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Abstract
This paper proposes two types of AK-style endogsmgowth models to test the physical capital
accumulation hypothesis in a ‘typical’ developinguotry with multiple regimes: a strong
version, in which technological progress is fullgdegenous to capital accumulation, and a
weaker version, where technological progress armutataaccumulation are complementary
factors in the growth process. The empirical apiin supports the relevance of the weaker
version across South Africa’s ‘faster-growing’ negi (1952-1976) and ‘slower-growing’ regime
(1977-2012). To improve the economy’s post-2012mjnoperformance on a sustainable basis,
the simulation exercise suggestgdiined set of policies thasimultaneously attracts foreign
direct investment and raises the domestic savimggiment rate. Thus, to re-ignite the
complementary relationship between technologicalgmess and capital accumulation in the
South African economy, both sources of growth stioigature prominently in the initial
decision-making process of policymakers.
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1. INTRODUCTION

A major policy issue in developing economies iethler a faster rate of physical capital
accumulation is a key determinant of long-run gtotvainsitions, or whether permanent growth
shifts are primarily the outcome of an ‘unexplaintdal factor productivity (TFP)/technology
progress component (Rosenstein-Rodan, 1943; LeéwWis4; Rostow, 1960; King and Levine,
1994; Easterly and Levine, 2001; Helpman, 2004;Benal., 2010; Gollin, 2014). To examine
this issue in a systematic way, we develop a thieateand empirical framework to test the
relevance of AK-style endogenous growth models ‘iy@cal’ developing country with multiple
regime$. The empirical application re-examines the rolgloysical capital accumulation across
South Africa’s different growth regimes during 198276 and 1977-2012, and then uses the
modelling framework to simulate how the economy damprove its post-2012 growth
performance.

AK-type endogenous growth models in the spirittatas (1988), Rebelo (1991), and
Romer (1986, 1987) predict that a permanent iner@ashe physical investment rate leads to a
permanent increase in the growth rate of real GBPdapita. In contrast, the original Solow
model (1956) assumes that the rate of technologioadiress is exogenous or fixed, so that
permanent changes in the investment rate genesatgapent level effects and temporary growth
effects in real GDP per capita. Jones (1995) prep@ssimple, but intuitively appealing, time-
series test of AK-style endogenous growth modelsmbvements in output growth are
permanent/temporary over time, then empirical supfpo the AK model requires the investment

rate to exhibit permanent/temporary movements dls we

2 Pritchett’s (2000) influential study shows that,dontrast to industrialised countries, most depielp economies
exhibit shifts in growth rates that lead to distipatterns, and that these patterns remain unegulain cross-
country growth regressions. Motivated by Pritctaettl earlier work by Easterly et al. (1993), sevesaknt studies,
such as Hausmann et al. (2005), Jerzmanowski, J2006es and Olken (2008), Rodrik (2000), and KesgR012)
have attempted to identify the key determinantgrofvth transitions.



How does Jones'’s test apply to an economy withdigady-state growth regimes: one a
slow-growing regime and the other a faster-gronong? The existence of steady-state regimes
by construction implies that output growth in eaebime shows no persistent trend movements.
To support the AK model, the investment rate inheaagime should be non-trended as well. If
these preconditions are meithin each regime, then the AK model predicts that anpaent
shift out of a slow-growing regime into a fasteowing one is the result of a permanent, but one-
off, increase in the investment rate.

Consider an alternative scenario in which the ipwmsce profiles of investment and
growth are different in each regime. Suppose thavtlp remains stationary in each regime, but
the investment rate exhibits persistent shocks.sDibés scenario completely rule out the
relevance of an AK-type endogenous growth modelthénsingle-regime framework of Jones
(1995) — and related studies by Li (2002), Bonalet(2010), Herrerias and Orts (2011), and
Romero-Avila (2013) — it does. However, in a musiipegime setting endogenous growth is still
possible, even though the persistence profilesamfth and investment are different.

To formally show how endogenous growth is possibléhis scenario, we follow the
theoretical framework in Nell (2015) and assumé th&Solow-type’ model (1956), with zero
learning-by-doing effects ¢=0), approximates an economy’s slow-growing regine.the
faster-growing regime, a semi-endogenous growthehoedth positive learning-by-doing effects

(0<¢<1), becomes the relevant theoretical framewofke regime switch from a Solow model

to a learning-by-doing model involves two phaseghk first phase, the growth shift is initiated

through an exogenous shock that raises TFP gromdtitee learning-by-doing parameter. Based

3 The theoretical models in sections 3 and 6 drawKaluor's (1957, 1961) technical progress functaralysis,
DelLong and Summers’ (1992, 1993) equipment investrgeowth nexus, new endogenous growth modelsén th
spirit of Romer (1986, 1987) and textbook exposgiosuch as those in Romer (2006) and SgrenseiVaitth-
Jacobsen (2010).



on Berg et al. (2012) and Jones and Olken’s (2@@8pirical results, the initial shock may
originate from greater trade openness or a riséoiimign direct investment (FDI). Second,
provided that firms reinvest their profits accuntethduring the first phase, the positive learning-
by-doing parameter implies that investment deteesithhe long-run growth rate of the economy
in the second phase; the rate of technologicalrpssgbecomes endogenous to physical capital
accumulation.

The foregoing discussion distinguishes between twmes of AK-style endogenous
growth models in a multiple-regime framework: tls&rong’ version, in which a permanent
increase in the investment rate initiates and susthe regime switch, and the ‘weaker’ version,
in which the investment rate is not the initiatisgurce of the regime change, but nevertheless
determines the rate of technological progress m $bcond phase and therefore plays an
important role in sustaining the growth transition.

The empirical relevance of the multiple-regime Atde endogenous growth models is
illustrated with an application to the South Afficaconomy over the period 1952-2012. The key
results can be summarised as follows. First, Sédiica’s growth performance can broadly be
characterised by two different regimes: a ‘fasteragng’ regime FGR) during 1952-1976 and a
‘slower-growing’ regime $GR) during 1977-2012. Second, consistent with theoribtécal
framework outlined above, the empirical evidencepsuts the relevance of the weaker version
of the AK-style endogenous growth model. The rasgliow that the saving/investment rate
long-run causes the level of per capita income dnheregime, while the learning-by-doing
parameter decreases sharply from 0.54 irfFBR to 0.14 in theSGR.

To interpret the results in a policy relevant wine modelling framework of the weaker
version of the AK model and empirical results ircleaegime are used to simulate how South

Africa can improve its post-2012 growth performanBased on the stylised facts in section 2



and previous growth narratives of the South Afrieonomy (Fedderke and Romm, 2006;
Gwenhamo and Fedderke, 2013), FDI is identified@smportant initiating source of growth,
which constitutes the TFP part of the model. Tetdygjioal progress, on the other hand, becomes
endogenous to physical capital accumulation (éanimg-by-doing effects) in the second phase
of the growth transition. The direct contributioi physical capital accumulation (broadly
defined) to thdong-run growth shift is calculated to be around 54% arel rdmaining 46% is
allocated to TFP growth. To re-ignite the interdegent or complementary relationship between
technological progress and physical capital accatroni in the South African economy,
policymakers are advised to emphadioth sources of growth in their initial decision-making
process, rather than one or the other, as in Basted Levine’'s (2001) influential TFP view or
the capital accumulation hypothesis of traditionigvelopment economists, such as Lewis
(1954), Rostow (1960), Nurkse (1953) and RosenfReitian’s (1943) big push model.

Against this background, section 2 identifies salvetylised facts of South Africa’s
growth performance over the period 1952-2012. Heistion serves as important background
information to set up the theoretical model in mert3. Section 4 discusses the empirical
methodology and section 5 presents the empiricalilte Section 6 conducts a simulation
exercise to show how South Africa can improve dstf2012 growth performance, and outlines

some policy implications. Section 7 concludes.

2. STYLISED FACTS OF SOUTH AFRICA’'S GROWTH PERFORMANCE : 1952-2012
This section draws on descriptive evidence andigus growth narratives to identify

several stylised facts of South Africa’s growth fpamance over the period 1952-2012. The

analysis serves as essential background informatioret up the multiple-regime AK-style

endogenous growth model in the next section amatéopret the econometric results later on.



