Convergence in Sub-Saharan Africa: a nonstationary panel data approach

SUZANNE K. MCCOSKEY

Given the development of time series econometrics and nonstationary data analysis, St. Aubyn (Empirical Economics, 24, 23-44, 1999)
demonstrates a new paradigm for testing income convergence, or better denned, income stability, namely testing the stationarity of
pair-wise income differentials. In this paper, a panel data set of Sub-Saharan African countries is constructed and panel cointegration
and unit root tests are used to investigate the convergence properties of incomes and standards of living within Africa. Overall, little
evidence is found to substantiate claims of convergence across Africa, although in some cases, smaller convergence clubs within
Africa may be found. In addition the use of nonstationary panel data techniques is proposed for the testing and establishing of coherent
convergence clubs.

I. INTRODUCTION

Ever since the work of Barro (1991) and Barro and Sala-1-Martin (1992) came onto the stage in economics, income convergence has
been a particularly hot area for economic debate. Early studies® included the aforementioned articles by Barro and Sala-I-Martin
(1992) on convergence of incomes in US states; Barro and Sala-1-Martin (1991) on the convergence of incomes in the US states and
European regions (again discussed in Sala-I1-Martin, 1996); and Barro (1991) on the convergence of income across countries. The
overall conclusion of these articles, in the case of the relatively homogeneous US and Europe, was that there was a pattern of
convergence across the sample, and in most instances the rate of convergence was roughly 2%. In the case of the cross national, more
heterogeneous study, convergence could only be established when it was conditioned on such variables as human capital and fertility.
Using the Solow growth model, Mankiw et al. (1992) also investigate income convergence for a cross-section of countries. They also
find that within the Solow growth model framework, convergence among countries is possible when population growth and capital
accumulation are held constant. Again they find some evidence for conditional convergence. However, even these growth and
convergence studies were limited in the way they accommodated the time dimension. For the most part, they use cross-section data
sets or cross-sections constructed from observations averaged over time. One exception is the panel data approach discussed in Islam
(1995).

More recent work has attempted to use more sophisticated nonstationary time series tools to approach this problem. Using
nonstationary time series tools allows for a more well-developed understanding of the actual path of the series involved, an
understanding which can be crucial when one seeks to understand potential convergence over time. These articles include Quah
(1996a), Quah (1996b), and Quah (1996c¢), Lee et al. (1997), Pedroni (1997), St. Aubyn (1999), and McCoskey and Kao (1999). As
incomes have often tested nonstationary, or 1(1), the time series tools can also avoid the potential for spurious regressions, see for
example Phillips (1986).

Quah (1996b) and (1996¢) taken together provide a very different view of convergence possibilities (as compared to the work by Barro
and Barro and Sala-1-Martin.) Quah (1996b) calls seriously into the question the 2% convergence rate using Monte Carlo experiments
and Quah (1996b) finds that passage of a poor country into the set of richer country is extremely unlikely. Quah (1996a) continues
further with the idea of going beyond the strict homogeneous cross-section and discusses the understanding of the distribution of the
entire cross-section. He finds that cross-sections, or countries, have incentives to form coalitions of 'like' partners and that there exist
very serious incentives to fragment within the overall set of countries. The result means that the income distribution can stratify and the
gap between rich and poor increase. Thus, convergence will only take place within relatively homogeneous convergence clubs. Two
suggestions for club formation would be to group countries within the context of their most important trading partners or their
geographic location.

This question of convergence clubs and regional homogeneity is perhaps unresolved with respect to Africa. Although there are surely
some regional and national differences, geographic proximity and cross-national economic interdependence bring into question the
possibility that this continent will grow or falter as one. Certainly in the popular press such opinions have been held, especially with
regards to The Economist which has recently featured Africa on two separate covers.

! There is also the earlier work by Baumol (1986) which, while discussing convergence, did not lead to such an outpouring of other
research work.



The first is entitled ‘The Risk in Africa: Robert Mugabe threatens more than just Zimbabwe' (22 April).? The second cover features an
outline of Africa with a young man armed with a handheld RPG (rocket propelled grenade). The title reads "The hopeless continent' (13
May). Clearly outsiders' perceptions are that Africa is bound together by some common realities.

Lee et al. (1997) return to the Solow growth model framework. They apply panel data techniques and argue for heterogeneous panel
data specifications that would allow for different growth rates across countries. They find that assuming homogeneity and using cross-
section data to investigate convergence can have serious implications econometrically. Pedroni (1997) and McCoskey and Kao (1999)
continue with use of heterogeneous panel techniques and investigate the impact of human capital and urbanization, respectively, on
growth, although not specifically addressing the convergence question.

