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PREFACE

The authors of this handbook provide new research on the challenges and issues of the
21st century in Africa. Some of the topics discussed include the African Development Bank;
the PEACE model; environmental developments; waste management; diseases and public
health challenges; and education.

Chapter 1 - It is now well-established that Party affiliations tends to dictate the level of
commitment and consistency of the U.S. policy towards the multilateral development banks
(MDB), which provide financial assistance to promote economic and social development to
developing countries. The study uses data on the ADB loan window from 2004 to 2011 to
analyze whether the U.S. Congress through the House of Representatives and Senate affect
how the U.S. vote in the African Development Bank (ADB). The empirical results uncover
overwhelming support of the Congress toward ADB funding, irrespective of party affiliation.
This support is less shaped by ideology but more as a way to accommodate resource-
constrained ADB’s efforts to fund socio-economic projects that improve living conditions of
the poorest countries in the continent.

Chapter 2 - This study proposes a model for Alternative Dispute Resolution (ADR)
practice, tailored to address the needs of Africans. Specifically, it draws inspiration from
Ghanaian visualized philosophical traditions evidenced in Adinkra symbols. It is possible for
other African countries to replace the Ghanaian adinkra symbols with their local symbols or
maxims with similar meanings that match up with those in the model. The chapter argues that
in spite of the usefulness of models imported from developed countries, they lack the ability
to make conflict resolution real, concrete, practical and all-encompassing where all,
regardless of educational background can identify with, appreciate and understand the process
with less effort. Accordingly, ideas are leveraged from the appreciative inquiry theory to
develop a PEACE Model using Adinkra Symbols to effectively stimulate peaceful
conversations during conflict resolution and human interaction activities in Ghana and Africa
as a whole. This chapter emphasizes that indigenous knowledge derived from wisdom refined
from the past by African ancestors need to be revisited and employed to empower individuals
to lead progressive lives for sustainable peaceful coexistence. It is hoped that this chapter will
generate a robust debate into the challenges and opportunities of effectively resolving
conflicts in Africa for sustainable results.

Chapter 3 - The energy and development nexus is a strong pillar of sustainable economic
development in the 21%t century. For countries in sub-Saharan Africa (SSA) wishing to
achieve economic growth and meet the sustainable development goals, deployment of modern
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energy projects offers potential opportunities. SSA is currently experiencing strong economic
growth and showing positive trends in human development indicators. With annual gross
domestic product (GDP) growth rates reaching 5% since 2000, more than twice that of the
1980s and 1990s, Africa has become a fast growing continent. Access to morden and
sustainable energy will be critical to sustain the growth. About 47% of the population of SSA
live on less than US$ 1.25 per day and 27% are hungry or undernourished. A large number of
these people depend on agriculture for livelihood. They depend on access to land and
traditional forms of bioenergy. Food security and economic development in SSA can be
addressed more effectively with morden energy than without it. It is a truism that there is
rampant energy poverty in rural areas in SSA. Energy presents both opportunities and risks
for sustainable development. Energy is linked to a range of developmental issues such as
poverty alleviation and modernization of rural economies. Many developmental activities in
SSA such as agriculture, transport, water, education, income generation and health have
energy requirements. Taken severally, energy and development represent key issues in SSA
today. Holistically, energy and development form an important nexus in SSA. This chapter
provides an overview of the energy-development nexus in SSA with the view of supporting
sustainable development in the region.

Chapter 4 - Given the nature of water supply related difficulties that so many countries
are now facing it is then important to consider the supply of water in most wanting countries
such as in Sub-saharan Africa (SSA). The future of water security and related infrastructure,
in addition to the possible effects that climate change may have on SSA are all fundamentally
in doubt. There is a need to study why so many persons are moving from these countries. The
paper shows that while there are many other reasons one of the fundamental is water and food
security. The lack of infrastructure and inefficient flow networks of water in countries are
also noted and these have to be much improved and moreover guarded against potential loss.
The information and critical analysis provided in this paper shows that there is a clear need
for the investigation into water availability supply networks security. The fresh and clean
drinking water is now to be accepted as on demand by modern consumers given progress of
humans over time. This paper reports on the water related difficulties facing some the Sub-
saharan African countries where many of dispossessed persons live and this has led to the
great movement of people that has occurred in recent times. The unfavourable nature of the
climate and agricultural land and the effect of climate change appears to have led to the rural
migrating to urban areas; but the difficulty now is maintaining the security of the supply
networks as well as for the infrastructure of water lowering risks by the development of
appropriate management strategies.

Chapter 5 - This chapter is particularly concerned about the perception of health and
diseases held by the communities living in the North of Sierra Leone, specifically in the
Koinadugu district. This chapter examines the study of health systems, the ways in which
people of Sierra Leone interpret the origins of diseases and how this influences their
treatment. Communities think that diseases appear not only because of natural causes: they
believe that, behind a disease, the influence of witchcraft or spirits of the jungle may be
concealed. Finally, the author makes recommendations for improving the current situation.

Chapter 6 - This briefing contextualises the rumours that circulated during the 2014
Ebola outbreak in Sierra Leone. These rumours were a method of trying to explain the cause
of Ebola and understand the responses to it. Analysing these rumours helps the international
community to understand Sierra Leonean perceptions of Ebola in order to improve future
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emergency health responses in Sierra Leone. These rumours were a product of the initially
over stretched and poorly implemented Ebola response and the international communities’
attitude towards Ebola, but they were more often linked to long-term issues of structural
violence, which also contributed to the unprecedented spread of Ebola in Sierra Leone.
Despite the efforts of the World Health Organisation to control the Ebola outbreak, achieving
zero cases and providing support for survivors, rumours about the cause of Ebola and the
response to it did not abate. Although social mobilisation and sensitisation was important in
the short-term, it is the more complex and deeply ingrained issues that the Ebola response and
those that dominate the current system of global health governance must grapple with to
properly eradicate Ebola now and in the future. Ebola rumours are thus an extremely fruitful
way to elucidate both Sierra Leonean perceptions of Ebola and the response to it, and the
multiple, global, political, economic and social inequalities that contributed to the outbreak.
Chapter 7 - Arid and semiarid landscapes appear to preserve more evidence of former
environmental conditions, although high contemporary erosion rates and the paucity of long
terrestrial-sedimentary sequences hinder their complete elucidation. This paper focuses on the
late Quaternary environmental change in the Namibia in southern Africa. The Namibia is
located at the interface of tropical, subtropical and temperate atmospheric and oceanic
systems. Despite the fact that southern Africa was not subject to Quaternary glaciation per se,
the influence of variations in amount and seasonality of rainfall has been very marked indeed.
The relationship between geomorphology and climate in Namibia reveals the degree and
extent to which its landscapes are determined by changing environmental conditions,
especially during the Late Quaternary. Case studies of late Quaternary environmental changes
in the northern, western and central Namibia are presented. In the western Namibia, over the
last 140 ka during the Late Pleistocene, lower leaf-wax 8D and higher 6*3C (more C4 grasses)
were recorded in a marine sediment core at 23°S off the coast of Namibia, which indicates
wetter Southern Hemisphere (SH) summer conditions and increased seasonality, during SH
insolation maxima relative to minima and during the last glacial period relative to the
Holocene and the last interglacial period. In the central part of the Namibia, the application of
OSL dating to both aeolian and fluvial sediments from the Namib Desert is contributing to the
understanding of palaeohydrological, palaeoenvironmental and palaeoclimatic change in the
region. OSL chronologies from two complex linear dune features close to Gobabeb suggest
the current dunes are young (Holocene age), with important messages about the dynamics of
the system and migration rates, whilst OSL ages from dunes in the southern part of the Sand
Sea suggests older material of up to 24 ka at 5 m depth. The Holocene environmental change
in northern Namibia can be deduced from evidences from soils and sediments in the
Otjiwarongo thornbush savanna. In this region degradation and desertification (man-made
aridification) of drylands are developed during the Holocene. Vertisol-Kastanozem—Calcisol
soil associations occur widely (as patches of several hundred hectares in extent). They have
formed in fine-grained Mid-Holocene sediments which accumulated on both sides of the
subcontinental watershed. Kastanozem formation cannot be explained by the environments
that exist at present. The humification suggests open savanna environments in the past and
does not accord with the shrublands and thornbush savanna at present. Pedological and
geomorphic investigations distinguish separate degradational stages in space and time caused
by different periods of human impact. Landscape degradation seems to have started in pre-
colonial times (Bantu immigration?) most likely as a consequence of cattle farming, and was
increased by farming since the end of the 19th century by European settlers. Degradation of
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vegetation and soils, and river channel formation, seem to be the main causes of farmland
aridification. These examples from different regions of the Namibia document an increasing
intensity of human impact on landscapes to the extent that people now play the dominant
geomorphological role, especially in semiarid and coastal areas. The conclusion offers
pointers as to how geomorphological evidence of Quaternary change can be used to assist in
the better management of contemporary and future environmental conditions.

Chapter 8 - The fluorspar mine at Okorusu, Namibia operated principally from 1988 to
2014 and was a very significant producer of fluorspar used in the chemical industry. It also
produced at times several by-products including ground fenite for local road material and
magnetite for the cement industry. Together with South Africa the two countries produced as
much as 300,000 tons of fluorspar concentrate per year that amounted to 20% of the western
world’s fluorspar consumption. During 2015 the Okorusu mine has been under care and
maintenance.

Okorusu is a carbonatite-related fluorspar mine. Carbonatite is a calcite-rich rock
originated in a volcano and derived from the earth’s upper mantle. Fluorine-rich fluids
developed late in the history of the volcano and fluorine in those fluids combined with
calcium in the carbonatites and country-rock marbles to form the fluorspar orebodies. Similar
carbonate-related fluorspar ore deposits occur at Amba Dongar in west-central India and at
Mato Preto in southern Brazil. Fluorspar deposits at the Kenya Fluorspar mine at Kimwarer in
western Kenya and at Hicks Dome in southern Illinois have the geochemical characteristics of
carbonatite-related fluorspar deposits.

Several separate orebodies have been mined at Okorusu. The main orebodies were A, B,
and D. Mining began at the A deposit. Subsequently both A and B orebodies were mined
together. Most recently, significant mining of the D and E orebodies occurred along with
continued mining at the B orebody and with minor additional mining at the A orebody. The A
and D orebodies owe their genesis mainly to the replacement of carbonatite. The B and C
deposits were formed partly by carbonatite replacement and partly by replacement of host
rock marble. The carbonatite-replacement fluorspar ores are characterized by elevated
deleterious phosphorus contents, elevated amounts of trace rare earth elements, goethite
pseudomorphs of magnetite, pyroxene, and pyrrhotite crystals, and by the local presence of
replacement remnants of those carbonatite rocks. Carbonatite-replacement fluorspar
orebodies transition into unreplaced carbonatite at their margins. Marble-replacement ores are
characterized by elevated amounts of silica, banded textures, and gradation into unreplaced
marbles at their margins.

The recognition that much of the fluorspar ore at Okorusu had formed as a replacement
of carbonatite provided an exploration tool for use in the search for additional fluorspar
orebodies. Because the carbonatites at Okorusu contain significant quantities of magnetite
they have strong magnetic properties and magnetic anomalies are characteristic of orebodies
replacing carbonatite because they contain significant amounts of unreplaced magnetite.
Unfortunately, magnetic anomalies also occur for carbonatites that have not been reached by
the fluorspar-depositing fluids and especially for syenites in the intrusive complex.

The temperatures of deposition and salinity of the fluorspar-depositing fluids can be
measured using small microscopic fluid inclusions within the fluorite. Fluid inclusion
analysis of Okorusu fluorite shows that the main purple and green fluorites crystalized at
temperatures mostly from 166 to 144°C, and that later yellow fluorite was deposited from 132
to 128°C. The salinity ranged 5-1.5 wt percent NaCl equivalent. The salinity is significantly
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lower than for Mississippi Valley-type fluorspar ores elsewhere and the temperatures are
mostly lower than for epithermal ore fluids.

The Okorusu fluorite mine was the world’s largest carbonatite-related fluorspar mine for
many years. It serves today as the best example of the characteristics of carbonatite-related
fluorspar ores against which fluorspar ore deposits elsewhere in the world can be compared
and evaluated for their possible genetic connection to carbonatite intrusions.

Chapter 9 - Rabies remains a common affliction to the African and Asian continents,
where more than 59000 people die of the disease every year. In recent years, the social,
economic and environmental impacts of this tragic disease on various developing countries
and their populace have become better documented. Concertedly, it needs to be reinforced
that this very significant burden is completely unnecessary. Rabies can be prevented and even
eliminated by practical and cost effective control measures. Although rabies can be
transmitted by a variety of terrestrial mammals, canine-transmitted rabies accounts for 99% of
the human deaths every year. In consideration, the FAO, OIE, WHO and GARC, at their
global rabies meeting in 2015, called for and initiated a framework and strategy towards the
elimination of canine-mediated human rabies by 2030.

In Namibia, canine rabies has been present since the 19" century, with cases reported
from as early as 1887. While canine rabies, with predominant cycles in dogs and jackals,
remains endemic in Namibia, a further development plagued the country in recent decades: a
unique and progressive rabies cycle in the antelope species, the Greater Kudu (Tragelaphus
strepsiceros).

For Namibia, the estimated financial burden related to canine-mediated rabies is US$5
111 282 per annum. However, the inclusion of kudu rabies and the economic impact as it
relates to losses in the game farming, trophy hunting and tourism industries would
undoubtedly be a significant addition to the total rabies burden estimate.

In a fresh approach to control rabies, the Namibian government elected to develop a
strategic plan aimed at producing a controlled and carefully considered approach. Various
international collaborators were encouraged to contribute skills and expertise to facilitate the
development of a cost-effective, manageable and sustainable National Strategy.

In support of the National Strategy for human rabies elimination in Namibia, various
supporting research initiatives have been undertaken, including oral vaccine trials in kudu that
endeavour to stop the intra-specific transmission of rabies among kudu. Additionally, an in-
depth Namibian epidemiological study of rabies is currently underway in order to infer the
transmission and epidemiological cycles of rabies within the country. This study will
facilitate the targeted and strategic vaccination of local dog populations to curb, and
eventually eliminate, the spread of rabies in Namibia.

The National Strategy has provided a clear and defined guide towards controlling and
eliminating rabies and Namibia will greatly benefit from the social and economic implications
of such an endeavour. If the strategy is executed vigorously, the authors believe that human
rabies elimination can be achieved in Namibia by the year 2030.

Chapter 10 - Background and objective. Malaria is a mosquito-borne infectious disease
with high morbidity and mortality in tropical regions, caused by Plasmodium parasite and
transmitted to humans by female Anopheles mosquitoes. WHO estimates that African
households lose about 25% of income to malaria. The aim of this pilot study was to determine
the prevalence and socioeconomic impact of malaria on households in the Democratic
Republic of Congo (DRC).
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Methods. An analytical cross-sectional study was conducted from 16 November through
December 2015 in which 152 heads of households took part. They were from a rural (n1=81)
and an urban county (n2=71). All participating households made up 1,029 members. The
French version of ‘Malaria Indicator Survey’ questionnaire was completed anonymously.

Results. There were 51.3% of male and 48.7% of female heads of households (p>0.05).
The mean age was 38.97£9.88, and 22% of them were unemployed. Household size varied
from 3 to 18, and more than half (61.7%) of rural households had more than five members
(vs. 38.3% for urban households). The estimated household monthly income varied from 10
to 700 $US, and only 10.5% of households earned more than 300 US$ a month (vs. 89.5%
earning less than 300US$ and 50.6% less than 100 US$; p<0.05). Participants from the urban
site had higher level of education, with 37.2% having a college or university degree (vs.
21.6% for rural site); 12.5% either had primary education level or were illiterate. Regarding
anti-vector measures for malaria prevention, 15.8% of heads of households reported the
existence of a public sanitation activity implemented in their residential area (p<0.001);
65.8% used insecticide-treated bed nets (ITN), 13.8% used spray, 0.6% combined ITN and
spray, 12.5 used ordinary bed nets, whereas 7.2% did not use any preventive measure. For
monthly anti-mosquito expenditure, 50% (76/152) of participants reported that they spent
nothing due to lack of money, 24.3% spent 10-20 $US, 15.7% spent 21-30 $US; the
remaining participants (9.9%) spent more than 30 $US a month. The availability of nets
showed a positive association with socioeconomic status of households. Overall malaria
prevalence-rate among heads of households was 92.4% (at least one episode), with an average
of 2.5 malaria episodes per person (range: 1-7 episodes). It was equally high in participants
from both rural and urban sites, 90.1% and 88.7%, respectively (p>0.05). In the group of
participants who reported using ITN, malaria prevalence-rate was 89%; it was 90.5% in spray
users, 100% in ordinary bed net users and 100% in those who did not use any measure. Heads
of households who reported earning less than 300 US$ had 2.76 times malaria risk than those
from households with a monthly income of 300 US$ or higher (aOR: 2.76+1.87; 95% CI:
1.73-10.41; p<0.05); those who had primary education level (or illiterate) had a 33.87 times
risk of developing malaria (vs. higher level; aOR: 33.87+34.42; 95% CI. 2.45-89.49; p<0.05);
whereas those living in areas without public sanitation program had a 3.01 times malaria risk
(@OR: 3.01£2.19; 95% CI: 1.37-24.23; p<0.05). Regarding individual malaria care
expenditure in the previous 12-month period, the estimated cost was 101.56 + 10.63 $US per
person.

Conclusion. Findings from this pilot study showed high malaria rates in both rural and
urban households with a relatively high malaria care expenditure, causing a real
socioeconomic burden to Congolese households. There is a necessity to enhance malaria
prevention programs with the adoption of an integrated anti-malaria approach aiming at
increasing malaria awareness and eliminating its vector in the living environment.

Chapter 11 - The argument that “one in every two urban resident is poor” in cities of the
developing world can be articulated in the discussions of social and environmental
inequalities occurring in the management of solid waste, particularly in sub-Saharan African
countries. This paper discusses environmental justice in the context of solid waste
management (SWM) in Kinshasa, the capital of the Democratic Republic of Congo. It is
argued that the urban poor in most parts of Kinshasa face serious consequences of poor solid
waste management and bear a huge proportion of the environmental burden. It is further
argued in the paper that the plight of the poor people in Kinshasa has been worsened by the
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accelerated rate of urbanisation which has occurred in the presence of bad urban governance,
increased civil conflict and weak institutional framework. A combination of these challenges
have resulted in increased injustices in the management of solid waste with poor suburbs poor
being exposed to living conditions that are inhumane and demeaning. Using secondary data
and other archival records, this chapter argues that solid waste in Kinshasa is not only a health
risk, but it also presents issues of environmental injustice. These issues have been analysed
within the context of evolving arguments that focus on the need to develop pro-poor
approaches in the management of urban solid waste in order to promote urban sustainability.
Chapter 12 - The Democratic Republic of Congo (DRC) is experiencing an
unprecedented humanitarian crisis that already affected over 15,000,000 people. The “East-
Congo war”, a perfect example of ‘economic war’, is reported to be the deadliest armed
conflict since World War 1l. This paper highlights disasters occurring in DRC, related health
issues and the perspectives to ameliorate health care services in affected areas. A review of
available literature on disasters and emergency events, enriched by personal experience of
authors in humanitarian field within DRC. Recurrent armed conflicts, gender-based violence
(sexual violence in particular), climate-related catastrophes, outbreaks of communicable
diseases, volcano eruption and, recently, earthquakes are among the most prevalent manmade
and natural disasters taking place in DRC. The “Congo war” and the subsequent armed
conflicts have already caused over 5,000,000 deaths mainly among civilians, deepened
poverty and increased the prevalence of gender-based violence and communicable diseases; it
has also rendered the health system dysfunctional in most affected zones. With 200,000
500,000 cases of sexual assault, war and armed conflicts in Congo have been setting scenes of
grueling violations of human rights with sexual crime toward women as a weapon war in
which foreign and local military forces. Studies on the magnitude of sexual violence in
eastern DRC and its impact on mental health of the victims provide alarming results. A
population-based survey implemented among 11-23 years old girls from 22 high schools in
Bunia, eastern Congo, showed that about one third of adolescent girls were victims of sexual
violence, whereas a retrospective study conducted at Panzi hospital in the eastern province of
Kivu reported an average of 1,100 rapes per month occurring between 2008 and 2009 and the
hospital has treated about 10 cases a day. DRC is facing one of the worse crises in the world.
A proportionate response to reduce the human and economic impacts of those multiple
disasters can only be possible with the contribution and the involvement of international
governmental and non-governmental organizations. Among the strategies to deal with DRC’s
disasters, a particular focus should be on targeting the real causes of the current DRC crises,
mainly the economic interests of countries and companies that sponsor armed conflicts to
freely exploit DRC’s natural resources, whose main reserves are located in the eastern DRC.
More importantly, besides relief services from international organizations and the
involvement of competent United Nations’ specialized agencies to ensure security,
reinforcing the overwhelmed health system through provision of appropriate medical
infrastructures and necessary equipment, periodical training of local health care providers and
improving their safety and work conditions are among solutions to address health issues
arising mainly in conflict zones and ameliorate health care delivery to affected populations.
Chapter 13 - Education is certainly one of the key determinants of income. To understand
how education expansion affects income inequality, this paper started out with the
observation that the recent economic growth in DRC increased the average income of the
population but has left the poor behind due to the lack of industrialisation and redistribution
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policies. | then constructed a district-level panel dataset to assess the extent to which
education expansion reduces income inequality. | first estimated the impact of educational
inequality on income inequality. 1 found a positive and significant relationship between
educational inequality and income inequality. The results are robust across different
inequality measures. Then, | went a step further to understand how changes in the average
year of schooling affect income inequality. The findings revealed that the increase in the
average year of schooling leads to a reduction in income inequality.

Chapter 14 - In the last twenty years, policy makers have come to an understanding that
for poverty reduction to be sustainable and welfare benefits distributed evenly, social
investments must act as a catalyst. Thus, no meaningful progress in sustainable development
can be made when the level of inequality level is continuously rising and benefits of
government expenditure unevenly shared. At the moment, Nigeria is one of the twenty
poorest, most unequal societies in the world, with just half of the population controlling 5
percent of national resources. Productive sectors in Nigeria have considerably shrunk in size
since the 1980s, to the extent that about 70 per cent of the population lives below the poverty
line, which is deep, severe and pervasive. This raises concerns and questions on demographic
dividends from investments in the social sector. Data for research was obtained from
ministries of health as well as private service-providers in the SE region of Nigeria. Marginal
Benefit Incidence Analysis was used in estimating the benefits of various quintiles by
combining information about unit costs of providing services with information on the use of
these services. Thus, this chapter focused on the distribution of beneficiaries across different
demographic groups from services rather than measuring the exact value to recipients of
government-sponsored services. Results indicate that the states in the South East (SE) Nigeria
subsidized the rich in the society. The chapter recommends effective discretionary targeting
of expenditure, and the less privileged in government expenditure programmes. This is a
potent strategy for curtailing poverty and inequality in the system and would serve as a means
of sustaining societal growth and economic progress.

Chapter 15 - The majority of women who participate in South African football (soccer)
face a triad of challenges due to their gender, race, and class. Women in general in South
Africa continue to fall into the lowest social strata and are considered vulnerable due to poor
living conditions, absent fathers, lack of economic opportunities, and poor government
infrastructure in terms of education, housing, and health care. Sport participation provides
opportunities for women to confront the challenges of poverty, such as traditional gender
roles and expectations, avoid deviant behaviours, and become more confident to manage
inter-gender power relations. This paper uses comprehensive case studies focused on 21
South African female football players, their significant others, schools and communities.
Centered in critical feminism, the case studies in this research reveal how girls can increase
their self-confidence and create healthier relationships with boys, leading to better future
relationships that reduce the risk of teenage pregnancy, contracting HIV/AIDS, being raped or
sexually abused. More research is needed to examine the longer term effects of football
participation on gender relations and poverty in South Africa.
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Chapter 1

US VOTE IN AFRICAN DEVELOPMENT BANK

Djeto Assané* and Nicole Parks?
Department of Economics, University of Nevada, Las Vegas,
Las Vegas, NV, US

ABSTRACT

It is now well-established that Party affiliations tends to dictate the level of
commitment and consistency of the U.S. policy towards the multilateral development
banks (MDB), which provide financial assistance to promote economic and social
development to developing countries. The study uses data on the ADB loan window from
2004 to 2011 to analyze whether the U.S. Congress through the House of Representatives
and Senate affect how the U.S. vote in the African Development Bank (ADB). The
empirical results uncover overwhelming support of the Congress toward ADB funding,
irrespective of party affiliation. This support is less shaped by ideology but more as a way
to accommodate resource-constrained ADB’s efforts to fund socio-economic projects that
improve living conditions of the poorest countries in the continent.

1. INTRODUCTION

Once a development bank that only allowed voting rights for its regional members, the
African Development Bank (ADB) opened its membership in 1982 to bring in more capital.
Within the ADB’s Board of Directors there are 20 Executive Directors, 13 of them represent
different voting groups of the regional member countries, while the other seven represent the
voting groups of non-regional member countries. The only country in the ADB that does not
share an Executive Director with another country is the United States. After Nigeria, the U.S.
holds the most voting shares in the ADB. The power of the U.S. over the ADB is reflected on
the type of project being brought to a vote and the directives enacted by the U.S. President
and Congress (Strand, 2001).

* Corresponding author: Email: djeto.assane@unlv.edu.
T Email: parksn@unlv.nevada.edu.
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In efforts to rebuild Europe after World War |1, countries came together and created one
of the best known multilateral development banks (MDBs), the World Bank. Founded in
1944, the bank is by far the largest lender in the world. From its conception the United States
has been involved and invested in the World Bank and many other MDBs. While the World
Bank’s goal is to help develop and rebuild countries in need, not all countries qualify for
assistance; this led to the creation of regional development banks. Some of the most popular
regional development banks include the Inter-American Development Bank (IDB), the Asian
Development Bank (ASDB), the European Bank for Reconstruction and Development
(EBRD) and the African Development Bank (ADB).

When it comes to policy in the many MDBs, the ability of the United States to achieve
policy and operational objectives varied from issue to issue and from institution to institution,
depending on several factors, especially (i) the level and consistency of the U.S. commitment
to a particular objective, (ii) the interests and positions of other key actors and (iii) the
individual characteristics of the banks themselves (Mckeown, 2009).

For example, the World Bank is the largest and most important MBD to the U.S., which
allocates a vast amount of money into the bank so it could have more power as to how and
what projects the World Bank approves. Indeed, the influence of the U.S. over the World
Bank lending has evolved overtime, often changing with presidential administrations and
depending on economic and political circumstances (Fleck and Kilby, 2006). But, in the case
of ADB, the U.S. does not enjoy this same amount of power. While it holds the second largest
voting share, and is the only member country with an individual director, it lacks in the voting
share that other member countries get from having voting groups (Strand, 2001). Nonetheless,
the U.S. still has sway and from time to time does exert its power over the ADB; this depends
on the type of project, or issue that is being brought to a vote, which again depends on the
policy that is being enacted by Congress and the President in the United States.

The study uses data on the ADB loan window from 2004 to 2011 to analyze the effects of
party affiliation of the House of Representative majority and the Senate majority on the U.S.
votes in the ADB; the control variables include factors such as types of projects, mode of
funding, economic conditions and political, civil and human right records of member African
countries. The rest of the study is organized as followed. Section 2 provides institutional
background of the ADB, section 3 outlines the empirical model, section 4 describes the data
and summary statistical measures, section 5 contains the empirical results and section 6
concludes.

2. INSTITUTIONAL ORGANIZATION

2.1. Overview

The African Development Bank (ADB) came in effect on September 10, 1964 with a
mission to spur sustainable economic development and social progress in Africa. Under the
parental umbrella of the bank, there are two concessional windows, the African Development
Fund (ADF) and the Nigeria Trust Fund (NTF). The ADF became operational in 1972 and
serves 40 eligible countries by providing funding for projects and studies through a
concessional window. The NTF was created by an agreement between Nigeria and ADB to
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assist low-income regional member countries, whose conditions require a concessional
financing.

In 1982, the ADB began to allow wealthy countries membership and voting rights ‘in an
effort to obtain more capital” (Strand, 2014). Prior to this, non-African countries were
allowed to contribute, but were not allowed voting rights. This limited the amount of capital
because countries were not willing to give as much if they did not have a say in how the
money was spent. While the initial idea of an African bank run by Africans for Africans
sounds great, the reality of the fact was that it was not sustainable and the ADB had to let in
non-regional members in order to remain relevant. As of December 2014, the ADB has 79
member countries, 53 regional member countries and 27 non-regional member countries. All
are shareholders except the United Arab Emirates who only contribute to the ADB.

The ADB is the major African development bank that finances socio-economic activities
to help alleviate poverty and promote sustainable development of the African countries; B
borrowers are mostly low-income countries in the region. The bank finances projects,
principally in the areas of road infrastructures, agriculture, health, education and water-related
activities. Until recently, the bank was plagued with limited financial resources, accounting
only for 6% of the need for development assistance to the continent. For many projects the
bank operates in the “shadow” of the World Bank, working jointly on many projects.

Table 1. Voting share in top ten and bottom 10 countries

Exhibit A: Voting share in top ten countries

Rank Country Total shares Total votes Voting share
1 Nigeria 595,213 595,838 9.281%
2 United States 420,691 421,316 6.563%
3 Japan 352,069 352,694 5.494%
4 Egypt 344,717 345,342 5.379%
5 South Africa 312,075 312,700 4.871%
6 Algeria 269,575 270,201 4.209%
7 Germany 264,290 264,915 4.126%
8 Canada 243,449 244,074 3.802%
9 France 240,751 241,376 3.760%
10 Cote d’ Ivoire 236,085 263,710 3.687%
Total 3,278,915 3,285,165 51.172%

Exhibit B: Voting share in bottom ten countries

Rank Country Total shares Total votes Voting share
1 Comoros 542 1,167 0.018%
2 Djibouti 1,213 1,838 0.029%
3 Guinea Bissau 1,547 2,172 0.034%
4 Seychelles 1,818 2,443 0.038%
5 Somalia 1,941 2,566 0.040%
6 Eritrea 2,003 2,628 0.041%
7 Central African Republic 2,843 3,468 0.054%
8 Mauritania 3,701 4,326 0.067%
9 Lesotho 3,721 4,346 0.068%
10 Sao Tome & Principe 4,335 4,960 0.077%
Total 23,664 29,914 0.466%

Note: Extracted from ADB 2014 Annual Report.
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2.2. Voting Power Scheme

In an effort to maintain the African characteristics of the ADB the bank established a
requirement that states overall regional member states must hold 60 percent of the voting
share and non-regional member states can hold only 40 percent (Annual Report 163). Beyond
this requirement member states receive basic votes and weighted votes on the basis of
cumulative financial contribution and commitment to the organization. According to the
original agreement each member country receives 625 basic votes. Members receive an extra
vote for each share of capital stock they hold (Agreement establishing the African
Development Bank). For example, the United States holds 420,691 shares in the ADB, when
combined with their basic votes, the U.S. has a total of 421,316 votes and voting share of
6.563%. Table 1 presents the member countries with the highest voting share (exhibit A) and
lowest voting share (Exhibit B).

Unlike the top ten member countries, member countries with the least voting share are all
regional member countries. Their combined voting share is less than half a percent (0.466%).
Therefore their power in having a say in matters at the ADB are extremely limited. If the
ADB did not have mandatory basic votes, these countries would have significantly less
influence than they actually do. In Comoros case, the basic votes more than double their total
votes. Whereas in the case of the top ten countries who own a lot of shares in the ADB, the
basic votes barely affect their total voting share.

The ADB has two governing bodies, the Board of Governors and the Board of Directors.
The Board of Governors is comprised of a minister of Finance, Planning or Central Bank
Government, or an alternate from each member country (Annual Report). The Board of
Governors meets once a year to discuss various challenges to the region. This board is in
charge of five main actions: The Bureau, the Joint Steering Committee, the Steering
Committee on the Election of the President of the Bank, the Standing Committee on the
Conditions of Service of Elected Officers and the Governors’ Consultative Committee
(Annual Report). The Board of Directors is comprised of 20 Executive Directors that are
elected by the Board of Governors for 3-year term that can be renewed one time. The Board
of Directors handle the day to day operations of the ADB. They are the apex decision-making
body as they are in charge of general operations, approval of strategies, policies, loans and
grants, equity investments, guarantees and the administrative budget (Annual Report).
Thirteen Executive Directors represent the regional member countries while seven Executive
Directors are from non-regional member countries. The countries are divided into voting
groups, who name the Executive Director and decide where their collective voting share will
go. The only country that has its own Executive Director is the United States. The U.S. is the
highest shareholder out of all the non-regional member states.

Outside of the United States, most of the voting groups include a county with a high
voting share, a mid-level voting share and a low voting share. Every voting group has a
dominant country that has the majority of the voting share. The director will often come from
the country with the most voting share. For example one voting group is comprised of
Algeria, Guinea-Bissau and Madagascar; the Executive Director will more likely come from
Algeria whose voting share is 4.209% compared to Guinea-Bissau and Madagascar’s 0.034%
and 0.652%, respectively (Annual Report). The most interesting voting group is the group of
Nigeria and Sao Tome and Principe. Nigeria is the largest shareholder in ADB and Sao Tome
and Principe is one of the smallest. In this group the Executive Director has changed 3 three
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times in the last decade, the director was always Nigerian, while the alternate director position
has changed as well; it has always been a Sao Tome and Principe candidate in the position. In
essence, Sao Tome and Principe will never have a say in how Nigeria uses its large share to
exert its power in the ADB.

3. EMPIRICAL MODEL

The empirical model used in our study investigates the factors that contribute to U.S. vote
in funding ADB’s development projects. The model is specified as:

Vote=Xp +¢ )

Vote is the dependent variable coded 1 for support of a given project and 0 for
opposition;* X is the vector of explanatory variables and ¢ is the error term. The explanatory
variables are grouped into five categories of covariates. The first group of variables is binary
and highlights US Congress influence on the vote in the ADB. These include whether or not
the house of representatives is a majority Republican (House) and whether not the house of
senate (Senate) is a majority Republicans. Congress uses ideology to express voting
preference in most MDBs. “Right-wing” legislators are less likely to support MDB funding
on the ground that these projects pay little attention to “market requirements” which insulate
them from the risks of their actions. In contrast, the left-leaning legislators tend to focus on
market failures and encourage funding that can mitigate pervasive poverty. Moreover, in the
case of the IMF funding, Broz (2011) observed that since senators are less sensitive to
constituency pressure they tend to support more the IMF financing than their counterpart
representatives. The next group of covariates comprise political, civil and human rights
conditions in the borrower countries. Poor records of these covariates, adversely affect U.S.
support for ADB funding. To mitigate high collinearity among these three variables, we
construct a Freedom House variable as a simple average of these three covariates where 1 is
most free and 7 is least free. Thus, a worsening of the indicator influences negatively the U.S.
vote for a given project. Furthermore, the next two variables Log(Rgdp) and log(Trade)
reflect the economic condition of the borrowing African countries. Improvement in both
variables is a sign of a healthy economy which increases the opportunity for borrower
countries to opt for more diverse, alternative funding sources. Thus, one can expect an inverse
relationship between U.S. vote and these economic indicators. Three types of projects
financed through the ADB are considered: Road infrastructures (Transport), water (Water)
and health (Health) projects are likely to receive a “support vote” since they epitomize ADB’s
agenda in promoting development. Finally, two modes of funding projects used in the
analysis are loan (Loan) and grant (Grant). Loans require reimbursement of the fund with
interest, whereas a grant is a “gift” that need not be repaid and is based on financial need.
Accordingly, a U.S. “opposition vote” is more likely to be associated with a loan than a grant.
Table 2 provides the description of the variables.

 Initially, vote was coded as no, abstain, or yes. The abstain vote accounted for only 3% of the data. The resulting
multinomial logistic regression yield far worse results. It was thus decided to merge the abstained and no vote
as just a no vote.
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4. DATA AND SUMMARY MEASURES

The data used for this project come from various sources and cover the period 2004 to
2011. The sample was determined by data availability. Information about congressional party
affiliation and vote was taken from the U.S. Treasury’s Loan Review Votes (2015). Economic
condition variables are from the World Bank (2015); the project variables and types of
funding were collected from ADB (2015). Freedom House (2009) scores were used to

measure extent of political, civil and human rights records.

Table 2. Variables description and definition

Variable name Acronym Definition

Vote Vote 1 = Support ; 0 = Opposition
Political Affiliation

Republican House House 1 if yes, 0 otherwise

Republican Senate Senate 1 if yes, 0 otherwise

U.S. Interests

Freedom House Freedom Rated on a scale 1 (High) to 7 (Poor)
Funded Projects

Road Construction Transport 1 if yes, 0 otherwise

Health Health 1 if yes, 0 otherwise

Water Water 1 if yes, 0 otherwise

Funding Mode

Loan Loan 1 if yes, 0 otherwise

Grant Grant 1 if yes, 0 otherwise

Economic Conditions

GDP Log(RGDP) Log of real per-capita GDP
Trade Log(Trade) Log of trade volume

Table 3. Descriptive S statistics
Variables Mean Standard Minimum Maximum
Deviation

Vote Jq74 418 0 1
House 471 491 0 1
Senate .209 .500 0 1
Freedom 4.05 1.499 1 7
Transport 27 1.597 0 1
Water .091 1.776 0 1
Health .024 1.309 0 1
Loan .553 1.499 1 1
Grant 221 416 0 1
Log (Rgdp) 1.623 155 1.012 2.461
Log (Trade) 3.161 .068 2.951 3.290

Descriptive statistic results in Table 3 clearly suggest that the US Congress voted
overwhelmingly (77.4%) in support of projects at the ADB lending window. This could
suggest that most project proposals were in line with the types of project the bank finances or
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that this reflects U.S. attempt to support development effort of the poorest countries in the
region. House representatives and senate are 47.1% and 20.5%, respectively. Freedom house
score is 4.05, slightly above the mean value which is consistent with African countries’
struggle to establish these basic rights. Moreover, funding resources were primarily allocated
to road construction. Finally, 55.3% of the funds were in loan compared to 22.1% in grant
formats.

5. EMPIRICAL RESULTS

In Table 4, we report the empirical results of the discrete choice models based on the
linear probability model, the logit and probit models. For each model we report three types of
specification. The first specification is restricted to the effects of the U.S. Congress on vote in
ADB financing, whereas the second results add Freedom effect to the first specification and
finally the third specification controls for all the five groups of variables.

Overall, the interpretation of the findings is straightforward. The coefficients exhibit
mostly the correct signs even though many of them are not statistically significant. The
positive and insignificant coefficient of the variable House and Senate suggest that the US
Congress is supportive of the ADB’s projects irrespective of party affiliation and that senators
are more likely to support these projects than their colleague representatives. Moreover, the
U.S. congress are also positively responsive to the various types of projects, transport, health,
and water which highlight somewhat the mission of the bank in financing projects that
improve living conditions of member countries. Turning to factors that identify US foreign
policy and financial assistance interests, the coefficient of the variable Freedom has the
expected sign. In general, violations of these rights result in sanctions that consist of denying
funding of projects in most MDBs. Finally, the results of the economic condition variables,
real GDP and Trade are consistent with expectation in terms of signs and statistical
significance. Improved economic conditions can be an impetus for borrowing countries to
expand the source of funding and thus rely less on the ADB’s lending window.

Although suggestive, the overall significance of the various specifications accord with the
overall conclusion of this study. Indee, the F-statistic test of the LPM model and the log-
likehood ratio test of the logit and the probit models point to the same direction of the overall
conclusion. That the the U.S. Congress does exert voting preferences in the financing of the
ADB’s development projects.

CONCLUSION

The purpose of this research was to investigate if party affiliation of the U.S. Congress
through the majority of the House of Representatives and the majority of the Senate has an
effect on how the U.S. Votes in the ADB. Overall, it was found that projects at the ADB’s
lending window received an overwhelming support of the U.S. Congress irrespective of party
affiliation. In particular projects such as road construction, health and water-related activities
are in line with ADB’s mission to provide funds that can combat poverty and improve living
conditions of the poorest countries in the region.
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Table 4. Regression results of the LPM, Logit and Probit models (Vote=1or 0 is the dependent variable)

Variable Name LPM LOGIT PROBIT
House .009 .008 .058 .050 .038 334 .029 .021 184
(.062) (.063) (.062) (.345) (.345) (.389) (.209) (.205) (.227)
Senate .201** .202* .153 173%* 1.720 1.445 916 .903 .808
(.077) (.125) (.134) (.658) (1.023) (1.663) (.802) (.897) (.829)
Freedom -.009 -.002 -.055 -.013 -.034 -.013%**
(.018) (.017) (.105) (.109) (.060) (.067)
Transport .091 513 321
(.079) (.501) (.924)
Water .030 403 .2076
(.073) (.212) (.223)
Health .103 572 .342
(.203) (.291) (.713)
Loan -.040 .503 -2.340
(.063) (.441) (.252)
Grant .204 .265 .906 .554*
(.165) (.205) (.381) (.309)
Log(Rgdp) -.657*** 2.136%** -4.159%** -2.340%**
(.080) (.501) (1.262) (.719)
Log(Trade) -.B47*** 488 -4,312** -2.617***
(.437) (.511) (2.201) (1.034)
Constant 128%** 769%** 4,113%** 987*** 1.233** 23.449*** | 608*** 758*** 13.812%**
(.036) (.085) (.405) (.198) (.502) (2.683) (.118) (.288) (4.851)
R_Squared Adjusted .032 .041 .138
F-Statistics 5.08*** 3.47%** 4, 11%**
Likelihood Ratio 12.21*** 12.49*** 36.55*** 12.21*** 12.53*** 36.29***
Number of Observations | 244 244 244 244 244 244 244 244 244

Note: Standard errors are in parentheses below each coefficient estimates. The asterisks, *, ** and *** indicate statistical significance at the .1, .05 and .01,
respectively.
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Although fragile, our results have important implications for the U.S. influence over
ADB. Indeed, there is an overwhelming support of the U.S. for ADB which is a relatively
small development bank operating in the shadow of the World Bank and lacking financial
resources to face the growing financial need of African countries. Perhaps the obvious
support is less based on the traditional ideology pursued by the U.S. in other MDB but more
as a “genuine” way to contribute to the improvement of the living conditions in Africa.

This study is a first attempt to estimate the U.S. influence through the vote in ADB to
finance multilateral development projects of the poorest countries in Africa. Most
importantly, we regard this as an interesting topic for future research to explore.
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Chapter 2

THE PEACE MODEL:
A SUSTAINABLE APPROACH TO CONFLICT
PREVENTION AND RESOLUTION IN AFRICA

Enyonam Canice Kudonoo*, PhD
Ashesi University College, Berekuso E/R, Ghana

ABSTRACT

This study proposes a model for Alternative Dispute Resolution (ADR) practice,
tailored to address the needs of Africans. Specifically, it draws inspiration from Ghanaian
visualized philosophical traditions evidenced in Adinkra symbols. It is possible for other
African countries to replace the Ghanaian adinkra symbols with their local symbols or
maxims with similar meanings that match up with those in the model. The chapter argues
that in spite of the usefulness of models imported from developed countries, they lack the
ability to make conflict resolution real, concrete, practical and all-encompassing where
all, regardless of educational background can identify with, appreciate and understand the
process with less effort. Accordingly, ideas are leveraged from the appreciative inquiry
theory to develop a PEACE Model using Adinkra Symbols to effectively stimulate
peaceful conversations during conflict resolution and human interaction activities in
Ghana and Africa as a whole. This chapter emphasizes that indigenous knowledge
derived from wisdom refined from the past by African ancestors need to be revisited and
employed to empower individuals to lead progressive lives for sustainable peaceful
coexistence. It is hoped that this chapter will generate a robust debate into the challenges
and opportunities of effectively resolving conflicts in Africa for sustainable results.

INTRODUCTION

Alternative Dispute Resolution (ADR) in Ghana is gradually gaining grounds with an Act
of Parliament: The Alternative Dispute Resolution Act (Act 798) passed in 2010 to give

* Senior Assistant Professor; E-mail: ekudonoo@gmail.com, Telephone no: +233247105589.
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legislative support to the practice with the objective of ensuring its effectiveness. For decades,
foreign models mostly from developed countries have been used to resolve conflicts in
Ghana. Models including the “PULSE” approach to conflict resolution designed by Love
(2008; 2011), Dana’s (2005) “Managing Workplace Differences,” and Domenici (1996)
among others are being used for training and conflict resolution purposes. Although these
models are useful and successful to an extent, they lack the local touch of handling conflicts
for sustainable results. Moreover, examples and case studies used for illustration in these
foreign approaches are based on the cultures of the authors. A typical example is the use of
the delta symbol to represent a change agent (mediator or arbitrator), whereas in the proposed
PEACE model, the symbol used is more meaningful expressing the way of knowing by
Ghanaians (Africans). Accordingly, foreign models lack the ability to make conflict
resolution real, concrete, practical and all-encompassing where both literate and non-literates
in Ghana (Africa) can identify with, appreciate and understand the process with less effort.

The purpose of the proposed PEACE model is to draw ideas and ideals from values and
the existing rich indigenous knowledge of Ghanaian people for effective and sustainable
conflict resolution in Ghana and Africa. It employs visualized philosophical traditional
knowledge evidenced in Adinkra symbols, with their meanings in concert during conflict
resolution and human interaction activities. Both ADR practitioners and disputants in Ghana
can easily identify with, and own the process because it is not foreign and thereby
indigenizing and concretizing ADR practice in Ghana and Africa.

This chapter makes contributions to the effective practice of ADR in Africa by first,
acknowledging that an indigenized approach to conflict resolution contributes to the
sustainable success of ADR outcomes. Secondly, this is the first time an attempt is being
made to concretize ADR practice in Ghana (Africa) by using local symbols at every stage of
the resolution process. Finally, the proposed model makes conflict prevention and resolution
easy to both literates and non-literates because both parties are conversant with the symbols
and their meanings. Moreover, it is an easy tool for families, clans, chiefs, opinion leaders,
colleagues, and organizations to use to prevent or resolve conflicts that crop up during their
daily interactions. Also, it is easy to replicate it in other African countries. This can be
achieved if practitioners in the African country in question are able to replace the Ghanaian
adinkra symbols with local symbols or maxims that have similar meanings like those in the
model.

The rest of the chapter is presented in six sections. It starts with a brief discussion on
Ghana, the approach to the research, why the use of adinkra symbols for conflict resolution,
an explanation of the PEACE model and its elements, and concludes with implications for
scholarly and practical contributions.

