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Editorial

 
We welcome our readers to Volume 19 of the African Statistical Journal 
(ASJ). The Journal’s mission remains the same since inception: to serve 
as a forum and common platform, to share ideas on statistical develop-
ment in Africa and to stimulate discussion and dialogue on key emerging 
issues. The ASJ attempts to reach out not only to practicing statisticians 
and economists in Africa but also to those beyond the continent who are 
keen to make incremental value addition to evolving developmental issues 
affecting the region. 

We begin this volume with an article entitled, “Private and Public Invest-
ments and Economic Growth in Uganda: a Multiplier Model Analysis.” The 
results reveal a positive impact of general investment on economic growth, 
but with varying degrees of sectoral intensity. Investments in infrastructure 
depict higher income multiplier effect on growth than do investments in 
the general industry and services sectors. A strong unidirectional causal-
ity running from both public and private investments to GDP growth is 
uncovered. Capital is increasingly driving growth, but at the expense of the 
agricultural sector and the labor market. It appears that for growth to be 
all-inclusive, capital utilization needs to be complemented by strategies to 
absorb any excess capacity in agriculture and the labor market. One way to 
address this is for government to use policy to steer the productive system 
toward the adoption of capital-led, labor-intensive technologies, in tandem 
with scaling up public infrastructural investment.

The second article “Economic Returns and Costs of Farming Tobacco, Maize, 
and Groundnuts: The Case of the Tabora Region in Tanzania” is based on a 
2013 study of 306 small-scale farmers in Tabora, a major tobacco-growing 
area. The article attempts to establish the relationship between the costs and 
earnings from three commodities namely tobacco, maize and groundnuts. 
The article establishes higher costs and lower earnings for tobacco grow-
ers relative to maize and groundnuts in the same area. Net earnings from 
tobacco stood at 49.8 and 57.2 times less relative to maize and ground 
nuts respectively. On the other hand, the article establishes that growing 
tobacco is costly as it was 4.2 and 5.1 times higher relative to maize and 
groundnuts respectively during the same period. The article concludes 
that tobacco farming is less viable relative to maize and groundnuts in the 
Tabora region of Tanzania.

The third article entitled “Gender Inequality Implications for Agricultural 
Growth and Non-monetary Poverty in Cameroon” uses recent data from the 
Third (2007) Cameroonian Household Consumption Survey (CHCS) 
and attempts to inform policy design with a view to empowering women 
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and ultimately reducing poverty and gender inequality in rural Cameroon. 
The article concludes that gender inequalities are generally more acute in 
male-headed households, which is also the case for non-monetary poverty. 
It also reveals that factors of non-monetary poverty in rural areas consist 
particularly in housing characteristics (access to water, electricity etc.) and 
in distance to the nearest social basic infrastructure like roads, schools, 
hospitals, markets, etc. The article points to a need to improve accessibility 
to social basic infrastructures, to potable water, to electricity, and to make 
quality housing more available and affordable. A further recommendation 
is to ensure a gender-responsive perspective, together with government poli-
cies to promote inclusive agricultural economic growth and the economic 
empowerment of household heads. 

The fourth article entitled “Peer Review of the General Revision of the National 
Consumer Price Index (CPI) in Uganda” is a continuation of the approach 
introduced by the AfDB primarily in the area of national accounts. The 
Peer Review mechanism is designed to instill transparency and confidence 
among statisticians and data users alike. Prior to the launch of the revised 
national CPI in January 2016, the Reviewers assessed the Uganda Bureau 
of Statistics’ compliance with international practices at a time when it had 
already undertaken most of the activities within the context of the general 
revision of the national CPI. The process confirmed the use of Household 
Final Monetary Consumption Expenditures (HFMCEs) in the computation 
of weights and the adoption of the Classification of Individual Consumption 
According to Purpose (COICOP). Also of note was the use of the Jevons in 
aggregating basic unweighted price data and the adoption of the domestic 
concept. Although as at October 2015, Reviewers found that UBOS in 
the general revision exercise had achieved compliance with international 
best practices, the Reviewers encouraged the introduction of procedures to 
ensure the speedy utilization of data from the Household Budget Survey 
(HBS) in the next general revision.

The fifth and final article entitled “The Usefulness of Geo-referenced Dwelling 
Frames for Census Cartography in Africa” advocates an expanded national 
adoption of this approach to census taking, with a view to improving time-
liness and quality results. The article demonstrates that the decision taken 
by some African countries during the 2010 round of population censuses 
to utilize geo-referenced dwelling frames drastically changed census carto-
graphic methodology. The changes include among others, the use of mobile 
devices, satellite imagery, and global positioning system (GPS) applications. 
The article expounds the merit of the new approach relative to the old. It 
advocates for an informed dialogue between policymakers and practitioners 
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to drive the adoption of this new methodology as a major advance toward 
improving census statistics. 

We hope that you will find the latest volume of the ASJ both informative 
and stimulating. We would like to thank the contributors and the reviewers, 
as well as all those who have made this volume a reality. We encourage the 
African Statistical Community to continue using the ASJ as an authoritative 
forum for sharing knowledge, particularly at a time when data collection and 
related studies have to be reoriented to embrace the emerging needs of the 
UN’s 2030 Agenda for Sustainable Development, the AU’s 2063 Agenda, 
and indeed the AfDB-led High Fives transformative agenda for Africa for 
the period 2015–2025.

Dr. Charles Leyeka Lufumpa
Co-Chair, Editorial Board
Statistics Department
African Development Bank
Abidjan, Côte d’Ivoire
Email: c.lufumpa@afdb.org

Professor Ben Kiregyera
Co-Chair, Editorial Board
International Statistical Consultant,
Kampala
Uganda
Email : bkiregyera@yahoo.com
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Nous invitons nos lecteurs à découvrir le volume 19 du Journal africain de 
statistiques (ASJ). La mission du Journal reste la même depuis sa création : 
servir de forum et de plate-forme commune, partager des idées sur le déve-
loppement statistique en Afrique et stimuler la discussion et le dialogue sur 
les principales questions émergentes. L’ASJ tente d’atteindre non seulement 
les statisticiens et les économistes en Afrique, mais aussi ceux qui sont au-
delà du continent et qui sont désireux d’apporter une valeur ajoutée supplé-
mentaire à l’évolution des questions de développement touchant la région.

Nous commençons ce volume par un article intitulé « Investissements privés 
et publics et croissance économique en Ouganda : une analyse de modèle mul-
tiplicateur ». Les résultats révèlent un impact positif des investissements 
généraux sur la croissance économique, mais avec des degrés divers d’intensité 
sectorielle. Les investissements dans les infrastructures représentent un effet 
multiplicateur des revenus plus élevé sur la croissance que les investissements 
dans l’industrie et les services en général. Une forte causalité unidirection-
nelle allant des investissements publics et privés à la croissance du PIB est 
découverte. Le capital stimule de plus en plus la croissance, mais au détri-
ment du secteur agricole et du marché du travail. Il semble que pour que 
la croissance soit globale, l’utilisation des capitaux doit être complétée par 
des stratégies visant à absorber toute capacité excédentaire de l’agriculture 
et du marché du travail. Une façon d’y remédier est que le gouvernement 
utilise une politique pour orienter le système productif vers l’adoption de 
technologies intensives en main-d’œuvre axées sur le capital, parallèlement 
à l’intensification des investissements dans les infrastructures publiques.

Le deuxième article « Les retours économiques et les coûts de l’agriculture tabac, 
maïs et arachides : le cas de la région de Tabora en Tanzanie » est basé sur une 
étude de 2013 de 306 petits agriculteurs à Tabora, une importante zone 
de culture du tabac. L’article tente d’établir la relation entre les coûts et les 
bénéfices de trois produits, à savoir le tabac, le maïs et l’arachide. L’article 
établit des coûts plus élevés et des revenus inférieurs pour les producteurs 
de tabac par rapport au maïs et aux arachides dans la même région. Le tabac 
a enregistré un bénéfice net de 49,8 et 57,2 fois moins par rapport au maïs 
et aux arachides. D’autre part, l’article établit que la culture du tabac est 
coûteuse puisqu’elle était de 4,2 et 5,1 fois plus élevée par rapport au maïs 
et aux arachides respectivement pendant la même période. L’article conclut 
que la culture du tabac est moins viable par rapport au maïs et aux arachides 
dans la région de Tabora en Tanzanie.

Le troisième article intitulé « Inégalités de genre pour la croissance agricole et 
la pauvreté non monétaire au Cameroun » utilise les données récentes de la 
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troisième Enquête (2007) sur la consommation des ménages au Cameroun 
et cherche à éclairer la conception des politiques en vue d’autonomiser les 
femmes et la pauvreté et l’inégalité entre les sexes dans les zones rurales du 
Cameroun. L’article conclut que les inégalités entre les sexes sont généra-
lement plus aigues dans les ménages dirigés par des hommes, ce qui est 
également le cas pour la pauvreté non monétaire. Il révèle également que les 
facteurs de pauvreté non monétaire dans les zones rurales sont notamment 
les caractéristiques du logement (accès à l’eau, électricité, etc.) et par rapport 
à la distance de l’infrastructure sociale de base la plus proche, comme les 
routes, les écoles, les hôpitaux, les marchés, etc. L’article souligne aussi la 
nécessité d’améliorer l’accessibilité aux infrastructures sociales de base, à l’eau 
potable, à l’électricité et de rendre les logements de qualité plus accessibles et 
abordables. Une autre recommandation est d’assurer une perspective sensible 
au genre, ainsi que les politiques gouvernementales visant à promouvoir une 
croissance économique agricole inclusive et l’autonomisation économique 
des chefs de ménage.

Le quatrième article intitulé « Examen par les pairs de la révision générale 
de l’Indice national des prix à la consommation (IPC) en Ouganda » est une 
continuation de l’approche introduite par la BAD, principalement dans le 
domaine des comptes nationaux. Le mécanisme d’examen par les pairs vise 
à instiller la transparence et la confiance entre statisticiens et utilisateurs de 
données. Avant le lancement de l’IPC national révisé en janvier 2016, les 
examinateurs ont évalué le respect par le Bureau of Statistics de l’Ouganda 
(UBOS) des pratiques internationales à un moment où il avait déjà entrepris 
la plupart des activités dans le cadre de la révision générale de l’IPC national. 
Le processus a confirmé l’utilisation des dépenses de consommation finale 
des ménages (HFMCE) dans le calcul des pondérations et l’adoption de la 
Classification des fonctions de consommation des ménages (COICOP). Il 
convient également de noter l’utilisation de Jevons pour agréger les données 
de base sur les prix non pondérés et l’adoption du concept domestique. 
Bien que, en octobre 2015, les examinateurs aient constaté que les UBOS 
dans l’exercice de révision générale avaient respecté les meilleures pratiques 
internationales, les examinateurs ont encouragé l’introduction de procédures 
pour assurer l’utilisation rapide des données de l’Enquête sur le budget des 
ménages (HBS).

Le cinquième et dernier article intitulé « L’utilité des cadres de logement 
géoréférencés pour la cartographie de recensement en Afrique » préconise une 
adoption nationale élargie de cette approche à la prise de recensement, en 
vue d’améliorer les délais et les résultats de qualité. L’article démontre que 
la décision prise par certains pays africains d’utiliser des cadres de logement 
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géoréférencés au cours de la série de recensements de population de 2010 
a radicalement modifié la méthodologie cartographique du recensement. 
Parmi ces changements figurent l’utilisation d’appareils mobiles, d’images 
satellitaires et d’applications de systèmes de positionnement global (GPS). 
L’article expose le mérite de la nouvelle approche par rapport à l’ancienne. 
Il plaide en faveur d’un dialogue informé entre les décideurs et les praticiens 
pour inciter l’adoption de cette nouvelle méthodologie comme une avancée 
majeure vers l’amélioration des statistiques du recensement.

Nous espérons que vous trouverez le dernier volume de l’ASJ à la fois infor-
matif et stimulant. Nous tenons à remercier les contributeurs et les réviseurs, 
ainsi que tous ceux qui ont fait de ce volume une réalité. Nous encourageons 
la Communauté statistique africaine à continuer à utiliser l’ASJ comme un 
forum faisant autorité pour le partage des connaissances, en particulier à 
un moment où la collecte de données et les études connexes doivent être 
réorientées pour répondre aux nouveaux besoins de l’Agenda 2030 pour 
le développement durable et l’Agenda 2063, et en effet l’application de la 
BAD Cinq grandes priorités pour l’Afrique pour la période 2015–2025.

Dr Charles Leyeka Lufumpa
Co-président du comité de rédaction
Département des statistiques
Banque africaine de développement
Abidjan, Côte d’Ivoire
Courriel: c.lufumpa@afdb.org

Professeur Ben Kiregyera
Co-président du comité de rédaction
Consultant international de statistique,
Kampala
Ouganda
Courriel: bkiregyera@yahoo.com
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1. The impact of private and public 
investments on economic growth in Uganda: 
A multiplier model analysis

Thomas Bwire1, Wilson Asiimwe, Grace A. Tinyinondi, Priscilla Kisakye, 
and Denise M. Ayume

Abstract
This paper applies a multiplier model analysis to the 2009/10 Social Account-
ing Matrix (SAM) for Uganda to investigate the impact of private and public 
investments on the nation’s economic growth. We uncover a positive impact of 
general investments on growth, albeit with varying degrees of sectoral inten-
sity. Infrastructural investments have the highest income multiplier effect on 
growth, followed by investments in the industrial and services sectors. We also 
uncover excess capacity in both the agricultural sector and the labor market; 
further, that the returns to capital from each unit of investment more than 
double the returns to labor. These results are robust to time series application 
for the period Q3-1997 to Q3-2015, where a stationary, long-run relationship 
between economic growth, public and private sector investment, and exports 
and imports of goods and services is found. This period also marks a strong 
unidirectional causality running from both public and private investments to 
GDP growth. Capital is increasingly driving growth, but at the expense of the 
agriculture sector and the labor market. It appears that for growth to be all-
inclusive, capital utilization needs to be complemented by strategies to absorb 
any excess capacity in agriculture and the labor market. One way to address 
this is for government to use policy to steer the productive system toward the 
adoption of capital-led, labor-intensive technologies, in tandem with scaling 
up public infrastructural investment.

Key words: Public and private sector investment, cointegration, multiplier model, 
Social Accounting Matrix (SAM), Vector Error Correction Model (VECM).

Résumé
Ce document applique une analyse de modèle multiplicateur à la Matrice de 
comptabilité sociale (SAM) 2009/10 pour l’Ouganda afin d’étudier l’impact des 
investissements privés et publics sur la croissance économique nationale. Nous 
constatons un impact positif des investissements généraux sur la croissance, mais 

1 Thomas Bwire, Grace A. Tinyinondi, and Denise M. Ayume are Economists at the Bank 
of Uganda. All correspondence relating to this paper should be sent to tbwire@bou.or.ug.. 
Wilson Asiimwe and Priscilla Kisakye are Economists at the Ministry of Finance, Planning 
and Economic Development (MoFPED). The views as expressed in this paper are entirely 
those of the authors. They do not necessarily represent the views of the Bank of Uganda 
and the Ministry of Finance, Planning and Economic Development of Uganda and its 
affiliated organizations. The authors are grateful to anonymous reviewers who provided 
helpful comments on evolving versions of the paper. 
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avec divers degrés d’intensité sectorielle. Les investissements dans les infrastruc-
tures ont le plus fort effet multiplicateur des revenus sur la croissance, suivis des 
investissements dans les secteurs industriels et des services. Nous découvrons aussi 
des capacités excédentaires tant dans le secteur agricole que dans le marché du 
travail; En outre, que les rendements du capital de chaque unité d’investisse-
ment plus que doublent les rendements du travail. Ces résultats sont robustes 
par rapport aux séries chronologiques pour la période de T3-1997 à T3-2015, 
où une relation stationnaire à long terme entre la croissance économique, les 
investissements des secteurs public et privé et les exportations et importations de 
biens et services est trouvé. Cette période marque également une forte causalité 
unidirectionnelle allant des investissements publics et privés à la croissance du 
PIB. Le capital stimule de plus en plus la croissance, mais au détriment du sec-
teur agricole et du marché du travail. Il semble que pour que la croissance soit 
globale, l’utilisation des capitaux doit être complétée par des stratégies visant à 
absorber toute capacité excédentaire de l’agriculture et du marché du travail. Une 
façon d’y remédier est que le gouvernement utilise une politique pour orienter 
le système productif vers l’adoption de technologies intensives en main-d’œuvre 
axées sur le capital, parallèlement à l’intensification des investissements dans 
les infrastructures publiques.

Mots clés : Investissement des secteurs public et privé, cointegration, modèle 
multiplicateur, matrice de comptabilité sociale (SAM), modèle de correction des 
erreurs vectorielles (VECM).

1. INTRODUCTION

Over the past six years (FY 2009/10 to 2014/15), Uganda’s economic 
growth has averaged 5.5 percent per annum, although this has decelerated 
to an annual average of 4.4 percent over the past four years (FY 2011/12 
to 2014/15). In contrast, the annual growth in private sector credit (PSC) 
continues to be robust at an annual average of 21.0 percent over the past 
six years (FY 2009/10 to 2014/15). Credit offered by commercial banks 
to the personal and household sector has declined, whereas there has been 
a growth in credit offered to the agriculture, trade, and real estate sectors. 

The Ugandan government has recently intensified investments in infra-
structural developments in a bid to boost economic growth. The share of 
development expenditure in Uganda’s budget has steadily increased from 
an average of 4.3 percent of GDP during FY 2002/03 to 2007/08 to 7.6 
percent of GDP during FY 2008/09 to 2014/15, with the bulk directed to 
the energy and transportation (i.e. infrastructural) sectors.
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The government has also worked closely with the Central Bank of Uganda, 
to formulate and implement reforms in the financial sector. The aim is to 
drive a rapid expansion of the banking system and improve the business and 
macroeconomic environment for private sector investment. Despite these 
developments, real GDP growth has remained far below the historical trend 
level of 7 percent. Export growth decreased during FY 2012/13–2014/15 
to an average of about 13 percent of GDP from about 15 percent in the 
three years prior to 2012/13. This decline occurred despite Uganda’s mem-
bership of many regional economic blocs and the creation of an export 
promotion zone. This decline in exports has acted as a further brake to 
economic growth.

The diminishing impact of private and public investments on Uganda’s 
economic growth is indicative of weak interlinkages within the income-
multiplicative process. In other words, it is possible that the general equilib-
rium interaction of the economic blocs and its capacity to multiplicatively 
generate incomes from a unit of investment has slowed down. This paper 
therefore investigates and compares the amount of national income gener-
ated from each unit of investment in each sector. 

To this end, we employ a multiplier model analysis, complemented with 
suitable time series techniques to establish the comparative contribution 
of public infrastructural and of private investments to economic growth. 
An additional analytical focus is on the strategies currently in place in the 
country to revive economic growth to its long-run potential. 

The rest of the paper is organized as follows. Section 2 provides a review 
of the relevant literature while section 3 explains the methodology we have 
adopted. Empirical results are given in section 4, while section 5 presents 
a conclusion.

2.  LITERATURE REVIEW 

The past two decades have seen a surge of research papers focusing on how 
public and private investments influence GDP growth generally. The recent 
literature on long-run growth and convergence in real per capita incomes 
across countries tend to focus on the role of aggregate investment (Khan 
and Kumar, 1997; Warner 2014, among others). If it is found that public 
and private investments have differing impacts on growth, this then has 
significant implications for the determination of the steady-state growth 
path (Khan and Kumar, 1997). 
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While studying a sample of 95 developing countries for the period 1970–
1990, Khan and Kumar use a suite of cross-sectional and time series pooled 
data estimation techniques and establish a substantial divergence in how 
private and public sector investments affect growth. Private investment is 
found to have a much greater impact than public investment, especially 
during the 1980s. In related studies focusing on Sub-Saharan Africa, Osi-
nubi and Amaghionyeodiwe (2010) uncover a positive relationship between 
foreign private investment, domestic investment, and net-export growth 
and economic growth in Nigeria. In Uganda, Adam et al. (2016) posit that 
public investment in infrastructure remains crucial for sustainable private 
sector growth. 

Warner (2014) studies a sample of 124 lower-income and middle-income 
countries covering the period 1960 to 2011. He finds that the public invest-
ment boom variable had a consistent and negative association on private 
investment rates, while financial depth was associated with higher private 
investment rates rather than with overall growth. Inflation and export growth 
showed little association with private investment. However, these findings 
run counter to the assumption inherent in the Cobb-Douglas model, which 
is predicated on the notion that public capital will stimulate private capital 
formation. Warner’s findings also cast doubt on the premise that public 
investment booms stimulate private investment and thus positively impact 
the economy. 

Notwithstanding the “received wisdom,” which states that investments in 
public goods positively impact economic growth, some studies question 
whether public investment in infrastructure necessarily creates significant 
growth. For example, Fedderke and Garlick (2008) reveal that although 
transport infrastructure quality in South Africa is high compared to the 
rest of Sub-Saharan Africa, there exists a sharp divide in infrastructure 
quality between urban and rural areas. This suggests that the impact of 
infrastructure investment on overall economic growth may be negligible, 
though not strictly negative.

It may be instructive at this point to look at research outside the African 
continent, pertaining to other developing regions. Using the vector autore-
gressive (VAR) approach, Ghani and Din (2006) investigate the relationship 
between public investment and economic growth in Pakistan over the period 
1973 to 2004. They show that public investment crowds out private invest-
ment, rather than complementing it. They also uncover tri-causality between 
private investment, public consumption, and economic growth, as well as a 
uni-directional causality running from public investment to economic growth. 
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Their study suggests that growth is driven largely by private investment, with 
a negative but insignificant impact from public investment. 

María Llop (2005) uses the Social Accounting Matrix (SAM) model to 
decompose the endogenous, exogenous and leakages variables, and to assess 
factors contributing to the changes in the SAM multipliers for the Catalan 
economy. Two SAMs were used, for the years 1990 and 1994. SAM was 
extended by decomposing the multipliers, using both the additive and the 
multiplicative decomposition approaches. In Llop’s paper, the endogenous 
accounts are categorized as: input–output relations, private consumption, 
factors of production, factor income distribution, and the interactive term. 
The paper establishes that changes in the multipliers are driven mainly by 
the structural coefficients. 

Pyatt and Round (1979) used the SAM framework to develop a disinte-
grated multiplier model. The SAM is first used to deduce the structure of 
the economy at the base date. The multipliers are decomposed into the 
three matrices to capture: (i) the transfer effects, (ii) the circular effects, 
and (iii) the cross-effects of the multiplier process, where injections into 
the economic system impact the other sectors or economic agents. The 
analytical work shows that decomposition of the structure of the economy 
can be directly derived from the accounting balances. The paper captures 
the fixed price aspects, which represent a single step beyond the structure 
of the accounting balances. 

Breisinger et al. (2009) discuss both the theoretical and practical application 
of the SAM-based analysis, providing a number of exercises for scholars. The 
paper discusses the economic linkages and multiplier effects in the SAM 
framework. The paper shows that for every shock, there are both direct and 
indirect effects. The indirect effects are in the form of consumption and pro-
duction linkages. The production linkages are categorized into backward and 
forward linkages. All these effects are categorized into multiplier effects of a 
unit of exogenous investment. In this paper, the multiplier model is further 
decomposed into constrained and unconstrained multipliers. Unconstrained 
multipliers assume prices to be fixed; further, that any changes in demand 
will lead to changes in physical output rather than in prices. However, this 
would require an additional assumption, namely that the economy’s factor 
resources are unlimited or unconstrained, so that any changes in demand 
can be matched by an increase in supply. In the constrained multipliers, the 
supply responses are unconstrained by fixing the level of output in certain 
areas. This approach generates the SAM-based multiplier formula of the 
constrained multiplier matrix.
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Punt et al. (2003) use the SAM to design the SAM-based multiplier model. 
The authors postulate that the SAM alone does not constitute an economic 
model, though it can be used to present economic theory. The paper shows 
that the SAM approach to modeling is a useful way of showing how the 
model statement (price and demand system, behavioral equations, and mac-
roeconomic balances/closures) of a macroeconomic or general equilibrium 
model can be developed. The paper adds that the SAM approach of modeling 
clearly shows that the various properties of a SAM, particularly the fact that 
the account row and column total are balanced, are very important when 
it is used as the database for a general equilibrium model. 

This paper applies a multiplier model on the 2009/10 SAM for Uganda to 
investigate the impacts on growth due to public and private investments. 
It also analyzes the amount of national income generated from each unit 
of investment across each sector. 

3.  THE MULTIPLIER MODEL 

3.1 The model set-up
In this paper we apply a multiplier model analysis to Uganda’s 2009/10 
Social Accounting Matrix (SAM) to assess the contribution of private and 
public infrastructural investments to economic growth, both by  sector 
and by economic agent. To facilitate easy reference, the paper cate gorizes 
structural coefficients building the SAM into policy instrument variables 
(exogenous), policy target variables (endogenous) and leakage variables 
(earnings to government and the rest of the world (ROW)). This disinte-
gration of the income creation (multiplicative) process or the structural 
multipliers will capture the contribution of sectoral private sector invest-
ments to economic growth. The multiplicative process will quantify the 
amount of income (direct and indirect) created from each unit of invest-
ment per sector. 

The direct and indirect effects of private sector investment on growth are 
further categorized into backward and forward linkages for each unit of 
growth. This approach also provides detailed information on the indirect 
effects on growth, that is, income created by a given sector due to private 
investment in other sectors. The private investment is also categorized 
by its origin, namely domestically sourced investments versus foreign or 
externally sourced investments. We use the same method to capture the 
contribution of other sources of investments (e.g. government) and shocks 
to economic growth. The application of this multiplier model on the SAM 
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will reveal the detailed contributions of each sector’s private investment to 
economic growth. 

An exogenous expenditure shock, e.g. an increase in government demand 
for construction services, is associated with both direct and indirect ef-
fects (Breisinger et al., 2010). The effect on the construction sector itself 
is the direct effect, while the effect on sectors other than construction is 
the indirect effect. The indirect linkages encompass both production and 
consumption linkages. The production linkages are a series of agglomeration 
of backward and forward linkages. A combination of direct and indirect 
effects constitutes the multiplier effects. The SAM multiplier analysis model 
used in this paper follows the approaches proposed by Llop (2005), Round 
(2006), Pyatt and Round (1979), Punt et al., (2003), Bellù (2012), Stone 
(1978), and Breisinger et al. (2010). 

3.2  Structural analysis
Using the row-column framework of the SAM, we denote payments made 
by columns as j and receipts received (rows) as i. As in Asiimwe and Kisakye 
(2015), the SAM matrix is then denoted Zij  with i rows and j columns. 
However, for economic and statistical consistency, payments and receipts 
are equal per sector (matrix element) and the row-column totals are equal. 
For instance, the row and column equlity of ROW) account is expressed as:

 (1)

 
Embedding this in the SAM, we derive the technical coefficients, while 
differentiating the policy objectives from policy instruments and leakages. 
The technical coefficients are derived as:

 (2)

 
Where Zij is the individual SAM element and z·j  is the column totals. We 
then categorize the corresponding matrix of technical coefficients into 
endogenous accounts (policy objectives), 
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The total receipts of each economic account say row account in the SAM 
is a summation of the endogenous and exogenous expenditure denoted as:
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Where z·j is the row total of the SAM, iΓ  is a vector of exogenous variables, 
and the rest is the multiplicity of technical coefficients and the column 
totals. The right-hand side of this equation should be able to reproduce 
the original SAM giving equality with the sum of the columns and rows. 
Satisfying this condition, the technical coefficients can now be used for 
deriving economic multipliers using the multiplier model.

3.3  The Multiplier Model Analysis
The multiplier model uses the above technical coefficients (
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Eqn. (4) represents a series of simultaneous equations that define the SAM. 
The endogeneity across these equations is captured by their respective 
technical coefficients denoted by 
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. The nominal flow of income from 
one economic agent to another, denoted by zj , must equate to the receipts 
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received by each of the given economic agents zi . Dropping subscripts from 
(4) for ease, we derived the following simultaneous equation:

 (5)

Where z represents income and expenditures flows, 
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The total receipts of each economic account say row account in the SAM is a summation of the 
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investment shock as jsis,δ , and excluding the multiplier element of the sector receiving investment, the 

remaining sectors become ji ~,~δ . The multiplier elements can be expressed as: 

 
jijsisji ~,~,, δδδψ +≡=            (7) 

 
In the equation the direct effect of investment is captured by jsis,δ  whereas the indirect effect is 
captured by ji ~,~δ . It is then possible to decompose the indirect effect into backward and forward 
linkages and it takes the form:  
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Where jBW  and jFW are the backward and forward linkages, respectively. Thus sectors with strong 

backward and forward linkages are those that stimulate growth faster than any other (Breisinger et al., 
2010). 
 
3.4  THE DATA 
 
This paper uses the 2009/10 SAM alongside its corresponding Supply and Use Table (SUT) for the 
same year to capture the contribution to growth emanating from a unit of general investment in each 
of the sectors and to disintegrate the multiplier effect of general investment on growth. The 
theoretical structure of the SAM is shown in Appendix 1. The Ministry of Finance, Planning and 
Economic Development (MoFPED) in collaboration with the Uganda Bureau of Statistics (UBOS) 
finalized the construction of the 2009/10 SAM, which replaces the 2002 SAM. It is the corresponding 
Supply and Use Table (2009/10) that was used as a basis for rebasing GDP to the FY 2009/10. The 
economic sectors in the 2009/10 SAM were increased to 161, compared to 61 sectors in the 2002 
SAM, but these are merged in this study to focus the analysis on the stipulated objectives. The Supply 
and Use Table (SUT) and the SAM comprise a summary table of payments and receipts between 
economic agents in a specified period of time, usually a year (Stuttard and Frogner, 2003). In this 
paper, the 2009/10 Uganda’s SAM was mapped to 30 accounts, as shown in Appendix 1. 
 