2.11dentifying Growth Regimes in the South African Eoomy: a statistical procedure

Following the large literature on growth shiftsnv@yed in footnote 2, a useful way of
indentifying the timing of these shifts is to empla statistical procedure, such as Bai and
Perron’s (1998, 2003) multiple breakpoint detectiest (see Jones and Olken, 2008; Berg et al.,
2012). The main advantage of the Bai and Perranidethat it searches for unknown breaks
endogenously, and therefore avoids a subjective ldaded analysis where the researcher
identifies breakpoints based on her prior assumpt{blansen, 2001).

The main advantage of the Bai and Peron proceduogever, is also its main
disadvantage. It encourages an economic analyaisighin effect purely statistical in nature,
without incorporating the benefits of a theory-detent growth narrative that relies on the
researcher’'s prior knowledge of country-specifiatéees and historical events. The latter
approach has often been associated with Hendrytgergkto-specific methodology in the
econometrics literature (Gilbert, 1986; Hendry 109 the context of the South African
economy, we show the advantages and complemerdarerof both approaches.

Consider an application of Bai and Perron’s teshe South African economy. Jones and
Olken (2008) show that South Africa’s real grossdstic product (GDP) per capita growth rate
contains a single down-break in 1981. Kar et 4dR813) new structural breakpoint test, which
combines the Bai-Perron method and the filter-basgproach advanced in Hausmann et al.
(2005), identifies two breakpoints in South Afrisaeal GDP per capita growth rate: a down-
break in 1981 and an up-break in 1993.

How robust are these results to an alternatiealtpoint detection method and a different
data source? The Jones-Olken and Kar et al. studepurchasing-power-parity (PPP) adjusted
data from Penn World Tables (PWT). The annual G2aP per capita series in this paper, on the

other hand, is obtained from South Africa’s owniaral accounts (denoted in local prices) and



covers a more recent period from 1952 to 20BY employing Harvey and Koopman'’s (1992)
breakpoint detection test, we identify structunadaks in the growth rate of real GDP per capita

in 1981 and 1993, which are significant at the 5% 20% significance levels, respectively

2.21dentifying Growth Regimes in the South African Ecomy: a historical narrative

Are the 1981 and 1993 breakpoints identified i phevious section consistent with some
of the main historical events that characterised3Sbuth African economy over the period 1952-
20127 Growth narratives typically identify the Saeaveots of 1976 as a major turning point in
South Africa’s growth performance (Mohr and Rogeir895; Fedderke and Liu, 2062)As
shown in Fedderke and Liu (2002), the permanentase in political instability that followed
the Soweto uprising triggered a disinvestment cagmpéy foreign investors and long-term
capital flight. The immediate impact of increaseaditital instability on South Africa’s economic
performance, however, was to some extent mitigayethe high dollar gold price that prevailed
during the early 1980s. South Africa, as a majqogter of gold, directly benefited from the high
gold price, with per capita income growth surgingah average annual rate of 3.5% over the
period 1980-1981.

These historical events suggest that it may béeading to treat 1981 as a breakpoint in

models that relate an economy’s growth performandeng-term capital flows Although the

“All the data in this paper are obtained from thatBafrican Reserve Bank’s historical data set @ggendix A for
more details). Following Temple (1999), Knowles@2Pand Johnson et al. (2013), it is a useful égeno examine
the robustness of breakpoints across different dataces. These studies show that in many cases #re
substantial differences between per capita incoroaitp rate and investment rate data obtained frotoumtry’s
own national accounts (denoted in local prices)RRE adjusted PWT accounts. In the case of lasgeaiancies, it
is preferable to use growth and investment datan feocountry’s own national accounts (Temple, 1308wles,
2001; Johnson et al., 2013).

® The Stamp 7 programme of Koopman et al. (2006) uged to compute the Harvey and Koopman (1992)
breakpoint test. All these results are availableagjuest.

® For more on the Soweto uprising, visit Wikipeditap://en.wikipedia.org/wiki/Soweto_uprising

" See De Mello (1997) for an overview of these medeld a survey of empirical results.




statistical procedures in the previous section iplwa good approximation of the breakpoint, we
need to combine this information with actual histalr events to pinpoint the exact date of the
break. The overview suggests that long-term capitaflows since 1976 may well signify a
major turning point in South Africa’s long-term gvth performance, and that this break is to
some extent masked over by the high dollar goldepn the early 1980s.

The second breakpoint (1993) identified in thevignes section is consistent with Du
Plessis and Smit's (2007) growth accounting exercifiey examine the determinants of South
Africa’s growth revival in the 10 years after thenabcratic transition in 1994 relative to the
period 1985-1994. Nevertheless, by the authors’ ewcount, the ‘growth revival’ was still
modest by international standards and South Alio&/n historical performance (Du Plessis and
Smit, 2007: p. 669). To put South Africa’s ‘gromtévival’ into perspective, over the period
1994-2003 per capita income growth averaged 0.73#ough this was an impressive transition
from the negative averaged rate of -1.22% during518993, it still remained well below the
average rate of 2.28% during the period 1952-19@per fast’ growth of 3.85% was evident
over the period 2004-2007, but this was short-liwdgen growth dropped to an average rate of
0.97% during the period 2008-2012, following thelgll financial crisis in 2008 and its lingering
after effects. Socio-economic instability, related deteriorating labour market conditions in
2012, also contributed to the slowdown in growe(S$mit et al., 2014).

Figure 1 plots the natural logarithm (In) of Sodtfrica’s real GDP per capita over the
period 1952-2012, together with a sub-division bé tdifferent regimes identified in the
preceding discussion and their corresponding aeegrgwth rates. The following regimes are
identified: (I) the period up until the Soweto wging: 1952-1976; (II) the post-1976 period:
1977-2003; (1) the period of ‘super fast’ growtt004-2007; and (IV) the global financial crisis

years: 2008-2012.



Figure 1: South Africa’s Different Growth Regimes, 1952-2012
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1) The average growth rate in each regime is obtaiyesktimating the following log-linear trend modey; =
a + byt + u; wherey, is the natural logarithm (In) of real GDP per capitcomet is a time trend, and, is
an unobserved disturbance term. Bhestimate multiplied by 100 gives the average ghonate.

2) Data Source: South African Reserve Bank. See Appekd

The close link established in the literature betwea developing country’s growth
performance and foreign direct investment (FDIwHio both in an international and South
African context (De Mello, 1997, 1999; Fedderke aRdmm, 2006; Berg et al., 2012,
Gwenhamo and Fedderke, 2013), suggests that isbman informative exercise to examine
whether the different growth regimes in Figure & eorrelated with movements in FDI flows.

The next sub-section examines this link in moraitlet



2.3 South Africa’s Growth Regimes and FDI

Figure 2: The Saving, Investment, Current Account and FBbseof South Africa, 1952-2012
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1) Data Source: South African Reserve Bank. Due ta datilability, the net stock of FDI ratio in thettom
panel covers the period 1956-2011.

Consider regime (1) in Figure 1 when growth averh8.28% over the period 1952-1976.
The top panel in Figure 2 shows that for most eftime the gross domestic investment réte (
exceeded the gross domestic saving tdyring the first regime. This is reflected in tharent
account ratio of the balance of paymergs-{) in the middle panel, which records an average

deficit of -2.28% during regime (1). The high n&bek of FDI (liabilities — assets) to GDP ratio in
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the bottom panel of Figure 2 implies that net Fiflaws played a significant role in financing
the current account defigit

In regime (ll), growth averaged -0.4% during thexipd 1977-2003 (see Figure 1). The
poor growth performance over this period corresgdiada much closer relationship between the
investment and saving rates in the top panel dfirei@ which, in turn, is reflected in an average
current account surplus ratio of 0.63% in the medathnel. One of the underlying reasons for the
significant change in South Africa’s balance-of4ments position in regime (ll) relative to
regime (I) was the slowdown in net FDI inflows. Tinet stock of FDI ratio in the bottom panel
of Figure 2 shows a declining trend in the afteimat the Soweto riots in 1976, and then
becomes negative since the mid-1980s, followingdlet moratorium and economic sanctions
imposed by Western nations in reaction to PresiBewt Botha's infamous ‘Rubicon Speech’ in
1985. Despite the democratic elections in 1994, the ramains negative until the late 1990s.

