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Abstract

The growth of an economy is determined largelytsy growth of its Gross Domestic Product (GDP)
over time. However, GDP and some economic serielaracterized by nonstationarity, structural
breaks and outliers. Many attempts have been n@mdadlyze these economic series assuming unit
root process even in the presence of changes iméam level without considering possible fractional
integration. This paper aims at examining the stmat breaks and nonstationarity in the GDP seafes
some selected African countries with a view to dateing the influence of structural breaks on the
level of stationarity of these series. These seatesfound to be nonstationary with some eviderice o
long memory. They were found to experience one orenbreaks over the years and this may be due
to instability in the government and economic gekcin the selected African countries. The measure
of relative efficiency shows that autoregressivactional integrated moving average (ARFIMA)
models is better than the corresponding autoreigeegstegrated moving average (ARIMA) models
for the series considered in this study.

Keywords: fractional integration, gross domestic productjdtrral breaks

1. Introduction

Economic growth for many countries is majorly detered by the country’s Gross Domestic Product
(GDP). Among African countries South Africa is mhs the richest country because of her highege\afl
GDP each year. For this reason, it is sensibldgudysthe pattern in which this is realized over jears
bearing in mind that the series are usually noistaty. Most researches in economic time serieg hav
concentrated on the behavior of other economic nreasand model are fitted to the series but fewer
articles have considered GDP.

Economic and financial time series often displagparties such as breaks, heteroscedasticity, missin
values, outliers, nonlinearity just to mention av.fe Of much importance in time series is the strait
break or mean shift which affect the level of sta#rity in the series. Quite a number of articlaven

shown that break in structure of the series mayseaa stationary serie$ (0) to be fractionally
integrated (Granger and Hyung, 2004; Ohanissiah.,e2008). In the context of nonstationary seribere

are fewer articles to show the effect of breakghmseries. Chivillon (2004) in the discussion pape“A
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comparison of multi-step GDP forecasts for Southic&f reviewed that structural breaks and unit root
occurred in South African’s GDP over the last thiyears. Also, Romero-Avila and D@lavide (2009)
considered unit root hypothesis for per capita AP series in 46 African countries with data sgieg
from 1950 to 2001 and found multiple structuralak® Structural breaks is examined for export, irmpo
and GDP in Ethiopia using annual macroeconomic sergs from 1974 to 2009 and the study shows that
the economy has suffered from structural changhersample periods 1992, 1993 and 2003 (Al&ral.,
2011). Aly and Strazicich (2011) considered the GiDEhe North African countries and observed one or
two structural breaks except for Morocco where brgas not observed.

This study seeks to investigate the stability (gtetrity) and/or change in the mean level (struatbreaks)
over time. We also investigate the nature and tfpgonstationarity that may have been brought abew
result of structural breaks in each series.

2. The GDPin African Countries

The World’s record in 2005 shows that South Afficas the richest country among African countrieswit
GDP of $456.7 billion. This figure was followed IBgypt, Algeria, Morroco and Nigeria with GDP of
$295.2, 196, 128.3, 114.8 and $71 billion leavinigeXia as the fifth in the ranking. The sixth to"10
countries were Sudan, Tunisia, Ethiopia, Ghana an€ongo the Republic

(http://www.joinafrica.com/Country Rankings/gdp iedr.htm).

Similar account reported in World Economic Outldd&tabase of International Monetary Fund (IMF, 2009)
shows that South Africa still maintained her pasitias the first in 2008 with GDP of $276.8 billion,
followed by Nigeria ($207.1 billion), Egypt ($162Hllion), Algeria ($159.7 billion) and Libya ($89®.
billion). The next countries in the ranking are kmo, Angola, Sudan, Tunisia and Kenya. IMF (2011)
presented the 2010 historical GDP data with simméaiort on GDP with South Africa having $524.0ibitl

of GDP, followed by Egypt ($497.8 billion), Niger{&377.9 billion), Algeria ($251.1 billion) and Marco
($151.4 billion). Angola, Sudan, Tunisia, Libya aBthiopia were in the sixth to f0vealth position in
Africa.

Comparative analysis of the country’s wealth in 200008 and 2010 shows that Nigeria moved from the
fifth (2005) to second position in 2008 and latesgped to third position in 2010. This swerve iraitle of

a country as determined by the GDP may be due ree sgovernment policies and political factors and
therefore, there is need to study the pattern iichvthese series are realized over the years.