As a robust check, a Vector Error Correction Model (VECM) based on quarterly time series data for 
the period 1997Q1-2015Q3 is estimated. The VECM consists of five variables: an indicator of output 
growth ( tGDP ), development expenditure (Devtexp), exports (Xt), imports (Mt) and private sector 
credit (PSCt). GDP is measured in billions of Uganda Shillings in constant 2009/10 prices. Devtexp is 
used to proxy public sector investment while PSC, a measure of financial institutions’ contribution to 
the private sector, is used to proxy private sector investment. In Uganda, commercial banks hold 
about 80 percent of the total assets of the financial system and as a result, most private sector firms 
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3.4  The Data
This paper uses the 2009/10 SAM alongside its corresponding Supply and 
Use Table (SUT) for the same year to capture the contribution to growth 
emanating from a unit of general investment in each of the sectors and 
to disintegrate the multiplier effect of general investment on growth. The 
theoretical structure of the SAM is shown in Appendix 1. The Ministry of 
Finance, Planning and Economic Development (MoFPED) in collaboration 
with the Uganda Bureau of Statistics (UBOS) finalized the construction of 
the 2009/10 SAM, which replaces the 2002 SAM. It is the corresponding 
Supply and Use Table (2009/10) that was used as a basis for rebasing GDP to 
the FY 2009/10. The economic sectors in the 2009/10 SAM were increased 
to 161, compared to 61 sectors in the 2002 SAM, but these are merged 
in this study to focus the analysis on the stipulated objectives. The Supply 
and Use Table (SUT) and the SAM comprise a summary table of payments 
and receipts between economic agents in a specified period of time, usually 
a year (Stuttard and Frogner, 2003). In this paper, the 2009/10 Uganda’s 
SAM was mapped to 30 accounts, as shown in Appendix 1.

As a robust check, a Vector Error Correction Model (VECM) based on 
quarterly time series data for the period 1997Q1-2015Q3 is estimated. The 
VECM consists of five variables: an indicator of output growth ( tGDP ), 
development expenditure (Devtexp), exports (Xt), imports (Mt) and private 
sector credit (PSCt). GDP is measured in billions of Uganda Shillings in 
constant 2009/10 prices. Devtexp is used to proxy public sector investment 
while PSC, a measure of financial institutions’ contribution to the private 
sector, is used to proxy private sector investment. In Uganda, commercial 
banks hold about 80 percent of the total assets of the financial system and 
as a result, most private sector firms seeking finance for investment have 
to rely on loan finance, which is mostly sourced from the banking system.

As a share of GDP, growth in PSC has been improving steadily from an 
annual average of 8.0 percent between FY 2004/05 to FY 2009/10 to 13.2 
percent between FY 2011/12 and 2014/15. PSC may be an inadequate 
measure of private fixed capital formation, but the available aggregate data 
on private sector investment date only to 2009 and on annual basis. We 
therefore acknowledge the use of PSC as an appropriate price to pay, despite 
the fact that it is a significant underestimation of private sector investment. 
Quarterly GDP data originate from UBOS, Devtexp data from MoFPED, 
while data on exports, imports and PSC come from the central bank. All 
data are in logarithms and are given in levels and in first differences in 
Figure 1. The series are also adjusted for seasonality effects, but only where 
it has been detected.
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Figure 1. Series in level and first difference

Sources: Uganda Bureau of Statistics (UBOS), Ministry of Finance Planning and Economic 
Development, (MoFPED) and Bank of Uganda (BoU). 
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The statistical description of the variables used in the VECM is presented 
in Table 1. The small coefficient of variation (at most one-sixth of the total 
sample) suggests small dispersion of the data points from the mean for all 
the series. The Jarque-Bera (J-B) statistics (Mukherjee et al., 1998) suggest 
normal distribution is rejected for all the variables. Nonetheless, as these 
are to be analyzed in a system framework of the VAR, estimates of a VAR 
model are robust to deviations from normality, provided system residuals are 
not auto correlated (Juselius, 2006), as is indeed the case, as we show later.

Table 1. Descriptive statistics 

LQGDP LEXPORTS LDEVTEXP LIMPORTS LPSC

Mean 8.502 6.279 5.895 6.966 7.584

Std. Dev. 0.799 0.956 0.713 0.923 1.096

Coefficient of 
variation (%)

9.397 15.226 12.093 13.249 14.457

Skewness -0.135 -0.037 0.488 -0.062 0.131

Kurtosis 1.528 1.446 2.012 1.586 1.599

Jarque-Bera 6.813 7.364 5.863 6.132 6.177

Probability 0.033 0.025 0.053 0.047 0.046

Observations 73 73 73 73 73

Notes: LQGDP is the log of quarterly GDP; LEXPORTS is the log of exports; LDEVT-
EXP is the log of development expenditure; LIMPORTS is the log of imports and LPSC 
is the log of Private Sector Credit. 

4.  EMPIRICAL RESULTS

The results are generated from the 2009/10 SAM using a multiplier model. 
The SAM was compressed to 28 sectors so as to focus the analysis on the 
respective contributions of private and public investment on growth. In 
this analysis, we presume that private firms receive income from sales and 
subsidies from government. The expenditure of producing firms is com-
posed of intermediate consumption, wages and salaries, payment for use 
of capital, taxes on activity, and depreciation of capital. Thus the impact 
of investment on GDP growth mainly follows the input–output structure 
embedded in the 2009/10 SAM. 

4.1  General contribution of sector investment to growth
As noted in sections 2.0 and 3.1 of this paper, the impact of each unit of 
investment on growth is categorized into direct and indirect effects. For 
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instance, an investment in a given sector increases both income in the di-
rect beneficiary sector as well as incomes of other sectors interlinked to it 
through backward and forward mechanisms. Figure 2 shows the direct and 
indirect income created from a unit of sectoral investment in the economy. 

Figure 2. Sectoral direct and indirect impacts on income 

Notes: The values on both axes are in billions of Uganda shillings.

Source: Author’s computation. 

It is evident in Figure 2 that investment in all sectors generates income 
over and above the initial value of investment, since all the respective mul-
tipliers are above unity (total impact). The industrial sector possesses the 
highest direct multipliers (1.59) and also indirect (0.9) impacts on growth. 
The services sector is second to the industrial sector in steering growth 
directly (1.51) and indirectly (0.74), while the agricultural sector has the 
least direct multiplier (1.05) and indirect (0.5) impact. This implies that 
a unit of investment in the industrial sector generates more income and 
yields more economic growth than does a unit of investment in the services 
and agricultural sectors. The direct and indirect multipliers resulting from 
investments in the industrial sector, as shown in Figure 2, are too general 
to provide the contributions of private and public investment. Thus, we 
decompose growth by source of investment, that is, “private” and “public.”

4.2  Public and private investment contributions to economic 
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The key drivers of economic growth are those economic agents with the 
highest multipliers. Sectors with the highest backward linkages possess 
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capacity to propel stronger economy-wide growth, mainly because they 
are interlinked to other sectors in their production process through their 
demand for raw materials. Conversely, sectors with the highest forward link-
ages generate more market potentials from each unit of investment. Thus, 
investment in sectors with the highest backward and forward linkages has 
the capacity to lift growth to its optimal potential level. The breakdown 
of multipliers into public and private investments is presented in Table 2, 
where the columns are sectors that receive the investment, and the rows are 
endogenous sectors that benefit from the income multiplicative process.

Table 2. Comparative impacts of private and public investments

2009/10 SUT/SAM Multipliers
Public Goods & Infra-
structural Investments

Agriculture
Indus-

try
Services

Govt_Invest
PublicGds

Prv’t_Invest
PublicGds

 Agriculture 1.05 0.21 0.15 0.08 0.09

 Industry 0.20 1.59 0.59 1.45 1.60

 Services 0.31 0.70 1.51 1.21 1.01

Total sectoral 
income

1.56 *2.50 2.25 *2.73 2.70

Memo:

Backward linkages 0.51 *0.91 0.74

Forward linkages 0.36 0.80 **1.01   

Notes (i) * Highest level of contribution; (ii) Backward linkage is the vertical sum of the 
sectoral multipliers excluding the reference sector; (iii). Forward linkage is the horizontal 
sum of the sectoral multipliers excluding the reference sector.

Source: Author’s computations. 

Of the three sectors analyzed in the left side of Table 2, general investment 
in the industrial sector drives growth the fastest (2.50), followed by the 
services sector (2.25) and then the agricultural sector (1.56). The industrial 
sector has stronger backward linkages (0.91) compared to services (0.74) 
and agriculture (0.51). However, the industrial backward linkages to the 
services sector are stronger (0.7) than its linkages with the agricultural sector 
(0.21). This shows that economic growth is mainly driven by the industry 
and service sectors, given their strong input–output interlinkages. 

Investment in the agricultural sector currently yields less comparative impact 
on economic growth, implying that the sector may possess high levels of 



Journal africain de statistiques, numéro 19, décembre 201628

Thomas Bwire, Wilson Asiimwe, Grace A. Tinyinondi, Priscilla Kisakye, and Denise M. Ayume 

excess capacity. It is probably this lackluster economic viability that makes 
it less attractive for capital investment, drawing only 0.9 percent of the 
Foreign Direct Investment (FDI) in 2013 (Bank of Uganda, 2015). 

In addition, government investment in public goods and infrastructure 
generates more economic growth (2.73) compared to investment in any 
other sector, the highest in the category being industry (2.5). This indicates 
that the economy is “infrastructure hungry.” 

4.3  Accelerating growth
As revealed in the previous section, a significant portion of Uganda’s current 
economic growth is based on public infrastructural investments. This is 
good news for an infrastructure-hungry economy like Uganda but could be 
bad news for other sectors that have weak linkages with the infrastructural 
sub-sector. Thus, any deterioration in a sector’s interlinkages with the rest of 
the economy weakens its contribution to economic growth though it does 
not add up to a “Dutch disease” effect. For instance, deterioration of the 
agriculture sector interlinkages with other sectors could be mitigated by a 
coincidental increase in infrastructure investments, thus delimiting potential 
growth from agriculture. In such circumstances, growth may not reduce in 
the short run although it could hurt the economy in the long run, through 
a weakened agricultural sector. This generates perpetual excess capacity 
in the agricultural sector, as depicted in the 2009/10 Social Accounting 
Matrix (SAM). We now turn to the detailed approach for revamping the 
agricultural sector. 

Khan and Kumar (1997) note that public investment in infrastructure 
projects may not necessarily lead to an increase in growth. For example, in 
Latin America in the 1970s and Africa and Asia in the 1980s, several large 
infrastructural projects were undertaken of somewhat questionable quality, 
including electric power plants, roads, and railroads. Some of these were 
built at exorbitant cost and ended up either incomplete or under-utilized. In 
addition, such projects, if financed through increased taxes, may drive up the 
cost of inputs and adversely affect growth and investment in an economy.

4.3.1  Revamping the agricultural sector’s contribution to growth
The rejuvenation of agriculture’s contribution to GDP growth remains key; 
however, investment in this sector is a necessary but not sufficient condi-
tion to maximize growth returns. The sufficient condition is to improve the 
backward and forward linkages of the agricultural sector with the rest of the 
economy (industrial and services sectors). Thus, investment in the agricul-
tural sector should be complemented with investments in the subsectors 
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of industry and services that have strong backward and forward linkages 
with the agriculture sector. In the services sector, hotels and restaurants 
have strong backward linkages with agriculture, whereas in the industrial 
sector, the “agro-processing” sub-category possesses strong linkages with 
the agricultural sector, as shown in Table 3. 

The linkage between the agricultural sector and the rest of the economy is 
mainly driven by cash-crops production. The total impact of investment in 
cash crop production is at 1.84 units compared to 1.51 units of the rest of 
agriculture. The cash-crops dominate the agro-processing industry, which 
explains the respective strong backward and forward linkages. 

Table 3. Investment drivers of agriculture growth

Agriculture sector Agro-Processing

Agricul-
ture

Cash 
crops

Other
Agric.

Indus-
try

Food
Process-

ing

Agro
process-

ing

1) Productive sectors:

Agriculture 1.05 1.05 1.05 0.21 **0.49 0.45

Industry 0.20 0.31 0.18 1.59 1.37 1.50

Services 0.31 0.49 0.27 0.70 0.52 0.49

Total sectoral 
impact

1.56 **1.84 1.51 **2.50 2.38 2.43

2) Factor payments:

Labor 0.16 **0.22 0.15 **0.27 0.21 0.20

Capital 0.88 0.83 0.89 0.86 0.86 0.86

Total factor 
impact

1.04 **1.05 1.04 **1.13 1.07 1.06

Note: **highest level of contribution. 

Also as shown in the table, investment in non-agro-processing industries 
generates more economic growth than investment in agro-processing. How-
ever, investment in agro-processing and food processing generate stronger 
backward linkages with agriculture (0.45 and 0.49, respectively) than with 
general industry (0.21). Since 66 percent of the working population is 
employed in agriculture (UBOS, 2010), it is instructive to analyze the 
contribution of these sectoral investments to employment and income. As 
shown in Table 3, labor receives more income from investment in cash-crop 
production (0.22) than from investment in the rest of agricultural sector 
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(0.15). Thus, investment in agro-processing provides stronger employment 
benefits compared to investment in other agricultural subsectors. 

4.3.2  Revamping the labor market contribution to economic growth 
Private and public investments have impacts on both economic growth and 
factor employment. Sectors that generate more factor income from a unit 
of investment are considered to have greater potential to revive national 
income toward its long-run potential. Table 4 shows that sectoral investment 
generates more income to capital than it does to labor. This information 
may not be sufficient to determine whether Uganda is a capital-intensive 
country or whether the capital cost in production is much higher than the 
unit labor cost. What we can conclude, however, is that a unit of invest-
ment yields more labor income to the nation if and only if the investment 
is in the services sector (0.29). This could indicate that the services sector 
in Uganda is labor-intensive, thus any unit of investment is translated into 
a larger wage bill for the labor employed. 

Next to services is investment in the industrial sector, which generates 0.27 
units of marginal labor income. The agriculture sector comes last, with a 
marginal labor income of 0.16 units. This probably explains the rampant 
rural–urban migration and youth disaffection with agricultural labor, opt-
ing instead for activities in urban areas. However, this migration has the 
disbenefit of putting pressure on social service providers. 

Table 4. Factor multiplicative income

Factor 
 payments

Agricultural 
sector Industrial sector Services Sector

Agric.
Cash 
crops

Indus-
try

Agro-
Process-

ing
Ser-
vices

Public
Admin

Trans-
port

Labor 0.16 0.22 0.27 0.20 0.29 0.67 0.40

Capital 0.88 0.83 0.86 0.86 0.86 0.82 0.75

Total impact 1.04 1.05 1.13 1.06 1.15 1.49 1.15

Source: Author’s computations. 

Table 4 also shows that returns to capital are higher through investment in the 
agricultural sector (0.88) and are marginally less through investment in the 
industrial and services sectors (0.86). In general, returns to capital are more 
than twice the wage income resulting from each unit of investment across 
all sectors. In short, capital endowments are crucial in boosting economic 
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growth. This is good news for economic growth but may be less salutary for 
the inclusive growth agenda, since capital is driving growth at the expense 
of agriculture and labor efforts. In addition, the capacity of the economic 
system to multiply income depends on the ratio of the return reinvested in 
the economy to that repatriated abroad. The portion of these returns that is 
repatriated abroad acts as a leakage that discounts the income multiplicative 
system, thereby diminishing the ability of the economic system to propel 
economic growth further. 

This evidence is consistent with the findings contained in the Uganda Na-
tional Household Survey for 2009/10 (UBOS, 2010). The survey shows that 
66 percent of the working population is employed in agriculture, a sector 
which receives the least wage return (0.16) from each unit of investment, as 
expressed in Table 3. The services sector, which has the highest wage returns 
(0.29) from each unit of investment, employs only 28 percent of the total 
working population (UBOS, 2010). This demonstrates the magnitude of 
excess labor capacity existing in the agricultural sector. This is also depicted 
in seasonal unemployment/underemployment which provides a “push” 
factor for youth seeking to migrate to cities in search of higher-paid labor. 
It is further shown that the literacy rate of persons above 10 years is 73 
percent at the national level, falling to 69 percent for the rural areas. This 
shows that a large share of the excess capacity in the labor market possess 
skills that could be utilized to boost economic growth.

4.4 Robustness checks
4.4.1 Vector Error Correction Model (VECM) Analysis
The generality of the result for the relative impact of private and public 
sector investment on growth is qualified using a Vector Error Correction 
Model, which is estimated within the Johansen’s (1988) and Granger Non-
causality (Granger, 1969) frameworks. This is applied on a 5-dimensional 
vector autoregressive model: xt

t = (GDPt, Devt expt, Xt, Mt, PSCt) where (for 
year t), GDP is gross domestic product, Devtexp is development expenditure, 
X is exports, M is imports, and PSC is private sector credit, covering the 
period 1997Q1-2015Q3. Details of the measurement of these variables, 
their time series characterization, including choices of the lag length, are 
discussed in Appendix 2. 

The presence of one equilibrium (stationary) relation, even when corrected 
for small sample bias among the variables at the conventional 5 percent level 
of significance, cannot be rejected, and the roots of the companion matrix 
and graphs of the potential cointegrating relations (available on request) 
suggest that r = 1 seems reasonably well supported by the data. Unless 
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otherwise stated, the only existing cointegrating relation, as shown in Table 
5, is normalized for the quarterly change of GDP in order to interpret the 
estimated coefficients. Consistent with economic theory and estimates of 
the multiplier model, results of the long-run analysis reveal that DEVTEXP, 
EXPORTS, and PSC have a positive significant long-run correlation with 
GDP, and in addition, the correlation of GDP with imports is negative. 
The estimated coefficients imply, ceteris paribus, that over the long run, a 
1 percentage point increase in DEVTEXP, EXPORTS and PSC increases 
GDP by about 1.7, 5.1, and 4.2 percentage points, respectively, while a 1 
percentage point reduction in IMPORTS stimulates GDP growth by 7.8 
percentage points. 

Table 5. Normalized co-integrated equation
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The error correction term is statistically significant with a correct sign in 
the PSC equation, adjusting by about 20 percent of the previous quarter’s 
deviation from equilibrium. This suggests, for the system variables considered 
here, that once the system is pushed out of the long-run steady state, equi-
librium is reinstated through adjustments in the PSC. It is not surprising, 
therefore, that irrespective of the funding source to be used by government 
for its development expenditure, it is expedient not to inhibit PSC growth.

Turning to the issue of causality, two key questions are of interest to us: (i) 
Have measures of public and private investment collectively influenced GDP 
growth in Uganda, so that causation runs from investment to growth?; and 
(ii) Has the robust and sustained GDP growth that Uganda has achieved 
over the last two decades been an impetus to its observed investment trends? 
If we find ourselves answering both (i) and (ii) in the affirmative, then it 
may well be the case that a “virtuous investment circle” exists in Uganda; 
where public and private investments are key to accelerating the desired 
rate of growth and where, at the same time, growth is a stimulus to public 
and private investment. Results of both pairwise and block exogeneity are 
shown in Table 6.
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Table 6. VAR Granger Causality/Block Exogeneity Wald Tests 

Macroeconomic indicators
Development
Expenditure

Private Sector 
Activity GDP

Development Expenditure --- 4.920 (0.178) 12.467 (0.006)

Private Sector Activity 15.889 (0.001) --- 7.889(0.048)

GDP 4.875 (0.181) 4.087 (0.252) ---

ALL 13.778 (0.032) 10.444 (0.107) 15.395 (0.017)

Notes: --- denotes dependent variable, and p-values are in parentheses. 

Source: Author’s computations.  

Collectively, the null hypothesis whereby “The system variables considered 
here do not influence growth in the short term” is rejected at the conven-
tional 5 percent level of significance; so that in general, this set of variables 
over the short term are growth-enhancing. Individually, public develop-
ment expenditure has a more pronounced growth-enhancing effect in the 
short term than does private sector investment. The result on government 
development expenditure, though consistent with the multiplier model 
results, is somewhat surprising because it is expected to be associated with 
a lagged/delayed impact on output growth. In this case, however, it reflects 
in part the multiplier effect on aggregate demand which, over the short-
term, may distort or stimulate economy-wide output. The level of national 
output does not seem to drive, in the short run, development expenditure 
and private sector activity. 

5.  CONCLUSION AND POLICY IMPLICATIONS

The paper has investigated the impact on economic growth due to private 
and public investments in Uganda, using a suite of multiplier model tech-
niques based on the 2009/10 Social Accounting Matrix (SAM) and the 
Vector Error Correction Model (VECM) and Granger Non-Causality frame-
works for the period 1997Q3 to 2015Q3. Based on the multiplier model, 
government investment in public goods and infrastructure generates more 
economic growth than does private investment in public goods like educa-
tion, health etc. This suggests that government investment is shouldering 
substantial growth out-turns compared to private investment. This general 
result is robust to VECM and Granger Non-Causality evidences, where a 
steady-state long-run relationship between economic growth, public and 
private sector investment, and exports and imports of goods and services is 
found, and a strong unidirectional causality running from both public and 
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private investments to growth is uncovered, with public investment having 
a more pronounced growth-enhancing effect.

Disaggregating the sectoral effect, this paper has uncovered excess capacity 
in both the agricultural sector and the use of labor; this implies that the 
current economic growth is being shouldered by the industry and services 
sectors. We find that the industry sector is mainly driven by government 
infrastructure investment and that it possesses the highest growth multi-
plicative income effect. This suggests that to maximize economic growth, 
investment should be concentrated on the industrial sector. However, the 
two key growth-driving sectors in general and the industry sector in par-
ticular, have weak backward linkages with the agriculture sector, except for 
agro-processing and hotels & restaurants. 

The excess capacity in the agricultural sector implies that investment in 
industry is a necessary but not sufficient condition. The sufficient condition 
would require utilizing the excess capacity in agriculture to boost growth. 
This would require a scaling-up of investments in the agricultural produc-
tion, as well as improvements to the interlinkages between agriculture and 
the industrial sector, through the promotion of agro-processing. The impact 
on growth is maximized when investments are directed to the agricultural 
subsectors that provide raw materials to the agro-processing industries. In 
addition, policies to expedite the interlinkages between the agricultural sec-
tor and the rest of the industrial sector need to focus on investing more in 
agro-processing, with a special focus on food agro-processing. The results 
also strongly indicate that the capacity of the industrial sector to revive 
agricultural growth resides heavily in the agro-processing subsector, which 
demands raw materials from the agricultural subsector.

This study also finds that factor income response to each unit of investment 
is skewed more toward capital returns than wage returns. It also finds that 
the returns to labor from investment are weaker in the agriculture sector 
compared to the services sector. Capital-driven growth at the expense of 
agriculture and labor efforts may on the surface appear to be good news, 
but it may damage the inclusive growth agenda, particularly because of the 
economic importance of agriculture. Therefore, in addition to promoting 
agro-processing, infrastructural development, and food-processing steered 
agriculture, the economy needs to devise a policy to utilize the excess capacity 
in the labor market. Since less leakages exist in the labor market, it may be 
advisable to adopt a holistic approach in development policy formulation, 
whereby capital-driven and labor-intensive technologies are utilized when 
investments in agro-processing are being scaled up. For instance, infrastructure 
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development could be combined with increased levels of labor to boost both 
productivity and employment. This would also increase the capacity of the 
income multiplicative system to generate or steer higher economic growth.

Overall, accelerating growth will require three simultaneous approaches:

1. First, promoting industrialization and in particular agro-processing and 
ensuring a non-declining government infrastructure investments at least 
in the short to medium-term. This is because government investments 
have the strongest multiplier effect for each unit of investment and are 
strongly linked to the industrial and services sectors. Agro-processing 
has strong linkages with the agriculture sector, which employs more 
than 66 percent of Uganda’s workforce. 

2. The second approach is to strengthen the interlinkages within the 
economic system. Currently these are particularly weak between the 
agricultural sector and the rest of the economy. A large share of the 
economy’s intermediate inputs are still imported; moreover the input–
output relationships in the economy remain strong between the industry 
and services sectors but are weak in terms of the agricultural sector, 
with the exception of the agro-processing industry. 

3. The third policy approach would aim to revive agricultural productivity 
by promoting agro-based, demand-driven agriculture output. Revamping 
agriculture will require a holistic approach, to include strengthening 
its linkages to other sectors, as well as focusing on import substitution 
of imported raw agricultural materials.

 
Finally, the paper also finds that a substantial portion of investment in Uganda 
is sourced from the rest of the world (RoW). This carries a potential risk for 
leakages from the economic system, which would inhibit the multiplicative 
process. The impact of this on economic growth should be judged based 
on the net effect of these investments against the cost of repatriation. The 
analysis provided in this paper could provide a springboard for further 
research to establish the net effect of foreign capital and repatriation on 
economic growth. 
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APPENDIX 1

MAPPING OF ECONOMIC SECTORS
SUB SET SUB-SET ELEMENT SUB SET SUB-SET ELEMENT

A
gr

ic
ul

tu
re

1 cashcrop c-cotton, c-flowers,  
c-coffee, c-tea,  
c-othcashcrops

In
du

st
ry

17 TransptEquip c-transportequipment

18 OtherManuf c-othmanufact

2 Grainseeds c-maize, c-rice,  
c-othcereal, c-oilseeds, 
c-potatoes, c-cassava, 
c-beans, c-othlegumes, 
c-bananas

19 govInvst c-wtsngov, c-oinfagr, 
c-oinfroadtp, c-oinf-
watertp, c-oinfrailtp, 
c-oinfenerg, c-oinfoth, 
c-healthgov, c-edupgov, 
c-edusgov, c-edutgov3 Other_agric c-othagr

28 Pvt_Invest c-wtsnprv, c-edupprv, 
c-edusprv, c-edutprv, 
c-healthprv

4 Animal_
Husbandry

c-cattlebuffaloes,  
c-dairyfarming,  
c-othanimal 21 Construction c-construct

5 Forestry c-forestry

Se
rv

ic
es

20 OthrServ c-othsvc

6 Fish c-fishing 22 Trade c-trade

In
du

st
ry

7 Petroleum c-crudepetroleumgas, 
c-oilref

23 TrsprtServ c-transport

8 Mining c-othmining 24 HotelRest c-hotelsrest

9 Food-
Procesg

c-processedmeat,  
c-processedfish, c-dairy, 
c-grainmillstarch,  
c-bakery, c-manufact-
sugar, c-manufact-
coffee, c-manufacttea, 
c-othfood

25 Telecom c-telecomict

26 FinServices c-financialsvc

27 gov_cur c-publicadminist

29 labour f-labn, f-labs, f-labt

30 capital f-capprv, f-land,  
f-timber, f-fish, f-ext-
crudepetroleumgas, 
f-ext-othminerals, 
f-ext-quarrying

10 Oils&fats c-edibleoilsfats

11 Animal_
feed

c-animalfeeds

12 Text_ 
tobacco

c-bebtob, c-textiles HH_Rural h-rur

13 Chem_
RubPlast

c-chemplastrubber HH-Urban h-urb

14 NonMetal c-nonmetprod

15 Metal c-metalprod

16 Energy c-electequipment,  
c-electgasaircond
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APPENDIX 2

UNIT ROOT AND SPECIFICATION OF THE DATA 
GENERATING PROCESS (DGP)
Results of the Augmented Dickey Fuller (ADF) unit root test (Dickey and 
Fuller, 1979) are provided in Table 7 and indicate that all variables are non-
stationary, but become stationary upon first differencing at the conventional 
5 percent level of significance.

Table 7. The Augmented Dickey-Fuller (ADF) unit root test

ADF Test

Macrovariables

Level First difference

Ho: y = 0
Lag-

length
Infer-
ence Ho: y = 0

Infer-
ence

LDEVTEXP -1.670(-3.475) 2 Accept -17.856 (-2.904) Reject

LX -2.654 (-3.473) 0 Accept -8.066 (-2.903) Reject

LM -2.257 (-3.473) 0 Accept -2.600 (-2.904) Reject

LPSC -2.145 (-3.473) 0 Accept -3.396 (-2.903) Reject

LGDP -1.819 (-3.474) 0 Accept -8.907 (-2.903) Reject

Notes: L = Log; Akaike Information criterion [AIC], Schwarz Bayesian criterion [SC] 
and Hannan-Quinn criterion [HQ] were used (maximum set at 6 lags). An unrestricted 
intercept and restricted linear trend were included in the ADF equation when conduct-
ing unit root test of all the series in the levels. Numbers in parentheses are the 5 percent 
critical values, unless otherwise stated. All unit-root non-stationary variables are stationary 
in first differences.

Source: Author’s computations. Estimates from e-views.

On the basis of unit root testing and the fact that all variables are integrated 
of the same order, i.e. I(1) implies they could be cointegrated. The 5-dimen-
tional vector autoregressive model is estimated with an unrestricted constant. 
Including an unrestricted constant allows for linear trends in both cointe-
grating space and in the variables in levels and produces a non-zero mean 
in the cointegrating relation. Furthermore, it avoids creation of quadratic 
trends in levels, which would arise if both the constant and the trend were 
unrestricted (Bwire et al., 2016; Juselius, 2006). The lag-length is deter-
mined as the minimum number of lags that meets the crucial assumption 
of time independence of the residuals, based on a Lagrange Multiplier (LM) 
test, starting with 5 lags. Akaike, Schwarz and Hannan-Quinn information 
criteria all favor one lag, but LM suggests a lag of 3, and it is this that we 
adopt for our forward model estimation. 
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An assessment of VAR (3) system residual misspecification test reveals that 
although the residuals meet the crucial assumption of no auto-correlation 
and residual heteroskedasticity test is satisfactory [X 2(450) = 444.2[0.569]], 
the assumption of multivariate normality of the residuals is not met [X 2 (10) 
= 98.2 [0.000]]. Rejection of joint non-normality of residuals notwithstand-
ing, estimates of the VAR model are robust to deviations from normality 
provided residuals are not auto-correlated (Bwire et al., 2013b). 

