
Is Per Capita Real GDP Stationary? Evidence from Selected
African Countries Based on More Powerful Nonlinear

(Logistic) Unit Root Tests 

Tsangyao Chang
Department of Economics, Feng Chia University, Taichung, Taiwan

Chien−Chung Nieh Ching−Chun Wei
Department of Banking and Finance, Tamkang

University, Taipei Taiwan
Department of Finance, Providence University,

Taichung, Taiwan

Abstract

In this study we use a more powerful nonlinear (logistic) unit root test advanced by
Leybourne et al. (1998) to investigate the time−series propertities of per capita real GDP for
26 selected African countries for the period 1960−2000. We strongly reject the null of unit
root process for over one−third the countries. These empirical results have important policy
implications for selected African countries.
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1. INTRODUCTION 
Since the seminal work of Nelson and Plosser (1982), many studies have devoted to 
investigating the non-stationarity of important macroeconomic variables.  The 
time-series properties of real output levels have been of special interest to researchers.  
Nelson and Plosser (1982) points out that the modeling of real output levels as either a 
trend stationary or a difference stationary process has important implications for 
macroeconomic policy, modeling, testing and forecasting.  Studies on this issue are 
critical not only for empirical researcher but also for policymakers.  In particular, 
this investigation can help determine whether fiscal and/or monetary stabilization 
policies would likely have only temporary effects on real output levels. 

Most of the empirical studies to date support the existence of a unit root in real 
output levels, critics have claimed that this conclusion may be due to the low power of 
the conventional unit root tests employed.  Recently, there is a growing consensus 
that macroeconomic variables exhibit nonlinearities and, consequently, conventional 
unit root tests, such as the ADF test, have low power in detecting mean reversion.  
To solve this problem, non-stationary tests based on a nonlinear framework must be 
applied.   

This empirical study contributes to this line of research by determining whether a 
unit root process characterizes real output levels in selected African countries.  We 
test the non-stationarity of per capita real GDP for 26 African countries using the 
nonlinear (logistic) unit root test of Leybourne et al. (1998).  We can strongly reject 
the unit root process for more than one-third of the countries examined, indicating a 
unit root in real output levels holds true for only 15 of the 26 countries. 

 
2. DATA 

This empirical study uses annual per capita real GDP for 26 selected African countries 
over the 1960 – 2000.  The data are obtained from the Penn World Tables (PWT) 6.1 
of Heston, Summers and Aten (2002) and summary statistics are given in Table 1.  
The per capita real GDP data sets indicate that Gabon and Tanzania have the highest 
and lowest average per capita income, respectively.   

Jarque-Bera test results indicate that most of the 26 countries data sets are 
approximately normal with the exception of Gabon, Kenya, Mauritius, Uganda, South 
Africa and Zimbabwe.   Figures 1 plots the actual values and fitted smooth 
transition of per capita real GDP for South Africa, a leading country in terms of higher 
political and economic status in Africa  Due to space constraints, we do not report 
the figures for the rest of countries, but are available upon requests. 
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Table 1. Summary Statistics of Per Capita Real GDP Data Sets 
Area’s Name Mean Std Maximum Minimum Skewness Kurtosis J-B  
1. Botswana 3472.1 2123.9 7880 945 0.3658 1.9108 2.942 
2. Central 
African 
Republic 

1693.2 439.1 2240 895 -0.4057 1.8029 3.573 

3.Cote d’Ivoire 2237.1 372.86 3048 1624 0.4415 2.4624 1.826 
4. Gabon 7490.9 1822.7 10408 3027 -0.8801 3.001 5.293**
5. Ghana 1170.6 145.2 1551 822 -0.048 0.625 0.683 
6. Gambia 1157.5 161.3 1440 748 -0.463 3.079 1.471 
7. Kenya 1117.8 177.8 1336 754 -0.756 2.097 5.296**
8. Madagascar 1044.9 158.1 1279 799 -0.119 1.558 3.651 
9. Mali 840 81.34 1009 743 0.512 1.905 3.839 
10. 
Mozambique 

