both tangible and intangible. The positive effect
of economic and social infrastructure on private capital is evident.’

From the government balanced budget constraint we have:

g = DPsfs T Pefe = TY (2)
where p, and p. represent the respective relative prices of g, and
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Je-

Suppose a infinitely-lived representative household’s utility function
is of the form:

U=1Inc¢ (3)

where ¢ is consumption per worker at time ¢. Assume a constant
rate of time preference, p > 0. Solving the representative household’s
maximization problem!!, the steady-state growth rate, denoted by 7, is:

v=01-7)(1-a)Ag(g/k)" —p (4)
Using the balanced budget constraint, we can rewrite (4) as:'?

v = [1 - (M)} (1—a)Ag, (%)a —p (5)

Yy
It follows that:

8 Assume k incorporates physical, human and financial capital.

9 Analogous to Arrow (1962) and Romer (1986) learning-by-doing growth models.
10Relative to the price of output and private capital.

11 Assume the rate of depreciation of capital, §, is zero.

12We can write v = {1 - (%)} (1-a)A (M) — p which is analogous
to the Barro (1990) result.
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A clear, theoretical link between output, government infrastructure
and social investment follows. From (6) and (7), we observe that both
infrastructure expenditure (g.) and social investment expenditure (g;)
can prevent diminishing returns to scale in private-sector capital (k),
raise the marginal product of private-sector capital (Jy/0k) and raise
the rate of growth of output (7).

The results in conditions (8) and(9) are similar to the Barro (1990) re-
sult. Government intervention of this nature can raise economic growth
only within limits. Once the marginal product of government social or
economic infrastructure expenditure falls below price p, or p. respec-
tively, further increases in g, or g. are harmful to economic growth,
since the tax effect comes to dominate the capital productivity effect.
The diminishing marginal product of economic infrastructure implies the
existence of a plateau effect — with infrastructure capital reaching a max-
imum or socially optimal “plateau” level once the tax effect dominates
the capital productivity effect.!®> The presence of such a non-linear re-
lationship between growth and social infrastructure is also observable.
However, due to the absence of diminishing returns to social infrastruc-
ture, rising output per capita and the resulting tax effect is the only
cause of this non-linearity.!* This non-linearity is shown in Figure 2,
where o = 0.2, A =1, g, = 20 to 100 and k& = 20 to 100.

INSERT FIGURE 2]

13The effect is observable in South African infrastructural development — see
Perkins et al.(2005)

MDiminishing returns to g. (like k) positively affects v at a decreasing rate unlike
gs, where the effect is constant (for a given level of A, g. and k).



Equally, the exposition identifies a possible source for a distinction
between infrastructure and other physical capital — the indirect produc-
tivity effect of infrastructure on physical capital stock.

This implies that any dg. and Jg, affect the level of investment
in private-sector capital stock, since dy/0k = (1 — ) Ags (9./k)" =
(1= a) [y/k] > 0.

This suggests that

o~ (752) 5] > R
o (2a) ]~ W

Under a model that introduces a rationale for distinguishing public
from private capital, through productivity enhancement of private-sector
capital, the expectation is not only of a direct growth rate impact of
changes in public-service provision, but also of an indirect effect on out-
put and growth through changes in the stock of private-sector capital.'®
Thus to capture both the direct and indirect impacts of infrastructure
investment , a systems approach to estimation appears to the most plau-
sible.

1.2 Empirical Literature

There exist numerous studies on the impact of infrastructure expendi-
ture on growth and/or productivity. The academic debate on public
infrastructure was stimulated by Aschauer (1989). Figure 3 shows the
results of various papers using a variety of methodologies in analysing
the impact of infrastructure.

[INSERT FIGURE 3|

The various methodologies indicate that there do exist positive spin-
offs from infrastructure expenditure on output, private investment and/or
labour productivity. However, each econometric approach used to study
the relationship between infrastructure expenditure and growth does
yield results that diverge significantly in terms of either the magnitude
of the effect of infrastructure expenditure on output and/or if a positive
relationship is significant or not.

The production function approach captures the public capital stock
as an additional input factor in a production function. Initially, this

»Note that gig]; < 0 and gZIS < 0. This may be a theoretical expanation for the
crowding-out effect of government expenditure.
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approach yielded results ‘that were just too good to be true’ (Aaron,
1990). Indeed, the results of Aschauer (1989) and Munnell (1990) have
been criticized on various grounds. The most serious objections are
related to the assumed causality between public capital and output, the
specification and restrictiveness of the estimated model and the time-
series characteristics of the data.

An alternative to the production function approach is to estimate a
cost or profit function in which the public capital stock is included. Some
of the drawbacks of the production function approach can be eliminated
by using this so-called behavioural approach. However, the flexibility
of the functional form requires the database used to contain a tremen-
dous amount of information. Furthermore, the issue of causality is also
problematic. Most studies following the behavioural approach conclude
that public capital reduces private sector costs or increases private sector
profits. However, the estimated effects are generally significantly smaller
than those reported by Aschauer (1989).

Cross-section growth regressions. Problems associated with these
cross-section regressions include biases due to omitted variables and re-
verse causation. Conclusions based on cross-section regressions, espe-
cially in a cross-section of heterogeneous countries, are often not very
robust and this is also true for the outcomes with respect to the growth-
raising effects of public investment.