The framework from St. Aubyn (1999) is used as the underlying framework for this paper. The definition of convergence is taken as
the stationarity of the difference of two series that are suspected of converging. In this case the difference of two measures for income
for two different countries must be taken. As St. Aubyn (1999) explains such stationarity should encompass the 'beta-convergence' as
proposed by Barro and Sala-1-Martin (1992, 1995).% Although not specifically discussed, this analysis requires two major assumptions:

(1) the difference itself should not be allowed to be trend-stationary as a trend would mean a potential positive growth in the
difference over time; and

(2) the two initial series should themselves be nonstationary (thus giving the test of stationarity of the difference some meaningful
interpretation). Therefore the test of stationarity of the differences is conducted allowing only for the unique, known,
cointegrating vector of (1, 0, -1).

St. Aubyn (1999), as Quah (1993), and Durlauf and Johnson (1992), uses convergence clubs in his analysis. In order to construct the
appropriate differences a 'club’ of similar countries is chosen and then a 'leading series' is identified. All of the other members of this
club are then compared to the leading series, i.e. their series will be differenced from the leading member's series. In fact, the choice of
the leader is then crucial. In his study, St. Aubyn uses the US as his leading series. In this paper, panel data tests are proposed as being
superior to this methodology as using a panel test allows the researcher to test all possible combinations and therefore not specify a
leader. Thus all potential members of the club are treated symmetrically without the possibility of bias introduced with the selection of
the club leader.

St. Aubyn uses both the Augmented Dickey-Fuller (and Dickey-Fuller) unit root tests as well as a test using the Kalman Filter to test
the null hypothesis of no convergence (i.e. nonstationarity of the difference). He uses a data set of developed countries* for the years
1890-1989. In general, the Kalman Filter test performs better as it is much more likely to reject the null hypothesis of no convergence.
For the entire sample (1890-1989), the ADF is only able to reject the hypothesis of no convergence for France, Australia, Belgium, the
Netherlands, and Switzerland. The Kalman Filter test, on the other hand, is able to reject the null hypothesis (at the 1% confidence
level) for the entire set of countries.

In this paper, the ‘convergence club' of countries is a maximum set of 37 countries from Sub-Saharan Africa.” Instead of a single
series test of a pair-wise difference, however, panel data tests are used to pool the results. These tests can be used to establish clubs, by
testing the overall convergence within the group as well as the question of whether or not a specific country belongs within the group
by comparing it with all the established members and pooling the results. Thus, the low power of the ADF test in the strict time series
case might be improved upon (just as in the use of the Kalman Filter test) as well as the flexibility of the test. Such a study should add
to the paradigm of testing for club convergence as well as including developing country ‘clubs' in the discussion of income con-
vergence.® In addition convergence for certain subgroups within Africa will also be tested, namely the South African Customs Union
(SACU) and the Southern African Development Community (SADC).

Il. MODEL

In this paper, several panel data tests will be conducted. In particular, panel data unit root tests will first be conducted on the original
indicators of income and standard of living. These tests follow the procedure suggested in Im et al. (1997) [hereafter referred to as
IPS]. Then panel data tests for cointegration will be conducted on different sets of club pairs. These tests will allow for heterogeneous
cointegrating vectors and the test of the null hypothesis of cointegration from McCoskey and Kao (1998) and null hypothesis of no

> The North and South American edition for this date featured Elian Gonzales. The Mugabe cover was featured on the European/
African edition.

However, St. Aubyn (1999) also identifies the problem case with such a definition; namely two series could converge and yet their
difference be nonstationary.

Canada, France, Germany, Italy, Japan, United Kingdom, Australia, Belgium, Denmark, Finland, Netherlands, Norway, Sweden, and
Switzerland.



cointegration as described by, among others, McCoskey and Kao (1999). Several different African club leaders will be used: Ivory
Coast, Kenya, Malawi, Mauritius, Nigeria and South Africa. The choice of club leaders was primarily determined by the consistent
availability of data. As all of the tests for cointegration are residual-based, estimation of the cointegrating vector can be conducted
simultaneously to the testing. Thus, it will be possible to compare the vectors to that of the theoretically imposed vector of the
difference of the two pairs.

Following St. Aubyn (1999) differences will then be constructed of the given series for each of the club experiments outlined above.
This set of differences will be tested for difference stationarity (and not trend as discussed above) using again the test from IPS. In
addition, all possible pair-wise combinations will be constructed. Thus, unlike in the strict time series case, in the last test no 'leader’
need be identified; all countries in the club can be treated symmetrically.