ABOUT GHANA

Ghana, (formerly known as Gold Coast) with its capital Accra, is a former British colony.
It gained independence in 1957. Ghana lies in the center of the world, the closest place where
the equator (latitude 09 and the Greenwich or Prime Meridian (longitude 09 intersects. It is
about the same size of Great Britain or the state of Oregon in the United States of America
(Amamoo 2007; Osumanu, Abdul-Rahim, Songsore and Braimah, 2010). Ghana is currently a
relatively stable democratic nation made up of ten administrative regions, further divided into
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216 metropolitans, municipal and district assemblies for allocation of resources for
development and governance. According to Awedoba (2007), more than 50 languages are
spoken in Ghana, of which ten (Asante, Fante, Akwapem, Nzema, Ga, and Dangme, Ewe,
Dagbani, Gonja, Kasem, and Dagaare) are taught in schools. The Asante, Fante and Akwapim
languages are all Akan languages understood by majority of Ghanaians. Despite the diversity
in languages, indigenes have managed to learn each other’s languages and effectively
communicate with one another. English serves as the national language and the main (lingua
franca) medium of communication and for instruction in schools.

Ghana has a rich indigenous knowledge, traditionally transmitted orally through stories,
folklore, songs, drumming and dancing, games, rituals, laws, proverbs, riddles, and symbols
(Gyekye 2003). One of the ways through which this kind of knowledge is documented in
Ghana is by means of adinkra symbols which encompass its people’s belief systems and local
cultural practices (Arthur 2001; Asamoah-Hassan 2011). Adinkra symbols, according to
Vigbedor (2011, 16), “cover all aspects of man’s life from history through psychology to
philosophy, ranging from rites of passage, love, rivalry (conflict), marriage, bravery,
backbiting, advice and consolation.” Vigbedor’s research revealed that most of the ethnic
groups in Ghana, have symbols covering all aspects of their lives. Accordingly, international
donor agencies use these symbols — indigenous knowledge to design and implement planned
change efforts in communities (Gorjestani 2000). A typical example is the use of the oware
game in the design and implementation of participatory budget and scored causal diagrams
for effective farm management by tomato farmers in the Brong Ahafo region in Ghana
(Dorward, Galpin, and Shepherd 2003). Another example is the use of local institutions and
practices in the development of the “Community Organization Development Model” (Guri
and Laate 2008), which uses local resources, values, ways of knowing, internal dynamics of
communities, and external environmental trends for effective management and development
in Ghana by the Center for Indigenous Knowledge and Community Organization
Development (a non-governmental organization operating in Ghana).

In the same wvein, this chapter proposes a PEACE (‘“People Expressing Accurately
Concerns and Emotions”) model that is cultural sensitive, comprising six Adinkra Symbols
that are vital in facilitating effective conflict resolution for sustainable peaceful coexistence. It
serves as a guide for ADR practitioners in Ghana and for replication in other African
countries that have symbols or maxims which have similar meanings at each stage of the
model.

METHODOLOGY

The approach to this research is conceptual and practical, relying heavily on secondary
data from dissertations (Asamoah-Hassan 2011; Danzy 2009; Vigbedor 2011) and other
published documents on adinkra symbols (Arthur 2001; Valentina 2009; Willis 1999).
Secondary data is complemented with in-depth interview data from 25 individuals who are
well versed in Ghanaian traditions and customs, including a scholar in Akan studies who was
the former head of department of Linguistics but now dean of the faculty of performing arts at
the University of Ghana Legon, Accra. The researcher explained to the 25 interviewees who
were participants of an ADR training program organized by Ghana Association of Certified
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Mediators and Arbitrators (GHACMA) that, conflict resolution is being studied using adinkra
symbols for sustainable results. Participants consented to participate in the research.
Accordingly, unstructured interview was conducted using open-ended questions including 1)
of what importance are adinkra symbols to you as an individual Ghanaian and Ghanaians in
general? 2) Which adinkra symbols are most appropriate for resolving conflicts in Ghana? 3)
What are your reasons for choosing such symbols? 4) Compare and contrast the delta
(European symbol for change) and mmere dane (Ghanaian (Akan) symbol for change).
Background questions included how sustainable will success in conflict resolution be if
adinkra symbols are used during conflict resolution in Ghana. The focus of this manner of
interview is to find out the detailed meanings of adinkra symbols, their usefulness and
effectiveness in sustainable conflict resolution in Ghana. Also, to find ways of indigenizing
conflict resolution in order to make it real, concrete, practical and all-encompassing where
both literate and non-literates in Ghana can identify with, appreciate and understand the
process with less effort.

WHY ADINKRA SYMBOLS FOR CONFLICT RESOLUTION

Adinkra symbols are means by which people in the early 18th century recorded and
transmitted ideas during the preliterate era (Arthur 2001). Adinkra symbols are wisdom
distilled from experiences of preceding generations, which, when revisited and employed, can
empower Ghanaians (Africans) to lead progressive, wise and healthy lives. Several of such
symbols emerged in the past, with new ones cropping up in current times. They are used to
craft proverbs or maxims in all areas of life, including celebrations, practical wisdom, morals,
science, philosophy, conflict resolution and literary principles (Arthur 2001; Vigbedor 2011).
They are widely used as designs in fabrics and pottery. Some organizations including
educational institutions such as University of Ghana, University of Cape Coast, University of
Education, Winneba, Ashesi University College, Ghana Technology University College, and
hotels including the Golden Tulip Hotel in Kumasi among others, and corporate bodies use
adinkra symbols whose meanings are similar to their values as their logos. Adinkra symbols
are also used for advertising in Ghana. They are incorporated into the architectural designs of
some hotels and corporate buildings such as the Golden Tulip Hotel building in Kumasi.

The proposed model draws attention to the fact that African countries since the preliterate
era have been effectively resolving conflicts using ways similar to modern ADR practices
which have been recorded over the years in the form of adinkra symbols. Prior research
reveals that the success of change efforts depends on how specific communities use past
knowledge to create new knowledge for sustainable change (Kothari 2007; Kudonoo, 2013;
Tenkasi and Mohrman 1999; Tripathi and Bhattarya 2004). The word “change” for the
purpose of this chapter is used interchangeably in two ways. The mediator is referred to as an
agent of change. It is also used for modification, transformation or conversion of disputants’
behavior during conflict resolution for sustainable peaceful coexistence.
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Figure la. Delta.

Figure 1b. Mmere dane (Times Change).

The functions of the human mind are common to the whole of humanity, the reasoning
and thinking processes of different people in different cultures do not differ, just their values,
beliefs and ways of classifying differ —-Boas 1965.

Indeed, the above saying by Boaz aptly sums the view that though different cultures use
similar symbols to represent change, values, beliefs systems, and their ways of classifying
differ. For example, change in ADR practice is signified by the uppercase delta, the fourth
letter of the Greek Alphabet. It is represented by Figure 1la (en.m.wikipedia.org/wiki/Delta_
(letter). The Delta symbol looks like a simple triangle with a thick right side. The Akan (a
Ghanaian ethnic group) symbol for change also has two triangles. It is designed out of the
maxim “Mmere dane a, wo nso dane bi,” which literally means “when times change, you
must also change.” Accordingly, the symbol is called “mmere dane,” which is represented by
Figure 1b.

Symbols of Change —Delta and Mmere Dane

Unlike the Delta, which is similar to a triangle, the symbol ‘mmere dane’ as depicted by
Figure 1b, has several parts. It has two triangles joined by two semi circles. The triangles
have white oval shapes inside them, with a rod separating the triangles. The symbol has two
colors — white and black. An interview with an Akan cultural expert and a linguistics scholar,
revealed that the semi circles joining the triangles symbolize cyclical occurrences in life. The
two upside down triangles with their tip touching the rod depict the fact that anything can turn
upside down in life. He further explained that there are times in life when people who used to
live in harmony become enemies as a result of conflicts. Also, in life, there are times for
progress and times for stagnation or retrogression. The rod between the two triangles
represent separation, a blockade, or stumbling block, which represent conflict. On the other
hand, the separating rod also depicts a conflict situation where a mediator, conciliator, or an
arbitrator is (change agent) preventing the two parties (disputants) from clashing. Thus
helping parties in dispute to modify their behavior and transform for positive change. The
black and white colors depict unity in diversity. White and black are two distinct and

Complimentary Contributor Copy



16 Enyonam Canice Kudonoo

constructive colors that can blend to create not just worlds but best worlds (K. Agyekum,
personal communication, January 11, 2016). The complex nature of the ‘mmere dane’ symbol
shows the richness of African indigenous knowledge which need to be taken cognizance of, if
Africans must live in harmony for sustainable development.

THE PEACE MODEL

The PEACE model is made up of five carefully selected adinkra symbols based on
interview results embedded in a Ewe (Ghanaian ethnic group) adinkra symbol to create a
vivid picture of how the conflict resolution process should unfold systematically. The
approach though similar to the PULSE ( “People Using Language Skills Effectively) approach
to conflict resolution (Love 2011), is indigenized to suit Ghanaian ways of knowing. The
PEACE acronym of “People Expressing Accurately, Concerns and Emotions” is carefully
chosen because the Ghanaian culture value verbal indirectness as a proper way of speaking
unlike what pertains in Western cultures which encourage assertiveness and candid
expression of views. Consequently, in conflict situations people find it difficult to say exactly
what is the root cause of the problem. The model is informed by Appreciative Inquiry theory
which centers on human relatedness. The theory emphasizes that “relationships thrive where
there is an appreciative eye that focuses on the best in people, when people share their visions
and ultimate concerns in affirming ways, when they are connected in full voice to create not
just new worlds, but better worlds” (Cooperrider and Whitney 2005:30). The PEACE model
weaves ideas and ideals from Ghanaian values, ways of knowing, internal dynamics of local
communities, external environmental trends together with principles of the appreciative
inquiry theory for sustainable conflict resolution.

The Ewe (a Ghanaian language) symbol that form the foundation of the model is called
“koklostu” meaning a cock. The symbol depicts two cocks facing each other, as evidenced in
Figure 2. The image is derived from the maxim “when two cocks are fighting, they are
mindful of each other’s eye” (Vigbedor 2011:48). The cock in essence, represents a family
member, a friend, a colleague in the workplace, a neighbor, a member of a community one
lives in, or society. The eye depicts a cordial relationship or common interest shared by a
group of people with a common bond. It illuminates the whole body (individual, group or
department, or community), enables an individual or a group of people to perceive things in
their right perspectives. It is a delicate part of the body, which needs maximum protection.
Accordingly, the symbol highlights how people might disagree on certain issues about life,
but must be careful not to permanently mar relationships and common interests.

Figure 2. Koklotsu (Cock).
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The visualized message in “koklostu” runs across all the five stages of the resolution
process. The cocks have five feathers each, and each feather represents a stage in conflict
resolution. The meaning of the symbol in each feather as depicted in figure 3, communicates
the appropriate human behavior that must be exhibited in order to arrive at a sustainable
peaceful resolution. The cock at the right side has the stages of conflict resolution embedded
in it and the one on the left has corresponding symbols aimed to inform disputants regarding
the desired way they should behave. The acronym representing the five stages of the
mediation process is “PEACE” (Prepare, Engage, Analyze, Concerns, Explicate).

Figure 3. The PEACE Model.

Figure 4. Bi nka bi (Do not bite each other).
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The first stage of the conflict resolution process starts with “Prepare,” which is
represented by the adinkra symbol “Bi nka bi,” meaning “no one should bite the other” or if
you do not wish to be wronged, then do not wrong others. It is a symbol of peace and
harmony. This symbol captures the Akan cultural ideal peaceful and harmonious living
between and amongst people. It reflects justice and fair play (Willis 1998, 87). A further
explanation is that, even though there could be antagonism, such resentment should not lead
to inflicting harm. It is represented by Figure 4. At this stage of the mediation process,
disputants are encouraged by the mediator to be mindful of their choice of words (thus avoid
abusive words) in order to set the right tone for parties to speak to each other amicably and
hear from each other what the real issue is. This can be achieved if the mediator carefully
explains the whole process (all the stages of the PEACE model) using the corresponding
symbols to parties in dispute separately before bringing them together to resolve the conflict.
The Prepare stage of the process cannot be over emphasized because it lays the strong
foundation needed to resolve the conflict. Disputants should also be assured of confidentiality
and impartiality at this stage.

The second stage focuses on engaging parties in dispute in a conversation that unearths
the root causes of the dispute. To “Engage” in this perspective means the two parties must
converse (talk to each other) using words that promote friendship, understanding and
cordiality. Emphasis is laid on the use of positive words because according to Cooperrider,
and Whitney (2005) words are vehicles that coordinate people’s actions with one another, and
also enable individuals to share their dreams and ultimate concerns in affirming ways. They
further explained that when individuals are helped to connect in full voice with each other,
they are able to create better worlds. Accordingly, disputants must be helped to listen to one
another and exchange views using positive words that make the conversation interesting in
order to unearth the root cause of the problem. This can be achieved if the mediator lays a
good foundation during the Preparation stage. Parties must be encouraged to engage with one
another for ideas that promote progress. The symbol used to manage this step is the “ese ne
tekrema,” symbol; — meaning the teeth and the tongue, which is represented by Figure 5. A
further explanation of “ese ne tekrema” symbol is that even though the tongue and the teeth
fight, they find amicable ways of resolving issues. The symbol centers around friendship and
interdependence. One cannot chew and swallow food without the active use of the tongue and
the teeth. There are times when an individual bites his/her tongue when chewing food, he/she
is enjoying. When this happens, that individual does not stop eating but continues to eat the
food after the pain is gone with the objective of nourishing oneself. The relationship between
the tongue and the teeth symbolizes the sign of maturity, progress and improvement.
Disputants must be helped to behave maturely towards each other in order to prevent or
resolve the conflict. Accordingly, parties at this stage must listen actively (attentively) to each
other’s submissions and respond rather than react to what is said. To respond in the context of
this chapter means to critically analyze what the other party has said (hearing exactly what the
other party has said) and give appropriate positive response. To react means forming a
response in one’s mind while the other party is talking. In this sense, there is the possibility of
not hearing exactly what the other party is saying, leading to jumping into premature
conclusion without all the facts. Accordingly, the mediator should ensure parties behave
maturely and are sensitive to each other’s emotions in their choice of words. The symbol
represents a picture of the teeth and the tongue within the oral cavity, which can also be used
to address situations where the dispute is between a superior and a subordinate (manager and
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supervisee, husband wife, leader and followers, etc.) where there is power imbalance (power
play). The teeth are hard and look like tools whereas the tongue is soft. Since they live
together, there is bound to be conflict. Implying that no matter what, there is bound to be
conflict because of differences in nature and functions. When conflict crops up between
people of this nature, they are supposed to handle it amicably in order to continue to dwell
together in harmony. The teeth and the tongue within the oral cavity situation also depicts
internal conflict resolution without a third party, which ensures that the boundaries of conflict
are contained between the initial two parties (K. Agyekum, personal communication, January
11, 2016). This self-mediation approach resonates with those proposed by Dana (2005) and
Love (2011).

During the third stage of the mediation process, the mediator ensures disputants pay
attention to the critical analysis of issues before arriving at any final conclusions. This stage is
represented by the word “Analyze”, with the symbol “Awehwemudua,” which means
searching or measuring rod. It is represented by Figure 6. It is a symbol of excellence,
superior quality, perfection, knowledge and critical examination. It has to do with careful
probing, investigating, or critically analyzing in order to arrive at quality solutions (Willis
1998). In applying this to conflict resolution, the assumption is that no conflict can be
resolved without proper scrutiny or investigation to find out the root cause. The
hwehwemudua symbol is elaborated as wose fa na woamfa a, worenhu mu; wohwehwe mu a,
na wohu mu; wopusu no a, na wote ne pampan. This is literally translated as “you miss the
opportunity of knowing when you refuse to take it upon request; you know what it entails
when you examine it critically; you know the smell when you shake it” (Arthur 2001, 109). A
renowned Akan Scholar gave the following analogy during an interview by the researcher to
illustrate his point. “Every roof has two parts. A roof can be called one if the two parts are
completed separately before joining them into one with a rod. It is by doing so that it can be
called a roof.” Meaning critically review each parties’ story before you arrive at the final
solution (which forms the rod between the two parts of the roof. It is also shown in the
‘mmere dane’ symbol in the form of the rod separating the two triangles) in order to improve
relationships.

Figure 5. E€se ne Tekrema (The Teeth and The Tongue).

Figure 6. Hwehwemudua (Critical Analysis).
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The fourth stage of the model has to do with confidentiality —thus addressing “Concerns”.
This is so because critical analysis of an issue unearths the root cause of the issue at stake,
which may not necessarily be what disputants initially attributed to as the cause of the issue.
At this stage, deep secrets could be revealed. It is important that parties including the
mediator treat such revelations as highly confidential as possible, ensuring no one apart from
the parties in dispute hears about them. The adinkra symbol appropriate for this stage is
known as “mate masie” — Figure 7, meaning “I have heard and hidden it, or “I will adhere to
your counsel” (Willis 1998, 129). The literal understanding of this symbol can be read as:
when you encounter challenges, critically reflect on them in silence rather than broadcast it.
Have metaphorically heavy lips (K. Agyekum, personal communication, January 11, 2016).
This is the stage where disputants are helped to address each other’s “Concerns.” At this
stage, understanding is key to sustainable success. it means the application of wisdom and
knowledge to resolve the conflict. Emphasis is laid on ensuring disputants are sensitive to
each other’s “concerns”. Disputants are helped by the mediator to generate options to address
their concerns.

“Explicate™: “Mpatapo”: “Knot of pacification/reconciliation” is the final stage in the
model where disputants peacefully, harmoniously reconcile and plan the way forward by
selecting the most feasible options generated at the fourth stage. The stage is represented by
the symbol “Mpatapo” - Figure 8. “Mmpata” means pacification. “Po>” means a knot, puzzle,
or an enigma, something very difficult to untie. Mpatapo represents the bond that binds
parties into a harmonious, conciliatory reunion. It is a symbol of renewed connection between
the parties that were split apart as a result of the conflict. At this stage another symbol known
as “nyansapo” could be used to unravel the “Mpatapo.” This can only be done by someone
with wisdom or deep philosophical thought. It is important to unravel the right pacification
knot in order to ensure the final decision taken is valuable and affordable for both parties,
which needs much wisdom and discretion (K. Agyekum, personal communication, January
11, 2016). “Nyansapo” is represented by Figure 9. It is the symbol of wisdom, ingenuity,
intelligence and patience. It goes with the maxim “nyansapo, yede nyansa na sane” meaning
we use wisdom to untie the knot of wisdom. As Willis (1998) notes, the Nyansapo symbol is
a revered symbol of the Akan people of Ghana. Accordingly, it is only the wise that have the
ability to choose the best means to attain a goal. Also, nyansapo forms part of every step of
the stages of the mediation process of the PEACE model. Proverbs are used to communicate
wisdom and knowledge in ethnic groups in Africa and it is only the wise that understand
them. Accordingly, the mediator is expected to exhibit wisdom during the whole process of
mediation as well as guide disputants in the use of wisdom in dealing with each other.

Figure 7. Mate masie (I have heard it and hidden it).
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Figure 8. Mpatapo (Knot of pacification/reconciliation).

Figure 9. Nyansapo (Wisdom Knot).

CONCLUSION

African countries have over the years depended on models designed in developed
countries for conflict resolution. Though these approaches are useful, they do not have
African cultural practices embedded in them, as a result successes achieved through their use
are unsustainable. This chapter draws attention to the richness of Ghanaian indigenous
knowledge by proposing a model of conflict resolution using adinkra symbols, showing
which behavior to exhibit at each stage of the process. The symbols make the process real,
concrete and practical. The symbols used to design the model are Mmere dane, Kolostu, Bi
nka bi, Ese ne tekrema, Hwehwemudua, Mate masie, Mpatapo, and Nyansapo. The proposed
model if critically studied, understood and utilized, could immensely reduce conflicts that
crop up in everyday human interactions in Ghana and Africa as a whole.

Given the high relevance of the ADR approach to conflict resolution in Ghana, an ADR
Act (2010, Act 798) was passed to give legislative support to the practice for its effectiveness
and sustainability. As a result, this model is important for ADR practitioners, Ghanaians, and
people in other African countries. This is so because it clearly demonstrates the importance of
incorporating indigenous knowledge through the use of locally accepted and understood
symbols in Ghanaian and African contexts in promoting peaceful coexistence for
development. The model could be factored into educational institutions’ curricula from basic
school level to tertiary level in order to educate students in conflict prevention and resolution.
Other African countries can replicate it in their context using symbols or maxims with similar
meanings at each stage of a mediation process for sustainable results.
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ABSTRACT

The energy and development nexus is a strong pillar of sustainable economic
development in the 21% century. For countries in sub-Saharan Africa (SSA) wishing to
achieve economic growth and meet the sustainable development goals, deployment of
modern energy projects offers potential opportunities. SSA is currently experiencing
strong economic growth and showing positive trends in human development indicators.
With annual gross domestic product (GDP) growth rates reaching 5% since 2000, more
than twice that of the 1980s and 1990s, Africa has become a fast growing continent.
Access to morden and sustainable energy will be critical to sustain the growth. About
47% of the population of SSA live on less than US$ 1.25 per day and 27% are hungry or
undernourished. A large number of these people depend on agriculture for livelihood.
They depend on access to land and traditional forms of bioenergy. Food security and
economic development in SSA can be addressed more effectively with morden energy
than without it. It is a truism that there is rampant energy poverty in rural areas in SSA.
Energy presents both opportunities and risks for sustainable development. Energy is
linked to a range of developmental issues such as poverty alleviation and modernization
of rural economies. Many developmental activities in SSA such as agriculture, transport,
water, education, income generation and health have energy requirements. Taken
severally, energy and development represent key issues in SSA today. Holistically,
energy and development form an important nexus in SSA. This chapter provides an
overview of the energy-development nexus in SSA with the view of supporting
sustainable development in the region.
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1. INTRODUCTION

Sub-Saharan Africa (SSA) is a geographical region that covers the area of the African
continent that lies south of the Sahara. The region is made up of 49 countries. SSA has 13%
of the global population. The region faces multiple challenges which include extreme poverty,
under-development and health challenges. SSA is ranked the lowest developing region in the
world in terms of growth in gross domestic product (GDP) and modern developmental strides
(Mahommed et al., 2013). However, the region has witnessed an encouraging economic
growth trend, averaging about 4.5%, with some non-oil exporting countries attaining an
average of above 8% over the past 10 years (Chauvin et al., 2012; Pew Research Center,
2015).

With annual GDP growth rate reaching 5% during the past decade, more than twice that
of the 1980s and 1990s, SSA has become one of the fastest growing continents. Access to
modern and sustainable energy will be critical to sustain these positive signals. The energy
and development nexus is a strong pillar of sustainable economic development in the 21%
century. It is a truism that access to morden energy services and fuels is a key factor that
underpins socio-economic development in modern times. The energy-development nexus is a
well known paradigm in contemporary development approaches. For those countries wishing
to achieve economic growth as well as meet the goals for sustainable development, the
deployment of modern energy projects offers potential opportunities (International Energy
Agency (IEA), 2007).

SSA as a region faces multiple challenges reflected by various socio-economic indicators.
One of the major challenges in SSA is limited supply of modern energy carriers. Examples of
the numerous development challenges in Africa abound in literature. According to some
estimates, 47% of the population of SSA lives on less than $1.25 per day and 27% are hungry
or undernourished (United Nations (UN), 2012). A large number of people in SSA depend on
agriculture for livelihood. They are also largely dependent on access to land and its products,
which include traditional forms of bioenergy, to survive (Lynd et al., 2015). The
contemporary development narrative posits that food security and economic development in
Africa can be addressed more effectively with modern bioenergy than without it (Lynd et al.,
2015). Efficient and reliable energy services are scarce in most urban communities, while
remote and rural villages have no access to electricity except for few high-income households
(Mahommed et al., 2013). The majority of homes in SSA rely on inefficient traditional
technologies and fuels, especially biomass to meet domestic energy demands (Schlag and
Zuzarte, 2008).

It is worth noting that many SSA countries are rich in both renewable and non-renewable
energy sources. SSA is endowed with hydrocarbon energy sources. Natural gas, oil and coal
are the main non-renewable sources. Renewables (apart from bioenergy) account for 2% of
the regional energy consumption. About 60% of the energy demand is met by bioenergy
(IEA, 2014a). The renewable energy sources in the region are solar, hydro, wind and
geothermal. The largest coal reserves (90%) are found in South Africa (World Energy
Council (WEC), 2005). Namibia has the highest annual multiple potential from renewable
energy sources such as solar, wind, hydro, geothermal and biofuels (Deichmann et al., 2011).
West Africa, mainly Nigeria, and Angola in southern Africa, have rich oil reserves. Frynas
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and Paulo (2007) stated that Africa’s oil and gas are its main exceptions to the perceived
insignificance of Africa on the global stage.

SSA has the lowest per capita energy consumption as compared to other regions in the
world (Deichmann et al., 2011). The global energy consumption grew by 5.4% from 1980 to
2007. SSA accounts for only 1.5% of the global energy consumption (Mohammed et al.,
2013). Biomass dominates the bulk of the final per capita energy consumption in SSA.
Biomass provides nearly 80% of this energy (Dassapa, 2011). Dassapa (2011) stated that
among other resources in a society, access to electricity is considered an important factor in
development in any region. The region’s access to electricity is estimated at 30% of the
population. In SSA, 1% of rural populations have access to electricity (Dassapa, 2011).

Diversifying energy streams is essential for development and energy security in SSA.
Intervention strategies must include improved traditional biomass services (Jingura et al.,
2013), and utilisation of multiple sources of energy carriers (Grimsby, 2010). Sustainable
development and tranformation of SSA can be steered by improvements in energy supply and
consumption. Although renewable energy is emerging and promising to be economically
viable in future, the use of fossil fuels is unavoidable in present times. In this chapter the
energy-development nexus is discussed with a view to promote sustainable development in
SSA. It is clear that a connection exists between energy and development issues such as
poverty alleviation, education, health and mordenization of poor rural economies.

2. DEVELOPMENT ISSUES IN SSA

2.1. State of Economies

SSA has reported economic growth trends averaging 5% over the past decade (Chauvin
et al., 2012; Pew Research Center, 2015). SSA economies are characterized by exports of
primary goods. Nigeria and South Africa are the biggest economies in SSA and account for
75% of the regional GDP (Adu Boahen, 1990). SSA’s GDP per capita growth was 1.5% in
2014 (World Bank, 2014). It was expected to rise by 4.6% in 2015 and 5.4% in 2016
(AfDB/OECD/UNDP, 2015). Temporal trends in economic growth in SSA and North Africa
between 2013 and 2016 are shown in Figure 1. Sub-regional comparisons in SSA are shown
in Figure 2.

Despite the impressive economic performance many people in SSA are exposed to a
number of challenges. Prime examples include high levels of unemployment, prevalence of
diseases, low levels of education, civic corruption, energy poverty, lack of acces to clean
water and sanitation (Pew Research Center, 2015). It can be seen in Figure 2 that East Africa
has outstanding progress in terms of economic growth as compared to the other sub-regions
of SSA. East Africa has credible systems for regional intergration, major investiments in both
national and regional infrastructure, and has remarkable pogress in institutional reforms
(Kinyemi and Kibe, 2014). Kenya is the economic powerhouse of this region. It must be
pointed out that East African countries have endemic political challenges (Kinyemi and Kibe,
2014).

South Africa is the economic powerhouse of the southern Africa region. South Africa’s
GDRP is projected to grow by an average of 2.8% per annum up to 2020 (Boumphrey, 2014).
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Nigeria is the leading economy in SSA ahead of South Africa. The top five economies in SSA
are Nigeria, South Africa, Angola, Ethopia and Ghana in descending order. The economies of
Nigeria, Ghana and Angola are mainly sustained by the oil sector. The GDP and other data
for selected countries in SSA are shown in Table 1.
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Figure 1. Temporal trends in economic growth in SSA and North Africa (2013-2016)
(AfDB/OECD/UNDP.2015).
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Figure 2. Sub-regional comparisons of economic growth in SSA (AfDB/OECD/UNDP, 2015).

Complimentary Contributor Copy



The Energy - Development Nexus in Sub-Saharan Africa 29

Table 1. GDP, population and povery headcount for selected
countries in SSA

Country Population | GDP (Billion dollars in | Poverty headcount ratio at national
(million) 2014) poverty line (% of population)
Central African Republic 4.8 1.72 62.0
Malawi 16.7 4.26 50.7
Rwanda 11.3 7.89 449
Zimbabwe 15.3 14.20 72.3
Mozambique 27.2 15.94 54.7
Cameron 22.8 32.05 375
Tanzania 51.8 48.10 28.2
Ethiopia 96.9 55.61 29.6
South Africa 54.0 350.10 53.8
Nigeria 1775 568.50 46.0

Source: World Bank (2016).

2.2. Energy-Development Nexus

Energy is a core requirement for physical and socio-economic development in both rural
and urban areas of SSA (Mohammed et al., 2013). It drives domestic, industrial, commercial
and public operations. Kebede et al. (2010) highlighted the centrality of energy supply and
consumption for development in SSA. The region is lagging behind in terms of development.
Mohammed et al. (2013) attributed this to poor or inadequate acces to morden energy sources.
Other factors are at play as well.

Many economists, social scientists and policy analysts are now investigating the link
between energy consumption and socio-economic development (Tsani, 2010; Kebede et al.,
2010). The economic parameters of interest include gross national product (GNP), GDP,
income, jobs and energy costs (Tsani, 2010). Population growth and rates of urbanization are
also key social development issues. There is a linkage between energy access, social welfare,
and productive uses of energy in agriculture and commercial sectors (Brew-Hammond and
Kemausuor, 2009). Brew-Hammond and Kemausuor (2009) presented a graphical conceptual
framework for this linkage. The adumbration is shown in Figure 3.

Studies focusing on the energy-development nexus have established a significant positive
correlation between development and energy consumption (Kebede et al., 2010). Most of
these studies have focused on the linkages between oil prices (oil consumption) and macro-
economic indicators. Per capita consumption of energy correlates to development and the
social well-being of a country (Kebede et al., 2010). A regression model by Kebede et al.
(2010) indicates that energy demand is inversely proportional to the price of petroleum and
industrial development, but directly related to GDP, population growth rate, and agricultural
development in SSA.
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(Productive uses of energy)
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Source: Brew-Hammond and Kemausuor (2009).

Figure 3. A conceptual framework for development benefits from energy access and productive uses of
energy.

Energy poverty is quite rampant in SSA. It is conceptualized and measured in terms of
the proportion of people without access to modern electricity. This is a crude metric for a
region where the majority of people live in rural areas and use a heterogenous mix of energy
source. The availability of electricity by itself is not a panacea for the economic and social
problems facing Africa (Wolde-Rufael, 2006). However, supply of electricity is nevertheless
believed to be a necessary requirement for Africa’s economic and social development
(Wolde-Rufael, 2006). Approximateley 620 million people in SSA have no access to
electricity (IEA, 2014b). The majority are rural people who rely mostly on traditional biomass
energy sources. Accesss to electricity in urban areas increased from 22% to 36% between
1980 and 2005 (IEA, 2014b). The electricity challenges are associated with insufficient power
generation capacity, low access, poor reliability, and high costs and tarrifs (International
Monetary Fund (IMF), 2013).

The overall energy demands in SSA are escalated by expansive urbanization. Forty-eight
countries, excluding South Africa, have a combined power generation capacity of
aproximately 80 gigawatts. This is lower than that of Spain (IMF, 2013). This is a big
challenge that influences economic expansion and improvement in social welfare. As a result,
countries that have inadequate supplies of energy or where access to energy is expensive are
more likely to have a critically impared economic development and growth is often restricted
(World Economic Forum (WEF) and IHS Cambridge Energy Research Associates (IHS
CERA), 2012).

The quality and quantum of energy is key to development and eradication of extreme
poverty. A predominant reliance on traditional fuels is an indicator of poverty. With a total
population of around 600 million, the regional average electricity consumption per capita in
2014 was 440 kWh per annum (Onyeji, 2014). This per capita consumption declines to 160
kWh when South Africa is excluded (Onyeji, 2014). The global average was 3,044 kWh
(Onyeji, 2014). There is need to transist from traditional energy forms to morden energy
carriers as quickly and cost-effectively as possible. Several social benefits can be derived
from this transition. These include better health systems, creation of income-generating
opportunities, employment creation, access to education and better quality life.
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Human labour, draft power and traditional biomass have low economic viability as
compared to electricity and purified petro-chemical products (Kebede et al., 2010). Electricity
plays a pivotal role as an enabler of morden livelihoods. SSA is endowed with vast renewable
energy resources that are yet to be exploited (Davidson et al., 2007). This potential is a
gateway to inclusive socio-economic development. Morden energy supplies play a catalytic
role in improving living standards, and meeting the health, education, gender, and
environmental rudiments of modern societies. Energy porverty is one of the key factors that
depressed the achievement of Millennium Development Goals in SSA (Brazilian et al., 2012).

3. ENERGY SuUPPLY AND CONSUMPTION
3.1. Energy Supply Mix

3.1.1. Structure of Energy Supply

Hydrocarbon-energy rich countries in SSA are Nigeria, South Africa and Angola.
Emerging producers are Mozambique, Ghana and Tanzania. SSA is well endowed with
energy resources, but energy supply is very limited. The supply side for a large proportion of
the population of SSA is dominated by traditional, inefficient and polluting energy sources
(WEC, 2005). The current energy supply mix in SSA consists of both renewables and non-
renewables. Renewables are dominated by bioenergy, mainly fuelwood and charcoal.
Biomass is by far the most important renewable energy resource in Africa. Bioenergy
supplies more than 60% of energy in SSA (IEA, 2014b).

The structure of the energy supply mix in SSA is shown in Figure 4. Primary sources
used to generate electricity, supply fuel for transportation, produce heat and cool domestic
and commercial buildings are shown. The energy supply mix includes traditional biomass,
kerosine for domestic energy use, and petroleum fuels and hydropower for electricity
production (IEA, 2014a). Also included are natural gas, coal, solar, geothermal and wind
energy. The primary energy supply sources are discussed in detail in subsequent sections.

Coal
1820

Petrolenm oil
15%%

Biomass
61%

Natural gas

105 S

Renewables
2%

Figure 4. Structure of energy supply mix in SSA (IEA, 2014b).

Complimentary Contributor Copy



32 Raphael M. Jingura and Reckson Kamusoko

3.1.2. Fossil Fuel Sources

Fossil fuels play a significant role in energy supply in SSA. They account for 37% of the
energy supply mix. Fossil fuels dominate the transport sector, and account for about 73% of
electricity production (Obser’Ever, 2013). The main fossil fuels in SSA are coal, crude oil
and natural gas.

Coal

Coal is the major hydrocarbon utilized for electricity production in SSA. It is the second
major constituent of SSA’s energy supply mix after bioenergy. It accounts for 18% of the
primary energy supply and 45% of on-grid power generation capacity (Whitley and van der
Burg, 2015). Most of SSA’s coal fields are located in Southern Africa. South Africa has 90%
of the coal reserves in SSA. Botswana, Mozambique, Zimbabwe and Swaziland have the
balance of coal deposits (WEC, 2005). Excluding Swaziland, these have estimated coal
deposits of 21 billion tonnes, 25 billion tonnes and 25 billion tonnes, respectively. Various
projects proposed to expand several coalfields in much of the region have failed to
commence. There is lack of exploration in SSA and the construction of infrastructure needed
for exports to target markets in Asia is expensive (IEA, 2014a).

Crude Qil

Crude oil is one of the commonly used form of energy in SSA. Over the past decade, oil
production in SSA has increased by an annual avarage of 3% (US Energy Information
Adminstration (USEIA), 2013). The region has 62.6 billion barrels of confirmed crude oil
deposits (USEIA, 2013). In 2012, about 6 million bbl/d were generated, which was
approximately 7% of the global oil production (USEIA, 2013). Qil contributes up to 15% of
SSA’s total energy supply. Nigeria is one of the world’s major oil producing countries and is
the leading oil producer in SSA, followed by Angola. These two countries make up to 75% of
the total oil produced in SSA (USEIA, 2013). Oil production in SSA in 2012 is shown in
Figure 5.

2.52

Oil production {million bb1/d)

---I

Nigeria Angola Equatorial Congo Gabon Other SSA
Guinea B1 azaville countries

Figure 5. Major oil producers in SSA in 2012
Source: USEIA, 2013
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Natural Gas

SSA has vast amounts of proven natural gas reserves with a total amount of 221.6 trillion
cubic feet (USEIA, 2013). A total of 1.69 trillion cubic feet was produced in SSA in 2011.
This accounts for 1% of the global natural gas supply (USEIA, 2013). Natural gas contributes
4% to the energy supply mix in SSA (USEIA, 2014b). Figure 6 shows the major natural gas
suppliers in SSA. The largest gas producer in SSA is Nigeria, followed by Equatorial Guinea.
Nigeria represents 66% of the total gas supply in SSA. The other SSA countries contribute
only 6% to the regional supply (USEIA, 2013). Recently, significant gas discoveries were
made in Mauritania, Mozambique and Tanzania.

South Afiica
Other SSA 3%
countries

6%

Ivory Coast
3%

Tozambique
8%

Equatorial Guinea
14%

Nigeria
66%

Figure 6. SSA’s leading gas producers in 2011.
Source: USEIA, 2013.

3.1.3. Renewable Energy Sources

SSA has considerable amounts of renewable energy resources, the majority of which are
under-exploited. Nevertheless, many countries in SSA have embraced the use of renewable
energy to improve energy security. The well-known renewable energy resources in SSA are
biomass, geothermal, solar, wind, hydro, and geothermal.

Bioenergy

Biomass (mostly fuelwood, charcoal) is the largest component of the energy supply mix
in SSA. It is commonly exploited in Mauritius which produces 500 MW of electricity from
biomass (Mandelli et al., 2014). It supplies more than 60% of the total primary energy
demand in the region (IEA, 2014b). Bioenergy is any form of energy that is produced from
biomass. Biomass is generally identified as solid carbonaceous material from plants and
animals (Jingura et al., 2013), and includes wood, crops and agricultural wastes. The majority
of biomass is consumed by rural communities for domestic cooking, lighting and heating.

Traditional biomass energy is produced from the direct combustion of a variety of solid
carbonaceous material. Wood can be processed in specialized furnaces into charcoal.
Improvement and modernization of traditional biomass is needed to eliminate environmental
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and health problems associated with the use of traditional biomass energy (Jingura et al.,
2013). For example, crops and agricultural wastes could be processed into biofuels (biogas,
biodiesel and bioethanol). Biogas can be utilized for electricity generation and transport, and
bioethanol and biodiesel could replace fossil fuels in transportation.

Approximately 90% of the population in SSA use wood or crop residues as biomass for
cooking and heating (Dasapa, 2011). Sixty percent of the rural women face the consequences
of fuelwood supply shortage (Dasapa, 2011). Jingura et al. (2013) summarized the use of
biomass energy in Zimbabwe. The theoretical total biomass energy value for Zimbabwe was
approximated at 409 PJ in Zimbabwe (Jingura et al., 2013). This bioenergy is derived from
fuelwood, wood residues, foresty residues, energy crops, agro-residues and municipal wastes
(Jingura et al., 2013).

In Mozambique, an estimated 6.7 EJ of bioenergy could be generated annually from
agro-technology practices taking into account the food - energy nexus (Dasapa, 2011). The
total crop residue energy potential for Ghana and Nigeria were estimated at 75.2 TJ and
697.15 TJ respectively (Mohammed et al., 2013). One-third of SSA is forestry land. Forest
forms the bulk of the total biomass stock in SSA, which is estimated at 130 billion tonnes.

Hydroenergy

Hydroenergy (or hydropower) is currently the second most utilized renewable source in
SSA. It refers to any form of energy that make use of water stored in dams or flowing rivers
to generate electricity in hydropower plants. Hydroenergy is common due to its large-scale of
potential development and the lowest average costs of electricity produced. It is a clean and
emission free technology and is promoted as an eco-friendly energy option (Karekezi and
Kithyoma, 2003). An estimated hydroenergy capacity of 20 GW is installed in SSA (IEA,
2014a).

Hydroenergy resources in SSA account for around 12% of the global technical potential,
but only 18% had been tapped (WEC, 2005). Various countries including Mozambique,
Democratic Republic of Congo, Uganda and Kenya have enormous potential for hydroenergy
generation. Hydroenergy development in some SSA countries is limited as a result of lack of
technical expertise and funding, political corruption and small market size (United Nations
Environment Programme Finance Initiative (UNEPFI), 2012). In addition, social and
environmental constraints often destroy local ecosystems, can lead to massive relocation of
people, and may cause regional conflicts over water resources (Kaunda et al., 2012).

Solar Energy

Solar energy is a noticeable natural resource in SSA. Africa’s solar power radiation
intensity stands at 3,000-7,000 W/h/m? (Onyeji, 2014). This range exceeds the requirements
to support standard domestic loads (Onyeji, 2014). Southern Africa and Eastern Africa have
the maximum levels of solar radiation in SSA (Hogarth et al., 2015). In 2012, solar PV
contributed below 1% to the regional electricity grid (Hogarth et al. 2015). Solar electricity
generation has high initial costs. The average cost of above $175/MWh to produce electricity
from solar PV is high as compared to that of generating electricity from other grid
technologies (IEA, 2014a). However, the cost has decreased significantly in recent years and
is projected to keep on declining (Hogarth et al. 2015).

The PV technology has been extensively supported in the region, with nearly every SSA
country having a major PV project. The major driving forces are reduced production costs
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and increased funding for rural solar electrification by bilateral and multilateral donors
(WEC, 2005). It is expected that solar will be the least expensive or second cheapest
household energy source in more than half of SSA (Hogarth et al. 2015).

Wind Energy

Wind power, which involves using air flow through wind turbines to mechanically drive
generators for electricity is currently under-exploited in SSA. The wind potential of the region
is estimated at about 1300 GW (Mandelli et al., 2014). At the present moment, wind power
contributes a small proportion to the SSA energy supply mix. Thirty-eight wind projects are
located in SSA (Mukasa et al., 2015). By 2015 installations were taking place in Cape Verde,
Gambia, Namibia, Mauritius, Mozambique, Kenya, Ethopia and Eritrea.

Cabeolica wind farm in Cape Verde is the only project operating at a commercial level in
SSA whilst seven of the eight finished projects in the region were at pilot phase (Mukasa et
al., 2015). Only 190 MW of wind power have been harnessed in SSA (IEA, 2014a). There are
few areas with high quality wind resources in the region. These include the Horn of Africa,
eastern Kenya, parts of West and Central Africa sorrounding the Sahara, and parts of
Southern Africa. Although, South Africa and parts of East Africa are leading the way to
enhance the wind capacity, Somalia remains the country with the greatest onshore potential
(AfDB, 2013). By 2020 Kenya will have increased its wind-generated power by 400 MW
(IEA, 2014a). Furthermore, Ethopia commissioned its third wind farm (Adam II) in May
2015. Adam I is the biggest (153 MW capacity) in SSA and this has increased the country’s
installed capacity to 324 MW.

Geothermal Energy

In Africa geothermal energy represents a small proportion in the energy supply mix. It is
estimated that 9,000 MW of energy can be generated from geothermal resources on the
continent (Karekezi and Kithyoma, 2003). Geothermal resources are common in the East
African Rift Valley, particularly in Kenya and Ethopia. Approximately 250 MW of installed
geothermal capacity has been identified in Kenya. The total potential capacity of geothermal
energy in the East African Rift Valley is calculated at approximately 10 to 15 GW (IEA,
2014a). The Corbetti Power Project is a major geothermal project in Ethopia that will supply
1 GW capacity over the next 10 years (IEA, 2014a). A number of other countries have
significant geothermal explorations. These include Zambia, Tanzania, Eritrea, Djibout,
Uganda and Rwanda (IEA, 2014a).

3.2. Energy Consumption

All sectors of any economy utilize energy in one form or another. Low energy
consumption levels may indicate diminished economic growth and also hinder economic
growth (von Maltitz et al., 2009). Global energy consumption grew by 5.4% from 1980 to
2007 (Mohammed et al., 2013). SSA contributed only 1.54% to the universal consumption
(Mohammed et al., 2013). Overally, the per capita energy consumption of SSA is very low.

The household sector consumes the largest amount of energy in SSA. Figure 7 compares
the per capita energy consumption of rural and urban households in SSA. It is evident that
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rural communities consume more energy than urban areas. This is because biomass is highly
abundant in rural areas. Per capita energy consumption in selected countries is shown in
Table 2.

Fuelwood and Charcoal

Solid biomass provides nearly 80% of the final energy consumption in SSA (Dassapa,
2011; Hogarth et al., 2015). SSA has the greatest regional per capita wood consumption, with
an average of 0.69 m? per year in 2011 (Cerruti et al., 2015). It is projected that the size of
population relying on traditional biomass for cooking will continue to increase up to 2030
(Brew-Hammond and Kemausuor, 2009). Fuelwood energy is utilized by approximately 93%
of households in SSA (Cerruti et al., 2015). The use of fuelwood is mainly confined to low
income rural people where it is widespread and availabe free of charge (Hogarth et al., 2015).
Fuelwood is normally combusted in open stoves. The end result of this combustion is low
energy density and low total energy efficiency that normally ranges between 10% and 20%
(Schlag and Zuzarte, 2008).

Gender issues are also associated with the use of fuelwood as women spend most of their
time collecting the wood (Schlag and Zuzarte, 2008). Charcoal is more common among urban
populations due to its higher energy content, easy transport from rural areas and storage, and
lower smoke emission than fuelwood. The wood-based biomass energy sector also provides
significant employment and remuneration for wood and charcoal producers, transporters, and
vendors. Charcoal trade in SSA was estimated to generate US$ 11 billion in SSA in 2012
(Hogarth et al., 2015). Charcoal and other forest product markets create about 30%-32%
revenue among rural households in Zambia (Hogarth et al., 2015). In 2007, a total of US$ 122
million was estimated to be generated from fuelwood and charcoal sales in Rwanda (Hogarth
etal., 2015).
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Figure 7. Per capita energy consumption of rural and urban households in SSA-1992.
Source: Karekezi and Kithyoma, 2002.
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Table 2. A comparison of the annual energy consumption trends of
selected countries in SSA

Energy use Total energy Electricity Liquid fuel
per capita from biomass consumption per consumption per
(kgoe) and waste (%) capita (kwh) capita

World 1796 9.7 2678 751
SSA 681 56.3 542 117
Ghana 397 66.0 266 122
Tanzania 530 92.1 61 45
Kenya 484 74.6 138 101
Mozambique 497 85.4 450 39

Source: von Maltitz et al. (2009).

Electricity

Electricity consumption in SSA in 2012 accounted for 7% of the total energy consumed
in the region (Hogarth et al., 2015). Half of the electricity is utilized by industry, a fifth by
services sector, and consumption by agriculture is insignificant (Hogarth et al., 2015).
Hydropower is the principal source of electricity in most SSA countries (excluding South
Africa) (Dassapa, 2011). The average per capita annual consumption of electricity in SSA is
536 kWh compared to the world avarage of 3,044 kWh (Onyeji, 2014). These figures are
representative of the total electricity consumption in all sectors of the economy.

