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The study is devoted to investigating the productivity and income convergence implications of
bilateral FDI between South Africa as the leading source country of FDI and technology in
the SADC and the rest of countries in the region. Using country per capita income data over
the period from 1980 to 2011, we find evidence suggesting that countries with high levels of
bilateral FDI between themselves and South Africa converge faster both on the region
average income and on South Africa’s per capita income than those with low bilateral FDI
stocks. The finding is robust to estimating countries’ income gaps to South Africa conditioned
on alternative potential sources of technology and productivity growth, including trade, FDI
from the rest of the world and domestic capital formation. This implies that there are
prospects of technology and income convergence in the SADC region driven by South Africa
as the regional economic leader.
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1.0 Introduction

Intra-Africa foreign direct investment has been increasing, led by South African, Mauritian,
Kenyan and Nigerian transnational corporations (TNCs), with UNCTAD (2014) reporting
that between 2009 and 2013, the share of intra-Africa greenfield investment projects rose to
18% of the cumulative FDI for Africa compared to an increase of only 5% over the period
2003 to 2010. The advantage of the intra-African investments is their increasing
concentration in manufacturing and services compared to investments from the rest of the
world, with 49% of the intra-African investments in manufacturing over the cumulative
period 2009 to 2013, compared to 44% of FDI from the rest of the world (UNCTAD, 2014).
This potentially gives the continent enhanced growth opportunities in intra-regional trade,
value chains and technology convergence. The importance of intra-regional technology
transfers and income convergence becomes even more pronounced when technology leading
countries on the continent such as South Africa are among the leading sources of intra-Africa
FDI as this potentially allows other countries to access their advanced technology.

From a regional perspective, SADC has had significant increases in both FDI stocks from the
rest of the world as well as intra-regional investments, with South Africa constituting up to
80% of some individual countries’ inward foreign direct investment stocks (UNCTAD,
2014). The country had collective investments amounting to USD 980 million in Botswana,
Mauritius, Mozambique and Zambia among its major regional FDI destinations in 2010 and
the investments are principally in the private sectors (AfDB, 2013). The fact that much of
South Africa’s intra-SADC investments are in the private sectors gives the country greater
leverage to transfer technology and foster income convergence across the region. As a
regional economic community, SADC’s macroeconomic convergence framework requires
countries to attain some convergence with respect to a number of benchmarks, which include
income growth. In this regard the existence of South Africa as a leader in terms of technology
and intra-regional FDI should present an opportunity for the region to converge to achieve the
target.
Given these stylized facts about SADC, the empirical questions we ask in this study are
whether there has been technology diffusion and income convergence in the region from
South Africa; or whether there can be such prospects of income convergence over time.
Literature suggests that the answers to both questions can be negative or positive. The SolowSwan neoclassical growth models, for example, would predict income convergence for the

region through cross border capital movements driven by differentials in returns (Solow,
1956), while from the perspective of increasing returns to investment and localized
technology externalities suggested by Romer (1994) and Lucas (1988), the opportunity for
income convergence is either absent or limited with countries that have more R&D and
human capital such as South Africa and Mauritius accelerating and diverging from those with
low R&D and human capital investments. In this case, there can only be some club
convergence suggested by Quah (1996) with countries with harmonized social capabilities
such R&D, human capital, markets and institutions converging into their own club while
those that lag behind continue to diverge.

In more optimistic views, the leader follower technology spillover and catch-up hypothesis
suggested by Barro and Sala-i-Martin (2004) would predict convergence possibility for the
region on South Africa as a regional source of technology through trade and FDI. In this case,
South Africa is perceived as driving and leading in regional innovation while other countries
follow and converge on it through technology imitation. Such convergence pattern is
empirically suggested by the flying geese convergence paradigm of countries in Asia on
Japan through channels of product development and regional industry integration (Akamatsu,
1961 and Ozawa, 1995). This study is motivated by the predictions of the international
technology diffusion and convergence model on SADC by the existence of a scenario which
more or less resembles conditions of the leader follower framework.

The possibility for income convergence in SADC is, however, not an obvious expectation in
light of diverse empirical evidence on the subject matter. Factors favouring convergence
follow from evidence by Barro (2011) and Spence (2010) who have suggested that there has
been significant improvements in developing countries’ social capabilities and income
convergence rates towards the advanced economies. Similarly, studies on countries that are
harmonized through trade, FDI or regional integration initiatives have produced evidence
confirming convergence (Abbramovitz, 1986 Oz, 2014 and Ben-David, 1996). Contrary to
these optimistic factors, evidence of income convergence across heterogeneous countries
have mostly suggested income divergence or at best club convergence (Romer, 1994, Quah,
1993, Quah, 1996). It could be that there are still country heterogeneities even within regional
integrations, especially in developing countries which may deter income convergence as
suggested by Kumo (2011) and Jones (2002) for SADC and ECOWAS, respectively. To the
extent of the existence of these two possible likelihoods, it means that the debate on income

convergence remains an unsettled puzzle, with Durlauf (2003) suggesting that the amount of
controversy in the subject matter shows that the literature on convergence still needs more
contributions.

This study is motivated to contribute to the puzzle on cross country income convergence by
characterizing growth and convergence in SADC with regard to how it is linked or influenced
by the nature and forms of South African intra-region bilateral FDI. To achieve this objective,
we estimate average regional income convergence which is free from patterns of FDI and
average income and country pairwise convergence on South Africa’s income per capita
which is linked to South Africa bilateral intra-SADC FDI and make an assessment of the
impact of South African FDI differentials on regional income convergence. We employ time
series data on countries’ per capita incomes over the 1980 to 2011 period, with the period of
the study chosen to ensure that it is long enough to enable robust time series convergence
analysis and also to coincide with the post SADCC2 formation period.

Besides having characteristics which are close to conditions resembling the leader follower
technology diffusion framework, the SADC region has been chosen on the basis that
countries in the regional economic community are likely to be close in terms of geography
and social capabilities that have been argued to be necessary for convergence (Abbramovitz,
1986). The study contributes to the literature of income convergence, especially in terms of
estimating income convergence among countries which is directly linked through a specific
source of technology, which is FDI as opposed to the usual estimation of cross country
income convergence which is not linked to the source of convergence. Important policy
handles with regard to intra-regional FDI in relation to FDI from the rest of the world for
region are suggested from the results of the study.

The rest of the study is organized as follows: section 2 reviews the literature on income
convergence; 3 presents the leader follower theoretical framework of international technology
diffusion and convergence while section 4 presents the study’s empirical methods. Sections 5
and 6 present and discuss the estimated convergence results, respectively while section 7
concludes the study.