Johansen’s Cointegration Test
Having determined the appropriate specification of the d.g.p, we then 
evaluated the existence of long-run equilibrium relation (s) using the Jo-
hansen (1988) trace statistic test for cointegration. The determination of 
the cointegrating rank, r, relies on a top-to-bottom sequential procedure; 
this is asymptotically more correct than the bottom-to-top Max-Eigen sta-
tistic alternative [Juselius, 2006: 131–134]. The trace-test has been shown 
to have finite sample bias when the number of observations is as small as 
in the present study with the implication that it often indicates too many 
cointegrating relations so that the test is oversized (Juselius, 2006; Cheung 
and Lai, 1993b; Reimers 1992). The trace-test in the current study is adjusted 
for finite sample bias using the correcting procedure suggested by Reimers 
(1992) as shown in Harris and Sollis (2005:122–124) for 71 included ob-
servations after adjustment. Based on the results in Table 8, the presence of 
one equilibrium (stationary) relation, even when corrected for small sample 
bias among the variables at the conventional 5 percent level of significance, 
cannot be rejected. Even more, roots of the companion matrix and graphs 
of the potential cointegrating relations (available on request) suggest that  
r = 1 seems reasonably well supported by the data.

Table 8: Johansen’s Cointegration test and long-run analysis

Hypothesized No. of 
CE(s)

Eigen 
value

Trace 
Statistic

Trace 
Statistic#

0.05 Critical 
Value

None * 0.4588 86.995 70.603  69.819

At most 1 0.2847 44.633 36.221  47.856

At most 2 0.1729 21.512 17.458  29.797

At most 3 0.1131 8.4155 6.828  15.495

At most 4 0.0019 0.1308 0.107  3.841

Notes: i) Trace test indicates 1 cointegrating eqn(s) at the 0.05 level; ii) * denotes rejection 
of the hypothesis at the 0.05 level; iii) # is the small sample corrected test statistic;

Source: Author’s computations. Estimates from e-views.



Journal africain de statistiques, numéro 19, décembre 201642

2. Economic returns and comparative costs 
of farming tobacco, maize, and groundnuts: 
The case of the Tabora region in Tanzania

Asmerom Kidane,1 John Mduma, Alexis Naho,1 and Teh-wei Hu2

Abstract
This study compares the economic returns and costs of farming three commodi-
ties, namely tobacco, maize, and groundnuts, in the Tabora region of Tanzania. 
The principal objective of this paper is to assess if tobacco farming in this region 
is economically and socially optimal, as the major crop. The study is based on a 
2013 survey conducted among the 306 small-scale farmers in 2013 in Tabora, 
which is a major tobacco-growing region. After reviewing the importance of 
tobacco farming on the Tanzanian economy and highlighting the negative health 
impacts of tobacco production and consumption, the paper presents some descrip-
tive statistics of the study population as well as their attitude towards tobacco 
farming. The earnings cost comparison is based on two approaches; namely per 
acre and per 30 man-days basis. When estimating the total earnings on a per 
acre basis, the revenue from tobacco is found to be 3.6 times that of maize and 
2.7 times that of groundnuts. The total cost per acre for tobacco is six times 
that of maize and groundnuts. Net earnings from tobacco are 1.4 times that of 
maize and 13 percent less than that of groundnuts. When estimated on a per 30 
man-day basis, total earnings from tobacco are only 30 percent less than that of 
maize and 14 percent less than that of groundnuts. On the same 30 man-day 
basis of estimation, the total cost of producing tobacco is 4.23 and 5.11 times 
greater than that of maize and groundnuts respectively. Net earnings from 
tobacco are 49.9 and 57.2 times less than those of maize and groundnuts. The 
paper therefore concludes that tobacco farming is less viable economically than 
the cultivation of maize and groundnuts. The study assumes that alternative 
employment for farmers at the prevailing wage rates is readily available.

Keys words: Revenue, costs, net earnings, tobacco farmers, Tanzania

Résumé
Cette étude compare les rendements économiques et les coûts de l’agriculture 
de trois produits, à savoir le tabac, le maïs et les arachides, dans la région de 
Tabora, en Tanzanie. L’objectif principal de cet article est d’évaluer si la culture 
du tabac dans cette région est économiquement et socialement optimale, en tant 
que culture principale. L’étude est basée sur un sondage de 2013 mené auprès des 
306 petits agriculteurs en 2013 à Tabora, une importante région productrice de 
tabac. Après avoir examiné l’importance de la culture du tabac sur l’économie 

1 Department of Economics, University of Dar es Salaam.
2 School of Public Health, University of California, Berkeley.
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tanzanienne et souligné les effets néfastes de la production et de la consommation 
de tabac sur la santé, le document présente quelques statistiques descriptives de 
la population étudiée ainsi que leur attitude à l’égard de la culture du tabac. 
La comparaison des coûts des bénéfices est fondée sur deux approches; À savoir 
par acre et par tranche de trente jours-homme. Lorsqu’on évalue le revenu total 
par acre, on constate que les recettes tirées du tabac sont 3,6 fois plus élevées 
que celles du maïs et 2,7 fois celles de l’arachide. Le coût total par acre pour le 
tabac est six fois plus élevé que celui du maïs et des arachides. Les revenus nets 
du tabac sont 1,4 fois plus élevés que ceux du maïs et 13 pour cent inférieurs à 
ceux de l’arachide. Lorsqu’ils sont estimés sur une base de 30 jours-homme, les 
revenus totaux du tabac sont seulement 30 pour cent de moins que ceux du maïs 
et 14 pour cent de moins que ceux de l’arachide. Sur la même base d’estimation 
de 30 jours-homme, le coût total de la production de tabac est respectivement 
de 4,23 et 5,11 fois plus élevé que celui du maïs et de l’arachide. Le bénéfice 
net du tabac est 49,9 et 57,2 fois inférieur à celui du maïs et de l’arachide. Le 
document conclut donc que la culture du tabac est moins viable économiquement 
que la culture du maïs et des arachides. L’étude suppose que l’emploi alternatif 
pour les agriculteurs aux taux de salaire en vigueur est facilement disponible.

Mots clés: Revenus, coûts, bénéfice net, producteurs de tabac, Tanzanie 

1.  INTRODUCTION

This study presents a comparison of the revenues, costs, and net profits 
from the farming of tobacco, maize, and groundnuts in the Tabora region 
of Tanzania. Tobacco is one of Tanzania’s major export crops, generating 
significant foreign exchange earnings for the economy. On the other hand, 
the adverse effects of tobacco farming in terms of public health, soil fertility, 
deforestation, and environmental degradation have been well documented 
(Keyser, 2002, 2007). Tobacco farmers (who also plant other crops) earmark 
as much as 80 percent of their time to working in the tobacco fields. Most 
tobacco farmers in Tanzania are also engaged in the production of maize, 
which is the major staple diet of Tanzania. The retail price of 1 kg of maize 
is only 285.1 Tanzanian shillings (TZS) compared to TZS 2,447.0 for 1 
kg of tobacco. Because maize is a major staple food in Tanzania, its price 
is kept artificially low; peasant farmers are not allowed to export maize to 
neighboring countries where it fetches a higher price. There are also several 
annual and perennial crops that Tanzanian tobacco farmers plant, including 
groundnuts, rice, and cotton.
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Because of the adverse consequences of tobacco growing and cigarette 
smoking, health professionals and environmental advocates continue to 
campaign for the elimination of tobacco farming along with cigarette 
smoking. They appear to have succeeded in their endeavors especially in 
North and Latin America. On the other hand in Tanzania, the total acre-
age earmarked for tobacco farming, as well as the total harvests and total 
revenues from tobacco exports, appear to be increasing (Tanzania National 
Bureau of Statistics, 2011).

Many Tanzanian farmers and their counterparts in other African countries 
have been sensitized to the negative effects of tobacco farming and smoking 
(Kagaruki, 2012a, 2012b). They appear to be willing to abandon tobacco 
farming in favor of other crops. One of the options is to switch from tobacco 
to other annual or perennial crops, provided the net earnings generated 
from the new crop are higher than those of tobacco. There is therefore an 
imperative to analyze the costs and returns of planting tobacco in compari-
son with other crops.

In this study we compare the revenues, costs and net profits from farm-
ing tobacco with those associated with maize and groundnuts. This paper 
has five parts. Section 2 describes the importance of tobacco production 
and cigarette manufacturing in Tanzania; section 3 discusses the adverse 
consequences of tobacco production and cigarette consumption; section 4 
highlights the viability of crop substitution; section 5 gives a summary of 
objectives, data sources, and the method of analysis. Empirical results and 
analysis are presented in section 6; while part 7 presents conclusions. 

2. TOBACCO FARMING IN TANZANIA

Tanzania is the third largest producer and exporter of tobacco leaves in Africa 
after Zimbabwe and Malawi. According to the Bank of Tanzania’s monthly 
economic review, tobacco has of late emerged as one of the main sources of 
government revenue among total traditional exports. Since 2009, the central 
government has taken decisive measures to increase tobacco production from 
58,702 tonnes to 60,000 tonnes (Karega, 2010, Kishweko, 2011). Official 
government figures show that a total of TZS 340 billion were collected as 
taxes from tobacco in the last five years. Production increased dramatically 
to 59 million kg in 2010 from 22 million kg in 2005 (Kishweko, 2011). 
During the same period, local farmers’ earnings increased from an average 
of TZS 300,000 per hectare to TZS 500,000.
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The government of Tanzania supports the notion that tobacco farmers in 
Tanzania should increase production of the crop so as to earn more income 
and alleviate poverty. Tobacco growers are encouraged to produce more and 
the financial sector has made loans available to farmers at affordable rates; 
the government is also committed to encourage investment in the Tanzanian 
tobacco industry. Tobacco companies estimate total production to be 122.5 
million kg, generating an equivalent of US$ 292 million in 2012 (Karega, 
2010, Kagaruki, 2012b).

Tobacco companies in Tanzania have embarked on a number of processes 
that will enable them to become more efficient and maintain a viable growth 
rate. They conduct ongoing training programs at all staff levels with a view 
to enhancing production and productivity. They offer opportunities for 
staff members to travel to other parts of the world so as to learn from other 
globalized industries. Tobacco companies in Tanzania also aim to increase 
their production capacity from 35 million kg to 60 million kg per annum 
and have invested another US$ 10 million, bringing investment to around 
US$ 50 million in total. Management is committed to continued invest-
ment in the industry and to enhance efficiency in the supply chain, coupled 
with improvements in farmer efficiencies through agronomic assistance 
(Kishweko, 2011).

However, the relationship between tobacco companies and tobacco farm-
ers (farmer cooperatives) appears to be one-sided. Farmers have little say in 
grading the tobacco and setting prices. In other words, they are price-takers 
not price-makers. In addition, small-scale tobacco farmers borrow money 
from tobacco companies in order to purchase fertilizers and related inputs 
at a high rate of interest. Tobacco farmers argue that tobacco companies 
do not treat them fairly.

3. ADVERSE CONSEQUENCES OF TOBACCO FARMING

Tobacco farming and cigarette consumption have major adverse conse-
quences: the most serious being those linked to public health. A recent 
study has shown that as much as US$ 136.1 million per year is being spent 
on treating smoking-induced cardiovascular diseases in Tanzania (Kidane 
et al., 2015c). This estimate is based on the assumption of the prevalence 
of cardiovascular disease in Tanzania being about 2 percent of the popula-
tion. Tanzanian health professionals claim that this is an underestimate 
and that the total cost could be much higher. Cigarette smoking may also 
lead to malnutrition, as there is a higher prevalence of smoking among the 
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poor when compared with those on middle and high incomes (Kidane et 
al., 2015b).

The negative health consequences on tobacco farmers themselves are also 
many and varied. This is more so when farmers are engaged in spraying 
chemicals, fertilizers, and specially in tobacco curing. When compared to 
other annual crops, farmers spend more days in the production of tobacco. 
While the gestation period (the timeline between planting and harvesting) 
for maize is about three months, the corresponding period for tobacco is 
between nine and ten months. In other words, farmers can have up to three 
planting seasons per year for maize, whereas they can only plant tobacco 
once a year. Other adverse effects of tobacco farming include a decrease in 
soil fertility as well as the exponential increase in the rate of deforestation 
in search of firewood for curing (Makoye, 2012). 

4. VIABILITY OF CROP SUBSTITUTION

One viable means of controlling tobacco production and cigarette consump-
tion is to substitute tobacco with alternative annual and perennial crops. It 
should be noted that over time, the bulk of the world production of tobacco 
has moved from developed to developing countries. This is more so for 
tobacco-producing African countries, where the foreign exchange earnings 
from this commodity are substantial. A study was conducted to investigate 
the viability of substituting alternative crops in Indonesia, Zambia, Zimba-
bwe, Malawi, Brazil, China, and Canada (Keyser, 2002; 2007). The author 
argues that small-scale tobacco farmers in Africa are at the mercy of major 
cigarette companies and are immersed in a continuous debt cycle with no 
end in sight. It should also be noted that tobacco-producing African coun-
tries suffer from chronic food shortages, as more acreage and other inputs 
are earmarked for the production of tobacco at the expense of staple cereals.

Keyser’s (2007) study highlights that African tobacco farmers are not mono 
crop producers and should consider producing alternative annual or peren-
nial crops. He identifies other products that may yield a better return when 
compared with tobacco, although he recognizes the constraints in produc-
ing them. The identification of suitable alternative crops needs to take into 
consideration climatic conditions, long-term prices, credit availability, and 
marketing issues. Moreover, there is the need to learn from the experiences 
of other countries where crop substitution has yielded the desired results 
(Li et al., 2012).
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5. RATIONALE, OBJECTIVES, DATA SOURCES, AND METHODS

The government of Tanzania, in collaboration with the tobacco companies, 
has been committed to helping tobacco farmers to increase production. This 
policy does not seem to have considered the negative trickle-down effects 
of tobacco earnings (Kagaruki, 2012a). The major tobacco companies may 
have profited in a major way from tobacco; but the earnings that accrue 
to small-scale farmers may not be sufficient, especially when the various 
costs of production are estimated and compared with earnings. The main 
objective of this study is therefore to compare revenue with costs among 
tobacco, maize, and groundnut growers in the Tabora region in Tanzania.

In order to compare the revenues and costs of tobacco farming, we conducted 
a survey in 2013 in Tabora. Besides estimating the revenue and costs from 
tobacco and other annual crops, the survey obtained background informa-
tion on the characteristics of tobacco farmers as well as their knowledge and 
opinions regarding the health and other adverse effects of tobacco farming.

6. EMPIRICAL RESULTS

6.1 Descriptive statistics
Based on the survey, Table 1 gives some descriptive statistics of the study 
population while Table 2 highlights farmers’ opinions regarding tobacco 
growing.

Table 1. Descriptive statistics of respondents

Variables Male-headed 
(75%)

Female-headed 
(25%)

Mean age of farmers 59.7 59.9

Labor in adult equivalent HH size 3.7 3.6

Land owned in acres 6.0 4.5

Education:

No education 2.23 20.55

Read and/or write* 8.93 6.85

Primary level education 79.46 69.86

Secondary and above 9.38 2.74

Source: Authors’ calculation. 

Note: * Did not attend formal education.
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Table 1 reveals that 75 percent of the households are male-headed, and that 
the heads appear to be relatively old. The table also reveals that compared to 
the national average, respondents are better educated; in that 80 percent of 
male-headed and 70 percent of female-headed households had completed 
primary level (eight years’) education. These two characteristics imply that 
the opinions given by the respondents are based on solid experience. 

During the survey, farmers were asked several questions regarding tobacco 
farming. The responses are summarized in Table 2.

Table 2. Respondents’ opinions regarding tobacco farming

Opinions
Farmers with less 

than 4.7 acres
Farmers with more 

than 4.7 acres

Reasons for tobacco farming (high earn-
ings)1 87.9 93.1

Type of support from government or 
tobacco companies (loan)2 52.4 59.1

Alternative plan if required to abandon 
tobacco farming (plant other crops)3 89.5 88.2

Crops to replace tobacco (groundnut)4 76.8 76.7

Type of support needed for crop substitu-
tion (interest free loan)5 57.1 54.1

Feeling while curing tobacco:

Very sick 26.5 26.4

Sick 27.1 29.1

Uncomfortable 27.2 23.0

No change 19.1 21.6

Notes:
1 Other reasons include support from tobacco companies (55.8% and 56.6%), guaranteed 
selling (55.1% and 61.6%).
2 Other types of support include free technical advice (49%, 44%), free seed (47.6%, 50.3%).
3 Other plans include “go out of work” (10.5%, 7.8%).
4 Other crops include maize (56.5%, 59.1%).
5 Other types of support include marketing channels (47.6%, 40.3%), better seed (49.7%, 
55.8%).
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During the survey, farmers were asked several questions regarding tobacco 
farming. The responses are summarized in Table 2. Responses were clas-
sified by size of land ownership. A very large majority of the respondents 
stated that the most important reason for planting tobacco is the perceived 
high earnings or the high market price. This is more so among farmers who 
own large plots. Respondents were also asked about the type of support 
they receive from the government or tobacco companies to plant tobacco; 
acquiring loans was the highest-rated response. The result also suggests that 
about 90 percent of tobacco farmers will continue to be engaged in farm-
ing if required to abandon tobacco planting; they state that there is little 
prospect of being engaged in the non-agricultural sector. When farmers 
were asked which crop to substitute for tobacco, 77 percent stated that they 
would opt for groundnuts.

Respondents were also asked about the health consequences of engaging in 
tobacco farming. Farmers stated that curing tobacco leaves was the main 
source of poor health. 81.9 percent of respondents stated that they suffered 
from tobacco curing; 21.6 percent stated that they felt very ill during this 
process.

6.2 Area planted and harvested and earnings accruing
Table 3 shows the mean acreage, mean yield, and total revenue per acre for 
tobacco, maize and groundnuts.

Table 3. Mean acreage, output, and revenues according to the Tabora 
survey

Crop
Mean 

acreage*
Yield 
(kg)**

Yield 
(kg per acre)

Value per 
acre (TZS)***

Tobacco 2.23 1,209.4 542.3 1,326,796

Maize 2.33 1,224.1 525.4 367,724

Groundnut 1.44 533.4 370.4 488,688

Notes: *Outliers >10 acres excluded, ** outliers>10000kg excluded, ***outliers>10000000 
excluded.

The results in Table 3 clearly indicate that the value of the tobacco yield per 
acre is much higher than that of maize and groundnut. The survey results 
however showed the yield per acre for maize and groundnut as being highly 
underestimated. It was later observed that the value estimated referred to 
the amounts sold in the local market. For tobacco, the amount harvested is 
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equal to the amount sold. Maize is a staple diet and a large percentage of the 
amount harvested is consumed by the households themselves. Our survey 
result reports the amount sold (not produced). To a lesser extent this is also 
true for groundnuts. The underestimation was adjusted by considering the 
corresponding results from the 2007-2008 Tanzanian Agricultural Census 
(Tanzanian National Bureau of Statistics, 2011). Maize and groundnut yield 
per acre from the census is 1,290 and 940 kgs respectively. This estimate 
was used to replace our survey results. 

6.3 Estimation process
Two approaches were used to make a comparative earnings and cost analysis 
of the three commodities. The first was based on per acre while the second 
was based on per 30 man-days.

6.3.1 Total revenue per acre
Total revenue per acre for the three crops was obtained directly from our 
survey. We have already noted that the total revenue from maize was highly 
underestimated, while that from groundnut was also slightly underestimated. 
Consequently, they had to be adjusted; the method of adjustment has been 
described in section 6.2.

6.3.2 Total cost per acre
Based on our 2013 Tabora survey, we identified ten components of total 
cost, as indicated in Table 4 below. Other costs were either zero or insignifi-
cant and were not estimated. By far the major cost was labor. It was noted 
that the amount of hired labor was close to zero; only household labor was 
employed and the opportunity cost estimated as follows:

• Mean household size labor in terms of adult equivalent was estimated 
to be 3.7. This was obtained by asking household heads the number of 
household members capable of earning an income.

• We assumed 25 working days per month and 10 months per year; this 
amounted to 925 man-days per year. We believe that this is a conservative 
estimate; some experts in the area suggested that farmers are engaged 
in agriculture throughout the year.

• Based on expert opinion in the tobacco-growing area of Tabora, at least 
50 percent of household labor are engaged in tobacco farming while 10 
percent each are earmarked for maize and groundnuts; the remaining 
30 percent are allotted to other crops or other activities.

• In 2013, the year of the survey, the daily wage rate in rural Tabora was 
estimated to be TZS 2,500 or US$ 1.6.
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There were other costs estimated from the Tabora survey. 10 percent of the 
total fixed assets were estimated as part of yearly costs. Other costs included 
other assets used in agricultural farming, namely the cost of seeds, fertiliz-
ers, plastic files, firewood for tobacco curing as well as selling, handling, 
and other tobacco fees. Costs with almost zero values included expenses on 
extension services, chemicals, and agricultural taxes; in Tanzania farmers 
are exempted from paying agricultural taxes.

6.4 Estimated earnings and costs 
Table 4 gives detailed and itemized estimates of earnings and costs. All 
estimates are based on a per acre basis; one harvest per year is assumed for 
each crop.

Table 4. Comparison of revenues and costs from farming tobacco, 
maize, and groundnuts on a per acre basis (in US$)

Revenue and cost 
per acre

Sample 
size**

Tobacco 
(A)

Maize
(B)

Ground-
nuts (C)

Ratio 
(A/B)

Ratio 
(A/C)

Total Revenue 302 829.3 230.0 305.4 3.6 2.7

Costs

Labor 284 331.8 63.5 102.7 5.2 3.2

Fixed assets 281 5.7 0.2 0.3 28.5 19.0

Other assets 281 5.7 0.6 1.0 9.5 5.7

Seeds 281 38.2 4.5 8.1 8.5 4.7

Fertilizers 296 202.6 42.7 0.3 4.7 675.3

Plastic files 296 21.1 0.2 0.3 105.5 70.3

Other expenditure 296 7.7 0.2 0.3 38.5 25.7

Firewood for toast-
ing

264 50.0 0 0

Selling and han-
dling fees

296 0.5 0 0

Other fees 302 5.0 0 0

Total cost 668.3 111.9 113.0 6.0 6.0

Net earnings per 
acre

161.0 118.1 192.4 1.4 0.87

Notes: 

*Estimated man-days for tobacco, maize, and groundnuts are 462.5, 92.5, and 92.5 
respectively.

** Number of respondents.
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The following conclusions are drawn from Table 4:

• Gross total revenue per acre from tobacco is 3.6 times that of maize 
and 2.7 times that of groundnuts. In other words, groundnut appears 
to generate more revenue per acre when compared to maize.

• For the three crops in general and for tobacco in particular, the imputed 
total cost of labor constitutes a major portion of total cost.

• Gross total cost per acre for tobacco is 6.0 times that of maize and of 
groundnuts.

• Net total earnings per acre from tobacco are only 1.4 times that of 
maize; on the other hand, net revenue from tobacco is 13 percent less 
than that of groundnuts.

• The above results suggest that Tabora farmers are better off planting 
maize and groundnuts compared to growing tobacco.

• It is already noted that there can only be one harvest per year for tobacco, 
whereas for maize and groundnuts there could be three harvests per 
year. As noted earlier, our estimate assumes one harvest per year for 
each crop. This is likely to underestimate the net earnings potential 
from growing maize and groundnuts. 

• The above results do not take into consideration the cost of health 
hazards associated with tobacco farming.

 
An alternative approach for estimating earnings and cost from the three 
commodities is to make a comparison on per labor input. The latter is 
expressed in terms of 30 man-days. The results are given in Table 5.
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Table 5. Comparison of revenues and costs from farming tobacco, 
maize, and groundnuts on a per 30 man-days basis* (in US$)

Revenue and costs per 
30 man-days

Sample 
size**

Tobacco 
(A)

Maize 
(B)

Groundnuts
 (C)

Ratio 
(A/B)

Ratio 
(A/C)

Gross Revenue 302 120.1 172.0 142.0 0.7 0.9

Costs: 

Labor 284 739.2 148.8 148.8 5.0 5.0

Fixed assets 281 0.8 0.2 0.1 5.0 6.2

Other assets 281 0.8 0.3 0.5 2.7 1.6

Seeds 281 5.5 3.4 3.8 1.6 1.5

Fertilizer 296 29.3 32.3 0.1 0.9 225.4

Plastic files 296 0.3 0.2 0.1 1.5 2.3

Other expenditure 296 1.1 0.2 0.1 5.5 8.5

Firewood for toasting 264 7.2 0.0 0.0   

Selling and handling fees 296 0.1 0.0 0.0   

Other fees 302 0.7 0.0 0.0   

Total cost  785.0 185.4 153.6 4.2 5.1

Net revenue  -664.9 -13.4 -11.6 -49.8 -57.2

Notes: 

* Estimated man-days for tobacco are 462.5; the corresponding value for maize and 
groundnuts each is 92.5 man-days.

** Number of respondents.

A totally different picture emerges when revenue and costs are estimated on 
“per 30 man-days” basis. The imputed cost of labor increases significantly 
for tobacco. The following observations can be made:

• Based on 30 man-days, gross total revenue from tobacco is US$ 120.1 
while revenue from maize and groundnuts is US$ 172.0 and US$ 
142.0 respectively. In other words, when considering total revenue 
only, farmers appear to be better off growing groundnuts and maize 
compared to tobacco.

• Total cost of tobacco production is US$ 785.0 while that of maize and 
groundnuts is US$ 185.4 and US$ 153.6 respectively. 

• For tobacco, net revenue per 30 man-days is (in US$) -664.9; the 
corresponding net revenue for maize and ground nuts is -13.4 and 
-11.6 respectively.
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• It appears that, compared to tobacco, farmers are much better off 
growing groundnuts and to a lesser extent growing maize.

7. CONCLUSIONS

Based on our survey, the preceding results suggest that it may not be profitable 
for rural farmers in Tanzania to be engaged in tobacco farming, compared to 
the two other annual crops. The Tabora study suggests that farmers would 
be better off growing groundnuts and to a lesser extent maize. It is already 
noted that the gestation period for maize in the study area is about three 
months, whereas the gestation period for tobacco is about 9 to 10 months. 
Consequently, it is possible for maize farmers to have at least two harvests 
per year and thus double their net earnings. In other words, farmers would 
be much better off growing maize compared to tobacco. 

Farmers tend to consider gross earnings and not the corresponding total costs 
as well as the net earnings. Most major farmers do not seem to take account 
of the massive labor input needed for tobacco farming, and its effect on the 
net revenue per acre and per man-day. The government of Tanzania should 
consider formulating policy changes that would help farmers to shift from 
tobacco growing to more productive annual, or possibly perennial crops; 
or seek alternative employment. Such a policy shift would help to alleviate 
poverty by raising small-scale farmers’ income. 

The findings are based on the assumption that farm labor is fully utilized. 
The results also assume that farm laborers can readily be employed in other 
sectors of the economy at the prevailing daily rate of TZS 2,500 or US$ 1.6. 
Unfortunately, this does not seem to be the case. Alternative employment 
at this rate may be hard to come by.

The preceding results do not take into account the environmental degrada-
tion and the negative health impacts that emanate from tobacco farming. 
The massive deforestation in search of firewood for tobacco curing and 
the negative health impact of curing tobacco are not considered. Given the 
findings that tobacco growing is not economically optimal, policymakers 
should encourage and assist farmers to grow more profitable crops and de-
vising alternative, non-agricultural employment. This is one of the ways of 
alleviating rural poverty, while reducing cigarette consumption at a national 
and international level; this in turn will reduce the public and social costs 
of treating tobacco-related illnesses.
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3. Gender inequality implications for 
agricultural growth and non-monetary 
poverty in rural Cameroon 

Eric Patrick Feubi Pamen,1 Jean Tchitchoua,2 and Syrie Galex Soh3

Abstract
This paper highlights gender inequality and non-monetary poverty in rural Cam-
eroon. We focus on gender inequality in terms of consumption expenditures, based 
on the hypothesis that all household heads earn their income from agriculture. 
To capture the phenomenon, we use an entropy-based inequality index, namely 
the Bourguignon Index. To assess characteristics of rural non-monetary poverty, 
we use a multiple component analysis-based Non-Monetary Poverty Composite 
Index. Our results, which are based on the most recent cross-sectional data 
from the 2007 Third Cameroonian Households Consumption Survey (ECAM 
3), show that male-headed households contribute twice as much (2.7155) to 
within-group inequalities than do female-headed households; moreover female-
headed households tend to decrease (-0.053379) inequalities between men and 
women. We therefore conclude that gender inequalities are generally more acute 
in male-headed households, which is also the case for non-monetary poverty. The 
paper also reveals that factors of non-monetary poverty in rural areas consist 
particularly in housing characteristics (access to water, electricity etc.), and in 
distance to the nearest social basic infrastructure like roads, schools, hospitals, 
markets, etc. Evidence-based recommendations include improving accessibil-
ity to social basic infrastructures, to potable water, to electricity, and to make 
quality housing more available and affordable. A further recommendation is 
to ensure a gender-responsive perspective, together with government policies to 
promote inclusive agricultural economic growth and the economic empowerment 
of household heads. Such policy changes would make it easier for the country 
to achieve the UN’s Sustainable Development Goals (SDGs), and to improved 
outcomes for the post-2015 development agenda.

Key words: Gender inequality, rural non-monetary poverty, Multiple Compo-
nent Analysis, agriculture, Cameroon.