SSA is the only region in the world where per capita consumption of electricity is
declining. It has the lowest electrification rate of around 32% (18% in rural areas) in the
developing world (Onyeji, 2014). This can be compared to 92, 70 and 94% in China and East
Asia, South Asia and Latin America, respectively (IEA, 2012). Access to electricity in
northern Africa, SSA and rural SSA is approximately 90%, 26% and 1%, respectively. An
estimated 80% of the people in SSA have no consistent supply of morden electricity. High
cost associated with electricity services and limited ease of use of electricity have hindered
access to electricity by many SSA countries. The use of electricity is limited even in urban
areas where grid network is extensive. Only South Africa, Ghana, Mauritius and Seychelles
have more than 50% access to electricity while the remainder of SSA countries have below
25% (Dassapa, 2011). South Africa produces and consumes the bulk of electricity in SSA.

Many countries in SSA face power challenges. At least eight power outages per month,
each taking an average of 5.3 hours occur in SSA’s electricity grids (Hogarth et al., 2015).
These outages destroy equipment and hinder production (Hogarth et al., 2015). Power outages
have negative effects on many economic activities.

Liquified Petroleum Gas (LPG)

Many SSA countries are putting effort to substitute traditional biomass consumption for
household cooking and space heating with LPG. LPG is used for process heating, as a
feedstock (in nitrogenous fertilizer manufacturing, gas-to-liquid) and as a fuel for power
production and transportation (Demierre et al., 2014). The consumption of LPG is determined
by governement policies and it varies from nation to nation. Botswana has successful
programmes to promote the replacement of fuelwood with LPG (Brew-Hammond and
Kemausuor, 2009). Senegal started its butanisation programme in the 1970s, and nearly 37%
of its population (71% urban households) use LPG as a primary fuel (Schlag and Zuzarte,
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2008). To a lesser extent, other Western African countries are also subsidising LPG projects.
However, the costs of substitution are high considering the costs of supplying cylinders and
stoves to all households using traditional biomass for cooking (Schlag and Zuzarte, 2008).

Biogas

The SSA region is highly endowed with biomass feedstocks that can be effectively
utilized for biogas production. However, the technology is not yet fully developed due to
several reasons. Biogas production has high capital demand, minimal practical demonstration,
technical challenges as well as cultural issues (Mohammed et al., 2013). In SSA, biogas is
usually generated at household level for cooking and lighting. The digestate is used as a
fertilizer for crop production. The average biogas consumption in SSA is estimated at 490 L/h
for a stove and 150 L/h for a lamp (Rupf et al., 2016).

South Africa has demonstrated the first commercial scale biogas production plant at
Bronkhorstspruit Biogas Plant using mixed organic wastes as substrates (Rupf et al., 2016).
The plant is expected to supply 4.2 MW of electricity. Rwanda is now converting human
feacal and urine waste to biogas at various schools and prisons (Rupf et al., 2016).

Bioethanol

Ethanol production in SSA can be dated back to the early 1980s. Successful projects have
been demonstrated in Zimbabwe, Kenya and Malawi. Sugar cane molasses is the main source
of bioethanol in SSA. In Zimbabwe, sugarcane mollasses has been utilized for bioethanol
production at Triangle Ethanol Plant, since 1980. The estimated production capacity at this
plant was 120 thousand litres per day and 40 million litres annually for 12 years (Deenanath
et al., 2012). The first ethanol-gasoline blend (gasohol) of 12% to 15% (v/v) in SSA was
produced at this plant. Nevertheless, the plant was closed due to severe drought in 1992, and
lack of government support. It has been revived in recent times.

The Dwangwa Estate Plant and Nchalo Plant are currently producing ethanol from sugar
cane mollasses in Malawi, with a 10% (v/v) blending of ethanol and gasoline (Deenanath et
al., 2012). Their production capacity are 15-20 million litres, and 12 million litres annually,
respectively. A daily production rate of 45 thousand litres ethanol was achieved at Muhoroni
Plant in Kenya, with a 10% (v/v) gasohol blend (Deenanath et al., 2012). The plant was shut
down in 1992 due to financial constraints, and lack of support from government and oil
companies (Deenanath et al., 2012).

Biodiesel

Biodiesel is one of the emerging green fuels. Countries like Zimbabwe, Senegal, Mali,
Burkina Faso and Mozambique are promoting and growing Jatropha as a biodiesel plant
(Delgado-Ramos, 2015). South Africa promotes use of canola for biodiesel production. Mali
has set a target of 2030 to replace 20% of fossil fuel consumption with Jatropha biodiesel.
The targets earmarked at producing 84 million litres of refined oil from 50,000 to 70,000
hectares of cultivated land (Favretto and Dyer, 2010).

West African countries have started investing in palm oil as an alternative to petroleum
diesel. Nigeria has the major palm oil production activities in SSA but there is limited
concentration on its use for biodesel generation (Mohammed et al., 2013). Approximately 3%
of oil palm production in the global market comes from Nigeria. Ghana has also invested in
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320,000 ha to cultivate oil palm (Mohammed et al., 2013). There are limited commercial
production activities for both biodiesel feedstock and biodiesel itself, hence no success stories
on large-scale consumption of biodiesel in SSA.

Liquid Fossil Fuels (LFF)

Economies of all countries are highly dependent on LFF such as gasoline, diesel, and
kerosine. Transport is the highest consumer of petroleum products, particularly gasoline and
diesel in SSA. Approximately 39% of the oil consumed in the region in road transportation is
diesel (IEA, 2014a). Sixty-five per cent of the diesel in SSA is consumed by the transport
sector (Davidson, 1992). In rural areas diesel is used for small-scale agro-processing such as
grain milling (Karekezi and Kithyoma, 2002).

Oil is a good source of eletricity. About 11% of the total electricity produced in Africa in
2007 was from oil (Kojima et al. 2010). The demand for kerosine is steadly increasing and is
commonly exploited in households for lighting, cooking and heating (Kojima et al., 2010).
Some SSA countries have adopted the use of kerosine for domestic cooking in urban
communities. For example, in Kenya, Tanzania and Uganda, kerosine is used by 57%, 15%
and 4% urban households, respectively (Schlag and Zuzarte, 2008). Wick stoves and
pressurized stoves are the modified stoves that use kerosine for cooking.

4. OPTIMISATION OF ENERGY SUPPLY

4.1. Diversifying Energy Streams

SSA nations are highly susceptable to energy insecurity and power failures. The region is
rich in energy resources. Energy security is a prerequisite for democracy, economic
development, poverty alleviation and adaptation to climate change. Energy-related crisises in
SSA include indoor air pollution, energy poverty, disproportionate gender burden, land
degradation, deforestation and climate change (Grismsby, 2010). The majority of SSA’s
population are rural poor who mostly use traditional biomass to meet their domestic energy
needs. Dependence on this sole traditional fuel or technology leaves many households
vulnerable. On the other hand, the region is well known for low penetration of morden energy
technologies, especially in rural areas. Diversifying energy streams is a strategy that can help
to improve energy security in SSA.

4.2. Sources of Energy for Entrepreneurial Activities

Harnessing biomass energy in its traditional unprocessed form is expected to rise in SSA
as populations grow. Figure 8 compares information on the number of people per region in
the developing world who will rely on traditional biomass between 2000 and 2030. It is clear
that SSA will have the largest number of people (nearly 1 billion) depending on traditional
biomass by 2030 (Karekezi et al., 2008). It is the peak in 2030 that is worrisome.
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Figure 8. Population using traditional biomass between 2000 and 2030 (Karekezi et al., 2008).

Unprocessed biomass has low energy content per unit volume to make meaningful
contribution to industrialisation of rural economies. Energy efficiency is the first line of
defence to ensure energy security in modern economies. The application of morden biomass
energy services and improved traditional biomass energy services must be common practice
in SSA. Improved traditional biomass energy services entail the use of improved and efficient
energy services such as improved cook stoves and improved kilns for direct combustion of
biomass (Karekezi et al., 2008). Kenya and South Africa had the highest number of improved
cook stoves in 2001.

The Ceramic Kenyan Jiko is one of the most successful improved charcoal cook stove in
SSA. The stove is appropriate for cooking and space heating, and can direct 25%-40% heat
from the fire to the cooking pot (Karekezi et al., 2008). Its production is at moderately
established cottage industry (Karekezi et al., 2008). Morden biomass energy services must
also include transformation of biomass energy to advanced fuels including electricity, liquid
and gaseous fuels (Karekezi et al., 2004). A gamut of technologies available to convert
biomass energy into morden energy carriers exist.

Modern energy conversion technologies include combustion, densification, gasification,
pyrolysis, liquefaction, fermentation, trans-esterification and anaerobic digestion. Most of
these technologies are well established and are at their mature stages (Jingura et al., 2013).
The benefits of improved biomass energy and morden biomass energy services are well
documented.

Rural electrification is good for broadening entreprenerial opportunities in rural areas.
Although it is doubtful that it would solve energy challenges in rural areas, it offers
opportunities for industrialisation of such economies. Electrification is a good option for most
urban areas as well as high-income rural households. Effective technologies that can rapidly
alleviate energy poverty are needed. For example, diesel-based power generation is a broadly
accepted solution to service rural areas that are not connected to conventional electricity grids
(Dassapa, 2011).
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With plentiful solar energy in SSA many households can use solar power. Solar PV is the
most attractive option for rural lighting, heating and drying in SSA. The penetration rates of
this technology continue to improve. For example, a US$ 7 million co-sponsored project by
UNDP and GEF installed more than 10,000 solar systems in Zimbabwe over a period of six
years (Karekezi and Kithyoma, 2002). Lighting is a widespread problem in rural areas. This
has serious ramifications on many domestic and commercial activities during the night.
Alternative power sources such as solar energy are sustainable alternatives. Kerosine, flash
lights and candles are also alternatives of light sources in rural communities (Grimsby, 2010).

The greater part of SSA rely on agriculture as a source of food and income. Surprisingly,
the region has the lowest agricultural productivity in the world, with per capita output merely
56% of the global average (Sijali and Mwago, 2011). The regional agricultural output is lower
than its population growth rate (Sijali and Mwago, 2011). There are reasons for this status
quo, but surely energy supply is one of them. Modern agricultural practices rely on
mechanization which is a heavy consumer of energy. Grid electricity and petroleum fuels are
commonly used in commercial agricultural production and agro-processing activities. Human
power and animal traction need to be supported by other forms of power in order to
modernize agricultural practices in poor communities. Use of cost-effective machinery is an
efficient substitute for human and animal power that can boost agricultural productivity in
rural areas.

It is known that irrigation enhances agricultural productivity. This generates more income
in contrast to rain-fed conditions. Irrigation schemes require reliable energy for pumping
water. Most commercial agricultural producers and agro-processors have irrigation facilities
connected to the grid in SSA. This largely excludes smallholder farmers who cannot afford
electricity (Karekezi et al., 2005). Such farmers are prone to poor yields and low income
levels. Non-electrical renewable energy technologies including wind pumps and ram pumps
are cost-competitive options for pumping water and irrigation (Karekezi et al., 2005).

Domestic and livestock supplies, particularly in hilly and mountainous parts of Tanzania
have been relying on ram pumps for more than a decade (Karekezi et al., 2005). Wind power
provides energy to pump water, and run mills and other machines. Wind pumps are used for
household, irrrigation and livestock needs in rural Kenya and Tanzania where there is no
provision of clean water to more than 50% of the population (Karekezi et al., 2005). The use
of pico- and micro-hydro electricity to provide shaft power for small-scale agro-processing
and adding value to agricultural produce has been demonstrated several times in SSA
countries (Karekezi et al., 2005). These small grids or off-grids present ideal power solutions
to rural off-grids with minimum connectivity or in areas where access to large scale hydro-
grids is costly (Kaunda et al., 2012).

Mordenization of poor and marginalized households, small and medium enterprises is not
a mission that can be easliy accomblished. Many people in SSA still depend on traditional
biomass while a few have adopted the use of improved technologies. Examples of such
improved technologies include fish smokers, solar dryers, tea dryers and wood dryers. For
instance, low cost solar driers are now popular in countries such as Zambia, Nigeria and
Ghana for fish drying and preservation (Mustapha et al., 2014). Their popularity has been
derived from their numerous co-benefits over traditional solar drying (Mustapha et al., 2014).
The Chorkor Smoker that is now popularized in many SSA countries for improving fish
processing was first developed in Ghana two decades ago (Bene et al., 2009). The technology
has several advantages as compared to traditional fish smoking (Bene et al., 2009). Solar
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dryers reduce post-harvest losses and allow rural farmers to sell their produce whenever they
are able to fetch better prices.

CONCLUSION

The role of energy for accelerated socio-economic growth in SSA cannot be
overemphasized. Energy is a prerequisite for physical and socio-economic development of
rural and urban areas of SSA. Physical and socio-economic development can reduce and
eliminate poverty. Economic growth amplifies the tax base and boosts state revenues, which
can be utilized for the sustainable financing of social budgets and investment. SSA is
characterized by high population growth and low access to affordable energy carriers by the
majority. The energy supply mix of SSA is made up of natural gas, oil, coal, bioenergy
(fuelwood, charcoal, forests and agricultural residues) and other renewable sources (solar,
geothermal, wind and hydro).

The bulk of energy (60%) in SSA comes from biomass resources. Biomass also accounts
for around 80% of the total final energy consumption for household cooking, drying and
space heating in the region. Modernization and development of cost-effective energy
production systems and small-scale, including decentralized systems is a good option to
accelerate economic growth in SSA. The discourse on socio-economic development in SSA
must be underpinned by a strong narrative on energy and its nexus with development.
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ABSTRACT

Given the nature of water supply related difficulties that so many countries are now
facing it is then important to consider the supply of water in most wanting countries such
as in Sub-saharan Africa (SSA). The future of water security and related infrastructure, in
addition to the possible effects that climate change may have on SSA are all
fundamentally in doubt. There is a need to study why so many persons are moving from
these countries (Myers, 2002). The paper shows that while there are many other reasons
one of the fundamental is water and food security. The lack of infrastructure and
inefficient flow networks of water in countries are also noted and these have to be much
improved and moreover guarded against potential loss (Roca and Tularam, 2012). The
information and critical analysis provided in this paper shows that there is a clear need
for the investigation into water availability supply networks security. The fresh and clean
drinking water is now to be accepted as on demand by modern consumers given progress
of humans over time. This paper reports on the water related difficulties facing some the
Sub-saharan African countries where many of dispossessed persons live and this has led
to the great movement of people that has occurred in recent times. The unfavourable
nature of the climate and agricultural land and the effect of climate change appears to
have led to the rural migrating to urban areas (Tularam and Krishna, 2009); but the
difficulty now is maintaining the security of the supply networks as well as for the
infrastructure of water lowering risks by the development of appropriate management
strategies (Tularam and Murali, 2015).
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INTRODUCTION

Sub-Saharan Africa has been an integral part of the region where many of the recent
arrivals of refugees in Europe. There has been a concerted push towards achieving food and
water security to eradicate hunger in the region and then even to halve poverty as hard this
may be but with today’s technology this must be possible. Clearly, water availability has been
a challenge to food security in Sub-Saharan Africa (SSA) and this paper reports on water
security by analysing in terms of country by country within the region supplementing the
earlier major paper the authors (Tularam and Hassan, 2016). The lack of water in fact appears
to have led to some social and political instabilities as noted in the region; and there has been
a clear push from rural to urban migration and then beyond to other shores, given the nature
of the problems faced when arriving in the main urban cities of Sub-saharan Africa.

Much is to do with the consequences of the rapid population growth in SSA. This has
been a major problem to the destruction of the natural resources and the distribution of water
and its availability. The Sub-saharan Africa population has quadrupled during the past 60
years, increasing from 179 million in 1950 to 830 million in 2010 (DESA, 2013). Also, the
productive farming lands have been decreasing over time. The evidence shows a dramatic
decline of the renewable fresh water resources (m?/capita/yr) in SSA and more generally in
Africa (Tularam and Hassan, 2016). Water security is the situation where there is sustainable
access, on a watershed basis, to adequate quantities of water of acceptable quality, to ensure
human and ecosystem health (Tularam and Krishna, 2009; Tularam and Keeler, 2006:
Tularam and Murali, 2015).

Moreover, there is a clear connection between water crisis in Sub-Saharan Africa and
their food security. Food security is said to exist when all people and at all times have
physical, social and economic access to sufficient, safe and nutritious food to meet their
dietary needs and food preferences for an active and healthy life. This study assesses the
relationship between rural migration of eight selected Sub-Saharan African countries and
water accessibility. SSA has experienced a large amount of rural migration with the rural SSA
population decreasing from 85% in 1962 to 63% in 2012. It is estimated that 50% of SSA
population will live in cities by 2020 thus causing major problems for the cities in SSA
(Tularam and Marchisella, 2014).

There is now evidence which indicate that agricultural sector has been suffering from
receiving adequate water supply, labour shortage and low productivity of lands over recent
times in sub-Saharan Africa (Chauvin et al., 2012). Compounding this will be the predicted
effects of climate change that will create more difficulties that are yet to be seen. For
example, sudden and large increase in rainfall fluctuations and distribution in the region,
causing natural disasters such as droughts and floods have been noted (Tularam and llahee,
2010; Tularam and llahee, 2007a; 2007b, 2007c; Roca, Tularam and Reza, 2015; Tularam
and Reza, 2016). Added to this, there is now evidence of more rural to urban migration,
which was predicted by Tularam (2012) and Tularam and Properjohn (2011b). Human
migration caused by changing water conditions will be one of the major challenges in future
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(Tularam and Hassan, 2016). Presently, the capability of SSA cities to deliver expectations of
new rural immigrants as they arrive is not achieved and this only means that the arrivals
would still need to be on the move. The evidence of Europe refugee crisis shows that are yet
unpredictable longer term impacts of water and food security in SSA, and if the major
underpinning issues are not addressed there is going to be undesirable outcomes in the future.
For example, there may well be further waves of movements of more persons towards the
advanced economies and almost certainly this will have major implications to Europe, Italy,
Indonesia, and more importantly Australia in terms of the possibility of rather large numbers
of environmental refugee arriving into the major cities in the future; as the complexity of the
problem increases there may indeed be a second wave of major movement caused by other
unforseen events such as wars or conflicts in the region; the complexity theory would suggest
that the human movement caused emerging factors that arose from the instability in the
environment created by the various interacting agents participating in the Syrian conflict for
example (see for complexity theory Hulsman, et al, 2011; 2013).

However even when there is stability amongst countries in SSA (Bob, 2010), as was
described in the accompanying paper by Tularam and Hassan (2016). In the paper it was
noted that climate change has already affected many rural communities in their ability to
navigate a livelihood from their lands (World Bank, 2009; Tularam and Hassan, 2016).
Norman (2001) defined as noted in Tularam, 2016) that those people who are forced to leave
their original habitat because of some sort of environmental difficulty is called an
‘environmental refugee’; which was also put forward by Essam El-Hinnawi in 1985 (United
Nations Environmental Programme report, 2005). He defined environmental refugees as
“...those people who have been forced to leave their traditional habitat, temporarily or
permanently, because of a marked environmental disruption (natural and/or triggered by
people) that jeopardized their existence and/or seriously affected the quality of their life”
(Khan, 2014; pp.127). Similar definitions exist elsewhere (Durkovéa et al., 2012; Myers,
2002)). Environmental refugees are also those “persons who no longer gain a secure
livelihood in their traditional homelands because of environmental factors of unusual scope,
notably drought, desertification, deforestation, soil erosion, water shortages and climate
change, also natural disasters as cyclones, storm surges and floods” (Durkova et al., 2012;
Myers, 2002; Tularam and Hassan, 2016). United Nations use the term “environmentally
displaced persons” and this refers to those “who are displaced from or who feel obliged to
leave their usual place of residence, because their lives, livelihoods and welfare have been
placed at serious risk as a result of adverse environmental, ecological or climatic processes
and events” (Durkovi et al., 2012; pp.7).

It is ta fact that the majority of the environmental refugees are from Africa (Myers,
2002). 50 million environmental refugees was noted earlier and it is predicted that there will
be around 200 million by 2050 (Myers, 2002; Peters, 2011). It is to be noted that the
reduction of poverty in rural communities is an important issue (Diao et al., 2007). Despite
the fall of hunger, the SSA poverty levels have not decreased much, and limited reduction of
poor people has been noted. According to (DFID, 2004) the number people living under the
poverty line has increased significantly due the adoption of a new definition for poverty
(Chikaire and Nnadi, 2012). A similar trend is noted in today’s figures.

This paper is an accompanying paper to a book chapter by Tularam and Hassan (2016),
which also critically reviews the issue of water and food security in SSA using a country by
country analysis method. The analyses are in terms of rates of population growth, availability
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of water and food resources, and possible effects of climate change factors with regard to
water and food resources and their usage. The likelihood of water scarcity or water stress is
examined in terms of the migration patterns of recent times (Tularam and Properjohn, 2011a,
b).

In the following a country by country analysis is conducted excepting Somalia and
Democratic Republic of Congo, which are presented in full in Tularam and Hassan (2016).
However, a summary of these two countries is included followed by discussion of the issues
examined. A brief summary and conclusion completes this paper. The SSA countries
considered in this paper are the following which include some analysis outside of SSA for
comparison: Ethiopia, Kenya, Somalia and Tanzania from East Africa, Democratic Republic
of Congo in Central Africa region, Nigeria, Niger in West Africa and Republic of South
Africa in Southern Africa region. The countries were selected for several reasons and these
are: (i) they are in Africa and in SSA,; (ii) the high populations and rates of population growth
of the countries; (iii) their extreme weather patterns; (iv) including their current and projected
water conditions; and finally (v) the lower levels of economic developments in the region.

ETHIOPIA

Ethiopia is the most populated country in Africa after Nigeria with a population of about
81 million in 2010. Only 17% of the population lives in urban areas with most Ethiopians
(83%) living in rural areas relying mostly on agriculture (Gebeyehu, 2014). According to
Awulachew et al. (2007), about 99.3% of Ethiopia’s 1.13 million km? is land area and the
remaining 0.7% is covered with different types of water bodies specially lakes. Similar to
other SSA countries agriculture is the dominant sector contributing around 47.7% to the
overall revenue; followed by 39% from services and 13.3% from the industry sector (HEC,
2012). FAO (2005) reported that in 2003 the value added in agriculture (% of GDP) was
about 41.8%.

There are 12 river basins in the country with a yearly water flow of about 122km?; this is
around 3% of Africa’s surface water potential and 1% of the world (Mekonen, 2009).
Ethiopia has a large amount of surface water but there is limited infrastructure to harvest and
store these waters for use. Instead, large volumes of the surface water drains into the wetlands
of the central and northern parts. In addition, the country has 2.6 to 6.5km? of ground water,
forming per capita share of 1,685m?® available water (Awulachew et al., 2007). The total
actual renewable water resources per inhabitant has declined from 1,685m3yr in 2004 to
1410m? available water per person (2012); this is due to the population increase from 72.42
million in 2004 to about 86.5 million in 2012 (FAO, 2013). The agricultural production relies
on rainfall but the precipitation fluctuates in time and place leading to water shortages in the
case of smaller farmers - a category that produces most agricultural products in SSA. The
shortages limit crop production and increase crop failures as well as forcing most farmers to
only grow one type of crop per year (McCartney et al., 2009). Moreover, severe droughts
have hit the country in recent times causing acute food shortage. Table 5 shows that
agriculture uses 93.6% of the total water withdrawn in 2002, followed by domestic
consumption (6%) while the industrial sector uses 0.4% (FAO, 2005).
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In 2006 UNDP (United Nations Development Program) argued that the average water
distribution of Ethiopia was on track to meet the MDGs (Millennium Development Goals). In
2005 about 31.4% of the rural people had clean water supply systems; while about 83.1% of
those living in cities had clean water supply coverage. The target is to reach 65.5% and 90.9%
respectively in 2015 (UNDP, 2006). Most rural Ethiopians source water from the ground
using different types of wells such as shallow, spring and deep wells but here are a
considerable number who harvest rainwater, or use hand-dug and unprotected wells, or rely
on river waters (Awulachew et al., 2007). Only recently there has been some limited attention
paid to the ground water development and management programs despite its importance to
the population. For example, a scheme has helped some to construct deep, shallow and hand-
dug wells (553, 1581 and 150904 respectively) as well as identifying 3,977 spring wells for
rural communities (MOFED, 2006).

Ethiopia has the least rate of rural people migrating to urban areas yet the urban
population is increasing - 3.8% compared to 2.3% in rural areas. The environmental related
difficulties are significant. Geneyehy (2014) noted that around 39.5% of the surveyors
migrated because of the lack/shortage of land to make a decent living based on farming, while
16.3% left due to weakening productivity of agriculture, and around 7% migrated because of
food shortage (Gebeyehu, 2014).

Table 1. Ethiopia: water sources and use

Year Volume/Ratio Unit
Renewable water resources
Average precipitation (in depth) 848 mm/yr
(in volume) 936 10° m3/yr
Internal renewable water resources 122 10° m3fyr
Total actual renewable water resources 122 10° m 3/yr
Dependency ratio 0 %
Total actual renewable water resources per inhabitant | 2004 1685 m3/yr
Total dam capacity 2002 3458 108 m?
Water withdrawal
Total water withdrawal 2002 5558 108 m3/yr
- irrigation + livestock 2002 5204 108 m3fyr
- domestic 2002 333 108 m3/yr
- industry 2002 21 108 m3fyr
« per inhabitant 2002 81 m3/yr
* as % of total actual renewable water resources 2002 4.6 %
Economy and development
Gross Domestic Product (GDP) (current US$) 2003 6 600 Million US$/yr
« value added in agriculture (% of GDP) 2003 41.8 %
 GDP per capita 2003 91 US$/yr
Human Development Index (highest = 1) 2002 0.359

Source: FAO, 2005.
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KENYA

Kenya is situated in east Africa and borders the Indian Ocean, Somalia, Ethiopia, South
Sudan, Uganda, and Tanzania. Kenya has a population of about 41 million in 2010. The
country has a total area 582,646km? including 581,679km? of land and 11,230km? of water.
16% of land are potentially suitable for arable agriculture, while 84% of the land is arid and
semi-arid suitable for livestock production and irrigated agriculture (Nyanchaga, 2011). The
climate is dry and humid, which is probably why Kenya has critical water crisis issues. Water
contamination, poor management, and population increase are some of the issues not well
tackled by Kenyans (Marshall, 2011). Out of the 17 million around 41.5% have no access to
clean water; while the poor in cities have only access for polluted waters. The rainfall
fluctuates from time to time and hence severely affects farm production. Just as in urban
areas, there has been minimal government investment on water resources in rural areas
(Marshall, 2011). Marshall has argued the effect of climate change has caused severe
droughts and floods (Marshall, 2011).

The country is presently under water stress condition in that the renewable freshwater per
capita is 718.1m%yr, and according to FAO (2013) the total internal renewable water
resources per capita was 484.2md/inhab/yr (2011), dropping from 3558m?/inhab/yr in 1962.
Equally, the Kenyan population has increased from 5.4 million people in 1948 to 42 million
in 2011; in around seven decades with a growth rate of 3% (Nyanchaga, 2011). Not
surprisingly, the 2025 estimate of the renewable freshwater per capita is presently at
235m?/yr. UNEP (United Nations Environmental Programme) has declared the water crisis in
Kenya as chronically water scarce (Ogendi and Ong'oa, 2009). The average precipitation in
Kenya is 630 mm. It rains heavily in Mt. Kenya (1800 mm per annum) but in northern Kenya
the rainfall is less than 200 mm per year (Marshall, 2011). The country did not achieve
economic improvements for the last two decades and Kenya is considered to be the poorer on
average of the countries in SSA (GDP per capita see Figure 6). In more recent times however,
the GDP per capita (US$) has been growing significantly in more recent times US$365 to
US$942 in 2012 (World Bank, 2014) and surprisingly, agriculture is a major contributor to
the national economy adding about 30% in 2005 (Marshall, 2011).

Figure 1 shows the decline of the percentage of the rural Kenyan population in terms of
the total population since 1960; followed by a decline of the percentage of the agricultural
value added to GDP in that period. Figure 2 highlights percentages of rural and urban persons
with access to improved water resources (Figure 3). The decreased rural population may have
been the result of several factors including the declining annual growth rate; which was 2.8%
in 1960 increasing to a peak of 3.7% in 1984 but then reduced to about 2.2% in 2012.

Kenya’s population has increased but the urban population has been increasing faster
than the rural population even though rural population has higher population growth rate than
the urban. The population increase has had a significant impact on the population density and
the total internal renewable water resources per capita (m3/inhab/yr).
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Figure 1. GDP per capita in SSA and Kenya 1980-2012.
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Figure 2. Agriculture contribution to GDP and rural population.
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Figure 3. Percentages of improved water sources and access of rural and urban people 1990-2012.
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SOMALIA

The following is included in the earlier paper by Tularam and Hassan (2016). “Somalia is
an east African country located in the horn of Africa bordering the Indian Ocean, Djibouti,
Ethiopia and Kenya. The land area of Somalia is 637,657 km? with about 13% being arable
land. It has the longest coastline in Africa of around 3333km (Webersik, 2006). The total
renewable internal freshwater resource in Somalia is around 6km?. There has not been census
since 1983 but UNICEF (2013) estimated the population to be around 9.3 million in 2008.
The World Bank (2014) estimates the present population to be around 10.2 million.

Somalia is a hot country with tropical and semi-tropical, and arid and semi-arid climates.
The average temperature is 28°C in coastal areas but the temperature may reach 47°C and yet
it can be as low as 0°C in highlands. The precipitation in Somalia is highly variable but low
most of the time; many parts of the country receive below 500mm/yr. Coastal areas receive
about 50 to 150 mm/yr while some others receive about 584mm/yr (Muchiri, 2007). Somalia
is presently under water stress condition and the distribution of water is highly variable. The
European Commission Somalia Operations Office (2006) estimated the renewable freshwater
per capita to be 1,685 m® but the FAO statistics (2013) showed that the actual renewable fresh
water per person was 1500m3 in 2012, dropping from 4980m? (1962). Only 30% of the
population had access to clean water in 2008, while about 67% and 9% of urban and rural
populations had access to improved water sources respectively (UNICEF, 2013). The country
has also performed poorly in terms of sanitation -52% of urban and 6% of rural communities
have access to adequate sanitation and overall only 23% of Somali population has an access
to adequate sanitation (2008) (World Bank, 2014).

According to World Bank (2014), the annual freshwater withdrawal was 54.96% of
available water resources. The agriculture water withdrawal was around 99.48%, followed by
domestic (0.45%), and then industry with only 0.06%. Figures 4-7 and Tables 2 and 3
summarize trends in population and water resources in Somalia (1958 to 2012). Agriculture
has been the major contributor of Somali economy, even though there has not been data
available since the collapse of central government in 1991. However, World Bank (2014)
shows that agriculture contributed to national economy (about 50% and 71% in 1958 and
1990 respectively).

Somalia seems to have become vulnerable to droughts and floods. A severe Dabadheer
drought (1974-1975) resulted in 20,000 people dying due to famine. Climate change has been
blamed for other droughts in 1991-1992, more severe than Dabadheer. It is believed that
between 300,000 to 500,000 people lost their lives but indirectly the drought also severely
affected another 3 million people (Baumann et al., 2003). A large number of drought affected
persons moved into relief camps and this led to the spreading of infectious diseases causing
many to die as well. Drought continued to hit some parts of the country and the neighbouring
countries in 2000 and 2011 (Griffiths, 2003). With similar extremity, the heavy rains caused
many floods in 1997 and 2000 destructing many parts of Somalia (Griffiths, 2003).
Surprisingly, between 1961 and 2004, 18 floods and 12 droughts were recorded in Somalia
(UNEP, 2005). It seems that the rural people are more susceptible to the impact of climate
change because of the degradation of ecological systems (Griffiths, 2003). The extreme
situation caused many rural people to leave their lands to urban areas (Griffiths, 2003).
However, disaster mismanagement, extensive farm production failures and grazing land
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overexploitation have also negatively affected the farming lands of Somalia” (pp. 413 — 414;
the following figures related to Somalia are also quoted from the Tularam and Hassan, 2016)
for completion only.
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Figure 4. Population trends in Somalia 1960-2012.
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Figure 6. Improved water sources of Somalia during 1995-2010 (% of population with access).
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Table 2. Kenyan land, population and water resources 1962-2011

Kenya 1962 1972 1982 1992 1997 2002 2007 2011
Land and Population

Total area (1000 ha) 58037 |E |58037 |E 58037 |E 58037 |E |58037 |E |58037 |E |58037 |E 58037
Arable land (1000 ha) 3500 E |3500 |E 3800 E 5292 E 4814 E |5091 E |5300 E 5500
Permanent crops (1000 ha) | 405 E |455 E 480 E 480 E |480 E |427 E |500 E 650
Percentage of total country

area cultivated (%) 6.728 |E |6.815 |E 7375 |E 9945 |E |9.122 |E 9508 |E 9994 |E 10.6
Total population (1000

inhab) 8629 E |12083 |E 17557 |E 25042 |E |28945 |E [32928 |E |37485 |E 42749
Rural population (1000

inhab) 7949 E 110724 |E 14687 |E 20393 |E [23372 |E [26311 |E |[29515 |E 32965
Urban population (1000

inhab) 680 E |1359 |E 2870 E 4649 E |5573 E |6617 E |7970 E 9784
Population density

(inhab/km?) 1487 |E [20.82 |E 3025 |E 4315 |E |4987 |E |56.74 |E |6459 |E 73.66
Rainfall and internal

renewable water resources

Long-term average

precipitation in volume (10°

mé/yr) 365.6 |E [3656 |E 3656 |E 3656 |E |3656 |E |3656 |K |3656 |E 365.6
Surface water produced

internally (10° m3/yr) 20.2 20.2 20.2 20.2 20.2 20.2 20.2 20.2
Groundwater produced

internally (10° m3/yr) 3.5 35 35 35 35 35 35 35
Overlap between surface

water and groundwater (10°

mé/yr) 3 3 3 3 3 3 3 3
Total internal renewable

water resources (IRWR)

(10° méfyr) 20.7 20.7 20.7 20.7 20.7 20.7 20.7 20.7
Total internal renewable

water resources per capita

(m¥/inhab/yr) 3558 K 12541 |K 1749 K 1226 K |1061 K 9323 |K |819 K 718.1




Kenya 1962 1972 1982 1992 1997 2002 2007 2011
Water withdrawal

Agricultural water

withdrawal (10° m3/yr) 1.566 1.01 2.165
Agricultural water

withdrawal as % of total

water withdrawal (%) 76.43 79.16
Industrial water withdrawal

(10° m3/yr) 0.08 0.1
Industrial water withdrawal

as % of total water

withdrawal (%) 3.904 3.656
Municipal water withdrawal

(10° m3lyr) 0.403 0.47
Municipal water withdrawal

as % of total withdrawal (%) 19.67 17.18
Total water withdrawal (10°

mé/yr) 2.049 2.735
Kenya 1962 1972 1982 1992 1997 2002 2007 2011
Total water withdrawal per

capita (m®/inhab/yr) 81.82 |K 72.96
Freshwater withdrawal as % of total actual renewable water resources (%) |6.674 || 8.909

FOA, 2013. E - External data |- AQUASTAT estimate K - Aggregate data L - Modelled data
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Figure 7. Somalia: Total IRWR per capita in (m*inhab/yr) 1962-2012.

TANZANIA

Tanganyika and the islands of Zanzibar and Pemba united in 1964 forming the United
Republic of Tanzania. Tanzania is an East African country and has border with Indian Ocean,
Mozambique, Malawi, Zambia, Burundi, Rwanda, Uganda and Kenya (ILO, 2004). Tanzania
has an area of 947,300 km?2. The population was 10.68 million in 1962 but has increased to
47.66 million in 2012 (FAO, 2013). In 1962, 94.5% of the population lived in rural areas and
only 5.5 of the population lived in cities. However after 50 years, 27.35% of the population
live in urban while the rural population has dropped to 72.65%. Figure 8 shows the
population increase in Tanzania and changes on rural and urban populations over the past five
decades.

Agriculture contributes around 45% and 55% to the GDP and foreign exchange earnings
respectively. 80% of the work force is employed in the agricultural sector (Noel, Undated). It
is clear that the availability of water is crucial for the country’s economy because agriculture
is a major contributor. Water is also fundamental for other sectors as well such as industry,
power and domestic use. The rivers supply water to Tanzania’s cities such as Dar es-Salaam,
Arusha, Morogoro, Kibaha and Dodoma. These cities are of high economic importance
because of the industries. Tanzania also uses water as a source of power and receives about
55% of electricity from hydropower station. The average annual rainfall of the country is
1,015 mm (FAO, 2013). Many parts of the country receive between 500-1,000 mm of rainfall
per year. Yet, there are some parts of the country that receive 2,400 mm (Noel, Undated).

The total internal renewable water resources are 84km?3/yr (2002). The agricultural water
withdrawal represents 89% whereas the domestic water use is about 10 (2002). As a result of
the population increase the total internal renewable water resources per capita has been falling
from 9011md/inhab/yr in 1962 to 2020m%/inhab/yr in 2012 (FAO, 2013). Based on these
figures the country is not considered as having water scarcity condition; it is slightly above
the water scarcity level of 1700 m3/inhab/yr. During the same period Tanzania doubled its
arable land from 5.05 million hectares to 11.6 million hectares. Figure 9 shows the changes
on per capita of the renewable water resources, arable land, and land on permanent crops.
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Figure 9. Tanzania: Arable land, permanent crops and per Total IRWR per capita 1962-2012.

DEMOCRATIC REPUBLIC OF CONGO (DRC)

This section is included from Tularam and Hassan (2016) for completion sake.
“Democratic Republic of Congo (DRC), often referred as Zaire is located in the African Great
Lakes region of Central Africa. DRC is a rich country with many natural resources such as
oil, diamond, cooper and cobalt. In addition, DRC is also referred as Africa’s water rich
country - DRC possesses 52% and 23% of Africa’s surface water reserves and internal
renewable water resources respectively (UNEP, 2011). Despite this, about 60% on the
population live under the poverty line, and it is considered one of world’s poorest countries
with a ranking 186 out of 186 countries, (also held by Niger in SSA) (UNDP, 2013). DRC is
the largest and third most populated in SSA after Nigeria and Ethiopia. The population is
growing at a fast rate (see Figure 10); it was around 16.2 million in 1962 and was about 69.57
million in 2012 (FAOQ, 2013). An interesting changed in composition has been noted in that in
2012, about 45% of the population were below the age of 15 years and about 3% of the
population were 65 (Figure 11).
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Table 3. Somalia: land, population and water resources (1962-2011): (Copied from Tularam and Hassan 2016)

Somalia 1962 1972 1982 1987 1992 2002 2007 2012
Land and Population

Total area (1000 ha) 63766 |E | 63766 |E | 63766 | E | 63766 |E | 63766 |E | 63766 |E | 63766 | E | 63766 |E
Arable land (1000 ha) 896 |E|946 |E|994 |E|1018 |E|1023 |E|1200 |E 1000 |E |1100 |E
Permanent crops (1000 ha) 14 E |14 E |16 E |17 E |20 E |26 E (28 E |29 E
Percentage of total country area cultivated (%) 1.427 |E |1.506 |E |1.584 |E |1.623 |E |1.636 |E |1.923 |E [1.612 [E |1.771 |E
Total population (1000 inhab) 2952 |E |3674 |E|6608 |E|6427 |E 6543 |E|7791 |E [8733 [E|9797 |E
Rural population (1000 inhab) 2412 |E |2796 |E |4808 |E (4584 |E |4557 |E|5142 |E 5585 |E |6030 |E
Urban population (1000 inhab) 540 |E|878 |E|1800 |E|1843 |E 1986 |E [2649 |E 3148 [E |3767 |E
Population density (inhab/km?) 4.629 |E|5.762 |E |10.36 |E |10.08 |E |10.26 |E |12.22 |E |13.7 |E|15.36 |E
Rainfall and internal renewable water resources

Long-term average precipitation in volume (10° m3/yr) 179.8 |E |179.8 |E |179.8 |[E|179.8 |E [179.8 |E |179.8 |[E|179.8 |E |179.8 |E
Surface water produced internally (10° m3/yr) 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7
Groundwater produced internally (10° m®/yr) 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3
Overlap between surface water and groundwater (10° m3/yr) 3 3 3 3 3 3 3 3

Total internal renewable water resources (IRWR) (10° m3/yr) 6 6 6 6 6 6 6 6

Total internal renewable water resources per capita (m3/inhab/yr) | 4980 |K |4001 |K|[2225 |K|[2287 |K|2247 |K|1887 |K|1683 |[K|1500 |K
Water withdrawal

Agricultural water withdrawal (10° m3/yr) 0.786 3.28 |L|[3.281 |l

Industrial water withdrawal (10° m3/yr) 0 0 L [0.002 |1

Municipal water withdrawal (10° m®/yr) 0.024 0.01 |L[0.015 (I

Total water withdrawal (10° m3/yr) 0.81 3.29 |L|[3.298 |I
Agricultural water withdrawal as % of total water withdrawal (%) 97.04 99.7 |L[99.48 |I

Industrial water withdrawal as % of total water withdrawal (%) 0 0 L |0.061 |1

Municipal water withdrawal as % of total withdrawal (%) 2.963 0.304 |L [0.455 |I

Total water withdrawal per capita (m3/inhab/yr) 126 |K 422.3 |K|377.6 |K
Freshwater withdrawal as % of total actual

renewable water resources (%) 5.51 22.38 || [22.44 |1

FOA, 2013. E - External data |- AQUASTAT estimate

K - Aggregate data L - Modelled data
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Figure 10. Population trends in DRC 1960-2012 (Tularam and Hassan, 2016).
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Figure 12. DRC: Total IRWR per capita in (m*inhab/yr) 1962-2012 (Tularam and Hassan, 2016).
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Table 4. Tanzania: land, population and water resources (1962-2011)

Tanzania 1962 1972 1982 1992 2002 2011

Land and Population

Total area (1000 ha) 94730 | E | 94730 | E | 94730 | E | 94730 | E | 94730 | E | 94730 | E
Arable land (1000 ha) 5050 | E | 7000 | E | 8000 |E |8800 | E | 8600 | E | 11600 | E
Permanent crops (1000 ha) 950 E | 1000 | E | 1000 | E | 1000 | E | 1600 |E | 1700 | E
Percentage of total country area cultivated (%) 6.334 | E | 8445 | E [ 9501 |E | 1035 | E | 10.77 | E | 1404 | E
Total population (1000 inhab) 10684 | E | 14505 | E | 19897 | E | 27231 | E | 35832 | E | 47656 | E
Rural population (1000 inhab) 10099 | E | 13193 | E | 16805 | E | 21899 | E | 27575 | E | 34623 | E
Urban population (1000 inhab) 585 E | 1312 |E | 3092 |E |5332 |E |827 |E|13033 |E
Population density (inhab/km?) 1128 | E | 1531 |E | 21 E | 2875 | E | 3783 | E |5031 | E
Rainfall and internal renewable water resources

Long-term average precipitation in volume (10° m3/yr) 1015 | E [ 1015 | E | 1015 |E | 1015 |E | 1015 |E |1015 | E
Surface water produced internally (10° m3/yr) 80 80 80 80 80 80
Groundwater produced internally (10° m®/yr) 30 30 30 30 30 30
Overlap between surface water and groundwater (10° m3/yr) 26 26 26 26 26 26

Total internal renewable water resources (IRWR) (10° m3/yr) 84 84 84 84 84 84

Total internal renewable water resources per capita (m3/inhab/yr) 9011 | K | 6637 | K |4838 | K |3535 | K |2687 |K|2020 |K
Water withdrawal

Agricultural water withdrawal (10° m3/yr) 4632 | K

Industrial water withdrawal (10° m3/yr) 0.024 0.025 | I

Municipal water withdrawal (10° m/yr) 0.101 0.527 | K

Total water withdrawal (10° m3/yr) 5184 | K

Water withdrawal for irrigation (10° m3/yr) 4425 |1

Agricultural water withdrawal as % of total water withdrawal (%) 89.35 | K

Industrial water withdrawal as % of total water withdrawal (%) 0.482 | K

Municipal water withdrawal as % of total withdrawal (%) 10.17 | K

Total water withdrawal per capita (m3/inhab/yr) 1447 | K

Freshwater withdrawal as % of total actual renewable

water resources (%) 5.385 | K

FOA, 2013. E-External data |- AQUASTAT estimate

K - Aggregate data L - Modelled data
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The population increase has resulted in a significant drop of total renewable water
resources per capita -79,291m3yr (1962) to 18,441m3yr (2011) (Figure 12). The annual
average precipitation is 1,543m? (FAO, 2013) with the minimum rainfall in some parts of
about 800m3yr and maximum around 1,800m? in other parts. The DRC’s total actual
renewable water resource is 1,283km?3 (FAO, 2013; UNEP, 2011).

The percentage of the population that have access to clean water is low (23%) compared
to other Sub-Saharan African countries. As shown in Figure 12, Congo has not progressed in
terms of water improvements and the people with access to clean water appears to be stable
and low — there has been a 10% decline in the number of urban population with access to
clean water during the past two decades. Similar to other Sub-Saharan African countries,
agriculture is a major contributor to the GDP. In 2006, 47.7% of the GDP came from
agriculture, forestry, fishing and hunting sector; however, this has fallen to 39.4% in 2011. In
the same period, the sectors like Mining and quarrying, and Finance, real estate and business
services have showed a slight increase overall (AfDB, 2012).
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Figure 12. Improved water sources in DRC 1990-2012 (% of population with access) (Tularam and
Hassan, 2016).