2

The Southern African Development Coordination Conference (SADCC) is the predecessor to SADC

2.0 Literature Review

The neoclassical notion of income convergence perceives that per capita incomes of countries
with similar preferences and access to similar technology converges over time irrespective of
their initial conditions (Solow, 1956). Technology is assumed to be exogenously determined
and there is no explicit role for FDI or other technology sources such as trade which bring
fourth possible technology externalities. A typical aggregate production function on which
the Solow-Swan neoclassical growth model is based on equation 1 below:

Yit  A(t ) F ( K it , Lit )

(1)

With A, K and L representing the state of technology, capital and labour inputs for country i
in period t, respectively. Peculiar in the specification is the assumption that technology,
savings and labour evolve exogenously over time and that the function F ( K , L) has constant
returns to scale and portrays diminishing marginal returns to capital3. When presented in per
capita form, with the savings rate assumed to be equal to the investment rate in a closed
economy, equilibrium output is obtained when the change in per capita capital is zero as
follows:

k  sF (k ,1)  nk

(2)

The steady state equilibrium which requires that k is equal to zero implies equal growth rates
for capital and labour (n) and also, on the basis of the constant returns to scale in production,
equal output growth rate4. This model suggests that poor countries with higher marginal
productivity of capital grow more rapidly in the transition to the long-run steady state as they
3

Even the more generalized neoclassical growth models by Ramsey (1928), Cass (1965) and
Koopmans (1965) with endogenously determined savings behaviour have similar convergence
predictions as those of the Solow-Swan model.
4
From equation 2, the assumption of diminishing marginal productivity of capital implies that a
capital labour ratio, which is below the steady state, for example, implies high marginal productivity
of capital than in steady state which results in capital accumulation while a higher capital ratio,
implies lower marginal capital productivity than in steady state and a reduction in the capital ratio.

accumulate capital while rich countries with low marginal capital productivity experience
capital reduction and low growth. Thus given that there are no technology externalities in the
model, the movement of capital across countries in response to differences in capital
productivity leads to convergence. The neoclassical convergence models perceive FDI as an
addition to domestic capital stock the same way as domestic investment with no potential for
knowledge and productivity externalities. This means that its implied convergence should be
underestimated if it is assumed that FDI has the potential to transfer better and more
productive techniques to the FDI receiving countries. To the extent that developing countries
are usually net receivers of FDI from the developed countries with advanced technology, FDI
is likely to accelerate their per capita income growth towards the FDI source countries.

The importance of technology externalities from investment is suggested by the literature on
cross country technology and income convergence which argue that capital accumulation
from sources within or outside the economy is associated with productivity spillovers that
accelerate income convergence or divergence (Barro and Sala-i-Martin, 2004 and Romer,
1994). Unlike the assumption of perfect competition under the neoclassical model which
makes it difficult for firms to enjoy profits from R&D investments, imperfect market
environments in the real world have rewarded investments in firm-specific knowledge capital
and incentivizes firms to participate in R&D and innovation activities with positive
productivity externalities. Scholars such as Romer (1986) and Lucas (1988) has suggested
such externalities are localized in ways that cause income divergence countries with
conducive environments for R&D and knowledge production and those with poor institutions
and other adverse environments that discourage R&D. Thus even in a regional integration,
this assertion would lead to predictions in favour of club convergence, with those countries
hosting good institutions, markets and macroeconomic policies converging into their own
club while the rest lag behind.

Barro and Sala-i-Martin (2004), on the other hand suggests that with international diffusion
of technology, countries with low R&D would converge on the rich on the rich countries with
high R&D and advanced technology. These views, which are based on the globalization of
technology externalities from R&D through channels that include trade, FDI, licensing,
subcontracting and technical assistance contracts are also echoed by the flying geese
convergence paradigm theorists such as Akamatsu (1961), Kojima (2000) and Kasahara
(2004), who have modelled income convergence in Asia as being led Japan as the dominant

economy, with other countries evolving through processes and stages of being net importers
of goods from the leader through import substitution to export production when they become
competitive. The model envisages a catching-up process through a hierarchy of development
with countries such as China and Singapore converging on Japan through imports imitation
and industry and country integration facilitated by the MNCs between the regional growth
centre and the rest of the countries. These models suggest that countries in SADC would have
technology gains from the regional existence of a growth centre such South Africa.

Barro and Sala-i-Martin (2004) have put forward a leader-follower model of growth which
formalizes the importance of international technology diffusion in cross country income
convergence. The model has clear cross country productivity externalities and convergence
implications and as such relevant to this study. It accommodates possibilities of
heterogeneous R&D and technologies across countries as determined by the quality of their
institutions but also allows poor countries to converge on the rich countries with advanced
technology. The follower countries, which are usually the resource poor countries draw
advanced technologies from the leader countries with high R&D through international
channels that include FDI while the dominant country leads the innovation process.

Growth in the technology poor countries is directly linked to growth of the regional
technology leader as follows5:
Yi ,t
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representing the growth in income per capita (Y) in the follower country (i) and  l,t

the growth rate of income per capita in the leader country (l). The function H increases with
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Details of the derivation of the model are in Barro and Sala-i-Martin (1997; 2004). The
characteristics of the study theoretical model as discussed borrow from the same source.
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when the follower’s income is increasing relative to the leader, its growth is higher than that
of the leader so that convergence takes place and when that of the leader is increasing relative
to that of the follower, the growth of the follower is slower resulting in divergence.

Therefore, growth of income in the follower country is linked to the average growth rate of
the leader and the ratios of its current and steady state incomes to that of the leader.
Convergence in the model occurs because the growth rate of the follower’s income declines
as its relative income increases for a given steady state ratio suggesting that the productivity
externalities from imitation are not unlimited. Similarly, for a given income ratio, growth
increases as the steady state increases, implying that a country’s growth rate increases with
distance to its steady state and the income of the leader. Barro and Sala-i-Martin (2004)
indicates that convergence results from the fact that the leader spends more resources on new
innovation than what the follower spends on imitation. Alternatively, it may be a reflection of
the existence of diminishing returns in the production of innovation and new ideas for the
leader.

The model suggests that the follower country has the responsibility of instituting good
policies, institutions and sound social capital to attract and absorb FDI to raise its
productivity. This implies that even in a regional integration such as SADC, there is a
possibility of some countries growing and converging faster towards the source of FDI and
technology leader than others depending on country specific environments. This implies that
estimation of country pairwise convergence on the regional leader would be more informative
than estimation of average convergence on the leader.

Cross country income convergence has been estimated either using cross country or country
pairwise income convergence estimations, with cross country convergence modelled as:

g iT  F (Yit T | S it , X it )

(4)

With

g iT representing a country’ average growth rate over a long time period (T) and Yit T

the country’s initial per capita income in period t-T. The coefficient on

Yit T gives absolute β-

convergence rate when (4) is not conditioned on other variables and conditional βconvergence rate when other variables are conditioned. The major criticism on model 4 is
that it has the problem of regressing to the mean, which leads to over-estimation of the
likelihood of income convergence in cross section data (Quah, 1996). Similarly, the model
fails to uniquely identify convergence when there are multiple steady state incomes
(Azariadis and Drazen, 1990).

The second approach to estimating income convergence, especially pairwise country
convergence or with few countries is the unit roots test. It defines income convergence as
existing when countries’ long term per capita incomes are equal, i.e:
lim E (Yi ,t  k  Y j ,t  k | I t )  0
k 

(5)

Yi ,t  k and Y j ,t  k are per capita incomes of countries i and j in period t+k and I t is the
information set for the two countries available at period t. Income convergence exists when
countries’ incomes are cointegrated with cointegrating vector (1,-1) (Bernard and Durlauf,
1996).