The sharp and persistent increase in the net stoERI ratio since 1999 seems to signify
a major turnaround in FDI flows. However, as paihteit in Gwenhamo and Fedderke (2013: p.
764), the large increase in the stock of FDI litie# (investment by foreigners in South Africa)
from 1999 to 2001 was largely due to four of SoAfhica’'s largest multinational companies
(MNCs) moving their major listing from the Johanbey Stock exchange to the London Stock
exchange, which required these companies to maaie eadquarters to Londh As a result,

the South African based plants of these firms becpart of South Africa’s FDI liabilities in an

8 FDI liabilities are defined as investment by fgreers in undertakings in South Africa in which thewe at least
10% of the voting rights. FDI assets are investniignBouth African residents in undertakings abrnoaghich they
have at least 10% of the voting rights (Data soaragdefinitions: South African Reserve Bank).

9 In his 1985 speech, the then president P.W. Balieaated his Western allies by refusing to considenediate
and major changes to the country’s apartheid system

10 The four MNCs that moved their headquarters todammin 1999 were Billiton, Anglo American, Southrisan
Breweries and Old Mutual. Didata followed them @02, and in the same year Richemont moved its nfigforg to
Switzerland (see Gwenhamo and Fedderke, 2013:4). 76
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accounting sense, which gives the artificial impras that there has been a large and permanent
increase in the net stock of FDI ratio since 1999.

Finally, returning to Figure 1, regime (lll) capts ‘super fast’ growth of 3.85% over the
period 2004-2007, and regime (IV) slower growthO®7% during the global financial crisis
years (2008-2012). These regimes correspond t@e tarrent account deficit ratio in the middle
panel of Figure 2. Although the net FDI ratio iretlhottom panel of Figure 2 fluctuates
substantially over these regimes, it shows no siensi trend movements from the levels that

prevailed in the late 1990s and early 2000s.

2.4Summary
Based on the breakpoint detection tests and 8terital growth narrative in sections 2.1-
2.3, the ‘long-run’ stylised facts of South Afrisagrowth performance over the period 1952-

2012 can succinctly be summarised in Table 1.

Table 1: ‘Long-Run’ Stylised Facts of South Africa’s GrowBterformance, 1952-2012

Average Growtt Average Growtl  Current Accoun Average Ne
Growth regime | Rate of Real GDP Rate of Capital per as a % of GDP Stock of FDI as a

per capita (%) capita (%) % of GDP
1952-197¢ 2.2¢ 2.4¢ -2.2¢ 23.3(
1977-2012 0.3C -0.3( -0.7¢ 8.3¢

Notes:

1) Data Source: South African Reserve Bank.

2) Due to data availability, the net stock of FDI oatbvers the sub-periods 1956-1976 and 1977-2011.

3) The average growth rates of real GDP and totatifoapital stock per capita, both in constant 200&ep, were
obtained from log-linear trend models. See notéHigure 1.

Table 1 shows that South Africa’s growth perforeacan broadly be characterised by
two regimes: a ‘faster-growing’ regime during theripd 1952-1976, with an average per capita

income growth rate of 2.28%, and a ‘slower-growirggime over the period 1977-2012, with an
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average growth rate of 0.30%. Although there affer@int regimes within the ‘slower-growing’
regime (see Figure 1), it is appropriate for novréat it as one regime. We examine this issue in
more detail in the econometrics section (sectioars) the simulation exercise in section 6.

The downward shift in per capita income growthlable 1 coincides with a significant
slowdown in the average growth rate of the toteddi capital stock per capita from 2.48% in the
‘faster-growing’ regime to a negative rate of -®@h the ‘slower-growing’ regime. Going back
to the top panel in Figure 2, the slowdown in thewdh rate of capital per capita is reflected in
downward trend breaks in both the saving and imvest rate across the two regimes.

Lastly, net FDI inflows played a key role in fir@ng the average current account deficit
ratio of -2.28% in the ‘faster-growing’ regime. §hb captured by a high net stock of FDI ratio
of 23.30% over the period 1952-1976. The structwtange in the balance of payments,
triggered by the Soweto riots of 1976, is evidenaimuch lower deficit ratio of -0.70% over the
‘slower-growing’ regime. Net FDI outflows were aahcteristic feature during most of this
regime, with a low net stock of FDI ratio of 8.388er the period 1977-2012. Moreover,
following the discussion in section 2.3, the averagt stock of FDI ratio would be much lower

without the ‘artificial’ increase from 1999 to 2001

3. AMULTIPLE-REGIME AK-STYLE ENDOGENOUS GROWTH MODEL

In this section we develop two types of Atifks growth models: a ‘strong’ version, in which
the rate of technological progress is fully endagento physical capital accumulation, and a
‘weaker’ version, in which the rate of technolodipeogress is partly endogenous. The empirical
relevance of these two competing models is theasassl by relating some of their predictions to
the ‘long-run’ stylised facts of the South Africaeonomy in Table 1. The general theoretical

framework adopted in this section is based on eswlags growth models developed in Romer
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(1986, 1987), textbook expositions, such as thosRamer (2006) and Sgrensen and Whitta-

Jacobsen (2010), and the equipment-growth nexDebdng and Summers (1992, 1993).

3.1The Main Equations of the Growth Models

The production function with constant returnsdals is given by
Y= (K7 (ALY, 0w<1 (1)
wheret denotes timey, is real output,K, is capital input,A is ‘technology’ or ‘knowledge’
input, andL, is labour input.
The stock of knowledge at tinhés modelled as
A =BKY?, 0 g<1 )
where @ is a learning-by-doing or capability parametert threasures the new knowledge and
skills workers gain from using and installing neapital. A positive learning-by-doing parameter
(0 < @< 1) implies that new technology is embodied in maachinery and equipment. When
workers and managers use new capital with embddthical progress, it triggers a process of
learning-by-doing, which makes them more knowletgean how to adapt and use modern
technologies in the most efficient way. In this nfiewvork, knowledge accumulation is
endogenous with respect to capital accumulationLédg and Summers, 1992, 1993). With
disembodied technical progress and a resultingrilegeby-doing parameter of zer@ & 0),
technology or knowledge becomes completely unempthi®; = B; > 0), and we go back to the
underlying assumption of the original Solow (195&)del.
The capital accumulation equation can be writen a

K=Y+ Q-0)K,,  givenK, 3)
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wheresis the saving/investment rat@js the rate at which existing capital depreciatesl K, is

the initial value of the capital stock.
The labour force and technology grow at the exogsrand constant rateg and g°,
respectively:
Ly =@+ gL, givenL, (4)
B., = 1+9°)B, givenB, (5)
whereg" is the population growth rate, arlg and B, are the initial values of the labour force
and technology, respectively. Since equation (dumes that the growth rate of the labour force

is equal to the population growth ratd,.{/L;) — 1 = ¢", the discussion hereafter shall

interchangeably refer to output growth in per workeper capita terms.

3.2The Strong Version of the AK Model

To derive the strong version of the AK model, &, =B, =1= ¢® = 0 and¢ =1in
equations (2) and (5). It is further convenienagsume a constant labour force in equation (4),
L, = L, which implies that the population growth rateeigual to zerog" =0. With these
assumptions in place, substitute (2) into (1) t@mirbthe ‘AK model’:

Y, = Ak, (6)
where A=L"" is a constant and lower case letters denote thables in per worker terms.
Equation (6) shows that the marginal product oftehiys constant gy, / ok, = A), which implies
that permanent changes in the investment rate gienpermanent growth effects. To analyse the
long-run growth implications of the AK model, welléav the standard derivation procedure to

obtain
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(9" =9"=9g")=sA-0. (7)
From equation (7) it is apparent that a permaneatease in the saving/investment rage (

permanently raises the rates of growth of outputwrker (g”¥), technological progressy(*),

and capital per workerg*). In the strong version of the AK model, technitad) progress is
fully endogenous to physical capital accumulation.

How well does the strong version of the AK modeélSouth Africa’s actual growth
performance over the period 1952-2012? To relateptiedictions of the model to the long-run
stylised facts of South Africa’s growth performannerable 1, it is informative to examine the

persistence profiles (a la Jones, 1995) of thesgdosnestic saving rates(), the gross domestic

investment ratei(), and per capita income growth rai@’{ in each regime. Table 2 reports the

autocorrelation coefficients of each variable irutboAfrica’s ‘faster-growing’ regime (1952-
1976) and ‘slower-growing’ regime (1977-2012), wiily lengths up to order 10.