1 Eric Patrick Feubi Pamen, post-doctorate candidate (feubieric@yahoo.com / armer-
ic_63@yahoo.com, Phone: +237 699190362), Laboratory of Analysis and Research in 
Mathematical Economic [(LAREM), Po Box: 562, University of Yaoundé 2-Soa, Cam-
eroon] and CEDIMES (Campus de la Mondialisation et du Développement Durable, 
Site du Jardin Tropical de Paris, 45 bis Avenue de la Belle Gabrielle 94736 – Nogent sur 
Marne, France).
2 Jean Tchitchoua, senior lecturer (jtchouafr@yahoo.fr, Phone: +237 699 25 69 35), 
LAREM, Po Box: 12, University of Yaoundé 2-Soa, Cameroon.
3 Syrie Galex Soh, senior lecturer, (syriegalex@yahoo.com, Phone: +237 699 87 76 58), 
LAREM), Po Box: 400, University of Yaoundé 2-Soa, Cameroon.



Journal africain de statistiques, numéro 19, décembre 201658

Eric Patrick Feubi Pamen, Jean Tchitchoua, and Syrie Galex Soh 

Résumé
Ce document souligne l’inégalité entre les sexes et la pauvreté non monétaire 
dans le Cameroun rural. Nous nous concentrons sur les inégalités entre les sexes 
en termes de dépenses de consommation, se basant sur l’hypothèse que tous les 
chefs de ménage gagnent leurs revenus de l’agriculture. Pour saisir le phénomène, 
nous utilisons un indice d’inégalité basé sur l’entropie, à savoir l’indice Bour-
guignon. Pour évaluer les caractéristiques de la pauvreté rurale non monétaire, 
nous utilisons un indice composé de la pauvreté non monétaire basé sur l’analyse 
à composantes multiples. Nos résultats, qui sont basés sur les données transver-
sales les plus récentes du troisième Enquête sur la consommation des ménages 
du Cameroun de 2007 (ECAM 3), montrent que les ménages dirigés par des 
hommes contribuent deux fois plus (2.7155) aux inégalités intragroupe que les 
femmes chefs de ménage ménages; De plus, les ménages dirigés par une femme 
ont tendance à diminuer (-0,053379) les inégalités entre hommes et femmes. 
Nous concluons donc que les inégalités entre les sexes sont généralement plus 
aigus dans les ménages dirigés par un homme, ce qui est également le cas pour 
la pauvreté non monétaire. Le document révèle également que les facteurs de 
pauvreté non monétaire dans les zones rurales sont notamment les caractéris-
tiques du logement (accès à l’eau, électricité, etc.) et par rapport du distance 
de l’infrastructure sociale de base la plus proche comme les routes, les écoles, les 
hôpitaux, les marchés, etc. Des autres recommandations incluent l’amélioration 
de l’accessibilité aux infrastructures sociales de base à l’eau potable, à l’électricité 
et à rendre les logements de qualité plus accessibles et abordables. Une autre 
recommandation est d’assurer une perspective sensible au genre, ainsi que les 
politiques gouvernementales visant à promouvoir une croissance économique 
agricole inclusive et l’autonomisation économique des chefs de ménage. De tels 
changements de politiques permettraient au pays de réaliser plus facilement les 
objectifs de développement durable (SDG) des Nations Unies et d’améliorer les 
résultats pour le programme de développement après 2015.

Mots clés: Inégalité entre les sexes, pauvreté rurale non monétaire, Analyse de 
composantes multiples, agriculture, Cameroun.

1. INTRODUCTION

In 1961, the world was feeding 3.5 billion people by cultivating 1.37 billion 
hectares of land. A half century later, the world population had doubled to 
7 billion, while land under cultivation had increased by only 12 percent to 
1.53 billion hectares (Fuglie and Nin-Pratt, 2013). Due to the importance 
of agriculture in terms of job creation and rural development, agricultural 
extension continues to play a significant role in stimulating growth, reducing 
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poverty, and improving food and nutrition security in Africa. The 2012 
Global Food Policy Report (IFPRI, 2013) highlighted the fact that in many 
developing countries like Cameroon, the transformation of agriculture into a 
modern, competitive, and productive sector had accelerated in recent years. 
This is indicative of a more global phenomenon, since between 2001 and 
2010, world agricultural production grew at an average annual rate of 2.4 
percent, which is close to its historical average growth rate of 2.3 percent 
per year since the 1970s. 

Closer inspection reveals that global agricultural production entered a period 
of accelerated growth around 1995, after more than 20 years of gradually 
decreasing growth rates. At the same time, there has been a global shift in 
what kind of food is grown and where. In addition, the source of agricultural 
growth has changed over the past decades. Growth in Total Productivity Fac-
tor (TPF), which measures the output growth that does not come from input 
growth, accelerated substantially in the period 2001–2009 compared to the 
period 1971–2009 (Fuglie and Nin-Pratt, 2013). Until the late 1980s and 
even after, farmers achieved most of the growth by using more inputs such as 
land, fertilizers, and labor. This input intensification accounted for 90 percent 
of agricultural growth in the 1960s, 80 percent in the 1970s, and 75 percent 
in the 1980s. Starting in the 1990s, however, greater use of inputs accounted 
for less than 20 percent of agricultural growth, while more than 80 percent 
came from higher TPF, that is producing more with the same amount of in-
puts. Dr. Shenggen Fan (2013), Director-General of the International Food 
Policy Institute, highlights that the year 2012 witnessed far more focus being 
paid to the role of gender equality in agricultural growth and food security.

A wealth of recent evidence has shown that agricultural and “non-agricultural” 
reforms to increase women’s capacities, engagement, and access to productive 
resources can improve agricultural performance and food security (Meizen-
Dick and Quisumbing, 2013). The World Bank’s 2012 World Development 
Report and the FAO’s State of Food and Agriculture 2010–2011, for example, 
emphasized women’s important contribution to agriculture in developing 
countries like Cameroon. They focused on the agricultural productivity 
gains and nutritional benefits that can be reaped from greater gender equal-
ity. Increasing food security requires policies that most efficiently close the 
gender gap in women’s access to resources and services within and outside 
of agriculture, including education, health, extension, technologies, political 
institutions, and financial services. 

In addition, unemployment and under-employment have significant social 
and economic implications. Agricultural development in emerging countries 
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has the potential to improve food security and create jobs. However, young 
people in many developing countries often do not see farming as a viable 
and lucrative career, and they reject agriculture in favor of jobs in industry 
and the services sector in cities. The renewed commitment by government 
to tackle gender inequality in agriculture, job creation, and rural poverty 
in Cameroon was clearly articulated in the Growth and Employment Strat-
egy Paper (GESP) 2009. A major objective outlined in this paper was to 
eradicate extreme poverty and hunger by 2015, as prescribed in the Millen-
nium Declaration (Republic of Cameroon, 2012a), while the Rural Sector 
Development Strategy Paper (RSDSP) set out the modus operandi for the 
implementation of a second-generation agricultural system (Republic of 
Cameroon, 2010 and 2012b). 

In the current study, using data from the Third Cameroonian House-
hold Consumption Surveys (ECAM 3), we measure gender inequality in 
agricultural (rural areas) using the Dagum sub-group decomposition ap-
proach (Dagum, 1997a and 1997b; Dagum et al., 2012). We capture the 
determinants of rural poverty through an assets index built by applying the 
Multiple Component Analysis (Ritchie-Scott,1918; Pearson and Pearson, 
1922; Olsson, 1979; and Asselin, 2002, Asselin 2009). The implications 
for agricultural growth and job creation are discussed.

Although the focus on gender and employment is not new, it has not con-
sistently been acted upon. Agriculture in Cameroon in particular and in 
Africa in general should be seen not only as an instrument for economic 
growth and improved food security but also as a major employer of the 
region’s young people.

2. RECENT ADVANCES TOWARD GENDER EQUALITY, 
AGRICULTURAL GROWTH, JOB CREATION, AND AN END 
TO RURAL POVERTY

It is instructive to consider sustainable development as a process that affects 
the welfare of both present and future generations. Moreover women, as 
central figures of the household, fulfil various disparate roles as mothers, 
wives, carers, consumers and workers (whether engaged in paid or unpaid 
labor). They therefore have a major impact not only within the microcosm 
of the household but on a much larger scale, on the development process 
as a whole. In fact, as articulated by Gulce et al. (2012): 
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 “Women’s empowerment and gender equality are essential for sustainable 
development; as they are critical to all three of its dimensions: economic 
development, environmental protection, and social equity [ … ] The 
centrality of gender equality and women’s participation to secure truly 
sustainable solutions has been recognized in agreements adopted at the 
United Nations Conference on Sustainable Development (Rio+20), the 
United Nations Convention on Climate Change (UNFCCC), and at 
the United Nations Convention on Biodiversity (UN, CBD), among 
others.”

In addition, women’s economic empowerment is the single most important 
factor contributing to equality between women and men. A specific focus 
on women is therefore necessary, given the reality that women comprise 
the majority of economically disadvantaged groups. It is also important to 
mention that gendered power structures and social norms lock both women 
and men into roles that limit their productivity and ability to choose the 
lives they want to live. However, for the purposes of this paper, we focus 
on the economic empowerment of women, while also acknowledging the 
need to empower certain groups of disadvantaged men.

Empowerment refers to the process of change that gives individuals greater 
freedom of choice and action. The process of economic empowerment 
for women depends upon the availability of resources and skills; in real-
ity, women face obstacles in transforming resources into strategic choices. 
Paramount among the obstacles to women’s economic empowerment is 
society’s dependence on women’s unpaid work, both at home and in the 
market, especially in the agricultural sector. This leads to women’s increased 
time poverty, restricting their ability to engage in paid and formal work. 
Removing and overcoming many of the barriers to women’s economic 
empowerment, including care work disparities (looking after children and 
elderly relatives), will require structural changes within social institutions to 
actively promote gender equality and women’s rights. Women’s economic 
empowerment and gender equality also have strong linkages to poverty 
reduction, growth, and human development. Therefore, integrating gender 
goals and targets, and addressing gender equality and women’s economic 
empowerment issues across sectors will contribute to a pro-poor perspective 
which is essential to the successful implementation of the Cameroonian 
development strategy.
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3. LINKING ISSUES OF GENDER INEQUALITY, 
AGRICULTURAL GROWTH, JOB CREATION, AND RURAL 
POVERTY IN CAMEROON

Many studies have focused separately on issues of gender inequality, agricul-
tural growth, job creation, and rural poverty in Cameroon. We discuss the 
agricultural sector because this is where the majority of the poor live and 
work. Studies on poverty in Cameroon (Amin, 2001; Amin and Dubois 
(2000); World Bank, 1995; Njinkeu et al., 1996; Fambon et al., 2001) 
have shown that it is predominantly a rural phenomenon. Cameroon’s 
most recent household survey (ECAM 3) undertaken in 2007, reveals that 
55 percent of the nation’s poor live in rural areas (IFAD 2012). Women 
are particularly affected, since 52 percent of people in poor households are 
women and only 18 percent of rural women have secondary-level education, 
which hampers their life chances (ibid.). 

Cameroon’s agriculture falls under the primary sector of the economy. Ag-
riculture includes livestock, fishery, forestry, and crops. The crop subsector 
is further subdivided into (a) crops produced mainly for exports (export 
crops) and (b) crops produced mainly for domestic consumption (food 
crops). Crops comprise the largest agricultural subsector, accounting for 76 
percent of agricultural value (Amin, 2001), with all agricultural produc-
tion being undertaken in the rural areas mainly by small-scale farmers or 
smallholder producers. 

The different components of the agricultural sector are gradually changing 
over time. However, the crop subsector continues to be the major agricul-
tural contributor to Cameroon’s Gross Domestic Product (GDP), as well as 
being the main livelihood for the majority of the population. Amin (2001) 
analyzes the characteristics of rural poverty, shining a spotlight on female 
poverty, and revealing the urban and rural linkages based on the data of 
the first Cameroonian Households Consumption Surveys conducted in 
1996. In order to eradicate poverty, the paper suggests greater investment in 
agriculture and agriculture research. This, the paper suggests, will increase 
agricultural productivity and value addition. 

Other recent studies have focused on monetary poverty (Feubi Pamen et al., 
2010) and reveal this to be a growing problem in urban areas in Cameroon. 
Income disparities between males and females have been identified as a major 
obstacle to the process of economic development. The United Nations Millen-
nium Declaration of 2000 formalized gender equality and the empowerment 
of women as Millennium Development Goal 3 (Pradesha and Leroy, 2014). 
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The Human Development Index (HDI) was developed in 1990s by the 
United Nations Development Program and has been widely used to meas-
ure development progress or the lack of it. The HDI represents a landmark 
publication, showing not only how well a country is performing in terms 
of human development, but also how well it is performing relative to its 
peers. According to the latest Human Development World Report (UNDP, 
2015 relating to the latest data from 2014), Cameroon is ranked 153 out 
of 188 countries with a HDI of 0.512 in 2014 (it was 0.504 in 2013). This 
means that Cameroon has a poor level of human development. 

The original HDI did not disaggregate development indicators by gender. 
This was addressed in the 2010 Human Development Report 20th Anniversary 
Edition, which introduced the Gender Inequality Index or GII. The GII uses 
three broad dimensions to measure gender equality: reproductive health, 
empowerment, and the labor market. Within these three broad dimensions, 
the selected indicators for measurement comprise: maternal mortality ratio 
and adolescent birth rate (dimension 1: reproductive health), share of seats in 
national parliament and population with at least some secondary education 
(dimension 2: empowerment); and labor force participation rate (dimension 3: 
labor market). The weighted scores of the GII result in an overall score for 
Cameroon of 0.587 in 2014 (it was 0.622 in 2013) and it was ranked 153 
out of 188 countries. This value of the GII even if decreasing marginally, 
remains worse than that of neighboring Gabon, which was ranked 110 in 
2014 with a score of 0.514 (it was 0.508 in 2013). Even though the country 
index of Cameroon is improving, its position relative to other countries’ 
performance suggests that it needs to refocus on gender equality issues in 
order to accelerate its economic development. 

Finally, very few studies have been undertaken on gender inequality, agri-
cultural growth, job creation, and rural poverty in Cameroon. This paper 
attempts to fill that gap. In the following section, we highlight the meth-
odology and the data sources of the paper.

4. METHODOLOGY

In this study, we use cross-sectional data from the Third Cameroonian 
Households Consumption Surveys (ECAM 3) conducted from September 
to December 2007. The National Institute of Statistics (Republic of Camer-
oon, 2008) carried out the ECAM 3 which covered all the 10 (ten) regions 
of Cameroon in both urban and rural areas, using a sample size of 15,000 
households of which 12,000 were actually visited or interviewed. The data 
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were collected for 22 strata: 10 rural and 12 urban. In particular, Yaoundé 
and Douala were considered as separate strata, each of the ten (10) regions 
was divided into three strata: one rural, one urban, and one semi-urban. 

The sampling frame of ECAM 3 is based on the Second General Census of 
Population and Housing (GCPH) of 1987, augmented to correct for its age. 
To select households in semi-urban and rural areas in the survey, a three-
stage sampling frame was adopted following the sequence: city – primary 
sampling unit – household. With reference to the political and economic 
capitals (Yaoundé and Douala), a two-stage stratified probabilistic sampling 
was carried out to select households. The total sample is calculated based on 
20 percent of total population of the enumeration areas in Cameroon. The 
selection is based on probability proportional to size, which suggests that 
the selection of the total sample in enumeration areas follows the number 
of households living in that area. The final selection of households in each 
area, however, is randomly assigned. It follows that the sampling methodol-
ogy employed in this survey is a stratified random sampling, leading to a 
final sample size of 12,000 households, with about 6,247 rural households 
participating.

As far as gender inequality is concerned, we consider two groups of house-
holds living in rural areas. They are male-headed households (Group 1) and 
female-headed households (Group 2). We focus on inequalities in terms of 
consumption expenditure, with the assumption that all of those households 
earn their revenue or income from agriculture. For this purpose we built an 
inequality index through the generalized entropy law (Theil, 1967). The 
generalized entropy index of a parameter 
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creation, and rural poverty in Cameroon. This paper attempts to fill that gap. In the following 
section, we highlight the methodology and the data sources of the paper. 
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size of 15,000 households of which 12,000 were actually visited or interviewed. The data 
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With 𝑀𝑀!!! the geometric mean of incomes means  𝑟𝑟! 𝑗𝑗 = 1,2,… . . , 𝑘𝑘  of the k subgroups. 
Finally, 𝐵𝐵𝐵𝐵 = 𝐵𝐵𝐵𝐵! + 𝐵𝐵𝐵𝐵! 
 

As far as poverty is concerned, we focus on non-monetary poverty in rural areas and build a 
Non-Monetary Poverty Composite Index (NMPCI). This choice is because of our desire to 
eliminate arbitrariness in the calculation of such an index while avoiding redundancy in the 
selection of relevant dimensions of poverty (Asselin, 2002, 2009). In fact, we used a 
technique based on multivariate factor statistical analysis (the Multiple Component Analysis 
[MCA]), in order to aggregate various non-monetary dimensions of households wellbeing. 
The MCA method allows us to transform qualitative variables into quantitative ones by 
putting them into classes or by a binary encoding. In order to formulate our NMPCI, we first 
present some basic notations, and then we highlight elements of the NMPCI such as the Khi-
Deux distance, the factorial axis, and inertia of different clouds. This leads to the functional 
form of our NMPCI and its utilization for calculating of its values for each rural household. 

According to Lebart et al. (1995)4, let us consider: 
𝐼𝐼 = Set of rural households 𝑖𝑖 who have responded to a questionnaire. 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐼𝐼 = 𝑛𝑛 
Q = Set of questionnaires, 𝐽𝐽! = Set of all possible answers (modalities) to question q. 
𝐽𝐽 =∪ 𝐽𝐽! ∕ 𝑞𝑞 ∈ 𝑄𝑄  is the set of answers (response modalities) to all questions. 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐽𝐽 = 𝑝𝑝 ; 
X = Table of responses with n rows and p columns; 𝑥𝑥!" = 1 or 𝑥𝑥!" = 0 according to the 
modality chosen by a rural household 𝑖𝑖 for the question 𝑞𝑞. Such a table is called a complete 
disjunctive table. It is the juxtaposition of Q sub-tables: 𝑋𝑋 = 𝑋𝑋!,𝑋𝑋!,… .𝑋𝑋! … .𝑋𝑋! . 
 
The Multiple Component Analysis is the analysis of the table X or the one of the table 𝐵𝐵 =
𝑋𝑋!𝑋𝑋  called a Burt contingency table, with the general term: 𝑏𝑏!!! = 𝑥𝑥!"𝑥𝑥!!!!

!!! . There is an 
equivalence between the two analyses. 
 
The margins in rows of the table X are constant and equal to the number of questions (Q): 
𝑥𝑥! = 𝑥𝑥!" = 𝑄𝑄!
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areas and build a Non-Monetary Poverty Composite Index (NMPCI). This 
choice is because of our desire to eliminate arbitrariness in the calculation 
of such an index while avoiding redundancy in the selection of relevant 
dimensions of poverty (Asselin, 2002, 2009). In fact, we used a technique 
based on multivariate factor statistical analysis (the Multiple Component 
Analysis [MCA]), in order to aggregate various non-monetary dimensions of 
households’ wellbeing. The MCA method allows us to transform qualitative 
variables into quantitative ones by putting them into classes or by a binary 
encoding. In order to formulate our NMPCI, we first present some basic 
notations, and then we highlight elements of the NMPCI such as the Khi-
Deux distance, the factorial axis, and inertia of different clouds. This leads 
to the functional form of our NMPCI and its utilization for calculating of 
its values for each rural household.

According to Lebart et al. (1995)4, let us consider:

I = Set of rural households i who have responded to a questionnaire.  
Card I = n

4 See Bibi (2002).
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Q = Set of questionnaires, Jq = Set of all possible answers (modalities) to 
question q.
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The margins in columns correspond to the number of rural households who 
have chosen the modality j of the question q: 
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!
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For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 .

For each sub-table Xq , the total number is: 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

The sum of margins gives the total number x (total effective) of the table 
X, that is: 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

We fit each rural household i with an identical mass equals to 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 and 
each modality j is weighted by its frequency 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

As far as the Khi-Deux (X 2) distance is concerned, in the set 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 of real 
number, the distance between two modalities is expressed as 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

In the set 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 , the distance between two households i and i’ is given by: 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 
The distance between the modality j and the center of gravity of the cluster 
g is:
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

In terms of factorial axis, factors and formulation of inertia, we denote by 

D the matrix of order (j,j ’) with the same diagonal elements (number cor-

responding to each modality) like B, to find the factorial axis, we diagonalize 

the matrix: 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 

In the set 
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The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 , the equation of the a th factorial axis ua is : 
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!!!
!
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We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 
The equation of the 
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!!!
!
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We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 factor 
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!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 can be written as: 
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The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
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!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

Similarly, the equation of the 
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!
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We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  
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We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  
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!
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We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 is:
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We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

Between the two factors we have the following transition relations:
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We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 , and 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

The factorial coordinate of household i on the axis 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 is:

 

Page	8	of	17	

The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

Where p(i) is the set of modalities chosen by household i. The coordinate 
of the modality j on the axis 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 

The factorial coordinate of household 𝑖𝑖 on the axis 𝛼𝛼 is: 

𝜓𝜓!" = 𝜆𝜆!
!! ! 𝑥𝑥!"

𝑥𝑥!.

!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
!∈! !

 

Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
on the axis 𝛼𝛼  is 𝜑𝜑!" = 𝜆𝜆!

!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

 is 
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The margins in columns correspond to the number of rural households who have chosen the 
modality j of the question q: 𝑥𝑥! = 𝑥𝑥!"

!
!!!  . 

For each sub-table 𝑋𝑋! , the total number is:𝑥𝑥! = 𝑥𝑥.! = 𝑛𝑛!∈!  

The sum of margins gives the total number 𝑥𝑥 (total effective) of the table X, that is: 
𝑥𝑥 = 𝑥𝑥!" = 𝑛𝑛𝑛𝑛!

!!!
!
!!!  

We fit each rural household 𝑖𝑖 with an identical mass equals to 𝑚𝑚! =
!
!
  and each modality 𝑗𝑗 is 

weighted by its frequency 𝑚𝑚! =
!.!
!"

 

As far as the Khi-Deux 𝝌𝝌𝟐𝟐  distance is concerned, in the set ℝ! of real number, the distance 

between two modalities is expressed as 𝑑𝑑! 𝑗𝑗, 𝑗𝑗! = 𝑛𝑛!∈!
!!"
!.!
−

!!!!

!.!!

!
 

In the set  ℝ! , the distance between two households 𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖! is given by:  

𝑑𝑑! 𝑖𝑖, 𝑖𝑖! =
1
𝑄𝑄

𝑛𝑛
𝑥𝑥.!

𝑥𝑥!" − 𝑥𝑥!!!
!

!∈!

 

The distance between the modality 𝑗𝑗 and the center of gravity of the cluster 𝑔𝑔 is: 

𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛𝑑𝑑! 𝑗𝑗,𝑔𝑔 = 𝑛𝑛
𝑥𝑥!"
𝑥𝑥.!

−  
1
𝑛𝑛 =

𝑛𝑛
𝑥𝑥.!

 − 1
!

!!!
 

In terms of factorial axis, factors and formulation of inertia, we denote by D the matrix of 
order 𝑗𝑗, 𝑗𝑗!  with the same diagonal elements (number corresponding to each modality) like B, 
to find the factorial axis, we diagonalize the matrix: 𝑉𝑉 = !

!
𝑋𝑋!𝑋𝑋𝐷𝐷!! 

In the set ℝ! , the equation of the 𝛼𝛼!! factorial axis 𝑢𝑢!  is : !
!
𝑋𝑋!𝑋𝑋𝐷𝐷!!𝑢𝑢! = 𝜆𝜆!𝑢𝑢! 

The equation of the 𝛼𝛼!!  factor 𝜑𝜑! can be written as: !
!
𝐷𝐷!!𝑋𝑋!𝑋𝑋𝜑𝜑! = 𝜆𝜆!𝜑𝜑! 

Similarly, the equation of the 𝛼𝛼!!  factor 𝜓𝜓! in the set ℝ! is: 

1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋!𝜓𝜓! =
1
𝑄𝑄 𝑋𝑋𝐷𝐷

!!𝑋𝑋! = 𝜆𝜆!𝜓𝜓! 

Between the two factors we have the following transition relations: 𝜑𝜑! = 𝜆𝜆!
!! !𝐷𝐷!!𝑋𝑋!𝜓𝜓!, and 

𝜓𝜓! =
!
!
𝜆𝜆!
!! !𝑋𝑋𝜑𝜑! 
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!

!!!
𝜑𝜑!" =

1
𝑄𝑄 𝜆𝜆!

!! ! 𝜑𝜑!"
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Where 𝑝𝑝 𝑖𝑖  is the set of modalities chosen by household𝑖𝑖. The coordonate of the modality 𝑗𝑗 
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!! ! !!"
!.!
𝜓𝜓!" =

!
!.!
𝜆𝜆!
!! ! 𝜓𝜓!"!

!∈! !
!
!!!  

Where I(j) is the set of households who choose the modality j.

Then, the formulation of inertia is as follows: 

The inertia In(j) of the modality j is: 
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We deduce that the total inertia is: 𝐼𝐼! = 𝐼𝐼! 𝑞𝑞! = !.!
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The total inertia depends only on the number of variables and modalities, and not on the 
relations between variables. 

For the functional form of our NMPCI, let’s consider 𝑄𝑄 primary indicators (see Table 1) that 
reflect the living conditions of a given rural household such as source of water supply, the 
lighting mode or owning of any asset (TV set, radio set). The problem we want to solve is the 
following: how to aggregate these qualitative indicators into a single composite index that has 
the property of being a good summary of the information provided by the initial indicators, as 
far as household wellbeing is concerned. The basic idea is to summarize the information 
provided by these qualitative indicators into a single poverty index denoted 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁!.  

Table 1: Variables of non-monetary poverty for ECAM 3 

Variables for rural households from ECAM 3 

1-Education/Instruction of the household 

2-Health of the household 

3- Activities of the household 

4-Housing 

5- Household equipment 

6- Environment and household sanitation 

7- Access to social basic infrastructures 

8-Land, access to credit for production and social 

capital of the household/ 

Material and financial heritage, savings and social 

capital of the household 

9- Agriculture and rural activities 
Source: Authors’ formulation. 

Considering the above-mentioned notations, 

𝐽𝐽!  is the number of modalities of the indicator 𝑞𝑞; 

𝑊𝑊!
! is the weight given to the modality 𝑗𝑗, 𝑗𝑗 ∈  𝐽𝐽! and determined in a non arbitrary way 

through the MCA; 

While the inertia of the question is: 
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Considering the above-mentioned notations,

Jq is the number of modalities of the indicator q;

Wj
q is the weight given to the modality 
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arbitrary way through the MCA;
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xj
q is a variable that takes the value 1 when the household i choose the mo-

dality j and it takes the value 0 (zero) if not. Finally, the NMPCI for the 
household i is presented in the following functional form
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𝑥𝑥!
!is a variable that takes the value 1 when the household 𝑖𝑖 choose the modality 𝑗𝑗 and it takes 

the value 0 (𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧) if not. Finally, the NMPCI for the household 𝑖𝑖 is presented in the 

following functional form 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝐼𝐼! =
𝑊𝑊!

!𝑥𝑥!
!

!∈!!
!
!!!

𝑄𝑄  

For the household 𝑖𝑖, this index is simply an average of the weight of the binary variable 𝑥𝑥!
! . 

The weight 𝑊𝑊!
!, given to each component of the index 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁! is the normalized score 

(score5∕ 𝜆𝜆!
! ! ) of the modality 𝑥𝑥! obtained after implementation of MCA. The appropriate 

method that enables us to determine the weight 𝑊𝑊!
! is the MCA as proposed by Asselin 

(2002). In the literature, it is shown that MCA is a special case of the Generalized Component 
Analysis (GCA). Since our data (Third Cameroonian Households Consumption Survey 
(ECAM3) of 2007) include binary variables representing different modalities that can be 
taken by our primary indicators reflecting households’ living conditions, MCA is a better-
suited approach6. 
 
The construction of our NMPCI is based on an approach whose steps are as follows: 

We realize a fit of MCA on a set of available and relevant variables characterizing households 
living conditions. The first factorial axis of this MCA allows highlighting the non-monetary 
poverty and some analysis variable of the NMPCI. 

Considering the given criteria such as the First Factorial Axis Ordinal Consistency (FAOC), 
measures of discrimination, spread on the first factorial axis, the high frequency of non-
response and very low frequency of certain modalities, we reduce the number of variables 
from the first MCA. The main criterion we use is the FAOC. This criterion clearly describes a 
situation of wellbeing. Variables having the FAOC property obey the rule that the welfare 
decreases from a situation of wealth to a situation of poverty along the first factorial axis. If 
some variables are rejected because of the FAOC criterion, new combinations of modalities 
can reconsider them. A second MCA is then performed in order to improve on the 
explanatory power of the first factorial axis. 

From the results of this second MCA, we construct the NMPCI. We also define a non-
monetary poverty line. This non-arbitrary method classifies rural households into two groups 
according to the inertia criterion. Let us denote by 𝑄𝑄 a partition of the set 𝐼𝐼 of households into 
𝑞𝑞 classes (it is important to note that in the case of our study on non-monetary poverty in rural 
areas in Cameroon, we take 𝑞𝑞 = 2), 𝑄𝑄 is finite set of non empty parts 𝑞𝑞 of 𝐼𝐼 with an empty 
intersection and whose union is I. It is written as  

∀ 𝑞𝑞 ∈ 𝑄𝑄: 𝑞𝑞 ⊂ 𝑞𝑞, 𝑞𝑞!  ⊂ 𝑄𝑄: 𝑞𝑞⋂𝑞𝑞! = ∅ ⟺ 𝑞𝑞 ≠ 𝑞𝑞!; 𝐼𝐼 =∪ 𝑞𝑞 ∕ 𝑞𝑞 ∈ 𝑄𝑄  

																																																													
5 A score is the factorial coordinates on the first axis. 
6 It is important to notice that, in the literature several other methods are available and generally based on 
multivariate statistical analysis (see Feubi Pamen et al., 2010). 