Model specifications

1. Cointegration. The specification for cointegration, in the context of the panel tests, allows for heterogeneous
slopes and intercepts. It is a simple bilateral relationship between the income (or other standard of living variables)
of two countries over time. As discussed above, the specification allows for an intercept but not a time trend:

Vi =o;+ ,8;.\'” + & ( 1 }
foralli=1,.,Nandt=1,.., T.Y represents the series value for the leader country and x for the follower county.

2. Unit Root Testing of Differences. The test for the unit root is performed on the difference of the two series and
thus can be expressed as:

dy = Vi — Xy (2)
Note that implicitly this is a construction whereby the cointegrating vector is restricted to {1,0,+1}. As the relationship is not estimated

but rather imposed the unit root (and not cointegration) critical values are appropriate for ADF testing. In this case, to know whether
the club as a whole is linked, the IPS test for unit roots in panel data is used.

Econometric tests

1. IPS Panel Data test of the null hypothesis of nonstationarity. The IPS test is constructed such that the null hypothesis is that all
series in the panel contain a unit root against the alternative that none of the series contain a unit root. Thus while the panel may be
heterogeneous, for example in lag order or exact value for the autoregressive parameter, all series must share the same stationarity
properties. The test statistics uses as its foundation the average of all the individual series' ADF t-statistics to arrive at an average
for the sample. Then using the Lindberg-Levy Central Limit Theorem, IPS demonstrate that when normalized by the appropriate
mean and variance, their 'averaged' test statistic should converge to a standard normal distribution. In their paper, they provide the
necessary means and variances, which depend not only on the time dimension but also on the lag order. Their z-bar statistic is
given:

V/N(avgt — ant)
v bnt

‘ant' and 'bnt’ are constructed as averages of the appropriate means and variances across the panel. These moments can change with lag
order and thus must be averaged across the panel as a whole.

z— bhar =

s Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Chad, Comoros, Congo, Gabon, Gambia, Ghana, Guinea, Ivory Coast,

Kenya, Lesotho, Madagascar, Malawi, Mali, Mauritania, Mauritius, Mozambique, Namibia, Niger, Nigeria, Reunion, Rwanda, Sene-

gal, Seychelles, Somalia, South Africa, Swaziland, Togo, Uganda, Zaire, Zambia and Zimbabwe. Sierre Leone is used only in the case of
overnment spending.

The latter contribution should not be overlooked. As one discussant in the ‘General Discussion’ section of the Barro and Sala-I-Martin
(1991) Brookings Paper suggested, ‘. .. in the light of the fact that this last decade has been one of backsliding for Africa and Latin
America, how important [was it] that South Carolina was catching up to Connecticut’. [South Carolina and Connecticut are both States
in the US.]



2. McCoskey-Kao test of the null hypothesis of cointegration. The McCoskey and Kao (1999) panel data test of the null hypothesis of
cointegration also exploits the cross-section dimension of  the data by using the average
of the LM test statistics of the null hypothesis of cointegration and again smoothing it across the cross-sections.
The LM test statistic of the null hypothesis of cointegration is based on the time series test proposed by Harris
and Inder (1994). This test is also presented in Shin (1994). The panel test allows for a heterogeneous cross-
sections, in particular this allows individual estimation of a potential cointegrating vector. Again the means and
variances are necessary to exploit this smoothing and these are provided in the article. The LM - bar test statistic is given:

|
LM — bar = NZ —=— (4)

i=1 e
which is based on the partial sum of consistently estimated errors terms and conditional variance. The LM-bar can then be normalized
by the mean and standard deviation to form a test statistic which converges in distribution to a standard normal test statistic.

3. Test of the null hypothesis of no-cointegration. A panel test of the null hypothesis of no cointegration is also used
for comparison. Two forms, based on the ADF and PP time series cointegration tests, are summarized in McCos-
key and Kao (2000). In this paper, the averaged ADF form is used, and similar to the tests above takes the
form:

V'N(avg(adf) — mean)
4/ var
The mean and variance depend on the number of x regressors in the specification and are derived through Monte Carlo simulation.
For more details, see McCoskey and Kao (2000). With one regressor the mean and variance used are -2.0261 and 0.6724.

adf — bar = (6)

4. Summary of tests. Since all of the tests allow for panel heterogeneity and are constructed by averaging individual test statistics and
then normalizing by mean and variance, all of the final test statistics converge in distribution to standard normal random variables. In
the case of the IPS and ADF-cointegration test, the rejection area is on the left tail of the distribution; in the case of the LM-
cointegration test, the rejection area is on the right tail of the distribution. Since all tests are based on averaging, there is a weakness
in that they are susceptible to outliers. This can be seen especially when comparing the LM and ADF based cointegration tests.
Unlike in the case of a single series, it is logically consistent that both tests can reject the null hypothesis. For example, the pooling
nature of the test statistic means that not all members need to reject the null for the pooled version to reject. In fact, the sample may
be split with outlier observations under each null which could cause 'dual rejection.’ In such a case, the sufficient homogeneity of the
series themselves may be called into question. In other words, the underlying assumption of the poolability of the panel may be vio-
lated. In addition, the method of testing 'both nulls' introduces a higher joint size of the test.