1290.1 409.1 2116 748 0.278 1.598 3.891 

11.Mauritius 6919.9 3039 13932 3158 0.779 2.380 4.808* 
12.Niger 1195.9 327.6 1751 795 0.441 1.683 4.292 
13.Nigeria 1024.1 120.2 1328 707 -0.062 3.677 0.811 
14.Rwanda 932.8 145.6 1194 569 -0.178 2.333 0.958 
15.Senegal 1567.1 107.1 1818 1377 0.533 2.598 2.215 
16. Tanzania 530.6 88.2 799 363 0.102 2.700 0.225 
17. Uganda 658.6 115.7 941 443 0.911 3.633 6.359**
18. South 
Africa 

7123.6 860.1 8145 4962 -1.171 3.261 9.473**
* 

19. Zambia 1175 205.3 1521 814 -0.256 1.813 2.858 
20. Zimbabwe 2328.7 556.1 2983 1232 -0.963 2.437 6.884**
21.Burundi 714.9 113.4 879 453 -0.591 2.291 3.244 
22.Burkina 
Faso 

780.6 106.2 967 612 -0.034 1.626 3.223 

23.Ethiopia 580.6 49.38 673 447 -0.406 2.645 1.342 
24.Guinea 2554.6 206.5 2994 2243 0.379 2.119 2.304 
25. 
Guinea - Bissau 

546 127.6 887 320 2.562 3.112 2.212 

26.Lesotho 1186.3 263.9 1592 698 -0.408 1.737 3.862 
Note: Std denotes standard deviation and J-B denotes the Jarque-Bera Test for Normality.   ***, **, 

and * indicate significance at the 0.01, 0.05 and 0.10 levels, respectively.  

 
 



 3

4800

5200

5600

6000

6400

6800

7200

7600

8000

8400

60 65 70 75 80 85 90 95 00

X18 X18HAT

Figure 1. Actual Values of Per Capita Real GDP and Fitted Smooth Transition - South Africa

 

 
3. METHODOLOGY and EMPIRICAL RESULTS 

3.1. Leybourne, Newbold and Vougas’s (1998) Nonlinear (Logistic) Unit Root 
Tests 

Following Leybourne et al. (1998), we consider the following three logistic smooth 
transition regression models: 

Model A: ttt vSY ++= ),(21 τγαα       (1) 
Model B: ttt vStY +++= ),(211 τγαβα      (2) 
Model C: tttt vtSStY ++++= ),(),( 2211 τγβτγαβα   (3) 

where tv  is a zero-mean I(0) process, ),( τγtS is the logistic smooth transition 
function, based on a sample of size T, where 

          1)}](exp{1[),( −−−+= TtSt τγτγ   0>γ     (4) 

The S function controls the smooth transition between regimes.  The 
parameterτ determines the timing of the transition midpoint, for example, for 0>γ , 
we have 1),(,0),( == ∞+∞− τγτγ SS  and 5.0),( =τγτTS .  The speed of transition is 
then determined by the parameter, γ .  If γ  is small, then the transition is 
slow-- ),( τγtS takes a long period of time to traverse the interval (0,1).  In the 
limiting case, with 0=γ , 5.0),( =τγtS for all t.  On the other hand, for large 
values of γ , ),( τγtS traverses the interval (0,1) very rapidly>  As γ  approaches 
∞+ , this function changes value from 0 to 1 instantaneously at time Tt τ= .   

If we assume that tv  is a zero-mean I(0) process, then Model A implies tY  is 
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stationary around a mean which changes from 1α  to 21 αα + .  Model B also allows 
the intercept to change from 1α  to 21 αα + , but includes a fixed slope term.  Model 
C is the most flexible.  Model C allows the intercept to change from 1α  to 21 αα +  
and allows the slope parameter to change, with the same speed of transition, from 1β  
to 21 ββ + .  If γ  < 0, the initial and final model states are reversed but the 
interpretation of the parameters remains the same. 
 The tests of the Leybourne et al. (1998) are based on the following hypothesis: 