Change in government policies and political indigbimay cause a series to experience a sharp laedk
these tend to alter the distributional patternhef series. As part of econometric modelling, weothiice
structural breaks in form of mean shift in this Wwam order to examine possible breaks in the seaies
econometric time series models are also applieéstablish our claim on nonstationarity fractional
integration of GDP series.
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3. M ethodol ogy

The augmented Dickey Fuller (ADF) unit root testiged to establish nonstationarity in the GDP seafe
each country. Once the unit root is insignificamg estimate the fractional difference parameters Th
achieved by applying the method used in Shittu alga (2010) which suggest differencing the

nonstationary series of orde!flo as many number of times to attain stationarityer;hthe fractional

difference parameter is estimated from the resulstationary series. We then apply “differencingl an

adding back” method of Velasco (2005) to estimaterionstationary fractional difference parameld@.

That is, assuming the time serie>$t and taking the unit difference of the serreaumber of times and

this gives the unit difference order a$. We then applied semi-parametric estimation apgroaf
described in Geweke and Porter-Hudak (1983) tanesé the stationary fractional difference parameter
assumed to be~0.5<d < 0.5 The estimate of nonstationary fractional diff@erparameter is then

estimated based mdo =d+u (see Shittu and Yaya, 2010).

Structural breaks can be visualized in the time pfothe observed series as forms of nonlineanitgt a

outliers. However, this can be viewed more deadynfthe plot of the differencing parametéio against

the specified time period. The latter method is enobjective and in line with agreement of Gil-Alana
(2008) and Gil-Alanat al. (2011). The papers applied the non-parameppraach of Robinson (1994)
and the same will be used in this paper.

y, =a+X; (@-B*X =u, t=12,..,
(€

where Y; is the observed time serie€} is the intercept,d0 is the fractional difference parameter and

U isan | (0) process assumed to be a white noise. When trereliffing paramete(d) of a series

is stationary fractional,~0.5< d < 0.5 such a series is said to exhibit long memory. @&ppropriate
model for such series is Autoregressive FractiM@aling Average (ARFIMA) model defined as,

¥ =(1-8* X

Vi @+ AYiat BYeot ot @Y T EFOE FOE O
@
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where d0=U+d and U=1,2,...depending on the number of the unit differences.e Th

{¢{,6?j} A=1,...,p;j = 1,...9 are the parameters in the model afg; are the random process

distributed as&_; =N (O,]) .

5. Source of Data

The dataused in this study were the GDP per capita peropdrscurrent US Dollar of 27 African countries
from 1960 to 2006. The annual data were sourced frdernational Monetary Fund (IMF) database. The
GDP data is computed from the purchasing powetyp&PiPP) of countries per capita, that is the valfie
all final goods and services produced within a ¢oguim a given year divided by the average or méadty
population for the same year.

6. Results and Discussion

The time plots of the GDP series for different doi@s are shown in Figure 1 below. The data used ar
given in US dollars in order to allow country toucdry comparison. Various types of movements were
noticed in the plots of GDP for these countriegeheral upward movements were noticed from 1961 for
the next five years, followed by sharp increasesnfrl966 to 1976 or there about. Thereafter, differe
types of movements were exhibited by different ¢oes for the rest of the period under study. Mufshe
countries experienced drops in the GDP which maylbe to decrease in the values expressed in the
country’s local currency. Nigeria for example expeced significant drops between 1980 and 2003.
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Figure 1: Time Plotsof GDPin African Country with figures given in US Dollars
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This significant drop experienced in Nigeria isoatsaced back to the behavior of Naira-US dollar
exchange rates in the period under investigatiorthat case, the nominal GDP in Naira is given
below in Figure 2, and this shows astronomicaléase of GDP in the country. Comparison of the two
plots of GDP for Nigeria shows that exchange rate dffect on the country’s wealth.

Figure 2: Timeplot of Nigerian (nominal) GDPin millions of Naira
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From Table 1, the ADF unit root test shows thatth# series are nonstationary at 5% level of
significance. However, all the series attainedimtarity after the first difference. The above skow

that the GDP series are integrated of order dr(é,) . This suggests that the series can be modelled as

ARIMA (p, d, ). Shittu and Yaya (2009, 2010) showed that undamam conditions, ARFIMA model
may be better than ARIMA model when nonstationdstgstablished in a series.

