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EXAMINING THE STATE OF INFRASTRUCTURE DEVELOPMENT
IN SUB-SAHARAN AFRICA

Infrastructure services are not only crucial for enhancing the welfare of the people but to also foster
economic growth and development. Despite these essential services, there is a glaring infrastructure
gaps in Sub-Saharan Africa more than any other region in the world. In the light of this and measurement
problems associated with infrastructure development, it is therefore necessary to highlight the state of
infrastructure development in SSA. This study examines the state of infrastructure development in SSA
by considering 43 nations over the period of 2000 to 2018. Infrastructure development was proxied by
the composite infrastructure index which include both the physical and social infrastructure. The study
employed Principal Components Analysis (PCA) in building the aggregate or composite index, and
descriptive statistics, stylized facts and correlation analysis were employed for the analysis of the data.
Findings from this study reveal that infrastructural development has improved significantly in SSA for the
period of study even though this is very low compare to the development attained in other regions of the
world, and most of the improvement are from physical infrastructure, most especially telecommunica-
tion sector, and to a lesser degree, in health and water infrastructure. The study therefore recommends
that stakeholders should engage in policies design that will improve infrastructure development in SSA
most especially for the low income countries as majority of them were found at the bottom of ranking.
This will help in closing the wide gap of inequality in access to infrastructure services among the SSA
countries and other developing countries in other regions of the world.

Key words: Infrastructure development, Composite Infrastructure Index, Principal Components
Analysis, Physical and Social Infrastructure.
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CaxapaHbIH, OHTYCTIiriHAeri Acppukasarnl
MH(PPAKYPbIAbIMHBIH, AAMY XXaFAAMbIH 3epTTey

MHpaKypbiAbIM aAaMHbIH 9A-ayKaTbiH >KaKCapTy YLLUiH FaHa eMeC, COHbIMEH BGipre 3KOHOMMKAAbIK,
6CY MEH AAMYAbI bIHTaAQHABIPY YLLIH A€ MaHbI3Abl. OCbIHAAM MaHbI3ABIAbIKKA KapamacTaH, CaxapaHbiH
oHTycTiriHaeri Adpukasa (COA) aAeMHiH Ke3 KeAreH alMarblHa KapaFaHAa WH(PaKypbIAbIMABIK,
Kemuiaiktep 6ap. OcbiFaH 0GaiAaHbICTbl, COHAAM-aK, MH(PAKYPbIABIMABI AAMbITYMEH OaAaHbICTbI
eALLey npobaemanapbit ety yuiH COA-Aa MHpaKypPbIAbIMHBIH AAMy >KaF A@iblH aHbIKTay KaxkeT. by
3eptTey 2000 xbiapaH 2018 xbiara AertiHri 43 eaai KamMTuTbiH COA-aAaFbl MH(PPaKYpPbIABIMABIK, AAMY
>KaFAarblH 3epTTenai. MHdpaKypbIAbIMHbIH AaMybl (DM3MKAADIK, XKOHE SAEYMETTIK MH(PPAKYPbIALIMADI
KAMTUTbIH KYpamMa MH(PaKYpPbIAbIM MHAEKCIMEH aHbIKTaAaAbl. 3epTTeyAe KMHAKTaAFaH HeMece Kypama
WMHAEKCTI KYpPY YLWiH Heri3ri komrnoHeHTTep aHaAm3i (PCA), an AepekTepAl TaAAQy YLLiH CMMATTAMAABIK,
CTATUCTUKA, CTUAbAEHAIPIATEH (DaKTIAEp >KOHE KOPPEAIUMSIAbIK, TaAAdy KOAAQHBIAAbL. 3epTTeyAiH
HoTvxxeAaepi COA-parbl MHPAKYPbIAbIMHBIH,  AaMybl  3epTTey Ke3eHiHAE eAdYip >kakcapfaHbIH
KepceTTi, AereHMeH OyA aAeMHiH 6acka ammakTapblHAQ KOA >KETKi3iAreH AaMyMEeH CaAbICTbIpFaHAQ
eTe TOMEH AEHren, aA XKaKCapTyAapAbiH Ker 6eAiri dmsmkabik, MH(PaKYPbIAbIMMEH GalAaHbICTbI,
acipece TEAEKOMMYHMKALIMS CEKTOPbI XKOHE a3 ASPEXKEAE AEHCAYAbIK, CaKTay >KeHe CYMeH KaMTaMachi3
ety uH@pakypbiabIMbiHAQ. Ocblaaiiua, 3epTTey MyaaseAi Tapantapra COA eaaepiHae, ecipece
TabbICbl TOMEH eAAEPAE MHAPAKYPLIAbIMHBIH AaMybIH KaKCapTaTbiH CasiCaTTbl 83ipAeyre KaTbiCyAbl
YCbIHAAbI, ©MTKEHI OAapPAbIH KOMIAIr PedTUHITIH coHbiHAQ Typ. bya COA MeH aAemHiH Gacka
aMaKTapblHAAFbl AAMYLLbl EAAEP apacblHAAFbl MH(PAKYPbIABIMABIK, KbI3METTepre KOA XXeTiMAIAiKTeri
eAeyAi TEHCI3AIKTEPAI XKOIOFa KOMEKTECEA.

TyiiH ce3aep: WHMDPaAKYPbIAbIMABI  AAMbITY, WMH(PAKYPbIAbIMHbIH, KypamMa WHAEKCi, Heri3ri
KOMMOHEHTTEPAI TaAAQY, (DM3MKAADIK, XKOHE BAEYMETTIK MH(DPaAKYPbIAbIM.
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MN3yyeHne coCTOSIHUS pa3BUTHA MHPPACTPYKTYPbI
B Adppuke K tory ot Caxapbl