The Vector Autoregressive (VAR) approach tries to solve some of
the problems raised by the production and behavioural approach. An
advantage of VAR models is that no a priori causality directions are
imposed or other identifying conditions derived from economic theory
are needed. Indirect effects of public capital are also taken into account.

A final class of studies has examined the potential microeconomic
impact, postulated by the Barro (1990)-type models, of improving the
productivity of private capital, or the cost structure of the private sector,
rather than the final growth impact of infrastructure. Kessides (1993),
Jimenez (1995), Munnel (1990a), Murphy et al. (1989) and Amsden
(1989) all emphasize the importance of these factors. Lee, Anas and
Oh (1999) provide empirical verification. This study will employ the
Johansen Vector Error Correction (VECM) approach'® to estimate the
impact of social and economic infrastructure expenditure on per capita
gross value-added (GVA).'7

A variety of studies on the impact of infrastructure expenditure on
growth have been conducted on SA data. One such study was instituted

16GSee Section 2.3 for a detailed description of this approach.
"In this paper, the term gross value-added (GVA) will be interchanged with gross
domestic product (GDP) to imply one in the same.



by the Development Bank of Southern Africa (DBSA) (1998). Its report
highlights three sets of econometric results for South African data, all
of which employ Cobb-Douglas production function specifications. The
DBSA’s own study relates to the period 1967-1996, and controls for
time and capacity utilization. The results indicate a strong, positive re-
lationship between public-sector capital and output, although the OLS
estimates are spurious (elasticity of approximately 0.3). Using Engle-
Granger cointegration estimation, the DBSA study also finds strong
crowding-in effects of infrastructure on private-sector non-residential in-
vestment.

Perkins (2003) provides an extensive data set of different measures
of physical infrastructure for SA. Some of these series are used in this
paper to create an index of infrastructure expenditure. Perkins (2003)
finds that South Africa’s economic infrastructure developed rapidly from
the mid-1870s to the mid-1970s (an important role was played by the
growing mining industry), but this was followed by a sharp slowdown
from the late-1970s to 2002 (the country’s savings and total investment
rates fell, the share of government consumption in the economy grew,
and, during the 1990s, fiscal consolidation became a priority). The
papers finds a significant long-run relationship between infrastructure
and GDP in South Africa. More specifically, the results indicate that
South Africa’s GDP growth tends to drive growth in individual measures
of infrastructure-related goods and services.

Secondly, Fedderke et al. (2005) show that causality between in-
frastructure investment and economic growth appears to run in both
directions. Specifically, they find a forcing relationship running from
infrastructure fixed capital stock to GDP suggesting that infrastructure
leads growth, though they also find evidence of potential simultaneity be-
tween infrastructure and output (GDP and locomotives; GDP and goods
stock; goods vehicles and GDP; GDP and electricity), of output leading
infrastructure (GDP and railway lines; GDP and coaching stock; GDP
and rail passenger journeys; GDP and port cargo; GDP and SAA passen-
gers; GDP and fixed phone lines), and of no association at all (GDP and
rail carrying capacity; GDP and rail freight; GDP and international air
passengers). Fedderke et al. (2005) find weak evidence of feedback from
output to infrastructure; while the finding of an infrastructure growth
impact is robust. Bogeti’c et al. (2005), using panel data for the SA
manufacturing sector, find empirical links between infrastructure and
productivity. Specifically, infrastructure affects output directly, while it
exerts more limited impact on factor productivity.

Summarizing, we come up with only very modest conclusions. First,
public capital probably enhances economic growth, a conclusion that



most economists intuitively would ascribe to. Second, we are less certain
about the magnitude of the effect and direction of association between
infrastructure and growth.

An issue that is not always dealt with carefully is that the concept
of the stock of public capital includes rather diverging ingredients, like
highways and streets, gas, water and electricity facilities, water supply,
bridges, water transportation systems, etc. Most authors employ data
in their analyses which are generally chosen on the ground of their avail-
ability, without analyzing whether their conclusions are sensitive not
only to the concept of the public capital stock (narrow versus broad de-
finitions), but also to the way the capital stock has been constructed.
For instance, most data on the capital stock are constructed using the
perpetual inventory method, in which assumptions about the expected
life of the assets are crucial. Few authors experiment with different de-
finitions of the stock of public capital, which indeed, sometimes lead
to diverging outcomes (Sturm and De Haan, 1995; Garcia-Mil‘a et al.,
1996). Although some authors, including Aschauer (1989), differentiate
between the total stock of non-military public capital and the stock of
infrastructure, one may wonder whether this suffices. It is likely that re-
gions and industries react differently to various types of public capital.
Indeed, Pinnoi (1994) finds strong evidence in support of this view.

Another issue to which hardly any attention has been paid is the fact
that what really matters from a theoretical perspective is the amount of
services provided by the public capital stock. In all empirical research
it is implicitly assumed that these can be proxied by the stock of public
capital or the level of government investment spending, which may not
be true. For instance, the amount of services provided is also determined
by the efficiency with which services are provided from the stock of public
capital. Indeed, according to Munnell (1993) there is substantial room
for improving the efficiency.