The estimation of (4) and (5) have produced mixed results with regard to the existence of
cross country income convergence. Studies that have considered countries that are
harmonized by some common factors such as countries in a regional integration or states of a
country have generally suggested evidence in support of convergence. These studies include
studies by Barro and Sala-i-Martin (1992) who have investigated income convergence across
the US states and among the OECD countries and find an absolute convergence rate of 2 %
per year for the U.S. states. Similarly, Barro and Sala-i-Martin (1991) estimate an absolute
convergence rate of 2% per year for seven European countries, while Baumol (1986) and
Abramovitz (1986) relying on evidence from historical income evolutions support the
existence of income convergence among the industrialized countries. In Sub-Saharan Africa,
however, there is no wide evidence supporting convergence in regional integration, with
Kumo (2011) failing to find convergence for SADC, while Jones (2002) obtains club

convergence in ECOWAS. These studies imply that there is greater scope for convergence
for countries that are already harmonized by some common factor provided heterogeneities
among the countries in the group are minimal.

Contrary to harmonized countries studies, studies that have been undertaken for country cross
sections characterized by heterogeneous attributes have largely failed to confirm
convergence, with countries tending to be characterized by club convergence. Jones and
Bernard (1986) and Quah (1996) have failed to find convergence for a cross section of
developed and developing countries and instead find club convergence characterized by twin
peaks of advanced and developing countries converging separately while poor countries
diverge and lag behind. Similarly, McCkoskey (2002) failed to confirm income convergence
in Sub-Saharan Africa and also find smaller convergence clubs within the continent. The
significance of these findings as suggested by Abramovitz (1986) is that the issue of income
convergence cannot be isolated from harmonization and upgrading of country capabilities.
The importance of harmonization of countries’ social capabilities is supported and confirmed
by recent studies that have confirmed increasing convergence rates for developing countries
on the developed countries on account of advancements in their human capital, R&D and
institutions (Spence, 2010; Rodrik, 2011 and Barro, 2012). Barro (2012) has linked the
modernization hypothesis to convergence and finds results suggesting that growth and
convergence of incomes can be self-perpetuating through their positive effect on the quality
of institutions. Rodrik (2011), however, hints that the sustainability of the convergence drive
depends on rapid structural change in favour of tradables, manufactures and modern services
by developing countries. Thus, in addition to developing and harmonizing their social
capabilities, developing countries need to restructure their economies and encourage the
reallocation of resources towards more productive sectors as opposed to reliance on the less
productive traditional sectors. This view has been supported by Rodrik (2012) who has
estimated convergence rates of about 3% across a cross section of manufacturing sectors in
118 countries, which is more than the 2% by Barro and Sala-i-Martin (1991), implying that
technology is more sector or industry specific than country specific and that the issue of
convergence is more informing when analysed at disaggregated than at country levels.

An important category of income convergence studies are those that have linked convergence
to a specific source of technology. The studies have generally produced evidence supporting

income convergence or higher convergence rates among countries. They include the study by
Oz (2014) who finds per capita income convergence between FDI host and source countries
in the OECD over 1950 to 2010. Oz (2014)’s results fundamentally suggest the existence of
technology spillovers between the FDI host and home countries. His results are supported by
Choi (2004) who also finds convergence between per capita incomes of FDI host and source
countries among the OECD countries over the period 1982 to 1997. In addition, Choi (2004)
finds geographical closeness and common language to be critical factors for convergence and
bring into light the importance of country harmonization factors. Outside the OECD,
Bijsterbosch and Kolasa (2009) find evidence suggesting that bilateral FDI among countries
in Central and Eastern Europe fosters pairwise country income convergence. Thus from these
studies, FDI is not only an addition to capital but an agent for international technology
diffusion and convergence as suggested by Barro and Sala-i-Martin (2004).

In a related study, Ben-David (1996) has considered convergence of incomes in groups of
countries drawn from 25 countries, with country groups constituted by countries that are
mutually linked through trade and based on a leading country’s major trading partners and
other groups which are randomly constituted. The study has evidence suggesting faster
convergence in groups characterized by mutual trade than in groups which were randomly
formed, meaning that trade is responsible for income convergence among countries involved
in mutual trade. The results confirm and have similar convergence implications to the results
by Ben-David (1993) in which trade liberalization in the European Economic Community
countries led to faster convergence of countries’ income in that they emphasize the role of
international technology diffusion in promoting income convergence the same way as the
results suggesting the importance of FDI in fostering income convergence between FDI
source and host countries. These studies motivate our theoretical model framework in this
study.

3.0 Modelling International Diffusion of Technology

Inspired by the leader follower technology diffusion framework proposed by Barro and Salai-Martin (2004), we developed an income convergence framework for SADC with South
Africa as the technology leader and bilateral FDI from South Africa as the vehicle for
technology diffusion in the region. The framework is an endogenous growth framework
premised on the possibility of poor countries catching up with the rich countries through a

process of technology innovation by the developed countries and imitation by the developing
countries. Underlying the model is the assumption that most of the technological
advancements occur in the relatively more developed South Africa which hosts much of the
R&D investments while the relatively poor countries in SADC with limited R&D mostly get
involved in imitating and adopting advanced technologies from South Africa with
convergence occurring on the basis that it is cheaper to imitate for the follower than to invent
for the leader (Barro and Sala-i-Martin, 2004).
Restating the leader follower model from Barro and Sala-i-Martin (2004) with South Africa
replacing the leader in the earlier general model presentation, we the convergence model as:
Yi ,t
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(6)

is growth in income per capita (Y) in the follower country (i);  sa,t is the growth

rate of income in South Africa. According to Barro and Sala-i-Martin, the function H
positively depends on the ratios of the individual countries’ actual and steady state per capita

 Yi ,t
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 Ysa,t


Y
 and  i ,t

Y

 sa,t

*


 , respectively, implying that it



increases in individual countries’ incomes and falls as South Africa’s income increases.

In overall terms, model (6) suggests that growth in technology poor countries is directly
positively related to growth in South Africa and that the larger is the difference between the
two countries’ relative incomes and their relative steady state incomes, the faster is the
growth rate of the follower country. Thus relatively poorer countries such as Mozambique,
Malawi and Tanzania in SADC are expected to grow faster than the relatively more affluent
economies such as Mauritius and Botswana. This implies convergence of incomes over time
conditioned on similar exposure to the technology source country. To the extent that
countries have different bilateral trade or FDI between themselves and South Africa, they are
expected to diverge from each other and converge differently on South Africa.