Data

The data for the study is taken from the Penn World Tables and the following series are tested.

Series name ‘Club
(PWT) Description Dates size’
G Government Share of GDP  1960-1990 30
KAPW Capital Per Worker 1965-1985 11
OPEN Openness of the Economy 1960-1989 37
RGDPL Real GDP Per Capita 19601989 37
STLIV Standard of Living 1970-1989 11
RGDPW Real GDP Per Worker 1960-1989 37

G is the government share of GDP measured in 1985 international prices. KAPW measures the capital stock per worker. OPEN is a
measurement of exports added to imports as a fraction of GDP all measured in current international prices. RGDPL is a measure of
real GDP per capita at 1985 international prices. STLIV measures consumption added to government expenditure (net military



expenditures) as a% of GDP. RGDPW measures real GDP per worker at 1985 international prices.

Thus, convergence in this study is taken beyond the simple definition of incomes to a broader investigation of the club. A summary
of the data used for each series is given in Table 1. In order to preserve a balanced panel, a country was included in the data set only if
observations were recorded for every year.” Some of the shortcomings of the data set (especially with regards to developing countries)
are discussed in Summers and Heston (1991).

The member countries of the SACU (established 1969) are Botswana, Lesotho, Namibia, Swaziland and South Africa. The member
countries of the SADC (established 1992) are Angola, Botswana, the Democratic Republic of Congo, Lesotho, Malawi, Mauritius,
Mozambique, Namibia, Seychelles, South Africa, Swaziland, Tanzania, Zambia, and Zimbabwe. For these groups convergence is only
tested for G, OPEN, RGDPL, and RGDPW.

I1l. EMPIRICAL RESULTS

All estimation and testing was done in GAUSS using COINT 2.0.

Lag order and unit root testing

As the construction of the IPS test (as well as ADF unit root tests in general) depend on specifying the correct lag order of the series
involved, Table 1 provides a summary of lag orders as well as the data availability for each series by country. The appropriate lag order
was selected according to the procedure in Campbell and Perron (1991). Both the panel results and individual country results for the
unit root tests are given in Table 2. In the case of the individual series, only rarely did the ADF test reject the null hypothesis of
nonstationarity. Thus it is not surprising that even with the panel IPS test, none of the series were able to reject the null hypothesis. For
the further purposes of the study, the variables are treated as I(1).%

Cointegration testing

The cointegration testing results are given in Table 3. Overall, there is extremely strong evidence to reject long run relationships
across all club leaders. The only exception is in the case of South Africa and the variable for the OPENNESS of the economy. In this
case, there is a long run relationship as the pooled ADF test rejects at the 1 % level. All other club leaders reject convergence for this
variable. Thus, although not always at issue, it is clear that the choice of a club leader can impact the results of the testing.

In nine cases, both panel tests reject the null hypothesis. A breakdown of the results and 'sub-convergence clubs' for G, OPEN, and
RGDPL are given in Table 4.° Subclubs are not reported for STLIV and KAP W as the original set of countries is much smaller, only 11
countries in both cases. These clubs were chosen if the single pair-wise ADF test rejected the null hypothesis at the 10% level. In the
case of government spending two clubs are formed around Mauritius and Nigeria. In both cases, the clubs include the other leader and
the Ivory Coast and Kenya. Unfortunately, there seems to be little more to say about why these clubs might form as there seems to be
little to tie the countries on the lists together. In the case of openness, only the leader, the Ivory Coast, forms a group and again there
seems to be little intuition about the other members. The result for RGDPL is a bit more interesting as convergence there, with South
Africa as a leader, includes both Malawi and Zimbabwe, both members of the SADC.

Also reported in Table 3 are the averages of the beta coefficients of the test results. Comparisons can be made between these and the
hypothesized value of 1 used to difference the variables. In 24 out of the 36 tests, the average coefficient is positive and less than 1. In
three cases, the coefficient is negative and less than one and in the remaining cases the coefficient is negative and less than one in
absolute value.

"With nonstationary testing in panel data, it has been shown that the time dimension has a much greater impact than the cross-section
dimension, on the margin, to the power of the tests. For example, sce McCoskey and Kao (2000). Thus although there was some data
available for certain countries for certain years, selection was ultimately based on maximizing the time dimension of the panel without
eliminating too many countries.