A further general observation that we would like to make concerns
the implicit assumptions about the time it takes for public capital to
affect GDP growth. It may well be that there is a substantial lag before
the existence of say a new road leads to new set ups of businesses. A
simple Cobb-Douglas production function as often applied in the liter-
ature will probably not reflect this effect. Similarly, it does not allow
for network effects, whereby the quality of the connections facilitated
by infrastructure investments may be more important than the level of
the public capital stock (Garcia-Mil‘a et al., 1996). It may also make
quite a difference whether the investment concerns infrastructure which
previously did not exist at all, or simply more public capital (compare: a
new two-lane road versus a two-lane road turned into a four-lane road).
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Indeed, the evidence of Sturm et al. (1995) suggests that the former
may be more important than the latter.'®

2 Econometric Methodology

2.1 An Index of Economic Infrastructure

This paper creates indices of economic infrastructure using roads and
railways and social infrastructure using schooling infrastructure data.’
In the literature, two basic approaches have been suggested for measuring
infrastructure stock. The first is to measure infrastructure capital in
monetary terms. Second, is to use physical measures by taking inventory
of the quantity of the pertinent structures and facilities. ~Observing
times series data on actual physical infrastructure available in SA will
provide one with a non-monetary indication of the infrastructure capital
stock in the country.

The indicator of productive infrastructures employed have been cal-
culated aggregating through the Principal Components Analysis. The
indicator is constructed as follows:?

i=1 j=1

1 |: (b11+b21+...+bn1)$1+...

"0 [ (b1g 4 bog oo D) Ty A+ oo A (Din F ban A o byn) T (12)

where z; represents the different measures of physical infrastruc-
ture,?! b;; are the components of matrix B, calculated applying the
varimax rotation on the principal eigenvectors obtained from the data
set of the measures of physical infrastructure. One should note that
this transformation presents the data in a manner that stresses out the
trends in it facilitating its interpretation.

8Even then, tarring a road when a gravel road would suffice given the climatatic
conditions and utilization of the road, would not have much impact on the ease of
transportation on this road.

19See Appendix I on a description of the exact variables used.

20Gee Alvarez et al. (2000) for a full description of the methodology followed.

2Lz, is observation value after elimination of scale bias, ie., z; = (X; — X)/o,

where X is the original observation, X is the mean of the series and o its standard
deviation.
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2.2 PSS F-Test

In order to explore the directions of association between the variables
included in this study, we employ the test statistic proposed by Pesaran,
Shin and Smith (1996, 2001) (hereafter PSS) Fstatistics. Suppose that
the question is whether there exists a long-run relationship between the
set of variables v;, x14,...2,, . Univariate time series characteristics of
the data are also not known for certain. The PSS approach to testing
for the presence of a long-run relationship proceeds by estimating the
error correction specification given by:

p kE p k
Ay, = CY0+Z 5iAyt—z‘+Z Z ’inAfj,t—H' <51?Jt—1 + Z 5j+1$j> +wy
i=1 j=1 i=1 j=1
(13)

The order of augmentation, p, is determined by the need to render the
error term white noise (w;), and is chosen from the set of all feasible lag
structure combinations by means of an information criterion. The test
proceeds by computing the standard F-statistic for the joint significance
of 91 = 95 = ... = 6,41 = 0. While the distribution of the test
statistic is non-standard, and influenced by whether the x;; are 1(0) or
I(1), the critical values are tabulated by Pesaran, Shin and Smith (1996,
2001), with x;,1(0)Vi providing a lower bound value, and z;, I(1)Vi
providing an upper bound value to the test statistic. The test statistic
is computed with each of the y;, x14,...2,, as the dependent variable.
Where the estimated test statistic exceeds the upper bound value, we
reject 0 = 0y = ... = 0,01 = 0, and infer the presence of a long-run
equilibrium relationship. Where the estimated test statistic lies below
the lower bound value, we accept 0; = d2 = ... = d,41 = 0, and infer the
absence of a long-run equilibrium relationship. The test is indeterminate
either where the computed test statistic lies between the upper and lower
bound values (in which case it is not clear whether a long-run relationship
between the variables is present), or where more than one variable is
confirmed as the outcome variable of a long-run equilibrium relationship
(in which case the long-run relationships between the variables would
not be unique). In the current application, where there is an intercept
but no trend, the relationship being tested for is between per capita
GDP, per capita private investment, a composite index of measures of
physical infrastructure per capita or economic infrastructure investment
expenditure per capita, and per capita social infrastructure investment
expenditure. The lower bound critical value of the test statistic is 4.934
and the upper bound critical value of the test statistic is 5.764, at the
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five per cent level of significance.