The appealing feature of the model is that it enables us to tie the process of growth and
income convergence to the FDI source country and uphold income convergence among

countries that are mutually related as opposed to studies that assume convergence in cross
sections of heterogeneous countries. Our empirical model from (6) is adopted from Oz (2014)
as follows:
 Y
 Yi ,t 
 Y 
  log sa,t    log i ,t
log

Y

  Ysa,t
 Yi ,t 1 
 sa,t 1 


Y 
  log i 
Y 

 sa 


*





(7)

With parameter  defining the average speed of convergence between the followers and the
leader and the remaining variables representing their corresponding definitions in the
theoretical model 6.
After re-arrangements, equation 7 gives our estimation equation 8 (see C1; Annex C):

 Yi ,t
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 Ysa,t
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  a  b log i ,t 1    i ,t
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Where a  log  and   1 / b  1 . Therefore, 8 estimates countries’ current income gaps
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 6as a function of the previous period income gaps  i ,t 1  with an
to South Africa 

Y

 Ysa,t 
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increase in the income ratio reflecting a fall in the income gap. This means that a value of one
on the left hand side of (8), reflects complete closure of a country’s income gap to South
Africa. The way model (8) is presented implies that a positive value of b which is less than 1
signifies income convergence towards South Africa while a negative value signifies
divergence.
We emphasize the  -convergence rate which is calculated as   1 / b  1 , because it directly
links individual countries’ per capita incomes to the technology source country compared to the
popularly used  -convergence which does not link convergence to the technology source

country’s per capita income. If South African FDI is a pulling factor driving convergence,
then there should be higher convergence rates towards South Africa than towards the average
income for the region. The concept of the half-life to convergence is also utilized to compare

6

 Yi ,t
Y
 sa,t

The actual gap is the inverse of the ratio or 1- 


 . We choose this presentation because it is direct and



easier to deal with. An increase in the ratio reflects income convergence while a reduction reflects divergence.

convergence rates where, as in Ben-David (1996)7, the half-life is defined as the average
number of years for existing income disparity among countries to be reduced by half.

The convergence rate estimated from model (8) gives average region income convergence on
South Africa. It does not inform how individual countries’ income evolve with respect to
South Africa’s income. To estimate individual country pairwise income convergence on
South Africa, the unit roots tests for convergence in model (5) suggested and utilized by
Bernard and Durlauf (1995) and Greasley and Oxley (1997) are employed. To overcome the
dimensional limitations of the cointegration approach used by Bernard and Durlauf (1995) in
establishing convergence from equation (5) when there are many countries, Pesaran (2006)
shows that country pairwise income convergence can be obtained from the pair-wise
differences between countries’ logarithms of per capita incomes. Thus countries’ pairwise
income convergence on South Africa is established from the following ADF model specified
with intercept and trend:
M

xi ,t   0  1t  xi ,t 1   c j xi ,t m   it
m 1

(9)
With xi ,t  yit  y sa,t defining the difference between country (i)’s log of per capita income
and that of South Africa and xi ,t  xi ,t  xi ,t 1 . From (9), country pairwise income
convergence on South Africa is obtained when there are no unit roots in the ADF and both
the intercept and trend are insignificant. The statistical significance of the intercept and or
trend in (9) suggests that the country’s income and that of South Africa have a common
deterministic trend and are driven by similar underlying factors (Greasley and Oxley, 1997).

4.0 Data and Definition of Variables

Variables that we need are countries’ per capita incomes including that of South Africa and
bilateral FDI stocks between South Africa and other SADC countries. Other variables needed
7

The procedure for estimating the half-life years as derived in Ben-David (1993) proceeds as follows:

Let X=Income Gap & z = half-life; then Xt+1 =  Xt and Xt+z =  Xt. By definition Xt+z = 0.5Xt (ie at half life
z

years) implying 0.5Xt =  Xt or 0.5=  . This gives z=ln(0.5)/ln(  ). When
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z

z
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to augment our estimations are SADC intra-regional trade, FDI from the rest of the world and
countries’ domestic investment. The overall period of analysis has been stretched from 1980
to 2012 in order to have long time series data for each country to enable individual country
time series analysis that are robust. However, sample periods for estimation equations that
include bilateral FDI as an augment are constrained to start from 2001 by the period for
which the UNCTAD bilateral FDI statistics are available.

Turning to the major variables of interest, bilateral FDI between South Africa and the SADC
countries is measured in three ways, with all of the three sourced from UNCTAD bilateral
FDI statistics (UNCTAD, 2014). First, we investigate the separate impact of per capita
inward FDI stock from South Africa, then second the separate impact of outward FDI stock
and lastly, the impact of total bilateral FDI stock per capita between individual countries and
South Africa. This allows us to assess the impact of each of the measures of bilateral FDI
variable on the countries’ income gaps to South Africa. Inward bilateral FDI stock is defined
as FDI stock per capita from South Africa and hosted in individual SADC countries, while
outward FDI stock per capita is each country’s per capita FDI stock hosted in South Africa.
Total bilateral FDI is the total of the two FDI stocks. FDI from the rest of the world is the
difference between each country’s total per capita inward FDI stock and per capita inward
FDI stock from South Africa.
Countries’ per capita income statistics are sourced from WDI (World Bank, 2014), with the
variable reflecting output per person as well as a proximate for labour productivity. This
definition implies that per capita income convergence or divergence implications are also
interpreted to reflect the same on countries’ productivity. Intra-regional trade, which is
sourced from the SADC website (SADC, 2014) is defined as the percentage of intra-SADC
trade to GDP. Lastly, domestic investment is measured as gross fixed capital formation as a
percentage of GDP. It is sourced from WDI statistics (World Bank, 2014).

Tables 1 and 2 summarize the variables used in the study and their correlations, respectively.

Table 1: Summary of Selected Variables
Variable
GDP Per Capita
S. Africa GDP Per Capita

Mean
1656
5010

S.Dev.
1739
401.0

Min
118.6
4472

Max
6471
5810

No.of Obs
440
448

Income Gap To S. Africa
0.330
Intra-SADC Trade Percent
7.124
S.Africa FDI Stock/Capita
363.1
Inward S. Africa FDI Stock
291.3
Outward S. Africa FDI Stock 85.92
Gross Domestic Investment
20.51
Source: UNCTAD (2014) and WDI (2014)

0.343
6.310
1328
1097
146.4
10.46

0.0251
0.0155
0
0
0
1.434

1.114
28.94
8130
7589
1072
74.82

440
168
118
132
132
427

Table 2: Correlation Matrix for Selected Variables
PCGDP SAGDP TRADE SAFDI In.SAFDI OSAFDI GDPGAP
PCGDP
1
SAGDP
0.093
1
Intra-Trade
-0.027
-0.031
1
PCSAFDI
0.484
0.191
-0.186
1
In.SAFDI
0.496
0.190
-0.156 0.994
1
O.SAFDI
0.653
0.165
0.228
0.615
0.642
1
GDPGAP
0.993
0.012
-0.022 0.448
0.461
0.632
1
GFCF
0.121
0.039
0.001
0.115
0.106
-0.066
0.117
Source: UNCTAD (2014) and WDI (2014)

The high correlation between inward FDI stock per capita from South Africa and total FDI
stock per capita shows that much of the bilateral FDI stock is composed of inward FDI. The
two variables are, however, not used jointly in any of the estimated equations, hence they
don’t pose any multicollinearity problems.

5.0 Descriptive Estimation and Analysis of Income Convergence

A descriptive analysis of income convergence pattern in SADC is summarized by figure 1,
which plots countries’ average growth rates over the 1980 to 2011 period against countries’
initial incomes in 1980. When there is per capita income convergence among the SADC
countries, there should be a negative correlation between initial incomes and growth
suggesting that initially poor countries are growing faster than initially richer countries.
Overall, the figure suggests income divergence for the region, with countries encircled in red,
namely Malawi (Mal), Madagascar (Mad), the DRC, Zimbabwe (Zim) and Zambia (Zam)
stagnating in low per capita income and low growth over the 1980 to 2011 period, while
Botswana (Bot) and Mauritius (Mau) had relatively high initial incomes, which they
sustained over the period.