For the household i, this index is simply an average of the weight of the 
binary variable xj

q . The weight Wj
q, given to each component of the index 

NMPCIi is the normalized score (score5/
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) of the modality xj obtained 
after implementation of MCA. The appropriate method that enables us 
to determine the weight Wj

q is the MCA as proposed by Asselin (2002). 
In the literature, it is shown that MCA is a special case of the Generalized 
Component Analysis (GCA). Since our data (Third Cameroonian House-
holds Consumption Survey (ECAM3) of 2007) include binary variables 
representing different modalities that can be taken by our primary indicators 
reflecting households’ living conditions, MCA is a better-suited approach6.

The construction of our NMPCI is based on an approach the steps of 
which are as follows:

We realize a fit of MCA on a set of available and relevant variables charac-
terizing households’ living conditions. The first factorial axis of this MCA 
allows highlighting the non-monetary poverty and some analysis variable 
of the NMPCI.

Considering the given criteria such as the First Factorial Axis Ordinal Con-
sistency (FAOC), measures of discrimination, spread on the first factorial 
axis, the high frequency of non-response, and very low frequency of certain 
modalities, we reduce the number of variables from the first MCA. The main 
criterion we use is the FAOC. This criterion clearly describes a situation 
of wellbeing. Variables having the FAOC property obey the rule that the 
welfare decreases from a situation of wealth to a situation of poverty along 
the first factorial axis. If some variables are rejected because of the FAOC 
criterion, new combinations of modalities can reconsider them. A second 
MCA is then performed in order to improve on the explanatory power of 
the first factorial axis.

5 A score is the factorial coordinates on the first axis.
6 It is important to notice that in the literature several other methods are available and 
generally based on multivariate statistical analysis (see Feubi Pamen et al., 2010).
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From the results of this second MCA, we construct the NMPCI. We also 
define a non-monetary poverty line. This non-arbitrary method classifies 
rural households into two groups according to the inertia criterion. Let 
us denote by Q a partition of the set I of households into q classes (it is 
important to note that in the case of our study on non-monetary poverty 
in rural areas in Cameroon, we take q = 2), Q is finite set of non empty 
parts q of I with an empty intersection and whose union is I. It is written as 
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The overall quality of a partition is related to the homogeneity within 
classes. In(g) being a constant quantity. It is therefore advisable to minimize 
the quantity relating to the within class inertia or even to maximize the 
quantity related to the between-classes inertia. The non-monetary poverty 
threshold is then determined as follows: 
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In this relation, max Ci
p is the maximum value of the NMPCI in the poor 

class, min Ci
p is the minimum value of the NMPCI in the non-poor class, mi

p 
is the weight of the poor class, and mi

R is the weight of the non-poor class.

5. RESULTS

The decomposition of the Bourguignon Index (BI) deduced in Section 4 
from the Dagum decomposition of this entropy-based index has been ap-
plied to the Cameroonian rural households’ income of 2008 partitioned 
in two subgroups: G1- Male-headed households and G2- Female-headed 
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households. Table 2 presents the decomposition of BI for the two groups 
of rural households.

Table 2: Bourguignon Index decomposition results

Name of the group  
All households 
(GTT)

Female-headed 
households 
(G2)

Male-headed 
households 
(G1)

Size of the group nj 3849 1041 2808

Total Income of the 
group

Rj 3833247752 824453619,4 3008794133

Mean income of the 
group

Mj 995907,4441 791982,3433 1071507,882

Share of the group/
total

Pj=nj/n 1 0.27045986 0.72954014

Inc of group/total 
Inc

Sj=Rj/R 1 0.215079659 0.784920341

Coef variation  5.5841E+11 5.06591E+11 5.5629E+11

L1 : Geometric Mean (Mugj) 830910.3187 667029.9686 901414.8835

L2 : Bourguignon index Within 
(Vector (Bwj)

0.181132 0.171704 0.172857

L3 : Weighted Bourguignon 
index Within (Vector (PjBwj)

0.172545 0.046439 0.126106

L4 : Bourguignon index between 
(Vector (Bbj)

0.008588 0.061966 -0.053379

Source: Authors’ formulation.

 
The BI computed for our entire sample takes a global value of BI = 0.1811320 
(Line L2). This value, as shown in Table 2, is made up of two components. 
A within-subgroup measure of inequalities (BIw = 0.172545 Line L3) and a 
between measure of inequalities (BIb = 0.008588 Line L4). We can see that, 
BI = BIw + BIb . Within-group inequalities (BIw = 0.172545 Line L3) represent 
around 95.25 percent of the total income inequality of rural households 
and between-group inequalities (BIb = 0.008588 Line L4) represent about 
4.70 percent of the total inequality. Moreover, the Bourguignon Index 
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shows that male-headed households account for twice the within-group 
inequalities (2.7155)7 compared to female-headed households whereas 
female-headed households tend to decrease inequalities between men and 
women (-0.053379). Finally, gender inequalities in rural areas of Cameroon 
seem to consist primarily of within-group inequalities and are more acute 
in male-headed households.

As far as non-monetary poverty in rural Cameroon is concerned, the MCA 
with 19 variables characterizing a sample size 6,247 rural households shows 
that, with respect to the FAOC criterion, the explanatory power of the first 
and the second factorial axis increases from 12.80 percent to 15.95 percent 
and from 5.31 percent to 6.93 percent respectively. 

6. DISCUSSION

Empirical evidence shows that gender inequalities and non-monetary pov-
erty are more acute in male-headed households in rural Cameroon than 
in female-headed households. The likely reason is that when a household 
lacks some basic commodities, a female head tries as much as possible to 
focus household’s revenue on current consumption expenditures relative 
to male-headed households. Policy recommendations are to improve ac-
cessibility to social basic infrastructure, to potable water, to electricity and 
better quality of housing in rural areas. It is also recommended to ensure 
a gender-responsive perspective, along with government policies that can 
promote inclusive agricultural economic growth and the economic empow-
erment of household heads. This could lead to better results in terms of the 
country’s attainment of the UN’s Sustainable Development Goals (SDGs), 
compared to the Millennium Development Goals (MDGs).
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4. Peer review of the General Revision  
of the National Consumer Price Index (CPI) 
in Uganda
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Abstract 
The African Development Bank (AfDB) undertook a peer review of the general 
revision of the Uganda national Consumer Price Index (CPI), following a request 
by the Uganda Bureau of Statistics (UBOS) in the last quarter of 2015. The 
process entailed scrutinizing specific methodological issues such as the compila-
tion of elementary aggregate indices, the stepwise aggregation of indices up to the 
all-items level, and adherence to the minimum expenditure thresholds for the 
inclusion in the CPI product list, among others. The process also focused on the 
concept of Household Final Monetary Consumption Expenditures (HFMCEs) 
used in the preparation of expenditure shares and the domestic concept. The use of 
the Classification of Individual Consumption According to Purpose (COICOP) 
also came to the fore, including the proper placement of product categories within 
the hierarchical arrangement. The general revision of the CPI provides an op-
portunity for incremental value addition. Whilst UBOS was commended for the 
general revision initiative, it was recommended that in future, the conduct of 
the mini Household Budget Survey (HBS), which complements the main HBS 
(2009/10), should be coordinated in a manner that ensures timely utilization 
of main HBS expenditure weights.

Key words: Household Budget Survey (HBS), Classification of Individual 
Consumption Expenditure According to Purpose (COICOP), Household Final 
Monetary Consumption Expenditure (HFMCE), Consumer Price Index (CPI), 
Elementary Aggregate Index (EAI).

Résumé
La Banque africaine de développement (BAD) a entrepris un examen par les 
pairs de la révision générale de l’indice national des prix à la consommation 
(IPC) au dernier trimestre de 2015, suite à une demande du Bureau des statis-
tiques de l’Ouganda (UBOS). Le processus a consisté d’examiner des questions 
méthodologiques spécifiques telles que la compilation d’indices d’agrégats élé-
mentaires, l’agrégation par étapes des indices jusqu’au niveau de tous les produits 
et le respect des seuils minimaux de dépenses pour l’inclusion dans la liste des 
produits de l’IPC, entre autres. Le processus a également porté sur le concept 
de dépenses finales de consommation monétaire des ménages (HFMCE) utilisé 

1 This article was prepared by the Statistical Capacity Building Division of the Statistics 
Department of the African Development Bank, under the leadership of Mr. Fessou Emes-
san Lawson.
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dans la préparation des parts de dépenses et le concept domestique. L’utilisation 
de la Classification des fonctions de consommation des menages (COICOP) 
est également apparue au premier plan, y compris le placement approprié des 
catégories de produits dans l’arrangement hiérarchique. La révision générale de 
l’IPC offre une possibilité d’ajout de valeur supplémentaire. Bien que l’UBOS 
ait été félicitée pour l’initiative de révision générale, il a été recommandé qu’à 
l’avenir, la conduite du mini sondage sur le budget des ménages (HBS), qui 
complète le HBS principal (2009/10), devrait être coordonnée de manière à 
assurer une utilisation rapide des principaux ponderations des dépenses de HBS.

Mots clés: Enquête sur le budget des ménages (HBS), Classification des fonc-
tions de consommation des dépenses (COICOP), Dépenses de consommation 
finale des ménages (HFMCE), Indice des prix à la consommation (IPC), Indice 
d’agrégation élémentaire (EAI).

1. INTRODUCTION

In the context of its ongoing Statistical Capacity Building program, the 
African Development Bank (AfDB) embarked on a week-long peer review 
of the national CPI from October 5 to 9, 2015 in response to a request by 
the Uganda Bureau of Statistics (UBOS). This was the first ever peer review 
of the national CPI practices at country level. It followed the successful 
implementation of peer reviews of national accounts practices in selected 
African countries in 2013. 

The Uganda national Consumer Price Index (CPI) dates back to the 1960s 
and has undergone several general revisions since then. Before independence, 
the national CPI was referred to as the Cost of Living Index. The Uganda 
unit of the East African Statistical Department in the then East African 
Commission compiled the national CPI, which at that time covered only 
the high-income population. The Cost of Living Index series only covered 
the capital city of Kampala and used data collected from markets and retail 
shops visited by the high-income population. The series covered a period 
of 15 years from 1963 to 1978.

After independence in 1962, the responsibility of compiling the national 
CPI was transferred to the then Statistics Department in the Ministry of 
Planning and Economic Development. The first general revision of the CPI 
was carried out by the Statistics Department, based on results of the 1989 
Uganda National Household Survey (UNHS). During the general revision, 
the geographical coverage was expanded from the capital city, Kampala, to 
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five other urban centers (Kampala, Jinja, Mbale, Masaka, and Mbarara) and 
with wider product coverage. The price and index reference period for the 
Index was September 1989.

The same department also carried out the second general revision of the 
CPI. The price and index reference period was changed from September 
1989 to the 1997/98 financial year, with July 1997 to June 1998 as the 
price and index reference period. This was done using the weights derived 
mainly from results of the 1997 Household Integrated Survey (HIS) data. 
During the general revision exercise, the number of urban centers was in-
creased from five to six following the introduction of Gulu urban center.

The department was transformed into the Uganda Bureau of Statistics 
(UBOS) under the 1998 UBOS Act of Parliament. The general revision 
of the CPI was carried out by UBOS, changing the weight, price, and 
index reference periods from the financial year 1997/98 to 2005/06. 
The household expenditure weights were computed using results mainly 
from the 2005/06 Uganda National Household Survey (UNHS) III. A 
seventh urban center, Arua, was introduced into the index to improve the 
geographical coverage. The number of Elementary Aggregates (EAs) also 
increased from 125 to 276.

Currently, price collection for the CPI is done from seven urban centers: 
Kampala, Jinja, Mbale, Masaka, Mbarara, Gulu, and Arua. Apart from 
Kampala, each of the urban centers has its own fixed consumption basket of 
goods and services based on the expenditure pattern of that particular area. 
Kampala has two consumption baskets: Kampala high-income and Kampala 
middle- & low-income. In total, there are eight consumption baskets used 
to compute the national CPI. An index for each of the eight consump-
tion baskets is computed and disseminated separately. The eight indices 
are subsequently aggregated to derive the weighted all-items national CPI.

As at October 2015, UBOS was undertaking the latest general revision of 
the national CPI. The main data source for the general revision exercise 
was the Uganda National Household Survey (UNHS) IV, conducted from 
May 2009 to April 2010. The data from the UNHS IV results provided 
household expenditures that reflect recent household consumption patterns 
in Uganda. 

UBOS conducted a mini HBS in 2014 to assist in the disaggregation of 
the UNHS data. The results were used together with national accounts and 
other data sources to compute the expenditure values and shares for different 
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categories of goods and services in the capital city and for the consumption 
baskets from other selected urban areas.

It is against this background that the AfDB Peer Reviewers were invited to 
carry out the following tasks among others:

• Review the classification used for the new CPI (Classification of 
Individual Consumption According to Purpose);

• Review the methods used for the calculation of weights;
• Identify possible areas of improvements, if any; and
• Provide recommendations on ways to improve the process.

2. RESOURCES AND INFRASTRUCTURE

The Uganda CPI is compiled by UBOS, a semi-autonomous body under 
the Ministry of Finance, Planning and Economic Development. The peer 
review mission undertook a review of the human resources and infrastruc-
ture available to the UBOS-Prices Section, with the aim of ascertaining its 
capability to compile and disseminate the proposed revised CPI on a timely 
basis. A Principal Statistician currently heads the Price Statistics Section at 
UBOS; below the Principal Statistician is a senior statistician, four statisti-
cians, twelve permanent semi-professional members of staff, and several 
other temporary semi-professionals. The section has three vehicles at its 
disposal, plus about thirty computers and four laptops.

It was observed that monthly price collection for the CPI is carried out 
in Kampala and seven other urban centers. Some of the permanent and 
temporary semi-professional members of staff are price collectors, while 
four statisticians and a few experienced semi-professionals carry out the 
field supervision. Other than the salary payments, UBOS also facilitates 
field data collectors by providing transport, a daily subsistence allowance, 
and funds to purchase specific and relevant items sold in markets with no 
standard units of measurement.

The Peer Reviewers confirmed that UBOS has the expertise, resources, and 
an enabling infrastructure to sustainably compile from month to month 
the revised CPI with its desired features, namely, the new classification and 
expanded product and geographical coverage. The Reviewers further advised 
that where further geographical expansion was envisaged, more human, 
equipment, and financial resources were bound to be deployed.
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3. COMPILATION OF THE REVISED UGANDA CONSUMER 
PRICE INDEX

UBOS has the responsibility to compile the national CPI, plus the national 
Harmonized Consumer Price Index (HCPI) for the Common Market for 
Eastern and Southern Africa (COMESA) and for the East African Com-
munity (EAC). In all cases, UBOS follows internationally accepted best 
practices adhering to existing national and regional regulations. In this regard, 
according to the HCPI for COMESA and EAC regulations, the household 
expenditure weights should be no more than seven years old compared to 
the current period. It was therefore in pursuit of this regulation that the 
CPI weights should reflect or utilize data from a recent HBS. 

One specific objective of carrying out the general revision of the Uganda 
CPI was to update the current eight baskets of goods and services, together 
with their relative importance, from the 2005/2006 financial year to the 
2009/2010 financial year, to reflect recent expenditure patterns of the 
Ugandan households. While doing this, UBOS also committed to the 
improvement and use of methodologies that align to international best 
practice, and which are relevant and practicable to Ugandan conditions 
for computing the CPI.

It was noted that the geographical coverage of the CPI was scheduled for 
expansion with the introduction of another urban center from the Western 
Region (Fort Portal). The quality of the Kampala CPI was set for improve-
ment by stratifying it further through splitting the Kampala basket from 
two to three consumption baskets (i.e. low-income, middle-income, and 
high-income). 

As part of the general revision process, UBOS carried out a number of 
specific activities, including the following:

• Making changes to the basket weights by scaling the total sum of the 
weights from 100 to 1000;

• Item prices were collected and used to compute the revised indices for 
particular elementary aggregates;

• Prices of items in the outgoing CPI but still representative in the revised 
CPI were factored into the preliminary computations; 

• Newly introduced items whose prices were collected during the 2011 
International Comparison Program (ICP) round of activities had been 
factored in the preliminary computations; 
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• Prices of newly introduced Items that did not fit into either of the above 
categories were estimated and available for use.

 
Using the above set of prices, the Reviewers observed that UBOS had effected 
preliminary computations of the new CPI in three stages. Firstly, came the 
computation of the Elementary Aggregate Indices (EAIs) for each basket; 
secondly, the computation of the Higher Level Indices for each consump-
tion basket; and thirdly, the aggregation of the income groups and regional 
indices to the weighted National Indices.

4. CLASSIFICATION OF GOODS AND SERVICES

Based on the classification for the outgoing national CPI, it was observed that 
there were 8 groups, 35 sub-groups, and 276 Elementary Aggregates (EAs). 
Individual sub-group indices were computed for each of the eight baskets 
and for the composite basket, although they were not officially published. 
The national classification was used to categorize Elementary Aggregates 
(EAs) into sub-groups and sub-groups into groups. The eight groups in the 
old Uganda CPI are shown in Table 1: The new classification used for the 
new Uganda CPI is shown in the Appendix to this article.

Table 1. Old or outgoing national Consumer Price Index (CPI) 
expenditure categories

• Food

• Beverages and Tobacco

• Clothing and Footwear

• Rent, Fuel and Utilities

• Household and PersonalGoods

• Transport and Communication

• Education

• Health, Entertainment and Other Goods and Services.

The Reviewers noted and appreciated UBOS’s intention to update the lists 
of goods and services in each of the eight existing baskets. Also of note was 
the effort made to utilize other internationally recommended best practices. 
A particularly good undertaking was the intention to change the classifica-
tion from a national one to the internationally recommended COICOP. 
COICOP is an integral part of the 1993 System of National Accounts 
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(SNA) whereby household expenditure goods and services are classified 
according to their purpose.

UBOS was commended for adopting COICOP classification in the revised 
CPI. However, from the worksheets provided, a few cases of misclassifica-
tions were identified and rearrangements were suggested and implemented 
before the end of the mission.

5. HOUSEHOLD EXPENDITURE WEIGHTS

The weights for the CPI represent the proportion of consumption expenditures 
by households in a specific period. The minimum level at which weights exist 
is called the Elementary Aggregate in the CPI. The weights reflect the relative 
importance of each Elementary Aggregate in the all-items index. The effect 
that a price change for a good or service has on the overall index is determined 
by the weight attached to it. The percentage change in the CPI between 
two periods provides the rate of inflation. The item prices are updated on a 
monthly, quarterly, or annual basis, while the weights are normally updated 
every five years. An interim change of the weights can be made on an annual 
basis, provided there are adequate data to inform the process.

The Reviewers noted that the revised CPI used the following sources of 
data to compute the expenditure weights:

• Results of the UNHS IV 2009/2010 Household Expenditure data;
• Results of the 2014 Mini Household Budget Survey;
• Results of the Tourist Expenditure and Motivation Survey, 2012 giving 

information on expenditure by tourist and foreign visitors in Uganda;
• Informal cross border trade provides information on exports for 

household consumption; and
• Individual Consumption data are obtained from the UBOS National 

Accounts Section. 
 
UBOS computed the following sets of weights as part of the general revi-
sion of the national CPI:

• Weights for goods and services within each consumption basket (10 
baskets);

• Weights for each consumption basket at the national level; and
• Weights for the National Index.
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It was also noted that UBOS used five approaches during the entire process 
to compute weights for the revised CPI. These included adherence to the 
following international definitions of terms and classifications:

• Household Final Monetary Consumption Expenditure (HFMCE); 
whereby only household consumption expenditures were used (i.e. non 
household expenditures were excluded). The use of HFMCE meant that 
non-monetary expenditures and business and investment expenditures 
were excluded. 

• Domestic Concept; individual and household final consumption 
expenditures made by domestic residents, foreign residents, and non-
residents on the economic territory of Uganda were included during the 
computation of weights. This means that non-business consumption 
expenditure made by visiting foreign households were included during the 
computation of the weights. It also implies that household consumption 
expenditures made outside the economic territory of Uganda were 
excluded.

• Exclusion Criteria; All illegal and black-market transactions such 
as prostitution, gambling, and the sale of narcotics were excluded. 
Expenditure on life insurance is regarded as a saving rather than final 
consumption expenditure by individuals and hence is excluded. For 
practical reasons, Financial Intermediation Services Indirectly Measured 
(FISIM) were also excluded during the compilation of the revised CPI. 

• The Plutocratic Method was used to compute expenditure data as opposed 
to the democratic approach. This implies that household expenditures 
used to compute weights were an aggregation of all income classes.

• A Fixed Weight Approach was used during the computation of weights 
for strongly seasonal products whilst weakly seasonal products were 
treated like any other items/products in the CPI.

 
Household expenditure weights data sets were provided to Reviewers for 
scrutiny. It was observed that expenditure shares for individual products 
or group of products in the CPI basket were computed and their total sum 
added up to 1,000. 

The Uganda CPI regulations clearly stipulate that for any product or group 
of products to qualify as Elementary Aggregates, its weight has to be equal 
or higher than the cut-off point set at 1 part per 1,000 or 0.1 percent. The 
Reviewers found that there were still some elementary aggregates in some of 
the consumption baskets that did not qualify according to this cut-off point 
but were still included with explicit weights in the consumption baskets. 
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5.1 Recommendation
The Reviewers recommended that expenditures for such Elementary Ag-
gregates be proportionally redistributed among the Elementary Aggregates 
within the same COICOP class. Alternatively, expenditures for such EAs 
could be combined to form new Elementary Aggregates, provided there exist 
a homogeneity of products amongst themselves. The third alternative is that 
such expenditure values could be added to those EAs that were above the 
threshold but whose products were judged to be homogeneous and hence 
form new Elementary Aggregates.

6. ELEMENTARY AGGREGATES 

Compilers of the CPI have to select representative items within each el-
ementary aggregate (EA) followed by the collection of prices for each of 
the sampled items, usually from a sample of different outlets. Item prices 
are generally collected over time. An Elementary Aggregate Price Index is 
calculated from two sets of matched price observations.

The price index for higher-level aggregates is calculated as a weighted aver-
age of the price indices of its sub-aggregates. The lowest-level aggregates are 
called Elementary Aggregates. The EAs form the building-blocks of the CPI; 
the choice of an inappropriate formula at this level can have a tremendous 
effect on the overall index. The definition of an EA involves aggregation 
over four possible dimensions:

• A time dimension: the item unit value could be calculated for all-item 
transactions for a certain period such as a year, month, week, or day.

• A spatial dimension: the item unit value could be calculated for all-
item transactions in the country, province, city, or individual location.

• A product dimension: the item unit value could be calculated for all-
item transactions in a broad general category (e.g. food), in a more 
specific category (e.g. margarine), for a particular brand (ignoring any 
particular size), or for a particular narrowly defined item.

• A sectoral dimension: the item unit value could be calculated for a 
particular class of households or a particular class of outlets.

 
At the level of Elementary Aggregate indices for the revised Ugandan CPI, 
the geometric mean (GM) commonly referred to as “the Jevons” is used 
ahead of the Carli and the Dutot. This is the ratio of the unweighted geo-
metric mean of price relatives of successive monthly prices for each of the 
relevant items included in the EAs.
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Formula:

Geometric mean, GM = It/0 = 

� A product dimension: the item unit value could be calculated for all-item transactions in 
a broad general category (e.g. food), in a more specific category (e.g. margarine), for a 
particular brand (ignoring any particular size), or for a particular narrowly defined item. 

� A sectoral dimension: the item unit value could be calculated for a particular class of 
households or a particular class of outlets. 

At the level of Elementary Aggregate indices for the revised Ugandan CPI, the geometric mean 
(GM) commonly referred to as “the Jevons” is used ahead of the Carli and the Dutot. This is the 
ratio of the unweighted geometric mean of price relatives of successive monthly prices for each 
of the relevant items included in the EAs. 

 
Formula: 

𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎,𝑮𝑮𝑮𝑮 = 𝑰𝑰𝒕𝒕/𝟎𝟎 =
𝑷𝑷𝒊𝒊𝒕𝒕

𝑷𝑷𝒊𝒊𝒐𝒐𝒊𝒊

𝟏𝟏
𝒏𝒏

=  
𝑷𝑷𝒊𝒊𝒕𝒕𝒊𝒊

𝟏𝟏
𝒏𝒏

( 𝑷𝑷𝒊𝒊𝟎𝟎𝒊𝒊 )
𝟏𝟏
𝒏𝒏

 

 
Where P!! to P!! are obtained in the base period and matching prices P!! to P!! 

are obtained for the same item in the subsequent month t  

UBOS adheres to all four dimensions since: 
 

� The compilation of EA indices is undertaken on a monthly basis (time dimension) ;  
� The elementary aggregates are calculated per region (spatial dimension) ; 
� The compilation employs specific categories (product dimension) ; and 
� Also refers to different classes of households in Kampala (sectoral dimension). 

 
 
7. COMPILATION OF HIGHER-LEVEL INDICES 
 
When the Elementary Aggregate indices have been compiled, the next step is usually to 
aggregate them into higher-level indices (sometimes referred to as upper-level aggregate 
indices). This is a weighted aggregation whereby to obtain higher-level indices, a weighted sum 
of lower-level sub-indices is applied. The methodology adopted is to “roll up” index values from 
commodities to sub-groups, from sub-groupings to groups, and from groups to divisions and 
eventually to the all-items index. 
 
UBOS uses the indirect method in computing item indices for the revised national CPI. This is 
particularly commendable since it is in line with internationally accepted best practices. It has the 
advantage of facilitating replacement of obsolete items and/or those that, for various reasons, 
disappear from the markets from time to time. The indirect method used by the UBOS is such 

 
Where Pi

o to Pi
O are obtained in the base period and matching prices Pi

1 to 
Pi

1 are obtained for the same item in the subsequent month t.

UBOS adheres to all four dimensions since:

• The compilation of EA indices is undertaken on a monthly basis (time 
dimension); 

• The elementary aggregates are calculated per region (spatial dimension);
• The compilation employs specific categories (product dimension); and
• The compilation refers to different classes of households in Kampala 

(sectoral dimension).

7. COMPILATION OF HIGHER-LEVEL INDICES

When the Elementary Aggregate indices have been compiled, the next step 
is usually to aggregate them into higher-level indices (sometimes referred to 
as upper-level aggregate indices). This is a weighted aggregation whereby 
a weighted sum of lower-level sub-indices is applied. The methodology 
adopted is to “roll up” index values from commodities to sub-groups, from 
sub-groupings to groups, from groups to divisions, and eventually to the 
all-items index.

UBOS uses the indirect method in computing item indices for the revised 
national CPI. This is commendable since it is in line with internationally 
accepted best practices. It has the advantage of facilitating replacement of 
obsolete items and/or those that, for various reasons, disappear from the 
markets from time to time. The indirect method used by the UBOS is such 
that the index value in the current month “k” is equal to the index value of 
the previous month, multiplied by the price relative between the current 
and the previous month. 

The Peer Reviewers also examined some MS EXCEL aggregation formulae 
used in the preliminary computations for all the baskets and found them 
to be statistically consistent and accurate. 
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8. RECOMMENDATIONS

The following recommendations are intended to provide practical advice 
to inform the next general revision of the CPI:

• Considering that more than five years had elapsed since the UNHS had 
been carried out in 2009/10, UBOS was encouraged to speed up the 
general revision process as the weights were slowly getting out of date.

• UBOS was commended for migrating from their national to COICOP 
classification. However, it was pointed out that users should be informed 
about practical difficulties related to index linkage challenges that 
are inevitable under such circumstances. Where possible, COICOP 
classification and recalculations could be done at least for the last few 
years to address the linkage challenges of the outgoing relative to the 
incoming CPI series.

• The expansion in geographical coverage to include more data collection 
areas was recommended as one of the steps bound to improve the 
representativeness of the prices from the targeted regions. The 
disaggregation of Kampala into high-, middle- and low-income categories 
was set to improve the homogeneity of the baskets, since expenditure 
patterns are known to follow income-level patterns.

• Elementary aggregates in the regional baskets were supposed to be 
reviewed to ensure that they all meet the one part per thousand threshold, 
as set out in the Uganda CPI regulations.

• Elementary and higher-level indices for the regions were recalculated 
based on new weights after ascertaining that all weights met the one 
part per thousand threshold. The regional/ income-level indices were 
to be aggregated into the national indices.

• It was recommended that in future all efforts should be applied to ensure 
that a mini-HBS follows shortly after the UNHS. This was viewed as 
crucial, given that the mini-HBS provides the basis for disaggregation 
of the otherwise too aggregated expenditure values in the UNHS. 
Such coordination would mean the general revision is done whilst the 
household expenditure weights are relatively new.