MHpacTpykTypa MMeeT pellalollee 3HAYeHUe He TOAbKO AASl MOBbIlLEHUS GAAroCOCTOSHMS
AIOAEM, HO U AASI CTUMYAMPOBAHUSI 3KOHOMMYECKOrO pocTa U pa3BuTMs. HecMoTpsi Ha 3To BaxkHerLee
3HaueHune, B Adpuke K tory ot Caxapbl (AKOC) HabA0AQIOTCS siBHble MPOGEAbl B MH(pPaACTPYKType
60AbLLE, YEM B AOOOM APYTrOM pervoHe mmpa. B ceeTe 3Toro, a Takxke NpoObAEM M3MepPEeHUsl, CBA3aHHbIX
C pasBuUTMEM MHQPACTPYKTYPbl, HEOOXOAMMO OMPEAEAUTH COCTOSIHWE PasBUTUS MHPPACTPYKTYPbI B
AIOC. B 3TOM McCcAeAOBaHUM M3Yy4yaeTcsl COCTOSHWME pa3BuTUa MHpacTpykTypbl B AIOC, KoTopas
BKAIOYaeT 43 ctpaHbl, 3a nepmop ¢ 2000 no 2018 roa. PasButne MHppacTpyKTypbl OTpa’kaeTtcs
COCTaBHbIM MHAEKCOM MH(PACTPYKTYPbl, KOTOPbINA BKAIOYAET KaK (PM3MYECKYID, TaK U COLMAAbHYIO
MHPaCTpPYKTYypy. B mccaepoBaHMM MCMOAb30BAACs aHAAM3 OCHOBHbIX KoMroHeHTOB (PCA) aag
NMOCTPOEHUsI arpernMpoBaHHOrO0 MAM COCTaBHOTO MHAEKCA, a AAS aHaAM3a AAHHbIX MCMOAb30BAAMChb
onucaTeAbHasl CTaTUCTMKA, CTUAM30BaHHbIe (DakTbl M KOPPEASIUMOHHBIM aHaAu3. Pe3yabTaTtbl 3TOrO
MUCCAEAOBaHMS MOKasblBaloT, UTO pas3BuTMe MHppacTpykTypbl B AIOC 3a nepuoa MCCAeAOBaHMS
3HAUMTEABHO YAYULLMAOCH, XOTS 3TO OUYEeHb HU3KMI1 YPOBEHb MO CPABHEHUIO C Pa3BUTUEM, AOCTUTHYTbIM
B APYrMX pervoHax mmpa, 1 GOAblUAs YacTb YAYULLUEHWIA CBSI3aHa C (PU3MUECKON MH(PPACTPYKTYypPOH,
0CO6EHHO B CEKTOPE TEAEKOMMYHMKALMIA U, B MEHbLLEI CTENEHM, B MH(DPACTPYKTYpPe 3APABOOXPAHEHUS
M BOAOCHAOXeHMsi. TakMm 06pa3oM, UCCAEAOBaHME PEKOMEHAYET 3auHTEPecOBaHHbIM CTOPOHAM
yuacTBOBaTb B pa3paboTke MOAMTUKM, KOTOPAS YAYULLIUT Pa3BUTHE MHPPACTPYKTYpbl B cTpaHax AIOC,
0CO6EHHO B CTPaHax C HU3KMM YPOBHEM AOXOAQ, NMOCKOAbKY BOABLUMHCTBO U3 HUX HAXOASTCSI B HUXKHEN
YacTM perTMHra. ITO MOMOXET AMKBMAMPOBATb 3HAUMTEAbHbI Pa3pbiB B HEPABEHCTBE AOCTYMa K
MH(PACTPYKTYPHBIM YCAYraM MexAy cTpaHamu AIOC 1 ApyrMmmn pasBuBalOLLMMMUCS CTpaHamu B

APYIMX perMoHax Mupa.

KaroueBble cAOBa: pasBuTHE MHQPACTPYKTYPbl, COCTABHOM MHAEKC WMHQPACTPYKTYpbl, aHaAM3
OCHOBHbIX KOMMOHEHTOB, (hM3nYecKas 1 coumasbHas MH(PACTPYKTypa.

Introduction

Most existing literature have emphasized the
important of infrastructure as a significant factor
in supporting economic growth and development
various countries across the world. Improving
infrastructure services such as energy, education
and health are not only enhancing the welfare
of the people but also foster economic growth
and development. Availability of infrastructure
unlocks the economic growth and social benefits
and progress. Infrastructure enhances the provision
of the fundamental basis for a modern functioning
society and economy (Jenkinson et al., 2017).

However, the provision of infrastructure
services to meet the needs of the users has become
one of the main problems of economic development
globally, many countries in both the developed and
developing countries have been paying insufficient
attention to the maintenance and expansion of
their infrastructure assets which create economic
inefficiencies and allowing critical systems to erode.
Actually, there is a glaring infrastructure gaps in
the developing countries most especially in SSA
but advanced economies are also not in exception
(Woetzel et al., 2016). Huge infrastructure deficit

has been generally observed as one of the main
obstacles that hinder the growth and development
of the SSA. There is no region in the world that lack
infrastructure and need more crucial and potentially
transformational than in SSA (Foster & Briceno-
Garmendia, 2010).

However, despite these challenges,
infrastructure has been one of the major factors
responsible for improved growth in the last two
decades in SSA which still has the potential to
contribute more in the future if the region acquires
more critical and modern infrastructure that can aid
economic growth and development (Infrastructure
Consortium for Africa- ICA, 2010). Also, Africa
Development Bank — AfDB (2018) stated that
the recent improvement in economic growth in
Africa was largely attributed to the investment
in infrastructure which still has the potential to
contribute even more. Even though there are some
countries in SSA that have made a great effort
toward improving their infrastructure networks
but considering the competitiveness at regional
level, SSA performs below the rest of the regions
globally. This is largely associated with the huge
deficit in the quality, quantity, and ease of accessing
infrastructure services (AfDB, 2018).
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In the light of these fundamental issues raised
on the importance of infrastructure, it is therefore
necessary to highlight the state of infrastructure
development in SSA. Inadequate knowledge on the
level of infrastructure development in the region
will hinder the stakeholders to be aware of the status
and progress of various infrastructure services
and policies to be put in place in order to boost
infrastructure development as well as the sectors
and projects to be prioritized over the coming years.