2.3 Vector Error-Correction Mechanism (VECM)

To estimate a structural model for the linkages between economic and so-
cial infrastructure and other macroeconomic variables the paper employs
the Johansen estimation technique®?. This technique is based on esti-
mating a Vector Error Correction Mechanism (VECM). The discussion
of this methodology will be brief as this technique is well established.
In the VECM framework, for which, in the case of a set of k variables,
we may have cointegrating relationships denoted r, such that 0 < r <

kE — 1. This gives us a k dimensional VAR:

Zt = Amzt_l + + Amzt_m + 5 + Ut (14)

where m denotes the lag length, § a set of deterministic components
and v a Gaussian error term.
Re-parameterization provides the VECM specification:

k—1
AZt = Z FiAthi + HZt,kJrl -+ ) -+ Uy (15)
i=1
The existence of r cointegrating relationships amounts to the hypoth-
esis that:

Hi(r): I = af (16)

where II is pxp, and «, [ are pxr matrices of full rank. Hi(r) is
thus the hypothesis of reduced rank of II. Where r > 1, issues of
identification arise. Estimation is by VECM cointegration.

2.4 Threshold Autoregressive Estimation (TAR)

The second model also investigates the presence of a nonlinear rela-
tionship on impact of economic and social infrastructure on economic
growth.?> ' We now include an indicator term, which we use when test-
ing for the existence of a non-linearity. In order to test for an optimal
level of government consumption expenditure we employ the threshold
autoregressive estimation procedure. This technique suggests the esti-
mation of:

Ye = Bo + (511 + 512]<Pt—1 - 9)>Pt (17)

22See Johansen (1991) and Johansen and Juselius (1990).

23 Canning (2000) discusses a separate methodology using the Granger Represe-
natation Theorem to test if infrastructure capital stock has a positive or negative
effect on per capita GDP.
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where y; is per capita GDP, P is the policy variable and I(P;_; — 0)
is an indicator variable. The indicator variable is created by selecting a
potential optimal level of the policy variable denoted by #. @ is then
subtracted from the original data series denoted P,_;. All values of the
new series that are greater than zero are set equal to one and all values
less than zero are set equal to zero such that [(FP,_; — ) is a dummy
variable with values of zero and one. In order to determine what the
threshold level might be, we add the ,; and (3,5 coefficients. The lowest
net economic or social investment rate which causes the sum to become
negative indicates the threshold beyond which any further increases in
the ratio lead to decreases in per capita GDP.?*

3 Economic and Social Infrastructure: A Brief His-
tory in SA

The South African Reserve Bank (SARB) publishes the economic in-
frastructure component of gross fixed capital formation for general gov-
ernment and public corporations. Examples of public corporations are
Transnet (transport services such as rail and air), Eskom (electricity),
and Telkom (until its listing in March 2003; Telkom provides telephone
services). However, their has been a reclassification of these corpora-
tions from general government to public corporations. Consequently,
the analysis which follows treats economic infrastructure of general gov-
ernment and public corporations together under the expression ‘public
sector’.?

Apart from the national accounts data, the data set on which our
analysis is based was compiled largely from the statistical publications
of Statistics South Africa and its predecessors. Unfortunately the pub-
lication of most of the time series relating to infrastructure (e.g. rail,
roads, ports, air travel, telephones) was discontinued by Statistics South
Africa in the late 1980s and 1990s.26

Government investment in infrastructure has been declining over the
last few years, leading to low levels of GFCF and GDP performance.
This has been exacerbated by poor coherence and coordination regard-

24See Potter (1995) and Koop, Pesaran and Potter (1996).

% The capital stock data on economic and social infrastructure (obtained from the
SARB) includes depreciation. The SARB allows for depreciation by assuming a
contant linear rate of depreciation as per asset type. The original infrastructure
capital stock data is obtained by the SARB from StatsSA. SARB then recategorises
the data into economic and social infrastructure capital stock.

26Data was obtained from Perkins et al. (2005). For the purpose of this study,
data was also updated from a variety of organisations involved with the collection of
these data series.
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ing economic infrastructure by the relevant Government Departments.
International evidence suggests that there is a strong correlation between
fixed investment and GDP growth. Countries such as Malaysia, South
Korea and Chile have kept GDI as a percentage of GDP at levels higher
than 20% for the last two decades and have experienced relatively strong
and consistent growth.

Reference below to infrastructure in the context of the national ac-
counts denotes public sector economic infrastructure. As indicated in
Section 1, economic infrastructure includes transport, communication,
power, water and sanitation systems. Social infrastructure (e.g. schools
and hospitals) is also included in this analysis. The national accounts
data are expressed in constant 2000 prices. Figure 4 shows indices of
both of these measured per capita, and both demonstrate a long-term
deterioration: from the mid-1970s.

[INSERT FIGURE 4]

Net investment in economic infrastructure per capita fell from R1,304
in 1976 to R52 in 2002 (in 2000 prices), a collapse of 96 percent .27
Investment rates in net economic infrastructure expenditure (for this
period) fell from 6.5 percent of GVA to 0.3 percent of GVA, which lies
well below the international benchmark of approximately three to six
per cent identified by Kessides (1993). In 2002, 72% of public-sector
infrastructure investment consisted of transport, communication, power
and water. The recovery of infrastructure investment in the 1990s and the
subsequent slump were mainly the result of expansion programs by the
telephone (Telkom) and electricity (Eskom) utilities to extend telephone
lines and electricity to areas which were under-serviced, and the purchase
of new aircraft by the national carrier (South African Airways) (SARB
annual economic reports, 1996-2000).