Table1: Unit root testson GDP series

Observed Series First Differenced Observed Series First Differenced
Countries ADF Prab. ADF Prab. Countries ADF Prab. ADF Prab.
Algeria -0.9247 0.7708 -4.4448 0.0009 Liberia -6461 0.4661 -4.0992 0.0024
Benin -0.1828 0.9333 -7.3291 0.0000 Malawi -1.68990.4295 -7.4282 0.0000
Botswana 2.1849 0.9999 -4.4068 0.00p8 Malaysia @97 0.9956 -4.9800 0.0002
?urkina -0.2051 0.9303 -5.1443 0.000L Mauritania -0.0865 9447 -3.5398 0.0113
Burundi -1.2956 0.6236 -5.1480 0.0001 Niger -2.55050.1108 -4.6275 0.0005
Cameroon -0.9280 0.7704 -5.9970 0.00p0  Nigeria 1985 0.5146 -4.4185 0.0009
Chad -0.5889 0.8628 -3.5434 0.0111  Senegal -0.9560.7609 -5.6289 0.0000
Congo 0.6859 0.9906 -4.471¢6 0.000sierra -2.1146 0.2401 -6.3065, 0.0000
gpte -1.8459 0.3542 -4.6347 0.000SSQgth -0.5501 0.8713 -4.6040 0.0005
Egypt 2.5622 1.0000 -4.0914 0.0025 Sudan -0.1286 9390. -6.0260 0.0000
Gabon -0.8763 0.7869 -5.3685% 0.0001 Togo -1.7109 4192 -5.3715 0.0000
Ghana -0.7451 0.824§ -5.3252 0.0001 Uganda -2.4590.1319 -4.9790 0.0002
Kenya -0.1854 0.9326 -4.2919 0.0014 Zambia -1.6270.4604 -2.9934 0.0431
Lesotho 0.4566 0.9833 -4.8220 0.0003
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With this in mind, we examined whether or not h# series were actually(O) or | (d) whered is

the fractional difference parameter for all thaeserThe result is shown in Table 3.

Table 3: Estimates of Fractional Difference Parameter

Country | Algeria| Benin| Botswana Bgrklna Burundi | Cameroon Chad Congg .COt.e
aso D'lvoire
d 1.1039| 1.0108 1.0801 1.0182 1.135y 1.0785 1.1029 0498. 1.1158
Country | Egypt| Gabon Ghana| Kenyg Lesotho Liberja aval Malaysia| Mauritania
d 1.0485| 1.0546 1.0361 1.1048 1.009Y 1.1258 0.91111 9684. 1.0465
Country | Niger | Nigeria] Senegal féirr:? if? Iuct: Sudan Togo Ugandg Zambia
d 1.0950 | 1.1265 0.9839 1.0248 1.0505 1.0641 1.0p87 9996. 1.0678

It can be observed that all the series were nattlgxaf order one, | (1) .

6.1 Investigation of Structural Breaks

The first value corresponds to the estimatd based on the sample with the first 35 observatitad

is, from 1960 to 1994, then the following one cepends to the sample [1961 — 1995], the next.
[1962 — 1996] and so on till the last one whichresponds to [1972 — 2006] making 13 blocks of
samples i.e. 1960 — 1994, 1961 — 1995, 1962 — 19963 — 1997, 1964 — 1998, 1965 — 1999,
1966 — 2000, 1967 — 2001, 1968 — 2002, 1969 — 20@A) — 2004, 1971 — 2005, 1972 — 2006. The

following figure displays for each country the asiies of differencing paramete@o along with

the 95% confidence band using the model in (1).

Stable estimates af across the different subsamples are observeiGDP of Burundi, Cameroon,
Gabon, Kenya, Liberia, Niger, Nigeria, Sierra Le@am&l Uganda. In Benin, Bostwana, Lesotho and
South Africa, we notice a decrease in the degréetefration about the 10th estimate [2003]. Atdlig
increase in the estimated valuedodibout the 16/ 11" estimate [2003, 2004] is observed in Algeria,
Chad, Congo, Sudan and Zambia. In fact, in the @li@vcountries, we observe a sharp increase about
the year 2003.

For another group, we observe a slight decreateid® estimate [1995]. This group include

Burkina Faso, Cote de Ivory, Senegal and Togo.Glmna and Malawi, break is observed in tfe 8
block [2001].
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Figure 3: Plots of estimates of fractional difference parameter d across blocks of samples
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6.2 Modelling of the Series
To determine the most appropriate model for GDResén the selected countries in Africa, the ARINGA

d, g) and ARFIMA {, d, q) modelling were carried out on the series withe@wto measure the relative
efficiency (R.E) of theARFIMA model over the ARIMA model. The results aieown in Table 4
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and 5 below.
Table 4: Estimated Nonstationary ARFIMA Modelsfor theAfrican GDP Series
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Sk.=0.0605  Ex. Kurt.=30977 ARCH=26100B78] Oagriua=1535.41  Oagya = 1673.63  Tagrivy ara = 0.9174