5 For these variables, an 7(2) process does not seem realistic given past economic performance.
? The individual series asymptotic critical values are given in Shin (1994) and Phillips and Ouliaris (1990). For the LM test the values are
0.231 and 0.314 for 10% and 5% respectively; for ADF the values are —3.0657.



Table 1. Data availability and estimated lag order

G

KAPW

OPEN

RGDPL

STLIV

RGDPW

Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Chad
Comoros
Congo
Djibouti
Ethiopia
Gabon
Gambia
Ghana
Guinea
Ivory Coast
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritania
Mauritius
Mozambique
Namibia
Niger
Nigeria
Reunion
Rwanda
Senegal
Seychelles
Sierra Leone
Somalia
South Africa
Sudan
Swaziland
Tanzania
Togo
Uganda
Zaire
Zambia
Zimbabwe
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IPS unit root testing on the differences

The IPS test is again used to test the stationarity of the differences of the series. In this case, no leader is specified and ADF test
statistics are computed for each possible combination of countries. In this case, all countries can be treated symmetrically. The lag order
for the ADF tests and criteria for selection of the mean and variance for the test, are taken to be the maximum lag order for the set of
countries reported in Table 1 for the relevant variable. The results are given in Table 5. The average t-statistic for the ADF test, the IPS
z-bar, the p-value on the z-bar and the number of pair-wise combinations in the set are reported.

In this case, both OPEN and STLIV can reject the null of nonstationarity of differences, or the null hypothesis of nonconvergence, at

the 10% level with p-values of 0.0793 and 0.0681 respectively. Neither of the income variables (RGDP based) nor the KAPW can reject
the null hypothesis.
In the case of OPEN, the convergence is interesting in that it signals, perhaps, some continental commonality. This would seem to bode
well for intra continental trade agreements and the opening of borders to trade. The result for STLIV is also interesting, although the
original set of countries is quite small: Cameroon, Gabon, Ghana, Ivory Coast, Kenya, Malawi, Mali, Mauritius, Nigeria, Senegal, and
South Africa. Seven countries in this group are clustered in West Africa. The four others are geographically dispersed around central
and southern Africa. This variable, STLIV, was added to the Penn World tables as part of the updates for version 5.6 and is an attempt to
measure wellbeing more accurately than with using RGDP. It measures the amount spent (both privately and through government) per
capita rather than gross earnings per capita. Thus, there is some evidence of convergence in well being, albeit for a small, subset of
countries. It is possible that the mere fact that data is available for this variable may indicate the relative development of these countries
(i.e. resources available for stable data collection) and therefore this group makes an especially coherent club. Note that with the
establishment of a coherent club, the suitability of introducing another country into the club could be tested using the entrant as the
leader and then pooling the results comparing the leader to each member using the IPS test.

Unit root tests for SACU and SADC
Finally, the IPS test on the difference of series was also done for the subsets of SACU and SADC countries. In this case, only G,
RGDPL, and RGDPW were tested as OPEN and STLIV already tested positive for convergence and KAP W did not have data available
for many of the countries. The results are given in Tables 6 and 7. A priori one might expect these groups to display convergence given
the geographic proximity and the willingness of the countries themselves to enter into such official agreements. The data does not
extend beyond 1990 and for that reason some more recent developments within the agreements cannot be captured. Again all possible
pair-wise combinations are used so that each country is treated symmetrically. The tests were constructed using both three and five lags.
In no case, for either SACU or SADC countries could convergence be found. The closest to rejecting no convergence was RGDPL
for the case of three lags for the SACU countries. That test had a one-tailed p-value of 0.1151. Overall, despite an increased number of
members for the SADC, the p-values on the z-bar statistics were much higher than those for the SACU countries. Country differences
within the Southern Africa region, at least during the time of the data series, seem not to be disappearing. It would be interesting to see
if these results change as the two organizations continue their cooperative strategies.

Structural breaks

One very real econometric issue to consider when interpreting the results is the fact that all the tests are based on individual test
statistics. These test statistics can be misleading if there is a structural break in the data. A test for unit roots in the presence of structural
breaks is discussed in Perron (1989). Pretorius and McCoskey (2000) investigate this issue further when unit root tests are conducted on
small data samples with structural breaks. They report results on the bias structural breaks introduce to tests of the null hypothesis of
nonstationarity (toward non-rejection of the null). In addition, they report the size distortions (not power) structural breaks introduce to
tests constructed under the null hypothesis of stationarity. Thus if individual series contain breaks, this could impact the aggregated,
panel results.