Table 4 shows the arable land in DRC has not increased significantly from 6.4 million
hectares in 1962 to only 6.8 million hectares in 2012. FAO (2013) also noted that other
agricultural improvement measures such as percentage of total area cultivated remained
almost unchanged during this period. The area of permanent crops was 0.57 million hectares
in 1962 and peaked at 1.2 million hectares in 1992, dropping to 0.755 million hectares in
2012. This shows that the country has not responded to the dramatic increase in its population
in terms of agricultural production and food security. In contrast to other SSA countries,
DRC’s agricultural sector consumes the least amount of water when compared to domestic
and industry sectors. However, as there are huge amounts of water resources in DRC the
pressure on water is significantly low - only 0.053% in 2007 (FAO, 2013)” (pp. 414-415).
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NIGERIA

Nigeria is the most populated country in Africa with an estimated population of 168.8
million (2012) (World Bank, 2014). Around 200 ethnic groups live in Nigeria, speaking about
500 indigenous languages. Figure 13 shows the population has been increasing dramatically
for the last 50 years in both urban and rural areas but the urban population has been growing
twice as much as rural population. Data also shows that the urbanization in Nigeria is faster
than other Sub-Saharan African countries (World Bank, 2014). As a result of lack of
consideration and negligence of the government to rural communities, Nigeria’s rural people
have become more disadvantageous than the urban people; and this has caused a number of
rural people to migrate to cities searching for a better life (Nwokocha, 2012). In terms of food
security when the productive people leave from the rural areas it will affect the agricultural
production as labour shortage emerges and consequently on food security (Ofuoku, 2012). In
Delta Niger, for example, one of the important factors was the discovery of oil that
undermined the agricultural production causing farmers to migrate to cities for employment
(Ofuoku, 2012). In other parts of the country, rural youths became less interested in farming
and migrating to cities hoping for a better life (Olajide and Udoh, 2012).
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Figure 13. Population trends in Nigeria 1960-2011.

Nigeria is considered as the second largest economy in SSA. The Nigerian economy
relies mainly on oil. Oil contributes about 41% of the GDP, and accounts 97.5% and 81% of
the export and government revenues respectively (EPRI, 2011). Recently, the contribution of
agriculture to GDP has experienced fluctuations mainly due to water availability. The
available freshwater resources in Nigeria come from rivers, lakes, streams and flood basins
that are distributed evenly in the country. However, precipitation is Nigeria has significant
variability ranging from around 250mm/yr in country’s far north parts to 500mm/yr in
southern parts of the country (Orubu, 2006). Rainfall amounts affect the quality and volume
of surface water in rivers, lakes, streams and flood basins as well as groundwater (Tularam,
2010; Tularam and Singh, 2009; Indraratna, et al., 20014, Indraratna et al, 2001b).
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Table 5. Democratic Republic of Congo: land, population and water resources 1962-2012

(Tularam and Hassan, 2016)

Democratic Republic of Congo 1962 1972 1982 1992 2002 2007 2012

Land and Population

Total area (1000 ha) 234486 E 234486 |E 234486 |E |234486 E [234486 |E |234486 |E 234486 |E
Arable land (1000 ha) 6400 E 6500 E |6640 E |6700 E [6700 E |6700 |E |6800 E
Permanent crops (1000 ha) 570 E 850 E [1030 E |1200 E |750 E |750 E | 755 E
Percentage of total country area

cultivated (%) 2972 E 3.135 E |3.271 E [3.369 E |[3.177 E |3.177 |E |3.222 |E
Total population (1000 inhab) 16181 E 21431 E [28551 |E |39444 E |52491 E |60772 |E |69575 |E
Rural population (1000 inhab) 12378 E 14916 E |20445 |E |28411 E [36409 E |40547 |E |44150 |E
Urban population (1000 inhab) 3803 E 6515 E |8106 E 11033 E 16082 E [20225 |E |25425 |E
Population density (inhab/km2) 6.901 E 9.14 E (1218 E |16.82 E |22.39 E |[2592 |E [29.67 |E
Rainfall and internal renewable water

resources

Long-term average precipitation in

volume (109 m3/yr) 3618 E 3618 E |3618 E [3618 E [3618 E |3618 |E |3618 E
Surface water produced internally

(109 m3/yr) 899 899 899 899 899 899 899
Groundwater produced internally

(109 m3/yr) 421 421 421 421 421 421 421
Overlap between surface water and

groundwater (109 m3/yr) 420 420 420 420 420 420 420

Total internal renewable water

resources (IRWR) (109 m3/yr) 900 900 900 900 900 900 900

Total internal renewable water

resources per capita (m3/inhab/yr) 79291 K 59867 K 44937 K |32527 K 24442 K 21112 |K |18441 |K
Water withdrawal

Agricultural water withdrawal (109

m3/yr) 0.072 L (0072 |L

Industrial water withdrawal (109

m3/yr) 0.058 0.123 L (0147 |L

Municipal water withdrawal (109

m3/yr) 0.216 0.389 L [0465 |L

Total water withdrawal (109 m3/yr) 0.584 L 0684 |L




Table 5. (Continued)

Democratic Republic of Congo 1962 1972 1982 1992 2002 2007 2012
Water withdrawal for irrigation (109

m3/yr) 0.072 L (0072 |L
Agricultural water withdrawal as %

of total water withdrawal (%) 12.31 L 1052 |L
Industrial water withdrawal as % of

total water withdrawal (%) 21.04 L (2147 |L
Municipal water withdrawal as % of

total withdrawal (%) 66.65 L (68.01 |L
Total water withdrawal per capita

(m3/inhab/yr) 11.13 K 1125 |K
Freshwater withdrawal as % of total

actual RWR (%) 0.045 | 0.053 |1

FOA, 2013. E - External data |- AQUASTAT estimate K - Aggregate data L - Modelled data.
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Surface water produced internally in Nigeria is 214km3/yr plus 87km3/yr of internally
produced groundwater. However, Nigeria’s total internal renewable water resources (IRWR)
are 221km?3/yr - about 80km?/yr of overlapping waters. Orubu (2006) noted that agriculture
consumes about 34.2% of the available water followed by industries (25%) and domestic —
(12.4%) with 28.2% being wasted. Figure 14 shows that agricultural contribution has slightly
increased from 28% in 1981 to 32% in 2011 peaking in 2003 to about 50% of the GDP
(World Bank, 2014). In fact Olajide and Udoh (2012) noted that agriculture employed 70% of
workforce and accounted for 66% of non-oil sector foreign exchange.
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Figure 14. Nigeria: Agriculture, value added (% of GDP) 1981-2011.

World Bank (2014) noted that Nigeria had progressed in that about 64% of Nigerians had
access to improved water resources in 2012, including 78.84% of the urban population and
49.1% of the rural people (Figure 15).
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Figure 15. Improved water sources in Nigeria 1990-2012 (% of population with access).
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Figure 16. Nigeria: Total internal renewable water resources per capita (m%/inhab/yr) 1962-2012.

In 1991, 79% (25 million) of Nigerian people living in cities had access to clean water,
but 17 years later this has fallen to 75% (55 million) of people living in urban areas of
Nigeria. The country doubled the number of people with access to fresh water but the higher
rate of population growth has resulted in the water demand exceeding the water supply
(World Bank, 2012). As the population increased the total internal renewable water resources
per capita has been decreasing significantly from 4129m%inhab/yr in 1967 to
1326m3/inhab/yr in 2012. Due to this fact, people have lost about 68% of their water share
during the last half century (Figure 16).

NIGER

Niger is a West African country, with a population of about 17.15 million (2012) (World
Bank, 2014). It is one the fastest growing countries in terms of population. Figure 23 shows
that the population increased from 3.33 million in 1960 to 17.15 million in 2012 (World
Bank). However, out of 186 countries studied Niger was the poorest country worldwide
holding the 186" position with DRC (UNDP, 2013). About 61% of the population live with
less than a dollar per day. Agriculture is the dominant sector of the economy accounting about
39% of the GDP (2009). Therefore level of agricultural production has a great impact on
annual growth of the economy. The variability of farming conditions and country’s economic
growth is highly volatile, for example in 2007, 2008 and 2009 the economic growth was
3.2%, 9.3% and -1.2% respectively (EPRI, 2011). Desertification and frequent drought are
two major factors that affect the agricultural production in the country (EPRI, 2011). The
rural and urban population growth is different from other SSA countries - the urban
population has been increasing slowly during the last 50 years, while the rural population rose
remarkably as well in this period.

Complimentary Contributor Copy



Table 6. Nigeria:

land, population and water resources (1962-2012)

Nigeria 1962 1972 1982 1987 1992 2002 2007 2012
Land and Population

Total area (1000 ha) 92377 |E 92377 E 92377 |E 92377 E |92377 |E |92377 E |92377 92377 |E
Arable land (1000 ha) 26500 |E 27420 E 28013 |E 28947 E [29922 |E |32000 E |37500 36000 |E
Permanent crops (1000

ha) 2400 E 2480 E 2535 E 2535 E |2535 E |2800 E |3000 3200 E
Percentage of total

country area cultivated

(%) 3128 |E 32.37 E 33.07 |E 34.08 E |3514 |E |37.67 E [43.84 4243 |E
Total population (1000

inhab) 47936 |E 60192 E 79624 |E 90364 E |102445 |E |129832 |E |146951 166629 |E
Rural population (1000

inhab) 39299 |E 45874 E 55848 |E 60368 E |64843 |E |72732 E |[76955 81254 |E
Urban population (1000

inhab) 8637 E 14318 E 23776 |E 29996 E |37602 |E |57100 E [69996 85375 |E
Population density

(inhab/km?) 5189 |E 65.16 E 86.19 |E 97.82 E |[1109 |E |1405 E |[159.1 1804 |E
Rainfall and internal

renewable water resources

Long-term average

precipitation in volume

(10° m3/yr) 1062 E 1062 E 1062 E 1062 E |1062 E | 1062 E |[1062 1062 E
Surface water produced

internally (10° m3/yr) 214 214 214 214 214 214 214 214
Groundwater produced

internally (10° m3/yr) 87 87 87 87 87 87 87 87
Overlap between surface

water and groundwater

(10° m3/yr) 80 80 80 80 80 80 80 80

Total internal renewable

water resources (IRWR)

(10° md3/yr) 221 221 221 221 221 221 221 221




Table 6. (Continued)

Nigeria 1962 1972 1982 1987 1992 2002 2007 2012

Total internal renewable
water resources per capita

(m%/inhab/yr) 5970 K 4755 K 3594 K 3167 K 12794 K 12204 K 11948 K 1718
Water withdrawal

Agricultural water

withdrawal (10° m3/yr) 1.96 5.51 L |7.047 |L
Industrial water

withdrawal (10° m3/yr) 0.545 1.554 L |1.965 |L
Municipal water

withdrawal (10° m3/yr) 1.125 3.242 L |4.099 |L
Total water withdrawal

(10° m3/yr) 3.63 10.31 L [1311 |L

Agricultural water
withdrawal as % of total
water withdrawal (%) 53.99 53.44 L |5375 |L

Industrial water
withdrawal as % of total
water withdrawal (%) 15.01 15.07 L [1499 |L

Municipal water
withdrawal as % of total

withdrawal (%) 30.99 31.45 L |31.27 L
Total water withdrawal
per capita (m3/inhab/yr) 40.17 K 79.41 K 18921 |K

Freshwater withdrawal as
% of total actual RWR
(%) 1.268 |1 3602 |1 |4581 |I

FOA, 2013. E - External data | - AQUASTAT estimate K - Aggregate data L - Modelled data
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During the past four decades the average temperature has increased about 0.6°c and after
30 years of decreasing annual precipitation during 1990-2000 there was a significant recovery
of the overall rainfall averages. Niger has a total internal renewable water resources (TRWR)
of 3.5km?3. The TRWR per capita has been falling dramatically from 9771m?3/inhab/yr in 1962
to 2022md/inhab/yr in 2012. This seems to be directly related to the rapid population growth.
The pressure on freshwater withdrawal is low as the country withdraws about 2.9% of the
actual renewable water resources. Surprisingly, Niger has higher percentage of people with
access to clean water compared to SSA countries - about 98.7% of urban and 42.1% of the
rural has access; in fact, 52.3% of the total population has access to improved water. Niger
has 15% of arable land but in contrast to DRC it increased the permanent cropped land from

1,000ha in 1962 to 60,000ha in 2011 (FAO, 2013).
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Figure 17. Population trends in Niger 1960-2012.
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Figure 19. Niger: Improved water sources 1990-2012 (% of population with access).

REPUBLIC OF SOUTH AFRICA

South Africa has been under water stress since 1982 since rainfall has been insufficient
and unreliable and evaporation rates are high (FAO, 2013; UNEP, 2009).). Climate change
effects may be to blame but these factors have led to a number of river basins having a
demand that exceeds the available water. Most of the country falls into arid and semi-arid
regions with around 70% receiving less than 500mm of rainfall per year while about 20%
receiving 200mm/yr or less (Binns et al., 2001). In dry land regions 200mm/yr is the
minimum amount of precipitation for crop production.

South Africa is 495mm/yr and this is 40% less than the average annual rainfall worldwide
(Mukheibir and Sparks, 2003). Although the actual renewable water resources are 50km?,
95% of the population had access to clean water in 2012 (Figure 20). Moreover, the coastline
areas do receive reliable rainfall while the forest and sugar cane plantations extract large
amounts of rain water reducing the amount of water that rivers receive to only 9% of the
available water (Mukheibir and Sparks, 2003). As noted, the evaporation rate also plays a
part; for example, 2750mm/yr occurs in the hot dry northwest of South Africa and
1250mm/yr in south and southeast (Binns et al., 2001).
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Table 7. Niger: land, population and water resources (1962-2012)

Niger 1962 1972 1982 1992 2002 2007 2012
Land and Population

Total area (1000 ha) 126700 | E | 126700 | E | 126700 | E | 126700 |E | 126700 | E | 126700 | E | 126700 | E
Arable land (1000 ha) 11499 |E |11173 |E |9852 |E [12987 |E 13970 |E |14958 |E |14940 |E
Permanent crops (1000 ha) 1 E|4 E|8 E |13 E |30 E |42 E |60 E
Percentage of total country area cultivated (%) 9.077 |E|8.822 |E|7.782 |E|10.26 |E|11.05 |E|11.84 |E|1184 |E
Total population (1000 inhab) 3444 |E |4641 E | 6208 E (8300 |E|[11706 |E |13946 |E |16644 |E
Rural population (1000 inhab) 3236 |E|4185 |E|5341 |E|7008 |E|9791 |E |11604 |E (13748 |E
Urban population (1000 inhab) 208 E | 456 E | 867 E [ 1292 E [ 1915 E | 2342 E | 2896 E
Population density (inhab/km?) 2.718 |E|3.663 |E |4.9 E|6.551 |E|[9.239 |E|[11.01 |E|13.14 |E
Rainfall and internal renewable water resources

Long-term average precipitation in volume (10° m3/yr) 1913 |E (1913 |E|191.3 |E|1913 |E|191.3 |E|191.3 |E|1913 |E
Surface water produced internally (10° m3/yr) 1 1 1 1 1 1 1
Groundwater produced internally (10° m®/yr) 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Overlap between surface water and groundwater (10° m3/yr) 0 0 0 0 0 0 0

Total internal renewable water resources (IRWR) (10° m3/yr) 35 35 35 35 35 35 35

Total internal renewable water resources per capita (m¥/inhab/yr) |9771 |K|[7251 |K|5420 |K|[4054 |[K|2875 |K|[2413 |[K|2022 |K
Water withdrawal

Agricultural water withdrawal (10° m3/yr) 0.41 0.6565 |L

Industrial water withdrawal (10° m3/yr) 0.01 0.0284 |L |0.0327 |L |0.0137
Municipal water withdrawal (10° m®/yr) 0.08 0.2554 |L |0.2944 |L |0.0617
Total water withdrawal (10° m3/yr) 0.5 0.9836 |L
Agricultural water withdrawal as % of total water withdrawal (%) 82 66.74 |L

Industrial water withdrawal as % of total water withdrawal (%) 2 3325 |L

Municipal water withdrawal as % of total withdrawal (%) 16 2993 |L

Total water withdrawal per capita (m3/inhab/yr) 60.24 |K 7053 |K

Freshwater withdrawal as % of total actual RWR (%) 1.538 2923 |1

FOA, 2013. E - External data | - AQUASTAT estimate

K - Aggregate data L - Modelled data
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Figure 20. South Africa: Improved water sources 1990-2012 (% of population with access).

South Africa has 13.7% of arable land and agriculture is the major water withdrawer at
about 59%, followed by urban (25%) and industry (6%) respectively. Yet, agriculture
accounts for only 2.5% of the GDP (2012) and Figure 27 shows that it is the lowest in SSA
(World Bank, 2014). The irrigated farming sector employs only 2% of country’s workforce
with 8% employed by those in the rain-fed agriculture (Mukheibir and Sparks, 2003).

The Department of Water Affairs and Forestry acknowledges that climate change is
challenging the South Africa’s water supply sustainability. As temperature rise, increasing
amounts of water are required for crop production (Steele and Schulz, 2012). The projected
natural disasters such as flood and droughts will affect food security. There is increasing
evidence that rain-fed agriculture particularly maize production will fall to half in 2020
(Wassung, 2010).
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Figure 21. South Africa: Agriculture, value added (% of GDP) 1960-2012.
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Africa has a population of 52.2 million, out of which 62.4% (32.63 million) live in cities
and the remaining 37.6% (19.6 million) live in rural areas. South Africa has experienced rapid
urbanization and expansion of cities in mid 1980s and early 1990s (Figure 21). Therefore, the

water demand is increasing and fuelling the water supply crisis that already exists (Binns et
al., 2001).
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Figure 22. Changes in percentages of South African rural and urban populations 1960-2012.

DISCUSSION

Evidently, the Sub-Saharan African countries are in deep trouble when water and food
security are considered. The data shows that population growth in SSA in general is rather
high and this in turn has led to high levels of poverty. SSA is rapidly urbanizing at a faster
rate than others in the globe with the rural population is decreasing due to several reasons
such as movement with an aim to gain a better lifestyle. As noted in the earlier paper
(Tularam and Hassan, 2016), the Sub-Saharan Africa has quadrupled since 1960; while
Kenya and Niger, and Tanzania increased around 4.7 times. South Africa, Nigeria and
Somalia have tripled over time. In Nigeria and Tanzania the percentage of rural population
has declined about 34% and 22% respectively, while Ethiopia, Niger and DRC decreased
about 12%. Overall, a 22% decline in rural population has been noted in SSA since 1960 (see
Table 8). This was a serious aspect of movement of persons from Africa to Europe and for
this reason the changes in the rural and urban population numbers have also been included in
this paper (Tularam and Hassan, 2016; Tularam and Murali, 2015).

Fourteen SSA countries have water stress with 11 predicted to be water stressed by 2025
(Abel Mejia et al., 2012; UN, 2008). Kenya is under water scarcity and Somalia, Ethiopia and
South Africa are already in stress situation. South Africa has made better use of their water
resources to deal with the water issue. Table 9 shows changes in the Total Renewable Water
Resources per capita (TRWR) in terms of the percentage of water share lost — there is a
relationship between TRWR and the population growth yet clearly there could other factors
affecting it as well such as inappropriate management.
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Table 8. Changes in total and rural populations in SSA
(Tularam and Hasssan, 2016)

Population by Population Folds Rural Rural population
Region/Country (Millions) increased | population (%0) decrease (%)
1960 2012 1960 | 2012

Ethiopia 22 92 4.1 94 83 11

Tanzania 10 48 4.7 95 73 22

South Africa 17 52 3.0 53 38 16

Somalia 3 10 3.7 83 62 21

Kenya 8 43 5.3 93 76 17

DRC 15 66 4.3 78 65 13

Nigeria 45 169 3.7 84 50 34

Niger 3 17 5.1 94 82 12

SSA 228 911 4.0 85 63 22

Table 9. Total renewable water resources (TRWR) per capita in SSA
(Tularam and Hassan, 2016)

Item TRWR TRWR TRWR lost TRWR lost | Freshwater
1962 2012 1960-2012 1962-2012 withdrawal as
% of TARWR™
Country m3/capita/yr m3/capita/yr md/capita/yr % year | %
Ethiopia 2017" 1410 607 30 2002 | 4.56
Tanzania 9011 2020 6991 78 2002 | 5.39
South Africa 2805 1013 1792 64 2000 | 24.28
Somalia 4980 1500 3480 70 2003 | 22.44
Kenya 3558 718.1 2839.9 80 2003 | 8.91
DRC 79291 18441 60850 77 2005 | 0.05
Nigeria 5970 1718 4252 71 2005 | 4.58
Niger 9771 2022 7749 79 2005 | 2.92
*1997 data

** Freshwater withdrawal as % of total actual renewable water resources (TARWR) (%)

Table 9 shows that freshwater withdrawal as percentage of total actual renewable water
resources varying from 0.05% in DRC, and 22.44% and 24.28 in Somalia and South Africa
respectively. In Nigeria many now have the access to clean water but this process has been
stifled by the steady increase in the population. The overall percentage with access to potable
water however has been falling overall.

The steady availability of arable land in the face of increasing population has led to a
decrease in agricultural activities and thus lowering the levels of food production in SSA.
Figure 23 shows the changes on arable land in SSA since 1962 with some countries
increasing the availability. There are a number of reasons such as the poor land quality and
rather low level of agricultural productivity; there has been a lowering of manpower in
general caused by the migration of young looking for better opportunities and thus a
significant lowering of the existing work force; this has been compounded by the varying
rainfall levels in SSA, with many areas experiencing significant water shortage; also there has
been a clear lack of attention in terms of research development in the agricultural sections of
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many countries by focus retained on arrivals at major cities of each of the countries involved.
All of this ultimately leads to food security of the region.
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Figure 23. Total internal renewable water resources per capita (m3/inhab/yr; Tularam and Hassan,
2016).

[EEY
L
!

%13 P ——— — = ;"‘" S /’,___// ........... DRC
g1 e ¢ - Eth
E 9 - -1: - T// — - — Kean
-
o A — [N = = = HNger
E 3 = = ——. - sa
3 T T T T T T T T T — -Tan

1962 1972 1982 1992 002 2012

Figure 24. Changes on arable land of six selected countries (million ha) 1962-2012 (Tularam and
Hasssan, 2016).

Apart from Niger, Tanzania and Ethiopia most other countries show a very steady level
of arable land availability in SSA, over a long period of time with a slight trend; which does
not seem significant given the population increases in the countries concerned (Figure 23).
For example, DRC has almost no change in arable land over 50 years. Therefore it is not
surprising at all to note that SSA is net food importer of food. However, in SSA, agriculture is
important and has accounted for 20% of GDP with 15% in 2012. In Niger, Nigeria, DRC and
Ethiopia it is around 40% and 50% in 2012. Tanzania has had a gradual lowering to 2012. In
general, the levels are steady but there is an overall decline over time (Figure 24).
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Figure 25. Agriculture value added (% of GDP) (Tularam and Hassan, 2016).

The floods and droughts in Somalia, Kenya and Ethiopia were not helpful in the recent
times but it was noted that Somalia experienced a lack of rainfall and then droughts in 1992
and again in 2011 causing their population many more difficulties than others in SSA. In fact
it was noted that in 1992 there was no agricultural production at all in Ethiopia and the lack of
food led to many deaths leading to famine that was well reported. Indeed, the water condition
in the SSA has led to conflicts in the past with a well reported case in DRC for example —
their internal disruptions erupted in 1990’s. There have been a number of other disputes
regarding boarder water in rivers etc. (Tularam and Hassan, 2016; Tularam, 2012; Tularam
2014).

CONCLUSION

This study examined water availability and stress in Sub-Saharan Africa and related
water and food security. The SSA countries (Ethiopia, Kenya, Somalia, Tanzania, Democratic
Republic of Congo (DRC), Niger, Nigeria and South Africa) were studied in relation to
specific factors such as population, water resources availability, agricultural production as
well as the nature of their economic developments. Evidently, SSA has a number of water and
food security challenges. The data presented in the accompanying paper of Tularam and
Hassan (2016) show that around 63% of SSA population were in rural areas (2012). It is now
been predicted that about a half of the SSA population will be living in cities by the year
2020. SSA has a high level of population growth with equally high level of poverty and the
rural youth perceive themselves being disadvantaged. Not surprisingly, there is a high level of
migration to major cities with evidence showing that the main cities are expanding; and thus
themselves experiencing a number of complex issues relating to this migration from rural
areas. In fact SSA is urbanizing at a faster rate than the rest of the world with the rural
population declining steadily during the past fifty years. Many have attributed this move to
the very low availability of arable land, fresh and domestic water and thus food security and
this has all compounded into the mass flow of refugees that has been recently noted in
Europe.

The data shows that SSA has not been spared the effects of climate change. Many in SSA
rely on the rain-fed agriculture and rainfall has not been consistent but in addition it seems
that the population have tended to have poor adaptive capacity when compared with the Asian
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populations (Tularam and Murali, 2015) which were in a similar position many years ago
(IPCC, 2007; Cooper et al., 2008; Ringler et al., 2010). Essentially, the study reveals a lack of
clean water access for rural areas, which has been compounded by the largely variable
rainfall. Altogether the impact on SSA agricultural activities and thus food production has
been great (see Amikuzuno and Donkoh, 2012; and also Wroblewski and Wolff, 2010). A
move away towards the urban from villages is also due to the fact that the agricultural
production is not at all improving over time as noted in the graphs and this may then be
directly related to water security. Thus, rather than being self-sufficient in their food
production SSA is a net food importer that is not a good position given there is so much land
and water in the continent.
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Chapter 5

BETWEEN WIZARDS AND DEVILS OF THE FOREST
ON DEVELOPMENT, HEALTH AND DISEASES
IN SIERRA LEONE

Javier Rodriguez Mir*
Autonomous University of Madrid, Madrid, Spain

ABSTRACT

This chapter is particularly concerned about the perception of health and diseases
held by the communities living in the North of Sierra Leone, specifically in the
Koinadugu district. This chapter examines the study of health systems, the ways in which
people of Sierra Leone interpret the origins of diseases and how this influences their
treatment. Communities think that diseases appear not only because of natural causes:
they believe that, behind a disease, the influence of witchcraft or spirits of the jungle may
be concealed. Finally, the author makes recommendations for improving the current
situation.

Keywords: Sierra Leone, development, health, witchcraft, devils, medical anthropology
“While some medical professionals in developing nations still complain of their

patients ‘ignorance,” many are becoming aware of their own ignorance of their patients’
cultural perspectives.” (Opala and Boillot, 1996)

INTRODUCTION

Sierra Leone is classified by the UN as one of the least developed countries. In 2008,
Sierra Leone ranked 178 out of 178 in the UN Human Development Index. Sierra Leone has

*Javier Rodriguez Mir: Autonomous University of Madrid, Spain. E-mail: www.palabrasdelplata.com.
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some of the poorest health indicators in the world, and healthcare payments are a substantial
burden on households which can constitute a problem for the rural population because of the
risk of further impoverishment. Childhood mortality is high in Sierra Leone: currently, 89
children per 1,000 live births die before their first birthday. About one child out of seven die
before reaching age five. Maternal mortality is also extremely high in Sierra Leone: of the
total deaths of women aged 15-49, more than one-quarter of deaths (27%) are due to maternal
causes (SSL-ICF Macro, 2009).

Most deaths can be attributed to nutritional deficiencies, pneumonia, anemia, malaria,
tuberculosis, and now HIV/AIDS. Diarrheal diseases and acute respiratory infections are also
major causes of outpatient care and illness in the country. According to Musa et al. (2014),
contaminated water causes a range of life-threatening diseases, and children are the
population that is most affected by them. Children’s well-being is directly dependent on both
the availability and the quality of water. Childhood diarrhea is closely associated with
insufficient water supply, contaminated water, inadequate sanitation, and poor hygiene.

Six of the seven diseases targeted by USAID’s NTDs Program, including lymphatic
filariasis, onchocerciasis, schistosomiasis, and three soil-transmitted helminthes, are endemic
in Sierra Leone. Non-communicable diseases like diabetes, cancer, hypertension,
cardiovascular disease, and chronic kidney disease are on the increase, and now account for a
significant proportion of morbidity and mortality among the population. The nation continues
to struggle with a low life expectancy of 47 years; an infant mortality rate of 89 per 1,000 live
births; an under-five mortality rate of 140 per 1,000 live births; and a maternal mortality rate
of 857 per 100,000 births (GHI Strategy, 2011, SSL-ICF Macro, 2009).

A majority of the causes of illness and death in Sierra Leone are preventable, with most
deaths attributable to nutritional deficiencies, pneumonia, anemia, malaria, tuberculosis, and
now HIV/AIDS. Malaria remains the most common cause of illness and death in the country.
In Sierra Leone, malaria is one of the major causes of morbidity and mortality in children
under five years old. The country has a poor health status, mainly due to a high disease
burden caused by environment-related communicable diseases and aggravated by poor
nutrition. Children in Sierra Leone are generally malnourished. Among children, malnutrition,
stunting, and poor immunization coverage are still significant problems. Malnutrition is the
leading cause of death among children under five years old. Prevalence of anemia is high
among both children and women. In 2008, 21% of children under age 5 were found to be
underweight or too thin for their age, 36% were stunted or too short for their age, and 10%
were weakened or too thin for their height (SSL-ICF Macro, 2009).

Another major factor affecting the health status of the population is poor access to clean
water, which is closely related to diarrheal illnesses. Scarce availability of clean water and
safe sanitation is a major factor affecting the health status of the population. Almost half of
the population have no access to safe drinking water, and only 13% have access to improved
non-shared sanitation facilities. The situation is worse in rural areas than in urban
communities: in rural communities, up to 66% of the people do not have access to safe water.
In addition, the country suffers from epidemic outbreaks of certain diseases, such as yellow
fever, cholera, Lassa fever, and meningitis (GHI Strategy, 2011).

The country’s health service delivery system is pluralistic. The government, religious
missions, local and international NGOs, as well as the private sector provide health services.
There are public, private for profit, private non-profit and traditional medicine practices. The
private sector is underdeveloped compared to countries in the subregion, such as Ghana, and
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involves mainly curative care for inpatients and outpatients on a fee-for-service basis. Private
health facilities operate under the authority of individual owners and/or boards of directors,
mainly in urban areas. The non-poor tend to use private health facilities more often than the
poor. Traditional healers and Traditional Birth Attendants (TBAs) are reported to be
providing a significant amount of health care, with TBAs attending to almost 90% of the
deliveries at the community level (NHSSP 2010-2015, 2009).

Traditional healers in African societies are frequently ignored in studies. African
traditional medicine is part of the African people’s culture and is therefore closely linked to
their beliefs. In their traditional cultural belief system, they may include an illness which
combines religion, sorcery, health, and interpersonal conflict into a single form of belief and
practice. As shown by Gessler et al. (1995a) in relation to malaria in Tanzania, it is important
to evaluate the potential of the contribution of traditional healers to improve the conditions of
the population’s health care. Also, a study conducted in Nigeria about malaria and traditional
healers showed that traditional healers are seen as specialists in the treatment of severe
diseases, especially convulsions. It also suggested that, for any program to have an impact on
malaria-related morbidity and mortality, it will have to include the support of traditional
healers in an effort to improve referral practices for the treatment of severe malaria. The
potential for successful collaboration with traditional healers in public health interventions
has been demonstrated in several African countries (Okeke et al., 2005). According to Gessler
et al. (1995b), traditional healers can undoubtedly contribute positively to the population’s
health, and not only with herbal remedies. In this regard, Hoff (1992) suggests that traditional
healers are valuable resources for providing primary care to communities, and in countries
where needs are great and resources are scarce, traditional practitioners can play a significant
role in helping people from rural communities to improve their life in a broad sense. It is also
important that health workers understand the patterns of self care and traditional care in the
area where they want to work. Health workers should look carefully at the resources in the
traditional health sector. For instance, Langwick (2008) reported that, among hospital
practitioners in East Africa, traditional medicine interfered with modern medicine on hospital
grounds every day. In response, nurses and nurse’s aides have developed innovative ways of
combining diverse therapies with the knowledge, practices, desires, and medicines of which
they consist. Thus, nurses are at the heart of this change.

GEOGRAPHICAL AREA

Sierra Leone is in the sub-Saharan region and has an area of 72,325 km?. Its international
boundaries are Guinea Conakry and Liberia. The approximate population of Sierra Leone is
5,485,000 inhabitants. Various ethnolinguistic groups live in Sierra Leone, although the
predominant ones are the Mende in the south and the Temne in the north. Together, they
account for more than 60% of the population. Other ethnic groups in the country are the
Fullah, the Limba, the Locko, the Susu, the Mandingo, the Koranko, and the Yalunka.

Sierra Leone is divided into thirteen districts: Kailahun, Kenema, Kono, Bombali,
Kambia, Koinadugu, Port Loko, Tonkolili, Bo, Bonthe, Pujehun, Moyamba, and the Western
Area. The present study was developed in the Koinadugu district, in the north of the country.
The district has an area of 12,121 km? and about 282,000 inhabitants. The ethnic groups
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found in the region are the Koranko, the Limba, the Yalunka, the Fullah, the Mandingo, the
Mende, the Temne, the Locko, the Susu, and the Kono. The Koinadugu district is bordered to
the north by the Republic of Guinea. The region is one of the most depressed in the country: it
has a subsistence economy, scarce agricultural production, and a marked lack of consumer
goods in the households. The road that links the Koinadugu district with Freetown is 175
miles long, and some parts are in such bad conditions that vehicles cannot travel on it. The
problem of communication by road affects the entire country, and it is estimated that only 8%
of national roads are paved. The roads of the Koinadugu district are, in general, deficient and
they limit access to the communities. The capital of the Koinadugu district is Kabala, with a
population of, approximately, 13,000 people. Kabala has a referral hospital and, when
patients cannot be properly treated at the community health centers, the health workers
usually refer the patients to the government hospital in Kabala.

PROCESS AND METHODOLOGY OF THE SURVEY

This research was conducted in the context of Doctors of the World projects and executed
in the Koinadugu district, in order to improve the quality and level of assistance regarding
health services, with a special interest on sexual and reproductive health, from a gender
perspective. So as to carry out a diagnosis with regard to access to health services by the
communities involved, we have applied a qualitative methodology, typical of anthropology,
which considers the use of extensive and intensive interviews. The research lasted from May
15, 2010, to December 31 of the same year. The first phase of the project was developed from
May to August. During that time, we held multiple interviews in the villages of the chiefdom
of Diang. The second phase of the anthropological research was carried out from June to
December, and we devoted those months to visiting the towns of the chiefdoms of Wara Wara
Yagala and Sengbe.

Interviews aimed specifically at detecting problems of access to health in the various
regions have been designed and implemented. The questionnaire covered subjects related to
diseases in general and treatments in particular. Emphasis was placed on the diseases and the
population’s preferences for Western or traditional medicine. Another large section of the
questionnaire was aimed at detecting problems related to discrimination and gender violence,
with a special interest on female genital mutilation (FGM). These semi-structured interviews
were applied in the countries of the Koinadugu district. Many villages are fairly accessible,
but some other regions are quite isolated and can only be reached by walking from three to
eight miles. Moreover, the bridges are often in bad conditions or even inexistent, which turns
the journey impossible. On more than one occasion, the team had to turn back because
problems of this type made the villages unreachable.

The flexibility and reflexivity of the research were some of the principal characteristics
that defined the anthropological fieldwork and the subsequent drafting of the results
(Rodriguez Mir, 2006). The interviews were modified and broadened as they were applied in
the various communities (Rodriguez Mir, 2011). They were open and flexible, thereby
enabling the addition of new questions and lines of research that emerged throughout the
course of the investigation. The dynamics of the interviews was very important and it was
aimed at eliminating gender bias. In that respect, before starting group interviews, men and
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women were divided into two groups, each quite distant from the other, in order to prevent
that the nearby presence of people of the opposite gender conditioned the answers of the
group. So as to address the gender issues, we had to hire two interpreters (a man and a
woman) who translated from English into Koranko or Krio. Only rarely did we visit
communities which spoke Limba, where most people did not speak Krio. In those cases, there
was always a person of the community who kindly offered to translate from Krio into Limba,
and the interviews were carried out without much difficulty.

Apart from the group and focus interviews in the communities, we had to interview the
traditional healers (TH). In order to do so, we designed semi-structured interviews, without
neglecting the gender issue. We chose both male and female THSs, in order to have a broader
perspective and observe the gender differences, if any, between the THs. Lastly, we
interviewed the nurses from most of the health centers. The interviews were quite open, so
that the nurses could talk frankly about the problems associated with access to health,
infrastructure in health centers, and current health policies.

DISEASES AND CONDITIONS

Diseases afflicting the population are diverse and different in terms of importance and
origins. Malaria appears as one of the most recurrent diseases. It is associated with fever, and
constitutes the main cause of morbidity and mortality. Although this disease affects the entire
population, the most vulnerable groups are children under five and pregnant women. The
interviewed communities related the transmission of the disease to mosquito bites. However,
they also identified other causes: they indicated that malaria may be transmitted because of
the poor sanitary conditions, the lack of good bathrooms, or through urine. For example,
people can be infected with malaria if they stand in a place where someone infected with
malaria has urinated before. The symptoms that communities identify with malaria are fever;
vomiting; general body weakness; muscle pain; tremors; loss of appetite; change in the color
of the eyes, which turn yellow; and change in the color of urine, which turns bright yellow.

Another disorder found in all the communities is stomachache, which communities
associate with poor water conditions. It is worth mentioning that access to drinking water is
very limited in the villages. In most communities, obtaining drinking water is a recurring
difficulty, a problem that is especially serious during the dry season. Many communities do
not have wells; others do have them, but they are not enough to serve the needs of the all the
people who live in the village. Sometimes, they have three or four wells, but most of them do
not work and are abandoned by the community itself; some other times, when the wells work
properly, the community lacks the necessary elements to chlorinate them. On the other hand,
the groups identified other reasons for the propagation of stomachaches: coughing and sexual
relations. They also mentioned that stomachaches could be transmitted by mothers who are
breastfeeding their children.

Fever and cold are also mentioned as frequent disorders, especially when working in
farms during the rainy season. Other diseases that are prevalent in the visited villages are skin
problems. Measles is mentioned permanently, while chickenpox and smallpox are mentioned
sporadically. As regards measles, it is believed that the person can be cured if the disease
affected only the skin; however, the person will inevitably die if the disease spreads and
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affects the stomach. Other disorders identified during the interviews were convulsions
(especially in children); dizziness; vomiting (including vomiting blood); epilepsy; headaches;
backaches; hernias; pneumonia; asthma; eye problems; river blindness (onchocerciasis);
hypertension; coughing (including coughing up blood); muscle problems; general weakness;
cholera; dysentery; chest pain; paralysis; intestinal parasites; scabies; rheumatism; gastritis
and ulcers; hemorrhoids; diabetes; dental problems; fluid retention (blockage); leprosy;
gonorrhea; HIV; syphilis; elephantiasis; impotence and hydrocele in men; as well as vaginal
infections and loss of menstruation for long periods in women. Diarrhea is common,
especially among children under five years old. The lack of latrines in the communities was
among the problems cited by the respondents of the survey, as well as in the forum group
discussions.

The research was conducted in 2010, before the outbreak of the Ebola virus. Surprisingly,
within the interviewees, no-one mentioned Ebola virus as a disease from which the population
could suffer. The Ebola virus disease spread to Sierra Leone by May 2014.

INTEGRATING MODERN MEDICINE WITH TRADITIONAL MEDICINE

In this chapter, the term “modern medicine” refers to an approach based on scientific
evidence and includes government operated hospitals, health centers, health posts, and clinics.
We use the “traditional medicine” term, although we know that research indicates that the
tradition involves a creative role, improvisation in social life, inventiveness, dynamism,
imaginative recreation, exploration of a subject, medium, and innovation (Murphy, 1998).
Traditional medicine has its roots in the societies’ culture, folk knowledge, tradition, and
values, whereas modern medicine comes from distant societies and cultures. In short,
traditional medicine consists of health practices, approaches, knowledge, and beliefs, with the
addition of animal or herbal remedies, as well as mineral-based medicines and spiritual
therapies, either used independently or in combination to treat, diagnose, and prevent illness
to maintain well-being (Tabi et al., 2006). The people who practice traditional medicine are
those who have sufficient knowledge and mastery of the properties of the herbs found in the
forest, who are capable of diagnosing the cause of diseases and who rely on other techniques
such as massage and dreams— to restore the patient’s health. These people are known as
“traditional healers.” As Rekdal (1999) has pointed out, a common characteristic of many of
the practices of African traditional healers is that they are not “traditional” at all. African
traditional healers may well be transmitters of ancient and powerful knowledge, but they are
also — and, sometimes, solely— inventors of medical tradition, agents who facilitate the
incorporation of new ways of thinking and acting. However, there are other people (the moreh
men) who do not only master herbs, but also know how to read, write, and interpret the Koran
(The Book of Koran, also called “Sam-Suru”). These men are not only consulted by common
people to cure diseases, but also by politicians to obtain political gain during electoral
campaigns or elections. The moreh men are respected by the entire population and, in some
cases, elected Town Chiefs of the community. Depending on the type of consultation, the
moreh men generally charge much more for their services than the traditional healers. Only
men can be moreh men. In contrast, traditional healers can be either men or women. The term
“traditional healer” is misleading and naive because it suggests that there is a more or less
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homogeneous body of medical thought. Such a body does not examine the types of medical
practitioners; you can find an extreme diversity both in theories and practices (Van der Geest,
1997). There are different types of healers. Some healers focus on one or a few illness, while
others are generalists. Among their specializations are bone setting, childcare delivery, and
psychotherapy.

When someone is ill, a key factor is who decides whether to go to a traditional healer, a
moreh man, or a health center. Generally speaking, that decision is made by the patients
themselves and their relatives. Sometimes, the patient’s neighbors and friends may also
decide on that matter. In some communities, the decision may be made by motivators trained
by Doctors of the World, by the traditional birth attendant (TBA), or even by the Town Chief.
Social pressure plays an important role in these cases, and it is not easy for the patient to
make a decision (Burstcher, 2004). Married women, in particular, need their husbands’
permission. The husband has to cope with the expenses of the health center, but if he does not
have enough funds, his wife will contribute the remaining amount. On some occasions, the
wife may pay for the entire cost of the treatment.

In the treatment of a disease, it is crucial to know the causes of the disease, since this will
determine whether it can be treated by modern medicine or traditional medicine. The
traditional healers and the moreh men could identify the cause of diseases. The cause of the
illnesses directly conditions their treatment. Thus, the communities declared that an important
cause of illnesses is found in witchcraft. Witches can cause different illnesses which, in no
circumstances, can be cured by modern medicine. Also, the existence of many evil spirits
living in the woods creates different types of illnesses that cannot be cured by modern
medicine. Depending on its causes, the illness should be treated either with modern medicine
or with traditional medicine. However, the population does not have absolute certainty of the
cause of diseases. In fact, people usually engage in a kind of “trial and error” process,
recurring to one system first and, if the problem continues, then they try the other one.

The interviewees declared that, in general, they prefer modern medicine to traditional
medicine. Among their reasons they mentioned, firstly, that modern medicine has up-to-date
equipment to examine patients and to know exactly what they are suffering from (contrary to
the traditional healers, who use their hands to examine them). Secondly, in modern medicine,
there are specific drugs for specific problems, so doctors may prescribe the exact dose
(whereas traditional healers do not have a system of doses). Lastly, modern medicine is much
more efficient and cures rapidly; in fact, the interviewees declared that modern medicine
cures automatically, almost instantaneously, and that the healing rhythm of traditional
medicine is much slower and more gradual. It is worth mentioning that this last point is a
double-edged sword: on the one hand, the treatment effectiveness increases public confidence
in modern medicine and encourages people to attend health centers; on the other hand, it
might be a drawback in long-term treatments because, if the patients see that their condition
persists for too long, they will probably abandon the treatment and consult the traditional
healer. At the beginning, some people are willing to start treatment at the health centers, but
then they come up against countless obstacles which hinder access to health services
(economic difficulties, long distances, improper treatment of patients on the part of the
nurses, etc.). In this respect, traditional healers are always available to the community, they
do not charge an excessive cost, and they give the patient a much more personalized
treatment. As Labhardt et al. (2010) noted, traditional healers focused more on psychosocial
topics and on issues of daily life than on purely medical questions and, in particular, they
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more often asked for the patient’s opinion and frequently discussed their concept of illness.
This could impact positively on the effectiveness of treatment. Although there is no consensus
regarding this topic, to determinate the efficacy of specific treatments in any medical system
is problematic both conceptually and methodologically, since efficacy must be viewed as
something that is essentially negotiated, in part, in each encounter of a patient and a
traditional practitioner (Waldram, 2000).

The cause of diseases directly conditions their treatment (either in modern medicine or
traditional medicine). Diseases may have their origin in God’s will. In this case, they are very
difficult to treat. It is worth mentioning here that populations are, for the most part, Muslim
and Christian. Another possible cause of diseases is the natural one. These natural causes are
the first ones mentioned in all the group interviews carried out, both by men and women. In
general, they said that diseases appear because of lack of drinking water, poor sanitary
conditions, lack of latrines, environmental pollution, bad weather, poverty (which forces them
to work hard on the farms), insects (especially mosquito bites), parasites, inadequate diet, and
through sexual intercourse. In some cases, they referred to the terrible hygiene conditions in
the village. However, the communities consider the existence of two other causes that
originate diseases which are hard to treat. An important cause is found in witchcraft: wizards
are able to cause different diseases that, in no circumstances, can be cured by modern
medicine. The wizards live near the villages, but the diseases they cause cover considerable
distances, going beyond the limits of the village to affect distant communities. And the last
cause of disease is found in the woods. The existence of many evil spirits living in the woods
gives rise to different types of diseases. These spirits are given different names according to
each ethnolinguistic group (in Koranko, “Nyenne”; in Limba, “Wali”; in Krio, “Devils”), but
the differences lie only in their names, since all the spirits share the same way of acting and
living. The good spirits do not cause any diseases and actually help the traditional healers to
cure them. In order to achieve this, at night, the traditional healer or moreh man will begin the
oracle ceremony to establish a dialogue with the good spirits of the forest. During this period,
the traditional healer will describe the disease affecting his patient and Nyenne will explain
everything that has to be done in order to restore the patient’s health.

These four causes of diseases (God’s will, natural causes, witchcraft, and evil spirits)
cause many and diverse disorders. Just as, at the hospital, they cannot cure the conditions
caused by wizards and evil spirits, the traditional healers cannot cure diseases attributed to
natural causes. The most important thing is to know the exact cause of the disease, in order to
know where to begin treating the condition. The cause of the condition determines the
existence of “diseases to be treated at the hospital” and “diseases to be treated by the
traditional medicine.” For instance, among the Mende, the fear of wizards, juju curses, and
other supernatural activities is widespread, and it is believed that certain precautionary
measures must be taken to safeguard the mother and fetus against them (West, 1981:75). As
far as traditional medicine is concerned, the traditional healers or the moreh men specialize in
the treatment of different ailments caused by the activities of wizards or spirits of the woods.
These social actors specialize in different conditions and problems that afflict the
communities, such as fractures, skin problems, poisoning caused by wizards, wizard gun,
earache, chest ache, convulsions, fainting, urinary retention, dysentery, epilepsy, diarrhea,
impotence, chronic cough, eye problems, nose bleeds, hydrocele, rheumatism, pneumonia, as
well as menstrual problems and infertility in women. Moreover, they can give protection
against wizards and spirits, and help to solve problems at work or disputes.
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THE WORLD OF WIZARDS AND EVIL SPIRITS

There follows a description of the two most important unnatural causes of diseases which
affect the local population. This is a simplified description because, in fact, these causes
interact: wizards and spirits enter into alliances and they even work together with the
strongest traditional healers, setting up agreements and pacts to treat the diseases. On some
occasions, the wizards or spirits may threaten the traditional healer to have him stop treating
the patient.