-0.6793
[0.2335]

Yt:(l_B) X,

Niger S Te e N Y S -

Sk.=-0.11144  Ex.Kurt.=0.93369 ARCH=1070.3949] Oapriya=701416  Caga = 868.225 Oapeiaarma=0.8079

-0.2367
[0.1520]
Yi = (1_ B) Xy
Nigeria Y 3323]@69- :[Lo?i?z%zyt 1 [91?@973{12 [ ooe}%zoe [ 008$%7§2+ 01}%2'1&_ oggg e

Sk.=061314  Ex Kurt.=099332  ARCHSGZ1[0.2159] Oappiya = 335188 Oaga = 4469.75 O ageiy ariva = 0-7499

0.2074
[0.2682]

Yt:(l_B) X,

Senegal Y mORRT Y DR Ot O ST DT B DERRA

Sk.=0.25406  Ex Kurt.=15953 ARCH=0.2040B927] Oagriya=253419 Oagya = 3054.97 Tageivy aria = 08295

~0.5454
[0.1828]

Yt:(l_B) X,

Sierra Leone %= 2[13,(%0%]44 [10 }%’ﬁl 17 8%‘5’3@{32 i 9%%@58% (92'950%9%‘ 0%%? o 0}3%175@‘ 0%%%@&

Sk.=-0.3899  Ex.Kurt.=16657 ARCH=03304998]  Oagrva="780.841 OTagya = 111907  Oapeiyyarma= 06978

0.0007
[0.0008]

Yt:(l_B) X,

South Africa Yy, =-102905 1.3088 ; - 052%2 C 0013} 0; + &%’gﬁ?e—[ 0(')2.}%?2%[ 0%.7%9%7-[ 0](2)%&1959[ 9%?3’5211"'51

[3255]  [0.1337 [ ox

Sk.=-0.3446  Ex. Kurt.=0.4664 ~ARCH=184D81B01]  Uapriya = 64656  Oagya = 87353 Oagriy v = 0.7402

-0.5032
[0.1525]
y; =(1-B) X,
- + +
Sudan %=43L496- 13176, - 04136, + 01497~ 020B3+ OM20+5

Sk =-1.0503 Ex. Kurt.=6.2138 ARCH =0.76405217] O ageiya = 6567.49 OTagya = 8511.1 0-2ARFIMA/ARIMA: 0.7716
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0.5463
[0.2223]

Yt:(l_B) Xy

Togo N2 0S89\ 0UOM,~ Ol O 0TS

Sk.=-0.12717 Ex. Kurt=16211 ARCH=23708868]  Tagriva = 986.417 Tagua = 104713 O ageiy ariva = 0.9420

0.2332
[0.1432]

Yt:(l_B) X,

Uganda %2R0 (et T 0 T ot gt OB WA

Sk.=0.73710 Ex Kutt.=55493 ARCH=11902P66]  Oapria=892.609 OTagya = 1043.65 Tageivy arwia = 08553

0.4324
[0.0676]

YI:(]-_B) X,

zambia §=459367 3000~ 000~ O1fd+s

Sk.=0.55756  Ex. Kurt.=2.4524 ARCH=0.72305448]  Oagrya=36865 Oagya = 434106 Tapevy ara = 0.8492

The relative efficiency between the ARFIMB, €, g) and ARIMA (p, d, g) are given in Table 5.
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Table5: Relative Frequency of ARFIMA model over ARIM A model

(13

Break in 2" subsample | Break in 8" subsample Break in 10"/11" No Break
subsamples
Country R.E Country R.E Country R.E Country R.E
Burkina 0.8400 | Ghana 0.8812 Algeria 0.864" Burundi 0.9611
Faso
Cote 0.6052 | Malawi 0.6893 Chad 0.9445 Camerod 00162
D’ivoire
Senegal 0.8295 Congo 0.0928
Togo 0.9420 Sudan 0.7716
Zambia 0.8492 Gabon 0.0061
Benin 0.9483 Kenya 0.7128
Botswana 0.9902 Liberia 0.5963
Lesotho 0.5892 Niger 0.8079
South 0.7402 Nigeria 0.7499
Africa
Sierra 0.6978
Leone
Uganda 0.8553

One would have expected that the R.E for those tdesnwith stable estimates df across the
different subsamples would have R.E = 1. This isswobecause the series also exhibit long memory
in their stationary processes.