To address the problem of infrastructure deficits
in SSA, a considerable number of literature have
investigated the economic benefits of infrastructure
in the region. Also, studies have proxied
infrastructure development with investments in
infrastructure which may not reflect the actual
infrastructure development because of inefficiency
and corruption in the region (Randolph et al., 1996;
Dao, 2008; Valila et al., 2010). However, available
evidence on the state of infrastructure development
in SSA are mostly from international organization
reports such as AfDB and WEF. In addition, studies
such as Akanbi (2013), Onikosi-Aliyu (2014) and
De (2010), proxied infrastructure development with
the combination of power, telecommunication and
transport infrastructure (physical infrastructure)
through principal component analysis (PCA),
these studies have paid less attention to the social
infrastructure, they have largely ignored the fact that
physical infrastructure alone is inadequately means
infrastructure development, it can only means a
necessary but not sufficient condition.

However, despite these studies, there are
still gaps that are needed to be filled, and to the
best of my knowledge, no study has measured
and incorporated both the indicators of physical
and social infrastructure in the measurement of
infrastructure development in SSA. It is an attempt
to fill these gaps that prompt this study, which has
the objective of including social infrastructure
to the composite infrastructure index to proxy
infrastructure development in SSA.

Specifically, in relation to the core issues raised
above, objectives of the study include: investigating
the state of infrastructure development in SSA
in the last two decades; comparative analysis of
the sub-regional infrastructure development in
SSA; comparing the outcome of the composite
infrastructure development index in the present study
with that of African Infrastructure Development
Index (AIDI); examining the relationship between
the outcome of the composite infrastructure
development index in the present study with
AIDI. The remainder of this study is organized as
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follows: Section two presents the review of relevant
literature; Section three presents the details of the
methodology employed in this study; Section four
presents and evaluates the results; and Section five
presents the conclusion and recommendations of the
study.

Literature Review

Conceptual Review

Infrastructure is defined as the totality of
those buildings, installations and communication
networks require for supplies, especially in relation
to the movement of goods and messages (Schneider
& Jager, 2001). The word ‘infrastructure’ is
originated from the Roman Languages, and since
then the concept has been widely used till today,
even though it is very difficult to find a generally
accepted definition of infrastructure (Jochimsen,
1966; Snieska & Simkunaite, 2009).

Conventionally, infrastructure can basically
be classified to two groups, namely; physical and
social infrastructure. Physical infrastructure is
referred to the infrastructure that aids economic
activity, such as roads, highways, railroads, airports,
sea ports, electricity, telecommunications. This
is also regarded as physical infrastructure, while
social infrastructure is regarded as the facilities that
stimulate health, education and cultural standards of
the population (Snieska & Simkunaite, 2009).

The above definitions of infrastructure are
therefore implying that infrastructure involves
facilities that aid both the economic and social
activities of the society which include electricity,
transport, telecommunication, health, education,
water and sanitation etc. Infrastructure development
therefore involves the construction and improvement
of foundational services with the aim of promoting
economic growth and the quality of life. It plays
important role in the development of any economy
but requires large capital installation or large social
overhead capital with long gestation period but the
benefits have multiplier effect in the economy which
is essential for the improvement of the welfare of the
people and economic development.

Theoretical Review

Although there are theories on infrastructure
demand models which include the theory of
demand and consumption theory based on the
previous studies (Ziramba, 2008; Amusa et al.,
2009; Hussain et al., 2013; Kwakwa, 2017), but this
study is not aware of the existence of any received
theory on infrastructure supply model. Thus, since
infrastructural development is a form of investment
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in real assets, infrastructural development is treated
as investment and accelerator theory of investment
is considered to be more relevant for this study.

The theory was developed by Nixon and Aftalion
before Keynesian economics, but become widely
known in twenty century when the Keynesian
theory dominated the discipline of economics
(Ganti, 2019). Accelerator theory is a special case of
the neoclassical theory of investment which is based
on the notion that capital stock is determined by the
level of output (Eklund, 2013). That is, there is a fixed
relationship between the capital stock and output
level. The accelerator theory is a simple model that
involves the kind of feedback from current output
to investment and it is based on the assumption that
capital-output ratio is roughly constant. This means
that the capital stock at any period ¢ is proportional
to the level of output in ¢. That is:

K= oY, @8

where K, is the capital stock, Y, is the level of
output and o is the capital-output ratio. Equation (1)
is simply a well known simple accelerator principle
where the capital stock is determined by the level of
output.

It can therefore be concluded that infrastructure
development is majorly influenced by the level of
output, this is in line with the Equation (1). Apart
from the theoretical evidence, gross domestic
product (GDP) is commonly used in infrastructure
studies as a measure of the level of output (Dao,
2008; De, 2010; Akanbi, 2013; Steckel et al., 2017).

Empirical Review

Cross-Country Studies on Infrastructure

Large number of the studies on infrastructure
focuses more on measuring the growth and
development gains from infrastructure. Although
there is some literature on infrastructure financing,
but the literature on infrastructure development
and financing or determinants of infrastructure
development is thinner, most especially in the SSA.
For instance, Dao (2008) examines the determinants
of infrastructure indicators in developing countries.
The study applies the least-squares estimation
techniques in a multivariate linear regression and
found that infrastructure indicators are influenced
by the share of public expenditures on pensions in
GDP, public spending for education as a percentage
of government expenditures, the share of public
spending for health in GDP, public saving (%
of GDP), and civil service wages as a fraction of
government spending. The study also revealed that
only private spending for telecommunications (%

of GDP) was statistically significant in explaining
cross-country variations in the number of fixed and
mobile telephone lines.

De (2010) provides a comprehensive and
empirical analysis of the linkages between
governance, institutions, and regional physical
infrastructure. The study covers the period of 1991
to 2006 for 124 countries in Asia, Europe and Latin
America. It estimated the empirical relationship
between governance and infrastructure using
panel data. The model of the study also considered
per capita income, population, trade openness,
manufacturing value added and geographical regions
as the determinants of infrastructure apart from
the governance. The study employed Generalized
Method of Moments to address the problem of
endogeneity among the variables. The empirical
results indicated that governance and institutions are
important determinants of regional infrastructure
development. Specifically, an improvement in
governance will leads to 1 to 1.5 increase in regional
infrastructure.

Donaubauer et al. (2016) assess the possible
complementarities between aid and foreign
direct investment by identifying the transmission
mechanisms through the index of infrastructure.
Apart from the aid and FDI models, one of the
specific objectives in their study is the determinants
of infrastructure development (Transportation,
Communication, Energy and Finance). They used
a composite infrastructure index generated through
PCA for 81 aid-recipient countries that comprises
both the developed and developing countries, for
the period of 1990-2010. The study employed
3SLS method to estimate the model and found
strong and robust evidence that aid is one of the key
determinants of the recipient countries’ infrastructure
development. The study therefore concluded that,
carefully selected aids will help in improving the
development of economic infrastructure.