The interviewees declared that wizards usually live near the towns and cities. They like to
live close to areas crowded with children and prefer large trees, such as the cotton tree and the
papaya tree. They cause different diseases in people: anemia, malaria, fever, stomachache,
measles, skin infections, elephantiasis, blindness, impotence, and infertility, among others.
They are also blamed for people’s poverty conditions. No matter how hard people might work
on their farms: if wizards are against them, they will never have enough food to feed their
families. Wizards are active at night, and they cannot be seen, except by the traditional
healers or the moreh men, who use herbs mixed with water to wash their faces and put drops
in their eyes. Thanks to these herbs, they can contact the wizards through their dreams. The
average people cannot see the wizards, but they only see their transformations, since wizards
can turn into different animals to harm people. The most common is the transformation into a
snake, but they can also turn into dogs, cats, pigs, birds, crocodiles, monkeys, leopards, and
tigers, among others. If somebody kills one of these animals — which are, in fact,
transformed wizards—, the wizard also dies. When a wizard turns into a snake and bites
someone, the victim dies, as there are no effective treatments, not even at the hospitals.

Some interviewees believe that wizards suck the blood of human beings when they are
sleeping. They also extract people’s blood with instruments which are similar to those used in
hospitals, and these procedures can cause anemia or malaria in people. They can also suck
blood by turning into a tsetse fly. A traditional healer told us that a woman in Lengekoro
suffered greatly because a wizard used to suck her blood continuously. She had frequent nose
bleeds and visited different health centers, but could not be cured. The woman finally
recovered when she was treated by a traditional healer. Moreover, wizards feed on human
flesh. They have a system, called “Sukereh” in Koranko and ‘“Kadilih” in Mandingo, which
consists of holding frequent meetings with several wizards. In these meetings, the wizards
take turns to provide with a person to eat: in a given meeting, one wizard will contribute a
person so that the others can eat; in the next meeting, it will be another wizard’s turn to
contribute a person to feed the group; and so on. It is said that wizards can eat papaya without
opening it. They eat the interior of the papaya and then, when people want to eat it, they find
it empty. The interviewees stated that this is the way that wizards eat people: from within. In
the communities, they also said that wizards have two stomachs: a normal one, to eat during
the day, and another one, to eat human flesh at night. In fact, at night wizards undergo a
transformation and duplicate their entire body.

The practice called “wizard gun” deserves a special mention. The communities consider
that wizards have special guns to shoot at people. If they shoot from short distances, they will
probably kill the person, but if they shoot from longer distances, only the after-effects will be
evident. These after-effects consist of a burning sensation in the skin and a severe pain that
keeps people from carrying out their normal activities. The traditional healers can cure these
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ailments by applying specific herbs and soaps which allow them to see and extract the
gunshots. Another technique used to cure the effect of the wizard gun is to boil medicinal
herbs and use the resulting steam. Applying the steam from the herbs over the affected areas
makes the bullet marks visible in the body. Nobody can see or hear the shot; all that can be
sensed is the smell of gunpowder. The gun they use is very small, easy to hide, and hard to
see at night, but very powerful. Some of the interviewees said that wizards sometimes put
poison in the bullets before shooting at people.

Local people expressed that wizards can take some persons’ belongings (watches,
clothes, caps, chains) and destroy them. When they do so, the owner dies automatically.
Wizards, as well as the evil spirits of the woods, may attack and hit people. In the most
extreme cases, they may even cause death. Wizards can also push people off palm trees when
they climb in search of oil or wine; trap flying insects and give them different diseases, so that
they will infect people; or spread diseases through the air, so as to affect distant communities.
In order to prevent the diseases the wizards send through the air, the village elders advise
children not to leave their rooms in the afternoon, which is when the wizards spread their
diseases. Wizards’ actions may be motivated by feelings of envy and hate. If a person is very
rich and has access to good clothes and good food, this might bring about feelings of
resentment in some wizards. This is also true when a woman has a beautiful child: the wizard
might Kill the mother so that the child will suffer.

From the local population’s point of view, wizards are also constantly poisoning the
population. They usually put different types of poison in food and water. These poisons create
stomach dilation, and the person will have to go to a traditional healer to get herbs. Once the
herbs are processed, the person will have to drink them in order to vomit. If the person
vomits, he/she may be cured, but if the traditional healer cannot induce vomiting, the person
might die. Wizards can obtain poison in many ways: one of them is in the pancreas of a
crocodile. They mix this poison with other herbs, and the mixture becomes a highly
dangerous toxin. They can also extract it from the heart of different birds, some fish, frogs,
and snakes. The poison extracted from the pancreas of a crocodile is greatly feared and
difficult to cure. When a crocodile is killed in the village, the Town Chief, the Section Chief,
or the Paramount Chief has to be informed about it, so that they remove the pancreas and
avoid poisonings in the population. Wizards can also poison the waters of a stream and cause
great damage to the entire village; they can put poison on the ground, so that when people
stands there, they will get elephantiasis; they can turn into a snake and spit the poison directly
into people’s eyes to blind them; or, at night, when people are sleeping, they can put some
drops in their eyes to blind them. Wizards can also participate in the FGM and cause intense
bleeding in young girls, which is difficult to staunch. In those cases, all women get together
and call the most powerful traditional healers (women), search for medicinal herbs in the
woods, and go to the nurse at the health center. In order to avoid witchcraft, people put
medicinal herbs on their skin and wash their clothes with a special soap mixed with herbs
from the woods. The affected person must wash himself/herself and his/her clothes with these
soaps every day for one week. The traditional healer can also build defensive barriers against
wizards by placing certain herbs in the house, which will keep the wizards out and protect the
entire family from the diseases caused by them.

The interviewees also declared that spirits live in the forests. There are different habitats:
many spirits live in areas close to large rivers or streams; others, around large trees; and many
live near rocky areas, in mountains, caves, or on hills. Those spirits living near rivers,
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streams, and waterways are the most powerful and feared. Evil spirits can cause different
ailments which affect human beings. The diseases caused by them are varied, but among the
most typical are loss of speech, generalized pain in the entire body —especially when they
attack and hit a person hard in the forest—, fainting, convulsions, epilepsy, paralysis, mental
disorders (accompanied by a strong desire to go to the forest), trembling, headaches,
infertility in women, colds, river blindness, feet problems, inability to walk, and elephantiasis.
Nyenne can turn into a human being. This creates difficulties when trying to establish
whether a person is really a human being or a spirit that has turned into a human being. The
interviewees stated that only specialized people, such as some traditional healers, can tell the
difference. However, during the interviews, some hints appeared as to how to tell the
difference. When Nyenne turns into a human being, the resulting person will have an asocial
behavior, will not talk to anyone and, when asked a question, will not answer. Some pointed
out that people may see it, but when they draw close to it, it will suddenly disappear. The
interviewees said it is also possible to identify a spirit through their eyes (since they look like
cat’s eyes), or because, sometimes, they are missing some fingers or move in strange ways.
Moreover, they are either very tall or very short.

Local populations believe that some people can make pacts with Nyenne. Not everyone
can see the spirits, but those who can see them can form alliances with them. People can ask
for money, power, wealth, good harvests, or economic success. In exchange, Nyenne will ask
for kola nuts, chickens, goats and, lastly, human beings. Nyenne can present himself in
people’s dreams in order to come to an agreement with them, offering them wealth in
exchange for human beings. On some occasions, Nyenne can refuse human sacrifices because
he only wants the person who made the pact with him. In those cases, Nyenne will unfailingly
kill the person by hitting him/her violently and sucking out all his/her blood. If people do not
fulfill the agreement, the spirit can also kill them by hitting them until they die or drowning
them while they are bathing in the river.

The interviewees consider that Nyenne can cause paralysis (when he goes in the opposite
direction to a person) and feet problems (when a person stands in a place recently occupied by
him). Evil spirits can also cause mental problems that are very difficult to treat. Nyenne
causes infertility in women when they bathe in streams or waterways in the afternoon or at
nightfall. If women dream of having sex with Nyenne, he can cause infertility in them.
Nyenne can turn into a man and have sex with the women who are bathing in the streams, or
he can change the baby in the mother’s womb, causing the child to be born with deformities
or diseases (paralysis, mental problems, dumbness, etc.). There are ways to protect oneself
against the evil spirits. In order to do so, people must go to a traditional healer who is an
expert on Nyenne. The practitioner will gather specific herbs in the woods and mix them with
a sweet smelling soap. The person must bathe every day with the mixture, thereby avoiding
attacks by Nyenne.

IMPLICATIONS AND RECOMMENDATIONS FOR PRACTICE
It is difficult to draft recommendations for several reasons. Firstly, because of some

limitations that were inherent to the project carried out by Doctors of the World (little time,
the need to cover broad areas, the need to visit villages of three different chiefdoms);
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secondly, because of obstacles that were beyond our control (weather, rainy season, illness,
inaccessibility to villages, vehicle breakdowns); and lastly, because of our own limitations
(problems with language, etc.). However, despite these difficulties, we will try to suggest
some practical recommendations.

A general recommendation, especially for those organizations working on issues related
to the right to health, is that they communicate previously with the different agencies and
NGOs operating in the region, in order to be informed about the projects they are carrying out
in the area, so as not to overlap programs and objectives, as well as to work in a coordinated
and joint manner. It is important to maintain an open and fluid dialogue with the different
organizations carrying out tasks in the entire area.

It is important that NGOs and the various ministries of Sierra Leone who work in the
health field have an overview of the perceptions of the communities living in Koinadugu
about diseases and health. A worldwide view is the key to understanding the patients’
behavior in developing countries and to devising strategies to communicate with them more
effectively. In addition, to increase the effectiveness of public health programs, a better
understanding of the reasons why patients consult a traditional healer first seems warranted
(Labhardt et al., 2010). This will enable a better understanding of people’s attitudes and the
development of more suitable projects to improve the situation. For example, if a project is
aimed at sexually transmitted diseases, it is important that the agency carrying out the project
is aware of the fact that interviewees identify gonorrhea and syphilis as STDs, but they also
believe that stomachache and hernia can be contracted sexually. At this point, it is worth
mentioning that stomachache and malaria are pointed out by the interviewees as the most
frequent and recurrent disorders in their communities. In some cases, communities are more
concerned about how to avoid and prevent stomachaches caused by sexual intercourse than,
for example, about HIV, which they consider a distant disease, since they said that there was
no HIV in their villages. As for the prevention of STDs, they stated that the main method is to
maintain a stable relationship with one person, something very difficult to achieve when men
are allowed to have more than one wife.

Populations are open to incorporate the Western medical system and integrate it with
their own cultural and social ideas about health. Opala and Boillot (1996:16) remind us that
the Limbas have adopted modern drugs because they found them to be more effective, but
they have not changed their traditional ideas about diseases. This is a good opportunity for the
populations to use health systems and to shape a message that is consistent with their way of
thinking, but we should not underestimate the obstacles and barriers that impede people’s
access to health centers. A major barrier is economic conditions, and despite the efforts made
by the Sierra Leone government —which implemented a free health care for pregnant
women, nursing mothers, and children—, the economic barriers are still present. The free
access to health for these three categories brought the population closer to health services, but
there are still many technical problems to solve (cost of medicines not covered, lack of
medicines at health centers, not enough health workers, inadequate structures, etc.). It is also
necessary that the Western medical system integrates with the local health system, in order to
achieve real and effective complementarities. This is also important to influence the health
workers’ attitudes, because they are often against other health systems, do not treat patients
who have already visited the traditional healer adequately, or do not speak well of specialists
in traditional medicine. Opala and Boillot (1996:4) have stated that an in-depth understanding
of Limba ideas can be used to improve communication between health providers and Limba
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patients. We must change the vision: we should not see health systems as incompatible or
competing with each other, but as complementary systems. This way, people will have more
confidence and become closer to the Western health systems. This is possible. For instance,
Hoff (1986) reported that, in Swaziland, a pilot project has successfully brought together
nurses and traditional healers, who in the past mistrusted one another. Joint training
workshops have led to a marked improvement in attitudes and to the involvement of
traditional healers in an effort to promote good health practices and prevent disease. A good
understanding of traditional preventive issues on the part of nurses and policy makers could
have enormous public health benefits.

Another aspect is related to formal education. Health standards and conditions will
improve if a better knowledge about personal hygiene, food care, etc. is diffused. Maternal
education may be one of the most important determinants of mortality in childhood. A
reduction in infant-child mortality was brought about by rural development, an improvement
on medical facilities, and an increase in female education (Bailey, 1989:105-106). Sometimes
the distance to the health center is too long, the conditions of the roads are terrible, and there
is no way of hiring another means of transport (motorbikes or cars). A possible alternative
would be building sanitary rooms, which would have the basic elements and essential
medicines, and which could be controlled and managed by a doctor or a nurse, if possible.
The first step would be identifying those communities that are more than five miles from the
referral hospital of the catchment area and propose nodes which would concentrate the largest
possible amount of regions near the sanitary rooms. These sanitary rooms would bring the
populations closer and act as a link with the referral hospitals of each catchment area.

One element that might dissuade people from going to the health center is the medical
staff. On some occasions, people who are ill and weak and cannot walk long distances make
an extraordinary effort to reach the health center, which perhaps is five or more miles away.
When they arrive, they have to pay for the medicines out of their own pocket. And to make
matters worse, the attention they receive is not adequate. All of this leads to the patient having
no desire to return to the health center. Training and awareness workshops for medical and
health workers have to be organized, with special emphasis on the patients’ care:

1. Patients should be given top priority. The staff’s personal activities should not take
precedence over caring for the patient.

2. Medical attention should be flexible. If an adult goes to a health center on a day
programmed for pregnant women, that person should not leave the center without
having received adequate medical attention.

3. Patients should be treated politely. Health workers should not shout nor ask why the
patient has not come to the center sooner or why he/she has gone to a traditional
healer.

Often the attitude of the medical staff has a twofold effect: first of all, the patients will
not say they went to traditional healers, which means losing valuable information to diagnose
and treat the patients; secondly, it influences traditional healers, who might have reservations
about sending new patients to the health centers. But training should also be given to TBAS
(or traditional midwives). The most serious consequence of TBAs non-scientific
understanding of childbirth and care of the newborn is seen in the cutting and dressing of the
umbilical cord. Neonatal tetanus is a major cause of perinatal death. Recognition and
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acceptance of the TBAs by the traditional providers of health care have been already put into
practice in Sierra Leone (West, 1981:80, 92). In Sierra Leone, constraints to ideal maternal
health require a primary healthcare approach that includes collaboration with traditional
midwives (Jambai and MacCormack, 1996).

Finally, in many health centers we have visited, we observed that they did not have
drinking water, sanitary conditions were poor, and sometimes they did not have electricity or
refrigerators. We must not forget that without clean water, proper hygiene, and sanitation
facilities, diseases cannot be effectively eradicated.

CONCLUSION

As we have seen in this report, the cause of diseases is a factor that determines whether a
person should be treated by traditional medicine or at a health center. Integration and
cooperation between both health systems is important, so that health workers can have access
to those patients who believe the cause of their disease lies in witchcraft or evil spirits. In
brief, the integration and complementarities of the two systems would be beneficial for all the
local communities. It is not a matter of changing health concepts, or instilling or imposing the
Western ones, but rather of aiming at a mutual adaptation between both health systems, which
would translate into a general benefit to the entire local population.

Integration of both health systems is fundamental. Asymmetric relations have been
established in that the health workers, who are familiar with Western medicine, disqualify or
minimize the importance the traditional medicine system has for the local communities. We
have to change the perception of the traditional health system, because the medical workers at
the health centers often see the traditional healer as an “adversary” or “enemy” to the Western
system. This perception should be replaced by symmetric relations, which take into account
the reciprocity and mutual collaboration between both systems. Regular workshops and
meetings should be organized, where members of both systems (medical workers of health
centers and traditional medicine) can participate to create symmetric relations, and where they
can state their problems and the way in which they could work in complementary or joint
manners. Integration and cooperation between both health systems will enable Western
medicine to have access to patients who resort to traditional medicine because they believe
that their disease was caused by witchcraft or evil spirits. According to Hoff (1992), given the
major status and influence of most traditional practitioners among their own people, their role
in providing sound and culturally appropriate primary health care should not be
underestimated.
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Chapter 6

EBOLAAND RUMOURS IN SIERRA LEONE:
CONTEXTUALISING AND ELUCIDATING
PERCEPTIONS OF EBOLA THROUGH RUMOURS

Rosie Wigmore
University of Sussex, Brighton, UK

ABSTRACT

This briefing contextualises the rumours that circulated during the 2014 Ebola
outbreak in Sierra Leone. These rumours were a method of trying to explain the cause of
Ebola and understand the responses to it. Analysing these rumours helps the international
community to understand Sierra Leonean perceptions of Ebola in order to improve future
emergency health responses in Sierra Leone. These rumours were a product of the
initially over stretched and poorly implemented Ebola response and the international
communities’ attitude towards Ebola, but they were more often linked to long-term issues
of structural violence, which also contributed to the unprecedented spread of Ebola in
Sierra Leone. Despite the efforts of the World Health Organisation to control the Ebola
outbreak, achieving zero cases and providing support for survivors, rumours about the
cause of Ebola and the response to it did not abate. Although social mobilisation and
sensitisation was important in the short-term, it is the more complex and deeply ingrained
issues that the Ebola response and those that dominate the current system of global health
governance must grapple with to properly eradicate Ebola now and in the future. Ebola
rumours are thus an extremely fruitful way to elucidate both Sierra Leonean perceptions
of Ebola and the response to it, and the multiple, global, political, economic and social
inequalities that contributed to the outbreak.

In May to June 2015 | returned to Sierra Leone to research the rumours that circulated
about the cause of the 2014 Ebola outbreak and the response to it — Ebola rumours. These
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rumours were a product of the initially over stretched Ebola response,! as well as the
international communities attitude towards the outbreak, but were more often linked to long-
term issues of structural violence? that also contributed to Ebola’s unprecedented spread in
Sierra Leone, and also Guinea and Liberia. Thus, | found that Ebola rumours were an
extremely fruitful way to elucidate both Sierra Leonean perceptions of Ebola and the
reactions to it, and issues of structural violence that contributed to the outbreak.

Analysing and contextualising Ebola rumours is important because they show that
although social mobilisation, sensitisation and an effective health response was important in
the short-term, it was and is the more long-term and deeply ingrained social, political and
historical problems that the international community needs to grapple with to ensure that
Ebola outbreaks in Sierra Leone are controlled in the future. Sensitisation was necessary to
demystify Ebola and reduce conflict because it was the first known outbreak of Ebola in
Sierra Leone.® However, sensitisation was also a contentious issue. Many involved in the
response argued that focussing on problematic behaviours distracted from larger issues that
caused the Ebola outbreak, such as poverty, inadequate public health facilities, the role of the
international community and the fraught relationship between the Sierra Leonean government
and its citizens (Abramowitz, 2014; Benton, 2014; Bloom et al., 2015; Fairhead, 2015).

Furthermore, many of these issues are not produced internally but also interlinked with
global political, economic and social inequalities. Accordingly, the current system of global
health governance (GHG)* needs to undergo a period of self-reflection and transformation to
ensure that countries such as Sierra Leone can expect to receive the same level of care and
attention as their Western counterparts during outbreaks of disease. The deeply inadequate
health care system that Sierra Leoneans encounter on a day-to-day basis and the causes of its
inadequacy must also be considered.

Scrutinising Ebola rumours also has the ability to make people’s perceptions, and their
experiences of Ebola and the response to it, understood. A limited understanding of Sierra
Leonean perceptions undermined health measures, as often they were often contradictory to
people’s needs and beliefs and were therefore resisted. Resistance included: concealing,
washing and burying dead bodies in compliance with traditional practices, hiding contacts,®
escaping quarantine, denying the virus, physically or verbally abusing those linked to the
response, traditional healing, and rumours that contradict the nature of the virus, the reason
for its dispersion and the response to it. All forms of resistance greatly exacerbated the spread
of Ebola. Consequently, appreciating people’s perceptions must be an essential part of any
future emergency health responses in Sierra Leone.

This contextualisation of rumour is based on research conducted in ten different districts:
Bo, Bombali, Kailahun, Kenema, Kono, Koinadugu, Moyamba, Port Loko, Western Urban

1 Mainly, but not limited to the Sierra Leonean government and the international communities® (NGOs, countries
closely involved in West Africa, such as France, the UK and the US, the World Health Organisation (WHO)
and the United Nations (UN)) public health measures to stop Ebola.

2 Structural violence is violence that is not a random occurrence, but a result of historically given, or economically
driven processes that prevent people from escaping poverty, racism and political violence (Farmer, 1997: 263).

3 Some samples suggest that Ebola has been present in Sierra Leone since at least 2006 (EurekAlert, 2014).

4 Global health occurs when the causes and consequences of ill health ‘are oblivious to the territorial boundaries of
states and, thus, beyond the capacity of states to address effectively through state institutions alone (Buse et al,
2002: 5).” This results in a global, rather than a national response to outbreaks of disease, such as Ebola. The
WHO and its biggest funders, such as the UK and the USA, are generally considered to be the leaders of GHG.

SPeople who have been in contact with a confirmed Ebola case and therefore need to be monitored for symptoms
either in a holding centre or a quarantined house.
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and Western Rural. Each district experienced Ebola differently. Accordingly, the rumours and
the intensity of them were slightly altered depending on the district. For example, treating
Ebola and conducting sensitisation was harder in districts that have a lot of inaccessible areas,
such as Port Loko and Kabala. In these districts, rumours that blamed Ebola on witchcraft
were more prevalent, as the Ebola response found it harder to access them to dissociate Ebola
and witchcraft. In districts bordering Liberia and Guinea, for instance Kambia and Kailahun,
inevitably rumours concerning their neighbours were more common. Districts that
experienced the outbreak earlier had more rumours regarding the origin of Ebola. In Kenema
and Kailahun there were many rumours linked to the Ebola infected Sowei® who first brought
Ebola from Guinea to Sierra Leone.

Nevertheless, knowledge of most Ebola rumours were known across the country
regardless of their originating source. Thus, considering the majority of the rumours
confronted people’s frustration with either the Ebola response or their government, this
suggests that the health response and people’s relationship with their government was
problematic across the country.

To get a varied perspective of Ebola rumours, numerous one to one interviews and focus
group discussions were undertaken with a wide range of Sierra Leoneans and stakeholders in
the Ebola response. These included doctors and nurses in Ebola Treatment Centres (ETCs)
and Community Care Centres (CCCs),” the NERC, NGOs, social mobilisers,® traditional
healers, chiefs, Muslim and Christian groups, youths, women and men. | attempted to gather
information from a variation of people and from across Sierra Leone due to the immense
spatial spread of Ebola, Ebola rumours and because it impacted all Sierra Leoneans.

For Sierra Leoneans, rumours caused hysteria, and increased the fear of foreigners, the
government, the Ebola response and even fellow citizens. For example, misunderstandings
surrounding Ebola survivors left thousands of Sierra Leoneans isolated from and within their
own communities. The consequences of Ebola for Sierra Leoneans, fuelled by rumours and
dissonance, were endless. They included: losing friends and relatives, disrupted education,
economic hardship, the disintegration of basic social practices, such as physically caring for
loved ones or even shaking hands with acquaintances, and the moratorium of traditional
practices, such as washing the dead. The suffering that Ebola caused intensifies the
importance of listening to people’s experiences of the outbreak to overcome the likelihood of
a future outbreak.

Ebola rumours arose from, although they were by no means limited to, three main
sources. Firstly, many rumours were reactions to the originally, poorly funded and over
stretched health response to Ebola. For example, on March 315t 2014 at the start of the
outbreak, Medecins Sans Frontieres (MSF), who were at the time the sole organisation
leading the response on the ground, declared the outbreak ‘unprecedented.” The World Health
Organisation (WHO), however, denied this and accused MSF of exaggerating. Consequently,
GHG failed to react, which ensured that MSF was unable to provide a ‘full range of

& A senior member of all women societies that help girl’s transition into womanhood. They also controversially lead
the ritual known as Female Genital Mutilation (FGM).

7 CCCs are setup within communities so that anyone suspected of having Ebola can receive basic care close to
home until they are transferred to an ETC, which reduces the chance of Ebola being spread further afield
(Plan, 2015).

8 Social mobilisers work as intermediaries between organisations fighting Ebola and the community to educate
people about Ebola and the measures implemented to stop it.
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containment activities in all areas.” The lack of facilities meant nurses and patients died
rapidly (MSF Report, 2015: 6-7).

As a result, Sierra Leoneans often did not trust Ebola Treatment Centres (ETCs) and the
general response, as very few people were surviving and returning to their communities from
which they had, at times, been forcibly removed. In reactions to this, a consortium of rumours
concerning ETCs and health staff began to arise.

Many of these rumours arose in Kenema. Kenema is one of Sierra Leone’s poorest
provinces largely because it is the political opposition party stronghold, the Sierra Leone’s
People Party (SLPP), and therefore receives less funding than government supporting
provinces. Consequently, many Sierra Leoneans are notably sceptical of the government in
Kenema. Kenema was also the location of a Lassa fever laboratory that spawned a highly
prevalent rumour — the USA paid the Sierra Leonean government in order to test bioweapons
on monkeys in Kenema, which escaped and infected people with Ebola. Widespread
corruption in Sierra Leone has led many Sierra Leoneans to believe that their government
cares more for money than its people, which reflects this rumour.

Other rumours accused health workers of bringing Ebola to communities on purpose. A
nurse that | spoke to in Kenema who had been heavily involved in the Ebola response
described how children would run away from her shouting “Ebola nurses are coming” if she
was spotted in her work uniform. After, she was careful to always wear plain clothes outside
of the ETCs and even moved away from her family in case she infected them. This
precautionary measure reveals the rationality of this rumour: during the start of the outbreak
due to the lack of resources health workers were contaminating communities with Ebola, as
many infected their own family members.

Figure 1. Health workers dressed in the outlandish looking PPE. Available From:
http://www.huffingtonpost.com/kim-yi-dionne/what-we-know-and-dont-kno_b_5752226.html.

Other more ‘fantastical’ rumours, for example that health workers were stealing blood
and organs to sell or were performing cannibal rituals within the ETCs (Reuters, 2014), are
less so when people’s experiences of the outbreak are carefully considered. The outlandish
appearance of health workers dressed in Personal Protective Equipment (PPE) (see Figure 1)
and ambulance sirens that people in remote areas had never heard before induced fear and
panic, particularly because both were connected to the removal of sick family members.
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ETCs also had a strange and hostile appearance. When | spotted my first ETC | initially
thought it was a military camp and imagined the apprehension | would feel if | knew that |
was to enter that place (see Figure 2). Thus, organ-stealing rumours that are arguably more
extreme than other Ebola rumours are understandable when considering the unusualness and
extremity of the situation to many.

Figure 2. (My own). Sierra Leoneans are often very afraid of being taken to Ebola Treatment Centres
(ETCs). This image shows why this fear is quite understandable, as many ETCs look more like army
camps than health facilities. | myself felt the ETC looked ominous and would have felt afraid if | had
been admitted to it for treatment.

Some rumours were more directly aimed at the inadequate response to Ebola. For
example, in Wellington, a community in the eastern suburbs of Freetown, a rumour suggested
that sachets found in rice rations provided by the Ebola response, which were perhaps a
desiccant used to keep the rice fresh, were in fact sachets of poison intended to contaminate
the food. This caused people to resist quarantine measures. However, after speaking to a
couple of families that had been previously quarantined, | discovered that their rations had
included turned fish, which could have initiated the poison rumour. These rations were the
family’s only source of food, as the Ebola response was unable to provide more as their
neighbours were avoiding their quarantined home.

Many families had endured a deeply traumatic experience with the Ebola response team.
An adolescent girl from one family told me how she watched her dead mother rot because the
burial team took five days to collect her mother. The quarantine team also refused to extend
the quarantine fence that surrounded their house to the full length of their garden and
therefore significantly reduced the space in which they were forced to live in for 42 days. She
now cares for two younger siblings with the intermittent help of her aunty. Her other family
members, at the time, had stayed away due to fear of Ebola. She asked the quarantine
officials: “what will T gain from surviving this quarantine? I have no future, I can’t go to
school; we have no money.” The other family that | spoke to described how the burial team
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threw their deceased family members into the back of an ambulance. Thus, with such little
respect shown to needs, feelings and deceased family members, a poison rumour is arguably
not so implausible.

An understandable lack of faith in health facilities and health workers greatly reduced
patient referral. Consequently, sick and highly contagious people were treated in communities
instead of ETCs. This spread the virus infinitely, which made rumours hugely complicit in
heightening the impact of Ebola. Accordingly, understanding the causes of these rumours one
of the most important parts of the Ebola response.

These rumours generally dissipated when the WHO and the international community
began to react and the response accordingly improved. Survivors returning to their
communities was a crucial turning point, which significantly altered people’s perceptions of
ETCs and their willingness to use them. Therefore, when people’s practical and emotional
needs were met, rumours and resistance diminished. Taking these rumours seriously
explained people’s anxieties concerning health facilities and ensured the Ebola response
could implement suitable health measures that were utilised and trusted by Sierra Leoneans.

The second source of Ebola rumours were Western theories or rumours that attempted to
explain the cause of epidemic, which also shaped the Ebola outbreak, the responses to it and
even fuelled more rumours. Throughout the outbreak Western media and environmental
science accepted the idea that Ebola was caused by deforestation, eating bush meat and bats
(Drakeley, 2015; Ginsburg, 2014; Glasgow and Pirages, 2001; McCoy, 2014). Despite these
tenuous linkages, these ideas are not labelled as rumours, but as not-yet-proven scientific
‘facts.” Here we are dealing with a ‘hierarchy of knowledge,” whereby information from the
Western world is more respected than knowledge produced in Sierra Leone.

This approach overlooked useful and existing capabilities in Sierra Leone that could have
been enhanced to create a more effective and trusted response to Ebola. For example,
Community Care Centres (CCCs)® were a hugely effective way to reduce transmission, as
CCCs included and therefore motivated local people and were far more reactive to local
needs. It was found that local people often trusted and willingly utilised CCCs more than
internationally run ETCs. However, the leadership capabilities of Sierra Leoneans and
therefore the implementation of CCCs was recognised very late in the response. This
undoubtedly cost many lives and increased tensions between Sierra Leoneans and the
international community, as local perceptions were often overlooked in favour of solely
Western led solutions.

Western theories or rumours about the cause of the Ebola outbreak also distracted from
other key issues, such as the initially poor and often unsuitable way that the international
community responded to the outbreak and enduring political, social and economic issues.
Instead, the international community, for example the WHO, frequently promoted
‘behavioural change capacities’ to overcome resistance and rumours (WHO, 2015: 3-4). This
approach was problematic as it focussed the causation of Ebola’s rapid spread on individuals
rather than the general context.

Some ‘behavioural change capacit(ies)’ even spawned additional rumours. Due to the
theory that bush meat was a likely cause of initial infection, the WHO and the Sierra Leonean

% CCCs were health centres setup within communities and ran by community members so that anyone suspected of
having Ebola can receive basic care close to home until they were transferred to an ETC. This reduced the
chance of Ebola being spread further afield (Plan, 2015).
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government advised Sierra Leoneans to halt their consumption of bush meat (see Figure 3).
However, many Sierra Leoneans interpreted this as proof that Americans had brought Ebola
to Sierra Leone. Many Sierra Leoneans believe that the USA was testing bioweapons on
monkeys in a laboratory studying Lassa fever in the region of Kenema. The rumour suggested
that the monkeys escaped and infected locals with Ebola and explains why their government
has ordered them to stop eating monkeys, a type of bush meat that has been a vital source of
food for hundreds of years. GHG’s faith in science and ‘facts’ meant that the context in which
resulting protocols were implemented were not understood. In the long run, removing a
valuable food source caused more harm than good as it angered locals and encouraged people
to resist other health measures connected to the response.

a5 EBOLA VIRUS #=
¥ e il

EBOLA IS A DEADLY VIRUS. IT SPREADS QUICKLY AND KILLS!

AVOID PHYSICAL CONTACT WITH PEOPLE 2? ASH HANDS REGULARLY WITH SOA DO NOT SHAKE HANDS WITH
SHOWING SIGNS AND SYMPTOMS SUCH AS WASH YO BAMDS: Ly SOAB PERSONS SHOWING SIGNS OF
AND CLEAN WATER £BO

CONTINOUS HIGH FEVER, RED EYES, VOMITING
AND STOMACH ACHE.

¢ KEEP AWAY FROM BATS, MONKEYS, 5 AVOID EATING BUSH MEAT
BABOONS AND DEAD ANIMALS COOK ALL FOOD VERY WELL

A MESSAGE FROM UNMIL PUBLIC INFORMATION AND THE MINISTRY OF MEALTH

Figure 3. A health poster informing Sierra Leoneans that they must avoid eating bush meat. Available
From: https://twitter.com/marionkoopmans/status/ 452331256068726784.

In preparation for future outbreaks GHG must focus on the dangers of misinformation
and its role in causing resistance. For instance, at the start of the outbreak the Ebola response
misleadingly informed Sierra Leoneans that there was no cure for Ebola, which again
prevented people from using ETCs. This is technically true because initially there was no
vaccination. Nonetheless, this particular strain of Ebola is certainly treatable if attended to
early and if a person is young and healthy.*°

Thus, the inequalities ingrained in global transactions of knowledge that can characterise
one set of ideas as ‘traditional’ and another as ‘fact’ must be acknowledged. Failing to do so
overlooked useful and existing capabilities in Sierra Leone that should have been enhanced
much earlier to create a more effective Ebola response, one that respected Sierra Leoneans

10 According to the head doctor of Emergency USA’s Goderich ETC.
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and their perceptions of Ebola. All interpretations of Ebola, from witchcraft to hemorrhagic
fever, are socially conditioned and a product of some sort of ‘tradition.’

Lastly, a considerable number of Ebola rumours emerged from the everyday experience
of structural violence in Sierra Leone and there are countless rumours that embody this:
Americans testing harmful bioweapons, the government released Ebola in the southern, SLPP
stronghold to eliminate the opposition, the government was injecting people with Ebola to
increase the number of cases to get more money from the international community, and
foreign health workers are stealing and selling organs and blood in ETCs.

These rumours derived from an unequal social and economical relationship with the West
and an equally problematic relationship that Sierra Leoneans have with their government.
They betrayed how foreign actions could negatively affect people at a local level by holding
people in poverty and causing violence.

Foreign companies who extract mineral resources from Sierra Leone’s impoverished and
rural areas are one such example. The profits of the mining companies benefit their foreign
owners and Sierra Leone’s elite in Freetown who condone the mining due to the private gain
they receive (Keen, 2005; Richards, 1996). Despite the harm caused to people’s land and the
environment, those living in areas close to the mines receive little to none of the profits, have
no share in the resources, and are often living without schools and health facilities.
Consequently, rural Sierra Leoneans are frequently alienated from and mistrustful of their
government. These same issues also contributed to the anger and frustration felt amongst
Sierra Leoneans, which fuelled a ten-year civil war that ended in 2002. Furthermore, the war
also destroyed Sierra Leone’s already precarious health care system, which was a core reason
for the unprecedented spread of Ebola.

The Sierra Leonean government’s treatment of its people is also to blame for the
antipathy of the population. Sierra Leoneans know not to rely on their government for
healthcare, jobs, economic stability or an education. Instead, Sierra Leoneans see politicians
grow richer, and obtain healthcare and their children’s education from abroad, which prevents
them from improving Sierra Leone’s own health and education services.

Corruption is undoubtedly rife amongst Sierra Leone’s elite. However, the causes of
corruption and the government’s failure to provide basic social services are complex and
sustained by foreign relationships. Foreign mining companies, for example, do not let go of
resources like Sierra Leone’s easily and inevitably their payoffs are handed to the elite to
continue invasive mining and not to the Sierra Leonean people. Sierra Leone’s poor economic
climate also reduces the wages paid to government officials, which increases temptation, as
the pressure to provide for family members and supporters is high whilst in government.

Another reason for low social spending originates in the financial protocols of financial
organisations, such as the International Monetary Fund (IMF) and the World Bank. After the
civil war in particular the IMF and the World Bank supplied Sierra Leone with large loans to
recover from the conflict. However, accepting these loans also requires Sierra Leone to accept
the IMF and World Bank’s policies, in this case the IMF and the World Bank’s Poverty
Reduction and Growth Facility (PRGF), which focussed on macroeconomic stability and
reduced spending, for example the government wage bill (IMF/World Bank, 2002: 29, 36 in
Hanlon, 2007; 463).

Thus, when the WHO attributed the unprecedented scale of the outbreak to West Africa’s
weak health systems, a lack of resources and to the unfamiliarity of Ebola to the West African
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region, the WHO was massively undermining the causes of the unprecedented spread of
Ebola (WHO, 2014).

To understand why Ebola spread so far and killed so many we need to look at why Sierra
Leone’s health system is so poor and why there are so few social resources. If GHG explores
these issues it will realise that an essential part of preventing another outbreak reoccurring
involves confronting the current world system that prioritises the economic desires and health
of the Western world. It is no coincidence, for instance, that the USA launched a militarised
response in the seventh month of the outbreak and only after an American contracted Ebola
(Mark, 2014). The irony of this was not lost on Sierra Leoneans and many debated why it is
Ebola and not malaria that has acquired so much attention. One woman in Kissy asked me
“why have they come now, people are always dying of disease in Sierra Leone?”

Accordingly, the Ebola response has a responsibility to contextualise rumours and other
reactions to Ebola from a social, political and historical perspective. This ensures that
people’s reactions and the reasons for the outbreak are understood, which avoids simplifying
future health measures and explanations for the cause of the outbreak itself. If not, rumours,
resistance and Ebola will return, as will the complex factors that caused the outbreak.

For instance, in Port Loko, a witch plane crash rumour! was often treated facetiously and
sensitisation was encouraged to overcome it. However, in certain contexts, this rumour was
inherently political and therefore increased sensitisation was irrelevant. For example, this
rumour confronted deep-rooted issues concerning chiefs in Mamasa, Port Loko. In this case,
the witch plane crash rumour stemmed from a conflict between two chiefs after an election.
One chief, annoyed at having lost the election, sent a witch plane to his opponents, which
caused a sickness named ‘Ebola.” Here, but also across Sierra Leonea, many find chiefs
problematic. A social mobiliser in Mamasa felt that democracy did not work in Sierra Leone:
“when one chief is elected, one group will always be unhappy and will react.” Moreover,
chiefs are frequently implicated in corruption. Some okada'? drivers in Mamasa complained
that when their chief needs money he detects faults on their bikes to confiscate their licence,
which they then have to buy back.

Tensions between Sierra Leoneans and their chiefs can be traced back to the colonial era
during which the British listlessly installed democracy. Instead, the British ruled through
loyal chiefs and patronage. Consequently, the chiefs largely answered to the British instead of
the people. Forced labour, unfair land reform and taxes became rife and reoccurred more
recently under President Siaka Stevens in the 70’s and 80’s when patronage and corruption
was commonplace (Keen, 2005: 9-10).

Overall, Ebola rumours are a way for Sierra Leoneans to grapple with the outbreak in
relation to previous problematic political, economical and social experiences, which most
Sierra Leoneans have a very good awareness and knowledge of. These rumours therefore tell
us that the GHG must aim for enduring solutions to Ebola that confront these problems.
However, this is difficult to achieve considering the ephemeral nature of development
programmes.

1 Witch planes are tiny aeroplanes that are used to transport witches from one place to another. Some suggest a
groundnut shell or animals can be used as witch planes. Occasionally, in the ‘astra’ world, the magic world,
there are accidents: a witch plane could crash and bring a sickness or the people involved will fall sick. In this
instance, a witch plane crashed in Port Loko and brought Ebola.

12 Motorbike taxis.
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Already there is anger amongst Sierra Leoneans over promises of better healthcare and
most importantly free healthcare for Ebola survivors. Despite the government promoting
Ebola survivors as ‘heroes’ in attempt to reduce the stigma that the survivors face in their
communities, the government has failed to deliver on its promise of free healthcare for
survivors. The government willingly admits that the medicines are not available to treat the
many ailments, such as loss of sight and aching joints that plague those who overcome Ebola
(Acland, 2016).

This proves that systematically little has changed. Sierra Leone still lacks resources and is
unable to provide for its people. Thus, Sierra Leone’s deep-rooted and prevailing political,
economic and social issues need to be reiterated to those who lead GHG to ensure that a
sustainable approach to development, an approach that deals with systematic causes of
poverty and violence, is achieved. This new approach must also ensure that it is Sierra
Leoneans and their government who take control of development, as the Ebola outbreak has
proved how important local direction and ownership of disaster response is. A panoptic
meditation of a ‘global system’ and its ramifications is admittedly difficult, but Ebola
rumours are moving insights into sections of the reality of our current world system and must
not be overlooked.

Thus, Ebola rumours do not exist in a vacuum and are intertwined with the social,
political and historical world in which they emerge and therefore allow us to apprehend
people’s interpretations of events in which rumours arise. Consequently, rumours are an
important and insightful vehicle for understanding people’s lived experience of challenging
and ambiguous circumstances that are catalysts for rumours. History has shown that Sierra
Leoneans have justifications for their scepticism of their corrupt government, the international
community and its exploitative connotations, and the systematic categorisation of Sierra
Leoneans as ‘traditional’ people that need educating.

The post-recovery phase is dealing with some of these issues. For example, a lot of
emphasis has been placed on strengthening health structures and ensuring they feed into the
Ministry of Health and Sanitation, rather than focussing on individual development projects.
But this focus on structure must be sustained and go much deeper to ensure that Sierra Leone
is able to fund and manage a health system that works, and this involves confronting some
extremely complex and long-term problems.

As the recent Ebola outbreak has shown, when people’s perceptions and the reasons for
people’s reactions are respected, the health response will also be more successful. Analysing
rumours is not the only solution to overcoming Ebola, but they provide insights into all of
these problems, which makes them a powerful medium in which to bring the Ebola response
and the subsequent healing process to a more equal and effective level.
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ABSTRACT

Arid and semiarid landscapes appear to preserve more evidence of former
environmental conditions, although high contemporary erosion rates and the paucity of
long terrestrial-sedimentary sequences hinder their complete elucidation. This paper
focuses on the late Quaternary environmental change in the Namibia in southern Africa.
The Namibia is located at the interface of tropical, subtropical and temperate atmospheric
and oceanic systems. Despite the fact that southern Africa was not subject to Quaternary
glaciation per se, the influence of variations in amount and seasonality of rainfall has
been very marked indeed. The relationship between geomorphology and climate in
Namibia reveals the degree and extent to which its landscapes are determined by
changing environmental conditions, especially during the Late Quaternary. Case studies
of late Quaternary environmental changes in the northern, western and central Namibia
are presented. In the western Namibia, over the last 140 ka during the Late Pleistocene,
lower leaf-wax 8D and higher §3C (more C4 grasses) were recorded in a marine
sediment core at 23°S off the coast of Namibia, which indicates wetter Southern
Hemisphere (SH) summer conditions and increased seasonality, during SH insolation
maxima relative to minima and during the last glacial period relative to the Holocene and
the last interglacial period. In the central part of the Namibia, the application of OSL
dating to both aeolian and fluvial sediments from the Namib Desert is contributing to the
understanding of palaeohydrological, palaeoenvironmental and palaeoclimatic change in
the region. OSL chronologies from two complex linear dune features close to Gobabeb
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suggest the current dunes are young (Holocene age), with important messages about the
dynamics of the system and migration rates, whilst OSL ages from dunes in the southern
part of the Sand Sea suggests older material of up to 24 ka at 5 m depth. The Holocene
environmental change in northern Namibia can be deduced from evidences from soils and
sediments in the Otjiwarongo thornbush savanna. In this region degradation and
desertification (man-made aridification) of drylands are developed during the Holocene.
Vertisol-Kastanozem—Calcisol soil associations occur widely (as patches of several
hundred hectares in extent). They have formed in fine-grained Mid-Holocene sediments
which accumulated on both sides of the subcontinental watershed. Kastanozem formation
cannot be explained by the environments that exist at present. The humification suggests
open savanna environments in the past and does not accord with the shrublands and
thornbush savanna at present. Pedological and geomorphic investigations distinguish
separate degradational stages in space and time caused by different periods of human
impact. Landscape degradation seems to have started in pre-colonial times (Bantu
immigration?) most likely as a consequence of cattle farming, and was increased by
farming since the end of the 19th century by European settlers. Degradation of vegetation
and soils, and river channel formation, seem to be the main causes of farmland
aridification. These examples from different regions of the Namibia document an
increasing intensity of human impact on landscapes to the extent that people now play the
dominant geomorphological role, especially in semiarid and coastal areas. The conclusion
offers pointers as to how geomorphological evidence of Quaternary change can be used
to assist in the better management of contemporary and future environmental conditions.

Keywords: quaternary, palaeoclimate change, landform evolution, geomorphology, human
impact

1. INTRODUCTION: THE IMPORTANCE OF THE
NAMIBIA QUATERNARY

One of the reasons for the Quaternary environment research is that it is an imperative to
understand environmental changes of the past as a key to more appropriate management of
changes evidently occurring at present and in the future (Meadows, 2011). The historical
(documentary) record of climate change is impossibly short and a full comprehension of the
dynamics of contemporary environmental systems, i.e., distinguishing ‘noise’ from
‘oscillations’ and ‘trends’ requires a much longer-time perspective. Study of the Quaternary
not only confirms the ubiquity of change but also the detailed responses of the flora and fauna
(including our own species) to such change. In short, the Quaternary is the archive against
which is measured the nature, causal factors, frequency and magnitude of contemporary
environmental dynamics.

But what of the Namibia Quaternary in particular is? The territory of Namibia is located
in Southern Africa of the southern hemisphere, an area of the African continent south of
approximately 19°S (19-29°S, 12-21°E) (Figure 1) and a subcontinent with a varied but
coherent set of physical geographical characteristics.

In a global scale, the southern hemisphere occupies a key position in the global climate
system because, in comparison to the northern hemisphere, it is much more oceanic in
character and therefore plays the dominant global role in redistributing solar radiation energy.
Climate is closely linked to oceanic circulation, a linkage that is manifested in the salinity and
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temperature gradients producing the thermohaline circulation, or conveyor, which ultimately
transfers North Atlantic Deep Water to the southern oceans and in the process impacts on
global energy distribution (Broecker et al.,, 1985). An understanding of Quaternary
environmental changes within and offshore southern Africa becomes a significant element in
the reconstruction of the dynamics of this thermohaline conveyor (the return limb of which
passes offshore of the subcontinent from east to west), which has been held responsible for
sub-Milankovitch scale global climate changes, such as the Younger Dryas at the end of the
last glacial (Broecker and Denton, 1990). Changes in the southern African environment
arguably are also of significance to the understanding of environmental perturbations at lower
latitudes in inter-tropical Africa.
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Figure 1. The geographical distribution of the Namibia.