[INSERT FIGURE 5]

The decline in infrastructure investment between the mid-1970s and
2002 was part of an overall decline in gross fixed capital formation
(GFCF) over the same period. As a percentage of GDP, South Africa’s
gross savings also fell during the 1980s and 1990s. Falling infrastructure
investment may also have been a response to overcapacity in certain ar-
eas (Merrifield, 2000). Perkins et al. (2005) provides a comprehensive
description of particular economic infrastructure developments in South

2TFor the purposes of this study, investment is calculated as the change in real
fixed capital stock, taking account of depreciation.
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Africa since 1875. The first wave of infrastructure development was
railways over the 1875-1930 period, after which there was little change
in the route-kilometre railway line distance — though rolling stock con-
tinued to increase. The second take-off in infrastructure investment was
in inter-city roads, which reached a plateau around 1940, after which
the focus was on the paving of national and provincial roads. In the
1920s and 1930s growth in road traffic far exceeded growth in rail trans-
port, and with the paving of roads after 1940 road traffic continued to
grow faster than rail for the rest of the century. While ports constitute
South Africa’s oldest form of infrastructure, substantial expansion in
port capacity was constrained to the 1970s through the construction of
two new ports, doubling the volume of cargo handled. The final phase
of infrastructure development was in telephones and electricity. While
the average growth rate for fixed phone lines dropped in the 1960s, it
rose again in response to the introduction of information and cell phone
technology.

[INSERT FIGURE 6]

A number of implications follow from the descriptive evidence. Firstly,
South Africa’s stock of economic infrastructure has developed in stages
— with a series of sequential periods of infrastructure roll-out. Thus cre-
ating an index of physical infrastructure capital stock, one may be able
to get a more comprehensive picture of the role economic infrastructure
plays in development.?®

An index of capacity utilization of railroad and road infrastructure
was created. The index incorporates different measures of rail infrastruc-
ture* per ton of freight and road infrastructure (both paved and un-
paved) per vehicle. Figure 6 indicates a declining trend. This may
either imply that infrastructure capacity is declining or that infrastruc-
ture is being more efficiently used. More kilometres of road does not
necessarily imply improvements in infrastructure. Roads in SA in the
1970s were being altered so that vehicular transportation may be more
efficiently utilized. Thus economic growth thus appears to provide both
the need for, and the resources to fund, various types of infrastructure.
It is plausible that phases of infrastructure development took place both
in response to changes in the structure of the economy, while also im-
pacting on economic performance in their own right.

28This may be the reason why Fedderke (2005) only finds some measures of physical
infrastructure to have a positive effect over the anlaysed sample period.

29Rail infrastructure measures include railway lines, locomotives and coaching
stock.
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Social infrastructure net investment per capita also decline from R263
in 1976 to R2 in 2002, representing a decline of 99%. As a proportion of
GDP, social infrastructure expenditure in 2004 was 0.2% of GVA. There
has been a renewed effort from year 2000 to increase social infrastructure
investment expenditure. This is evident clearly evident from Figure 4
with social infrastructure per capita rising to R39 in 2004.>° From Figure
7 an exponential increase in social infrastructure expenditure is evident
from 2000 onwards.

[INSERT FIGURE 7]

This is in line with the government’s renewed efforts to ensure its
social obligations are met from 2000 onwards. The government has
been on a campaign to use its favourable fiscal position to generate social
infrastructure, with a special emphasis on the rural areas. Furthermore,
Figure 8 depicts an index composing of new schools and classrooms built
from 1995-2005.

[INSERT FIGURE §]

The declining oscillating trend in the provision of new schools and
classrooms in this period may indicate that government may have either
met its targets for the provision of this type of schooling infrastructure or
that the intensity at which government initially undertook expenditure
on schooling is waning. Figure 9 provides an interesting illustration of
a composite index on schooling infrastructure*’ and the proportion of
students who obtain degrees in the natural sciences five years later.??
The correlation coefficient is found to be 0.96 and the trend between the
two series appears to follow one another. One cannot conclude more
from the data due to a lack of times series data of an adequate length.
An interesting question arises: does expenditure schooling infrastructure
positively (and significantly) affect the quality of the educational output?

30Recall that investment in social infrastructure is measured by change in capi-
tal stock. For the years 1999 to 2001, the change in real capital stock for social
infrastructure is negative.

31This composite index includes: new schools; classrooms; workshops; toilets
(number of seats); administrative areas (offices and storerooms); media centres; halls;
number of schools provided with fences; number of schools provided with water; and
number of schools provided with electricity.