Steckel et al. (2017), employed both the cross-
section and time series data of 154 countries over
the period of 1990 to 2010, empirically examine the
determinants of access rates to the key infrastructure
services such as electricity, telephony services,
water and sanitation. The study used both descriptive
and inferential (fractional logit model) statistics
to analyze the trends and global patterns in access
to these infrastructure services. The findings from
the study showed that population density and GDP
are the most crucial determinants of infrastructure
services. Also, for all forms of infrastructure that
are considered, it was found that access levels are
higher in urban than rural areas, this implies that
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the urban are given more priority than rural ares
in infrastructure buildup. In addition, the result
revealed that water has the highest in terms of
considering the contributions of infrastructure
indicators to development and access levels. This is
followed by sanitation, electricity and telephony in
sequence order.

In a study conducted by Akanbi (2013), the
determinants of physical infrastructure that would
promote the productive potential of SSA were
empirically examined. The study made use of a panel
of 21 selected SSA countries covering 2000 to 2010,
employing 2-stage least squares (2SLS) estimation
methodss. Infrastructure variable was derived from
the three physical infrastructure stocks (electricity,
road and telecommunication) that were generated
with the use of PCA, and governance was proxied
by the worldwide governance indicators. The
findings from the study revealed that government
capital expenditure, real GDP, inflation and
external balance are important drivers of physical
infrastructure in SSA.

Country-Specific Studies on Infrastructure

Perkins et al. (2005) analyze long-term trends
in the development of South Africa’s economic
infrastructure and discusses their relationship with
the country’s long-term economic growth. Data
on energy, transport and telecommunication were
utilized for the analysis of the study. Evidence
from the study showed that there was potential
simultaneity between GDP and specific types
of infrastructure, and concluded that adequate
investment in infrastructure could help to create
opportunities for promoting economic growth. The
study therefore suggested that policymakers should
embark on the right type of infrastructure at the right
time.

Nnanseh & Akpan (2013) assess the impact of
internally generated revenue (IGR) on infrastructural
development in Akwa Ibom State, Nigeria.
Specifically, the study examined the extent to which
IGR contributed to the provision of infrastructure
such as electricity, road and water. The study
made use of secondary data that were analyzed
with descriptive and simple regression techniques.
The findings from the study showed that IGR has
positive contribution to the provision of electricity,
roads and water but the contributions were skewed
more to roads than electricity and water.

Onikosi-Aliyu (2014) investigates the impact
of infrastructure on employment and economic
growth in Nigeria between 1970 and 2010. Apart
from the main objective of the study, one of the
specific objectives of the study was to examine
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the determinants of infrastructure in Nigeria. In
the infrastructure model, economic growth, real
interest rate, public debt, recurrent and capital
expenditure were identified as the determinants of
infrastructure in Nigeria. The infrastructure variable
was measured by a linear combination of three main
economic infrastructures (electricity, transportation
and telecommunication) using PCA. The study
used secondary data sourced from Canning (1999),
Central Bank of Nigeria and the National Bureau of
Statistics, and employed 2SLS method to estimates
the models. The results from the study showed
that the major determinants of infrastructure in
Nigeria are real interest rate, capital expenditure and
recurrent expenditure of the government. The study
further showed that both real interest rate and capital
expenditure negatively impacts infrastructure in
Nigeria while the recurrent expenditure positively
impact infrastructure.

Lietal. (2017) investigate the critical factors that
influence municipal infrastructure development in
urban China. Based on the information on five main
urban infrastructure systems (energy -efficiency,
sustainable urban transport, waste management,
water/wastewater,andurbanecosystemmanagement)
and ten municipal composite infrastructure indexes
(per capita road area, road network density, buses
per 10,000 residents, drainage pipe density in built-
up areas, water coverage, gas coverage, per capita
gas consumption, green space ratio in built-up areas,
green space coverage in built-up areas and water
flush toilet ratio in built-up areas), they employed
factor analysis (FA) to generate the aggregate index
for the municipal infrastructure development of
the 113 cities in China. The study identified urban
population, per capita GDP, per capita maintenance
capital, fixed asset investment, industrialization
and industry structure level as determinants
of municipal infrastructure development. The
stochastic model STIRPAT (stochastic impacts by
regression on population, affluence and technology)
was employed to estimate the model. The findings
from their study revealed that the municipal
infrastructure development in urban China was
primarily determined by income, industrialization
and investment.

Assessing the impact of internally generated
revenue on infrastructure development in Lagos
State, Nigeria, was conducted by Olayinka & Phebe
(2019). The researchers adopted non-experimental
research design in carrying out the study and
secondary data were used. The set of data used
for the study were sourced from State and Local
Government Program reports, Lagos State Ministry



0O.A. Noah

of planning and budgeting with detailed report
of IGR and Infrastructural Development Budget
from 1996 to 2015, spanning a period of 20 years.
The study employed OLS to analyze the data
collected. The result of the analysis revealed that
IGR positively impact infrastructural development.
The results further showed that taxes, earnings and
sales, which are the major components of internally
generated revenue, did not have any impact on the
infrastructural development while licenses, fines
and fees had.

Methodology

Nature of the Data

The secondary sources of data on various
indicators of infrastructure across 43 countries in
SSA, from different sources for the period of 2000
to 2018 are deployed. The list of the countries
and the period covered were both dictated by data
availability.