Table 2. Individual country ADF and IPS unit root results

G KAPW OPEN RGDPL STLIV RGDPW
Angola X X —1.6172 —0.9904 X —1.0320
Benin —1.6267 X —1.8009 —1.9728 X —3.0453%*
Botswana X 1.6157 —1.4711 1.0577 X 1.2915
Burkina Faso —0.9590 X —1.9522 —0.2863 X 0.6903
Burundi —2.2056 X —0.4916 —2.5001 X —1.3636
Cameroon —2.2662 X —2.1961 —0.4027 —0.4943 —1.9478
Chad —2.0123 X —1.6041 —0.7772 X —0.8747
Comoros —0.8249 X —2.1540 —2.0599 X —2.1506
Congo —3.2761%* X —2.0158 —1.2293 X —1.5962
Djibouti X X X X X X
Ethiopia X X X X X X
Gabon —1.3103 X —1.4629 —1.9270 —1.8078 —19112
Gambia —1.3230 X —0.2227 —1.8686 X —1.8411
Ghana —2.1716 X —1.7565 —2.0095 —3.2316%* —1.5438
Guinea —3.6016%* X —0.7769 —0.5340 X 0.5378
Ivory Coast —2.1357 —2.2640 —1.6841 —1.7375 —1.4779 —1.8871
Kenya —1.9162 —2.1960 —1.9148 —1.4887 —0.9842 —1.7391
Lesotho —0.6326 X —1.0104 —1.1966 X —1.0063
Liberia X X X X X X
Madagascar —0.9666 —2.5710 —2.6364* —0.0432 X —0.3103
Malawi —0.6201 —1.8628 —1.7893 —2.8330* —2.0698 —2.3898
Mali —2.5757 X —1.4259 —0.9232 —3.0991%* —1.4307
Mauritania —1.6781 X —1.2187 —1.7460 X —0.7943
Mauritius —2.4052 —1.0592 0.2463 1.0318 —2.3678 0.3602
Mozambique —2.1839 X —3.2237%* —0.8867 X —1.1901
Namibia —0.8453 X —1.3493 —1.8156 X —1.8484
Niger X X —1.3071 —2.2050 X —3.8742%*
Nigeria —1.9013 —2.2364 —0.8597 —1.5150 —1.2044 —1.4719
Reunion X X —2.7820* —1.4809 X —2.6973*
Rwanda —2.1079 X —1.9834 —1.3219 X —1.1764
Senegal —2.0725 X —1.3770 —4.3877** —1.5151 —2.0459
Seychelles —0.5795 X —1.4031 1.1613 X 1.5412
Sierra Leone X —1.2671 X X X X
Somalia X X —1.7816 —1.8167 X —1.9416
South Africa —0.2030 X —2.0275 —2.5340 —1.7261 —2.1817
Sudan X X X X X X
Swaziland X —1.0415 —2.5020 —1.8039 X —1.6272
Tanzania X X X X X X
Togo —1.8152 X —2.0053 —2.2230 X —2.0902
Uganda —1.8923 X —2.87078* —2.3922 X —2.2657
Zaire X X —0.6887 —0.8521 X —1.4947
Zambia —2.2127 —1.1175 —0.2262 —0.7212 X —0.8892
Zimbabwe 1.6525 —2.5394 —2.2692 —1.5782 X —1.5153
1PS —0.7381 —0.3445 —0.8103 0.7186 —1.1205 0. 6796

Note: Rejection rates for ADF taken from COINT: —2.9371 for 5% (**) and —2.6152 for 10% (*). IPS rejection rate is a one-sided
standard normal value of —1.645.



Table 3. Panel cointegration testing results

Leader LM ADF Avg Beta M ADF Avg Beta

G KAPW
Tvory Cost 22.70%% —0.12 04597 12.68%++ 0251 1.8286
Kenya 15.48%%* —137 0.4629 Q.23 #%3% —2.97%x* 0.3278
Malawi 22,28 %% 434 0.3904 11,54 1.02 0.7378
Mauritius 15.39% % —4.27%%% 0.2641 14.45%%% —3.93%ux 1.3787
Nigeria 16.25%** —2.96%** 0.6521 14.09%%x —1.18 1.7704
South Africa 25.58%%% 5.51 0.3035 na na na

OPEN RGDPL
Ivory Coast 5.98%#* 1.61%* 0.2373 15.28%%* 2.06 0.7262
Kenya 20.85%** —0.47 0.0365 28.75%x* —1.05 0.2815
Malawi 17.20%%* 0.9 0.0295 23.35%%* —0.29 0.1091
Mauritius 19.38%%* 11.38 0.492 19.20%%* 12.37 1.1033
Nigeria 12.65%%* 4.14 0.3795 18.85%* 2.53 0.9928
South Africa 0.7444 —6.20%+% 0.0995 19,6555 —3.05%%% 1.1854