32This variable includes total degrees obtained in all feels of study except for the
arts and educaton. This graph highlights the need for further research analysing
the link between infrastracture expenditure and the quality of the labour force may.
Data was obtained from Human Sciences Research Council.
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[INSERT FIGURE 9]

Finally, a conjecture that is suggested by the substantive implications
of the descriptive evidence is that the need for investment in infrastruc-
ture (economic or social) may never go away. Until such time as existing
infrastructure becomes obsolete it needs to be maintained, and as cer-
tain infrastructure programs reach maturity new ones may need to be
implemented in response to the economy’s changing technological needs.
From ports, to railways, to roads, to telecommunications, hospitals and
schools, infrastructure may remain a prevailing enabler of private capital
stock productivity growth.?3

4 Results

4.1 Direction of Association between Infrastructure

Measures, Output and Private Investment

As was previously indicated, the PSS ARDL was conducted to test for
the direction of association between the different combinations of the
index measuring physical economic infrastructure per capita and the so-
cial infrastructure expenditure per capita with per capita output and
per capita private investment expenditure. Figure 10 reports the PSS
F-statistic. We summarize the direction of association in Figure 11. We
observe that three possible equilibrium relationships may coexist - one
where per capita output is a function of per capita private investment
expenditure, per capita physical infrastructure and per capita social in-
frastructure expenditure; another where per capita private investment
expenditure is a function of per capita output, per capita physical in-
frastructure and per capita social infrastructure expenditure; and lastly
where per capita physical infrastructure is a function of per capita out-
put, per capita private investment expenditure and per capita social
infrastructure expenditure.

[INSERT FIGURES 10, 11]

The PSS F-test statistics illustrate three issues regarding the rela-
tionship between the above variables:

33In the case of both social and economic infrastructure expenditure, SA may have
been spending mostly to cover depreciation of assets. This may explain the low
levels of social and economic infrastructure expenditure in the recent past.
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1. Existence of feedback effects between physical infrastructure and
per capita output;

2. Existence of feedback effects between physical infrastructure and
per capita private investment expenditure;

3. Physical infrastructure (possibly) affects per capita output indi-
rectly via per capita private investment expenditure; and

4. Social capital affects per capita output, per capita private invest-
ment expenditure and physical economic infrastructure directly.

The PSS F-test was conducted to determine the relationship between
per capita infrastructure (net) investment expenditure, per capita private
investment expenditure and per capita output. We discover that the dif-
ference in monetary versus physical measures of infrastructure manifests
(in one dimension) in the possible absence of per capita output and per
capita private investment affecting per capita net economic investment
expenditure.*

[INSERT FIGURE 12, 13]

The PSS F-tests may indeed provide a further justification for using
a composite index of physical infrastructure measures rather than the
monetary measure of infrastructure. Many studies have shown that per
capita output positively affects the production of infrastructure goods.
Furthermore, both per capita output and per capita private investment
directly affect physical infrastructure. Both sets of evidence may indi-
cate that the monetary measure of infrastructure may not fully capture
the actual amount of infrastructure constructed. From here on, the
paper will use the composite index of physical infrastructure.

4.2 Structural Model
4.2.1 VECM Results

Modelling the effect of economic and social infrastructure on growth was
performed in two stages. The first stage concentrated on attempting
to estimate the possible relationships between the public infrastructure
investment rate and per capita GVA. The effect of public infrastructure
investment rate on the private investment rate was also analysed. The

34Gee Figure 13 and 12.
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existence of feedback mechanisms from output per capita and the pri-
vate investment rate to the public infrastructure investment rate were
determined.?®

The following relationships were obtained:3¢

GVAP=0.08PRIVINR+0.06SICR + 0.31SKR — 0.08/NSTAB (18)
PRIVINR= 7.44GVAP + 0.02EIR — 0.14PC + 0.03SAVR — 1.57CTR (19)
EIR=10.70GVAP + 0.55PRIVINR — 0.95PC — 2.51SAVR — 1.82CTR (20)

where the error correction coefficients (ecm) are -0.19, -1.38 and -0.67
for (18), (19) and (20), respectively. The coefficients are all significant
at either the 5% or 10% level. The above equations imply that there
exist feed back effects from the private investment rate to the rate of
investment in economic infrastructure. This implies that for the period
being estimated, infrastructure investment did not only lead per capita
GVA but responded to rising GVA as the economy became more capacity
constrained with respect to economic infrastructure. The estimated
functions imply that economic infrastructure does not appear to have
a direct effect on per capita GVA but rather has an indirect, positive
effect via the private investment rate. Thus a percentage increase in
the economic infrastructure investment rate will result in a 0.02 percent
increase in the private investment rate.?” This implies that increasing the
public economic infrastructure investment rate has positive productivity
effects on the private investment as theory would suggest.

There exist feedback effects on net economic infrastructure invest-
ment from per capita GVA and the private investment rate of 10.70 and
0.56 percent, respectively. This implies that investment in economic
infrastructure, in the recent past, appears to have been more as a re-
sponse to growth and not leading growth. As capacity became more
constrained given the rising growth rates, SA appears to have been faced
with the realization that capacity in infrastructure was lacking. The SA
government appears to have responded by increasing the investment rate
in economic infrastructure. Public economic infrastructure investment
rate has a multiplier of 1.02 on per capita GVA. In comparison, a 1
percent rise in the private investment rate has a multiplier of 2.5 on per

35The coeffcients for Equations (18), (19) and (20) should be interpreted as elas-
ticities. The elasticities for SICR and EIR and for Equation (20) were calculated as
SICR and EIR variables were not regressed in log form.

36See Appendix I for a description of the data.