Population and Sample Size

SSA has a total number of 49 countries, thus,
the total population of the study consists of all the
SSA countries. Therefore, the sample for this study
consists of 43 SSA countries selected from the total
49 SSA countries. These include the following
countries: Angola, Benin, Botswana, Burkina Faso,
Burundi, Cape Verde, Cameroon, Central African
Rep., Chad, Comoros, Congo DR, Congo Rep.,
Cote d’lvoire, Eswatini, Ethiopia, Gabon, Gambia,
Ghana, Guinea, Guinea Bissau, Kenya, Lesotho,
Liberia, Madagascar, Malawi, Mali, Mauritania,
Mauritius, Mozambique, Namibia, Niger, Nigeria,
Rwanda, Senegal, Seychelles, Sierra Leone, South
Africa, Sudan, Tanzania, Togo, Uganda, Zambia,
Zimbabwe

Data Measurements and Sources

Energy infrastructure is measured by the
population with access to electricity (in percentage)
to determine infrastructure development in energy
sector in SSA, rather than electricity generation per
1,000 people. The reason is that the percentage of the
population with access to electricity measures the
actual number of the people with access to electricity
rather than generation which may not eventually
lead to accessibility. The data was sourced from the
World Bank’s WDI (2019).

Basically, there are three indicators of measuring
telecommunication which include mobile lines,
fixed lines and access to internet. Thus, all the three
indicators of telecommunication will be aggregated
into a single composite index through PCA to
capture the infrastructure development in the

telecommunication sector. These are measured by
the mobile phone subscribers per 1,000 people, fixed
telephone subscriptions per 1,000 people and fixed
broadband internet subscribers per 1000 people. The
justification for these indicators is because of their
rapid improvement after the liberalization in most of
the countries in SSA, in addition to data availability.
The data was sourced from the International
Telecommunication Union (2019).

Transport infrastructure is measured as the road
density (km of road per 100 sq. km of land area)
to determine infrastructure development in the
transport sector. The road network consists of all
roads in the country such as motorways, highways,
main or national roads, secondary or regional roads,
and other urban and rural roads (World Bank, 2019).
We are aware of other measurements of transport
infrastructure but availability of data limits us to the
use of road density. The data is sourced from the
International Road Federation (2019).

Health infrastructure is proxied by the number
of hospital beds per 100,000 people, measuring
infrastructure development in health sector. It is
used to indicate the availability of inpatient services.
Although, we are aware of other measurements such
as number of hospitals per number of people but this
is informed by the availability of the data. Data on
hospital beds per 100,000 people is sourced from the
World Health Organization (2019).

Education infrastructure is measured by the
number of classes per 100 pupils in primary school,
measuring infrastructure development in education
sector. This is used as a proxy for infrastructure
development in education sector and the choice not
only due to the availability of data but also as a result
of the fact that the primary education is the basis
or foundation of education attainment. This further
shows the capacity of each class and the available
facilities it contains. The variable was sourced from
the United Nations Educational, Scientific and
Cultural Organization (2019).

Water infrastructure is measured as the
percentage of people with access to improved water
sources, measuring infrastructure development in
the water sector. The justification for this is that,
apart from availability of the data, it has been
widely used as a measurement for infrastructure
development by many previous studies (Gopalan
& Rajan, 2016; Steckel et al., 2017; Gomez et
al., 2019) and international organizations such
as World Economic Forum (WEF) and Africa
Infrastructure Development Index (AIDI). This
variable was also sourced from the World Bank’s
WDI (2019).
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Infrastructure development is proxied by a
composite infrastructure index, which involves
a linear combination of all the aforementioned
six infrastructure indicators of both economic
infrastructure (energy, roads and telecommunication)
and social infrastructure (health, education and
water). The approach adopted in constructing an
aggregate or composite index that combines the six
infrastructure stocks is PCA method and this had
similarly been used in the previous studies (Akanbi,
2013; Onikosi-Aliyu, 2014; De, 2015; Sama and
Afuge, 2016; David, 2019).

Estimation Technique for Infrastructure
Development: Principal Components Analysis
(PCA)

The PCA is a process of taking high-dimension
sets of indicators and transforming them into
new indices that retain information on a different
dimension and are mutually not correlated. This
procedure reduces the set of observed variables into
principal components which capture information
from the original set of variables as much as
possible (Akanbi, 2013). The justification for using
PCA to measure index is because it uses optimal
weight which devoid researcher’s bias unlike other
methods of measuring index, such as the UNDP
methodology and the distance-based method, where
the weight allocated to the dimensions is subjective
and the value of the resultant index is restricted
between 0-1 or 1-100 (Shlens, 2003).

For instance, the result for the component
of infrastructure shows that the first factor or
principal component has an eigenvalue of 3.491
that explains 58 percent of the total variation. The
second component has an eigenvalue of 0.845 that
explains 14 percent of the total variation and the
third component has an eigenvalue of 0.581 that
explains 9 percent of the total variation, and so on.
Since the first factor or principal component has an
eigenvalue larger than 1 and explains the highest
percentage of the total variation, we chose the first
principal component for making a composite index
to represent the combined variance of various
aspects of infrastructure development captured by
the six infrastructure variables.

From the results, the first eigenvectors were used
as the required weights. Thus, each of this weight
was multiplied by the correspondent indicators and
added together to derive the aggregated index for
infrastructure development. In other words, this can
be explained by following this linear combination:

K=ua, ene + a, tel + a, tra+
+ a, heal + o edu + o, wat 2)
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Where K is the aggregate index for infrastructure
development, a, a, a,, a, a; and o, are the
eigenvectors (weights) from the PCA, and ene
is energy, tel is for telecommunication, tra is
transport, heal is health, edu is education and wat
is water. These are the six synthetic composite
index of infrastructure. Since physical and social
infrastructure are the components of infrastructure
development.

Therefore, this study employed PCA to
generate the aggregate infrastructure development.
Aggregating infrastructure development helps to
reduce the measurement error related with a single-
infrastructure indicator. This study made use of the
Stata 14 software to generate the aggregate index
for the variables required. From the result that was
generated, the first principal component that account
for the highest proportion of variance was extracted
as the index of infrastructure development. The
summary statistics of the first principal components
that were used to generate the composite for
composite infrastructure index are reported in the
Table 1, while presenting the descriptive analysis in
the next section.

Results and Discussion

Principal Components Analysis (PCA) Results

The derivation of infrastructure variables for
this study involves a linear combination of six
underlining infrastructure indicators — energy,
transport, telecommunication, education, health and
water, using PCA, the mechanism of which has been
explained fully in Methodology. The results of this
statistical exercise are shown in the Table 1 and then
discussed.