STLIV RGDPW
Ivory Coast 2.57*%* 1.78 0.0706 21.52%%* 0.188 1.0355
Kenya 6.94%%* — 3.38 k% —0.1973 31.51%%* —1.00 0.4377
Malawi 4.17%%* —1.18 —0.0127 27.89%+% 228 0.1812
Mauritius 2,954 — 241w —0.0955 16.63%5 —0.51 0.6649
Nigeria 6.96%** 1.17 0.5637 16.47%%* 3.52 1.12521
South Africa 3.00%** 0.35 0.1018 23.98%x* —1.13 2.1876

Note: Rejection values are based on one-tailed test from the standard normal distribution.

Table 4. Potential ‘sub-clubs’ of convergence

G OPEN RGDPL

Mauritius Nigeria Ivory Coast South Africa

Comoros Ivory Coast Comoros Malawi

Ghana Kenya Niger Togo

Ivory Coast Mauritius Senegal Zimbabwe

Kenya Zambia Seychelles

Mozambique

Nigeria

Seychelles

Note: ‘Sub-clubs are formed from the panels in Table 3 where the panel ADF was

rejected. The clubs represent the set of individual countries which can reject the ADF of

no cointegration with the leader country. (Reject at 10% level.)

Table 5. IPS test for convergence of differences

Avg t-stat z-bar p-value Combinations

G —1.433 —0.4423 0.1700 435

KAPW —0.7169 1.7363 0.9582 55

OPEN —1.5884 —1.4107 0.0793 666

RGDPL —1.0491 1.7805 0.9625 666

STLIV —1.8601 —1.4899 0.0681 55

RGDPW —1.0692 1.6615 0.9515 666

Note: p-values computed based on one-tailed standard normal distribution.



Table 6. IPS unit root test results for SACU members

G RGDPL RGDPW
3 lags 5 lags 3 lags 5 lags 3 lags 5 lags
Avg t-stat —1.5887 —1.5266 —1.6857 —1.1968 —1.6608 —1.1652
z-bar —0.2632 —0.2975 —1.1968 0.3331 —0.5067 0.4019
p-value 0.3974 0.3821 0.1151 0.6293 0.3050 0.6554
Combinations 3 3 10 10 10 10

Note: Botswana and Swaziland are not included in the set for G.

Table 7. IPS unit root test results for SADC members

G RGDPL RGDPW
3 lags 5 lags 3 lags 5 lags 3 lags 5 lags
Avg t-stat —1.2878 —1.1038 —0.9836 —0.7062 —1.1234 —0.7822
z-bar 0.5050 0.7572 1.7122 2.2578 1.1899 1.9912
p-value 0.6950 0.7764 0.9564 0.9881 0.8830 0.9767
Combinations 45 45 78 78 78 78

Note: Tanzania is not included for any of the variables; Angola, Botswana, and Swaziland are not included for G.

One possible solution is to investigate the data using the test proposed by Perron. However, in this paper there are two difficulties
with that approach. First, the Perron test is for the strict time series case, no panel form exists. In fact, as the critical values depend
on the placement of the break (with respect to the total time dimension of the data) there is, with panel data, the crucial question as
to whether all breaks in the data must occur at the same point. However, individual time series could be reported to add some
insights to the study. The second difficulty turns out to be more serious with respect to the study here: all three forms of the Perron
test test the null hypothesis of nonstationarity versus the alternative of trend stationary with a structural break. As discussed
previously, trend stationarity is not the appropriate alternative hypothesis for the convergence argument. Under the Perron
construction, both the null and alternative imply nonconvergence.

In this paper, as unit root tests are based on differences, some possibilities with respect to structural breaks should be mentioned.

If all or many countries in the study are subject to similar structural breaks, then the series of differences should not contain a break.
Thus, regional or continent-wide shocks need not impact the results. If only several countries experience breaks during the sample,
then while there may be some bias, there may be enough other combinations in the data set to mute the impact on the final test
statistic.
To investigate whether breaks may have impacted the panel results, one data series, RGDPL was considered country by country to
see which may have experienced a break. Ten countries were identified with possible structural breaks: Angola (1974-1975),
Comoros (1974-1975), Gabon (1976), Gambia (1978), Ivory Coast (1979), Mauritania (1976), Mozambique (1973), Namibia
(1979), Swaziland (1981) and Uganda (1983). The data of the RGDPL series for these countries are given in Table 8. The IPS test
for RGDPL was re-calculated excluding these countries. Thus, 27 countries were included (351 combinations). Tests were run using
five and then three lags. In neither case did the omission of the countries with a potential break impact the results: for three lags the
z-bar was 1.9433 and for five lags, 2.697. Both are further from rejection than the test statistic with the complete sample, 1.7805
(p-value of 0.9625). Given these results, for the three test results which were the furthest from rejecting nonconvergence, KAPW,
RGDPL, and RGDPW, it seems unlikely that structural breaks are causing the nonrejection. Rather, fundamentally different paths of
the development of income variables across countries seem to be at the source of the nonconvergence.