Except for the first two lags in the ‘faster-gromgi regime, Table 2 shows that all the lags
of the per capita income growth rate variable g@ssically insignificant. In contrast, all thegs
of the investment and saving rate variables ar@lyigignificant. The evidence suggests that
shocks to saving and investment are persistentialn eegime, whereas shocks to per capita
income growth are only temporary. This contrastthwhe prediction of the AK model in
equation (7), where persistent shocks to the sémwgstment rate generate permanent growth

effects. Alternatively, let us consider a weakasian of the AK model.
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Table 2: Autocorrelation Coefficients of Variables

‘Faster-growing’ regime: 1952-1976  ‘Slower-growirrggime: 1977-2012
Order s I g’ S I g’
1 0.627***  0.646*** 0.262  0.850***  0.830*** 0.379**
[0.001] [0.001] [0.163]  [0.000] [0.000] [0.018]
2 0.247**  0.427*** —0.106  0.731**  (0.682*** 0.018*
[0.002] [0.000] [0.320] [0.000] [0.000] [0.059]
3 0.068***  0.366*** 0.103  0.629***  0.579*** —-0.002
[0.005] [0.000] [0.456]  [0.000] [0.000] [0.130]
4 0.095***  0.356*** —0.046 0.498***  (0.433*** 0.048
[0.010] [0.000] [0.613]  [0.000] [0.000] [0.218]
5 0.190** 0.216*** —0.226  0.444**  (0.270*** 0.084
[0.013] [0.000] [0.492]  [0.000] [0.000] [0.300]
6 0.209** 0.138*** -0.118 0.423***  0.166*** 0.183
[0.013] [0.000] [0.555]  [0.000] [0.000] [0.268]
7 —0.043**  0.059*** —0.013 0.338***  0.097*** 0.151
[0.024] [0.000] [0.670]  [0.000] [0.000] [0.275]
8 -0.196** -0.124***  —-0.030 0.306***  0.037*** 0.190
[0.024] [0.000] [0.762]  [0.000] [0.000] [0.234]
9 -0.262** —-0.166*** —0.056 0.229*** —(0.039*** 0.079
[0.015] [0.001] [0.826]  [0.000] [0.000] [0.291]
10 —0.166** - 0.144*** 0.051  0.138*** —0.109*** —0.032
[0.016] [0.001] [0.877]  [0.000] [0.000] [0.371]
Notes:

1) Thep-values in brackets][are based on the Ljung-Box statistic (see PesamdrPesaran, 1997).
2) **denotes significance at the 1% level, &tthe 5% level and * at the 10% level.
3) Allthe variables are defined in Appendix AatB source: South African Reserve Bank.

3.3The Weaker Version of the AK Model
We now set 0 <p< 1 in equation (2) and® > 0 in equation (5) and maintain the
assumption that the population growth rate is zEBrom equations (1)-(5), the steady-state

of output per worker Yr.s, = Yeor:/ Legr:) @long a balancedgrowth path in South Africa’s

‘faster-growing’ regimeEGR) can be derived as
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B
-5
S 2 1 7 t
Veon: = R 1578, “*(i+ ghs) . O<@<1 (8)

{[(1+ gen o - (1- 5)}

whereB=a+¢(l-a) is the elasticity of output with respect to capita

[T
andgf.; = @+ 92:) “?-1. The long-run growth rateg/, is sustained through an exogenous

TFP or technology component equaldfl.,. The steady-state growth path of output per worker

is similar to the model derived in Sgrensen andti¥dJiacobsen (2010: p. 222), except that in

their model population growth is the source of aim&d growth.
3.4Econometric Specifications

To arrive at an econometric specification of equra(B), take logs to obtain:

(i) =0+ 12 nlSre) * (0 e, ©

where &, is an error term anis a time trend. The intercept term is equal to

=_i B 1_1 - - i i
s 1_18|n{[(1+gFGR)]> @ 5)}+1_¢|n(|_0)+[1+1_¢}|n(50) (10)

and the long-run growth rate of the model is eqoial

K= glfGR = [1"' é}gsew 11

" The elasticity of output with respect to capital abtained by substituting equation (2) into eaqumat{1):
Yt - Kta+¢(l—a)Bt1—a L%—a.
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where the tilde denotes the approximate growth eateariablex: g, =Inx,, —Inx . Noting
that equation (2) in growth rates becon@gs, = 35, + A Jfsx , €Quation (11) can be written as
K = Gfr = Orer + ATror). (L1
Equation (1) shows that the rate of technological progregs,{() in theFGR is composed of an
exogenous TFP or technology compongfit,, and an endogenous capital accumulation

component equal tg(gr. -)

For now we assume that the positive learning-tipglgarameter in equation ()lis
related to South Africa’s large stock of FDI ratioring itsFGR (1952-1976) in Table 1. Contra-
wise, it is assumed that the low stock of FDI ratioing South Africa’s slow-growing regime
(SGR) over the period 1977-2012 implies a much lowen, Mot necessarily zero, learning-by-
doing parameter. For ease of exposition wegseD in equation (8), and then take logs to derive
the specification in South AfricaSGR as

a

In(s) * 5+ (12)

IN(Yoor,) = d +

where & is an error term and the long-run growth ra@() in the SGR is exogenously

determined by the rate of technological progrege iftercept term is given by

d E—&In(gSBGR+5)+In(BO). (13)

Equation (12) is similar to the Solow model dedive Mankiw et al. (1992), except that in our

specification population growth is set to zero #melmodel is formulated in discrete time.
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3.5Multiple-Regime Framework of the Weaker AK Model
How compatible are the theoretical predictionghgf models in equations (9) and (12)

with the persistence profiles of the variables @bl€ 2? Since the learning-by-doing parameter in
each model is less than one, a permanent incraade isaving/investment rate will generate a
temporary growth effect and a permanent level éffecper capita income. The persistence
profiles of the variables in Table 2 are consistgith these predictions — shocks to per capita
income growth have been temporary in each reginmewhose to the saving and investment
rate have been more persistent. The main implicasithat changes in the saving/investment rate
cannot initiate a permanent growth transition. énpanent regime switch between the Solow

model in (12) and the learning-by-doing model in {@uld require an exogenous shock to
technological progressi€.;, -~ §E<) and/or the learning-by-doing paramet@r=(0 — 0 <@p<1).

It is important to note, however, that not all loé tgrowth is exogenous; some of it is endogenous
to physical capital accumulation through tégt..) term that appears in the long-run growth

rate of the learning-by-doing model in equation’)11

In section 6 we will use Kaldor’s (1961) technipabgress function analysis to model the
interrelated relationship between technologicalgpees and physical capital accumulation more
clearly across South Africa’s different growth magis. Before we proceed, however, it is first
necessary to test empirically whether the learhingloing model in equation (9) fits South
Africa’s FGR (1952-1976), and whether the Solow model in equafil2) approximates the

economy’sSGR (1977-2012).
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4. ECONOMETRIC METHODOLOGY AND SPECIFICATION

4.1 Econometric Methodology

The econometric methodology employed in this péplésws the structural cointegrating
vector autoregressive (VAR) approach first develbjy Johansen (1988, 1992) and later
advanced in Garratt et al. (2000); Pesaran et280(Q); and Pesaran and Shin (2002). The
statistical framework for the structural cointegrgt VAR approach is the following general

vector error-correction model (VECM):
p-1
By, =ag, +ayt =Ty, o + 3 T Ay + ¥ W +V, (14)
i=1

wherey, is a vector of I(1) endogenous variableg; is a vector of intercept termsijs a vector
of deterministic trends; and; is a vector of 1(0) exogenous variables and eggetific dummy
variables. The matridl = a, /' contains the cointegrating relationships, wheee dfy matrix

represents the error-correction coefficients, oe w#peed of adjustment towards long-run

equilibrium, andB represents the matrix of long-run coefficients.

4.2 VECM Specification

From the learning-by-doing specification in egoat{9) and the Solow model in equation
(12), the vector of endogenous I(1) variables cawhtten asy; = [In(y,,.),In(s)], where In§)
is the logarithm of the gross domestic saving tmimal GDP ratio, andn(y,,. )s the logarithm

of real GDP per capita, which serves as a proxyftaput per worket” Appendix A provides a

detailed description of the variables and datacmuConsistent with endogenous growth models,

12 From the available sources, such as the SoutlcakfrReserve Bank and PWT (8.1), data on South &dric
workforce are only available from 1960 and notfililesample period (1952-2012) covered in this pape
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such as those developed by Romer (1986, 1987),sL{ic&#88) and Aghion and Howitt (2007),
we use theaggregate saving rate to measure capital accumulation ibriisdest sense (see Barro
and Sala-i-Martin, 1995; and Li, 2002). Furtherenttat capital accumulation is proxied by the
saving rate rather than the investment rate. Fatig#reldstein and Horioka’s (1980) hypothesis
in an open-economy context, an increase in thengavate (domestic resources) may not
necessarily lead to an equivalent increase inrthestment rate (see Romer, 2006). The inclusion
of the aggregate saving rate rather than the imegdt rate in equations (9) and (12) will
therefore explicitly measure whether resources rgee@ from the domestic economy are
effective in raising living standards.