Table 1 — Eigenvectors of Original Values

Con{g(;is;;gdex Indicators Weight
ENE 0.463

TRA 0.398

Infrastructure TEL 0.454
Indicators EDU 20257
HEAL 0.409

WAT 0.433

Notes: 1) compiled by the author

2) K is the composite infrastructure index, TEL is the
Telecommunication infrastructure index, ENE is energy,
TRA is transport, EDU is education, HEAL is health and
WAT is water infrastructure.




0O.A. Noah

Therefore, following the procedure in equation
(2) where each of the weight generated in Table 1
is multiplied by the correspondent indicators and
added together to derive the aggregate index for the
variable under consideration. For instance, in order
to compute the composite infrastructure index,
the value of energy infrastructure for a particular
country in a particular year is multiplied by its
weighted value (0.463) plus the value of transport
infrastructure for a particular country in a particular
year multiplied by its weighted value (0.398) plus
the value of telecommunication infrastructure for
a particular country in a particular year multiplied
by its weighted value (0.454) plus the value of
educational infrastructure for a particular country

in a particular year multiplied by its weighted value
(0.257) plus the value of health infrastructure for a
particular country in a particular year multiplied by
its weighted value (0.409) plus the value of the water
infrastructure for a particular country in a particular
year multiplied by its weighted value (0.433).

Trend Analysis of Infrastructural Development
in SSA4, 2000 - 2018

The aggregate or overall infrastructure
development is presented in Panels I and II of Figure
1. The trend analysis of average infrastructure
development in SSA countries between the year 2000
and 2018 is shown in the panel I, while Panel II shows
the trend of average infrastructure development from
year 2000 to 2018 for the SSA region.
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Figure 1 — Aggregate Trend Infrastructure Development in SSA (2000-2018)
Note — compiled by the author
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The results from the Figure 1 in Panel I bar
diagram shows that Seychelles has the highest
infrastructure development, followed by Mauritius,
Cape Verde, South Africa, Botswana, Namibia,
Gabon, Eswatini, Ghana and Cote d’lvoire between
2000 and 2018. On the other hand, the last ten
countries with the lowest infrastructure development
in descending order include Congo D.R., Chad,
Burundi, Malawi, Niger, Mozambique, Ethiopia,
Sierra Leone, Madagascar and Guinea.

The result in the Panel II trend chart shows
that the composite infrastructure development

450
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Composite Infratsructure Inde

Central Africa

Eastern Africa

stood at 126 in the year 2000, then, rose to
278 in 2010. This further increase and attain
the highest index in 2018 with 462. This
indicates that infrastructure development in
SSA exhibit an upward trend between year
2000 and 2018.

Sub-Regional Comparison of Infrastructural
Development in SSA

Comparison of aggregate or overall infrastructure
development across four sub-regions and average
infrastructure development in SSA is shown in
Figure 2.
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Figure 2 — Sub-Regional Analysis of Infrastructure Development in SSA, 2000-2018
Note — compiled by the author

The results from Figure 2 show that Southern
Africa records the highest performance in
infrastructure development, follow by Eastern
Africa, Western Africa, and Central Africa. Using
the average infrastructure development for SSA
countries from year 2000 to 2018 as a benchmark,
this shows that both Southern and Eastern Africa
perform better, while Central and Western Africa
perform below the benchmark. This is also supported
by the theoretical expectation that the level of
economy of a country influence its infrastructural
development as majority of the countries in both
Southern and Eastern regions are in the categories
of lower-middle income and upper-middle income
economies, while majority of the countries in both
Western and Central Africa regions are in the
categories of low-income and lower-middle income
economies.
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Ranking of Infrastructure Development in SSA

Table 2 shows the composite infrastructure
development index (K) ranking for the selected 43 SSA
countries, from 2000 to 2018 and their rank positions.
For proper understanding of the level of infrastructure
development in SSA, the study goes further to
compare the outcome of the composite infrastructure
development index with the Africa Infrastructure
Development Index (AIDI) ranking in 2018.

The results from table 2 revealed that the top ten
countries based on the present study infrastructure
development index include Seychelles in the first
position, followed by Mauritius in the second
position, then Cape Verde, South Africa, Botswana,
Namibia, Gabon, Eswatini, Ghana and Zimbabwe
in the tenth position. This is also corroborated
with the AIDI ranking which showed that the first
country in term of infrastructure development is
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Seychelles, followed by South Africa, Mauritius, to compute the index by the AIDI which are mainly
Cape Verde, Botswana, Gabon, Ghana, Namibia,  physical infrastructure, while the present study used
Gambia and Senegal in the tenth position. The little ~ a combination of physical and social infrastructure
discrepancy maybe as a result of the indicators used  indicators.

Table 2 — Comparison of Infrastructure Development Ranking among SSA Countries between K and AIDI Rankings

Country K (2000-2018) AIDI
Angola 33 22
Benin 21 29
Botswana 5 5
Burkina Faso 29 23
Burundi 41 31
Cape Verde 3 4
Cameroon 17 21
Central African Republic 27 37
Chad 42 42
Comoros 16 15
Congo, Dem. Rep. 43 41
Congo, Rep. 23 24
Cote d’Ivoire 11 14
Eswatini 8 11
Ethiopia 37 40
Gabon 7 6
Gambia, The 14 9
Ghana 9 7
Guinea 34 27
Guinea-Bissau 18 34
Kenya 24 12
Lesotho 19 30
Liberia 32 33
Madagascar 35 39
Malawi 40 19
Mali 22 28
Mauritania 13 25
Mauritius 2 3
Mozambique 38 36
Namibia 6 8
Niger 39 39
Nigeria 26 17
Rwanda 30 20
Senegal 12 10
Seychelles 1 1
Sierra Leone 36 38
South Africa 4 2
Sudan 15 26
Tanzania 31 32
Togo 25 35
Uganda 28 18
Zambia 20 16
Zimbabwe 10 13
Note — compiled by the author based on Africa Infrastructure Development Index (AIDI)
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Rank Correlation

In addition to the tabular comparison of the
infrastructure development ranking among SSA
countries, the study further examines the relationship
between the present study ranking of infrastructure
development among SSA countries and that of AIDI
ranking. This is expressed in Spearman’s correlation
coefficient (7) as follows:

1-6 24 0.830 3)
r=1-6—=———|=0.
n(n* -1

where d = difference between ranks of corresponding
variables K and AIDI

n = number of observation

The correlation coefficient () takes on values
of -1 to +1. A perfect correlation of -1 or +1 implies

Table 3 — Trend of the State of Infrastructure Development in SSA

that there is exact linear relationship between the two
groups. On the other hand, if the correlation is near to
0, this implies that no linear relationship exists between
the two groups. The value of correlation coefficient
(r) is 0.830, which shows a similarity in ranking
between the present study and that of AIDI ranking.
This implies that there is high relationship between the
present study’s ranking of infrastructure development
among SSA countries and that of AIDI ranking.