Tropical to sub-tropical southwestern Africa (between about 17°S and 30°S) experiences
semi-arid to hyper-arid conditions (Tyson, 1986) due its position in-between the influence of
precipitation from low-latitude tropical climate systems in the north and mid-latitude climate
systems in the south. The climate of southern Africa is inherently variable on a wide range of
time scales (Tyson, 1986), through seasonal, annual, decadal up to millennial and beyond.
This manifests itself particularly in terms of fluctuations in the amount and seasonality of
rainfall. For example, Tyson et al. (1975) have described the importance of a spatially
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coherent 18-year oscillation in rainfall values over the summer rainfall region for the
meteorological record (1910 to 1972). The existence of such fluctuations over longer time
periods is also apparent and it becomes clear that significant variations in the patterns of
precipitation and temperature, some of which are in phase with global climate-forcing factors,
such as the perceived solar radiation changes due to orbital eccentricities (Partridge, 1997),
are a key component of southern Africa’s environmental situation and one that needs to be
elucidated as far as possible. Unfortunately, due to this aridity, long terrestrial palaeoclimate
records are rare and thus our understanding of past changes in precipitation remains
incomplete.

Integral to the variability of rainfall and other climate elements is the issue of natural
resource management. The economy of southern African nations (Namibia) is based primarily
on resource extraction, the agricultural and pastoral component of which is strongly
responsive to climate variability. A comprehensive understanding of the details and
mechanisms underlying environmental change is essential in order to manage more reliably
these increasingly stressed agricultural resources. Comprehending the regional and
subcontinental scale environmental changes in the context of General Circulation Models,
which generate scenarios of future climate conditions, is an important goal; Quaternary data
play a significant part in achieving that goal. A resource-related issue is the problem of
desertification in southern Africa.

The aim of this paper is to present a strong case in the southern hemisphere for a
consideration of Quaternary events in understanding the landscapes of Namibia and,
furthermore, to argue that such an understanding is vital to the appropriate management of its
environments. There are a number of important underlying reasons why a more
comprehensive understanding of Quaternary environmental changes in this subcontinent
should be an important goal, and why geomorphologists need to practice their science with
these changes in mind.

2. REGIONAL SETTING AND METHODOLOGY

The mean elevation of the African continent is higher than the mean elevations of the
other continents. It is characterized by a bimodal topography with long wavelength reliefs in
plateau in the south and in cuvette in the north (Partridge and Maud, 1987; Doucouré and de
Wit, 2003). The South African Plateau (SAP) is a major morphological feature that affects
nearly one third of the continent. The South Namibian Plateau, which belongs to the South
African Plateau, is situated between 25°-29°S and 15°-20°E.

2.1. Topographical, Geomorphological and Geological Setting of the Namibia

Topographically, the Namibia, particularly the South Namibian Plateau (SNP) which is
the major part of the South African Plateau, is strongly contrasted with a relief that varies
between 0 and 2183 m (Owono et al., 2016). The Namibian margin is characterized by a
coastline that has evolved in a large escarpment with a difference in level of more than 1000
m, a coastal plain approximately 150 km wide and an inner flank. Two deserts surround this
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vast plateau: the Kalahari Desert to the east and the Namib Desert to the west. Four major
morphological provinces or domains were spatially defined according to their relative reliefs,
directions and senses of surface water flow, depth incision and lateral tilting (Owono et al.,
2016). They are (1) the coastal province (CP), (2) the intermediate province (IP), (3) the
upper province and (4) the lower province or Kalahari province (LP). In drainage pattern,
South Namibia presents two types of drainage system: one on the coastal plain and the other
in the inner plateau (Owono et al., 2016). The coastal plain is crossed by numerous rivers
with courses roughly orthogonal to the coast. Some of rivers are thrown directly into the sea,
but the majority is lost in the Namib dunes before reaching the sea. Overall, the coastal
networks are more or less dendritic, and all of the rivers have temporary flows. Therefore, the
external network could be a young network in the process of installing (Owono et al., 2016).
The internal network in the inner plateau is the oldest network with a moderate incision. This
network is characterized by a dendritic pattern around a main collector, the Orange River
(458 km), and becomes more parallel towards the north.

The geological history of South Namibia includes the formation of the Damara chain
during the Pan-African, the opening of the South Atlantic Ocean and the Cenozoic evolution
(Owono et al., 2016).

The Namibia landscape was shaped during the opening of the Atlantic Ocean, which took
place progressively from the breakup of the Pangea supercontinent in the Jurassic, and that of
the Gondwana during the Cretaceous (Scotese et al., 1988). The rifting associated with the
opening of the Atlantic Ocean was accompanied by two continental volcanic episodes
(Storey, 1995): the Karoo volcanism in the Jurassic at the early stages of continental breakup
between Africa and South America (Cox, 1992) and the trapp volcanism of Etendeka in the
Cretaceous (Wilson, 1992; Storey, 1995). The opening of the South Atlantic led to an uplift
of the Namibian border parallel to the rift. This uplift generated the “Great Escarpment,” a
1000 m high cliff that has continued to retreat eastward due to erosional activities (Ollier and
Marker, 1985).

The Cenozoic history of Namibia has been mainly sedimentary. On the coastal plain
currently occupied by the Namib Desert (Ward, 1987), the “Namib unconformity surface”
separates the older rocks of the Precambrian basement from the Cenozoic deposits. On this
surface lies the oldest unit, the “Tsondab Sandstone” Formation of early Palaeocene age
(Ward, 1987). More recent conglomerates (Karpfen cliff Conglomerates) confirm the erosion
of the escarpment during the Miocene (Ward, 1987). To the east of the scarp, sedimentation is
continental (fluvio-lacustrine) with the deposits of the Kalahari Sequence being the most
recent (Cretaceous to Tertiary) (Miller, 1992). The development of the cold Benguela current
since the late Miocene led to arid conditions responsible for the current climate of the Namib
Desert. The Kalahari basin was developed during the Tertiary due to the alternations of dry
and humid periods. It was also during this period that most of the canyons were formed.

The tectonic setting is marked by two extensional phases of deformation that have
affected the South African Plateau (SAP) during the Cenozoic (Mvondo et al., 2011). The
characteristics of these deformations are consistent with mantle dynamics that acted on the
lithosphere of the SAP and impacted the landscape evolution during the Late Cenozoic (Forte
etal., 2010).
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2.2. Climate Setting of the Namibia (Southwestern Africa)

Southwestern Africa experiences arid conditions due to the South Atlantic Anticyclone,
which is strongest and furthest south during SH winter (e.g., Tyson, 1986). The western part
of Namibia experiences the most pronounced aridity due to the cold sea surface temperature
of the Benguela upwelling region, which stabilizes air and prevents convection (e.g., Eckardt
et al., 2013). Most precipitation delivered to southwestern Africa is tropical convective
precipitation, which is delivered by the southernmost extension of the East African monsoon
in SH summer (the northerly East African monsoon), resulting in decreasing precipitation
amounts from NE to SW. SH summer rainfall is associated with Tropical-Temperate Troughs
(TTTs), the Congo Air Boundary (CAB) and the Angola Low (Eckardt et al., 2013). TTTs
form when tropical systems connect with mid-latitude low pressure systems and form cloud
bands which move eastward across southern Africa and are thought to be the most important
source of moisture in southern Africa (Harrison, 1984; Todd et al., 2004). As well as tropical
systems, the mid-latitude westerly winds bring a limited amount of moisture to the very south
of southwestern Africa when they shift northward during the SH winter season. Finally, in the
hyper-arid Namib Desert, fog constitutes a regular but minor source of moisture (Olivier,
1995). Most of the moisture delivered to southwestern Africa originates from the Indian
Ocean (Tyson, 1986; Rouault et al., 2003; Gimeno et al., 2010). The Atlantic Ocean also
contributes some moisture to this region: to the north of the cold Benguela Upwelling, the SE
trade winds are deflected clockwise (e.g., Leroux, 1983; Servain and Legler, 1986), carrying
some moisture on-land (e.g., Rouault et al., 2003; Eckardt et al., 2013), and the winter
westerlies also source moisture from the Atlantic Ocean (Rouault et al., 2003).

The arid west coast of the southern African subcontinent is rarely disturbed by rain
events. Arid regions such as the Namib are the result of dry descending air as part of the
Global Hadley Circulation. A strong NE-SW rainfall gradient across southern Africa results
in the semi-arid Kalahari and Karoo and ultimately the hyper-arid Namib coast. The
subsidence associated with the South Atlantic High Pressure (anticyclone), along with the
stable air generated by the cold sea surface temperatures, introduces stability which
effectively suppresses convection along the southern African west coast (Logan, 1960;
Pietruszka and Seely, 1985) which is further accentuated by a shallow surface temperature
inversion.

Rainfall in the Namibia is spatially and temporally highly variable (Mattes and Mason,
1998; Tyson, 1986; Eckardt et al., 2013). Central southern African and in particular Namib
rainfall is subject to both inter- and intra-annual variations (Seely, 1978; Mason and Jury,
1997). Average precipitation in the Namib ranges from 50 to 100 mm in the far south, 5-18
mm in the central Namib and less than 50 mm along the Angolan coast in the north.
Furthermore, there is an increase in rainfall from west (~10 mm at the coast) to east (~60 mm
at 100 km inland) (Seely, 1978; Lancaster et al., 1984; Pietruszka and Seely, 1985; Southgate
et al., 1996; Hachfeld and Jurgens, 2000; Henschel and Seely, 2008) producing a steep but
variable rainfall gradient from the desert interior to the Namibian highland.

The Namib only covers the western fifth of Namibia, and thus a small portion of southern
Africa, however many of the climatic systems which bring rain to the surrounding regions
also have the potential to influence rainfall along the west coast. Atmospheric moisture
availability is dependent on sea surface temperature variability in the south east Atlantic
beyond the Benguela upwelling, the western Indian Ocean as well as the tropical Pacific in
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particular EI Nino Southern Oscillation (ENSO) (Shannon et al.,, 1986; Walker and
Shillington, 1990; Mason, 1995; Mason and Jury, 1997; Lindesay, 1998; Landman and
Mason, 1999; Todd and Washington, 1999; Cook, 2000; Reason, 2002; Reason et al., 2000;
Tyson and Preston-Whyte, 2001; Rouault et al., 2003; Reason et al., 2006). Namibian
precipitation largely occurs during convective thunderstorms, common throughout the region
(Tyson and Preston-Whyte, 2001), including the Namib (Gamble, 1980; Hachfeld and
Jurgens, 2000; Lancaster et al., 1984; Sharon, 1981).

2.3. Material and Methods

Reliable chronologies are essential for the paleoenvironmental interpretation of
landforms but the absence of closed geochemical systems and fossilized organic remnants or
strata in arid regions (such as in the southwestern Kalahari Desert) makes it very difficult to
contribute to paleoclimatic reconstructions. Due to repeated cycles of carbonate mobilization
14C-dating is often not able to produce reliable age data in desert areas. Similar problems can
occur using U/Th-dating methods (Geyh, 1995). During the last few years optical- and
thermo-luminescence (OSL and TL) dating of quartz and feldspar bearing sediments led to
new progress in paleoclimatic research in arid regions: If carefully applied, luminescence
dating techniques provide the possibility to date a mineral grain's last exposure to sun light. In
many studies these techniques have successfully been used on aeolian sediments during the
last decade (e.g., Wintle, 1993). In the northern, western and southeastern Namibia, some
researchers presented OSL and TL results from aeolian and fluvial sediments (Buch and
Zoller, 1992; Eitel and Zoller, 1995, 1996; Blumel et al., 1998; Lancaster, 2002; Stone and
Thomas, 2013; Stone, 2013). This study combines these results to assess the
paleoenvironmental evolution of landforms in the Namib Desert.

Besides chronologies, geomorphology is emphatically used as a method for its qualitative
and quantitative approaches, all based on the principle of Tricart and Cailleux (1963) that any
bedrock/sediment deformation or any variation of lithology has a morphological signature.
The morphological analysis of Namibia combines (1) a literature survey, (2) analysis of
geological maps at multiple scales, such as 1:250,000, and (3) digital elevation model (DEM)
analysis within ArcGIS.

Literature data and information from geological maps allowed us to highlight the nature
and the path of the geomorphological processes. The SRTM-3 data were used by Owono et
al. (2016) to produce DEM of the south Namibia. The results of their work were highly
evaluated and cited in this study. The importance of SRTM data for the environment,
geomorphology or tectonic studies has been widely recognized. Rabus et al. (2003) showed
that SRTM-3 data are of high quality and can be used to replace the DEM from 1:250,000
scale topographic maps in many studies (including geomorphology, tectonics, ecology and
hydrology).

Geomorphologic assessment through morphometric indices can be used to constrain the
role of lithology, tectonics and base level and to characterize and discriminate key
geomorphic processes in an arid context (Owono et al., 2016). Table 1 summarizes the
formulas, equations and parameters used for the calculation or computation and the threshold
values interpretation. Concerning landform analysis, relative relief (R) (Partsch, 1911; Mark,
1975; Rowberry, 2012), elevation—relief ratio (E) (Rowberry, 2012) and hypsometric integral
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(HI) (Pike and Wilson, 1971) are used as powerful tools to identify denudation processes and
measure the degree of landscape dissection (Evans, 1972). Hypsometric curves provide
additional arguments on the morphology of landforms and their relationship with tectonics.
Young basins are characterized by convex curves, mature basins with S-shapes and
peneplains by concave ascending shapes (Strahler, 1952).

Table 1. Morphometric indices used for the landscape analysis: formulas and equations
used for their calculation or computation and threshold values interpretation
(cited from Owono et al., 2016)

Morphometric
indices

Formulas and parameters

Threshold values interpretation

Relative relief (R)

R = (AH/P) x 100

AH: difference between the highest and
the lowest altitude of a given area; P:
perimeter of the same area.

R>0.5: high relative relief;
R<0.5: low relative relief;

Elevation-relief ratio

®

E = (Me - me) / (Ma - me)
Me, me and Ma: mean, minimum and
maximum elevation.

E nearer 0: concave or broad flat terrain with
isolated peaks;

E nearer 1: convex or broad flat terrain with
deep incision;

Hypsometric
integral (HI)

HI = (Hmean—Hmin)/(Hmax—Hmin)
Hmean, Hmin and Hmax: mean,
minimum and maximum elevation.

HI>0.6: younger stages of basin development,
most of the topography is high relative to the
mean;

Morphometric
indices

Formulas and parameters

Threshold values interpretation

0.3<HI<0.6: mature basins, extensive and long
term erosion, associated with dissected
drainage basins;

HI<0.3: older basins, such as peneplains.

Valley floor width to
valley height ratio
(V)

Vf = 2Viw/((Eld Id Vfw/((EErd rd
Viw/(Vfw: width of the valley floor; Eld
and Esc: elevations of the left and right
valley divides

Vf > 1: broad valleys and low uplift rates;
Vf <1: V-shaped valleys, actively incising and
high uplift rates.

Drainage basin

Af =100 (Ar/At)
Ar: area of the basin to the right (facing

Af > 50: the main channel has shifted towards
the downstream left side of the drainage basin;

asymmetry (Af) downstream) of the trunk stream; At: total | Af < 50: the channel has shifted towards the
area of the drainage basin downstream right side of the drainage basin.
Transverse TTSE = Da/Dd TTSF N Q.S: the dralnag_e basin is |nf|ugnced
. T . by the tilting of the terrain due to tectonic
topographic Da: distance from the channel to the basin S
symmetry factor midline, Dd: distance from the lateral activity; -
(TTSF) basin margin to the basin midline. TTSF b 0.5: the tilting does not have an

influence on the drainage;

Scarp front sinuosity

(s

Sf = Lf/Lr

Lf: Length of the scarp front from a point;
Lr: Length of the straight line from the
same point to the same end point.

Sf low: active scarp fronts;
More Sf high: older is the scarp.

Longitudinal
profiles of rivers

(1) y-y0=(yl-y0)/(x1 -x0) * (x - x0)
y: elevation in normal range; x: distance
in logarithmic scale;

(2) AN=Am + [((AH — AL)/(LogLm —
LogLM)) * (LogLi — Log LM)]

AN: equilibrium normalised altitude
value; AH and AL: highest and lowest
altitude; LM and Lm: maximum and
minimum length; Li = length value
calculated for each considerate point in
relation with the upstream

Concave longitudinal profiles are
characteristics of old rivers, in equilibrium
state;

Convex longitudinal profiles are characteristics
of young river or old rivers reactivated by fault
or affected by uplift.
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Morphometric
indices

Formulas and parameters

Threshold values interpretation

Concavity index
(1©)

IC=2A/H

A: difference of altitude between the
middle profile and a straight line joining
the two ends of the profile; H: difference
in height between the channel head and
the outlet.

IC close to 0: the form of the profile is close to
a straight line;
IC close to 1: the profile is L shaped.

Dimensionless
curves

(ratio of altitude-
ratio of distance)

H/Ho o of alH and Ho: stream altitudes at
the point of measurement, and from the
mouth at the headwaters respectively; L
and Lo: stream distances at the point of
measurement, and from the river mouth at
the headwaters respectively.

Help to superpose and compare profiles of
different river lengths

Stream-length index
(SL)

SL = (AH/AL)*L

AH: difference in elevation between the
ends of the considered reach; Al: length of
the reach; L: distance between the
measured reach and the drainage divide.

Very high or very low SL values reveal
tectonic distortions if there is no correlation
with lithologic factors

Drainage density
(Dd)

Dd =XLi/A
Li: length of river; A: watershed area

The more a system is uplifting, the more the
drainage density decreases

3. RESULTS AND DISCUSSION

3.1. Geomorphological and Palaeoclimatic Evolution of the South Namibia

The geomorphological and palaeoclimatic evolution of the south Namibia has been
systematically reviewed by Owono et al. (2016). In their document, the geomorphological
evolution of south Namibia dates essentially from the Jurassic-Cretaceous monoclinal folding
of the southern African continental margin in response to the fragmentation of Gondwana.
Later on, the region underwent a significant flattening (Owono et al., 2016). King (1956)
described three main planation surfaces in South Africa: the Gondwana Surface (Jurassic), the
African Surface (late Cretaceous to early Tertiary) and the Post-African Surface (late
Tertiary). King (1962) showed that the establishment of these surfaces was related to a large
denudation that occurred in the region after the breakup of Gondwana. The event affected all
Africa and impacted its landscape; King (1963) extrapolated those surfaces to the entirety of
Africa. This denudation was explained to have been due to a pediplanation with associated
cycles of river incision, scarp retreat and pedimentation (King, 1955). After this event, the
formation of laterite occurred in Namibia during the late Cretaceous-middle Eocene (Pickford
and Senut, 1999). Another well-described event affecting the morphology of the region is the
uplift of the South Namibia Plateau (SNP). Burke and Gunnell (2008) proposed a post-
Oligocene age for the uplift and tied it to the mantle-related “swell” dynamics of the African
continent, which appear to have promoted large-scale plateau uplift. Partridge and Maud
(1987) suggested a very recent age of uplift (late Pliocene).

Climate change has also greatly impacted the landscape of the south Namibia. The
available data are at the scale of the African continent. Three periods are well constrained:
Cretaceous, Eocene and Miocene to Present (Owono et al., 2016). Nevertheless, there are no
continuous data for the Palaeocene and the Oligocene (Owono et al., 2016). The Cretaceous
was semi-arid to arid approximately 130 Ma and 85 Ma (Gomez et al., 2002; Sandersen,
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2006). The second half of the late Cretaceous up until the middle Eocene (85-40 Ma) was
very humid along the Atlantic coast (De Villiers, 1999; Sandersen, 2006). This humid period
coincided with the formation of the laterite in Namibia (Pickford and Senut, 1999), a
widespread process across Africa with well constrained age brackets for Burkina Faso (West
Africa) between 59 and 45 Ma (Beauvais et al., 2008). The early Miocene was humid
(Bamford and de Wit, 1993; Bamford, 2000). After the middle Miocene, South Namibia and
particularly the coastal plain became and remained arid (Pickford and Senut, 1999).

A morphological analysis of the modern landscapes in the South Namibia Plateau based
on geometrical parameters (as listed in Table 1) through the DEM, slope map and transverse
profiles was conducted by Owono et al. (2016). The results showed that the modern-scale
landscape of the SNP is controlled primarily by tectonics and also by the lithology, base level
and climate.

3.1.1. Tectonics and Base Level Control

For example, the negative and very low ICs (<0.3) combined with low values of TTSF
(<0.5) and the Af (Table 1), imply that the region of the SNP underwent an inhomogeneous
uplift or several episodes of uplift. According to Hack (1973), when the fluvial incision rate
exceeds the uplift or base level lowering rates, the profile goes to a steady state with a smooth
downstream concavity. This is not the case for either of the coastal network profiles in the
south Namibia, where very important jumps and numerous knickpoints have been observed
and the internal network rivers have almost convex profiles (Owono et al., 2016). To attain a
steady state, a profile needs a long time, and the response time is on the order of 1 Ma in
tectonically active regions under detachment-limited conditions and during periods of climate
stability (Whipple, 2001) and at least 3 Ma under stable tectonic conditions. However, all of
the rivers of the internal network and their tributaries in the SNP are over 3 Ma, at least upper
Cretaceous to Eocene for the Orange, the Fish and the Konkiep (Mvondo et al., 2011), and
consequently should be in a dynamic equilibrium state. That is not the case in the SNP.
Therefore, it can be concluded that vertical movements in the SNP exceed the rate of incision.
The rivers and their tributaries cannot develop an equilibrium profile. The long stream
profiles are the result of continuous adjustment at least since the Eocene until the present day
(Owono et al., 2016).

The hypsometric integral values (Table 1) for the different watersheds and sub-
watersheds in SAP are approximately 0.5. It means that there are still 50% of the original
non-eroded masses (Owono et al., 2016). This result reflects the maturity of the SNP basins,
but do not entirely reflect the hypsometric curves, whose forms according to Strahler (1952)
should be exclusively “S”-shaped. The hypsometric curves of the different basins that
constitute the different planation surfaces of the SNP show various and complex forms that
combine concave patterns, S-shapes and more convex trends (Owono et al., 2016). This
reflects an evolution marked by an alternation of several tectonic and erosive episodes. The
model of cyclic erosion leading to the formation of a peneplain (Davis, 1930) cannot explain
the geometry of these curves according to the variable types of surfaces encountered in the
SNP. The model of Penck (1924) suggests a prolongated uplift during which erosion registers
one or many flattenings at the periphery of the elevated area according to the variation of the
uplift velocity. Yet, in the SNP, several phases of uplift have been described (Dauteuil et al.,
2015) and reveal the shortcomings of this model. However, the models of King (1962) and
Grandin and Thiry (1983) that are based respectively on pediplanation and etchplanation
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seem to be more adapted (Owono et al., 2016). The model of King (1962) reflects a
punctuated evolution of tectonic pulsations followed by incision and flattening phases and a
retreat of scarps or backwearing. These processes lead to the coalescence of the pediments
(Cooke et al., 1993) and the reduction in the reliefs of the hillocks and inselbergs are well
described in the coastal surface. Etchplanation appears to be especially characteristic of the
ancient and stable rocks where deep weathering occurred. The Kalahari, high and low
surfaces are the best examples in the SNP (Owono et al., 2016). Finally, according to the
hypsometric curves and hypsometric integral, the South Namibia landscapes consist of
coalescence surfaces of different ages that have undergone a polycyclic evolution marked by
more than one pediplanation and or etchplanation processes due to the different phases of
uplift.

3.1.2. Tectonic and Lithology Controls

The drainage patterns in a region are an important clue for identifying the tectonic and
lithology controls and also for quantifying the base level action (Owono et al., 2016). The
inner streams in the SNP display convex profiles with a few knickpoints (Owono et al.,
2016). Some of them are located in the contact of two lithologies, and others are related to the
presence of faults, which coincide in certain cases with the contact of the different lithologies
(Owono et al., 2016). The SL-index values (see Table 1 for its interpretation) are also high,
conveying tectonic effects (Owono et al., 2016). The equilibrium longitudinal profiles give
straight lines when they are plotted on a semilogarithmic scale (Hack, 1973). The deviations
D (see Table 1 for its interpretation) measured at the outlet towards the downstream with
respect to this straight line allow the type of control, either lithological or base level changes,
to be determined. According to Goldrick and Bishop (1995), a variation of the base level
involving a retreat of knickpoints is verified when the main course and its tributaries have the
same value of D. However, in the SNP, the values of D of the tributaries are higher than those
of the main courses (Owono et al., 2016). That implies that the control exerted by the base
level is less significant. For the rivers that cross several lithologies, the D values are high.
That is observed for the Orange and Konkiep Rivers tributaries. The rivers of the inner
plateau in the SNP are then controlled by lithology, tectonics and climate acting together.

3.1.3. Tectonic and Sea Level Control

Although the long profiles of the coastal rivers are globally concave, they are not smooth
(Owono et al., 2016). All of these rivers display knickpoints. In particular, the Isurub River in
the SNP presents a concave upstream portion and a linear profile downstream (Owono et al.,
2016). This could be interpreted as the recording of a reactivation of a system partially in
balance. Apart from Kp7 in the Koichab River and Kpl in the Tsaris River, which coincide
with the contact of two different lithologies, some of the streams flow on uniform lithologies.
The SL-index values for the main rivers of this area in the SNP are very high and above 200
(Owono et al., 2016). Such values, in the absence of any correlation with lithology, show that
these knickpoints are due to tectonics (Hack, 1973; Keller and Pinter, 1996, 2002). However,
these profiles have numerous downstream knickpoints of large magnitude and large jumps
(Owono et al., 2016). This probably reflects the recent responses of relative sea level or the
recent reactivations of faults, which are probably buried under theNamib Dunes (Owono et
al., 2016). It can finally be assumed that the coastal surface is controlled by tectonics and sea
level.
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3.1.4. Climate and Eustasy Control

As above mentioned, the tectonic controls on the landscapes of the SNP are especially
dominated by uplifts. Dauteuil et al. (2015) have identified in the southern part of the SNP,
close to the Orange River, three episodes of uplift: a slow uplift (10 m/Ma), followed by a
second interval of uplift involving a cumulative magnitude of at least 200 m and the third
stage of uplift of 60 m magnitude occurred after the Middle Miocene. Two types of networks
are described in this place: one in the coastal plain, which is temporary, mainly dendritic,
young or in the process of being emplaced or resulting from a series of reactivations of a
system partially in equilibrium, and the other in the inner plateau, which is permanent,
dendritic with a parallel trend, old and marks a continuous adjustment at least since the
Eocene until the present day.

The genesis and the evolution of the coastal surface are controlled by climate, eustasy
and deformation, whereas climate, lithology and deformation control the interior plateau
(Owono et al., 2016). The climate-controlled processes appear to be the leading factors for the
flattening of the inner plateau, whereas the coastal area seems to be more subject to eustatic
variations. The longitudinal profiles of coastal rivers, which are concave with numerous
knickpoints and large jumps at the end of the profiles in contrast to those of the interior
plateau, which are convex, with few knickpoints, well attest to this dichotomy (Owono et al.,
2016).

3.2. Glacial-Interglacial Control on Hydroclimate of the West Namibia
during the Late Quaternary

There is presently debate regarding the behavior of hydroclimate in southwestern Africa
in response to precessional (19-23 kyr cycle) insolation variations (Collins et al., 2014).
Increased local summer insolation is expected to increase the land—ocean pressure gradient,
bringing more warm, moist air on land and increasing precipitation delivered by the summer
monsoon, as has been shown in the northern hemisphere (NH; e.g., Pokras and Mix, 1985;
Rossignol-Strick, 1985). In line with this, a 200 ka long sedimentological record from Lake
Tswaing in southeastern Africa, suggests that precipitation increased during precessional
Southern Hemisphere (SH) summer insolation maxima (Partridge et al., 1997), due to an
enhancement of the SH summer East African Monsoon. Similarly, a leaf-wax hydrogen
isotope record from the Zambezi River (Scheful et al., 2011) suggests relatively dry
conditions during the mid-Holocene SH summer insolation minimum, relative to the deglacial
and late Holocene. In contrast, a hyrax-midden record from the Namib Desert, spanning the
last 11.7 ka (one half of the last precessional cycle), suggests a progressive drying from the
mid to late Holocene, i.e., wetter rather than drier conditions during the mid-Holocene SH
summer insolation minimum (Chase et al.,2009). It was thus suggested that southwestern
Africa responds in phase with NH summer insolation (Chase et al., 2009). As such, on
precessional time scales it is not yet clear whethe the hydrology of southwestern Africa is
controlled by NH or SH summer insolation variations (Collins et al., 2014).

In addition to precessional insolation control, the effect of glacial versus interglacial
boundary conditions on the hydroclimate of southwestern Africa is also under debate (Collins
et al., 2014). For example, more desert and semi-desert vegetation points to drier conditions
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during the last glacial period relative to the Holocene and last interglacial period (Shi et al.,
2001; Collins et al., 2011). In contrast, a marine grain-size record (Stuut et al., 2002) and a
collection of terrestrial records (Chase and Meadows, 2007) suggest wetter conditions in
southwestern Africa during the last glacial period. Depleted isotopes in precipitation would
also point to wetter glacial conditions (Collins et al., 2013a). Wetter glacial conditions in
southwestern Africa have been interpreted to reflect a northward shift of the SH mid-latitude
westerly wind belt during the last glacial period (Cockcroft et al., 1987; Stuut et al., 2002;
Chase and Meadows, 2007). However, an alternative mechanism is a southward shift of
tropical rain-producing systems due to the expanded NH ice sheets, as is sometimes simulated
by climate models (e.g., Kageyama et al., 2013). In summary, studies disagree whether
southwestern Africa was wetter or drier during the last glacial period and, for those that do
agree on the sign of the changes, different mechanisms have been invoked.

Researchers have investigated the effect of precessional insolation changes and glacial—
interglacial boundary conditions on the climate of southwestern Africa using the hydrogen
and carbon isotopic composition of terrestrial plant leaf-wax n-alkanes taken from a marine
sediment core (Collins et al., 2011, 2013a, 2013b, 2014). n-Alkanes are straight chain
hydrocarbon compounds produced as part of the protective layer on terrestrial plant leaves
(Koch and Ensikat, 2008; Eglinton and Hamilton, 1967). The hydrogen isotopic composition
(8D) of leaf wax n-alkanes is taken as a recorder of the hydrological history of precipitation
(e.g., Sachse et al., 2012). The carbon isotopic composition (313C) of leaf-wax n-alkanes
reflects the photosynthetic pathway of the plants i.e., the relative contribution of C3 versus C4
vegetation (e.g., Castafieda et al., 2009).

Today the central Namibia is partly savanna vegetated, partly barren. Instrumental data
indicate that during 2011, the wettest year on record (since 1962), most of the rain was
delivered in a few rainy days and this transformed the barren gravel plains into savanna
grassland (Eckardt et al., 2013). Collins et al. (2014) suggested an analogous scenario to have
taken place in southwestern Africa in the past: higher 613C values during the last glacial
period and insolation maxima indicate an expansion/thickening of C4 grasses across barren
areas of the Namib Desert, Namibian Plateau and Kalahari Desert due to increased SH
summer rainfall. These periods hence represent maxima in seasonality, in line with Daniau et
al. (2013). The dominance of C4 grasses over C3 vegetation throughout the record suggests
that semi-arid conditions and high seasonality were a persistent feature of southwestern
African climate over the past 140 ka. This is in line with indications of the persistence of
aridity based on sedimentary landforms in this region (Lancaster, 2002; Stone and Thomas,
2012).

On precessional timescales, increased summer precipitation in south western Africa
during SH summer insolation maxima is in a greement with the record from Lake Tswaing in
South Africa (Partridge et al., 1997), and with relatively dry conditions during the mid-
Holocene insolation minimum with in the Zambezi River catchment in southeastern Africa
(Scheful® et al., 2011). Together these records would suggest that SH summer insolation
maxima resulted in wetter conditions throughout most of southern Africa. However, our
record contrasts with the Spitzkoppe hyrax-midden record from the Namib Desert (Chase et
al., 2009), which indicates wetter conditions during the mid-Holocene SH summer insolation
minimum. Although the Holocene is less well-resolved in our record, it is clear for the rest of
our record that SH summer insolation minima were drier. One possible explanation for the
mismatch may relate to the source areas of the two records. The hyrax-midden record reflects
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the climate of the hyraxes’ habitat (in close proximity to the midden), situated in the Namib
Desert. Our record reflects a wider catchment including material from the Namibian plateau
(Eckardt and Kuring, 2005) and the Kalahari Desert (Prospero et al., 2002), further east of the
Namib. Consequently, climate in the Namibian Desert may indeed respond in phase with NH
summer insolation, perhaps via a control on upwelling intensity, while the Namibian plateau
and the Kalahari Desert respond in phase with SH summer insolation. Further records or
model simulations are needed to verify this hypothesis.

On glacial-interglacial timescales, our data suggest increased summer precipitation
during the last glacial period relative to the Holocene and last interglacial period. This is
consistent with the deposition of river-derived silts (the ‘Homebsilts’) in the Namib Desert
during the LGM, thought to indicate increased flow of ephemeral rivers due to wetter
conditions on the Namibian plateau (Heine and Heine, 2002). Our record is also in agreement
with the grain-size record (Stuut et al., 2002) from the Walvis Ridge which indicates the
deposition of finer material during the last glacial period, thought to reflect increased river-
derived material and perhaps also attributable to increased flow of ephemeral rivers.
Enhanced tropical precipitation in southern Africa during the last glacial period is also in
agreement with climate models (e.g., Kageyama et al., 2013) and this would explain lower
leaf-wax 8D in other southwestern African cores during the LGM relative to the Holocene
(Collins et al., 2013a).

In order to understand the interplay between the climate of southwestern African and
tropical central Africa, we also compare our record with a record of major-element
composition (Schneider et al., 1997) from a site at 6°S which reflects Congo River discharge
and hence wetness in central Africa. The Congo River record indicates wetter conditions
during NH summer maxima (i.e., during SH summer insolation minima), and also during the
Holocene and last interglacial period, relative to the last glacial period. This response is hence
in antiphase to our leaf-wax 8D record from further south (23°S). This implies that SH
summer insolation maxima and glacial boundary conditions acted to cause an (albeit minor)
enhancement of precipitation in southwestern Africa coeval with drier conditions in central
Africa.

In terms of the effect of precessional insolation variability, more humid periods during
SH summer insolation maxima likely represent enhanced northerly East African monsoon,
which would have brought more moisture into southern Africa, enhancing precipitation. This
mechanism would also explain the precessional-timescale antiphase between central Africa
and southwestern Africa: in central Africa NH insolation is thought to control the on-land
moisture flux (Schneider et al., 1997).

The effect of glacial boundary conditions is more complicated. One explanation for
wetter conditions is that winter westerlies shifted north during the last glacial period (Chase
and Meadows, 2007; Cockcroft et al., 1987; Stuut et al., 2002). However, lower leaf-wax 6D
values argue against a shift towards more proximal Atlantic Ocean-sourced westerly
precipitation. Moreover, westerly-influenced C3 vegetation (Boom et al., 2014; Carr et al.,
2014) did not shift northward during the last glacial period. Additionally, the strong
precessional signal throughout our record suggests a continuous influence of the summer
monsoon. SH summer insolation was at a maximum in southwestern Africa at the LGM: a
simultaneous influence of precipitation from mid-latitude winter westerlies and the summer
monsoon at the LGM would have required extreme seasonal shifts in the climate belts.
Overall, it is unlikely that a wetter glacial was due to increased precipitation from the winter
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westerlies. We suggest that the increased glacial wetness was due to more tropical summer
precipitation, mainly from TTTs.

Although wetter conditions during the last glacial period in southwestern Africa were
coeval with drier conditions in the Congo Basin, this is unlikely to be due to a straight-
forward displacement of the tropical precipitation from the Congo Basin towards
southwestern Africa because the southern boundary of the rainforest belt was shifted
equatorward in western Africa during the LGM (Collins et al., 2011; Dupont et al., 2008;
Ning and Dupont, 1997; in turn suggesting a wider SH savanna belt during the last glacial
period). Instead, the glacial-interglacial antiphase may represent an increase of the northerly
East African monsoon (Indian Ocean) at the expense of the central African monsoon (Atlantic
Ocean) similar to the mechanism on precessional timescales. This was perhaps associated
with the relatively cold glacial SE Atlantic Ocean (Jansen et al., 1996; Kim et al., 2003)
compared with the relatively warm glacial Indian Ocean (Sonzogni et al., 1998).

3.3. Late Quaternary Environmental Change in the Central and
Southeastern Namibia: Namib Desert and Kalahari Desert

Today the Namib and Kalahari Deserts are partly savanna vegetated, partly barren.
Instrumental data indicate that during 2011, the wettest year on record (since 1962), most of
the rain was delivered in a few rainy days and this transformed the barren gravel plains into
savanna grassland (Eckardt et al., 2013).

3.3.1. Late Quaternary Environmental and Landscape Change in the Namib Desert

The Namib Desert stretches ~2000 km from the Olifants River in South Africa (32°S) to
the Carunjamba River in Angola (14°S), forming a narrow strip, 120-200 km wide, bounded
inland by the Great Escarpment. It has been subdivided into four regions: the southern, or
transitional, Namib; The Namib Sand Sea, covering 34,000 km? and containing extensive
dunefields (Lancaster, 1989a); the central Namib Plains, including a rocky gravel plain, the
Brandberg mountains and inselbergs; and the northern Namib and Skeleton coast, comprising
dissected sandstones, lava-capped plateaux (the Kaokeveld), loess-filled basins and coastal
dunefields. The Namib Desert is located at the interface of tropical, subtropical and temperate
atmospheric and oceanic systems (Tyson and Preston-Whyte, 2000) and extends over more
than 10° of latitude. The region is hyper-arid to arid with lowest rainfall at the coast, owing to
subsiding anticyclonic air, the cool offshore Benguela current (Dingle et al., 1996; Eckardt et
al., 2013) and the permanent, but not stationary, South Atlantic high-pressure cell along the
Namib coast (Tyson and Preston-Whyte, 2000).

Quaternary climatic fluctuations in the Namib Desert should have been linked to
variations in above-mentioned atmospheric and oceanic circulations. However, Quaternary
palaeoenvironmental and palaeoclimatic reconstruction in the Namib Desert has been limited
by a paucity of sites, access difficulties, discontinuous records, difficulties of dating and
uncertainty in interpreting the climatic signals from certain proxies (Chase and Meadows,
2007; Gasse et al., 2008; Lancaster, 2002; Stone and Thomas, 2013; Stone, 2013). Since the
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latest detailed review for the region by Lancaster (2002), Stone and Thomas (2013) have
further performed a synthesis of past environmental and climatic change over the past 128 ka
for Namib Desert, by concentrating on the advances made through the application of OSL.: to
complex linear dunes in the northern Namib Sand Sea (Bristow et al., 2005, 2007), fluvial
deposits from five of the west coast ephemeral river catchments (Bourke et al., 2003; Brook
et al., 2006; Eitel et al., 2005; Srivastava et al., 2004, 2005; 2006) and sands interdigitated
with water-lain interdune deposits in the northern Namib Sand Sea (Stone et al., 2010; Stone,
2013).

The age compilation from cosmogenic-nuclide burial dating and optically stimulated
luminescence dating indicates that the Namib Sand Sea is in excess of a million years old
(Stone, 2013). Initial data from luminescence dating yields depositional ages for dune
sediments from three broad areas of the sand sea that include MIS 5, later in the Pleistocene
around the Last Glacial Maximum and the Holocene. Detailed dating and application of
ground penetrating radar in the far northern reaches reveals extensive dune migration and
deposition during the Holocene (Stone et al., 2010; Stone, 2013). Ewing et al. (2006) provide
age estimates for three dune types in the Namib Sand Sea based on pattern analysis and
pattern evolution, linked to self-organization (without radiometric age control from the Namib
Sand Sea). The boldest attempt at a landscape development model for the Namib Sand Sea
comes from Bubenzer and Bolten (2008) for the southern Namib, which divides development
into distinct phases relating to changing wind regimes. It is suggested that during the first
phase (>20 cal. kyr B.P.) the draa (or mega linear dunes, with dates of 22.5 ka at 5 m depth)
accumulated under strengthened trade winds, owing to increased pole-to-tropics temperature
and pressure gradients (Sarnthein, 1978; Lancaster et al., 2002). The second-phase of the
model suggests that strong westerly winds at the end of the Pleistocene and start of the
Holocene, picked up sediment from the western flank of the draas and deposited it on the
eastern flanks (with OSL ages from the eastern flank dated by Bubenzer et al. (2007)
spanning 10.4-8.8 ka).

In general, the Namib Sand Sea is now digitally recorded by Livingstone et al. (2010).
The digital atlas draws attention to the new chronological data available, which although
limited in coverage, represents some significant developments (Stone, 2013):

1) Cosmogenic nuclide burial dating of surface samples (Vermeeschet al., 2010)
suggest a residence time of at least 1 million years, which accords with previous
estimates of sand sea age based on sand volume, and influx, of ~2-3 Ma.

2) OSL dating of sediment burial indicates Pleistocene deposition in MIS 5 (11045
ka) for one site in the north of the sand sea (Stone et al., 2010) and ages of 18—
22.5 ka for two drill holes in the southern part of the sand sea (Bubenzer et al.,
2007).

3) OSL data also reveal Holocene activity in the southern sand sea (at 10-8.5 ka)
(Bubenzer et al., 2007) and northern extreme, with west—east migration and
extensive reworking of a complex linear dune over 6 ka (Bristow et al., 2007)
and active superimposed features on the southern tip of a linear dune from 1.4 ka
(Bristow et al., 2005).

4) The OSL chronologies are in broad accordance with earlier estimates based on
dune-patterning by Ewing et al. (2006).
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5) It is important to recognize that OSL ages will only record depositional events
that are preserved (and will miss events that have been reworked or removed)
(Stone, 2013).

3.3.2. Late Quaternary Environmental Change in the Namibian Part of the
Kalahari Desert

South of the Congo-Zambezi watershed the Kalahari Desert covers central parts of the
large inner-continental basin of southern Africa. The Kalahari climate is generally semi-arid
becoming sub-humid in the northern parts (northern Namibia, northern Botswana, Western
Zimbabwe). Ideas of climatic changes in Kalahari of southern Africa have occurred at least
since Schwarz (1920) concept of a Kalahari irrigation scheme, which was based on the
assumption of an aridification of the Kalahari since the beginning of the 19th century. Studies
concerning the paleoclimatic significance of Kalahari landforms especially the ‘'mekgacha’
(dry valleys), the pans and associated lunette as well as the linear dunes--have been
intensified since the study by Grove (1969). A short state-of-the-art is given in Thomas and
Shaw (1991) and Shaw and Thomas (1996). But until now only a small number of results of
geomorphic and (paleo-) environmental studies have been presented from the Namibian part
of the southwestern Kalahari (see, for instance, Leser, 1971; Heine, 1981: Lancaster, 1989b;
Eitel and Blumel, 1997; Blumel et al., 1998).

The Namibian Kalahari is situated in the transition zone to the hyper-arid Namib Desert
in the west and the semiarid Karoo in the south. The aridification of this area is relatively old:
First evidence derives from the Miocene layers of the Kalahari Group sediments (Blumel et
al., 1998). The Proto-Fish, Proto-Auob and Proto-Nossob River (Wellington, 1955)
transported widespread flashflood fan deposits from the Windhoek Highlands and from the
central Great Escarpment to the subsiding Nama basin (Eitel and Zoller, 1996) where they
covered a lower Tertiary planation surface (Blumel and Eitel, 1994). Due to the glaciation of
the Antarctic and the formation of the Benguela upwelling, the aridification led to ubiquitous
calcrete complexes containing high amounts of authigenic palygorskite (Watts, 1980; Eitel,
1995). The pedogenic synthesis of this fibrous clay mineral indicates former dry conditions
with ca. 150-300mm mean annual precipitation (Paquet and Millot, 1972) during the
calcretization. Since this 'Mega Kalahari phase' (Thomas, 1987), knowledge of
paleoenvironmental changes of the southwestern Kalahari (Namibia), documented in Pliocene
and Quaternary landforms, has remained highly speculative, Even the effects of Late
Pleistocene and Holocene climatic fluctuations are uncertain (Blumel et al., 1998).

Thomas et al. (1997) and Stokes et al. (1997) present a suite of OSL data for the
southwestern Kalahari Desert (Botswana and R.S.A.). Blumel et al. (1998) used the TL data
of linear dunes from the Keetmanshoop-Tses-Aroab triangle and to contribute to the
knowledge of Late Quaternary paleoenvironmental changes in the southwestern Kalahari
(Namibia). They thought that linear dunes in the southwestern Kalahari Desert provide
evidence of the nature of paleoclimates.

It is remarkable that all typical linear dunes in the Grootpan, Swartput se Pan and the
vicinity of Aroab in the Namibia Kalahari shifted during the early Holocene (TL ages:
9.5£1.8 ka at Grootpan; 8.8+1.2 ka north of Swartput se Pan; 8+0.6 ka and 17.5+8.1 ka east
of Gaukabpan) (Blumel et al., 1998). This points to a younger period of intensive dune
remobilization than in the regions further east (Stokes et al., 1997). The high coincidence of
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the TL ages of the linear dune complexes over a distance of about 150 km suggests that dune
activation in the southwestern Kalahari was not the result of local effects but due to
subcontinental climatic changes (Blumel et al., 1998). Taking into account that the vegetation
cover does not respond instantly to excess and deficits of rainfall, due to the annual and
perennial savanna grassland species, but reflects moisture availability over a number of
preceding years (Bullard et al., 1997), the modification of the environment was fundamental
in southeastern Namibia.

The early Holocene age of the linear dunes (Blumel et al., 1998) contrasts with the
hypothesis that many of the dunes were stabilized by vegetation prior to 33 ka (Lancaster,
1989). Radiocarbon data of calcretized dune sands at Soudpan (33.5+0.88 ka, Lancaster,
1989) may overestimate the age of the dune formation due to carbon exchange in the open
systems of the sandy sediments (Blumel et al., 1998). Lancaster (1989) suggested that the last
major phase of dune initiation and extension took place during the Late Pleistocene dry
period, which may have persisted from ca. 20 to 12 ka. However, a check of all available data
shows that "with the exception of the dunebase peat date of 19,680 + 100 at Tsoi, in the
Makgadikgadi, the only absolute dates available for dune forms at present are of Holocene
age" (Thomas and Shaw, 1991). This fact points to an early Holocene phase of dune activity.