Based on the long-run stylised facts of Southdsfs growth performance in Table 1 and
the persistence profiles in Table 2, the modelsatienated over the following regimes: FiBR:
1952-1976; and iigGR: 1977-2012, wher8GR stands for ‘slower-growing’ regime air@GR for
‘faster-growing’ regim&. As a pre-test, we will first estimate the modeler the full sample
period (1952-2012) to examine whether the econdmeividence supports the breakpoints

identified in section 2.

5. EMPIRICAL RESULTS

5.1Full Sample Period: 1952-2012

Before we test for cointegration between the texcel variables included in thg vector,

it is first necessary to verify that they are bith), that is, integrated of order one. To test th

13 Since the empirical models show some signs otsitral instability in the immediate aftermath of WbWar Il
we exclude the three-year period 1946-1948 from Sbeth African Reserve Bank's data series. The data
therefore covers the period 1949-2012, but duegged and differenced variables, the effective sameriod is
1952-2012.
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order of integration of the variables, we perforrhatery of unit root tests (not reported here)
over the full sample period and the different samgles identified in Table*4 Overall, the unit

root test results suggest that the variables ieléewn(y,,.), andIn(s),, are I(1), but their first
differences, Aln(y,,.), and Aln(s),, are 1(0). These results are also consistent i

persistence profiles of the variables reporteddhl& 2.

To determine the optimal lag length of the VECMeiquation (14), we begin with an
unrestricted VAR modelp(= 3) over the full sample period 1952-2012. Ak&kEL974) and
Schwarz’s (1978) model selection criteria (not regxb here) choose an order 2 model, so the lag
length is set ap = 2 in equation (14)°. Furthermore, the intercept terms enter the VECM
unrestrictedly while the deterministic time trerade restricted to lie in the cointegrating space.

We now proceed to test for cointegration betwdwenl{l) level variables that entey, =
[In(y,).In(s)] over the period 1952-2012. The tracétrage) test statistic of 21.34 and the

maximum eigenvaluef(nax) statistic of 17.09 fall below Pesaran et al."90@) 90% critical

values of 23.08 and 17.18, respectively, so thé mypothesis of no cointegration cannot be
rejected at the 10% significance level. Despitelence of no cointegration, it is still informative
to examine the estimation results of the per capiteome equation in more detail. By

normalising onin(y,,.), we get the following error-correction mechanisstnf) over the period

1952-2102 (standard errors in parentheses):

Mg, =IN(y,.c) ~ 0938In(s) - 001 7irend , (15)

4 The unit root tests include those developed byk&jcand Fuller (1979), Phillips and Perron (1988)jatkowski
et al. (1992), and Ng and Perron (2001). All th& oot test results were calculated with the safevprogramme,
EViews 8.

5 The cointegration results are computed with Miici0 (Pesaran and Pesaran, 1997).
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whereFSP stands for full sample period. The long-run pegitgaincome equation is obtained by

solving (15) forIn(y,,.). From this relationship it can be seen that thengarate variable is

correctly signed (+) and statistically significatthe 1% level.
A crucial empirical issue is to determine whethige saving rate long-run causes per
capita income in equations (9) and (12). Followtimg weak exogeneity test procedure developed

in Johansen and Juselius (1992), we test whetkacthin equation (15) enters significantly in

the per capita income growth ratélp(y,),] and saving rate 4In(s),] equations of the

VECM. Table 3 reports the long-run causality testeducted in an unrestricted error-correction

model framework. The error-correction mechanistnt.g,, ,) enters significantly in the saving

rate equation but insignificantly in the per cagitaome equation. The results show that the
saving rate adjusts towards its long-run equilirivalue in reaction to changes in per capita
income, but not the other way around. Or put diffely, per capita income is exogenous with
respect to the saving rate. This contradicts or@tbasic predictions of the learning-by-doing
model in equation (9) and the Solow model in equefil2), which postulates a long-run causal

effect from the saving rate to per capita income.
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Table 3: Long-Run Causality Tests, 1952-2012

FP: 1052-2012
Equation | AIN(Y,..),  AIn(s),

Inter cept -0.06: —4.77¢**
(0.190)  (1.153)
AIn(y.,.)._, | 0.436%* 0728
Pt (0.104)  (0.457)
AIN(S),., 0.103* 0.06¢
(0.040)  (0.156)
oM., 0.006 0425

(0.016)  (0.102)

Diagnostic Tests

R* 0.34 0.25

& 0.C18 0.07

Fa 0.20¢ 1.667
[0.652] [0.202]

Frest 1.19¢€ 0.007
[0.279] [0.929]

2 4.57 1.67¢

2

X @ [0.102] [0.432]

Fra 0.02( 3.77¢

[0.886] [0.057]

Notes:

1) Robust standard errors are in parenthegemn(p-values are given in bracket$. [** denotes significance at
the 1% level and ** at the 5% level. The robusnhdexd errors are derived from the Newey-West proeed
using Bartlett weights with a truncation lag ofaéar(see Pesaran and Pesaran, 1997).

2) R?is the coefficient of determination andlis the residual standard deviation. The diagndssts are given as
F;, which indicates an F-test against the alterndtiysothesig for: first-order serial correlatiori{); functional

form misspecification Ke); heteroscedasticityF(e). )(ﬁ is a chi-square test for normality. For more dstai
see Pesaran and Pesaran (1997).
The causality results are thus far consistent thitise presented by Odhiambo (2009) for
the South African economy over the period 1950-208Bvertheless, since the breakpoint
analysis in section 2 suggests that the VECM cobeldtructurally unstable, the causality results

should be interpreted with some circumspectioneXamine the structural stability of the VECM

in a succinct way, Figure 3(a) reports the recelgiestimated break-point Chow tests of the per
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capita income growth rate error-correction modeTable 3° The graphical analysis shows that

the break-point Chow tests exceed the 5% critiesles during the first half of the 1970s and in

2008, so the null of structural stability can bgcted at the 95% confidence level during these

periods. The instability of the VECM during the 087and global financial crisis in 2008 is

consistent with the breakpoint analysis in secfomThus, based on this evidence, we proceed

with a split sample analysis over the two sub-msidlentified in Table 1.

Figure 3: Structural Stability Tests

Panel (a) Panel (b)
1.25- 1000 —————————————————————=
L 5% line 1
1.00 5% line
0.75-
0.75
0.50
L Break-point Chow tests of the 0.50
0.25- full sample model (1952-2012) Break-point Chow tests of the
’ FGRmodel (1952-1976)-
o by e e e e b e e by | | 1 L L 1 L 1
1960 1970 1980 1990 2000 2010 1965 1970 1975
i Panel (c) 1.007___________Pa_nglidl _________
1.0 L 1
[ 5%line
<1977 0.75
0.5r [
0.50"

0.0/
0.5

A\/\/J
1977-2012
|

. . 0.25
Extrapolation (forecast) period:

Break-point Chow tests of th
SGRmodel (1977-2012) -

1980 2000

2020

o b e e e by e e b e by
1995 2000 2005 2010

1990

8 The break-point Chow tests are computed with Pe®@ersion 14 (see Doornik and Hendry, 2013).
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5.2Sub-Samples: 1952-1976 and 1977-2012
For the split sample analysis we include theofsihg even-specific dummy variables in

the w, vector of the VECM in equation (14). The slowdoinrgrowth following the Sharpeville
massacre in March 1960 is modelled by the dummiabk, D ,,,, and takes the value of
unity during 1960-1961 and zero otherwise To model the temporary growth surge associated

with the high dollar gold price during the early8D8 together with the downward shift in the

saving/investment rateD g, ¢, takes the value of unity during 1980-1984 and zmfeerwise.
The negative per capita income growth rate of %2t 1992 is modelled by,,, which
captures the impact of the global recession dutiegearly 1990s and more restrictive monetary

policy measures at home. Lastly, the outlying éffexf super fast growth over the period 2004-