Trend Analysis of the level of Infrastructure
Development in Individual SSA Countries (2000-
2018)

Since the main objective of this study is to
measure the level of infrastructure development in
SSA, to achieve this objective, Table 3 below shows
the trend of infrastructure development in individual
countries for the selected 43 SSA countries, covering
2000 to 2018 and the rank positions.

Country 1231(1)13- Country lz?)lll:;_ Country 1;?;:];_ Country 22%(;%_
Seychelles 1 Mauritius M1 Seychelles M1 Seychelles 1
Mauritius 2 Seychelles )2 Mauritius )2 Mauritius 2
Cape Verde 3 Cape Verde 3 South Africa M3 Cape Verde 3
South Africa 4 South Africa 4 Botswana (H4 South Africa 4
Botswana 5 Botswana 5 Cape Verde )5 Botswana 5
Namibia 6 Namibia 6 Namibia 6 Namibia 6
Gabon 7 Gabon 7 Gabon 7 Gabon 7
Eswatini 8 Eswatini 8 Mali M8 Eswatini 8
Gambia 9 Gambia 9 Sudan M9 Ghana M9
Zimbabwe 10 Senegal (MH10 Zambia (MH10 Zimbabwe 10
Comoros 11 Zimbabwe Y11 Mauritania M1l Cote d’Ivoire (MH11
Senegal 12 Cote d’Ivoire MH12 Ghana MH12 Senegal 12
Cote d’Ivoire 13 Ghana MH13 Guinea-Bissau M13 Mauritania M13
Guinea-Bissau 14 Mauritania (H14 Coted’Ivoire ()14 Gambia )14
Ghana 15 Benin MH15 Zimbabwe H15 Sudan MH15
Lesotho 16 Congo, Rep. (MH16 Eswatini ()16 Comoros )16
Sudan 17 Comoros M17 Senegal )17 Cameroon MH17
Kenya 18 Cameroon (is | MR 1 (18 | Guinea-Bissau | (118
Congo, Rep. 19 Lesotho )19 Cameroon 19 Lesotho )19
Rwanda 20 Sudan (1)20 Lesotho (1)20 Zambia (120
Nigeria 21 Kenya (1)21 Togo (MH21 Benin 121
Benin 22 Guinea-Bissau )22 Uganda (122 Mali (122
Burkina Faso 23 Nigeria (1)23 Kenya (1)23 Congo, Rep. (1)23
Cameroon 24 Angola (1)24 Benin (1)24 Kenya (1)24
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Continuation of table 3

Country l;?):;l(;' Country Rzz(‘;;lo(' Country Rz?)lils(- Country 22(:)(;%'
Togo 25 Zambia (125 Liberia (125 Togo 25
Zambia 26 Togo (1)26 Burkina Faso (1)26 Nigeria (1)26
Burundi 27 Cen“f‘{le‘;frican (127 Congo, Rep. (1)27 | Central African Rep.| (1)27
Sierra Leone 28 Mali (1)28 Comoros (1)28 Uganda (1)28
Guinea 29 Uganda (129 Tanzania (129 Burkina Faso (1)29
Mauritania 30 Tanzania (130 Rwanda (130 Rwanda (1)30
Angola 31 Guinea (1)31 Nigeria (1)31 Tanzania (MH31
Liberia 32 Rwanda (1)32 Ethiopia (132 Liberia 32
Tanzania 33 Burkina Faso (1)33 Gambia (1)33 Tanzania 33
Madagascar 34 Liberia (1)34 Guinea ()34 Guinea ()34
Mozambique 35 Madagascar (1)35 Madagascar 35 Madagascar (1)35
Cemr;‘{le‘;frican 36 Sierra Leone (1)36 Chad (136 Sierra Leone (1)36
Uganda 37 Mozambique (1)37 Angola (1)37 Ethiopia (137
Congo, Dem. Rep. 38 Malawi (138 Niger (1)38 Mozambique (})38
Niger 39 Burundi (1)39 Sierra Leone (1)39 Niger 39
Chad 40 Niger ()40 Congo, Dem. Rep. | (1)40 Malawi (140
Ethiopia 41 Chad ()41 Malawi ()41 Burundi )41
Malawi 42 Ethiopia (1)42 Mozambique (1)42 Chad ()42
Mali 43 Congo, Dem. Rep. (1)43 Burundi (1)43 Congo, Dem. Rep. (1)43
Note — compiled by the author
The results from Table 3 show that infrastructure Table 3 further shows the infrastructure

development ranking among the SSA countries
for the initial year (2000), has Seychelles as
the top performer, followed by Mauritius in the
second position, then Cape Verde, South Africa,
Botswana, Namibia, Gabon, Eswatini, Ghana and
Zimbabwe in the tenth position. While the last ten
include; Madagascar, Mozambique, Central African
Republic, Uganda, Congo Democratic Republic,
Niger, Chad, Ethiopia, Malawi and Mali. Based on
our theoretical expectation, it is not surprising that
all the countries in the top ten belong to the high
income, upper-middle income and lower-middle
income economies except Gambia which is in the
category of low income economy. While all the
countries in the last ten ranking belong to the low
income economies. However, it is surprising to find
a low income economy such as Gambia among the
high ranked infrastructure development in SSA. This
indicate that a low income economy like Gambia
realize the important of investment in infrastructure
so as to foster its economic performance.