9. CONCLUSION

It was observed that UBOS was on course to successfully conclude the gen-
eral revision of the national CPI using data from the 2009/10 UNHS. As at 
October 2015, considerable steps had been accomplished. The mini-HBS 
and other data sources used to disaggregate the main survey results and to 
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correct for any underestimation of expenditures in the UNHS were in place. 
The entire process was set for completion prior to the launch beginning 
with the indices for January 2016.
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APPENDIX

CLASSIFICATION OF INDIVIDUAL CONSUMPTION 
ACCORDING TO PURPOSE (COICOP) IN THE REVISED 
UGANDA CPI
CODES PARTICULARS

D
IV

IS
IO

N

G
R

O
U

P

C
L

A
SS

SU
B

-C
L

A
SS

E
A

 

01     
FOOD AND NON-ALCOHOLIC 
BEVERAGES

 01.1    FOOD 

  01.1.1   Bread and cereals

   01.1.1.1  Rice

    01.1.1.1.01
Pakistan rice, Basmati rice, long grain 
rice – family pack

    01.1.1.1.02 Other rice

   01.1.1.2  Bread

    01.1.1.2.01 Bread

    01.1.1.2.02 Bread (buns) 

   01.1.1.3  Pasta products

    01.1.1.3.01 Macaroni

    01.1.1.3.02 Spaghetti

   01.1.1.4  Pastry-cook products

    01.1.1.4.01 Biscuits 

    01.1.1.4.02 Cakes

    01.1.1.4.03 Doughnuts

   01.1.1.5  Other Products

    01.1.1.5.01 Maize flour 

    01.1.1.5.02 Millet flour

    01.1.1.5.03 Whole grain maize

    01.1.1.5.04 Cornflakes (e.g. Kellogg’s)

  01.1.2   Meat 

   01.1.2.1  
Fresh, chilled or frozen meat of bo-
vine animals

    01.1.2.1.01 Meat (beef with bones)
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CODES PARTICULARS
D
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    01.1.2.1.02 Beef offal/Goat/Goat tripe

    01.1.2.1.03 Beef liver

   01.1.2.2  Fresh, chilled or frozen meat of swine

    01.1.2.2.01 Pork

   01.1.2.3  
Fresh, chilled or frozen meat of sheep 
and goat

    01.1.2.3.01 Goats’ meat

   01.1.2.4  
Fresh, chilled or frozen meat of 
poultry

    01.1.2.4.01 Traditionally bred live chicken

    01.1.2.4.02 Live chicken off layer

   01.1.2.5  
Dried, salted or smoked meat and ed-
ible meat offal

    01.1.2.5.01 Sausage

   01.1.2.6  
Other preserved or processed meat 
and meat preparations

   01.1.2.7  
Other fresh, chilled or frozen edible 
meat

  01.1.3   Fish and seafood

   01.1.3.1  Fresh, chilled or frozen fish

    01.1.3.1.01 Tilapia fresh

    01.1.3.1.02 Nile perch fresh

   01.1.3.2  Fresh, chilled or frozen seafood

   01.1.3.3  
Dried, smoked or salted fish and 
seafood

    01.1.3.3.01 Dried kapenta (Mukene)

    01.1.3.3.02 Smoked nile perch

    01.1.3.3.03 Smoked Tilapia

    01.1.3.3.04 Dried Angara

   01.1.3.4  
Other preserved or processed fish and 
seafood and fish and seafood prepara-
tions
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  01.1.4   Milk, cheese and eggs 

   01.1.4.1  Whole milk

    01.1.4.1.01 Milk – fresh unskimmed, sold loose

    01.1.4.1.02 Milk – fresh unskimmed, packed

   01.1.4.2  Low fat milk

   01.1.4.3  Preserved milk

    01.1.4.3.01 Milk, powdered

   01.1.4.4  Yoghurt

    01.1.4.4.01 Yoghurt

   01.1.4.5  Cheese and curd

   01.1.4.6  Other milk products

    01.1.4.6.01 Ghee unprocessed

   01.1.4.3  Eggs

    01.1.4.3.01 Eggs, exotic production

  01.1.5   Oils and fats

   01.1.5.1  Butter

   01.1.5.2  Margarine and other vegetable fats

    01.1.5.2.01 Margarine

   01.1.5.3  Olive oil

    01.1.5.3.01 Olive oil

   01.1.5.4  Edible oils

    01.1.5.4.01 Refined oil 

   01.1.5.5  Other edible animal fats

  01.1.6   Fruits

   01.1.6.1  Citrus fruits (fresh, chilled or frozen)

    01.1.6.1.01 Oranges

   01.1.6.2  Bananas (fresh, chilled or frozen)

    01.1.6.2.01 Cooking bananas (Matoke)

    01.1.6.2.02 Bananas, short finger (Ndiizi)

    01.1.6.2.03 Banansa, standard (Bogoya)
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   01.1.6.3  Apples (fresh, chilled or frozen)

    01.1.6.3.01 Apples, typical local variety

   01.1.6.4  Pears (fresh, chilled or frozen)

   01.1.6.5  Stone fruits (fresh, chilled or frozen)

    01.1.6.5.01 Avocado

   01.1.6.6  Berries (fresh, chilled or frozen)

   01.1.6.7  Other fresh, chilled or frozen fruits

    01.1.6.7.01 Passion fruit

    01.1.6.7.02 Watermelon

    01.1.6.7.03 Papaya

    01.1.6.7.04 Pineapple

    01.1.6.7.05 Mango

   01.1.6.8  Dried Fruit

    01.1.6.8.01 Groundnuts (unpounded)

   01.1.6.9  
Preserved fruit and fruit-based prod-
ucts

    01.1.6.9.01 Roasted groundnuts

  01.1.7   Vegetables

   01.1.7.1  
Leaf and stem vegetables (fresh, 
chilled or frozen)

    01.1.7.1.01
Nakati/Dodo/Bbuga/Jobyo/Akeyo/En-
sugga/ Malakwanga

   01.1.7.2  Cabbages (fresh or chilled)

    01.1.7.2.01 Green cabbage

   01.1.7.3  
Vegetable cultivated for their fruit 
(fresh, chilled or frozen)

    01.1.7.3.01 Tomatoes

    01.1.7.3.02 Egg plants (aubergine)

    01.1.7.3.03 Bell pepper (green pepper)

    01.1.7.3.04 Green beans (French beans)

    01.1.7.3.05 Pumpkin
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    01.1.7.3.06 Fresh okra

   01.1.7.4  
Root crops, non-starchy bulbs and 
mushrooms (fresh, chilled or frozen)

    01.1.7.4.01 Carrots

    01.1.7.4.02 Round onions

    01.1.7.4.03 Onions garlic

   01.1.7.5  Dried vegetables

    01.1.7.5.01 Beans

    01.1.7.5.02 Cowpeas

    01.1.7.5.03 Peas

   01.1.7.6  
Other preserved or processed vegeta-
bles

    01.1.7.6.01 Malewa

   01.1.7.7  Potatoes

    01.1.7.7.01 Brown potatoes -Irish potatoes

   01.1.7.8  
Other tubers and products of tuber 
vegetables

    01.1.7.8.01 Sweet potatoes

    01.1.7.8.02 Whole cassava

  01.1.8   
Sugar, jam, honey, chocolate, and 
confectionery

   01.1.8.1  Sugar 

    01.1.8.1.01 Sugar 

    01.1.8.1.02 Sugarcane

   01.1.8.2  Jams, marmalades

    01.1.8.3.01 Natural honey

   01.1.8.3  Chocolate 

    01.1.8.3.01 Chocolate 

   01.1.8.4  Confectionery products

    01.1.8.4.01 Sweets (hard candies)

   01.1.8.5  Edible ices, ice cream and sorbet
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    01.1.8.5.01 Ice cream, packed

   01.1.8.6  Other sugar products

  01.1.9   Food products n.e.c. 

   01.1.9.1  Sauces, condiments

    01.1.9.1.01 Tomato ketchup

   01.1.9.2  Salt, spices and culinary herbs

    01.1.9.2.01 Cooking salt

    01.1.9.2.02 Curry powder

    01.1.9.2.03 Chili sauce

    01.1.9.2.04 Chili powder

    01.1.9.2.05 Cinnamon powder

    01.1.9.2.06 Ginger fresh

    01.1.9.2.07 Ginger powder

    01.1.9.2.08 Other salt, spices and culinary herbs

   01.1.9.3  
Baker’s yeast, dessert preparations, 
soups

    01.1.9.3.01 Baby food

   01.1.9.4  Other food products n.e.c.

 01.2    Non-alcoholic beverages

  01.2.1   Coffee, tea, and cocoa

   01.2.1.1  Coffee

    01.2.1.1.01 Instant coffee, Nescafe Classic 

   01.2.1.2  Tea

    01.2.1.2.01 Tea bags, black

   01.2.1.3  Cocoa and powdered chocolate

  01.2.2   
Mineral waters, soft drinks, fruit and 
vegetable juices

   01.2.2.1  Mineral or spring water

    01.2.2.1.01 Mineral water

   01.2.2.2  Soft drinks

    01.2.2.2.01 Sodas – bottled



Journal africain de statistiques, numéro 19, décembre 201694

Statistical Capacity Building Division, Statistics Department, African Development Bank 

CODES PARTICULARS
D

IV
IS

IO
N

G
R

O
U

P

C
L

A
SS

SU
B

-C
L

A
SS

E
A

 

   01.2.2.3  Fruit juices 

    01.2.2.3.01 Fruit juices packed

02     
ALCOHOLIC BEVERAGES, 
 TOBACCO & NARCOTICS

 02.1    Alcoholic beverages

  02.1.1   Spirits

   02.1.1.1  Spirits and liqueurs

    02.1.1.1.01 Local gin (crude)

    02.1.1.1.02 Local gin (Waragi purified)

    02.1.1.1.03 Smirnoff vodka

  02.1.2   Wine

   02.1.2.1  Wine from grapes or other fruit

    02.1.2.1.01 Red /white wine

   02.1.2.2  Other

  02.1.3   Beer

   02.1.3.1  Beer

    02.1.3.1.01 Domestic beer bottled

 02.2    Tobacco

  02.2.1   Tobacco

   02.2.1.1  Cigarettes

    02.2.1.1.01 Cigarette – Sportsman

    02.2.1.1.02 Cigarette – Dunhill

   02.2.1.2  Cigars

   02.2.1.3  Other tobacco

    02.2.1.3.01 Tobacco leaves

03     CLOTHING AND FOOTWEAR

 03.1    Clothing

  03.1.1   Clothing materials

   03.1.1.1  Clothing materials

    03.1.1.1.01 Clothing materials

  03.1.2   Garments



The African Statistical Journal, Volume 19, December 2016 95

4. Peer review of the General Revision of the National Consumer Price Index (CPI) in Uganda

CODES PARTICULARS
D

IV
IS

IO
N

G
R

O
U

P

C
L

A
SS

SU
B

-C
L

A
SS

E
A

 

   03.1.2.1  Garments for men

    03.1.2.1.01 Men’s garments

    03.1.2.1.02 School uniform (secondary education)

   03.1.2.2  Garments for women

    03.1.2.2.01 Garments for women

   03.1.2.3  
Garments for children (3 to 13 years) 
and infants (0 to 2 years)

    03.1.2.3.01
Garments for children (3 to 13 years) 
and infants (0 to 2 years)

    03.1.2.3.02
School Uniform ( pre-primary and 
primary)

  03.1.3   
Other articles of clothing and cloth-
ing accessories

   03.1.3.1  
Other articles of clothing and cloth-
ing accessories

  03.1.4   Cleaning, repair and hire of clothing

   03.1.4.1  Cleaning, repair and hire of clothing

    03.1.4.1.01 Cleaning of clothing 

    03.1.4.1.02 Repair and tailoring of clothing 

 03.2    Footwear

  03.2.1   Shoes and other footwear

   03.2.1.1  Footwear for men

    03.2.1.1.01 Shoes for schoolgoing students

    03.2.1.1.02 Other men’s shoes

   03.2.1.2  Footwear for women

    03.2.1.3.01 Shoes for schoolgoing students

    03.2.1.3.02 Other women’s shoes

   03.2.1.3  
Footwear for children (3 to 13 years) 
and infants (0 to 2 years)

    03.2.1.3.01 Children’s schoolgoing shoes

    03.2.1.3.02 Other children’s shoes
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  03.2.2   Repair and hire of footwear

   03.2.2.1  Repair and hire of footwear

04     
HOUSING, WATER, ELECTRICITY, 
GAS AND OTHER FUELS

 04.1    Actual rentals for housing

  04.1.1   Actual rentals paid by tenants

   04.1.1.1  Actual rentals paid by tenants

    04.1.1.1.01
Actual rent – single room not self-
contained

    04.1.1.1.02 Actual rent – single room self-contained 

    04.1.1.1.03
Actual rent – double room not self-
contained

    04.1.1.1.04
Actual rent – double room self-con-
tained 

    04.1.1.1.05
Actual rent – triple or more rooms not 
self-contained

    04.1.1.1.06
Actual rent – Triple or more rooms self-
contained

  04.1.2   Other actual rentals 

   04.1.2.1  Actual rentals 

 04.2    Imputed rentals for housing

  04.2.1   Imputed rentals of owner-occupiers

   04.2.1.1  Imputed rentals of owner-occupiers

  04.2.2   Other imputed rentals

   04.2.2.1  
Imputed rentals of households housed 
free

 04.3    
Maintenance and repair of the dwell-
ing

  04.3.1   
Materials for the maintenance and 
repair of the dwelling

   04.3.1.1  
Materials for the maintenance and 
repair of the dwelling
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    04.3.1.1.01 Cement (Portland)

    04.3.1.1.02 Corrugated Iron Sheets

    04.3.1.1.03 Paint (Water Paint) 

  04.3.2   
Services for the maintenance and 
repair of the dwelling

   04.3.2.1  
Services for the maintenance and 
repair of the dwelling

    04.3.2.1.01
Services for the maintenance and repair 
of the dwelling

 04.4    
Water supply and miscellaneous ser-
vices relating to the dwelling

  04.4.1   Water supply

   04.4.1.1  Water supply

    04.4.1.1.01 Water charges NWSC

    04.4.1.1.02 Charges for water from other sources

  04.4.2   Refuse collection

   04.4.2.1  Refuse collection

    04.4.2.1.01 Refuse collection and disposal

  04.4.3   Sewage collection

   04.4.3.1  Sewage collection

  04.4.4   
Other services relating to the dwelling 
n.e.c

   04.4.4.1  
Other services relating to the dwelling 
n.e.c

    04.4.4.1.01
Other services relating to the dwelling 
n.e.c

 04.5    Electricity, gas and other fuels

  04.5.1   Electricity

   04.5.1.1  Electricity

    04.5.1.1.01 Electricity

  04.5.2   Gas

   04.5.2.1  Town gas and natural gas
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   04.5.2.2  Liquefied hydrocarbons

    04.5.2.2.01 Liquefied gas: propane

  04.5.3   Liquid fuels

   04.5.3.1  Liquid fuels

    04.5.3.1.01 Kerosene/paraffin

  04.5.4   Solid fuels

   04.5.4.1  Solid fuels

    04.5.4.1.01 Charcoal 

    04.5.4.1.02 Firewood 

05     
FURNISHINGS, HOUSEHOLD 
EQUIPMENT, AND ROUTINE 
HOUSEHOLD MAINTENANCE

 05.1    
Furniture and furnishings, carpets 
and other floor coverings

  05.1.1   Furniture and furnishings

   05.1.1.1  Furniture and furnishings

    05.1.1.1.01 Beds

    05.1.1.1.02 Baby furniture

    05.1.1.1.03 Chairs

    05.1.1.1.04 Mirrors

    05.1.1.1.05 Stools

  05.1.2   Carpets and other floor coverings

   05.1.2.1  Carpets and other floor coverings

    05.1.2.1.01 Carpets and other floor coverings

  05.1.3   
Repair of furniture, furnishings and 
floor coverings 

   05.1.3.1  
Repair of furniture, furnishings and 
floor coverings 

 05.2    Household textiles

  05.2.1   Household textiles

   05.2.1.1  Household textiles
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    05.2.1.1.01 Mattress

    05.2.1.1.02 Blanket

    05.2.1.1.03 Flat sheet

    05.2.1.1.04 Mosquito nets

    05.2.1.1.05 Towel

 05.3    Household appliances

  05.3.1   
Major household appliances whether 
electric or not

   05.3.1.1  
Refrigerators, freezers and fridge-
freezers

    05.3.1.1.1 Refrigerators

   05.3.1.2  
Clothes washing machines, clothes 
drying machines and dishwashing 
machines

   05.3.1.3  Cookers

    05.3.1.3.01 Charcoal stove

    05.3.1.3.02 Cooker (gas)

    05.3.1.3.03 Gas stove

   05.3.1.4  Heaters, air conditioners

   05.3.1.5  Cleaning equipment

   05.3.1.6  Sewing and knitting machines

   05.3.1.7  Other major household appliances

  05.3.2   Small electric household appliances

   05.3.2.1  Small electric household appliances

    05.3.2.1.01 Electric iron

    05.3.2.1.02 Electric kettle

  05.3.3   Repair of household appliances

   05.3.3.1  Repair of household appliances

 05.4    
Glassware, tableware and household 
utensils
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  05.4.1   
Glassware, tableware and household 
utensils

   05.4.1.1  Glass and crystal-ware, tableware

    05.4.1.1.01 Glass and crystal-ware, tableware

   05.4.1.2  Cutlery, flatware and silverware

    05.4.1.2.01 Knives

    05.4.1.2.02 Other cutlery, flatware and silverware

   05.4.1.3  Kitchen and domestic utensils

     Saucepans

     Hotplates

     Thermos flasks

   05.4.1.4  
Repair of glassware, tableware and 
household utensils

 05.5    
Tools and equipment for house and 
garden

  05.5.1   Major tools and equipment

   05.5.1.1  Major tools and equipment

  05.5.2   
Small tools and miscellaneous acces-
sories

   05.5.2.1  
Small tools and miscellaneous acces-
sories

    05.5.2.1.01 Batteries ( Dry Cells)

 05.6    
Goods and services for routine house-
hold maintenance

  05.6.1   Non-durable household goods

   05.6.1.1  Cleaning and maintenance products

    05.6.1.1.01 Laundry soap bar

    05.6.1.1.02 Detergent powder

    05.6.1.1.03 Shoe polish

   05.6.1.2  Other non-durable household articles

    05.6.1.2.01 Matchbox



The African Statistical Journal, Volume 19, December 2016 101

4. Peer review of the General Revision of the National Consumer Price Index (CPI) in Uganda

CODES PARTICULARS
D

IV
IS

IO
N

G
R

O
U

P

C
L

A
SS

SU
B

-C
L

A
SS

E
A

 

    05.6.1.2.02 Household candles

    05.6.1.2.03 Broom (natural/industrial)

    05.6.1.2.04 Brush 

  05.6.2   
Domestic services and household 
services

   05.6.2.1  Domestic services

    05.6.2.1.01 Domestic servant 

    05.6.2.1.02 Watchman 

   05.6.2.2  Household services

06     HEALTH

 06.1    
Medical products, appliances and 
equipment

  06.1.1   Pharmaceutical products

   06.1.1.1  Pharmaceutical products

    06.1.1.1.01 Anti-malaria drugs

    06.1.1.1.02 Cold tablets/cough syrup

    06.1.1.1.03 Fever/pain killers

    06.1.1.1.04 Balms (healing ointments e.g. Robb)

    06.1.1.1.05 De-wormers

    06.1.1.1.06 Ear nose and throat (ENT) medicines

    06.1.1.1.07 Medicine for blood pressure

    06.1.1.1.08
Medicines for cholesterol and cardio-
vascular

    06.1.1.1.09 Herbal medicines

  06.1.2   Other medical products

   06.1.2.1  Other medical products

    06.1.2.1.01 Men’s condoms

  06.1.3   
Therapeutic appliances and equip-
ment

   06.1.3.1  
Therapeutic appliances and equip-
ment
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    06.1.3.1.01 Spectacles

    06.1.3.1.02 High blood pressure apparatus

    06.1.3.1.03
Glucometer/ Sugar monitoring appa-
ratus

 06.2    Outpatient services

  06.2.1   Medical services

   06.2.1.1  Medical services

    06.2.1.1.01 General Practitioner’s service

    06.2.1.1.02
Consultation with a paediatrician medi-
cal practitioner

  06.2.2   Dental services

   06.2.2.1  Dental services

    06.2.2.1.01 Tooth extraction

  06.2.3   Paramedical services

   06.2.3.1  
Services of medical analysis laborato-
ries and X-ray centres

    06.2.3.1.01 Blood test for malaria (B/S)

    06.2.3.1.02 Urine test

 06.3    Hospital services

  06.3.1   Hospital services

   06.3.1.1  Hospital services

07     TRANSPORT

 07.1    Purchase of vehicles

  07.1.1   Motor cars

   07.1.1.1  Purchase of new motor cars

   07.1.1.2  Purchase of second-hand vehicles

    07.1.1.2.01 Second-hand vehicles

  07.1.2   Motor cycles

   07.1.2.1  Motor cycles

    07.1.2.1.01 Motor cycles

  07.1.3   Bicycles
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   07.1.3.1  Bicycles

    07.1.3.1.01 Bicycle – adult’s

    07.1.3.1.02 Bicycle – Child’s

 07.2    
Operation of personal transport 
equipment

  07.2.1   Spare parts and accessories

   07.2.1.1  Spare parts and accessories

    07.2.1.1.01 Bicycle spare parts 

    07.2.1.1.02 Brake Pads

    07.2.1.1.03 Car battery

  07.2.2   Fuels and lubricants 

   07.2.2.1  Fuels and lubricants

    07.2.2.1.01 Petrol

    07.2.2.1.02 Diesel

    07.2.2.1.03 Engine oil 

  07.2.3   
Maintenance and repair of personal 
transport equipment

   07.2.3.1  Maintenance and repairs

    07.2.3.1.01 Servicing of motor vehicle (labour)

    07.2.3.1.02 Car wash

    07.2.3.1.03 Puncture repair

  07.2.4   
Other services in respect of personal 
transport equipment

   07.2.4.1  
Other services in respect of personal 
transport equipment

 07.3    Transport services

  07.3.1   Passenger transport by railway

   07.3.1.1  Passenger transport by railway

  07.3.2   Passenger transport by road

   07.3.2.1  Passenger transport by road

    07.3.2.1.01 Bus fare long distance (over 100 km)
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    07.3.2.1.02 Bus fare medium distance (51-100 km)

    07.3.2.1.03
Bus fares town service (less than 50 kms 
single journey)

    07.3.2.1.04 Taxi fare long distance (over 100 km)

    07.3.2.1.05 Taxi fare medium distance (51-100 km)

    07.3.2.1.06
Taxi fare short distance (less than 50 
km)

    07.3.2.1.07 Transport charges – for pupils

    07.3.2.1.08 Motorcycle fares

  07.3.3   Passenger transport by air

   07.3.3.1  Passenger transport by air

    07.3.3.1.01 Domestic

    07.3.3.1.02 International

  07.3.4   
Passenger transport by sea and inland 
waterway

   07.3.4.1  
Passenger transport by sea and inland 
waterway

  07.3.5   Combined passenger transport

   07.3.5.1  Combined passenger transport

  07.3.6   Other purchased transport services

   07.3.6.1  Other purchased transport services

08     COMMUNICATIONS

 08.1    Postal services

  08.1.1   Postal services

   08.1.1.1  Postal services

    08.1.1.1.01 Post Office private rental box

 08.2    Telephone and telefax equipment

  08.2.1   Telephone and telefax equipment

   08.2.1.1  Telephone and telefax equipment

    08.2.1.1.01 Cellular Handset – basic

    08.2.1.1.02 Cellular Handset – smartphone
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 08.3    Telephone and telefax services

  08.3.1   Telephone and telefax services

   08.3.1.1  Telephone and telefax services

    08.3.1.1.01 Cell phone airtime

    08.3.1.1.02 Internet Services at Cyber Cafe

09     RECREATION AND CULTURE

 09.1    
Audio-visual, photographic and infor-
mation processing equipment

  09.1.1   
Equipment for reception, record-
ing and reproduction of sound and 
pictures

   09.1.1.1  
Equipment for the reception, record-
ing and reproduction of sound

    09.1.1.1.01 Radio (Portable)

    09.1.1.1.02 Car radio

   09.1.1.2  
Television sets, video-cassette players 
and recorders

  09.1.2   
Photographic and cinematographic 
equipment and optical instruments

   09.1.2.1  
Photographic and cinematographic 
equipment

   09.1.2.2  Optical instruments

  09.1.3   Information processing equipment

   09.1.3.1  Information processing equipment

    09.1.3.1.01
Calculators (basic, scientific, financial, 
graphing etc.

    09.1.3.1.02 Laptop personal computer

  09.1.4   Recording media

   09.1.4.1  
Recording media for pictures and 
sound

    09.1.4.1.01 Video- movie
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  09.1.5   
Repair of audio-visual, photographic 
and information processing equip-
ment

   09.1.5.1  
Repair of audio-visual, photographic 
and information processing equip-
ment 

    09.1.5.1.01 Repair and maintenance of laptops

 09.2    
Other major durables for recreation 
and culture

  09.2.1   Major durables for outdoor recreation

   09.2.1.1  Major durables for outdoor recreation

  09.2.2   
Musical instrument and major dura-
bles for indoor recreation

   09.2.2.1  Musical instruments 

    09.2.2.1.01 Drums

   09.2.2.2  Major durables for indoor recreation

  09.2.3   
Maintenance and repair of other ma-
jor durables for recreation and culture

   09.2.3.1  
Maintenance and repair of other ma-
jor durables for recreation and culture

 09.3    
Other recreational items and equip-
ment, gardens and pets

  09.3.1   Games, toys and hobbies

   09.3.1.1  Games, toys and hobbies

  09.3.2   
Equipment for sport, camping and 
openair recreation

   09.3.2.1  
Equipment for sport, camping and 
openair recreation

  09.3.3   Gardens, plants and flowers

   09.3.3.1  Gardens, plants and flowers

  09.3.4   Pets and related products

   09.3.4.1  Pets and related products
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  09.3.5   Veterinary and other services for pets

   09.3.5.1  Veterinary and other services for pets

 09.4    Recreational and cultural services

  09.4.1   Recreational and sporting services

   09.4.1.1  Recreational and sporting services

    09.4.1.1.01 Football game (Soccer)

  09.4.2   Cultural services

   09.4.2.1  Cinemas, theatres, concerts

   09.4.2.2  
Museums, zoological gardens and the 
like

    09.4.2.2.1
Museums, zoological gardens and the 
like

   09.4.2.3  
Television and radio taxes and hire of 
equipment

    09.4.2.3.1
Television and radio taxes and hire of 
equipment

   09.4.2.4  Other services

    09.4.2.4.01 Film processing and photo printing

    09.4.2.4.02

Services of photographers such as 
developing, print processing, enlarging, 
portrait photography, wedding photog-
raphy

  09.4.3   Games of chance

   09.4.3.1  Games of chance

 09.5    Newspapers, books and stationery

  09.5.1   Books

   09.5.1.1  Books

    09.5.1.1.01 Text books – primary education

    09.5.1.1.02 Text books – secondary education

    09.5.1.1.03 Text books – tertiary education

    09.5.1.1.04 Dictionary

    09.5.1.1.05 Bible
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  09.5.2   Newspapers and periodicals

   09.5.2.1  Newspapers and periodicals

    09.5.2.1.01 Local newspapers

  09.5.3   Miscellaneous printed matter

   09.5.3.1  Miscellaneous printed matter

  09.5.4   Stationery and drawing materials

   09.5.4.1  Stationery and drawing materials

    09.5.4.1.01 Paper blocks

    09.5.4.1.02 Stationery and drawing materials

 09.6    Package holidays 

  09.6.1   Package holidays 

   09.6.1.1  Package holidays 

    09.6.1.1.01 Pilgrimage to Mecca and Medina (Hijja)

    09.6.1.1.02
Tours for pre-primary and primary 
education

    09.6.1.1.03 Tours for secondary education

    09.6.1.1.04 Tours for tertiary education

10     EDUCATION

 10.1    Pre-primary and primary education

  10.1.1   Pre-primary and primary education

   10.1.1.1  Pre-primary and primary education

    10.1.1.1.01 Pre-primary

    10.1.1.1.02 Primary day – government

    10.1.1.1.03 Primary day – private

    10.1.1.1.04 Primary boarding – government

    10.1.1.1.05 Primary boarding – private

 10.2    Secondary education

  10.2.1   Secondary education

   10.2.1.1  Secondary education

    10.2.1.1.01 Public secondary school fees

    10.2.1.1.02 Private secondary school fees
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    10.2.1.1.03 Fees for professional courses

 10.3    
Post-secondary non-tertiary educa-
tion

  10.3.1   
Post-secondary non-tertiary educa-
tion

   10.3.1.1  
Post-secondary non-tertiary educa-
tion

    10.3.1.1.01 Post-secondary non-tertiary fees

 10.4    Tertiary education

  10.4.1   Tertiary education

   10.4.1.1  Tertiary education

    10.4.1.1.01 Private university tuition

    10.4.1.1.02 Public university – functional fees

    10.4.1.1.03 Public university tuition

 10.5    Education not definable by level

  10.5.1   Education not definable by level

   10.5.1.1  Education not definable by level

    10.5.1.1.01 Vocational/ technical training courses

    10.5.1.1.02
Cultural development (e.g. Nabagereka’s 
Kisakaate)

11     RESTAURANTS AND HOTELS

 11.1    Catering services

  11.1.1   Restaurants, cafes and the like

   11.1.1.1  Restaurants

    11.1.1.1.01 Chapatti/Sumbusa/Pancakes

    11.1.1.1.02 SODA

    11.1.1.1.03 Roasted meat

    11.1.1.1.04 Fruit juices packed

    11.1.1.1.05 Other meals at restaurant

   11.1.1.2  Cafés, bars and the like

    11.1.1.2.01 Red /White wine
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    11.1.1.2.02 Beer, Heineken

    11.1.1.2.03 Vodka

    11.1.1.2.04 Whisky (John Walker)

    11.1.1.2.05 Local brew ( e.g. Malwa -Millet)

  11.1.2   Canteens

   11.1.2.1  Canteens

 11.2    Accommodation services 

  11.2.1   Accommodation services 

   11.2.1.1  Accommodation services 

    11.2.1.1.01
Pre-primary and primary school accom-
modation services

    11.2.1.1.02
Secondary school accommodation 
services

    11.2.1.1.03
Tertiary institutions accommodation 
services

    11.2.1.1.04
Hotel and lodging accommodation 
services

12     
MISCELLANEOUS GOODS AND 
SERVICES

 12.1    Personal care

  12.1.1   
Hairdressing salons and personal 
grooming establishments

   12.1.1.1  
Hairdressing salons and personal 
grooming establishments

    12.1.1.1.01 Ladies’ hairdressing

    12.1.1.1.02 Men’s haircuts

  12.1.2   Electrical appliances for personal care

   12.1.2.1  Electrical appliances for personal care

  12.1.3   
Other appliances, articles and prod-
ucts for personal care

   12.1.3.1  
Other appliances, articles and prod-
ucts for personal care
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    12.1.3.1.01 Bathing soap

    12.1.3.1.02 Toothpaste 

    12.1.3.1.03 Sanitary towels 

    12.1.3.1.04 Toilet paper

    12.1.3.1.05 Baby powder

    12.1.3.1.06 Toothbrush

    12.1.3.1.07 Perfume

 12.3    Personal Effects n.e.c

  12.3.1   Jewellery, clocks and watches

   12.3.1.1  Jewellery, clocks and watches

  12.3.2   Other personal effects

   12.3.2.1  Travel goods and other carriers

    12.3.2.1.01 Handbags 

   12.3.2.2  Other personal effects

    12.3.2.2.01 Umbrella

 12.4    Social protection

  12.4.1   Social protection services

   12.4.1.1  Social protection services

   12.4.1.2  Crèches, nurseries

 12.5    Insurance

  12.5.2   
Insurance connected with the dwell-
ing

   12.5.2.1  
Insurance connected with the dwell-
ing

  12.5.3   Insurance connected with health

   12.5.3.1  Insurance connected with health

  12.5.4   Insurance connected with transport

   12.5.4.1  Insurance connected with transport

    12.5.4.1.01 Insurance connected with transport

  12.5.5   Other insurance

   12.5.5.1  Other insurance
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 12.6    Financial services n.e.c.

  12.6.1   Financial services n.e.c.

   12.6.1.1  Financial services n.e.c.

 12.7    Other services n.e.c.

  12.7.1   Other services n.e.c.

   12.7.1.1  Other services n.e.c.

    12.7.1.1.01 Photocopying

    12.7.1.1.02 Passport fees
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5. The usefulness of geo-referenced 
dwelling frames for census cartography  
in Africa

Ayenika Godheart Mbiydzenyuy1 and Andre Nonguierma2

Abstract 
The preparation of dwelling frames to serve as the basis for creating Enumeration 
Areas for surveys and censuses, where every building is identified by a unique 
geographic coordinate, is a relatively new concept in Africa as far as census 
cartography is concerned. It is an established fact that cartographic exercises of 
previous rounds of censuses in Africa relied heavily on the traditional census 
cartographic methods. The decision to develop geo-referenced dwelling frames 
by some African countries during the 2010 round of censuses changed census 
cartographic methodology. This includes among other issues – while not being 
limited to the use of – mobile devices, satellite imagery and Global Position-
ing System (GPS) applications. This paper attempts to raise awareness of the 
benefits of dwelling frames in dealing with data timeliness and quality issues. 
Such developments should encourage and provide the basis for policy dialogue 
on the efficacy of the use of technology. 