5. Conclusion

We have considered the dynamics of GDP of somecdiricountries in this paper using the
econometric time series modelling approach. Thigr@gch involved studying the property of the
series via testing for occasional breaks. The ambrgoroposed in Robinson (1994) was used to
examine the breaks in the series and one or me@kbmwere observed in some countries. Some of
these countries are poor and their GDPs tend ¢oarnsl fall as expressed in dollars, though theevalu
may rise astronomically as in the case of Nigelli@mnvexpressed in Naira.

Finally, we applied the nonstationary ARFIMA models the 27 series considered in the paper and

found that the GDP series are actually nonstatiofidre ARFIMA models are found to perform better
that the corresponding ARIMA models and these tesallow that of Shittu and Yaya (2009, 2010).

References

53



European Journal of Business and Management www.iiste.org
ISSN 2222-1905 (Paper) ISSN 2222-2839 (Online) pLLy
Vol 4, No.5, 2012 ST

Alaro, H. B., Kassa, B. and Hundie, B. (2011). fth¢ series analysis of structural break time in the
macroeconomic variables in Ethiopia”. African Jalrof Agricultural Research, 6(2): 392-400.

Aly, H. Y. and Strazicich, M. C. (2011). “Which aamies in North Africa can resist the global
Recession? An empirical investigation”. Proceediram the Annual conference on Politics and
Economic Development.

Chevillon, G. (2004). “A comparison of Multi-stepD® forecasts for South Africa”. Department of
Economics Discussion paper series. No. 212, p@. 1-2

Gil-Alana, L.A. (2008) Fractional integration antfustural breaks at unknown periods of time,
Journal of Time Series Analysis 29, 163-185.

Gil-Alana, L. A., Shittu, O. I. and Yaya, O. S. (Z). “Long memory, Structural breaks and
Mean shifts in the Inflation rates in Nigeria”. Nava Center for International
Development, Universidad de Navarra, Spain. Worl@ager No. 04/2011.

Granger, C.W.J. and N. Hyung (2004) Occasionattiral breaks and long memory with an applicatmn t
the S&P 500 absolute stock returns. Journal of EogbiFinance 11, 399-421.

Geweke, J. and Potter-Hudak, S. (1983): “The Edttmand Application of Long memory
Time series models”, Journal of Time Series Analy4i 221-238.

IMF (2009). "World Economic Outlook Database, Reth £ October, 2009.

IMF (2011). “IMF Histrorical GDP (PPP) Data’".

Ohanissian, A., Russell, J. R. and Tsay, R.S.&§20€ue or spurious long memory? A new test, Jdwha
Business Economics and Statistics 26, 161-175.

Robinson, P.M., 1994, Efficient tests of nonstadignhypotheses, Journal of the American Statistical
Association 89, 1420-1437.

Romero-Avila, D. and De Olavide, P. (2009). “MuléBreaks, Terms of Trade Shocks
and the Unit-Root Hypothesis for Afric&er Capita Real GDP”. World Development, 37:
1051-1068.

Shittu, O.I. and Yaya, O.S. (2009). “Measuring Eat Performance of ARMA and ARFIMA
Models: An Application to US Dollar/UK Pound Foreigexchange Rate”. European Journal of
Scientific Research 32 (2): 167-176.

54



European Journal of Business and Management www.iiste.org
ISSN 2222-1905 (Paper) ISSN 2222-2839 (Online) pLLy
Vol 4, No.5, 2012 ST

Shittu, O. I. and Yaya, O. S. (2010): “On the Asgressive Fractional Unit Integrated Moving
Average (ARFUIMA) Process”. Proceedings of the Mige Statistical Associatiopp. 392402

Velasco, C. (2005). “Semiparametric Estimation of Long-memory ModeldDepartment of
Economics Universidad Carlos Ill de Madrid, Spain.

55



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. Prospective authors of
IISTE journals can find the submission instruction on the following page:
http://www.iiste.org/Journals/

The IISTE editorial team promises to the review and publish all the qualified
submissions in a fast manner. All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet itself. Printed version of the
journals is also available upon request of readers and authors.

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalITOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

m EB O INDEX (\@‘ COPERNICUS
I N T E RN A TTITIT ON AL

INFORMATION SERVICES
ULRICHSWES,  JournalTOCs @

N A ;
. E'z B Elektronische
lBAS(E T— Q0@ Zeitschriftenbibliothek O

open
> )
OCLC v)

The world’s libraries. — U cDigitalLibrary —
Connected. WorldCat e

Ny

'- ¥
GEORGETOWN UNIVERSITY
LIBRARY



http://www.iiste.org/
http://www.iiste.org/Journals/