Ho: ϕε =++== − 01 ,, UUKUUY ttttt     (5) 
Ha: Model A, Model B or Model C,     (6) 

where tε and tv  are both assumed to be stationary autoregressive moving average 
(ARMA) processes with zero mean.  The test statistics are calculated in two steps: 
Step 1.   Using a nonlinear least squares (NLS) algorithm, estimate the deterministic 
component of the model and compute residuals ( tv̂ ) from Models A, B or C. 
Step 2.  Compute the ADF statistic, the t-ratio associated with ρ̂  in the ordinary 
least squares (OLS) regression, 

        .ˆˆˆˆˆˆ
1

1 ∑
=

−− +∆+=∆
P

i
ititt vvv ηθρ       (7) 

The ADF statistics are denoted by αS , )(βαS and αβS , respectively, if the residuals 

are calculated from Models A, B or C.  Leybourne et al. (1998) provide critical 
values for the tests calculated using Monte Carlo simulation. 

 
3.2. Empirical Results 

For comparison, we first apply several conventional unit root tests to examine the null 
of a unit root in the output level for each province.  We select the lag order of the test 
based on the Schwarz Criterion (SC).  The results in Table 2 clearly indicate that the 
ADF, DF-GLS (Elliott et al., 1996), the P-P and NP (Ng and Perron, 2001) tests all 
fail to reject the null of non-stationarity of real per capita GDP for all 26 countries.  
The KPSS test also yields the same results.  Table 3 presents Leybourne et al.’s 
(1998) nonlinear (logistic) unit root test results and the corresponding Model A, B, or 
C selected based on Schwarz Criterion.  The empirical results strongly reject the unit 
root process for over one-third of the data series indicating a unit root in real output 
levels holds true only for 15 out of 26 countries studied here.  These results indicate 
that per capita real GDP, for over one-third of the countries in Africa, follow a steady 
rate of growth and policy innovations must have temporary effects. 
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Table 2. Univariate Unit Root Tests (ADF, DF-GLS, P-P, KPSS and NP) 
Country ADF DF-GLS P-P KPSS NP 
1. Botswana 2.979(0) 1.279(1) 2.918[2] 0.785[5]*** 2.071(1) 
2. Central  
African 
Republic 

-0.377(0) 0.178(0) -0.300[1] 0.748[5]*** 0.526(0) 

3. Cote 
d’Ivoire 

-1.481(0) -1.014(0) -1.631[4] 0.191[5] -1.396(0) 

4. Gabon -2.566(0) -0.795(1) -2.594[13] 0.562[5]** -0.701(1) 
5. Ghana -2.437(2) -1.408(0) -2.491[4] 0.291[4]* -3.557 (0) 
6. Gambia -1.779(0) -1.135(0) -1.788[3] 0.358[5]* -2.063(0) 
7. Kenya -1.722(0) -0.068(0) -1.727[3] 0.699[5*] -0.585(0) 
8. Madagascar -0.517(0) 0.119(0) -0.575[3] 0.723[5]** 0.583(0) 
9. Mali -2.269(0) -1.679(0) -2.393[2] 0..071[4] -4.649(0) 
10. 
Mozambique 

-0.935(0) -1.016(4) -0.981[3] 0.621[5]** -2.973(4) 

11. Mauritius 3.312(0) 2.772(1) 2.917[2] 0.744[5]** 3.201(1) 
12. Niger -0.998(0) -0.325(0) -1.007[1] 0.732[5]** -0.135(0) 
13. Nigeria -1.934(0) -2.038(0) -1.926[4] 0.309[3] -8.986(0)** 
14. Rwanda -2.011(0) -2.037(0) -1.969[2] 0.204[5]* -6.983(0)* 
15. Senegal -3.106(0)** -1.834(0) -2.992[2] 0.604[5]** -4.872(0) 
16. Tanzania -2.461(0) -1.807(0) -2.334[1] 0.194[5] -5.060(0) 
17. Uganda 0.116(0) 0.278(0) 0.495[6] 0.602[5]** 0.978(0) 
18. South 
Africa 

-2.973(1)** -0.612(1) -3.615[1]** 0.532[5]** -0.741(0) 