Figure 1: Income per Capita Convergence in SADC

Data Source: WDI (2014)

To link the convergence pattern in figure 1 to the pattern of South African bilateral FDI in the
region, we have classified countries in the region into two groups, which we name high FDI
countries for countries with high South African bilateral FDI and low FDI countries for
countries with low South African bilateral FDI and analyse patterns of income convergence
in the two groups. The cut-off point between high and low FDI countries is set at the average
regional South African bilateral FDI stocks per capita, with high FDI countries defined as
those above the average and low FDI countries as those below the average, using figure 2,
which plots the logs of countries’ average per capita FDI stocks from South Africa over the
2001 to 2012 period. The figures on top of each bar are countries’ percentages of South
African FDI to total FDI stocks, which also show the relative amounts of South African FDI
stocks each country hosts. We have used per capita South African FDI stocks instead of total
South African FDI stocks to classify countries on account of the fact that per capita FDI
stocks indicate approximate amounts of FDI each person in each of the countries potentially
has to work with. The horizontal line cutting across the FDI stock bars for each country gives
the average South African FDI for the region over 2001 to 2012.
Figure 2: Countries’ FDI Stocks per Capita from South Africa

Data Source: UNCTAD (2014)

From figure 2, high FDI countries are: Botswana, Lesotho, Namibia, Mauritius,
Mozambique, Zimbabwe and Swaziland while Angola, the DRC, Madagascar, Malawi,
Tanzania and Zambia are classified as low FDI countries. Zimbabwe has been classified
under the low FDI category on account of the low industrial capacity utilization in the
country during the 2001-2011 period, which the CZI (2009) estimates at about 10% in 2008
at the peak of the crisis. This implies that an assessment of the marginal productivity impact
of foreign capital for the country over the period is difficult as much of it was unutilized,
implying low effective foreign capital stocks for the country than portrayed by the statistics.

Variability of incomes in the two country groups is analysed using the standard deviation and
the coefficient of income variation, with declining variability interpreted to imply income
convergence within the groups while increasing variability is interpreted as representing
income divergence (Quah, 1996 and Kemeny, 2009). The coefficient of variation is the
income standard deviation normalized by the countries’ average incomes. The two measures
are plotted in figure 3, with the first graph representing income variability for all the countries
in the region and the second graph representing income variability for the low bilateral FDI
countries while the last plots income variability for the high bilateral FDI countries. The left
y-axis gives values for the standard deviation while the right y-axis give the coefficient of
variation.

Figure 3: Income per Capita Dispersion in SADC
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As suggested by figure 2, figure 3 confirms the non-existence of income convergence for
SADC suggested in figure 2, with the standard deviation and coefficient of variation for
income per capita in the region rising over the 1980 to 2011 period. A characterization of the
income variances within the low and high FDI countries in graphs 2 and 3, respectively,
however, clearly shows that the increased variability in the region’s income is being driven
by the low FDI countries while for the high FDI countries income variability diminished over
the period.
A quantitative sense of the extent of the income variability portrayed in figure 3 is obtained
from table 4, which gives the mean and median incomes for the SADC panel, the low and
high bilateral FDI countries over 1970-1979 and subsequently over five year intervals starting
from 1980 to 2011. Relating the mean and median for the whole region, the table shows that
the median income for the region increased less proportionately than the average income.
This scenario is consistent with a case where a few countries are persistently growing faster
than the rest of the countries in the region, thus implying income divergence. When income
dispersion is dissected within each FDI country groups, the table shows that average income
within the high FDI countries increased by 83% compared to 43% for the low FDI countries.
This means than the high FDI countries’ per capita income increased by about 1.4 times more
than the low FDI countries’ income.

The fact that there is income growth and convergence for the high FDI countries and low
income growth and divergence for the low FDI countries can be interpreted as a confirmation
of the leader follower model of international technology diffusion and income convergence
suggested by Barro and Sala-i-Martin (2004). However, at this point it is hard to attach the
observed patterns of income variability exclusively to the role of South African bilateral FDI
in the region other than to suggest that the pattern is linked to underlying factors that are
positively associated with our country classifications.

Table 3: Dynamics of Per Capita Incomes in SADC (US Dollar)

Region Average
Region Median
High FDI Average
Low FDI Average
High:Low Ratio

1970- 19801979 1984
1233
1320
717
706
1389
1537
1233
1320
1.1
1.2

19851989
1395
675
1633
1395
1.2

1990- 1995- 20001994 1999 2004
1491 1586 1729
659
632
661
1802 1948 2135
1491 1536 1590
1.2
1.3
1.3

2005%
2011 Change
2089
69.4
739
3.0
2538
82.8
1754
42.3
1.4

//Monetary figures are in USD terms (Base=2005)

Given than table 3 is based on country groups, it conceals information about how each
individual country’s income evolved against that of South Africa. To investigate the
dynamics of each individual country’s income dynamics relative to South Africa’s income,
ratios of South Africa’s income to individual countries’ incomes are presented in 20. This
information is critical given that it is likely that there were shifts in country income positions
across the region and within the high and low FDI country categories, with some countries
accelerating faster than others. The last column of table 4 has negative percentage changes
for countries that converged on South Africa and positive percent changes for countries that
diverged away.
Table 4: Ratio of South Africa’s Per Capita Income to Individual Countries’ Incomes

Angola
Botswana
DRC
Lesotho
Madagascar
Malawi
Mauritius

1970- 1980- 1985- 1990- 1995- 2000- 2005%
1979 1984 1989 1994 1999 2004 2011 Change
3.5
3.9
3.2
3.7
3.9
3.4
2.3
-34.3
4.1
2.5
1.7
1.2
1.1
1.0
0.9
-77.4
11.5 15.0 14.3 20.1 30.1 39.1 38.6
235.9
14.5 12.4 10.8
8.5
7.6
7.2
6.9
-52.4
11.2 14.7 15.1 15.5 16.6 17.7 19.9
78.2
23.7 24.3 24.7 24.1 21.0 23.0 24.9
4.8
2.7
2.7
1.9
1.4
1.2
1.0
1.0
-64.2

Mozambique
24.7 29.0 30.4 24.9 21.7 17.6
Namibia
1.5
1.7
1.7
1.6
1.6
1.5
Swaziland
4.7
4.1
3.3
2.3
2.1
2.2
Tanzania
15.8 17.4 17.3 15.9 16.0 14.4
Zambia
5.3
6.7
7.0
7.2
8.1
8.2
Zimbabwe
7.5
8.1
7.8
7.1
6.6
8.5
//Figures reflect ratios of period simple averages of per capita incomes

15.7
1.4
2.3
13.2
8.0
14.2

-36.3
-7.9
-50.6
-16.3
52.0
88.8

Table 4 shows that in 1980 South Africa was up to 30 times richer than the poorest country in
the region, which was Mozambique with the closest country being Namibia while by 2011
the country’s income was 39 times higher than the poorest country, the DRC. This suggests
that there was both increased income dispersion and shits in countries’ relative income
positions for the region. Considering the last column of the table, it follows that most of the
countries in the high FDI country category converged towards South Africa while most of the
low FDI countries diverged, with Angola and Tanzania being the exceptional cases. Thus, the
table supports earlier findings suggesting higher growth and faster convergence for the high
FDI countries than for the low FDI countries.