Key words: Census cartography, geo-referenced dwelling frame, Global Posi-
tioning System (GPS), Geographic Information System (GIS), Enumeration 
Areas (EAs).

Résumé
La préparation de cadres d’habitation servant de base à la création de zones 
de dénombrement pour les enquêtes et les recensements, où chaque bâtiment est 
identifié par une coordonnée géographique unique, est un concept relativement 
nouveau en Afrique en ce qui concerne la cartographie de recensement. Il est 
établi que les exercices cartographiques des séries antérieures de recensements en 
Afrique reposent largement sur les méthodes cartographiques traditionnelles de 
recensement. La décision d’élaborer des cadres d’habitation géoréférencés par 
certains pays africains au cours de la série de recensements de 2010 a modifié la 
méthodologie cartographique du recensement. Cela inclut entre autres – sans se 
limiter à l’utilisation – d’appareils mobiles, d’images satellite et d’applications 
GPS (système de positionnement global). Cet article tente de sensibiliser les 
gens aux avantages des cadres d’habitation en ce qui a trait à l’actualité et à la 
qualité des données. Ces développements devraient encourager et servir de base 
à un dialogue politique sur l’efficacité de l’utilisation de la technologie.

1 United Nations Economic Commission for Africa (ECA), African Centre for Statistics, 
Addis Ababa, Ethiopia – e-mail: AGodheart@uneca.org.
2 United Nations Economic Commission for Africa (ECA), African Centre for Statistics, 
Addis Ababa, Ethiopia – e-mail: ANonguierma@uneca.org.
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Mots clés : Cartographie de recensement, cadre d’habitation géoréférencé, 
Système de positionnement global (GPS), Système d’information géographique 
(GIS), Secteurs de dénombrement (EE).

1. INTRODUCTION

Following previous rounds of censuses in Africa, many errors were noticed 
at different stages of the monitoring and evaluation exercises. Some of the 
errors were due to coverage, omissions, and duplication of persons or hous-
ing units during census enumeration. The main sources of coverage and 
other pitfalls noticed were incomplete or inaccurate lists of dwelling units 
within Enumeration Areas (EAs), as well as incomplete, inaccurate, or no 
census maps. The other errors included failure by enumerators to cover all 
dwelling units in their EAs, and duplicate counting. These flaws prompted 
many countries to develop improved strategies aimed at improving census 
outcomes. During the 2010 round of the population and housing censuses, 
several African countries opted for the use of the Global Positioning System 
(GPS) and remote sensing data. The reason was to capture the location of 
residential buildings and create dwelling frameworks that enabled the iden-
tification of dwellings as well as households. The data collected facilitated 
the creation of EAs (UNFPA-SPC, 2012).

1.1 Objectives
1.1.1 Central objective
The overall objective of this paper is to assess the use of geo-referenced 
dwelling frames for census cartography in the 2010 round of population 
and housing censuses in Africa. This should inform decision-making con-
cerning the use of the technology to enhance the quality of data generated 
from censuses and surveys.

1.1.2 Specific objectives
The specific objectives of the study were to:

• Identify the challenges associated with the current methods for developing 
dwelling frames for censuses in selected African countries;

• Determine the new methodology for developing dwelling frames 
aimed at creating an address register system and the carving out of 
Enumeration Areas;

• Establish the differences between the new and old methods for carving-
out Enumeration Areas;
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• Assess the similarities between the new and old methods for carving-
out Enumeration Areas; and

• Propose a strategy for developing a geo-reference dwelling frame for 
census cartography for the subsequent census rounds in Africa.

2. BACKGROUND 

There are many challenges related to housing census activities in Africa. This 
section outlines, among others, the most obvious challenges encountered 
in practice.

2.1 Lack of standard address systems
During the previous census cartographic exercises, most countries in 
Africa lacked the address registration system, and this gave rise to nu-
merous cartographic errors. The creation of a geo-referenced dwelling 
frame with a register system prepared countries to better monitor census 
operations and ensure that all dwellings in their respective countries 
are covered and not omitted during enumeration. Consistent with the 
mandate of national statistical offices, an efficient address system is im-
portant in the provision of services, collection of statistics, and conduct 
of censuses and surveys. 

An address register system is supposed to be linked to the mapping of EAs, 
which are the smallest areas used in the collection of population data in 
countries. The settlement types will determine the type of EA to be created 
as well as the address system to be developed. There are different settlement 
types in an African setting. Settlements in urban areas are characterized by 
an organized address system (Matheri, 2005).

2.2 Insistent cadastre coverage and referencing system
Developing a comprehensive registration system in urban as well as rural 
Africa has been very challenging, as most streets have no names. There has 
also been the problem of a mismatch of parcel identifications and property 
titles in the cadastral plan. Cadastral maps prepared at different times have 
inconsistent characteristics as different referencing systems are used. The 
lack of common reference standards has made data integration difficult at 
national levels. The different settlement types in urban areas require the 
collection of different information that requires significant harmonization 
for comparison purposes. The complex issue of identifying subtypes of 
households within urban and rural settlements requires attention. Com-
plications usually arise within individual plots, security villages, high-rise 
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apartments, town houses, institutions, central business districts, industrial 
premises, and recreational areas (Matheri, 2005). 

Closely related to poor cadastre data coverage and referencing is the fact 
that most neighborhoods in the informal sector are not officially planned 
and surveyed. The same areas do not have the official address system and 
in most cases do not have streets, and dwellings are haphazard. Some areas 
may seem to have an orderly network of streets and sequentially numbered 
dwellings along the streets, but as this level of planning is unofficial, no 
records of the individual structures or stands exist in the Surveyor General’s 
office (Basson, 2008).

2.3 Poor data management capacities
Many countries, especially for the urban and rural areas, have spatial data 
stored in different formats and within varying platforms. Dwelling and 
population numbers are not captured in a single database or on a digital 
database, and such data are not fully visible. Occasionally, numbering is 
only updated or maintained as service provider identifiers. Large areas 
like commercial farms may have a registration number, name, and exact 
boundaries. Additional information, such as ownership and subdivisions, 
exists. However, the numbers used are land parcel numbers, which have no 
chronological order, making it difficult for use in preparing EAs. 

The other problem is that farms tend to be very large, and farm numbers are 
not displayed, which makes it difficult to identify one farm from another. 
Small villages exist within the larger farms. Several workers and their fami-
lies live permanently on the farms, and are considered as a separate entity, 
and not part of a parent farm. Traditional areas are characterized by various 
data collection designs, with different approaches of data storage and data 
access. These data sets are mostly outdated as the picture on the ground has 
changed over time, and so they no longer accurately represent the current 
situation. Countries have the obligation to invest in the development of 
dwelling frames to correct these and other irregularities (Matheri, 2005). 

2.4 Low capacities to utilize appropriate technology
During the 2010 round of the population and housing censuses, a few 
African countries such as The Gambia, Lesotho, Mauritania, Namibia, and 
South Africa developed dwelling frames as part of the census cartographic 
phase. Although the use of digital imagery and GPS has a distinct advantage 
in allowing the linkage of geographic coordinates to physical location of 
dwellings, the mapping of dwellings had several limitations that required 
investigation. Many mistakes were recorded during the data capturing stage 
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due to low proficiency in the use of GPS devices used by the field teams. 
There were several redundant points collected alongside the real data be-
cause of human error. 

In addition, the GPS waypoints coding system posed problems in countries 
where Enumeration Area maps were prepared before the development of 
the dwelling frame. As a result, the GPS waypoints captured adjacent areas 
into a different EA, while the associated households belonging to a different 
EA were incorrectly listed into another area household list.

In other countries, satellite images were used to capture and generate dwell-
ing geo-reference data. These data was loaded into the GPS devices, and 
the cartographers had to retake these points in the field after identifying 
that the dwellings were inhabited. Other attribute data were recorded into 
the devices before the information was downloaded. In the office, written 
scripts were used to combine the double GPS points per inhabited dwelling 
into one. The whole process was time-consuming and prone to errors, as 
closely collected GPS points of different dwellings were mistakenly swapped 
to represent each other. The advantage of using the system depended on 
the fact that the speed of the fieldwork operation could be monitored as 
the dwelling frames were developed.

Some countries also used the mobile GPS tool to collect dwelling frame data. 
An attached pen is used to generate GPS points representing dwellings and 
other infrastructure. This system is beneficial as the error level due to poor 
accuracy is minimal, given that the pen can generate geo-reference points 
by clicking a position with exact location inside the map, as displayed in 
the monitor of the receiver (SPC–HOPS, 2010). 

2.5 Poor management of household count
The listing of households in the Enumeration Areas (EAs) has been identified 
as time-consuming in the census cartographic process. The listing process 
is often done in a clockwise or anti-clockwise manner. This can be done 
simultaneously with the development of dwelling frames in the field. The 
field teams have to geo-reference dwellings and other infrastructure found 
in the field, whilst at the same time estimating the number of households 
in the dwellings and determining the total number of individuals living in 
the same households. These figures are eventually used to carve out EAs in 
both rural and urban areas.

The GPS receivers help in reducing the burden of using paper booklets 
containing lists of addresses or building descriptions along with a unique 
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dwelling code to be entered manually by census cartographers. At each 
residential building, the cartographers using the GPS devices would press 
a button on the receiver to acquire a positional fix as close to the front 
door as possible. The coordinates would be stored in the receiver’s memory. 
The census representative would enter a three- or four-digit household 
number, to be associated with the building coordinate and other attribute 
information. However, this is also fraught with a number of errors, which 
include poor data migration from the GPS to the computer system, and 
lack of consistency in data collection with the GPS. At the planning stage, 
it was expected that the uploaded data would allow supervisors to monitor 
progress, and serve as the eventual control file for measuring the return of 
questionnaires during the proper census. However, the mistakes made in 
the field rendered it difficult for supervisors to tag questionnaires with the 
GPS field data. In addition, weather conditions affect the accuracy of data 
collected through the GPS (Namibia Statistics Agency, 2012).

2.6 Difficulty in dealing with scattered settlements
Conducting a dwelling framework for a population scattered over a vast 
desert or forest territory is a laborious and very costly operation. The dif-
ficulties are compounded when it comes to a nomadic population that is 
in constant movement over immense territory and sometimes beyond the 
country’s administrative borders. With regard to the behavioral pattern of 
the nomadic population, developing a geospatial dwelling frame can suc-
ceed if the following conditions are met: 

a. In desert environments, water points frequented by nomads throughout 
the national territory can be identified with geographic coordinates; and

b. Transhumance corridors for animal movements are identified, which is a 
crucial aspect during the census mapping operation. The difficulty here 
is to locate and geo-reference the dwellings of a nomadic population. 

 
Using the GPS for mapping slums and dwellings for urban squatters has 
proved troublesome, because of settlement density and the problem of 
accurately positioning compact buildings. Even when satellite images are 
used, roofing materials of slums are often confused with markets and light 
industrial activity zones. Urban squatters and slums take a long time to be 
mapped when dwelling frames are to be developed – the listing of house-
holds is difficult as most dwellings have more than one household that use 
common facilities, such as kitchens and toilets (Mbiydzenyuy, 2012).

During the 2010 census round, several conflict zones were mapped. The same 
areas preoccupied census planners, and several strategies were developed to 
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map the similar zones. Satellite images were used in areas of intense conflict 
to identify and map dwellings for household identification and enumera-
tion. The security of the cartographers and enumerators was prioritized, 
and maps actually help to effectively plan for these operations and guide 
enumerators in the field (Laldaparsad, 2007). 

3. REVIEW OF COUNTRY PRACTICES AND EXPERIENCES

This is a cross-sectional study that reviews country practices and experiences 
in the use of the geo-referenced dwelling frames in the 2010 census round 
in Africa. The approach adopted was principally to analyze the content and 
context of different reports garnered from advisory missions conducted by 
the United Nations Economic Commission for Africa (ECA) and to gener-
ate conclusions after interactions with the technical officers on the ground.

3.1 Scope, data collection, and data analysis 
The coverage of the study was the entire African continent with 54 coun-
tries. Of the 54 countries, 47 countries that undertook the 2010 round of 
population censuses were selected. Out of the 47 countries, five countries 
that used the dwelling frame in the 2010 round of population and housing 
census were all conveniently selected. The universe was made up of all the 
countries that used the dwelling frame during the 2010 round of popula-
tion census. 

During the advisory missions of the ECA in support of census cartographic 
programs, researchers visited two of the five selected countries, namely 
Namibia (from January 9 to 18, 2011) and Mauritania (from March 5 
to 9, 2012). The country experiences gathered during field missions were 
used to analyze the effectiveness of the use of dwelling frames for census 
mapping. Census cartographic reports from the national statistics offices of 
the remaining countries (The Gambia, Seychelles, and South Africa) were 
used for the analysis. 

Between 2010 and 2013, researchers visited Botswana, Cameroon, the 
Democratic Republic of the Congo, Djibouti, Mauritania, Namibia, and 
Senegal. During the same visits, census cartographic reports were collected 
from national reports and other supporting documents from responsible 
agencies in the countries. The same material was analyzed to identify simi-
larities, differences, and challenges encountered. Some of the reports that 
were analyzed included the following:
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• Reports of ECA advisory missions and country specific reports on 
census methodology;

• Reports of ECA advisory missions and country specific reports on 
establishment demarcation, re-demarcation, updating and correction 
of the census dwelling frame;

• Reports of ECA advisory missions and country specific reports on the 
concepts and definitions used in census cartography; and 

• Reports on the strategy for putting in place a geo-reference dwelling 
frame for census cartography for the 2020 census round in Africa.

 
Other primary data collection was carried out through interviews, focus 
group discussions, observations and documentary analysis. The in situ data 
sets collected through the above methods were analyzed to identify processes 
and strategies adopted by the selected countries. 

4. RESULTS AND DISCUSSION 

4.1 Challenges of the current census methodology in African 
countries

According to the findings, countries such as The Gambia, Namibia, Sey-
chelles, and South Africa had Enumerator Area digital data sets generated 
from hard copy maps of previous censuses (see Table 1). 
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Table 1. Development of fundamental data sets 

Countries Similarities Differences Traditional Census 
Cartography (selected 
countries and Africa)

The 
Gambia, 
Mauritania, 
Namibia, 
Seychelles, 
and South 
Africa

The Gambia, Namibia, 
 Seychelles, and South 
Africa had EA digital data 
sets.

Mauritania 
had to de-
velop a new 
EA digital 
data set. 

The Gambia, Namibia, 
Seychelles, and South 
Africa had to scan geo-
reference and digital-
ized EAs used in their 
previous censuses. 

EA updat-
ing

EA updating methodologies 
for the Gambia, Namibia, 
Seychelles, and South 
Africa consisted of EA 
boundary modifications and 
updating using fundamental 
data sets. The fieldwork 
exercise for the creation of 
the geo-referenced dwell-
ing frame, which included 
verifying or updating EA
boundaries and capturing 
new information, has been 
completed.

Creation of 
new EAs 
and captur-
ing dwell-
ing frames 
in the EAs.

Hand designs of EAs 
were carried out – the 
delineation of bounda-
ries was difficult as 
natural and human fea-
tures were rarely used 
to carve out EAs. Each 
census required the 
complete cartographic 
exercise of drawing 
new maps; countries 
lacked digital data sets 
that could easily be 
updated. 

Note: EA = Enumeration Area.
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Figure 1: Census Cartographic Methodologies

4.1.1 Census cartographic methodologies 
The methodologies developed for updating EAs by The Gambia, Namibia, 
Seychelles, and South Africa were similar. The area boundaries were modified 
after fundamental data sets were updated, with satellite imagery being used 
as a backdrop mechanism. The fieldwork exercise for the creation of the 
geo-referenced dwelling frame included the verification and updating of EA 
boundaries, and capturing new information. The differences were noticed 
when Mauritania had to develop a new EA digital data set for the entire 
country. The approach indicated a departure from the traditional census 
cartographic method, where hand designs of EAs are used in the delineation 
of the boundaries. The old approach made it difficult for natural and hu-
man features to be used in carving out the areas. Each census required the 
complete cartographic exercise, which involved the creation of new maps, 
as countries lacked digital data sets that could easily be updated.
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Figure 2: Updating Enumeration Areas

Because most censuses conducted before the 2000 round had used the 
analogue method for carving out EAs, most countries that conducted the 
census in the 2010 round lacked a digital spatial database for updating. 
Many countries had to scan geo-reference and digitize the old census EA 
maps. The digitized maps had several limitations in terms of accuracy, cor-
rectness, reliability, etc. The process of rectifying the same maps required 
many human and financial resources. 

4.2 Imagery coverage and base map 
High-resolution satellite and photogrammetry imagery were used by The 
Gambia, Namibia, Seychelles, and South Africa (see Table 2). Mauritania 
did not use high-resolution satellite imagery in developing the geo-referenced 
dwelling frame, and as far as the traditional census cartographic method 
was concerned, no imageries were used. 

The Gambia, Namibia, and South Africa all found discrepancies and inef-
ficiencies in the following areas: the desired area of coverage, the types of 
base imagery, obtaining quotes, and determining cost. As a result, the same 
countries experienced limitations in the implementation of their census 
programs.
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Table 2: Imagery coverage

Countries Similarities Differences 

Traditional Census 
Cartography (selected 
countries and Africa)

The Gambia, 
Namibia, 
Seychelles, 
and South 
Africa 

High-resolution satel-
lite and photogram-
metry imagery were 
used by The Gambia, 
Namibia, Seychelles 
and South Africa. 

Mauritania did 
not use high-res-
olution satellite 
and photogram-
metry imagery.

No imageries were used 
– with major landmarks 
indicated manually on 
paper maps, which made 
utilization difficult and 
led to several errors. 

Figure 3: Imagery Coverage

4.3 Creation of an accurate geographic frame
The Gambia, Mauritania, Namibia, Seychelles, and South Africa had 
similarities in that their EAs represented the smallest building-block of the 
geographic frame (see Table 3). The EA boundaries had to be corrected in 
order to fit the corresponding features on the imagery and the collected data 
from the field. Since the current EA and administrative boundaries were 
derived from old topographic map sheets, the accuracy was not sufficient. 

In Mauritania, the cartographers in the field clearly identified the lowest 
administrative units and carved out the units as geospatial digital polygons. 
A combination of those units built up the entire administrative hierarchy 
and the urban and rural limits of the country. The EAs were carved out 
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following those established limits, which permitted data disaggregation (by 
geography) to the lowest administrative division. 

Table 3: Creation of an accurate geographic frame

Countries Similarities Differences 

Traditional Census 
Cartography (selected 
countries and Africa)

The Gambia, 
Mauritania, 
Namibia, 
Seychelles, 
and South 
Africa

EAs represented the 
smallest building 
block of the geograph-
ic frame.

EA boundaries had to 
be corrected in order 
to fit the correspond-
ing features on the im-
agery and the collected 
data from the field. 

EAs were devel-
oped in accord-
ance with the 
different admin-
istrative set-ups 
in the different 
countries. That 
respected the 
census tabula-
tion plans devel-
oped by those 
countries. 

Field verification, with 
regard to the accuracy of 
the frame, was rarely con-
ducted as the hand-drawn 
maps made it difficult to 
verify errors. At present, it 
is easier to use satellite im-
ages and GPS technology 
to verify the geographic 
frames created. 

Figure 4: Creation of accurate geographic frames
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4.4 Field verification of collected data
In Mauritania, the necessary selected spatial data layers were transferred to 
the GPS Personal Digital Assistant (PDA) devices, using the transfer soft-
ware – Manager for Windows mobile devices – which helped to accomplish 
the field verification and data collection tasks. The methods for estimating 
the population involved assessing the population of each locality through a 
complete enumeration of all housing units in the localities. The cartographic 
agents carried out a house-to-house evaluation of the population, asking 
how many people usually resided in the dwelling, and that information 
was immediately captured into the mobile Geographic Information System 
(GIS) environment (see Table 4).

Table 4: Field verification of collected data

Countries Similarities Differences 

Traditional Census 
Cartography (selected 
countries and Africa)

The 
Gambia, 
Mauritania, 
Namibia, 
Seychelles, 
and South 
Africa 

All field verifications 
were conducted using 
new technology (GPS) 
receptors. 

Mauritania carried 
out a house-to-house 
evaluation of the 
number of inhabit-
ants in order to 
determine the size 
of EAs, both in rural 
and urban areas. 
Whereas The Gam-
bia, Namibia, Sey-
chelles, and South 
Africa counted the 
number of dwellings 
in order to determine 
the EAs. 

Traditional field 
verification methods 
involved a house-to-
house evaluation of the 
number of inhabitants 
in order to determine 
the size of EAs both in 
rural and urban areas.

Geo-referencing of 
socioeconomic infra-
structure and other 
landmarks.

No geo-referencing 
of socioeconomic in-
frastructure and other 
landmarks.

Listing of dwellings 
and households was 
conducted during 
cartographic phase.

Listing of dwellings 
and households was 
conducted during the 
enumeration phase
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Countries Similarities Differences 

Traditional Census 
Cartography (selected 
countries and Africa)

No development of 
sketch maps in the 
field (automatic re-
cording of updates in 
GPS receptors)

Hand development 
of sketch maps in the 
field.

In addition to census cartography, the census mapping operation was an op-
portunity to collect a range of rich and varied information on socioeconomic, 
infrastructural, and community facilities. To that end, several questionnaire 
forms were designed to support the collection of that information. The 
following information was captured through the questionnaire form. The 
questions on locality, included: the geo-referencing of the locality; name 
of locality; primary and secondary languages; economic activities; type of 
infrastructure; and estimated population of the locality. 

The data on infrastructure provided information on features and detailed 
specifications on each of the locations. Additional information included loca-
tion locality; locality code; category, name, type, and state of infrastructure.

Sheets on water points were intended to identify key information and 
feature a water point aimed at collecting information from the nomadic 
population. The information included: code, name of water point, and 
geographic coordinates. In order to equip field staff in the performance of 
their assignment in Mauritania, manuals guided team leaders, cartographic 
agents, and supervisors.

In The Gambia, Namibia, Seychelles, and South Africa, field verification of 
data was carried out through systematic procedures by which the information 
captured and created in the GIS office was verified and updated in the field. 

In South Africa, the limitations of field verification were evident during 
field data capture. Enumerators were assigned areas where the social and 
administrative boundaries failed to correspond with the physical boundaries 
or features, such as roads, rivers, rail lines, etc. Given the importance of tribal 
boundaries to the local people, their cooperation was constrained because 
they felt that the census program was imposing new boundaries from the 

Table 4: Field verification of collected data, cont.
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original tribal jurisdictions. The same challenge was recorded in Cameroon 
(see Figure 5). A number of mismatches between the GPS waypoints and 
the physical boundaries were observed.

Figure 5. Mismatch between Global Positioning System waypoints 
and track logs with satellite images

Source: UNECA 2014, Map generated from the Cameroon 2005 census digital data. 

4.5 Office desktop demarcation, re-demarcation, updating, and 
correction of Enumeration Areas

The Gambia, Namibia, Seychelles, and South Africa used imagery to generate 
dwelling units, through the desktop capture of geo-referenced coordinate 
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points digitized from the satellite images, with each point representing a 
structure or dwelling. These were given attribute numbers, overlaid with 
the satellite images for printing color maps and for use in the field. 

The fieldworkers used the Trimble GPS PDA device to recapture the al-
ready identified dwelling units as a quality control measure to ensure that 
all identified points were visited by the fieldworkers (see Table 5). Dwelling 
units not identified in the image were captured, and wrongly identified 
dwellings were deleted. The process allowed for field editing of the data 
generated from the acquired images. 

Table 5: Office demarcation, re-demarcation, updating and 
correction

Countries Similarities 
Differ-
ences 

Traditional Census 
Cartography (selected 
countries and Africa)

The Gambia, 
Mauritania, 
Namibia, Sey-
chelles, and 
South Africa 

Desktop capture of geo-
referenced coordinate points 
digitized from the satellite 
images with each point 
representing a structure or 
dwelling.

None Drawings of EAs were done 
manually and updating or 
corrections involved con-
structing new maps entirely. 

The fieldworkers use the 
Trimble GPS PDA device to 
recapture the already identi-
fied dwelling units

None No use of the latest tech-
nology in delineating EAs. 

Spatial data bases linked 
to software were used to 
develop digital maps. 

None No data bases were used. 
Most of the captured infor-
mation was stored in paper 
form. 

Information technology and 
geographic information staff 
worked in the demarcation 
process. 

None No information technology 
and geographic informa-
tion staffs worked in the 
demarcation process. 

Updating and corrections 
were done simultaneously 
with fieldwork.

None Updating and corrections 
were done after fieldwork 
completion. 

 
While evaluating the EA preparation, it was noticed that the field enumera-
tors were not carrying out population estimation simultaneously with the 
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dwelling units identification process in most of the countries evaluated. This 
was a serious error, as the estimated household size would have been used 
to determine the size of each EA. Equally, information on the number of 
persons living in collective households was omitted, which made it difficult 
to carve out EAs, as those populations could be left out during enumera-
tion. The field visits identified several problems, with the most serious be-
ing the inability of fieldworkers designating sketch EAs after counting the 
dwellings. The sketch EA maps help in identifying specific requirements. 
In Mauritania, the available technology was optimally used and integrated 
into the total census-mapping project. The advantages were obvious for 
census cartographers. Equally, the office lacked the expertise to interpret 
and effectively use those images when acquired. 

4.6 Development of geographic frame and census administrative 
boundaries 

Administratively, the following countries were divided into the following 
boundaries: 

• The Gambia had 8 local government areas, 40 districts within the 8 
local government areas, and those districts were divided into supervisor 
areas and EAs. The basic geocode used was constructed according to 
the geographic frame.

• Seychelles was made up of 5 regions, 25 districts, census supervisor 
areas, and standard EAs. 

• Namibia was divided into 14 regions; the regions were divided into 
constituencies for electoral purposes. Local authorities were established 
in urban areas, and the regions covered the rural areas. 

• South Africa was divided into 9 provinces that were split into district, 
municipalities, local government, main place names, sub place names, 
small areas, EAs, and dwelling frame. 