37 Although a VAR of 3 was used in the estimation, increasing the number of lags
may improve the estimation given that the effect of infrastructure expenditure on
per capita GDP may only be fully realized much later into the future. Due to the
lack of an adequately long enough time series dataset, the estimation is constrained.
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capita GDP. The multiplier effect of a 1 percent increase in the economic
infrastructure investment rate on the private investment rate is 1.01.

Social infrastructure investment rate expenditure is found to have a
direct effect on per capita GVA. The significance of this is that improv-
ing expenditure on hospitals and schooling infrastructure would pro-
vide a more productive labour force. In fact, increasing expenditure
on schooling and hospital infrastructure may be argued to improve the
quality of the labour force. A 1 percent increase in the social infrastruc-
ture investment rate will result in a 0.06 percent increase in per capita
GDP.

Furthermore, both the price of capital and the corporate tax rate
has a negative effect on both private and public investment rates.*® Un-
certainty has a negative effect on per capita GDP.** We also find that
the quality of the labour force (as proxied by the skills ratio) matters
for increasing per capita GVA as does the savings rate (indirectly via
increasing private investment).*

The short-run dynamics for equation (18) include variables such as
net exports-to-GVA and capacity utilization. Both come in with positive
and significant coefficients. Equation (20) includes the deficit-to-GVA
as part of short-run dynamics which has a positive and significant effect
on the change in the economic infrastructure investment rate.

4.2.2 Threshold Effects

To test the existence of threshold effects of economic and social in-
frastructure, one can only test limiting cases on the basis of the available
sample. In some cases one may not be able to identify what the exact
threshold may be but will be able to indicate if the threshold has or
has not been achieved at a specific level. This will indicate to policy
makes that there may or may not be more room available for increased
expenditure on either economic or social infrastructure without having
adverse, unintended consequences for growth.

Given the fact the highest the social infrastructure net investment
rate has been from the 1970s has been approximately 1.3 percent, we

38Recall that investment in economic infrastructure includes expenditure con-
ducted by public corporations. As such, these corporations are adversely affected
by the corporate tax rate and the price of capital in their investment decisions.

39In previous studies conducted such as Fedderke (), Kularatne (2002), Mariotti
(2002), political instability had an adverse effect on the private investment rate. This
paper uses a measure of instability based on the divergence between the US (as a
proxy for world) and SA long term interest rates.

40The negative effect of the savings rate on economic infrastructure investment rate
may be attributed to the accounting identity. Moreover, this implies the existence of
a lagged effect of savings on economic infrastructure investment.
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test the existence of threshold effects on Equation (18). Figure 14 pro-
vides evidence of the existence (or not) of threshold effects at either
the 1 or 1.3 percent levels of the social infrastructure investment rate.
The results show that the threshold level of social infrastructure invest-
ment rate appears to have not been reached at either the 1 percent
nor the 1.3 percent levels.*! At 1 percent, the total impact of social
infrastructure expenditure is not yet negative. Further, the impact of
social infrastructure expenditure on per capita GVA is positive at 1.3
percent implying that there exists an opportunity for the government to
increase social infrastructure investment rates to higher levels than the
maximum it has been over the past 30 years. If there is a threshold above
which increases in social infrastructure expenditure leads to decreases in
per capita GVA, these levels are above the 1.3 percent threshold level.
Unfortunately limitations in the data prevent us from examining ratios
abovel.3 percent.

[INSERT FIGURE 14]

The highest economic infrastructure investment rate stands at ap-
proximately 6 percent in the past 30 years. Figure 15 depicts the re-
sults of the tests for the existence of threshold effects. The paper tests
threshold effects at the 5 and 6 percent levels.*> We find that even at a 6
percent rate of economic infrastructure investment any (possible) nega-
tive effects of economic infrastructure expenditure on private investment
have not yet set in. The economic infrastructure net investment rate
(as measured by the change in real fixed capital stock) by general gov-
ernment and public corporations stands at approximately 1.2 percent of
GVA for 2005. Clearly, the possibility exists for increased expenditure
on economic infrastructure. The government is attempting to increase
investment expenditure to 8 percent of GDP. It is believed that a large
chunk of this investment will be on infrastructure. Furthermore, as
indicated in the Medium Term Budget Policy Statement in late 2005,
government and public enterprise investment expenditure for the period
April 2005 to March 2008 is planned to be about R370bn.

[INSERT FIGURE 15]

5 Conclusion and Policy Implications

The paper alluded to the fact that South Africa has experienced stages
of investment in different types of infrastructure. Firstly, the ports, then

4L A threshold of 0.5% was also tested for and found not to be present.
42 A threshold of 4% was also tested for and found not to be present.
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railways, roads and so on. SA is currently a member of the group of
middle-income countries. Such countries are generally in transition from
developing to developed nations. Therefore the results of the effect of
economic and social infrastructure on the growth path experienced by SA
is an interesting one. Furthermore, the nature of the effect of economic
and social infrastructure both on output and private investment is key
to understanding the role government can play in both stimulating and
enabling a conducive environment for such transition economies.