Certainly, the descriptive analysis of the dynamics of incomes in SADC in relation to our
country classifications raises interesting questions on whether the observed pattern of income
convergence in the region is actually being driven by South Africa bilateral FDI in the region
or other factors that are positively correlated with South African bilateral in the region.
Another interesting issue emerging from the analysis is about the magnitude and statistical
significance of income convergence rates within the low and high FDI country categories.

6.0 Econometric Estimation of Convergence

To estimate income convergence rates, equation (8) is utilized. The equation regresses the
difference in current income and either average income for the region or South Africa’s
income per capita against its lag. The estimated equation gives the average convergence rate
and the average half-life years to convergence for each country group. The equations are
separately estimated for the whole region; and for the low and high FDI country categories so
that an assessment of the convergence impact of South African FDI can be made through
comparisons of differences in convergence rates across the different country groups.

One concern in estimating equation (8) using annual data is that the data may be influenced
by short term transitory shocks and noise that create high volatility in the series resulting in
distorted and inefficient convergence parameter estimates. To eliminate the effects of the
noise, we follow Barro (2012) and use 5 year income averages instead of the annual income
figures in all the estimated convergence models. Results based on annual income data are,
however, presented in Annex C for purposes of comparisons with those from the averaged
data. Another potential problem in model specification (8) emanates from the lagged
dependent variable bias problem in models that have the lag of the dependent variable as an
explanatory variable (Roodman, 2009). To deal with this potential bias, we follow Roodman
(2009) and use the IV estimation approach, with the previous period income gaps
instrumented by their second lags. The maximum lag for the instrument was set in order to
keep the time dimension of the series as long as possible while at the same time satisfying
conditions for good model identification.

Table 5 gives estimated convergence results for income deviations from the average income
in each country group. The results in the table are estimated from equation (8) but with
income gaps to South Africa replaced by income gaps to average incomes in each group as
follows:

 Yi ,t
log
 Yi ,t


Y 
  a  b log i ,t 1    i ,t

Y 

 i ,t 1 

(8)

The estimated rates of convergence, therefore, are the equivalence of absolute  convergence rates within each FDI country category. In overall terms, the estimated results
qualitatively confirm the results from the descriptive convergence analysis above. There is
higher convergence rates for high FDI countries than for countries hosting low FDI stocks
from South Africa. There is good fit for the estimated model specifications across country
groups.

Table 5: Income Convergence on the Region Average Income
SADC
VARIABLES
Log of Income Gap

RE

FE

High FDI Countries Low FDI Countries
RE
FE
RE
FE

0.995*** 0.962*** 0.985*** 0.953*** 0.998*** 0.981***

Constant

Observations
No. of Countries
R-squared
P>F-Stat
Convergence Rate (%)
Half Life Years

(0.004)
0.000
(0.005)

(0.007)
0.000
(0.001)

364
14
0.96
0.00
0.5
140

364
14
0.96
0.00
3.8
18

(0.004)
(0.009)
0.026*** 0.055***
(0.006)
(0.005)
156
6
0.91
0.00
1.5
46

156
6
0.91
0.00
4.7
10

(0.008)
-0.015*
(0.009)

(0.011)
-0.03***
(0.008)

182
7
0.94
0.00
0.2
340

182
7
0.94
0.00
1.9
36

Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1;

Table 5 results suggest absolute convergence rates of 0.5% and 3.8% per year on the SADC
regional average income using the random and fixed effects models, respectively. The
respective average half-life years to convergence for the region are 140 and 18 years. There is
similarly low convergence rates for the low FDI countries of 0.2% and 1.9% corresponding to
the random and fixed effects models. The random effects model results, therefore, suggest
that with the current adverse country specific effects, there is almost no income convergence
for the region and low FDI countries while convergence can only be attained after controlling
for country fixed effects. On the contrary, high FDI countries have higher convergence rates
of 1.5% and 4.7% under random and fixed effects, respectively and corresponding half-life
years to convergence of 46 and 10 years. This suggests that there is a positive correlation
between South African bilateral FDI stocks in the region and average income convergence
rates, which could be evidence in support of the leader follower convergence model.

The large differences in the estimated fixed and random effects convergence rates are either a
result of the ‘fixed effects bias’ suggested by Barro (2012)8 or an indication of entrenched
adverse country fixed factors which frustrate income convergence in the region. To the extent
that the differences are a result of adverse country fixed effects, the results suggest that
countries in the region should improve and harmonize their specific adverse effects in order
to speed up the process of income convergence.

One problem with results in table 5 is that they represent average income convergence on
average income per capita, which is not the same as the leader’s income as modelled under
8

Barro (2012) suggests that country fixed effects in cross-country income convergence estimations involve a
trade-off between the downward bias on the estimated convergence rate if the country fixed effects are omitted
and an upward Hurwicz (1950) bias arising from the inclusion of the fixed effects. When the time dimension of
the data used is short, the upward Hurwicz bias is significantly large. We note that this could partly explain the
high convergence rates estimated from the fixed effects models.

the leader follower convergence framework. The estimated results allow countries to
converge above or below their current incomes depending on the current levels of those
incomes relative to average income per capita in their groups. To link convergence rates to
South Africa’s income, we estimate θ-convergence rate rates in equation (8) as follows:

 Yi ,t
log
 Ysa,t


Y

  a  b log i ,t 1    i ,t

Y


 sa,t 1 

(8)

South Africa has an income convergence effect in the region if countries converge faster
towards South Africa’s income than they do towards the regional average income in table 5
and also if high FDI countries convergence faster towards South Africa’s income per capita
than low FDI countries. Regression results from equation (8) presented in table 6 confirm
this.
Table 6: Convergence of Incomes on South Africa’s Income
SADC
VARIABLES

RE

FE

High FDI Countries Low FDI Countries
RE
FE
RE
FE

Log of Lag Income Gap 0.993*** 0.952*** 0.976*** 0.948*** 1.004*** 0.992***
(0.004)
(0.007)
(0.005)
(0.007)
(0.008) (0.013)
Constant
-0.005 -0.076*** -0.003 -0.068*** 0.004
-0.027
(0.009)
(0.013)
(0.008)
(0.009)
(0.021) (0.032)
Observations
No. of Countries
R-squared
P>F-Stat
Convergence Rate (%)
Half Life Years

364
14
0.98
0.00
0.7
99

364
14
0.98
0.00
5.0
14

156
6
0.99
0.00
2.5
29

156
6
0.99
0.00
5.5
13

182
7
0.97
0.00
diverge
diverge

182
7
0.97
0.00
0.8
87

Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1;
//The instrumeted variables are lag of income gap and Gross Domestic Investment
//The number of countries correspond to the number in each category as classified under the descriptive analysis

A comparison of the random effects results in tables 5 and 6, suggests that the region
converges at a rate of 0.7% towards South Africa’s income compared to the convergence rate
of 0.5% towards the regional average. Similarly, countries hosting high bilateral FDI from
South Africa have an average convergence rate of 2.5% in table 6 compared to 1.5% in table
5 while per capita incomes in low FDI countries diverge. The faster convergence rates for
countries hosting higher South African bilateral FDI than those hosting low FDI in table 6

should be attributable to factors that are linked to the FDI country classification effect. In
overall terms, South Africa’s per capita income has a greater income convergence effect in
the region than would be attained on average income without the country’s convergence
effect. This seem to confirm the leader follower model of international technology diffusion
and income convergence model is one assumes that there are no other factors that positively
correlate with South Africa’s intra-regional bilateral FDI and also driving convergence.