development ranking among the selected SSA
countries in 2010, the result shows that the top ten
countries are; Mauritius, Seychelles, Cape Verde,
South Africa, Botswana, Namibia, Gabon, Eswatini,
Gambia and Senegal. Compare to the 2000 ranking,
this shows that Mauritius overtakes Seychelles and
emerges as the top performer, and Senegal moves
to the top ten while Zimbabwe dropped out of the
top ten to eleventh position. Apart from Mauritius
and Senegal that moved up in the top ten, two other
countries that performed brilliantly between 2000
and 2010 are Mauritania and Mali that moved up
by 16 and 15 places respectively. Other countries
that improved within this period are; Angola,
Benin, Cameroon, Central African Republic, Congo
Republic, Cote d’Ivoire, Ghana, Malawi, Uganda,
Tanzania and Zambia. The last ten countries remain
almost the same with 2000 except Liberia, Sierra
Leone and Burundi that dropped to the last ten. Apart
from these, Rwanda and Burkina Faso are among the
noticeable countries dropped by 12 and 10 places
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respectively. Other countries are; Comoros, Lesotho,
Sudan, Kenya, Guinea-Bissau, Nigeria, Zambia,
Guinea, Madagascar, Mozambique, Burundi, Niger,
Chad, Ethiopia and Congo Democratic Republic.

The result ofthe 2018 infrastructure development
ranking among the selected SSA countries shows that
Seychelles returns back to the top from the second
place in 2010 ranking, this is followed by Mauritius,
South Africa, Botswana, Cape Verde, Namibia,
Gabon, Mali, Sudan and Zambia. This shows that
there are a lot of changes among the top ten countries
in the 2018 ranking except Namibia and Gabon that
maintained their 6" and 7™ positions respectively.
Apart from Mauritius and Cape Verde that dropped
to the 2™ and 5" places respectively, it is interesting
to know that a low income country such Mali has
improved significantly from the last ten countries
in 2000 to the top ten countries in 2018. Other
countries that have improved in ranking include;
Sudan, Zambia, Mauritania, Ghana, Guinea-Bissau,
Central African Republic, Togo, Uganda, Liberia,
Burkina Faso, Tanzania, Rwanda, Ethiopia, Chad,
Niger, and Congo Democratic Republic. There is
no much improvement among the last ten countries
except Guinea and Angola that dropped to the last
ten for the first time in the last eighteen years.

The result of the infrastructure development
ranking for the overall years of consideration shows
that Seychelles still maintained its first position,
and as well as other countries in the top ten in 2000
except Ghana that moved to the 9" position, while
Gambia was dropped to the 14% position. Other
countries that have improved significantly within
these periods include; Cote d’Ivoire, Mauritania,
Sudan, Cameroon, Zambia, Benin, Mali, Central
African Republic, Uganda, Tanzania, Ethiopia and
Malawi. Apart from Gambia, other countries that
dropped within periods include; Comoros, Guinea-
Bissau, Lesotho, Congo Republic, Kenya, Nigeria,
Burkina Faso, Rwanda, Guinea, Madagascar, Sierra
Leone, Mozambique, Burundi, Chad and Congo
Democratic Republic. The last ten countries show
that there is no much difference from that of 2000
except both Guinea and Burundi that dropped to the
last ten.

Considering  the  overall infrastructure
development for the period of study, findings from
this study show that infrastructural development
has improved significantly in SSA for the period
of study even though this is very low compare to
the development in other regions of the world.
Despite this, evidence of infrastructure development
during the period of study shows that the region
still has considerable potential for improving its
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infrastructure. It is also necessary to clarify that most
of the significant improvement are from physical
infrastructure, most especially telecommunication
sector, and to a lesser degree, in health and water
sector.

Conclusion

In the light of the fundamental issues raised
in the literature on the important of infrastructure
to the economic growth and development in the
world, and measurement problems associated
with infrastructure development. It is therefore
necessary to highlight the state of infrastructure
development in SSA, where despite the huge
infrastructure deficits, infrastructure has been one of
the major factors responsible for improved growth
recorded in the region in the last two decades.
Inadequate knowledge on the level of infrastructure
development in the region will hinder the relevant
authorities to be aware of the status and progress of
various infrastructure services and policies to be put
in place in order to boost infrastructure development
as well as the sector, facilities and sub-region to be
prioritized over the coming years.

This study further contributes to the existing
literature by examining the state of infrastructure
development in SSA considering 43 countries
covering 2000 to 2018. Infrastructure development
was represented by the composite infrastructure
index which include both the economic infrastructure
(energy, transport and telecommunication) and
social infrastructure (education, health and water).
The study employed PCA in building the aggregate
or composite index, and descriptive statistics,
stylized facts and correlation were employed for the
analysis of the data. The findings from this study
therefore, reveal that infrastructural development
has improved significantly in SSA for the period
of study even though this is very low compare to
the development attained in other regions of the
world. It is also necessary to clarify that most of
the significant improvement are from physical
infrastructure, most especially telecommunication
sector, and to a lesser degree, in health and water
infrastructure. At the sub-regional level, the result
further shows that there is a wide disparity in the
distribution of infrastructure service.

Despite the difference in the methodologies
employed by the present study and relevant
organization such as Africa Infrastructure
Development Index (AIDI), the results of our
ranking are almost the same, even though there
are some little differences which may be due to
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the social infrastructure indicators included by the
present study.

In line with the conclusions above, the study
therefore recommends that stakeholders should
engage in policies design (such as public private
partnership, privatization) that will promote
infrastructure development in SSA, most especially
for the low income countries as majority of them
were found at the bottom of ranking. Therefore,
this will help in closing the wide gap of inequality
in access to infrastructure services among the SSA
countries. Similarly, at sub-regional level, this study
advocates more efforts should be geared towards
improving infrastructure development in Central and
Western Africa regions as these two sub-regions are
lagged behind compared to the Southern and Eastern
Africa sub-regions. In addition, given the evidence

shown in the study that the average performances
in some individual infrastructure (such as health,
water and transport) are very poor, it is therefore
recommended that special consideration should
also be given to these sectors. Also, as evidence
from the theoretical and empirical literature has
shown that strength of the economy of a country
determines its infrastructure development, it is
highly recommended that the capital expenditure
should be given a priority in the annual budgets
of SSA countries and this must be judiciously
used for the infrastructure sectors that will have a
greater spillover effects on the economy. Finally,
this study suggests that relevant organizations such
as AIDI should include more social infrastructure
indicators in their measurement so as to improve
their measurements of infrastructure development.
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