The results of the estimation clearly support the hypothesis that
expenditure on both economic and social infrastructure do have a posi-
tive, significant effect on per capita GVA either directly (as in the case
of social infrastructure) or indirectly (as in the case of economic in-
frastructure). This implies that expenditure on schooling and hospital
infrastructure does increase the growth rate of the economy by either im-
proving the quality of the labour force or providing beneficial outcomes
to the society. Expenditure on social infrastructure generates positive
externalities by creating a healthy, educated populace. Economic in-
frastructure expenditure was found to increase private investment rates.
Theory highlights this may occur if economic infrastructure expenditure
increases the productivity of private capital. In SA (for the given data
set) social infrastructure expenditure was found not to directly affect the
private investment rates but may do so indirectly via increases in per
capita GVA.

Furthermore, using the Barro (1990) model possible nonlinearity may
exist as is the case for the study conducted by Mariotti (2002) on gov-
ernment consumption expenditure.’® Figures of 1.3 percent and 6 per-
cent of GVA for social and economic infrastructure, respectively, did not
generate adverse effects on either per capita output nor the private in-
vestment rates. This implies that there exists an opportunity for the SA
government to advocate for higher rates of investment in both these vari-
ables to increase economic growth. In the recent past, both social and
economic infrastructure investment rates have been rising. In 2005, the
figure for social infrastructure investment rate (as measured by change
in real fixed capital stock) is 0.3 percent. This is well below the tested
threshold level of 1.3 percent.

Although the paper advocates for increasing the rates of invest-
ment for economic and social infrastructure, expenditure by government
should ensure that the investments are not of substandard quality. The
SA government by targeting rates specific rates of investment should en-
sure that monetary expenditure on infrastructure produces high quality

13Government consumption expenditure was found to have a a threshold of 12
percent of GDP for SA.

23



physical infrastructure that matches such expenditure. This implies
that the services provided by such physical infrastructure need to be
efficient and of the highest quality.

This study may be improved by increasing the length of the times
series. However, given the availability of time series data on social
infrastructure expenditure, this was not possible. It would also be
beneficial to any study on infrastructure to attempt to gauge the quality
of the physical infrastructure being constructed. This too, given the
paucity of data, is an impossible task.
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A Appendix I

Variable Description
GVAP Log of Gross Value-Added per capita at 2000 prices
PRIVINR Log of Private Investment Rate at 2000 prices
SICR Log Social Infrastructure Investment Rate at 2000 prices
SKR Log skills ratio
INSTAB  Interest rate (long-term) differential between US and SA
EIR Log Economic Infrastructure Investment Rate at 2000 prices
PC Log of Price of Capital
SAVR Log of the Savings Rate at 2000 prices
CTR Log Corporate Tax Rate

|

Source

SARB

SARB

SARB

Quantec

SARB

SARB

SARB

SARB

National Treasury
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Economic and Social Infrastructure Investment Rates
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Figure 1: Economic and Social Infrastructure investment rate

B Appendix II
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Figure 2: A simulation of optimal g, with « = 0.2, A =1, g, = 20 to
100 and k£ = 20 to 100.
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Figure 3: Studies
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on the Impact of Infrastructure Investment
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Economic and Social Infrastructure Expenditure per capita
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Figure 4: Economic and Social Infrastructure investment measured in
per capita terms

Average Average
Investment in Investment in
Economic Economic
Infrastructure per | Infrastructure-to-
‘capita (R) GVA (%)
19605 618 3.60
1970s 976 491
1980s 445 2.20
1990s 59 0.33
1994-
2004 92 0.49
2000-
2004 89 0.45

Figure 5: Table of Economic Infrastructure Expenditure
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Figure 6: Index of Economic Infrastructure: Rail and Road. Note: The
axes on the left hand side is inverted.

Average Average
Investment in Investment in
Social Social
Infrastructure per Infrastructure-to-
capita (R) GVA (%)
1960s 162 0.95
1970s 234 1.18
1980s 111 0.55
1990s 2 0.01
1994-
2004 5 0.02
2000-
2004 11 0.05

Figure 7: Table of Social Infrastructure Expenditure
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Classrooms and New Schools
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Figure 8: Index of Schooling Infrastructure: Schools and Classrooms
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Composite Schools Index vs Proportion of Degrees (excluding Edcuation and Arts)
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Figure 9: Composite Index of schooling infrastructure and proportion of
degrees (excl. Education and Arts degrees)

Variable F statistic
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Figure 10: Direction of association
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Figure 11: Direction of association between the infrastructure measures
and real variables - x — y implies y depends on x.

Variable F statistic \

LNGVAP (Y) | 439 | 6.87** 4.42°
DLTCAPBEP 5.58* 16.30*** 16.07***
(INV)
DLTICAPP 3.05 141 5.40*
(INF)
DLSCAPGP () 331 | 159 0.65

Figure 12: Direction of Association

o P

Z
<

INF

Figure 13: Direction of association between the infrastructure measures
and real variables - x — y implies y depends on x.
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Social Infrastructure-to-GVA

Level 1% 1.3%
On per capita GVA 0.05 0.05
Threshold 0.01 0.04
Sum 0.06 0.09

Figure 14: Threshold effects: Social Infrastructure

Economic Infrastructure-to-GVA

Level 5% 6%
On Private Investment rate 0.26 0.23
Threshold -0.14 -0.15
Sum 0.07 0.08

Figure 15: Threshold effects: Economic Infrastructure
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