However, while results in tables 5 and 6 seem to confirm our hypothesized leader follower
country convergence framework suggested by Barro and Sala-i-Martin (2004), it is still
possible that there are other technology transmitting factors which jointly affect productivity
growth and convergence in the region other than the intra-regional bilateral FDI effect. If the
alternative convergence factors are positively correlated with South Africa’s bilateral FDI
stocks in the region, then the study’s argument that the estimated convergence pattern is
driven by the bilateral FDI factor may be open to question.

One possibility is that bilateral trade between a technology leader and a technology follower
may also lead to international diffusion of technology as suggested by Ben-David (1996).
Given that South Africa is both a major source of FDI and a leader in SADC intra-regional
trade, it is possible that the observed convergence pattern could be driven by trade rather than
by FDI differences. Other factors, such as country membership in the Southern African
Customs Union (SACU), high domestic investment and high FDI stocks from the rest of the
world in the high FDI countries, which are likely to be positively correlated with South
African bilateral FDI and at the same time positively influencing income growth may also put
to question our convergence conclusions to question. For example, the same countries
favoured by South African FDI are likely to be favoured by FDI from the rest of the world
due to favourable market conditions or higher rates of returns in the destination countries,
making it difficult to separate the effect of South African FDI from that of FDI from the rest
of the world.

To account for the income convergence effects of other possible technology transmitters,
which could be driving the convergence pattern in the region other than South African FDI,
we estimate an augmented convergence model controlling for the other convergence factors
from:

 Yi ,t
log
 Ysa,t
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  a  bo log i ,t 1   b1 X i ,t   i ,t

Y


 sa,t 1 

(11)

With X controlling for South African bilateral FDI, trade growth, FDI from the rest of the
world, the SACU membership effect and domestic investment. These are controlled for in a
stepwise manner. Results from (11) are presented in table 7. The final model incorporating
variables that are significant in the stepwise regressions only is presented in column 7.

Table 7: The Impact of FDI on Country Income Gap Convergence
VARIABLES

(1)

IV Estimation Results for Income Gap
(2)
(3)
(4)
(5)
(6)

(7)

Lag Income Gap

0.82*** 0.85*** 0.85*** 0.81*** 0.95*** 0.95*** 0.85***
(0.03) (0.04) (0.03) (0.04) (0.01) (0.01) (0.04)
In. FDI from S.Africa
0.01*
(0.00)
Out. FDI to S.Africa
0.01
(0.01)
Total Bilateral FDI
0.01**
0.02**
(0.01)
(0.01)
Total FDI from ROW
-0.01
(0.00)
Trade Growth
0.05***
0.09***
(0.02)
(0.03)
Gross Dom. Investment
0.19*** -0.02
(0.07) (0.19)
Constant
-0.3*** -0.3*** -0.3*** -0.3*** -0.1*** -0.1*** -0.3***
(0.06) (0.07) (0.06) (0.06) (0.02) (0.02) (0.06)
Observations
119
121
132
119
390
367
127
No. of Countries
12
11
12
12
13
13
12
R-squared
0.86
0.86
0.86
0.86
0.96
0.96
087
P>F-Stat
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Hansen J (P-Value)
0.42
0.76
0.19
0.73
0.70
0.87
0.24
Kleibergen-Paap (χ)
93
13
14
69
102
56
17
Exogeneity (P-Value)
0.05
0.03
0.13
0.10
0.00
0.01
0.02
Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1;
//The instrumeted variables are lag of income gap and Gross Domestic Investment
//For Hansen J Test of Overidentifying Restrictions: H0: Model instruments are valid
//For Kleibergen-Paap Underidentification Test: H0: Equation is Underidentified

In table 7, we have controlled for countries’ membership in SACU membership by way of
estimating fixed effects models of equation (11), while following Lichtenberg and de la
Potterie (1996), we have treated countries’ inward and outward FDI stocks from and to South

Africa and total bilateral FDI stock separately in the estimated models under the expectation
that the FDI measures may differently impact on countries’ income gaps to South Africa’s
income.

The regression results suggests that inward bilateral FDI from South Africa has a positive and
significant impact on countries’ income convergence on South Africa in column (1) while
column (2) suggests that the convergence impact of outward FDI to South Africa is
insignificant. This suggests that inward bilateral FDI from South Africa transmits more
technology into the region than outward FDI stocks. The impact of total bilateral FDI stock
per capita is positive and significant while FDI from the rest of the world insignificantly
impacts on countries’ income convergence, suggesting that South African bilateral FDI has
greater income convergence effect in the region than FDI from the rest of the region.

Table 7, however, suggests that trade and domestic investment also positively impact on
income convergence as South African FDI. Nevertheless, the only factors that turn out to be
significant and positively influencing income convergence in the last column are trade growth
and total South African bilateral FDI, suggesting that the effect of bilateral FDI from South
Africa in SADC as a factor driving the estimated convergence patterns observed in earlier
results cannot be ruled out, hence the estimated convergence patterns in the region support
the leader follower model of international technology diffusion and income convergence.

Having characterized the pattern of income convergence in SADC according to the pattern of
intra-regional South African bilateral FDI, we also estimate how each individual country’s
income converges on South Africa’s income and relate the estimated country pairwise
convergence patterns to levels of bilateral FDI between the countries and South Africa. In
light of our earlier argument that countries are likely to converge at different rates towards
the regional technology leader depending on the quality of their institutions, economic policy
environments and other country specifics, the estimation of pairwise country income
convergence on South Africa should be more informative than the estimated convergence
models so far which give average convergence rates.

To obtain country pairwise income convergence on South Africa, we estimate the ADF
model 9 restated below with countries grouped according the amounts of South African FDI
they host:

M

xi ,t   0  1t  xi ,t 1   c j xi ,t m   it
m 1

(9)
With pairwise income convergence on South Arica confirmed when individual countries’
income deviations from South Africa’s per capita income ( x ) are stationary and both the
intercept and trend in (9) are insignificant (Bernard and Durlauf, 1996). Results on pairwise
country income convergence using (9) are presented in table 8, with countries classified
either as high or low FDI countries.

Table 8: Country Pairwise Income Convergence on South Africa
Country

Intercept
(P-Value)

Trend
ADF
Stationarity Convergence
(P-Value)
(P-Value)
S/TS/NS
C/NC
----HIGH FDI COUNTRIES--Botswana
0.722
0.985
0.031
S
C
Lesotho
0.231
0.452
0.002
S
C
Mauritius
0.903
0.902
0.001
S
C
Mozambique
0.000
0.000
0.000
TS
NC
Namibia
0.005
0.004
0.005
TS
NC
Swaziland
0.701
0.212
0.128
NS
NC
----LOW FDI COUNTRIES--Angola
0.119
0.290
0.237
NS
NC
DRC
0.052
0.117
0.065
TS
NC
Madagascar
0.039
0.022
0.038
TS
NC
Malawi
0.120
0.452
0.111
NS
NC
Tanzania
0.024
0.11
0.024
TS
NC
Zambia
0.185
0.605
0.208
NS
NC
Zimbabwe
0.249
0.109
0.184
NS
NC
S=Stationary; NS=Not Stationary; TS=Stationary with Trend;
C=Convergence; NC=No Convergence
The first column of results table 8 gives the probability values of the intercept from the ADF
equation under the null hypothesis that the intercept is equal to zero while the second column
gives the probability values of the trend under the null hypothesis that it is equal to zero. The
final estimated model of the ADF is estimated with or without trend depending on whether
they are found to be significant or insignificant. Column 3 gives the p-values for ADF test
statistic for the null hypothesis that the income gap has unit roots. The last two columns

indicate the conclusions on stationarity and convergence, respectively. The cut-off point for
the lag on the ADF equation is set at 1 for all the countries based on the general-to-specific
approach.