Compared with the aeolian archives of Blumel et al. (1998), a fluvial phase of the
Molopo River ended about 14 ka (Heine, 1982), which correlates with features of a great
number of pans in the central Kalahari indicating moist conditions after the Late Glacial
Maximum (17-12ka, Thomas and Shaw, 1991; Shaw and Thomas, 1996). In the southern
Botswana and the R.S.A. a major period of linear dune activity occurred at 17-10 ka (Stokes
et al., 1997). An aridification around 12 ka is documented at Kathu Pan by decreased runoff
and reduced organic deposition and at Wonderwerk Cave (southeastern Kalahari) by the shifts
in species composition of micromammals (Beaumont et al., 1984). Both sites show signs of
subsequent moister conditions between 8 and 5 ka (=postglacial global climatic optimum).
The suggested arid period in the southeastern Namibia between 4.5 and 3.5 ka (Heine, 1982)
may have been regional only because several indications from ancient lake levels
(compilation in Thomas and Shaw, 1991) point to more humidity in the northern and central
Kalahari (Blumel et al., 1998).

It is obvious that the linear dunes in the southwestern Kalahari are younger than the main
stages of pan development. The pan activity has been reduced at least since the early
Holocene. Shifting sands filled up several smaller pans or buried large parts of them (Blumel
et al., 1998). As shown by the young dunes in Pan 1073 (TL ages: 1.1_+0.1 and 0.1_+0.01 Kka,
Blumel et al., 1998) this process may have continued in short dry phases during the Holocene.
This youngest aeolian activity seems to correspond with data from other parts of the southern
Kalahari (R.S.A. and Botswana) published by Thomas et al. (1997). Unfortunately, until now
it cannot be decided if the aridity was interrupted by more humid phases (Blumel et al.,
1998).

3.4. Holocene Environmental Change and Desertification in the
Northern Namibia

The Holocene environmental change in northern Namibia can be deduced from evidences
from soils and sediments in the Otjiwarongo thornbush savanna. In this region degradation
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and desertification (man-made aridification) of drylands are developed during the Holocene
(Eitel et al., 2002). Vertisol-Kastanozem—Calcisol soil associations occur widely (as patches
of several hundred hectares in extent). They have formed in fine-grained Mid-Holocene
sediments which accumulated on both sides of the subcontinental watershed (Eitel et al.,
2002). Kastanozem formation cannot be explained by the environments that exist at present.
The humification suggests open savanna environments in the past and does not accord with
the shrublands and thornbush savanna at present. Using AMS 14C and OSL data (Eitel et al.,
2002), it is possible to distinguish two periods of soil degradation during the recent past.
Initially, most of the Kastanozems and Vertisols were buried by slope wash sediments to a
depth of several decimetres. This process started in the mid-19th century at the latest. In a
second phase, the soils were affected by rill and gully erosion, indicating increased runoff.
This occurred during the last decades of the 19th and the first decades of the 20th century,
probably as a result of intensified cattle farming. In contrast to other parts of Namibia, the
prominent river channels of the Otjiwarongo region, most of them up to 20 m wide and 3-4 m
deep, are a result of recent erosion (Eitel et al., 2002).

In the Otjiwarongo region, the fine-grained Mid-Holocene sediments and related soils
rich in organic matter are an important natural resource. Work from Eitel et al. (2002) shows
that the dark surface soil horizons of Vertisols, Kastanozems and Calcisols were formed
under open grasslands in shallow valleys which existed until the 19th century. At present,
most of the soils are affected by erosion. Pedological and geomorphic investigations
distinguish separate degradational stages in space and time caused by different periods of
human impact. Landscape degradation seems to have started in pre-colonial times (Bantu
immigration?) most likely as a consequence of cattle farming, and was increased by farming
since the end of the 19th century by European settlers. In contrast to former ideas that the
incised river channels are a natural feature of the Otjiwarongo region, there is pedological and
geomorphic evidence that they result from these recent changes in settlement and land use
patterns. The fertile soils on Mid-Holocene sediments, especially the Kastanozems and the
Calcisols with thick Ah horizons, are water retentive and therefore provide good grazing for
cattle and game. With erosion and river channel formation, drainage is intensified and
subsequent aridification of the farmland sets in, which is probably documented by reduced
growth of trees since the end of the 19th century (Huss, 1944). Therefore, aridification is not
only a result of grazing-induced vegetation types (Skarpe, 1986), but is also caused by
increased runoff, as suggested by Walter (1940). River channel formation and soil loss is not
reversible. In areas which have not been greatly affected by erosion, removal of acacia bushes
and trees can assist the re-establishment of natural grassland, which would stabilize the soil
surface. However, this is costly as it is heavy labour and it would require a reduction of cattle
stocks for several years at least. Degradation of vegetation and soils, and river channel
formation, seem to be the main causes of farmland aridification.

A resource-related issue is the problem of modern desertification in Namibia. In southern
Africa, the drylands of two countries are most affected by this process (UNEP, 1992), one is
the Namibia and the other is the Republic of South Africa.

Since the beginning of the 20th century, white settlers have recorded increasing
aridification in Namibia. This seems to reflect grazing-induced vegetation types, which
frequently indicate drier conditions than those recorded by meteorologists (Acocks, 1975;
Skarpe, 1986). The evidence for climatic or anthropogenic causes of landscape degradation is
based on detailed sedimentological, palynological, pedological, geomorphological and
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ecological studies (e.g., Vogel, 1983; Sugden and Meadows, 1989; Sugden, 1989).
Environmental studies in the Karroo show that in the Late Holocene the first degradation of
the natural vegetation was initiated in pre-colonial times by hunting and gathering Khoi San
and Khoi Khoi herders (Meadows et al., 1994). Signs of recent environmental change exist in
Namibia as well (e.g., Walter, 1954; Seely and Jacobson, 1994; Maurer, 1995; Sander et al.,
1998). There does not appear to have been a significant change in precipitation over the
period of rainfall record since the 19th century. Walter (1940, 1954) suggested that landscape
aridification in Namibia is primarily an anthropogenic effect on savanna ecosystems induced
by intensified cattle farming. The environmental change is characterized by the
transformation of open savanna grasslands to shrublands (Kempf, 1994) caused by heavy
stocking with cattle or increasing human population pressure (Sander et al., 1998) and
concomitant accelerated erosion (Brunotte and Sander, 2000).

CONCLUSION

This paper focuses on the late Quaternary environmental change in the Namibia in
southern Africa. The Namibia is located at the interface of tropical, subtropical and temperate
atmospheric and oceanic systems. The relationship between geomorphology and climate in
Namibia reveals the degree and extent to which its landscapes are determined by changing
environmental conditions, especially during the Late Quaternary. In the central part of the
Namibia, OSL chronologies from two complex linear dune features close to Gobabeb suggest
the current dunes are young (Holocene age), with important messages about the dynamics of
the system and migration rates, whilst OSL ages from dunes in the southern part of the Sand
Sea suggests older material of up to 24 ka at 5 m depth. Linear dunes in the southwestern
Kalahari Desert provide evidence of the nature of paleoclimates. These dunes have special
significance because their alignments indicate a previous circulation pattern with prevailing
northwesterly winds. In contrast to previous suggestions final dune stabilization took place
before about 9-8 ka. This corresponds to reduced wind velocities accompanied by more
humid conditions. This seems to be the last important environmental change recorded by
significant landforms in the southwestern Kalahari. Since about 8 ka the region remained
more or less semi-arid: The long distance to seasonal south-shifting humid tropic air masses
(Innertropical Convergence Zone, ITCZ) and the climatic barrier of the Namib and the Karas
Mountains against Atlantic influences allowed only minor fluctuations. The Holocene is a
period of reduced pan development. Collins et al. (2014) present a record of leaf-wax 8D and
813C taken from a marine sediment core at 23°S off the coast of Namibia to reconstruct the
hydrology and C3 versus C4 vegetation of southwestern Africa over the last 140,000 years
(140ka). They found lower leaf-wax 8D and higher 813C (more C4 grasses), which they
interpreted to indicate wetter Southern Hemisphere (SH) summer conditions and increased
seasonality, during SH insolation maxima relative to minima and during the last glacial period
relative to the Holocene and the last interglacial period. Nonetheless, the dominance of C4
grasses throughout the record indicates that the wet season remained brief and that this region
has remained semi-arid. This research data suggest that past precipitation increases were
derived from the tropics rather than from the winter westerlies. Comparison with a record
from the Congo Basin indicates that hydroclimate in southwestern Africa has evolved in
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antiphase with that of central Africa over the last 140 ka. The Holocene environmental
change in northern Namibia can be deduced from evidences from soils and sediments in the
Otjiwarongo thornbush savanna. In this region degradation and desertification (man-made
aridification) of drylands are developed during the Holocene. Vertisol-Kastanozem-Calcisol
soil associations occur widely. They have formed in fine-grained Mid-Holocene sediments
which accumulated on both sides of the subcontinental watershed. The humification suggests
open savanna environments in the past and does not accord with the shrublands and thornbush
savanna at present.
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FLUORSPAR DEPOSITS AT OKORUSU,
NORTH-CENTRAL NAMIBIA:
ECONOMIC IMPORTANCE, HISTORY
OF MINING AND GEOLOGY
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ABSTRACT

The fluorspar mine at Okorusu, Namibia operated principally from 1988 to 2014 and
was a very significant producer of fluorspar used in the chemical industry. It also
produced at times several by-products including ground fenite for local road material and
magnetite for the cement industry. Together with South Africa the two countries
produced as much as 300,000 tons of fluorspar concentrate per year that amounted to
20% of the western world’s fluorspar consumption. During 2015 the Okorusu mine has
been under care and maintenance.

Okorusu is a carbonatite-related fluorspar mine. Carbonatite is a calcite-rich rock
originated in a volcano and derived from the earth’s upper mantle. Fluorine-rich fluids
developed late in the history of the volcano and fluorine in those fluids combined with
calcium in the carbonatites and country-rock marbles to form the fluorspar orebodies.
Similar carbonate-related fluorspar ore deposits occur at Amba Dongar in west-central
India and at Mato Preto in southern Brazil. Fluorspar deposits at the Kenya Fluorspar
mine at Kimwarer in western Kenya and at Hicks Dome in southern Illinois have the
geochemical characteristics of carbonatite-related fluorspar deposits.

Several separate orebodies have been mined at Okorusu. The main orebodies were
A, B, and D. Mining began at the A deposit. Subsequently both A and B orebodies were
mined together. Most recently, significant mining of the D and E orebodies occurred

* E-mail address: rhagni@mst.edu.
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along with continued mining at the B orebody and with minor additional mining at the A
orebody. The A and D orebodies owe their genesis mainly to the replacement of
carbonatite. The B and C deposits were formed partly by carbonatite replacement and
partly by replacement of host rock marble. The carbonatite-replacement fluorspar ores are
characterized by elevated deleterious phosphorus contents, elevated amounts of trace rare
earth elements, goethite pseudomorphs of magnetite, pyroxene, and pyrrhotite crystals,
and by the local presence of replacement remnants of those carbonatite rocks.
Carbonatite-replacement fluorspar orebodies transition into unreplaced carbonatite at
their margins. Marble-replacement ores are characterized by elevated amounts of silica,
banded textures, and gradation into unreplaced marbles at their margins.

The recognition that much of the fluorspar ore at Okorusu had formed as a
replacement of carbonatite provided an exploration tool for use in the search for
additional fluorspar orebodies. Because the carbonatites at Okorusu contain significant
quantities of magnetite they have strong magnetic properties and magnetic anomalies are
characteristic of orebodies replacing carbonatite because they contain significant amounts
of unreplaced magnetite. Unfortunately, magnetic anomalies also occur for carbonatites
that have not been reached by the fluorspar-depositing fluids and especially for syenites
in the intrusive complex.

The temperatures of deposition and salinity of the fluorspar-depositing fluids can be
measured using small microscopic fluid inclusions within the fluorite. Fluid inclusion
analysis of Okorusu fluorite shows that the main purple and green fluorites crystalized at
temperatures mostly from 166 to 144°C, and that later yellow fluorite was deposited from
132 to 128°C. The salinity ranged 5-1.5 wt percent NaCl equivalent. The salinity is
significantly lower than for Mississippi Valley-type fluorspar ores elsewhere and the
temperatures are mostly lower than for epithermal ore fluids.

The Okorusu fluorite mine was the world’s largest carbonatite-related fluorspar mine
for many years. It serves today as the best example of the characteristics of carbonatite-
related fluorspar ores against which fluorspar ore deposits elsewhere in the world can be
compared and evaluated for their possible genetic connection to carbonatite intrusions.

INTRODUCTION

The Okorusu Alkaline Igneous Carbonatite Complex is a vertical igneous intrusion
derived from the upper mantle. It is circular in plan view, and about 8 km in diameter (Van
Zijl, 1962). It was intruded during early Cretaceous time (125 Ma) (Milner et al., 1995) into
late Precambrian Damara Series regional metasediments. In the vicinity of the complex and
especially along its southern margin the Precambrian rocks have been highly metasomatized
to green, dense, fine-grained, aegirine-rich sodic fenites. Fenitization resulted from early
sodic and potassic fluids introduced into the complex prior to the intrusion of carbonatites and
alkaline silicate magmas. The resultant fenites were brecciated prior to the introduction of the
carbonatites producing large fenite blocks cemented by carbonatites. Introduced silicate
igneous rocks at Okorusu include nepheline syenite, foyaite, tinguaite, and monzonite.

The fluorspar mine at Okorusu, Namibia is located approximately half way between the
capital city of Windhoek and the famous mining town of Tsumeb to the north (Figure 1). It is
about 20 miles west of highway B1 that links Windhoek with Tsumeb. The initial open pit
mine (A pit) was located about 2/3 of the way to the summit of Okorusu Mountain (Figures 2
and 3). Okorusu Mountain is about 48 km north of Otjiwaromgo, or 30 km north of the small
town of Okahandja, and it is 1,484 meters high. The second open pit (B pit) was placed at the
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summit (Figure 4). Seven additional fluorspar deposits were either mined by open pits mines
or subjected to exploratory drilling and they were located on Okorusu Mountain and
elsewhere in the Okorusu Alkaline Igneous-Carbonatite Complex.

PRODUCTION HISTORY

Although minor mining at Okorusu occurred after fluorspar was first discovered there in
the early German colonial era, the most significant mining at Okorusu occurred from 1988
through 2014. Financial funding for Okorusu Ltd. initially came from the Iron and Steel
Corporation (ISCOR) of the Republic of South Africa, but the company has been under
contract with Solvay International Corporation of Brussels, Belgium since 1997. Okorusu
reached its greatest productivity under Solvay funding (Figure 5). Okorusu was the world’s
third largest producer of acid grade fluorspar. For a long time, Okorusu supplied 50% of
Solvay’s fluorspar needs. Okorusu, together with the Witkop fluorspar mine of South Africa,
supplied about 20% of the western world’s fluorspar in 2005 (Lanham, 2005). Finally, for
mineral collectors, Okorusu is said by many to be the world’s top fluorspar mine for top
quality fluorspar mineral specimens. As a result of low commodity prices, lower grades from
some open pits, and greater distance of transportation from other deposits, Okorusu was
placed on care and maintenance in Octobrt, 2014.

Tsumeb
]
R
Okorusu Mine

Atlantic Ocean v o

Botswana

Namibia

South Africa

100 km

Figure 1. Index map showing location of Okorusu mine.
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-

Figure 2. View of Okorusu Mountain and A open pit mine taken from access road to east of Okorusu
mine.

Figure 3. View from an airplane of A open pit in 2008.

r

Figure 4. View from an airplane of B open pit at the summit of Okorusu Mountain.
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FLUORSPAR PRODUCTION 1993-2008
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Figure 5. Production graph for Mato Preto, Okorusu, and Amba Dongar carbonatite-related fluorspar
mines, 1993-2008, in tons concentrate.

Among carbonatite-related fluorspar (CaF2) deposits, Okorusu has been the world largest
producer. Although a fluorspar deposit at Mato Preto in southern Brazil formerly produced as
much as 90,000 tons of fluorspar concentrate per year (Figure 5), that open pit mine was
closed in 1999, and the mine area was subsequently converted into a park. A carbonatite-
related fluorspar deposit at Amba Dongar in west-central India had been mined as early as
1993 (Hagni and Viladkar, 2004). That mine was shut down for a period of time after 1999
because the national government was concerned with deforestation in the general region
around Amba Dongar (Figure 5). After the company planted a large number of trees to
replace those previously cut down, mining was allowed to resume. Fluorspar concentrate
production at Amba Dongar has always been rather small and usually amounted to about
20,000 tons fluorspar concentrate per year, but it has been closed since 2011 (Table 1).

Two fluorspar deposits that have not previously been considered to be of carbonatite
origin have been interpreted by the present writer (Hagni, 2015) to exhibit mineralogical and
geochemical characteristics of an origin connected them to carbonatites. The first deposit is
the Kenya fluorspar mine at Kimwarer in western Kenya. Although carbonate is not exposed
nearby, both REE and phosphorus are elevated in those fluorspar ores and the deposit is
located in one of the segments of the East Africa Rift. The second is the deep fluorspar
deposit at Hicks Dome in the Southern Illinois-Kentucky Fluorspar District. That deposit is
characterized by abundant apatite, appreciable REE, and nearby carbonatite intrusions.
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Table 1. Recent Fluorspar Production from Carbonatite-related Fluorspar Mines
in Tons Concentrate

Year Okorusu, Namibia ~ Amba Dongar, India Mato Preto, Brazil

2009 74,000 ~8,000 0
2010 95,000 ~8,000 0
2011 100,000 ~8,000 0
2012 80,000 0 0
2013 50,000 0 0
2014 32,000 0 0
2015 0 0 0

An advance in metallurgical treatment has had an important effect upon the history of
production at Okorusu and is an interesting story (Mark Dawe, personal comm., 2004). Mark
Dawe, former mine manager at Okorusu and earlier the chief metallurgist, had been working
diligently for an extended period of time trying to improve the flotation results through the
elimination of additional amounts of apatite so that the final fluorspar concentrates would
have diminished amounts of phosphorus. Although he had achieved excellent results in
laboratory experimentation, those results were not replicated in actual mill practice. One day
his former professor and mentor from the university visited the mine and mill. When they
were resting and drinking a cup of coffee between mill visits, he noted that the cream floated
to the top of his cup of coffee. He asked about the origin of the water that was used to make
the coffee, and when he found out that the water was derived from a nearby water well, he
speculated that the presence or absence of CO- in the source water was the explanation for the
contrast between laboratory and mill flotation results. He then asked for a cup of coffee to be
made using mill water, and the cream did not float in that cup of coffee due to lower CO;
content of the mill water as contrasted to water from the well. This correct speculation by a
university professor interestingly led subsequently to the employment in the mill of an
especially large CO, generator obtained from Coca Cola Company. Later CO, was produced
chemically in the mill process. The solution of that metallurgical problem has contributed
significantly to subsequent fluorspar concentrate production at the Okorusu flotation mill.

Fluorspar production at Okorusu peaked at 132,000 tons concentrate in 2006; production
ranged between 80,000 and 100,000 tons concentrate during subsequent years depending
upon the vitality of the general economy. Production diminished at Okorusu to below 80,000
ton in 2009 with worldwide recession, but by 2011 production was back to about 100,000
tons of fluorspar concentrate (Table 1). Production declined in from 2011 to 2014, and the
mine was subsequently closed (Table 1).

Okorusu fluorspar concentrates were shipped abroad by ocean vessel from the shipping
port at Walvis Bay, Namibia to Solvay’s chemical plants especially in Hanover, Germany and
also in Rosignano, Italy. The fluorite concentrate is used to make hydrofluoric acid that is
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used in the manufacture of refrigerants, plastics, chemicals, and pharmaceuticals (Business
Excellence Magazine online, 2009).

By-PrRoODUCTS FROM OKORUSU

Although the main product from Okorusu has been fluorspar concentrates, other products
have resulted from the mining of fluorspar at Okorusu from time to time. The deposition of
fluorite by replacement of various rocks commonly was volume for volume resulting in
massive fluorite ores mostly without vugs. Locally, however, the replacement clearly was not
volume for volume, and there the fluorite ores are characterized by significant numbers of
vugs. Where the ores are vuggy, the vugs commonly are lined by coarse-grained, vug-filling
fluorite crystals. Such crystals typically are well-formed cubes and rarely do they have
octahedral modifications. Purple cubes are the most common (Figure 6).

Figure 7. Hand specimen of vug-filling euhedral cubes of green fluorite. Goethite was subsequently
deposited on top of the green fluorite crystals. A band, B open pit, Okorusu Mine.
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Slightly later green cubes are less common (Figure 7) and they may be deposited on top
of purple fluorite (Figure 8). Yellow cubes are least common (Figure 9), restricted to the
topographically high B open pit, and clearly deposited after purple fluorite (Figure 10, 11).
Okorusu vug-filling fluorite crystals have been routinely collected by mineral collectors who
have contracts with the mining company, and those crystals are sold at premium prices in the
mineral dealer's market.

Figure 8. Hand specimen of green fluorite (medium gray, coarsely crystalline) deposited on top of
purple fluorite (medium gray, fine grained). Purple fluorite had earlier been deposited upon potash
feldspar (light gray). A band, B open pit, Okorusu Mine.

Figure 9. Hand specimen of vug-filling euhedral cubes of late yellow fluorite crystals. B open pit,
Okorusu Mine.
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Figure 10. Hand specimen of vug-filling yellow fluorite (top crystal coating) deposited on massive
purple replacement fluorite (main portion of hand specimen). 1710 level, B open pit, Okorusu Mine.

Figure 11. Massive purple replacement fluorite (dark gray) with subsequent;y deposited vug-lining
yellow fluorite (light gray) coated by late calcite (white). 1695 level, B open pit, Okorusu Mine.

The bodies of carbonatite and fluorspar are surrounded by abundant brecciated fenite
(Figure 12). Fenite is a hard dense rock suitable for use as road material. For several years,
Okorusu fenite was crushed at the mine for use as road material on nearby highway B1 as that
road was undergoing significant repairs.

Magnetite is a common mineral in Okorusu carbonatites and it is especially abundant in
the outer rims of the fluorspar orebodies where the fluorspar orebodies have replaced
magnetite-bearing carbonatite (Figures 13, 14). The magnetite is separated from fluorspar
using magnetic separation during the early stages of the milling process. Okorusu magnetite
was first utilized in 2010 at a new cement plant in Ohorongo near Otavi about 30 miles north
of Okorusu to contribute needed iron to the concrete mix clinker (staff reporter, 2010). The
iron combines with calcium and aluminum to form calcium aluminoferrite [Caz(Al,Fe)20s] in
the cement.
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Figure 12. Fenite (upper left corner of photograph) brecciated and cemented by carbonatite (white). A
band, B open pit, Okorusu Mine.

Figure 13. Magnetite (black) rim around top of carbonatite-replacement fluorite ore (light gray, beneath
geologic pick) with massive fine-grained fenite (medium gray) above magnetite rim. A open pit,
Okorusu Mine.
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Although rare earth elements (REE) have never been recovered from OKorusu,
carbonatites are typically enriched in REE (Hagni, in press-D). It is interesting to note that
sufficient concentrations of REE elements occur locally in the Okorusu carbonatites to have
encouraged exploration for those elements. Beginning in late 2010, Okorusu Fluorspar Ltd.
conducted exploration for rare earth mineralization in Okorusu carbonatites (Weidlich, 2010).
The rare earth element mineral, synchysite [Ca(Ce,La,Y,Nd,Gd)(CO3)-F] (Figure 15), was
identified in the Okorusu fluorspar ores (Kogut and Hagni, 1998). Synchysite has been
concentrated locally in Okorusu carbonatites by early hydrothermal fluids prior to the
introduction of the fluorspar-depositing fluids (Hagni, in press-B). The mineralogical
character of the early event is discussed in a section of toward the end of this chapter.

Figure 14. Close-up view of euhedral magnetite crystals (black, center of photograph) deposited on
euhedral diopside pyroxene prismatic crystals, both deposited formerly at the edge of a carbonatite
body that has been subsequently replaced by fluorspar ore (beneath geologic pick). Massive fine-
grained fenite occurs at the top of the image, and it was intruded by the carbonatite. A open pit,
Okorusu mine.

Figure 15 Scanning electron microscope image showing synchysite (white) and apatite (light gray,
prismatic) crystals enclosed in quartz (black), in turn, enclosed in fluorite (medium gray).
Magnification about 500X.
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Figure 16. Hand specimen showing abundant apatite (white, beneath pen) as radial acicular crystals in
fluorite (medium gray) ore. Apatite crystallized as a component of carbonatite and remained in the
fluorspar as an insoluble constituent upon replacement by fluorspar ore. A open pit, Okorusu mine.

Experimental beneficiation satisfactorily produced phosphate concentrate from Okorusu
mine tailings in 2013 (lsaacs, 2013). The phosphate concentrate could be conveniently
utilized in Namibia as fertilizer for crops and used as livestock feed. The Okorusu Company
has evaluated the economic viability of producing phosphate concentrate from the mine
tailings. Apatite was a mineral component of the carbonatites and it remained as an insoluble
component when the carbonatites were replaced by the fluorspar ores (Figure 16).

EARLY GEOLOGICAL MAPPING AT OKORUSU

Early mapping of the geology of the Okorusu Alkaline Igneous-Carbonatite Complex
was conducted by Van Zijl (1862) in connection with his Ph.D. dissertation at Stellenbosch
University in South Africa. His map is the fundamental map of the complex and it has
subsequently been published in color by the Namibian Geologic Survey. Van Zijl discovered
more than 100 fluorspar bodies of various sizes and fluorspar grades in the Okorusu complex
during his mapping, and most of the fluorspar orebodies mined or drilled had been located by
Van ZjjI’s study. He also outlined areas of fenitization, hydrothermal alteration, carbonatites,
magnetite ores, and silicate rocks. The southern rim of the Okorusu complex from Van Zijl’s
map has been simplified by the present writer and presented as a sketch map in Figure 17.
The sketch map shows the distributions of carbonatite, fenite, hydrothermal alteration, some
of the fluorspar orebodies, and a portion of the boundary of the complex.

Although Prins (1981) did not conduct mapping, he provided early geochemical
information on the rocks and ores at Okorusu as part of a dissertation also conducted at
Stellenbosch University.
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Figure 17. Sketch map of the southern rim portion of Van Zijl’s Okorusu complex map showing the
distributions of carbonatite (dark gray, center and right side of map), fenite (dark gray, center and right
side of map), hydrothermal alteration (light gray), some of the fluorspar orebodies (black), and a
portion of the boundary of the complex (black, upper left and right corners of map).

Figure 18. Early exposure in the A pit mine at Okorusu that appears to show fluorspar ore (dark gray,
bottom half of photograph) deposited from ore fluids ponding beneath a magnetite dike (light gray,
upper portion of photograph). Subsequent mine exposures indicated that magnetite occurred as rims
around fluorspar orebodies. A open pit, Okorusu mine.
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Figure 19. Pyroxene carbonatite (Px Carb) intruded by later pegmatitic carbonatite (Peg Carb). B open
pit, Okorusu mine.

Early exposures of fluorspar ores at the A pit gave the impression that the fluorspar ore
fluids were ponded beneath what appeared to be magnetite dikes at that time (Schneider,
1991) (Figure 18). Subsequent exposures in the A pit showed that the magnetite instead
formed rims around the fluorspar orebodies (Kogut, 1991; Hagni and Kogut, 1997; Kogut et
al., 1997. 1998) (Figures 13, 14), and resulted from the replacement of carbonatite bodies that
had primary rims of magnetite (Hagni, 2001; Hagni and Shivdasan, 2001; Shivdasan, 2003,
Shivdasan and Hagni, 2004).

GEOLOGY OF OKORUSU ALKALINE
IGNEOUS-CARBONATITE COMPLEX

The Okorusu Alkaline Igneous-Carbonatite Complex is nearly circular in plan view, pipe-
shaped in vertical section, and about 8 km horizontally across. The complex is late Cretaceous
in age (125 +-7 Ma) (Milner et al., 1995), and it intrudes early Precambrian Damara hostrocks
that are comprised of regionally metamorphosed quartzites, marbles, and schists. Alkali
(sodium and potassium)-rich fluids that streamed up the pipe at an early time produced
extensive fenitization of the country rocks in the vicinity of the complex, especially along its
southern border. Fenite has been defined by Le Bas (2008), and at Okorusu fenite is a green,
dense, fine-grained rock that formed through metasomatism (hydrothermal alteration) of the
country rocks (biotite schists, etc.). Several periods of fenitization may well have occurred.

Five generations of carbonatites were recognized to have been derived from the upper
mantle and emplaced explosively where they cemented fenite megabreccias (Shivdasan and
Hagni, 2005; Shivdasan-Gebhardt and Hagni, 2008). Two types of carbonatite are most
common, and both are composed dominantly of calcite (CaCOs3) with only small amounts of
dolomite [CaMg(COs).]. The earliest carbonatite to be intruded has been termed a pyroxene
carbonatite because of its abundant iron-rich diopside [CaMg(SiOs).] (formerly called salite
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and ferrosalite pyrroxene)[electron microprobe composition: (Cao.gs, Nao.os, Ko.0002)(Mgo.ss,
Feo40) (Sirzos, Aloos) Os). The composition of the pyroxene in the carbonatites differs
significantly from that of the aegirine-augite pyroxene present in the fenites. A slightly later
carbonatite has been termed a pegmatitic carbonatite (Figure 19) because of its very large
crystals that are locally as long as one meter (the use of the term pegmatite refers to crystal
size and does not have a genetic implication). In addition to diopside, this carbonatite contains
large titaniferous magnetite crystals that contain an average of 8.44% titanium and 0.35%
V203 (Shivdasan-Gebhardt and Hagni, 2008). Figure 20 shows a drill core specimen of
pegmatitic carbonatite that contains abundant magnetite (FesOs)(black, Mt), diopside
pyroxene (green, Px), and apatite (gray, Ap) in a matrix of calcite (white, Cal). Both
carbonatites locally contain abundant platy pyrrhotite (FeS) crystals. Pyrrhotite crystals can
be as large as one meter. Apatite [CasF(PO.)s] is a relatively abundant and characteristic
mineral of the two carbonatites. It contains an average of 4.2% fluorine (Shivdasan-Gebhardt
and Hagni, 2008).

Figure 20. Pegmatitic carbonatite containing abundant magnetite (Mt), diopside pyroxene (Px), and
apatite (Ap) in a matrix of calcite (Cal). Drill core, B open pit, Okorusu.

Figure 21. Fluorite (dark gray, veins) veining carbonatite calcite (light gray). Cathodoluminescence
microscopic micrograph. 60X.
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The temperature of crystallization of the pyroxene carbonatite ranged about 536-475°C.
Based upon electron microprobe analyses of the iron and titanium contents of the titaniferous
magnetite was about 475°C (Kogut, Hagni, Schneider, 2001). Electron microprobe analyses
of coexisting apatite and magnesian biotite in the pyroxene carbonatite gave a maximum
temperature of 536°C (Shivdasan, 2003; Shivdasan and Hagni, 2004).

The carbonatites, as well as fluorspar ores, are very advantageously studied by
cathodoluminescence microscopy (CLM)(Hagni, 2006). Calcite, dolomite, apatite, and
fluorite exhibit strong cathodoluminescence (CL) that allows even the smallest grains to be
detected and studied. Calcite exhibits yellow CL (Figures 21, 22), dolomite shows orange CL
(Figure 22), apatite exhibits a variety of yellow, pink, and purple CL (Figure 22), and fluorite
shows strong blue to purple CL (Figure 21). The interior zoning and twinning characteristics
of those minerals also are prominently displayed (Figures 23, 24) by CLM. In the
microscopic study of mill products from Okorusu, the utilization of CLM provides an
excellent means to study the character of apatite grains (Figure 25) that form a deleterious
constituent in the fluorspar concentrates (Kogut and Hagni, 1995; Hagni and Kogut, 1997).

Figure 22. Abundant apatite (dark gray) together with calcite (white) and dolomite (medium gray) in
pegmatitic carbonatite. Cathodoluminescence microscopic micrograph. 60X.

Figure 23. Internal zoning in fluorite crystal revealed by cathodoluminescence microscopy. All shades
of gray are fluorite. 60X.
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Figure 24. Cyclic twinning revealed by cathodoluminescence microscopy. All shades of gray are
fluorite. 60X.

Figure 25. Apatite crystal (light gray and white) retained in fluorite (medium and dark gray) after
fluorspar ore had replaced carbonatite. Cathodoluminescence microscopic micrograph. 60X.

Nepheline syenites and foyaite are the most common silicate rocks in the complex,
together with smaller amounts of monzonite, nephelinite, and others. Syenite and foyaite form
prominent hills in the northern portion of the complex (Figure 26). Their high magnetite
content gives those rocks the highest magnetic anomalies in the complex.

Intrusive dikes occur throughout the complex, and they are most commonly tinguaites,
but some are syenite, foyaite, and bostonite. Tinguaite dikes were intruded after carbonatite
emplacement and they traverse the fenites (Figure 27) and carbonatites.
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Figure 26. Hills composed of nepheline syenite at Brandenburg Farm in the northern portion of the
Okorusu complex.

Figure 27. Tinguaite dike (dark gray) traversing fenite (medium to light gray) in a mine heading at the
B open pit, Okorusu mine.

FLUORSPAR OREBODIES

Fluorspar-depositing fluids replaced easily dissolved calcite in the carbonatite intrusions,
and left relatively insoluble titaniferous magnetite at the margins of those intrusions (Figures
13, 14). These fluids converted iron-rich diopside pyroxene (Shivdasan-Gebhardt and Hagni,
2008) and pyrrhotite crystals within the carbonatite intrusions into goethite pseudomorphs
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(Hagni, 2007). Apatite crystals in the carbonatites also are partially replaced by the fluorspar-
depositing fluids. Cathodoluminescence microscopy provides an especially useful tool to
study the mineralogy of the carbonatites, fluorspar ores, and fluorspar mill products (Hagni
and Shivdavsan, 2001; Hagni, 2006). Partially replaced apatite crystals form binary locked
particles (apatite crystals partly intergrown with fluorite) in the fluorspar concentrates and
they produce an important metallurgical problem for carbonate-related fluorspar concentrates
(Figure 28). Phosphorus is a detrimental constituent in steelmaking and carbonatite-related
fluorspar concentrates therefore usually cannot be used as a steelmaking flux. At Okorusu the
carbonatite-replacement fluorspar ores average 2.5% P,0s, and flotation reduces that content
in the final concentrates to 0.3-0.5% P20s.

Figure 28. Apatite crystals (white, center of micrograph) partly replaced by fluorite (light to dark blue)
in carbonatite-replacement fluorspar ore. During milling this intergrowth produces binary locked
apatite-fluorite particles that carry deleterious phosphorus into the fluorspar comcentrates. Note zoning
(dark and light gray bands) of central fluorite crystal. Cathodoluminescence microscopic micrograph.
60X.

Figure 29. Fluorspar ore (center of mine face, horizontal banding) replacing marble to the right of the
fluorspar orebody. A band, B open pit, Okorusu mine.
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Figure 30. Hand specimen showing fine-grained fluorspar (FI, medium gray) ore formed as a result of
fluorspar replacement of fine-grained marble (Mb, light gray). A band, B open pit, Okorusu mine.

Where the fluorspar-depositing fluids locally encountered Precambrian Damara marbles
they produced fine-grained marble-replacement fluorspar ores (Hagni, 2011), and this is
especially the case for the A band fluorspar ore of the B open pit at Okorusu (Figure 29).
Those ores are not only characterized by a finer grain size (Figure 30) than the carbonatite-
replacement fluorspar ores, they also are characterized by negligible phosphorus contents. It
has been calculated that 84% of the fluorspar ores at Okorusu have formed by the
replacement of carbonatite, 15% by the replacement of marble, and 1% by the veining and
replacement of fenite breccias (Hagni, 2011).

Multiple separate fluorspar orebodies have been mined at the Okorusu mine property.
The average grade of those ores is about 35% fluorspar, but the grade varies between
orebodies and averages as high as 60% for some orebodies (Lanham, 2005). The grade also
varies significantly within each orebody. The ore grades at the A and B pits ran 50-60%
fluorite. The A orebody was the first one mined at Okorusu, and for many years it was the
only orebody mined. It is located about two-thirds of the distance up the east side of Okorusu
Mountain. It was characterized by especially high grade fluorspar ore, but also typically
contained significant amounts of apatite. The A orebody is tabular in shape, about 300 meters
long (east-west), 50 meters wide, and it dips 40 to 60 degrees to the north.

The B orebody is situated at the summit of Okorusu Mountain, and it consists of two
separate bands that were joined together by three cross bands during early mining of the B
open pit (Figure 31). The runs strike in a northwest direction. The band (B band) on the
northeast side is located higher up the mountain, has formed mainly by the replacement of
carbonatite, and therefore it contains elevated contents of apatite and phosphorus. The band
(A band) on the southwest side is lower on the mountain, has formed by the replacement of
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marble, had a little higher grade than B band, and is lower in apatite but higher in quartz and
therefore silica content. The cross bands, like the B band, were formed by the replacement of
carbonatite as indicated by the presence of carbonatite replacement remnants in the fluorspar
cross bands. As the mining progressed deeper those cross bands of fluorspar ore pinched and
disappeared.

Figure 31. Map of B pit orebodies prepared at a time when mining had reached the 1695 level (1695
meters above sea level) showing the distribution of fluorspar ore (light gray) in Damara fenitized
country rocks (dark gray). The narrow band on the right (A band) formed by replacement of marble and
the wide band on the left (B band) formed by replacement of carbonatite. Three cross bands of fluorspar
(light gray) between the A and B bands have formed by replacement of carbonatite and they locally
contained replacement remnants of carbonatite. A single tinguaite dike (dashed outline, white) traversed
the B band and fenite.

The C orebody is located west of the A pit, and it has been mined only to a limited extent
to date. It is polywag shaped with a tail that extends southward. Mining began in the tail that
had replaced marble. Subsequent mining reached the southern edge of the head of the
polywag where the fluorspar ore has replaced carbonatite. Drilling and ground magnetics
have outlined a carbonatite body at the north edge of the C deposit, and that body is
continuous from the carbonatite exposed in the B pit. Portions of the C ores had grades as
high as 70 to 90% fluorite. Figure 32 summarizes the distributions of carbonatite-
replacement, marble-replacement, and fenite-replacement fluorspar ores in the A, B, and C
orebodies.
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The D deposit is located north of the A pit and it has been intensively mined. Based upon
drilling, the D deposit consists of six or seven north-trending bodies of fluorite ore (Hagni, in
press-C). The D deposit appears to have formed entirely by the replacement of carbonatite.

Drilling has outlined two fluorspar orebodies, called the G deposits, located east of the A
deposit (Hagni, in press-C). One deposit, G main, has formed by the replacement of
carbonatite and it was mined for a short period of time. The other deposit, G extension, has
formed by replacement of marble, and it was drilled out by exploratory drilling but never
mined.

The Wishbone fluorspar deposit, located far to the north of the other mined deposits, was
explored but not mined. Limited outcrops of both carbonatite and marble occur near that
fluorite deposit, and the original rock type(s) replaced by this deposit require further
investigation.

Most recently, there was mining of fluorspar ore at an orebody (E deposit) about 5 km
east of the A pit, but the distance of transport to the mill was an important problem.
Exploration was also conducted at another fluorspar orebody (F deposit) about 2 km
northwest of the E deposit.

OKORUSU FLUORSPAR MINE
TNorlh

B Orebody
C Orebody

B Band Satellite 1

B Band Satellite 2

A Band

Carbonatite-Replacement
Fluorite Ore
- Marble-Replacement Al Band Extension

Fluorite Ore
- Fenite Breccia
Fluorite Ore

A Orebody

Scale

100 meters
————

Figure 32. Map showing the distributions of carbonatite-replacement (medium gray, A orebody, B band
of B orebody), marble-replacement (dark gray, A band of B orebody, southwest half of C orebody), and
fenite-replacement (dark gray, south end of B band, B orebody) fluorspar ores for the A, B, and C
orebodies.
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RECOGNITION OF CHARACTER OF HOSTROCKS REPLACED
BY FLUORSPAR OREBODIES AND ITS IMPORTANCE

The character of host rocks replaced by the fluorspar ores is important because it
determines the nature of beneficiation problems that are likely to be associated with the
fluorspar ores. Most Okorusu fluorspar ores have formed by the replacement of carbonatites,
some ores have formed by replacement of Damara marble, and minor amounts of the ores
formed by veining and replacement of fenite. The original rock types replaced by the
fluorspar ores can be determined by the observation of a number of geological features of the
ores. The fluorite crystals in ores that have replaced carbonatites are more coarsely
crystallized than those in ores that replaced marble. Fluorspar ores that replaced marble
locally exhibit a banded character that is retained from the bedding of the marble replaced. In
contrast, fluorspar ores that replaced carbonatite show little or no banding. In addition,
carbonatite-replacement fluorspar ores commonly contain goethite pseudomorphs after
minerals originally present in the replaced carbonatite. Goethite pseudomorphs after
pyrrhotite, pyroxene, and magnetite crystals are present locally in the fluorspar ores and
easily recognized due to their characteristic crystal shapes (Figure 33). In addition, small local
replacement remnants of the original carbonatite and marble may be present to attest to the
replacement process. Figure 34 shows a large replacement remnant of carbonatite (dull white)
that has remained within fluorspar ore (purple) in the B band at the B open pit that attests to
the replacement process and arrests to the fact that the fluorspar ore has replaced carbonatite.
Especially noteworthy is the fact that carbonatite replacement ores typically have a rim of
titaniferous magnetite retained from titaniferous iron oxide present at the rims of the replaced
carbonatite intrusions. The important discovery of two dikes of carbonatite in the A pit, one
vertical (Figure 35) and a second horizontal carbonatite dike (Figure 36) exposed by a
pushback of the fenite to reach additional fluorspar ore, exhibited partial replacement by
fluorspar ore and showed clearly that fluorspar had replaced carbonatite (Hagni, 2007).
Finally, examination of drill core shows clearly that the two types of fluorspar ores change
laterally along strike and dip into carbonatite (Figure 37) on the one hand and to marble on
the other hand (Hagni, 2007).

The importance of recognizing the nature of the replaced host rocks is several fold. It is
scientifically satisfying to understand the character of the host rocks replaced by the fluorspar
ores. More important is that an understanding of the rocks replaced provides a better
understanding of where to explore for additional fluorspar ore deposits. That is, areas of
carbonatite and marble are favorable for fluorite exploration, and areas of fenite and biotite
schist are unfavorable. Most important is the fact that the character of the host rock replaced
by the fluorspar ores determines the nature of beneficiation problems to be encountered
(Kogut and Hagni, 1995; Hagni and Kogut, 1997; Hagni and Shivdasan, 2000; Hagni, 2004).
Fluorspar ores that have formed by the replacement of carbonatite tend to have problems with
high deleterious phosphorus contents. The phosphorus in the fluorite concentrate is derived
from the presence of apatite in the replaced carbonatite. Apatite is an insoluble constituent in
the carbonatite, and whereas the carbonatite calcite is replaced by fluorite much of the apatite
remains behind in the fluorspar ores. During flotation most of the apatite is directed to the
tailings. However, some of the apatite goes into the fluorite concentrates in the form of binary
locked fluorite-apatite particles.
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Figure 33. Hand specimen of carbonatite partly replaced and altered by fluorspar ores. Diopside
pyroxene (Px) has been altered to goethite, pyrrhotite crystals (long, thin, black) also are altered to
goethite, and magnetite crystals (black, equant) are largely unaltered. Small remnants of calcite (white)
are only partly replaced by fluorite (medium gray, Fl). Fine-grained fenite (light medium gray) is
located at the left side of the photograph (beneath pen).

Na

' = T e e

Figure 34. Large replacement remnant of carbonatite (light gray, left half of photograph) that has
remained within fluorspar ore (dark gray, right side of photograph), and it attests to the replacement
process and that the replaced rock is carbonatite. B band, B open pit, Okorusu.

Fluorspar ores that have formed by the replacement of marble, by contrast, have low or
no content of phosphorus but instead they tend to have high silica contents. The silica is
derived from quartz grains in the limestone, late quartz crystallized on top of fluorite crystals,
and potash feldspar connected to fenitization of host rocks. Most commonly the silica tends to
be present as free quartz particles in the fluorite concentrates.

The relationship between rock type replaced by the fluorspar ores and beneficiation
results is so well established at Okorusu that it is possible after examining the beneficiation
results to correctly interpret the rock type that had been replaced by a particular fluorspar
orebody.
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Figure 35. A nearly vertical dike of carbonatite (medium grey with white spots) with magnetite (black)
rims, which is partly replaced by fluorspar ore (darker gray) that retains those magnetite rims. A pit,
Okorusu.

Figure 36. Horizontal carbonatite (white, Carb) dike intruding fenite (medium gray, Fenite) that is
partly replaced by fluorspar (medium gray, FI ore) ore. A open pit, Okorusu.
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Extension of B Pit Fluorite Orebody to the Southeast
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Figure 37. Geological section constructed based upon logging drill core that shows that the B pit
fluorspar orebody (dark gray) changes gradually into pyroxene carbonatite (light gray) beyond that
orebody to the southeast.

TEMPERATURES AND SALINITY OF
FLUORITE-DEPOSITING FLUIDS

The temperatures and salinity of fluorite-depositing fluids can be measured by studying
small voids in the fluorite crystals partially filled with water-dominant fluids that are called
fluid inclusions. Study of Okorusu fluorite fluid inclusions by Roedder (1973), Shivdasan-
Gebhardt and Hagni (2008), and Biihn et al. (2002) and summarized by Hagni (2007) have
shown that the main periods of purple and green fluorite deposition occurred from 166-144°C,
and a slightly later period of yellow fluorite deposition took place at 132-128°C. Yellow
fluorite was restricted to the topographically higher open pit B mine where it clearly was later
than purple fluorite upon which it was deposited (yellow fluorite was absent from the A open
pit mine). The salinity of the fluorite-depositing fluids ranged from 5 to 1.5 wt per cent NaCl
equivalent. The salinity is significantly lower than for Mississippi Valley-type fluorspar ores
and the temperatures are slightly lower than for most epithermal ore deposits.