Clearly, in the panel context, more research needs to be done on structural breaks. Important questions about the required degree
of homogeneity for the breaks across the panel certainly need to be investigated. There are however, several papers which at least
discuss the issues involved, Kao and Chiang (2000) and Emerson and Kao (2000).

IV. CONCLUSION

In this paper panel data tests for unit roots and cointegration are used to investigate the convergence properties of six indicators of



well being in Sub-Saharan Africa. This follows from the recent literature that global convergence may not be feasible whereas ‘club’
convergence may still occur. Treating Sub-Saharan Africa as a club in and of itself is perhaps misguided. Intra and inter-regional
deviations may be too great, an idea supported by the lack of convergence in the results.

In the cointegration, leader-based testing, there is little evidence of long run relationships with regards to the income based, or
RGDP based, variables. The one exception is the real GDP per capital and the subclub of leader South Africa and Malawi, Togo
and Zimbabwe. In addition using South Africa as the leader country, cointegration was found with regards to openness of the
economy.

In the more complete IPS unit root tests for convergence across the sample, both OPEN and STLIV rejected the null hypothesis
of no convergence. Again the RGDP-based variables showed no evidence of convergence. Finally, for the SACU and SADC
countries again no convergence was found for the G, RGDPL and RGDPW variables.

However, the use of panel data tests to investigate convergence properties offers several advantages over the strict time series
case. Of course, pooling test results increases the power of the test. In addition, allowing for all possible combinations makes it
unnecessary to choose a leader country. Such a choice may lead to misleading results. Panel tests could also be used to consider
whether an individual country could be added to an already stable convergence club by pooling information across all previous
club members. Thus, if one accepts the stationarity argument as a measure of convergence, panel tests should allow the direct
testing of convergence clubs.
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Table 8. Countries with potential break points in RGDPL

Angola Comoros Gabon Gambia I Coast Maurit Mozam Namibia  Swaziland Uganda
1960 928 544 1779 614 1101 785 1145 1761 1240 596
1961 975 551 1969 572 1137 847 1149 1766 1530 569
1962 984 570 2104 548 1156 831 1221 1940 1626 585
1963 1005 651 2359 643 1264 741 1248 2040 1628 601
1964 1014 680 2446 621 1414 837 1258 2193 1742 606
1965 1062 644 2569 731 1397 881 1261 2286 1693 614
1966 1068 689 2678 751 1400 853 1275 2375 1810 644
1967 1084 736 2713 731 1391 841 1362 2354 1710 634
1968 1082 721 3305 734 1507 854 1426 2379 1850 627
1969 1150 711 3647 731 1501 854 1497 2459 2178 653
1970 1171 698 3693 728 1622 875 1497 2619 2507 647
1971 1155 753 3857 870 1674 863 1564 3303 2443 670
1972 1136 734 4039 862 1667 862 1591 3477 2607 659
1973 1203 747 4172 875 1713 850 1681 3570 2553 634
1974 1117 854 5037 886 1738 968 1409 3843 2185 627
1975 733 727 5693 804 1832 914 1184 3589 2556 617
1976 648 559 6969 989 1993 1110 1097 3744 2388 603
1977 646 557 6174 1010 2098 1047 1104 3982 2574 602
1978 663 589 5423 1190 2281 953 1074 4177 2811 574
1979 660 611 4851 1037 2269 927 1081 4290 3199 570
1980 675 631 4803 1021 1816 881 921 2900 3041 534
1981 650 637 4504 889 1815 883 937 3289 3450 802
1982 679 650 4224 872 1719 882 905 3119 2827 978
1983 673 657 4301 720 1631 939 866 2893 2365 1095
1984 691 660 4457 801 1533 847 849 2810 2542 576
1985 711 643 4072 769 1545 824 749 2604 2198 540
1986 709 628 4030 843 1558 839 770 2649 2236 505
1987 717 615 3432 853 1522 809 744 2819 2357 509
1988 733 609 3280 804 1425 788 760 2785 2417 527
1989 701 585 3831 807 1335 808 791 2796 2550 548

Note: Potential break periods are highlighted in bold type.
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