The estimated ADF unit roots test results from (9) suggest that all countries in the high FDI
category either have incomes which convergence on South Africa’s income per capita or at
least have their incomes driven by common trends with South Africa’s income. Swaziland is
the only exceptional case which fails to convergence with a marginally insignificant p-value
of 0.128%. A consideration of the low FDI country category suggests the opposite picture,
with no evidence of any country converging on South Africa. At best there are three out of
seven countries with incomes having a common trend with South Africa’s income, namely
Tanzania, Angola and Madagascar.

Results in table 8, therefore, support the earlier finding that countries with higher bilateral
FDI stocks between themselves and South Africa converge faster on South Africa while those
hosting low South Africa FDI on average tend to diverge away from South Africa. In support
of our earlier findings, we interpret these results as confirming the income convergence effect
of the South African bilateral FDI in SADC within the leader follower international
technology diffusion and income convergence framework.

7.0 Conclusion

In this study, we sought to investigate whether bilateral foreign direct investment between a
technology leader and a group of technology follower countries improves technology
upgrading, productivity and per capita income catch-up for the followers. South Africa has
been defined as both the major source of FDI and technology spillovers in the SADC region.
The scenario investigated resembles the leader follower endogenous growth framework in
which the growth of the follower countries and their convergence towards the leader is
dependent on the diffusion of technology between the two countries (Barro and Sala-iMartin, 2004). The study is a contribution to the literature on the role of FDI in transmitting
technology across countries, with emphasis on the effects of country bilateral FDI on income
convergence as opposed to the conventional estimations of income convergence in country
cross sections, which is not linked to any specific source of technology or productivity.

We find evidence suggesting weak income convergence in the region when the role of
bilateral FDI from South Africa is not taken into account or when it is low. What we obtain is
a situation of countries hosting high South African bilateral FDI converging faster towards
both the region average income and on South Africa’s per capita income than countries
hosting low South African bilateral FDI stocks. Consequently, we have suggested that the
difference in the convergence rates is a result of the country FDI classifications. In probing
further whether FDI is the relevant factor driving convergence differentials in the region by
conditioning the estimated convergence rates on other potential sources of technology
including bilateral South African FDI, we find results suggesting that total bilateral FDI to
and from South Africa plays a significant role in the region’s income convergence. We have
also found evidence suggesting that there are significant differences in the convergence rates
from the fixed and random effects models and suggest that this largely reflects the existence
of entrenched adverse country specific effects that retard income the convergence effect of
bilateral FDI in the region.

A number of policy handles emerge from the study results, which suggest that countries
should consider more targeted FDI policies, especially through Bilateral Investment
Agreements (BIPAs) that selectively incentivize and prioritize FDI coming from technology
leading countries or intra-regional FDI as long as the source country hosts higher levels of
technology. The observed adverse country fixed effects that limit income convergence in the
region suggest that countries in the region should harmonize their FDI absorptive capacities.

However, given that the issue of income convergence is a long term phenomenon, we
acknowledge the weakness in the short time period over which data on bilateral FDI is
currently available and recommend for future research agenda further studies that encompass
long time periods on account of data availability.
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Annex C
C1: Derivation of the Estimation Equation for the Leader- Follower Model
Restating Equation 7:
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 is a constant since it is a proportion of constants
Re-stated and given that log
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Which is the estimated equation in equation 8.
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The convergence rate is defined as follows:
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Table C1: Income Convergence on the Region Average Income (Annual Data)
SADC
High FDI Countries Low FDI Countries
VARIABLES
RE
FE
RE
FE
RE
FE
Lag Mean Incom. Deviation 1.001*** 0.953*** 0.994*** 0.932*** 1.001*** 0.967***
(0.004)
(0.010)
(0.005)
(0.013)
(0.008)
(0.015)
Constant
0.000
0.000 0.019*** 0.053*** -0.011 -0.04***
(0.005)
(0.002)
(0.006)
(0.008)
(0.008)
(0.012)
Observations
No. of Countries
R-squared
P>F-Stat
Hansen J (P-Value)
Kleibergen-Paap (χ)
Endogeneity (P-Value)
Convergence Rate (%)
Half Life Years

420
14
0.96
0.00
na
na
na
diverge
diverge

420
14
0.96
0.00
0.47
93
0.000
4.7
15

180
6
0.91
0.00
na
na
na
0.6
115

180
6
0.91
0.00
0.29
54
0.003
6.8
10

210
7
0.94
0.00
na
na
na
diverge
diverge

210
7
0.94
0.00
0.72
46
0.004
3.3
21

Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1;
//The instrumeted variables are lag of income gap and Gross Domestic Investment
//For Hansen J Test of Overidentifying Restrictions: H0: Model instruments are valid
//For Kleibergen-Paap Underidentification Test: H0: Equation is Underidentified
//Endogeneity Test: H0: The specified endogenous regressors are exogenous
//na not reported by the xtivreg2 command from which diagnostics are obtained
//The number of countries correspond to the number in each category as classified under the descriptive analysis

Table C2: Convergence of Incomes on South Africa’s Income (Annual Data)
SADC
High FDI Countries Low FDI Countries
VARIABLES
RE
FE
RE
FE
RE
FE
Lag Income Gap to S.A 1.000*** 0.946*** 0.991*** 0.932*** 1.004*** 0.965***
(0.004)
(0.010)
(0.005)
(0.011)
(0.008) (0.019)
Constant
0.008 -0.086*** 0.013 -0.057*** 0.005 -0.092**
(0.008)
(0.018)
(0.008)
(0.014)
(0.021) (0.046)
Observations
No. of Countries
R-squared
P>F-Stat
Hansen J (P-Value)
Kleibergen-Paap (χ)
Endogeneity (P-Value)
Convergence Rate (%)
Half Life Years

420
14
0.96
0.00
na
na
na
diverge
diverge

420
14
0.96
0.00
0.85
100
0.001
5.7
12

180
6
0.98
0.00
na
na
na
1.0
76

180
6
0.98
0.00
0.93
56
0.01
7.3
10

Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1;
//The instrumeted variables are lag of income gap and Gross Domestic Investment
//For Hansen J Test of Overidentifying Restrictions: H0: Model instruments are valid
//For Kleibergen-Paap Underidentification Test: H0: Equation is Underidentified
//Endogeneity Test: H0: The specified endogenous regressors are exogenous
//na not reported by the xtivreg2 command from which diagnostics are obtained

210
7
0.94
0.00
na
na
na
diverge
diverge

210
7
0.94
0.00
0.71
44
0.01
3.6
19