19. Zambia -0.588(0) -0.639(0) -0.407[3] 0.654[5]** -1.346(0) 
20. Zimbabwe -2.047(0) -0.828(0) -2.273[12] 0.626[5]** -0.682(0) 
21. Brundi -1.806(0) -1.436(0) -1.662[2] 0.255[5] -3.632(0) 
22. Burkina 
Faso 

-0..250(0) -0.307(0) 0.034[3] 0.742[5]*** -0.589(0) 

23. Ethiopia -2.001(3) -1.667(3) -2.217[1] 0.202[5] -10.125(3)*** 
24. Guinea -1.324(0) -1.250(0) -1.531[2] 0.173[5] -3.036(0) 
25. 
Guinea-Bissau 

-2.108(0) -1.909(0)* -2.013[3] 0.612[5]** -6.603(0)* 

26. Lesotho -1.247(0) 0.141(0) -1.111[33] 0.735[5]** 0.369(0) 
Note: ***, **, and * indicate significance at the 0.01, 0.05 and 0.10 levels, respectively.  The number 

in parentheses indicates the lag order selected based on the Schwarz Criterion.  The number in the 

brackets indicates the lag truncation for the Bartlett Kernel, as suggested by the Newey-West test 
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(1994).  The critical values for the KPSS are taken from Kwiatkowski et al. (1992). The NP test was 

based on the MZa statistic.  

 
Table 3. Nonlinear (Logistic) Unit Root Tests 

   
Area’s Name t-statistic K SC Model 
1. Botswana -.4.791 2 13.966    C 
2. Central African 
Republic 

-3.669   0 12.0258    C 

3. Cote d’Ivoire -4.521   0 11.701    C 
4. Gabon -6.441*   0 15.971    C 
5. Ghana  -3.794   2 12.024    C 
6. Gambia  -4.813***   0 11.171    B 
7. Keyna  -5.228**   0 10.886    A 
8. Madagascar  -2.453   0 10.326    C 
9. Mali  -3.406   0 11.771    C 
10. Mozambique -4.444   4 12.477    C 
11. Mauritius -3.268   0 14.794    A 
12. Niger -3.232   0 11.669    B 
13. Nigeria -5.094**   1 12.133    C 
14. Rwanda -3.447   0 11.904    C 
15. Senegal -5.175**   0 11.405    B 
16. Tanzania -5.398***   0 10.829    C 
17. Uganda -4.653***   1 10.746    B 
18. South Africa -5.201**   1 12.757    B 
19. Zambia -4.549   0 11.285    B 
20. Zimbabwe -5.361***   1 13.820    C 
21. Burundi -3.639   0 11.594    C 
22. Burkina Fasco -5.387***   0  10.005    A 
23. Ethiopia -6.249*   4  9.706    C 
24. Guinea -2.746 0 12.887    B 
25.Guinea-Bissau  -3.852   0 12.004    B 
26.Lesotho -4.494   1 11.916    B 
Note: ***, **, and * indicate significance at the 0.10, 0.05 and 0.01 levels, respectively.  Critical 

values are taken from Leybourne et al. (1998).  SC indicates Schwarz Criterion and K is the order of 

lag-length.  Models A, B. or C are selected based on Schwarz Criterion. 
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It is worth noting is that the results here are not consistent with those Cheung and 
Chinn (1996) and Rapach (2002), which support the notion of non-stationaity in real 
GDP for various panels of OECD countries.  Our results, nevertheless, are consistent 
with those of Fleissig and Strauss (1999) who find that per capita real GDP for OECD 
countries was trend stationary using three different panel-based unit root tests 

A major policy implication of our study is that a stabilization policy may only 
have some temporary effects on the output levels of most of the African countries 
studied here.   

4. CONCLUSIONS 
In this empirical study, we employ the Lebyourne et al, (1998) nonlinear (logistic) 
unit root tests to assess the non-stationarity properties of per capita real GDP from 26 
selected African countries over the 1960 to 2000 period.  The application of 
Lebyourne et al’s (1998) test indicates a unit root in real output levels is not supported 
for most the provinces studied.  Finally, our study implies that fiscal and/or monetary 
stabilization policies would only have temporary effects on the real output levels of 
over one-third African countries under study.   
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