2007 and the global financial crisis years duriog&2012 are proxied b ,,, , and takes the

value of unity during 2004-2012 and zero otherwise

With the dummy  variables defined as Wegr; =(Dgpey ) and

Wasr: = (D @840 D)1 D 0saz) N €Quation (14), cointegration tests are perfarmoeer the split

samples 1952-1976 and 1977-2012. In contrast tlutheample period results, the trace test and
maximum eigenvalue statistics in Table 4 show thate is a unique cointegrating vector (r = 1)
at the 95% confidence level in each growth regifiitee error-correction mechanisracn) or

cointegrating vector in each regime can be writgiistandard errors in parentheses):

" For more on the Sharpeville massacre, visit Widlipathttp:/en.wikipedia.org/wiki/Sharpeville_massacre
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€cMgr, = IN(Y,) ~ 17570n(s) - 13080 (16)
eCMye, = IN(Y,,c) — (()d%g)ﬂn(s) - %Igolz)(ﬂrend : a7)

where, as beford;GR denotes South Africa’s ‘faster-growing’ regime $291976) andSGR its
‘slower-growing’ regime (1977-2012). The solvedderun per capita equations of (16) and (17)
show that the saving rate variable is correctiyeth(+) and statistically significant at the 1%

level in each regime.

Table 4: Cointegration Tests in Each Sub-Sample

A

Hypothesis A A

max trace

Ho Ha Statistic 95% CV 90% CV Statistic 95% C\/ 90% CV

‘Fastgpwing’ regime FGR): 1952-1976
r=0 r=1 36.51* 15.87 13.81 48.67** 20.18 17.88

‘Slower-growing’ regime $GR): 1977-2012
r=0 r=1 40.01** 19.22 17.18 46.25** 25.77 23.08

Notes:

1) The critical values (CVs) of thémax andAyacetest statistics are obtained from Pesaran e2@0Q). ** denotes
significance at the 5% level.

2) The VECM in equation (14) is specified as followskaike's (1973, 1974) and Schwarz’'s (1978) model
selection criteria choose an order one VAR=(1) for each growth regime. The intercept termesrastricted to
lie in the cointegrating space without trends inutBoAfrica’s FGR. Similar to the cointegration analysis over
the full sample period, the option of restrictednls and unrestricted intercept terms is choserSéuth
Africa’s SGR.

The long-run causality results for the split sagspin Table 5 also tell a different story

compared with the full sample period results in [€aB. In the FGR, the error-correction

mechanism ¢cmeq,, ;) enters significantly in thain(y,, ), equation and insignificantly in the

Aln(s), equation, which shows that the saving rate is emogs with respect to per capita



income. In theSGR, there is evidence of bi-directional long-run clitg — the error-correction

mechanism €cmg., , ) is significant in both théIn(y ,.), andAln(s), equations.

Equation | Aln(y,,.), Aln(s),  Aln(y,,.) Aln(s),
I ntercept - - 3.324*** —10.75***
(0.593) (2.978)
—0.C67+** 0.C01 - -
ecm _
FeRIA (0.008) (0.029)
- - —0.304*** 0.985***
ecm, _
SR (0.054) (0.272)
D (©0-61) —0.021*** 0.C35 - -
(0.003) (0.020)
D 60-84) - - 0.013* —0.098**
(0.005) (0.045)
D(gz) - - —0.041%*  —0.111***
(0.003) (0.014)
D 0412) - - 0.039*** —0.079***
(0.007) (0.028)
Diagnostic tests
R° - - 0.62 0.3C
o 0.01: 0.0¢ 0.01¢ 0.08¢
Far 0.00¢ 0.04: 1.71¢ 0.08¢
[0.945] [0.836] [0.200] [0.771]
Frest 0.007 0.102 0.07: 2.80:
[0.934] [0.752] [0.783] [0.104]
X2 2) 0.522 1.73: 1.057 4.66°¢
" [0.770] [0.421] [0.589] [0.097]
Fret 0.001 0.79¢ 1.17¢ 1.98:
[0.973] [0.382] [0.286] [0.168]
Notes:
1) Robust standard errors are in parenthegemn(lp-values are given in bracket$. f** denotes significance at

2)

Table 5: Long-Run Causality Tests, 1952-1976 and 1977-2012
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FGR:1952-1976

SGR: 1977-2012

the 1% level and ** at the 5% level. The robushdtxd errors are derived from the Newey-West proeed

using Bartlett weights with a truncation lag ofdéar(see Pesaran and Pesaran, 1997).

R? is the coefficient of determination anilis the residual standard deviation. The diagndstts are given as
Fj, which indicates an F-test against the alterndtiysothesig for: first-order serial correlatiori{); functional

form misspecification K,.s); heteroscedasticity-(q). Xf is a chi-square test for normality. For more dstai

see Pesaran and Pesaran (1997).
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The empirical evidence of a long-run causal effeocin the saving rate to per capita
income in each regime is statistically robust basethe insignificance of all the diagnostic tests
in Table 5 and the structural stability tests igufe 3. Figure 3(b) shows that the per capita
income growth rate error-correction model in Tablis structurally stable during theGR, with
all the Chow tests falling below the 5% criticalue To verify that the regime change occurred
in the mid-1970s, Figure 3(c) extrapolates @R error-correction mechanism in equation (16)
over the SGR. The visual plot shows thaecm..,, represents a stationary, cointegrated
relationship over the period 1952-1976, but theegairifts upwards and becomes non-stationary
over the extrapolation (forecast) period 1977-2@2ce the regime change is taken into account,
we obtain a structurally stable per capita incomanth rate error-correction model during the
SGRin Table 5 — the recursively estimated Chow testhis model all fall below the 5% critical

value in Figure 3(d)®.

5.3 Deriving the Learning-by-Doing Parameter
To derive the learning-by-doing parameter in esajime, we proceed as follows. The
saving rate elasticities of the long-run cointeigigatvectors in equations (16) and (17) are

recorded in column 1 of Table 6. Note that the sgvate elasticity estimates in column (1) are
equal to,@i /(1—,/3’i )in the learning-by-doing model of equation (9),611&&151,3i is the elasticity of
output with respect to capital= 1 denotes South AfricaBGR, andi = 2 itsSGR. Column (2)

reports the solved capital elasticity estimatria)(for each regime.

8 For ease of exposition, Figure 3 only reportsrémursively estimated structural stability teststhe per capita
income growth rate error-correction models in Tdhléddditional stability tests (not reported hesépw that the
saving rate equations in Table 5 are also strutyistable.
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Table 6: Structural Change in the Learning-by-Doing Paramet

@ 2 3) 4)
Saving Rat Capital
Elasticity: Elasticity:

Growth Regime Assumeda  Implied é{

BIa-B) B =a+g-a)

FGR:1952-1976 1757 Iélz 0.64*** 0.21 él = 0.54%**
(0.496) (0.060) (0.060)
SGR:1977-201z 0.462%** ﬁz = (0.32%*x 0.21 &2 = 0.14%**
(0.077) (0.038) (0.038)

Estimate overaDifferent Sul-Sample irSGR
SGR(1):1977-200: 0.400+** ,@’2: 0.29%** 0.21 &2: 0.10%**
(0.065) (0.037) (0.037)

Note Standard errors are in parentheggs(* denotes significance at the 1% level.

Noting that,éi :a+ég(1—a )in equation (8), it is possible to derive an iradliearning-
by-doing parameter estimatém for a given value of capital’'s share in totalon@e (@). From

the labour share data provided by PWT (8.1), weuwtale the capital share (one minus the labour
share) to be around 0.42, which is consistent thighvalue used in Du Plessis and Smit's (2007)
growth accounting exercise and Caselli and Feyr@097) unadjusted meastiteCaselli and
Feyrer, however, argue that the conventional wayesfving capital’'s share may overstate its
contribution to income. Their main argument is @tofvs. When capital’s share is derived from
labour's share in the national accounts, the measocludes payments accruing to both
reproducible and non-reproducible capital, sucHaasl and natural resources. Since standard
growth models, including the ones used in this papelude reproducible capital, capital’'s share

derived from national accounts would tend to owv@reste its contributiof?. Instead, Caselli and

19 The capital share of 0.42 is the average overfuliesample period. Over South AfricaBGR and SGR the
corresponding average values are 0.40 and 0.4%atgely.