• Mauritania was divided into 13 wilayas (regions), including the 
Nouakchott Capital District. Each wilaya constituted a decentralized 
administrative area. The wilayas were divided into moughataa 
(departments) and the moughataa into districts. The smallest 
administrative unit was the commune. The parameters that informed 
the development of the geographic frame and the boundaries of the 
EA are succinctly presented in the following sections:

4.6.1 Settlement types
Demarcation in The Gambia and Namibia was according to the following 
settlement types; gazetted urban areas, rural traditional, other areas not 
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gazetted as urban, and large institutional settlements such as hotels. In 
Seychelles, no distinction was made between settlement types. Institutions 
were part of an EA already present. Although no distinctions were made 
between urban and rural settlement types, care was taken when the EAs 
were demarcated to ensure that settlement areas with similar densities or 
patterns were demarcated together. The geocoding in Mauritania was done 
according to the 13 wilayas, including the Nouakchott Capital District. 
There were 53 moughataa and 208 communes in the country. All localities 
were geo-referenced, with each locality linked to an administrative unit. 
Mauritania mapped the nomadic transit corridors and water points.

4.6.2 Main Enumeration Area types
In The Gambia, Namibia, Seychelles, and South Africa, the demarcations 
were as follows; large vacant areas were demarcated as separate entities, this 
improved the credibility and relevancy of the GIS analysis and dissemina-
tion. The attribute data indicated the type of vacant EA and name. Urban 
EAs were predominantly residential areas within the proclaimed and gazet-
ted urban settlements. These consisted of low-cost or shack housing, and 
medium and high-cost housing. Rural EAs were predominantly residential 
type within rural settlements. Agricultural EAs covered predominantly 
agricultural land and settlements. 

Table 6. Main Enumeration Area types

Countries Similarities
Differ-
ences

Traditional Census 
Cartography (selected 
countries and Africa)

The Gambia, 
Mauritania, 
Namibia, Sey-
chelles, and 
South Africa 

The demarcation following EA 
type and urban EAs, agricultural 
EAs, rural EAs and vacant EAs 

None Predominantly urban 
and rural EAs 

EA types failed to follow the 
tabulation plan 

None EA types failed to fol-
low the tabulation plan

VACANT (STATE/PARKS/ 
AGRICULTURAL)=<100 
Square km
URBAN= 70 Compounds (+-
500 people)
RURAL= 30 – 50 Compounds 
(+-500 people)

None
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4.6.3 Enumeration Area subtypes
An EA subtype is a further definition to illustrate any subordinate-type 
aspects of the EA (for example, if there is an institution present as part of 
the larger EA). The subtype is captured as part of the attribute information 
of the area. Two subtypes were identified and used where applicable. 

4.6.4 Enumeration Area size parameters
The EA size parameters are chosen to ensure a balance between geographi-
cal size, topography, drainage and population size, while keeping in mind 
that the enumerator should be able to comfortably visit all households in 
the EA within the specified enumeration timeframe. Enumeration Areas 
are demarcated from digital imagery using modern GIS techniques. The 
geo-referenced dwelling frame households are used as size indicators. 

4.6.5 Enumeration Area attribute table
Since EAs are demarcated from digital imagery using modern GIS tech-
niques, dwelling units are used as size indicators instead of households. The 
following sizes have been specified: less than or equal to 500 people per EA; 
urban areas: 70 compounds; and rural areas: 30–50 compounds.

5. CENSUS PRACTICES OUTSIDE AFRICA

The United Nations Statistics Division (2010) conducted a survey on census 
methods used by countries in the 2010 census round. Tables 7 and 8 show 
the use of census maps by region, globally, during the 2010 census round. 
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Table 7. Countries using census mapping – by region

Region

Number of coun-
tries or areas us-
ing census maps

Digitized 
map only

Type of map 
(sketch map 

only)
Several 
types

Number

All Regions 122 71 13 38

Developed Regions 33 15 3 15

Developing Regions 89 56 10 23

Africa 29 18 4 7

Asia 37 22 5 10

Europe 27 13 3 11

Latin America and the 
Caribbean

22 15 0 7

Caribbean 8 5 0 3

Latin America 14 10 0 4

Northern America 3 1 0 2

Oceania 4 2 1 1

Percentage

All Regions 100 58 11 31

Developed Regions 100 45 9 45

Developing Regions 100 63 11 26

Africa 100 62 14 24

Asia 100 59 14 27

Europe 100 48 11 41

Latin America and the 
Caribbean

100 68 0 32

Caribbean 100 63 0 38

Latin America 100 71 0 29

Northern America 100 33 0 67

Oceania 100 50 25 25

Note: A combination of sketch, digital maps, and maps based on aerial photography and 
satellite imagery.
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Figure 6: Number of countries using census mapping – by region

The survey undertaken in 122 countries established that about 89 countries 
in developing regions used census maps relative to 33 countries in devel-
oped regions. Most developed regions were well mapped with an effective 
address register system, whilst developing regions had ineffective mapping 
and address register systems. 

The survey established that the continents of Asia and Africa used more 
census maps (37 and 27 respectively), while 4 countries in Oceania used 
maps for their census during the 2010 round. About 30 Asian countries 
used the GPS GIS technology, followed by Africa with 25 countries. 

The definitions and concepts on the parameters are presented in Appendix 1.
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Table 8: Technology used for census mapping on a global scale

Region

Number of 
responding 
countries

Use of 
GPS/GIS 

technology
Not used 
GPS/GIS

Not 
 applicable

Number

All Countries/Areas 138 102 23 13

Developed Regions 46 26 8 12

Developing Regions 92 76 15 1

Africa 29 25 4 0

Asia 39 30 8 1

Europe 39 20 8 11

Latin America and the 
Caribbean

22 22 0 0

Caribbean 8 8 0 0

Latin America 14 14 0 0

Northern America 4 3 0 1

Oceania 5 2 3 0

Percentage

All Regions 100 74 17 9

Developed Regions 100 57 17 26

Developing Regions 100 83 16 1

Africa 100 86 14 0

Asia 100 77 21 3

Europe 100 51 21 28

Latin America and the 
Caribbean

100 100 0 0

Caribbean 100 100 0 0

Latin America 100 100 0 0

Northern America 100 75 0 25

Oceania 100 40 60 0

Note: Most of the countries or areas in the ‘Not Applicable’ column conduct register-based 
censuses and do not need to demarcate Enumeration Areas.
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Figure 7: Technology usage for Census Mapping on a Global Scale

6. SUMMARY OF FINDINGS AND STRATEGY FOR 
GEO-REFERENCE DWELLING FRAME FOR CENSUS 
CARTOGRAPHY DURING THE 2020 CENSUS ROUND IN 
AFRICA

The strategy is based on leveraging the facilitating capabilities of geospatial 
information technologies in census data collection, processing, analysis, and 
dissemination, while ensuring that spatial information is harmonized with 
national strategies for the development of statistics (NSDS). 

6.1 Vision, mission, objectives, and strategies
The vision is to facilitate the use of a geo-reference dwelling frame for census 
cartography during the 2020 census round and subsequent rounds in Af-
rica. The mission is to enhance the quality of census cartographic products 
and services aimed at producing quality demographic data for informed 
decision-making in Africa. The objective is to facilitate the establishment 
of a geo-reference dwelling frame for census cartography during the 2020 
census round in Africa. 

The strategies are to:

• Set up a management mechanism and put in place a geo-reference dwelling 
frame for census cartography during the 2020 census round in Africa;
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• Conduct country needs assessment – technical assistance, training, 
and research;

• Develop a data management mechanism; and
• Develop a monitoring, evaluation, and reporting mechanism. 

6.2 Regional and national governance mechanisms
The ECA Conference of Ministers of Finance, Planning and Economic 
Development established the Statistical Commission for Africa in 2005. Its 
membership comprises African countries represented by heads of National 
Statistics Offices (NSOs). 

The United Nations Initiative on Global Geospatial Information Manage-
ment for Africa (UN-GGIM Africa) is a regional subset meant to coordinate 
African GGIM activities. The UN-GGIM Africa is aimed at facilitating 
the global movement of integrating geospatial technology into national 
statistics offices. 

7. LINKAGES

7.1 Linkages to the national mapping agencies in Africa
The critical role of mapping and cartographic production in national and 
regional planning is an important component and there is a need to link 
National Statistics Offices (NSOs) and national mapping agencies in Africa. 
The agencies in Africa should coordinate their activities and work with 
different partners to put in place a geo-reference dwelling frame for census 
cartography during the 2020 census round in Africa.

7.2 Linkages to the National Statistics Offices in Africa
At a national level, the NSOs are the main players within the national sta-
tistical system and the African Statistics System. The NSOs are mandated 
to produce and disseminate official statistics. It is also their role to produce 
and disseminate data to the government, business sector, and the public 
at large. Census cartography needs to be prioritized to give good results. 

8. CONCLUSION AND RECOMMENDATIONS

8.1 Conclusion 
As observed from the study, visible benefits have accrued from the adop-
tion and sound application of new technologies such as GIS, GPS, and 
high-resolution satellite imagery in census mapping and household listing. 
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Although there are several limitations, countries that used the dwelling frames 
during the 2010 round of censuses have developed tools and experience 
essential to improving the coverage and quality of fieldwork in the actual 
enumeration phase of a census. 

Some countries have integrated GIS into their census mapping processes and 
household listings. They have the most developed and solid geo-referenced 
(GPS) database of dwelling locations, clearly delineated EA boundaries and 
a complementary set of high-resolution satellite imagery.

8.2 Recommendations
The reinforcement of the recommendations of a satellite communications 
unit-II (SATCOM II), that encourages collaboration between the geo-
information and statistics, is necessary and sufficient. It entails collabora-
tion between national mapping agencies, NSOs, and other partners. When 
effected, it should improve the coordination of the 2020 round of censuses.

In the 2010 round of censuses, there was little collaboration between the 
mapping and statistical institutions across countries. This led to poor map-
ping and quality data collected from the same censuses and surveys. It is 
therefore imperative that the institutions work hand in hand to enhance 
the quality of census cartography and the entire census process as a whole. 

Furthermore, there is a need to establish continuous maintenance and an 
update system of the compiled data sets. Also of importance are the devel-
opment and maintenance of an address system that will be of use to the 
occupants of informal and traditional settlements. 

It is worthwhile to investigate the possibility of capturing a location for each 
structure. Alternatively, the total or partial area with multiple structures is 
recommended as it captures the accurate coordinates of each housing unit 
or the area where it is situated within a particular settlement. 

National Statistics Offices need to undertake the evaluation of the GPS 
technology and equipment before procurement. Procurement strategies 
and funding options for new technologies such as GPS should be linked 
with training. 

The management of GPS units should be included in census planning, and 
possibilities for sharing data between NSOs and other stakeholders should 
be developed.
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The NSOs are supposed to develop relationships with mapping providers 
in other countries (NSB, 2007). This should facilitate the sharing of:

• Technical expertise;
• Software and training; and
• GPS coordinates and collaboration with other service providers.
 
Some best practice examples include:

• Integrating GIS into the entire census operation, including dissemination 
and other surveys; and

• Encouraging regional standardization of concepts and application 
software, and jointly developing the capacities of staff in order to avert 
high staff turnover and poor quality mapping. 
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APPENDIX I

CONCEPTS AND DEFINITIONS USED  
IN CENSUS CARTOGRAPHY 

Compounds 
In The Gambia, Mauritania, Namibia, Seychelles, and South Africa, a 
compound is a group of households that can easily be identified as such. 
Usually, a compound will have a head of the compound that is appointed 
by the occupants of the households. The concept of a compound was used 
in The Gambia and Seychelles.

Dwelling
Dwelling refers to various types of structures used for accommodation. 
Such structures include: houses, townhouses, flats or apartments, hostels, 
huts, shacks, semi-detached houses, and sometimes structures that are not 
intended for human occupation. The difference emerges when each dwell-
ing is geo-referenced creating an address register, etc. Dwellings are used 
to determine the number of households and individuals living in these 
structures, and recently, the address system has been added in the definition 
of dwellings in census cartography.

Dwelling unit
A dwelling unit is a unit of accommodation of a household that may be 
vacant or shared by more than one household. Dwelling unit, housing unit, 
living quarters, and stands can be used interchangeably. The difference 
emerges when each dwelling is geo-referenced creating an address register, 
etc. More information on dwelling units are being collected in the new 
census cartographic methodology, the characteristics of dwelling are iden-
tified and registered as part of the questionnaire loaded into GPS devices. 

Enumeration Areas
In The Gambia, Namibia, Seychelles, and South Africa, an Enumeration 
Area (EA) is a small unit of about equal population size, each of which will 
be assigned to a single enumerator to enumerate its total population. An 
EA has distinct boundaries that are describable. Its size is determined by a 
number of factors, among which the most important are, but not limited 
to, and not in order of priority: number of dwelling units, easily manage-
able by at least one enumerator for the specified period of enumeration; 
topographically accessible; unique in that it should not cut through any 
administrative boundary; EAs do not and should not overlap; and an EA 
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should have a unique number. An EA number is a unique digit number 
given to an area for the purposes of record keeping and coding.

Enumeration Area boundaries
An Enumeration Area (EA) should be delineated within the lowest order of 
administrative divisions, and in consideration of other subdivision or social 
structures for which the census data are to be reported. As far as possible, 
the boundaries of EAs should be identifiable by delineating along some 
permanent (preferably physical) feature such as rivers, ridges, or a street. 
Where such features are non-existent, the imaginary boundary lines may 
be drawn and identified with reference to prominent buildings or other 
benchmark features. An EA, delineated within the urban areas, should not 
extend over the adjoining rural areas. All EAs have to be demarcated within 
the defined geographic and social boundary framework. The concept of EA 
delineation has not changed significantly, only the technology in delineating 
the areas has changed drastically over the years. 

Enumeration Areas: size and shape
Enumeration Areas (EAs) in an administrative area should cover its entire 
space in an exhaustive and mutually exclusive manner. That is, every parcel 
of land area should be allocated to one or other EA and no gaps or overlaps 
must occur. It should be of a compact size, to the possible extent and it must 
not have any outlying pockets. In the areas of sparse population distribution, 
the territorial size of EAs should be such that the respective enumerators 
can cover them by walking, during the specified period of enumeration. 
As far as possible, the EAs should have population closer to the prescribed 
size. It should be demarcated as closed, contiguous polygons, without any 
gaps or overlaps, and within the specified size. The shape and size of the 
areas are determined by the milieu (urban or rural). Rural areas are vast in 
nature, allowing for large EAs, while urban areas are smaller in nature with 
smaller EAs with high population concentration. 

Household
A one-person household, defined as an arrangement in which one person 
provides his or her own food or other essentials for living without combin-
ing with any other person to form part of a multi-person household, OR, 
a multi-person household defined as a group of two or more persons living 
together who make common provisions for food or other essentials for liv-
ing. Persons in a group may pool their incomes and have a common budget 
to a greater or lesser extent; they may be related or unrelated persons or a 
combination of persons both related and unrelated.
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Household head
A head of household is the person that the household regards as such, and 
is usually the person who assumes responsibility for decision-making in the 
household. The head could be either a male or female. Please note – there 
should be one head of a household. Where property is equally owned and 
responsibilities of both the husband and the wife are seen as equal, then 
age should be considered to determine who is the head of the household. 
This concept has traditionally remained the same although, increasingly, 
children and women are becoming heads of households in Africa. 

Household head, acting
A person who assumes decision-making responsibility of the head of house-
hold in the absence of the designated head, is regarded as the acting head 
of household, sometimes referred to as a reference person.

Household number 
In The Gambia, Mauritania, Namibia, Seychelles, and South Africa, a 
house number is a number indicated on the house. This number is often 
written on the walls of dwelling units, the nomenclature differs from one 
country to another. 

Physical address
A physical address is a physical location of a dwelling unit of household(s). 
It consists of a number and street name. In the old system, physical ad-
dresses containing the physical location of a dwelling unit of household(s) 
were not registered. The physical address system is a new concept in census 
cartography. For this system to be successful, it should be tied to the ca-
dastral system of countries. The cadastral system is essential for the regular 
updating of the developed address system. 
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APPENDIX 2

CENSUS CARTOGRAPHIC METHODOLOGIES

(a) Traditional census cartography

Country Similarities Differences
Traditional census 

cartography

The Gambia 1 0 1

Mauritania 0 1 0

Namibia 1 0 1

Seychelles 1 0 1

South Africa 1 0 0
Note: 1 = Yes, 0 = No

Source: ECA Advisory Mission Reports and Country Cartographic Reports.

(b) Enumeration Areas updating

Country Similarities Differences
Traditional census 

cartography

The Gambia 1 0 1

Mauritania 0 1 0

Namibia 1 0 1

Seychelles 1 0 1

South Africa 1 0 0

Note: 1 = Yes; 0 = No.

Source: ECA Advisory Mission Reports and Country Cartographic Reports.
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(c) Imagery Coverage

Country Similarities Differences
Traditional census 

cartography

The Gambia 1 0 0

Mauritania 0 1 0

Namibia 1 0 0

Seychelles 1 0 0

South Africa 1 0 0

(d) Creation of accurate geographic frames

Country

EAs represented the 
smallest building 

block
EA boundaries 

adjustment

EAs respected 
the census 

tabulation plans

The Gambia 1 1 1

Mauritania 0 1 1

Namibia 1 1 1

Seychelles 1 1 1

South Africa 1 1 1

Notes: 1 = Yes; 0 = No.

Source: ECA Advisory Mission Reports and Country Cartographic Reports. 
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(e) Countries using census mapping by region

Region

No. of countries 
or areas using 
census maps

Digitized 
map only

Type of map 
(sketch map 

only)
Several 
types

Number

All Regions 122 71 13 38

Developed Regions 33 15 3 15

Developing Regions 89 56 10 23

Africa 29 18 4 7

Asia 37 22 5 10

Europe 27 13 3 11

Latin America and the 
Caribbean

22 15 0 7

Caribbean 8 5 0 3

Latin America 14 10 0 4

Northern America 3 1 0 2

Oceania 4 2 1 1

Percentage

All Regions 100 58 11 31

Developed Regions 100 45 9 45

Developing Regions 100 63 11 26

Africa 100 62 14 24

Asia 100 59 14 27

Europe 100 48 11 41

Latin America and the 
Caribbean

100 68 0 32

Caribbean 100 63 0 38

Latin America 100 71 0 29

Northern America 100 33 0 67

Oceania 100 50 25 25

Note: A combination of sketch, digital maps and maps based on aerial photography and 
satellite imagery. 

Source: UNSD.
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(f ) Technology used for census mapping on a global scale

Region

No. of 
responding 
countries

Use of 
GPS/GIS 

technology
Not used 
GPS/GIS

Not 
 applicable

Number

All Countries/Areas 138 102 23 13

Developed Regions 46 26 8 12

Developing Regions 92 76 15 1

Africa 29 25 4 0

Asia 39 30 8 1

Europe 39 20 8 11

Latin America and Carib-
bean

22 22 0 0

Caribbean 8 8 0 0

Latin America 14 14 0 0

Northern America 4 3 0 1

Oceania 5 2 3 0

Percentage

All Regions 100 74 17 9

Developed Regions 100 57 17 26

Developing Regions 100 83 16 1

Africa 100 86 14 0

Asia 100 77 21 3

Europe 100 51 21 28

Latin America and the 
Caribbean

100 100 0 0

Caribbean 100 100 0 0

Latin America 100 100 0 0

Northern America 100 75 0 25

Oceania 100 40 60 0

Note: Most of the countries or areas in the ‘Not Applicable’ column conduct register-based 
censuses and do not need to demarcate Enumeration Areas.

Source: UNSD.
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Le JSA cherche également les critiques qualifiés. Veuillez nous contacter si 
vous êtes intéressé à contribuer en tant que critique.
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The African Statistical Journal (ASJ) was established to promote the un-
derstanding of statistical development in the African region. It focuses 
on issues related to official statistics as well as application of statistical 
methodologies to solve practical problems of general interest to applied 
statisticians. Of particular interest will be the exposition of: how statistics 
can help to illuminate development and public policy issues like poverty, 
gender, environment, energy, HIV/AIDS, etc.; development of statistical 
literacy; tracking national and regional development agendas; development 
of statistical capacities and effective national statistical systems; and the de-
velopment of sectoral statistics, e.g. educational statistics, health statistics, 
agricultural statistics, etc.

In addition to individual academic and practicing statisticians, the Journal 
should be of great interest to a number of institutions in the region including 
National Statistical Offices, central banks, research and training institutions, 
sub-regional economic groupings, and international development agencies.

The Journal serves as a research outlet and information sharing publica-
tion among statisticians and users of statistical information mainly in the 
African region. It publishes, among other things, articles of an expository 
or review nature that demonstrate the vital role of statistics to society rather 
than present technical materials, articles on statistical methodologies with a 
special emphasis on applications, articles about good practices and lessons 
learned in statistical development in the region, opinions on issues of general 
interest to the statistical community and users of statistical information in 
the African region, notices and announcements on upcoming events, con-
ferences, calls for papers, and recent statistical developments and anything 
that may be of interest to the statistical community in the region.

The papers, which need not contain original material, should be of general 
interest to a wide section of professional statisticians in the region.

All manuscripts are peer reviewed and evaluated on content, language and 
presentation. 



Journal africain de statistiques, numéro 19, décembre 2016152

Ligne éditoriale

 
Le Journal statistique africain a été établi pour favoriser la compréhension 
du développement statistique dans la région africaine. Il se concentre sur 
des questions liées aux statistiques officielles aussi bien que l’application des 
méthodologies statistiques pour résoudre des problèmes pratiques d’intérêt 
général pour les statisticiens de métier. L’intérêt particulier est de montrer 
comment les statistiques peuvent aider à mettre en exergue les problèmes 
de développement et de politique publique tels que la pauvreté, le genre, 
l’environnement, l’énergie, le VIH/ SIDA, etc.; le développement de la culture 
statistique ; la prise en compte des questions de développement régional et 
national; le développement des capacités statistiques et des systèmes statis-
tiques nationaux efficaces; et le développement des statistiques sectorielles 
comme les statistiques d’éducation, de santé, des statistiques agricoles, etc.

En plus des universitaires et des statisticiens de métier, le Journal devrait 
revêtir un grand intérêt pour les institutions de la région, notamment 
les offices nationaux de statistiques, les banques centrales, les instituts de 
recherche et les organisations économiques sous-régionaux et les agences 
internationales de développement.

Le Journal constitue un document de recherche et d’information entre les 
statisticiens et les utilisateurs de l’information statistique, principalement 
dans la région africaine. Il publie entre autres: des articles sur le plaidoyer en 
matière de statistique qui démontrent le rôle essentiel des statistiques dans 
la société plutôt que la présentation des outils techniques, des articles sur les 
méthodologies statistiques, avec un accent particulier sur les applications, 
des articles sur les meilleures pratiques et les leçons tirées de la région, des 
avis sur des questions d’intérêt général pour la communauté statistique 
et les utilisateurs de l’information statistique dans la région africaine, des 
informations et des annonces sur les prochains événements, les conférences, 
les appels à contribution pour des papiers, et les développements statistiques 
récents et tout autre aspect susceptible d’intéresser la communauté statis-
tique dans la région.

Les articles, qui n’ont pas besoin de contenir du matériel original, devraient 
intéresser une grande partie des statisticiens professionnels dans la région.

Tous les manuscrits seront passés en revue et évalués sur le contenu, la 
langue et la présentation. 
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submission 

Submissions
Manuscripts in English or French should be sent by email to ASJ-Statistics@
afdb.org

Title
The title should be brief and specific. The title page should include the title, 
the author’s name, affiliation and address. The affiliation and address should 
be given as a footnote on the title page. If the manuscript is co-authored, 
the same information should be given for the co-author(s).

Abstract, Key Words, and Acknowledgments
A short abstract of about 150 words must be included at the beginning of 
the manuscript, together with up to 6 key words used in the manuscript. 
These key words should not repeat words used in the title. Acknowledg-
ments, if any, should inserted as a new section at the end of the paper and 
before the References.

Sections and Numbering
Major headings in the text should be numbered (e.g. 1. INTRODUCTION). 
Numbered subheadings and sub-subheadings (e.g. 1.1 The establishment 
of the NSDS and 1.1.1 Bodies comprising the NSDS). Main body text in 
the form of paragraphs should not be numbered.

Formatting
Please use minimal formatting as this will facilitate harmonization of all the 
papers. As your default, keep to “normal” (12 pt. Times New Roman) for 
main text with a single line space between paragraphs. Do not apply “body 
text” as an inbuilt style. The levels of heading need to be easily identifiable. 
We recommend all capitals bold for the first level of heading in the main 
text (e.g. “1. INTRODUCTION”); thereafter bold upper and lower case 
for subheadings (e.g. “1.1 The establishment of the NSDS”) and italic 
not bold  (e.g. 1.1.1. Creating a culture of cooperation) for sub-subheadings. 
Please refer to the latest volume of the AJS as a guide.

House Style
The Bank’s house style is U.S. rather than British spellings (e.g. “organi-
zation” not “organisation”; “program” rather than “programme”, “ana-
lyze” rather than “analyse” etc.). Use percent rather than per cent or % 
although the percentage sign should be used in figures and tables and 
double rather than single quotation marks. Dates should be U.S. style (e.g.  
December 11, 1985 not 11 December 1985).
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Equations
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The references should give the author’s name, year of publication, title of 
the essay/book, name of journal if applicable. Use a, b, c, etc. to separate 
publications by the same author in the same year. Titles of journals and 
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In the main body of the article, cross-references should be Harvard-style, 
e.g. (Kish, 1988a; Herzog and Dielman, 1985: 351). For cross-references 
to three or more authors, only the first surname should be given, followed 
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Soumission
Les manuscrits en anglais ou en français doivent être envoyés à :  
ASJ-Statistics@afdb.org

Titre
Le titre devrait être bref et détaillé. La page de titre doit inclure le titre du 
papier, le nom de l’auteur, l’affiliation et l’adresse. L’affiliation et l’adresse 
doivent figurer comme note de bas de page. Si le manuscrit est produit par 
des coauteurs, la même information doit être donnée pour les coauteurs.

Résumé, mots clés et remerciements
Un résumé court d’environ 150 mots doit être inclus au début du manus-
crit ainsi qu’environ 6 mots clés utilisés dans le manuscrit. Les mots clés ne 
doivent pas répéter les mots utilisés dans le titre. Les remerciements, s’il y en 
a, doivent être insérés à la fin de l’article, avant les références bibliographiques.

Section et numérotation
Les principaux titres doivent être numérotés (par exemple “1. INTRO-
DUCTION“). Les sous-titres et sous sous-titres numérotés (par exemple 
“1.1 L’élaboration de SNDS” et “1.1.1 Créant une culture de coopération”) 
peuvent être employés. Le corps principal du texte sous forme de paragraphes 
ne devrait pas être numéroté.

Formatage 
Veuillez utiliser le formatage minimal car ceci facilitera l’harmonisation 
de tous les articles. Garder par défaut le format “normal” (12 pt. Times 
New Roman) pour le texte principal avec l’espace d’une seule ligne entre 
les paragraphes. Ne pas appliquer le “corps de texte “ en tant que modèle 
intégré. Les niveaux du titre doivent être facilement identifiables. Nous 
recommandons les majuscules en gras pour le premier niveau titre dans le 
texte principal (par exemple “1. INTRODUCTION“) ; ensuite les lettres 
minuscules en gras pour les sous-sections (par exemple “1.1 l’élaboration 
de la SNDS”) et ensuite l’italique pour les sous sous-titres (par exemple 
“1.1.1 Créant une culture de coopération”). Veuillez vous référer au dernier 
volume du JSA comme guide.

Tables and Figures
Les tableaux et les graphiques doivent être numérotés et comporter un titre. 
Ceux-ci devraient être mentionnés (par exemple “voir Tableau 1” ) dans le 
texte par le nombre correspondant, et non par une indication de page ou 
par d’autres indications telles que “ci-dessous” ou “au-dessus de”.
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Équations
Toutes les équations dans le papier doivent être numérotées. Les nombres 
doivent être placés à la droite de l’équation.

Références bibliographiques
Une liste de références doit être fournie à la fin de l’article (avant les annexes, 
le cas échéant). Les références doivent être classées par ordre alphabétique 
selon le nom de l’auteur ou de l’organisation. Là où il y’a plus d’une publi-
cation listée pour un auteur, elles doivent être classées chronologiquement 
(en commençant par les plus récents). Les références doivent donner le nom 
de l’auteur et l’année de publication, le titre du livre, le nom du journal 
le cas échéant. Utiliser a, b, c, etc. pour séparer les publications du même 
auteur au cours der la même année. Les titres des journaux et des livres 
devraient être en italique ; les titres des documents de travail et des rapports 
non publiés devraient être placés dans de doubles guillemets et ne pas être 
imprimés en italique.

Exemples :
Fantom, N. and N. Watanabe (2008). “Improving the World Bank’s Data-
base of Statistical Capacity,” African Statistical Newsletter, 2 (3): 21–22. 

Herzog, A. R. and L. Dielman (1985). “Age Differences in Response Accu-
racy for Factual Survey Questions,” Journal of Gerontology, 40: 350–367.

Kish, L. (1988a). “Multipurpose Sample Designs,” Survey Methodology, 14 
(3): 19–32.

Kish, L. (1988b). “A Taxonomy of Elusive Populations,” in Proceedings of 
the Annual Meeting of the American Statistical Association. January 1988.

Parpart, J. L., M. P. Connelly, and V. E. Barriteau (eds.) (2000). Theoretical 
Perspectives on Gender and Development. Ottawa: International Development 
Research Center.

World Bank (2006). Statistical Capacity Improvement in IDA Countries – 
Progress Report. Washington DC: The World Bank. 

Renvois 
Dans le corps principal de l’article, les renvois devraient suivre le modèle de 
Harvard, par exemple (Kish, 1988a ; Herzog et Dielman, 1985 : 351). Pour 
des renvois à trois auteurs ou plus, seulement le premier nom de famille 
devrait être donné, suivi par et al., bien que les noms de tous les auteurs 
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doivent être fournis dans la Bibliographie elle-même. Les abréviations ibid. 
et op. cit. ne devraient pas être employées dans le texte ou dans les notes 
de bas de page.
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