20 The impact of non-reproducible capital is proxiscthe initial TFP terrr‘BO, in equations (10) and (13).
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Feyer calculate an adjusted capital share (adjustedhe income contributions of land and
natural resources) for South Africa of only 0.2¥. #sing the adjusted estimate @f= 0.21 in
column 3 of Table 6, we derive learning-by-doinggmaeters in column 4 of 0.54 in tR&R and
0.14 in theSGR.

As an additional robustness check, Table 6 alporte the estimates we get over a
different sub-sample in South AfricaQGR. The SGR(1) period 1977-2003 excludes the large
shifts in trend growth experienced over the pe@684-2012. For th&GR(1) period we get a
learning-by-doing parameter estimate of 0.10, wisctlose in magnitude to the 0.14 estimate in
the SGR. Finally, we also checked how robust the estimateswhen population growth is
included as an additional explanatory variablehie YECM of equation (14). The population
growth rate variable turned out to be an insigaificdeterminant in all the specifications, which

supports the zero restriction in equatiorf{9)

6. SOUTH AFRICA’'S POST-2012 GROWTH PERFORMANCE

We can now use the learning-by-doing estimatdsalrie 6 and the long-run stylised facts
in Table 1 to model the interdependence betweenigdlycapital accumulation and technological
progress across South Africa’s growth regimes. Tifisrmation, in turn, can then be used to
simulate how the economy can improve its post-26G@vth performance. To illustrate the
interdependent relationship in a clear and succway, it is informative to express the
output/capital per capita growth rate relationshgp a ‘technical progress function’, which is

analogous to the functional form originally deveddiby Kaldor (1957, 1961).

%1 The zero restriction, of course, does not litgralean that population growth is zero. Rather inis@gnificance of
population growth suggests that its scale effectthée learning-by-doing model may operate in cocfjiom with
other growth determinants that appear in the lamggrowth rate component gf__ in equation (19.



32

To derive the technical progress function, stligtiequation (2) into equation (1):
Y, =K Ogr, (18)
Taking logs and approximate growth rates of equatid), and maintaining the assumption that
the population growth rate is zero, we get:
g’ =[a +o-ag + €- 3", (19)
where g is the growth rate of output per capi@is the growth rate of capital per capita; and
g° is the exogenous growth rate of technology. In emtional growth accounting exercises, the

share of capitald) measures thransitory growth effect of capital accumulation. The longrru
growth effect of technological progress and cagitalumulation in (19) can be derived by setting
a=0:

g’ =g )+g°. (20)
Equation (20) gives a relationship that is simitaKaldor’'s (1961) technical progress function.
Note that the variables/parameters of the techrpcagress function constitute the long-run

growth rate component of the learning-by-doing mdadequation (11.

6.1 The Interdependence between Capital Accumulatiordarechnological Progress

Consider a graphical representation of the teehmpicogress function in equation (20). In
Figure 4, output per capita growtlgY) is measured on the vertical axis and capitalgagita
growth (/) on the horizontal axis. In South Africa3GR, the position or intercept of the
technical progress function is given ... From the stylised facts in Table 1 the interdspt
drawn for a positive per capita income growth rafté.30%. At the same time, although the

learning-by-doing estimate in Table 6 shows t@zat 0.14 in South Africa’SGR, we assume for
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simplicitly, but without loss of generality, th%?: 0. Since the learning-by-doing parameter
measures the slope of the function, this assumjripfies that the technical progress function in
South Africa’sSGR, g’ = f(g/)"™""**"*, becomes a horizontal line at the exogenouslyrgiaee

of technological progressjs.,. At point A in Figure 4, which is on the 45-degriéee, the
economy is operating on a balanced growth path:

ggGR = gSkGR = g;SR (21)

Figure 4. Simulating an Improvement in South Africa’s PoBt2 Growth Performance
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Equation (21) implies a constant output-capitabrafrom the stylised facts in Table 1 it can be
seen that the growth rates of output and capitalcppita of 0.30% and —0.30%, respectively,
roughly approximate each other. For ease of expasit is useful to relate South Africa%GR

to the Solow model in equation (12), and to assthméthe economy operates on a ‘balanced’
growth path, as shown in equation #1)

By starting from an initial equilibrium positiort point A in South Africa’sSGR, how can
policymakers ‘engineer’ a permanent growth traasitin the post-2012 period? Consider the
impact of an exogenous shock to the saving/invastmate. Because the learning-by-doing
parameter of 0.14 in Table 6 is less than one,ntlaeginal product of capital is subject to
diminishing returns. Thus, in contrast to the cansteturns to capital assumption of the strong
version of the AK model in equation (7), a permdrsrock to the saving/investment rate will
generate a temporary growth effect and a permdeeeal effect. Evidence of diminishing returns
to capital implies that the long-run growth ratex®genously given at point A in Figure 4.

Alternatively, policymakers will have to initiae permanent growth transition through a
positive shock to productivity growth. To identifypotential source of productivity growth, it is
informative to draw on the empirical results in 8oAfrica’'s FGR. In this way, we can use these
results to ‘simulate’ how the economy can improtgepost-2012 growth performance. Going
back to the stylised facts in Table 1 and prevignasvth narratives of the South African economy
(Fedderke and Romm, 2006; Gwenhamo and Fedderide),2BDI, as a potential source of
productivity growth, appears to be a strong candidahe net stock of FDI ratio in Table 1 is

almost three times larger in tiSR relative to theSGR, and would be even larger without the

22 strictly speaking, the economy is operating orakamced growth path when capital and output grothatsame
rate and the saving/investment rate is stationary. Follgvifones’ (2002) terminology, because South Africa’s
saving/investment rate is non-stationary in eadinte, it is perhaps more precise to refer to thailiegium
condition as a constant growth path rather thaal@niced growth path.
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‘artificial’ increase from 1999 to 2001. Consistevith these findings, several studies show that
portfolio and other investment flows have beenrtign drivers of net capital inflows since the
mid-1990s (Gelb and Black, 2004; Rangasamy, 20W&yeover, a large proportion of FDI
inflows since the 1990s has been in the form ofigdacross-border mergers and acquisitions,
rather than Greenfield investments (Arvanitis, 208Blb and Black, 2004; Kransdorff, 20.3&))
It is the latter type of investment that facilitatde transfer of new technologies and knowledge
accumulation from abroad. Indeed, as our resulfBainie 6 show, the learning-doing-parameter
of 0.54 in South Africa’$GR is more than three times larger than the 0.14nes$é in theSGR.
Against this background, and starting from aniahiéquilibrium position at point A in
Figure 4, we can simulate an improvement in Souilic&s post-2012 growth performance in
the following way. Suppose policymakers succeedtinacting a significant amount of FDI,
which is mainly composed of Greenfield investmeiitse technical progress function shifts up,

with the exogenous rate of technological progresseasing fromgs,, in theSGRto g2, in

the simulated~GR. At the same time, as a result of knowledge sgeite and the transfer of new

technologies from abroad, the slope of the techmpicagress function becomes steeper, with the
learning-by-doing parameter increasing from theuames @z 0 in theSGR to ¢Ai= 0.54 in the
simulatedFGR. At point B, output per capita growth exceeds @der capita growth d’.;>
J5r), Which implies a rise in the marginal productcapital and, by implication, an increase in

the profit rate. The growth potential of the ecogomill be maximised if domestic firms reinvest
their profits. Assuming a favourable domestic inment climate, firms will save and invest a

larger fraction of their profit income and the ecory will move along the technical progress

23 Greenfield investments occur when multinationahpanies build new facilities in the recipient cayrfrom the
ground up.
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function from point B to point C. Note that a mowam along the technical progress function
requires a permanent increase in the total savinggtmentate, s.* This is consistent with the
stylised facts of the South African economy in Egc2. From the top panel in Figure 2 it can be
seen that both the saving and investment rate iXduige structural breaks across South Africa’s
FGR andSGR. In our simulated post-2012 period, a long-rummgtoacceleration would require
an upward break in both the saving and investnagt’r
Point C in Figure 4 gives the ‘balanced’ growthhp@a South Africa’s simulateBGR:
G = Oror = Orer (22)

Theactual growth rate data during South AfricaP6R in Table 1 show that the average growth
rates of output and capital per capita of 2.28% 2a”B% , respectively, closely match each

other, which provides some evidence of an econgpeyating around its ‘balanced’ growth path.

The difference in the rate of technological pregri theFGR relative to theSGR, §/—
Jer. IS composed of two growth-inducing sources, asvshin Figure 4: i) an exogenous TFP
part equal togg..— g4, and i) an endogenous capital accumulation corepbequal tog/., —

Je.<- We can roughly quantify the contribution of eagbwth source as follows. The long-run
growth rate of the learning-by-doing model (equat®) at point C in Figure 4 is given by
equations (11) and (11 By setting these equations equal to the acteatppita income growth

rate of 2.28% in South AfricaBGR, we can calculate the percentage contributiortapital and

24 To see this, rewrite equation (3) as a growth cdteapital equation: K../K;) — 1] =s(Y/K;) —J. Noting that the
output-capital ratioY/K;) remains constant across South Afric8GR at point A and=GR at point C in Figure 4,
the only way in which the economy can move along tiachnical progress function from B to C is thiouy
permanent increase in the saving/investment sate,

5 Note that, unlike Solow’s (1956) canonical neosieas growth model, the Kaldorian-type (1957, 19&hnical
progress function analysis in Figure 4 explicithgludes the role of profits in the regime switcheTinclusion of
profits in the modelling framework ensures that sSaving/investment rate changes across regimes;hwisi
consistent with the stylised facts of the Southigdin economy. The Solow model, in contrast, assuimasthe
saving/investment rate is fixed, so that part & gnowth effect of an exogenous shock to technoldgirogress
(‘manna from heaven’) is transmitted through a bigbutput-capital ratio.
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TFP to long-run growth in the simulatédzR: 46% is attributed to TFP growth and 54% to
capital per capita growth. If we further assumd tha 0.30% per capita income growth rate in
South Africa’sSGR approximates zero, then the percentage contrilmititd TFP and capital to
the growthshift across regimes remain the same at 46% and 54%eatesly’®. From these
calculations there appears to be a strong interilgret relationship between technological

progress and capital accumulation across Soutlea$rigrowth regimes.

6.2 Policy Implications

Based on the foregoing analysis, in what way(e)paicymakers in South Africa initiate
a long-run growth transition: should they prioktisneasures that boost productivity growth,
focus on policies that raise the domestic savingbtment rate, or a combination of both? From
the interdependent relationship depicted in Figuré would at first appear as if the answer is
straightforward — faster productivity growth shoddd the main policy objective. The graphical
analysis of South Africa’s regime shift in Figurerdpresents the weaker version of the AK
model, in which a rise in the saving/investmene reannot initiate the growth transition — the
bulk of the initial growth shift from A to B is pductivity driven. On the surface, this would
seem to support the influential TFP or ‘technolagiprogress’ view of Easterly and Levine
(2001), King and Levine (1994), and Helpman (2004).

A policy strategy that only emphasises produgtivirowth, however, may not be
sufficient to initiate asustained growth transition. Consider the movement along téehnical

progress function from B to C in Figure 4 when th& of technological progress becomes

%6 These figures do not change much if we use theahS8GR growth rate of 0.30% and the learning-by-doing
parameter of 0.14 in Table 6. Substituting ti&R values into equations (11) and (llwe get:
Gln =05, +0,(05:)=030% = 0.26% + 0.04% - The corresponding values for theFGR

aregl, = 95: + @ (05 )= 228% = 1.05% + 1.23% - The percentage contribution of TFP growth to the
regime shift,gy_. - g4, is 40% and that of capital per capita growth 60%.
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endogenous to physical capital accumulation thraughke in the saving/investment raseNow
consider some of the determinants of South Africkimestic saving/investment rate that have
been identified in the literature: tax incentiveapital subsidies, infrastructure investment, the
user cost of capital, market size effects, findncanstraints, regulation of the labour market,
macroeconomic stability, and political risk (seer £xample, Aron and Meullbauer, 2000;
Clarke, et al., 2008; Du Toit and Moolman, 2004 derke and Bogetj 2009, and Fedderke and
Simkins, 2012). It is apparent that many of thesteminants overlap with some of the main
attractors of FDI, such as those highlighted indegke and Romm (2006), Gwenhamo and
Fedderke (2013), Kransdorff (2010), and Wentzel Sieyn (2014).

Thus, to initiate a long-run growth transitionfran initial position at point A in Figure
4, policymakers will have to identify measures teahultaneously attract FDI and raise the
domestic saving/investment rate. This would causeigward shift and slope increase in the
technical progress function, as well as a moveratatg the function towards point C. The key
difference compared with the strong version of A€ model is that the sustainability of the
growth transition will depend on the type of savingestment policies being implemented.
Within the theoretical framework of the strong vens any policy that raises will generate a
permanent growth transition. Under the weakerigarson the other hand, the ability of
policymakers to initiate a long-run growth shiftlimgrucially depend on the exact nature of the
saving/investment policies. For example, a larggdesgovernment-led infrastructure programme,
such as the recent one launched under the Acaadeeatd Shared Growth Initiative for South
Africa (ASGI-SA) programme, may on its own not beoegh to initiate a long-run growth

transition, unless it is complemented with othereBtment incentives that relax some of the
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binding constraints on FBL The weaker version of the AK model, thereforespnts a middle

way between the TFP or ‘technological progresswvief Easterly and Levine (2001) and
Helpman (2004), and the capital accumulation hygsithof traditional development economists,
such as Lewis (1954), Nurske (1953), Rostow (126@) Murphy et al.’s (1989) formalisation of

Rosenstein-Rodan’s (1943) big push model.

7. CONCLUSIONS

In this paper we have developed two types of Afesendogenous growth models to
examine the role of physical capital accumulatiom itypical’ developing country with multiple
growth regimes. The empirical application suppdins relevance of the weaker version of the
AK model across South Africa’s ‘faster-growing’ e (1952-1976) and ‘slower-growing’
regime (1977-2012). To improve the economy’s p@i22growth performance on a sustainable
basis, the simulation exercise and policy implmagi outlined in sections 6.1-6.2 suggest that
policymakers should introduce ra&fined set of measures thatmultaneously attracts foreign
direct investment (Greenfield investment) and aibe domestic saving/investment raeT his
contrasts with the prediction of the strong versadrihe AK model, where long-run growth is
invariant to the type of saving/investment poliogirtg implemented — as long as the policy
innovation raises, an increase in long-run growth is guaranteed. Whaker version, on the
other hand, depicts an interdependent or complementlationship between technological
progress and capital accumulation in the growth @edelopment process. Thus, to re-ignite the
complementary relationship in the South African remay, both technological progress and
physical capital accumulation should feature pramtty in the initial decision-making process

of policymakers.

2" For a critical evaluation of the ASGI-SA programraee Frankel et al. (2008).
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We have not gone into more detail on what thmeefset of policy measures might look
like to trigger the complementary relationship betw technological progress and capital
accumulation in the South African economy. Thisgrdpas been concerned with a broader, but
nevertheless, important issue in the growth anatldewment literature: that is, whether physical
capital accumulation is the endogenous outcomeafniological progress or vice versa. As it
turns out, both sources of growth are essentiajide a long-run growth transition in South
Africa. In this context, an important area for fidwesearch is to identify theénding constraints
(a la Rodrik, 2006) on Greenfield investment aral dbmestic saving/investment rate among all
the potential candidates that have been identifigde literature survey of section 6.2.

Finally, the theoretical and empirical methodolaggvanced in this paper is not only
confined to the South African economy, but has waggplicability to other developing countries
with multiple regimes. One crucial lesson from 8muth African case study is that it would be
highly misleading to draw policy inferences frone thingle-regime results when in reality the
economy’s growth experience is characterised byers¢éwegimes. Thus, for future research
purposes, it would be interesting to test the @abee of the multiple-regime AK models in other

developing countries that exhibit long-run growfiifts.
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APPENDIX A, Table A1 — VARIABLE DEFINITIONS AND DAR SOURCE

Variable Description Source
Natural logarithm of real GDP per

In(yp,c)l capita at market prices (constant South African Reserve Bank
2005 prices)

AIn(y,). =G, | Per capita income growth rate AInCyye)e =IN(Ypre)e =IN(Yp1e) i
Natural logarithm of gross
In(s), domestic saving as a share of South African Reserve Bank

nominal GDP at market prices

Aln(s), Growth rate of domestic saving rate Aln(s), =In(s), —In(s),,

I

Total gross domestic investment as
a share of nominal GDP at market
prices

South African Reserve Bank

Note: The data cover the period 1949-2012. Due to laggelddifferenced variables the effective
sample period is 1952-2012.