Geochemical analyses by Biihn et al. (2003) have provided a large amount of trace
element and isotopic data for Okorusu fluorite, calcite, barite, and manganese oxide. Fluorite
samples were collected and analyzed from the B pit. The trace element and isotope content of
purple (and colorless) fluorite was contrasted with that of yellow fluorite. Chemical trends of
the fluorite-depositing fluids through paragenetic time were determined, but they believed
yellow fluorite was deposited before purple fluorite. The results also were interpreted in terms
of variations in the activities of CO; and F through paragenetic time.
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EVIDENCE FOR EARLY HYDROTHERMAL EVENT

An early hydrothermal event has affected the carbonatites at Okorusu prior to the
introduction of fluorite-depositing fluids (Hagni, in press-A). That event is especially
characterized by the deposition of quartz and synchysite (Figure 16). The introduction of
hydrothermal fluids of this event dissolved rare earth elements from the carbonatite and
redeposited those elements in the form of synchysite, a rare earth fluorcarbonate with the
composition of Ca(Ce,La)(COs).F. Synchysite was deposited prior to the closely associated
quartz and commonly it is enclosed within that quartz. Where synchysite is enclosed in quartz
it was partially protected from dissolution by the subsequent fluorite-depositing fluids.

Additional evidence for the early hydrothermal event that affected Okorusu carbonatites
has been recognized by mineralogical studies under the reflecting light microscope (Hagni, in
press-B). Distinctive alteration of pyrrhotite (FeS) crystals in the carbonatite to a sequence of
fine-grained marcasite (FeSz) and pyrite (FeSy), together with associated secondary fine-
grained magnetite and hematite, coarse-grained pyrite, siderite, and chalcopyrite (Figure 38).
The formation of these sulfide and oxide phases indicates that the early hydrothermal event
was due to moderately oxidizing fluids. In contrast, the subsequent fluorite-depositing
hydrothermal event was characterized by strongly oxidizing fluids that altered all of those
minerals further to goethite.

Figure 38. Platy hexagonal pyrrhotite crystals in the carbonatite are altered by an early hydrothermal
event to fine-grained pyrite (fpy) and marcasite, then to coarse-grained pyrite (cpy), and then further
altered by the introduction of the fluorspar-depositing fluids to goethite. Remnants of the original
pyrrhotite (Po) are present in the fine-grained pyrite and goethite. Where goethite has altered from fine-
grained pyrite the goethite has a fine-grained texture, but where goethite has altered directly from
pyrrhotite it shows a concentric colloform texture (beneath “goe” designation). Reflected light
photomicrograph. 60X.
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Figure 39. The alteration of rocks at Okorusu by early fenitization, early hydrothermal event, later by
hydrothermal fluorite-depositing fluids, and finally by supergene oxidation fluids renders the already
challenging geology even more challenging. The mine face in this view is typical of the difficulty in
distinguishing areas of fenite (medium gray) from intrusive areas of carbonitite (light gray). A pit,
Okorusu mine.

The character of the original pyrrhotite crystals in Okorusu carbonatite is shown in
unreplaced carbonatite in the Okorusu fluorspar mines. Black platy pyrrhotite crystals and
equant magnetite crystals are disseminated in white pegmatitic carbonatite amd commonly
associated with dark pyroxene carbonatite. Pyroxene crystallized before magnetite and may
be enclosed in the subsequently crystallized magnetite. The pyrrhotite crystals, even where
completely altered to pyrite, show crystal shapes characteristic of hexagonal pyrrhotite.

The early alteration of pyrrhotite is to smythite (FesSs) but the principal alteration
products of the pyrrhotite are fine-grained marcasite and pyrite. Fine-grained marcasite
exhibits elongate textures, and fine-grained pyrite usually exhibits anhedral grains but locally
it shows a reticular pattern consisting of loosely clustered small pyrite crystals with similar
orientations. Fine-grained marcasite and pyrite are subsequently replaced by coarse-grained
pyrite formed especially at the margins of the former pyrrhotite crystals. The secondary
magnetite and hematite have been formed simultaneously with the fine-grained and especially
coarse-grained pyrite. The secondary magnetite and hematite are intimately intergrown with
both fine-grained and coarse-grained pyrite.

Chalcopyrite is a minor phase deposited in association with altered pyrrhotite crystals.
The chalcopyrite typically is deposited outside the pyrrhotite crystals, but locally it has been
deposited by replacement of fine-grained marcasite and pyrite within the altered pyrrhotite
crystals. Similarly, siderite was deposited late in the alteration paragenesis. Siderite usually
was deposited at the margins of the former pyrrhotite crystals, but locally it was also
deposited within those crystals.

When the fluorite-depositing fluids were subsequently introduced into the carbonatite,
after cessation of the early hydrothermal pyrrhotite-altering event, all of the minerals formed
during the early alteration event were further altered to goethite (Figure 40). Fine-grained
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marcasite was altered to goethite with elongate texture pseudomorphic after the elongate
texture of the replaced marcasite. Fine-grained pyrite was altered to fine-grained goethite.
Where the pyrrhotite had been altered to both fine-grained and coarse-grained pyrite the
alteration product for both grain sizes have been pseudomorphically replicated by goethite.
Where portions of the original pyrrhotite remained after alteration by the early hydrothermal
event, that pyrrhotite was altered directly to goethite with a distinctive colloform texture.

The end result of the alteration processes is that goethite pseudomorphs after the
pyrrhotite crystals are present locally in the fluorite ores, and they provide evidence for the
alteration process, and they are important in indicating that the fluorspar ores had formed by
the replacement of pyrrhotite-bearing carbonatite. The fact that much of the fluorite ores at
Okorusu had formed by the replacement of carbonatite is an important factor in the
exploration for new fluorite orebodies (Hagni, 2011a; Hagni and Shivdasan, 2000).

FACTORS MAKING STUDY OF GEOLOGY OF CARBONATITE-RELATED
FLUORSPAR DEPOSITS DIFFICULT

There are several factors that together render the deciphering of the geology of
carbonatite-related fluorspar deposits challenging. It is perhaps useful, somewhat as a sort of
final contribution to this chapter, to briefly discuss those factors. The rocks exposed in the
open pit mine walls at Okorusu typically have been repeatedly altered (Hagni, in press-C)
(Figure 39). Firstly, the host Damara country rocks have been highly altered (metasomatized)
by early fenitizing fluids. Secondly, the carbonatites have been altered by an early
hydrothermal event as discussed in the previous section. Thirdly, the fenites, carbonatites, and
tinguaite dikes have been highly altered by the fluorite-depositing hydrothermal ore fluids.
Finally, all rocks and fluorspar ores have been highly altered by supergene oxidizing waters
in relatively recent time. Supergene altered rocks and ores have developed copious amounts
of goethite that largely masks the original character of those rocks. In summary, the
complicated geology is further complicated by the difficulty of distinguishing the original
rocks in the mine walls due to the multiple episodes of rock alteration.

CONCLUSION

The Okorusu alkaline igneous carbonatite complex is a vertical ignous intrusion derived
from the upper mantle. The complex is circular in plan view with a diameter of about 8 km. It
was intruded during early Cretaceous time (125 Ma) into late Precambrian Damara Series
regional metasediments. The Precambrian Damara rocks of the complex have been highly
metasomatized to green, dense, fine-grained, aegirine-rich fenites especially along its
southern margin. Fenitization resulted from the introduction of early sodic and potassic fluids
prior to the intrusion of carbonatites and alkaline silicate magmas. Multiple explosively
intruded carbonatite magmas resulted in large fenite breccia blocks cemented by carbonatites.
Introduced silicate igneous rocks in the Okorusu complex include nepheline syenite, foyaite,
tinguaite, and monzonite.
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Five varieties of carbonatite occur at Okorusu, and the most abundant types are pyroxene
carbonatite and pegmatitic carbonatite. Mineralogically the carbonatites consist of major
calcite, minor dolomite, diopside pyroxene, titaniferous magnetite, hexagonal pyrrhotite, and
the REE mineral, synchysite. The carbonatites and fluorspar ores are best studied under the
cathodoluminescence microscope because calcite, dolomite, apatite, and fluorite exhibit
strong and characteristic cathodoluminescence. Electron microprobe analyses of coexisting
apatite and magnesian biotite and the titanium contents of the titaniferous magnetite in the
carbonatites indicates that the carbonatites crystalized from 536°C to 475°C. The carbonatites
were altered by an early hydrothermal event that introduced small amounts of quartz,
chalcopyrite and synchysite, altered the pyrrhotite crystals to a sequence of smythite, fine-
grained pyrite and marcasite, and coarser grained pyrite.

Fluorspar has been mined from or explored for at nine deposits in the Okorusu complex.
Deposits mined include: A, B D, E, and G main open pits. Limited mining was undertaken at
the C open pit, and exploratory drilling occurred at the F, and G extension, and Wishbone
fluorspar deposits. The principle mining activity occurred at Okorusu from 1988 through
2014, and the mine is on care and maintenance at the current time. During most of its period
of operation, Okorusu was the world’s largest carbonatite-related fluorspar mine, and at one
time together with the non-carbonatite-related Witkop fluorspar mine of South Africa
supplied about 20% of the world’s fluorspar. By-products from the mine have included
crushed fenite for local road material, and magnetite for local cement industry. Before its
closure Okorusu Limited had satisfactorily produced an apatite concentrate from fluorspar
tailings and was considering the production of a phosphorus by-product for the Namibian
agriculture industry. Okorusu carbonatites contain REE in the form of the mineral synchysite,
and limited exploration for REE mineralization has occurred at Okorusu.

A variety of geological and mineralogical aspects of the fluorspar ores indicate that most
deposits formed by the replacement of carbonatite. These features include: 1) the presence of
magnetite rims around orebodies that had previously formed magnetite rims around the
replaced carbonatite bodies, 2) goethite pseudomorphs after pyroxene, pyrrhotite, and
magnetite within fluorspar orebodies that had formed as crystals in the replaced carbonatites,
3) elevated phosphorus contents resulting from the presence of apatite retained in the
fluorspar ores after replacement of apatite-bearing carbonatites, 4) detection of small areas of
unreplaced carbonatite within the fluorspar orebodies, 5) the recognition in drill core that the
fluorspar ores grade laterally into carbonatites, and 6) the direct observation that fluorspar has
partially replaced two distinct carbonatite dikes in the A pit. Less commonly, fluoprspar ores
have replaced Damara marble. Those ores are characterized by: 1) local distinct banding, 2)
gradation into marble, 3) low phosphorus contents, and 4) elevated silica contents.
Consideration of tonnage of fluorspar ores present at mined and explored deposits indicates
that 84% of the fluorspar replaced carbonatite, 15% replaced marble, and 1% was present as
thin veins and replacements of fenite.

The fluorspar ores at the A and B pits were high grade and ran between 50 and 60%
fluorspar. Ore grades were lower at most of the other fluorspar deposits at Okorusu. The ores
consisted largely of massive fluorspar, but locally there were vugs that were lined by well-
formed cubic crystals that have been prized by mineral collectors.

Analysis of fluid inclusions in fluorite crystals indicate that the main stage fluorspar-
depositing fluids had a temperature range of from 166 to 144°C and that late yellow fluorite in
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the B pit was deposited at 132-128°C. The salinity of those fluids was low and ranged from 5
to 1.5 wt % NaCl equivalent.

Carbonatite-related fluorspar deposits provide a challenging geologic study due to their
complicated geological relationships and the variety of alteration types, including fenitization,
early hydrothermal alteration of the carbonatites, subsequent hydrothermal alteration
associated with the introduction of the fluorspar ore deposits, and finally supergene alteration
connected with the present land surface.
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RABIES IN NAMIBIA, MORE THAN A HORRENDOUS
DISEASE: THE SOCIAL, ENVIRONMENTAL AND
ECONOMIC CHALLENGES FACED

T. P. Scott!?, A. Coetzer*? and L. H. Nel'?
Global Alliance for Rabies Control (GARC)
2Department of Microbiology and Plant Pathology, University of Pretoria, South Africa

ABSTRACT

Rabies remains a common affliction to the African and Asian continents, where more
than 59 000 people die of the disease every year. In recent years, the social, economic
and environmental impacts of this tragic disease on various developing countries and
their populace have become better documented. Concertedly, it needs to be reinforced
that this very significant burden is completely unnecessary. Rabies can be prevented and
even eliminated by practical and cost effective control measures. Although rabies can be
transmitted by a variety of terrestrial mammals, canine-transmitted rabies accounts for
99% of the human deaths every year. In consideration, the FAO, OIE, WHO and GARC,
at their global rabies meeting in 2015, called for and initiated a framework and strategy
towards the elimination of canine-mediated human rabies by 2030.

In Namibia, canine rabies has been present since the 19™ century, with cases reported
from as early as 1887. While canine rabies, with predominant cycles in dogs and jackals,
remains endemic in Namibia, a further development plagued the country in recent
decades: a unique and progressive rabies cycle in the antelope species, the Greater Kudu
(Tragelaphus strepsiceros).

For Namibia, the estimated financial burden related to canine-mediated rabies is
US$5 111 282 per annum. However, the inclusion of kudu rabies and the economic
impact as it relates to losses in the game farming, trophy hunting and tourism industries
would undoubtedly be a significant addition to the total rabies burden estimate.

In a fresh approach to control rabies, the Namibian government elected to develop a
strategic plan aimed at producing a controlled and carefully considered approach. Various
international collaborators were encouraged to contribute skills and expertise to facilitate
the development of a cost-effective, manageable and sustainable National Strategy.

In support of the National Strategy for human rabies elimination in Namibia, various
supporting research initiatives have been undertaken, including oral vaccine trials in kudu

Complimentary Contributor Copy



184 T. P. Scott, A. Coetzer and L. H. Nel

that endeavour to stop the intra-specific transmission of rabies among kudu. Additionally,
an in-depth Namibian epidemiological study of rabies is currently underway in order to
infer the transmission and epidemiological cycles of rabies within the country. This study
will facilitate the targeted and strategic vaccination of local dog populations to curb, and
eventually eliminate, the spread of rabies in Namibia.

The National Strategy has provided a clear and defined guide towards controlling
and eliminating rabies and Namibia will greatly benefit from the social and economic
implications of such an endeavour. If the strategy is executed vigorously, we believe that
human rabies elimination can be achieved in Namibia by the year 2030.

INTRODUCTION

Rabies is an acute encephalitic, zoonotic viral disease caused by members of the
Lyssavirus genus, of which rabies virus (RABV) is the prototype species. Rabies manifests in
a variety of classic symptoms that include hydrophobia and various behavioural changes.
Death is inevitable once these clinical symptoms appear and it is no surprise that rabies has
the highest case-fatality ratio of all known zoonotic diseases.

In Africa the domestic dog is a classical reservoir and vector for rabies and accounts for
the majority of human deaths. Several other African carnivore species, such as the black-
backed jackal (Canis mesomelas) and the bat-eared fox (Otocyon megalotis), are able to
maintain sylvatic cycles of rabies [1]. These wildlife vectors are able to contribute to the
disease maintenance, spread and cross-species transmission among various mammalian
species, including those of spill over hosts such as cattle and other livestock [2—4].

Rabies in domestic dogs accounts for more than 99% of human rabies cases, the majority
of which occur in children under the age of 15 years. This is often as a result of their lack of
knowledge with regards to animal behaviour, as well as the increased likelihood of receiving
a more severe bite wound from a dog due to their smaller stature [5]. One person dies of
rabies every 10 minutes, resulting in an estimated 59 000 human deaths every year, the
majority of which occur in Africa and Asia [6]. Africa has the highest per capita death rate for
rabies globally, and no country on the African continent has been declared rabies free [6].
However, rabies is an entirely preventable disease through the mass vaccination of domestic
dogs and the timeous administration of Post-exposure Prophylaxis (PEP) in humans, resulting
in the prevention of the unnecessary loss of human lives [7].

Despite the fact that rabies is an entirely preventable disease, it is still considered to be a
neglected disease due to the low priority assigned to its prevention and control [8]. Poor
surveillance and diagnosis, poor reporting and the low priority of the disease in many
countries contributes to the cycle of neglect that ensures the continued, yet entirely
preventable, cost to human and animal lives. However, some progress towards the control and
elimination of human rabies has been evident. This evidence comes from programmes where
the coordinated and targeted vaccination of dogs has resulted in the elimination of human
rabies deaths, most notably in North America and some European countries [7]. Isolated
successes have been observed in Africa [9], but the majority of these have been observed on a
provincial/regional level. Thus, rabies remains endemic throughout Africa and continues to
pose a severe public health threat, as well as having harsh financial implications on the
affected countries [6]. In order to drive progress towards a world free of the social and
financial burden associated with human rabies, the global rabies community has set the target
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of the elimination of canine-mediated human rabies deaths by the year 2030, in line with the
Sustainable Development Goals [10].

RABIES IN NAMIBIA

Rabies was first documented in Namibia in approximately 1887, where anecdotal records
from the Herero tribe named this year “the year of the rabies” [4]. This description however,
suggests that rabies was a known disease in Namibia prior to 1887, but there are no reports of
the disease to our knowledge. However, the first confirmed case of rabies in Namibia was
recorded 1906 from Swakopmund — a town situated in the middle of the western coastline of
the country [4]. This suggests that rabies was either present and endemic in the region before
this first confirmed case, or it indicates that rabies was imported, as Swakopmund was a main
shipping harbour for Namibia. As a result of the influx of slaves from various regions in 1904
[11], it is not unlikely that rabies could have been introduced into Namibia via the harbour at
Swakopmund, but with a lack of molecular epidemiological evidence these hypotheses
remain speculative. The first reported case of human rabies was noted from a child bitten by a
dog in Swakopmund in 1928 [2, 3], suggesting that rabies was still present, and possibly
endemic, two decades after the first confirmed case.

Throughout the 1920’s and continuing up until World War II, a flurry of reports of dog
rabies from southern Angola coincided with several unconfirmed reports of rabies in the
northern regions of Namibia [4, 12]. The rabies outbreak in dogs from southern Angola
resulted in the widespread infection of dogs, cattle and other livestock in the northern regions
of Namibia, with the confirmed clinical diagnosis of a rabies-infected dog occurring in both
1938 and 1947 from Rundu, a border town with Angola [2, 3, 13]. Despite some detailed
reports of animal rabies cases in Namibia at this time, evidence of human rabies cases were
limited, except for an anecdotal report of an increased incidence of human rabies cases
reported by missionary doctors in the same area [4]. The confirmation of a dog case in 1947
was followed by the appearance of rabies in cattle in the Outjou district in 1948 and the
subsequent spread of rabies in a southerly direction, with cases being confirmed in
Otjiwarongo (1949) and later in Gobabis and Windhoek (1951) (Figure 1). In 1952, a rabies
case was confirmed from an African wild cat (Felis silvestris lybica) in the southern district
of Keetmanshoop, close to the South African border [14]. Although rabies was present in
dogs, the rapid southerly spread of rabies from the northern borders of Namibia into the
central regions was attributed to transmission among black-backed jackals (Canis
mesomelas), and subsequent spill over infection of cattle [2—4].

From 1967 onwards, sporadic cases of rabies in bat-eared foxes were also reported each
year in the southern regions of Namibia, which subsequently spread further south into the
Northern Cape Province of South Africa [15]. By the early 1970’s, rabies was considered to
be endemic in Namibia with dogs being the primary vectors in the northern regions. Rabies in
jackals and subsequent cattle spill over events were most prevalent in the central regions,
where the dog population density was not high enough to maintain rabies transmission [16].
Within the more arid southern regions of the country, endemic cycles of rabies are maintained
within the mongoose, genet and caracal populations [12, 14, 15]. Since rabies was declared
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endemic, the situation has remained relatively consistent throughout Namibia and currently
still reflects the status quo as described over the last few decades (Figure 2) [13, 17, 18].

Although the historical spread of rabies through southern Africa has been well
documented and widely accepted, some evidence suggests that there may have been earlier
introductions or possibly endemic cycles within Namibia before the accepted introductions
occurred. As discussed earlier, it is accepted that rabies spread from the southern border of
Angola into the northern regions of Namibia and progressively spread in a southerly
direction. However, an undocumented cycle of rabies may have already existed, as an isolated
case of a woman being bitten by a wild cat in Grootfontein — a town situated in a province
that does not directly border with Angola or Botswana - was reported in 1937 [2, 3]. This
suggests that rabies was likely present in Namibia before the reported introduction of rabies
from the epizootic occurring on the southern borders of Angola, correlating with the first
reported rabies incidences from the Herero tribe in 1887. The Herero tribe land consisted of
areas in the central and eastern parts of the country [19], close to the Grootfontein district
where the isolated case was reported in 1937. The Herero people have traditionally been
hunter-gatherers and commonly used hunting dogs, providing a possible avenue for the cross-
species spread of rabies from the dog rabies outbreak in 1887 to wildlife species such as
jackals [20]. In support of the hypothesis of a previous endemic cycle in the eastern region of
Namibia, the bite originated from an African wild cat (Felis silvestris lybica), a particularly
reclusive wildlife species, therefore minimizing the likelihood that this case was associated
with human movements. Additionally, at this point in history, rabies had not yet been
documented from Botswana, precluding the possibility of trans-border spread of the disease
from the east. Thus, we suggest that this isolated case of rabies in 1937 could have been part
of an endemic cycle of rabies that had been maintained within the wildlife population since
1887. Despite this evidence, the reports from both 1887 and 1937 were based solely on
clinical diagnosis and therefore, although plausible, cannot be confirmed.

Barriers to the Spread of Rabies

Natural barriers are any geographical circumstances such as mountains, rivers, oceans,
ravines and deserts that prevent or restrict the movement of humans or terrestrial animals
[21]. By restricting the movement of humans and terrestrial animals, natural barriers can also
hinder or impede the spread of zoonotic diseases such as rabies. Rivers can prevent two
populations from physically interacting, while deserts are difficult to cross and are commonly
scarcely populated by vector species, due to limited food and water availability.

The Namib Desert is a 2000 km piece of unbroken desert, stretching along the western
coastline from southern Angola, through Namibia and into South Africa [22] and is
considered to be a major natural barrier to the spread of rabies within Namibia. The presence
of such a natural barrier has historically resulted in the formation of isolated endemic disease
cycles within wildlife populations that inhabit the surrounding environments. One such
example is the human cases that occurred in the Swakopmund district in 1906 and 1928 [2,
3]. The Namib Desert likely prevented the historical spread of rabies from Swakopmund
towards the interior of the country, and ensured that the endemic cycles remained limited to
the coastal region (Figure 1).
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Dark grey, vertical stripes depict the first confirmed case in the Grootfontein district, suspected to have
originated from the initial outbreak from 1887.

Light grey depicts the spread of rabies from southern Angola into Namibia, spreading in a systematic
southerly direction.

Black depicts the introduction of rabies in Swakopmund, which is suspected to be a separate cycle due
to the presence of the Namib Desert as a natural barrier to the spread of rabies.

Figure 1. Map depicting the historical introduction and initial spread of confirmed rabies cases through
Namibia.

Wild animals include kudu and other antelope species
Data from 1983-1986 is unavailable.

Figure 2. Number of rabies cases from 1976 — June 2015 in Namibia for Bovine, Canine, Caprine, and
wild animals.
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As the farming industry developed in Namibia, man-made barriers such as fences were
erected to better contain the movement of larger animals, primarily livestock and kudu. Cattle
fences were solely erected to prevent the movement of livestock, but did not restrict the
movements of small carnivores, such as jackals and dogs. As the cattle fences did not prevent
the movement of reservoir species, they did not restrict the spread of rabies, explaining the
prevalence of high numbers of cattle rabies cases over time [23]. The larger game fences,
erected initially for foot and mouth disease (FMD) control, initially prevented the spread of
rabies in kudu during the first epizootic (as discussed in the next section), showing that these
barriers to the spread of rabies can be important in control efforts [24]. The southern regions,
which are more suitable to goat and sheep farming due to the arid conditions, rely on jackal-
proof fences to prevent predation by jackals. These specific fences have been shown to
prevent jackal movement, which in turn limits, but does not prevent, the spread of rabies in
the region [23].

However, human settlement and development has enabled and facilitated the rapid and
widespread dispersion of rabies in dogs through the use of road and other transportation
networks. This has resulted in the intermingling of various disease cycles that were
historically isolated due to both natural and man-made barriers [25, 26].

Kubu RABIES

Prior to 1977, rabies in kudu had previously been observed as sporadic, presumed spill
over infections from the endemic jackal and dog cycles in Namibia. From 1967 — 1976, only
3 kudu had been reported to have died of rabies — corresponding to the expected numbers
from spill over infections [27, 28]. However, the first case attributed to the beginning of the
epizootic of rabies in kudu was in 1977 from a farm approximately 80km from Windhoek in
the central regions of the country [29, 30], with another case in kudu being confirmed later
that same year [27, 30]. In 1978, a dramatic increase in the number of reported cases of rabies
in kudu occurred, with an increase in cases to levels suggestive of an epizootic. Although the
exact number of cases of rabies in kudu reported during this period is not clear due to
discrepant reporting [14, 27, 30], the increasing trend of cases of rabies in kudu was alarming.
This was especially so, as the number of rabies cases in other animal species did not indicate
a concurrent increase [27]. The epizootic had spread approximately 100km within an 8 month
period in 1978 [14] and had remained confined to the western side of the north-south game
proof fences [14, 30]. A further growth in the reported numbers of rabies in kudu occurred in
1979 with kudu rabies cases accounting for more than 30% of the total number of rabies cases
confirmed that year [14, 27, 30]. The same year, cases of rabies in kudu were observed on the
eastern side of the game fence, resulting in the spread of the epizootic to encompass the entire
Okahandja district. Rabies spread in a northerly and easterly direction early in 1980, and
continued to spread at a rate of approximately 40 — 60km per year until the majority of the
central region of Namibia was affected by 1982 [30]. In 1978-1979, an estimated 3 000 kudu
had died of rabies, further increasing to reach the peak of the outbreak in 1980 with the
highest number of cases of rabies in kudu reported that year. This accounted for
approximately 30 - 50% of the total reported number of rabies cases [4, 14, 30], and by 1981,
an estimated 10 000 kudu had already died due to the rabies epizootic [27]. In 1980, a survey
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was performed on 143 farms in the central districts of Namibia, with farmers reporting 16-
20% losses of their kudu population due to rabies [30]. A second peak in the number of
reported kudu cases was observed in 1982, and the epizootic continued, but declined, until
1985. In the first 8 months of 1986, only 2 cases of rabies in kudu were noted, signifying the
end of the epizootic and the return in numbers of rabies cases in kudu to what would be
expected from typical spill over events from jackals [4]. By the end of the epizootic, an
estimated 30 000 — 50 000 kudu had died from rabies [2, 4]

A second epizootic of rabies in kudu began in 2002 and by 2003, 81 farms had been
affected, resulting in the estimated deaths of more than 2500 kudu [31, 32]. The epizootic
continued with devastating losses to the game farming industry and in 2011, farmers reported
a 30-68% loss of kudu within one year due to rabies on their land [33]. The severity of the
epizootic of rabies in kudu was emphasised when the Ministry of Environment and Tourism
in Namibia reduced the hunting quota for kudu in 2012, leading to repercussions on the game
farming and trophy hunting industries, resulting in an impact on the Namibian economy [33].
The current epizootic seems to be well established and may have reached an endemic status,
as reports from the most recent data show that confirmed cases of rabies in kudu account for
approximately 20% of the total confirmed number of rabies cases within Namibia (Figure 2).
Drastic underreporting of rabies in kudu has remained a challenge as farmers typically only
report cases at the beginning of the outbreak and subsequently diagnose the remaining
infected animals based on clinical symptoms, without reporting to authorities. Many infected
kudu may also have been missed as these animals are shy and live in small herds of 4-6
animals. For this reason, the number of affected kudu remain largely unknown until game
censuses are performed [33].

Although two distinct epizootics were documented, it is hypothesised that these 2 rabies
epizootics were not separate, individual events, but were a single endemic occurrence with
major peaks when the conditions were most suitable to create high population densities [33].
In support of this hypothesis, the first epizootic occurred after a period of heavy rainfall —
resulting in a kudu population explosion depicted by a growth rate of 8-10% before the
epizootic compared with the 4% growth rate observed in 1988 [4]. The population explosion
resulted in a kudu population growth from 80 000 kudu in 1972 to 200 000 kudu in 1978, and
was subsequently followed by a severe drought [4]. This resulted in kudu population densities
effectively increasing as animals were drawn towards scarce water sources, with abnormally
high densities of 1 kudu per 40ha, in comparison to the typical 1 kudu per 100ha of land [27,
30]. The second epizootic was also preceded by a population increase followed by a drought,
resulting in high numbers of kudu [34]. In further support of the hypothesis of a single
endemic event with two epizootic peaks, molecular evidence has demonstrated a close
relationship between RABVs isolated from kudu in 1980 to those in 2003, 2008 and 2009,
suggesting that a single, or limited number of, spill over events occurred into the kudu
population [31, 35].

It had been debated for many years as to whether the epizootic of rabies in kudu in
Namibia was kudu rabies or whether it was simply rabies in kudu, with the difference being
that kudu rabies implied that a strain of RABV had adapted specifically to circulate within the
kudu population. During the first documented epizootic, the trends of cases of rabies in kudu
correlated with those of rabies in jackal, with specific peaks in incidence in kudu reflecting
those in jackal. It had already been suggested that kudu may have been maintaining and
transmitting rabies horizontally, simply due to the sheer number of reported rabies cases in
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kudu [2, 4, 27, 30]. Additionally, the number of rabies cases in kudu was disproportionate to
the number of observed cases in jackal and despite an initial increase in reported rabies cases
in jackal prior to the 1977 epizootic, jackal rabies cases remained relatively consistent. An
experimental infection study was also performed on kudu in 1981 and the results from this
study demonstrated an increased susceptibility of kudu to mucosal infection of RABV [36].
Once clinical signs of disease manifested, infected kudu were observed to salivate
excessively, with high titres of virus present in the saliva. The high titres of RABV in saliva,
coupled with hypotheses of non-bite transmission via mutual grooming or mutual browsing
[4, 27, 30, 31, 33], strongly support the hypothesis of non-bite, horizontal transmission of
rabies among kudu. Lastly, more recent molecular epidemiological studies have provided
strong support to the emergence of a unique strain of kudu rabies. Two molecular
epidemiological studies compared RABYV sequences from kudu, jackal and domestic dogs and
saw separate clustering of the kudu RABV sequences compared with the other animal species
[31, 35]. Furthermore, two complete genomes of RABVs from kudu and two from jackal
were compared at the nucleotide levels and it was determined that unique variations were
evident in those RABVs isolated from kudu, supporting the hypothesis that rabies was being
maintained independently within the kudu population [35]. Through the evidence gathered
from both the first and second epizootics regarding the disproportionate number of rabies
cases in kudu compared with those of typical vectors, coupled with molecular
epidemiological evidence, it was determined that a unique strain of RABV had adapted to
kudu and was being maintained within the population [35].

RABIES IN BOVINES

The unique situation of kudu rabies in Namibia has resulted in speculation regarding
potential spill over events of rabies from kudu into cattle. The potential for spill over into
cattle is high as the Central regions of Namibia are both cattle and game farming regions,
with farms often having a mix of both types of animals. The severity of the kudu rabies
epizootics have resulted in major economic losses to the Namibian economy with an impact
on rural communities as well, largely due to game meat being an important protein source for
many of these rural communities. If a further host shift were to occur, with rabies being
horizontally transmitted among cattle, the implications would be considerable. As an
indication of the effects of rabies on the farming community, rabies cases in cattle accounted
for 49.8% of all reported rabies cases from 1968 to 1975, whilst dogs and jackals accounted
for 17.5% and 15.2% of all cases, respectively [14].

Farms typically consist of large communal grazing grounds that provide little restriction to
the movement of animals as game fences are easily jumped by large antelope such as kudu
[27]. Thus, the potential for the rapid spread of rabies by kudu across farms, including farms
specialising in cattle, is great. Although possible spill over events have thus far only been
hypothesised, some evidence supports the notion of kudu rabies potentially spilling over into
the cattle population. Several reports have made the observations that spikes in cattle rabies
cases often occur either at the same time as kudu rabies cases or approximately 1-3 months
after a kudu rabies epizootic on the same, or a neighbouring farm [4, 14]. In further support,
during the 1977-1985 epizootic, a severe increase in rabies in cattle was observed, rising from
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24% in 1980, to 40% in 1981 and subsequently to 52% of the total confirmed number of
rabies cases in 1982. This dramatic increase in cattle cases followed the initial increase and
subsequent decrease in cases of rabies in kudu during the first epizootic, reinforcing the
hypothesis that spill over from kudu to cattle may have occurred [14].

Some hypotheses have also considered the possibility of bovine-bovine spread due to the
numbers of reported cases among bovines compared to canid vectors such as jackal and dogs
[4]. However, severe underreporting is most likely the result for the disproportionately high
number of rabies cases in cattle, coupled with the fact that one jackal in a herd of cattle could
bite or expose several animals. Evidence shows that cattle cases are directly correlated with
those observed in wildlife (antelope, jackal and other wildlife species) (Figure 3). However,
in more recent years (2012 — 2015), the numbers of rabies cases in kudu accounted for the
majority of the wildlife cases, providing further support to the hypothesis that kudu and
bovine rabies cases may be linked. In order to comprehensively address the questions
associated with rabies in cattle in Namibia and to determine whether rabies in cattle is
dependent or has become independent of the rabies situation in jackal, an in-depth molecular
investigation into the possibility of bovine-bovine and kudu-bovine transmission of rabies is
currently being undertaken.

HiSsTORICAL CONTROL EFFORTS

Historical efforts towards the control and elimination of rabies have been implemented in
Namibia to varying degrees of success, some of which were preventative and others
responsive to epizootics. One of the key starting points in rabies control and elimination
campaigns is to have good dog population management (DPM) that ensures a restricted and
known population of healthy animals. An initial Ordinance was created in 1967 based on
governing South African laws, dictating that all dogs should be registered, neutered or spayed
unless specifically described with governmental permission (e.g., for breeding purposes) [37].
Each owner was responsible for their own dogs and could be spot-fined if an animal did not
have the correct identification and their owner could not provide the correct certificate
complying with the regulations. This Ordinance ensured the limitation of dogs in municipal
regions and also prevented free-roaming dog populations, which in turn reduced the potential
risk of disease transmission, including that of rabies.

With specific reference to direct rabies control efforts in Namibia, rabies vaccination in
dogs and cats is mandatory as rabies is considered a notifiable and scheduled disease in
Namibia [38]. Rabies vaccinations are provided free of charge by state veterinary officials to
any dog or cat. Apart from the vaccination of domestic animals, the surge of rabies in cattle
resulted in some farmers vaccinating their livestock in the early 1970’s, increasingly so as the
numbers of rabies-positive cases rose. Later, in 1982 and 1983, when the cattle rabies
epizootic had reached its peak (shortly after the beginning of the decline of the kudu rabies
epizoaotic), the vaccination of cattle against rabies intensified. Up until 1981, farmers were
only allowed to vaccinate cattle under direct supervision from a veterinarian, however, in
1982, due to the severity of the rabies outbreak, farmers were allowed to buy vaccine and
vaccinate their cattle on prescription from a veterinarian [14]. In 1983, farmers were allowed
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to vaccinate kudu and eland due to their susceptibility to rabies infection and state
veterinarians provided this service free of charge (Table 1) [14].

Due to the role that jackals have played in the spread of rabies and its subsequent
introduction into the kudu population, as well as the costly spill over events into cattle, efforts
were also made towards the development of an oral vaccine for jackals. In 1987, experiments
were undertaken to determine the feasibility of the oral vaccination of jackals using the
“Tiibingen bait vaccine” which contained the SAD B19 vaccine strain of RABV [4, 23]. This
bait vaccine was the same vaccine that was successfully used for the oral vaccination of foxes
in Europe and researchers performed experimental trials to determine the efficacy of this oral
vaccine in Namibia. Initial experimental results looked extremely promising, but according to
reports, no further research or implementation was done due to financial and other constraints
[23]. However, titres obtained from the subject animals were in excess of 1:1000 11 months
after the initial vaccination, demonstrating feasibility and success in the initial phases of the
trials [23].

The widespread implementation of oral-bait vaccine, targeting the main rabies wildlife
vectors such as jackals and kudu, could thus be a feasible approach to the prevention and
control of rabies in Namibian wildlife, which will subsequently prevent spill over events into
other animal populations. In a recent study, the use of oral rabies vaccine in kudu was
demonstrated with good results and further research will be required in order to make this a
feasible option for the control of rabies in wildlife and the subsequent prevention of costly
bovine and kudu rabies outbreaks [39]. Further studies will also be required to reinvestigate
the feasibility of orally vaccinating the jackal population, whilst the continued compulsory
vaccination of dogs will remain crucial to rabies elimination efforts.
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Figure 3. Representation of the direct correlation between wildlife rabies cases and cattle rabies cases
from the central cattle farming region of South Africa for the time period of January 1987- June 2015.
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Table 1. Number of animals vaccinated against rabies in Namibia, 1972-1982

Year Dog! Cattle? Total
1972/1973 39 892 - 39 892
1973/1974 34 290 431 34 947
1974/1975 19 308 456 20 086
1975/1976 27 486 536 30 009
1976/1977 21151 125 22 195
1977/1978 32578 159 33626
1978/1979 18 092 8 316 26 911
1980 43 339 6 885 51 029
1981 35 060 23 340 59 298
1982 35917 48 655 85373
1983 167 550*

Vaccination compulsory, done free of charge by the Veterinary Department and only by veterinary
officials or veterinarians.
2 Vaccination at own expense but under State Veterinary supervision until 1981. Since 1982 vaccine
became directly available to farmers for use in cattle.
*Vaccine doses supplied to farmers March - August 1983
Table modified from Rabies in South West Africa/Namibia from Rabies in the Tropics [14].

EcoNomIc BURDEN, UNDERREPORTING AND THE SOCIAL IMPACTS
OF RABIES ON NAMIBIA

The epidemiology of rabies in Africa remains poorly understood, primarily due to poor
surveillance and underreporting. In light of this, it is difficult to assess the true burden of
rabies in countries and, as a result, it remains difficult to gain governmental buy-in and
support to fund rabies control and elimination programmes.

Whilst domestic dogs are usually considered companion animals with little or no
economic value, human and (to a lesser extent) livestock deaths cause considerable economic
losses to society. The presence of independently transmitted kudu rabies in Namibia also
poses further challenges to the true estimation of the disease burden. As game farming - and
all of the associated industries - is a major contributor to the gross-domestic product (GDP) of
Namibia, it is realized that the kudu rabies epizootics place significant further financial and
social burdens upon the Namibian populace.

In an attempt to provide reliable data and, in turn, raise the neglected status of rabies, a
recent study has estimated the burden that rabies imposes on countries globally [6]. This
study has provided the most accurate estimate possible with the limited data available, and
suggested that the true number of rabies cases, particularly in developing countries, may be
10-100 times more than what is currently reported [40, 41].
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Human

The economic burden of human rabies is not solely based on human deaths, but is also
attributed to indirect cost factors associated with providing PEP treatment, hospital costs and
travel costs, among others [6]. Although the majority of the financial burden of rabies does
not come from human morbidity, as rabies typically has a short duration of illness [8], the
costs associated with seeking PEP to prevent rabies from developing are high. These costs are
not only attributed to reported cases, but the costs and social implications also often involve
close family members or community members that were also in contact with either the
affected person or animal. These social implications also carry forward into direct and
indirect economic burdens upon individuals, their families and their communities. The bulk of
the economic burden of rabies falls at the societal level, due to the lost productivity (future
income) of people who die of rabies (Table 2).

As part of the recent burden study, the human rabies burden for Namibia — as well as all
other countries globally — has already been estimated as accurately as possible with the
limited data currently available [6]. Using this information, the economic burden of canine-
transmitted rabies in Namibia is estimated to be USD 2 034 703 every year, despite the fact
that only 4 people are estimated to die from the disease in the country annually [6]. Because
of the high cost of PEP, the challenges faced by rural communities in accessing clinics or
hospitals and the chronic global shortage of PEP, the indirect costs of rabies are far greater
than the direct costs of the PEP itself (Table 2). In light of this, the focus for human rabies
prevention and elimination in Namibia should remain on dog vaccination, but should also
include the improved provision of pharmaceuticals for exposed individuals in rural areas.
Namibia has already made good strides towards improved human treatment by providing
rabies PEP free of charge in any state hospital [42]; however, improving access to this PEP
should be the next step.

Livestock

The burden of rabies not only impacts upon the country as a whole but also upon the
social and economic wellbeing of the individual. In light of this, the estimates for the burden
of rabies upon livestock were assessed and it was determined that, in Namibia alone, an
estimated USD 3 064 690 is lost each year due to rabies affecting livestock. In Namibia,
agriculture accounts for approximately 5.6% of the GDP of which 90% is attributed to
livestock farming [43]. Although the cost associated with livestock losses due to rabies might
seem insignificant in a global scheme, the economic wellbeing of the general population
changes the perspective. The average Gross National Income (GNI) of a person in Namibia is
USD 3 360 with the lower-middle income group being USD 1 887 (Atlas Method). Despite
this, 49.1% of the population live below the USD 1.25 per day poverty line [44], and 70% of
the total Namibian population derives its income directly from cattle farming, with one third
of these individuals depending on subsistence farming as their only source of income.
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Table 2. Annual human rabies burden costs for Namibia [6]

Description Cost (USD)
Direct Costs 391 636
Travel costs 33557
Lost income 202 952
Productivity loss due to premature death 1 406 559
Total costs of human rabies per annum 2034703

Data taken from [6]

Table 3. Cost comparison of annual cattle losses due to rabies to that of the annual gross
national income of the country average as well as that of low-middle income earners

. Annual Price per g?ir;rli:’:ed Annual cost of glnunrﬂgle;;;ry
Earning earnings head of number of livestock equivalents lost
category (USD) cattle cattle losses losses due to per year due to

(USD) q ; rabies (USD)* .
ue to rabies rabies
Low-Middle 1887 364 8419 3064 690 1624
income”
Average 3360 364 8419 3064 690 912
income

49.1% of the population live below the poverty line. More than 70% of the population directly derive
their income from cattle farming, of which one third are subsistence farmers and would likely fall
within this category.

“I6]

The average price of one head of cattle is approximately USD 364 when sold locally or in
the export abattoir market, therefore as few as 5 head of cattle equates to the annual income of
an average low-middle income earner in Namibia. On a national level, the total economic
costs due to livestock losses from rabies equates to the complete loss of income for 912
individuals on average incomes, or twice that many on low-middle incomes (Table 3).

Kudu

Due to the unique situation of kudu rabies in Namibia, the burden of kudu rabies has
never been assessed or quantified. Despite the fact that there have been numerous reports
from farmers, veterinarians and the Ministry of Environment and Tourism emphasising the
impacts of kudu rabies on the tourism, game farming and professional hunting industries, no
scientific data is available to support these notions. However, such data should be generated
as an addition to the burden of canine rabies as previously described by Hampson et al. 2015.
Government officials rely on data reported through specific channels in both the Ministry of
Health and the Ministry of Agriculture, but if the burden of kudu rabies is underestimated and
underreported, then the influence upon policy-makers will be insufficient to source enough
support to control and eliminate rabies in the country.
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In an effort to estimate the impact of kudu rabies outbreaks throughout the country for the
first time, we developed a Kudu Rabies Burden Model (KRBM) using extrapolated historical
data to reflect - as accurately as possible with the limited data available — the burden of kudu
rabies upon the country as a whole. We then related this to individuals and communities
involved in game farming and tourism industries. Estimated kudu population numbers from
the game farming sector were taken from a 2004 game census and extrapolated to reflect the
population growth up to the present time (2016) [45]. A conservative growth rate of 4% per
annum was used for the modelled kudu population (based on reports from a period after the
initial epizootic when the kudu population was assumed to be growing stably) [4]. As a proof
of concept, the KRBM estimates the kudu population for 2009 to be approximately 428 132,
which correlates closely with those of another study performed in 2009 that estimated a kudu
population of 449 199 based on the same census data [46]. Based on this assumption, the
kudu population in the year 2016 would have been an estimated 563 392, inclusive of any
losses from other causes. During the second epizootic, it was reported that 2.5% (81/3500
farms), of the kudu population was affected by kudu rabies within a single year with reported
losses of 30-68% on some farms [33, 46]. The affected kudu population estimates in the
KRBM were based on the assumption of equal population distribution across all of the farms.
Therefore, using the extrapolated data, the KRBM provides various scenarios ranging from
conservative (15%) to reported (30-68%) estimates of kudu die-off when only 2.5% of the
total kudu population (i.e., 2.5% of farms) was affected by rabies within a single year (Table
4).

In order to determine the most accurate representation of the reported data for the
KRBM, we took data from 2003 where a reported 2500 kudu died from rabies and adjusted
the parameters. The percentage losses for 2.5% of the population were modelled to reflect the
estimated losses reported from farmers ranging from a conservative 15% to the upper 60%.
Using these modelled estimates, 30% losses most closely correlated between the model (2534
kudu deaths) and those of reported losses in the same year (2500 kudu deaths).

Based on the KRBM, the financial burden imposed by kudu rabies was subsequently
estimated. An average price per head of a male trophy kudu is USD 1 900 [47], whilst the
average price per female was approximately USD 330 [46]. The male: female sex ratio of
kudu in Namibia is 1:1.67 [48] and taking this information, combined with the prices of kudu,
we determined the economic impact of kudu rabies in Namibia. If an outbreak of a similar
magnitude to that in 2003 were to occur in 2016, the KRBM estimates that 4 225 kudu would
die of rabies. This would result in the deaths of 2 643 females and 1 582 males, resulting in
the loss of USD 3 877 990 in a single year (Table 5).

Table 4. Estimated kudu losses due to rabies epizootics on a limited number of farms
(represented by an estimate of 2.5% of the total kudu population for 2016)

Percentage losses Estimated number of kudu dead (single year outbreak in 2016)
15% 2113
30% 4225
60% 8451

The estimates depict 15%, 30% and 60% losses of 2.5% of the kudu population from the KRBM model.
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Table 5. Modelled cost implications of kudu rabies in 2016 using the parameters from
the Kudu Rabies Burden Model

Female Male Total
Losses (number of kudu) 2643 1582 4225
Cost per head (USD) 330 1 900% -
Financial losses (USD) 872190 3005 800 3877990
Average annual income (USD)* 3360 3360 3360
Number of annual incomes lost 259 895 1154
Average annual low-middle income (USD)* 1887 1887 1887
Number of low-middle average annual incomes 462 1593 2 055
lost
*[44]
147]

Although these figures seem miniscule when compared with the Namibian GDP (USD
6.7 billion), the direct economic and social impacts of kudu rabies is far greater. Considering
that the annual average income per person in Namibia is USD 3 360, the losses of kudu due to
rabies accounts for the loss of the annual income of 1154 people, making it more burdensome
than the estimated impact of rabies on livestock (912). Taking into account that the more than
49.1% of the population live below the poverty line, the implications are far greater than
expressed in these initial estimates.

Further economic implications can be noted when observing the impacts on farms
themselves, as opposed to the individuals involved. Considering that the KRBM parameters
assume an even distribution, we know that in reality the actual reports vary much more
widely as farmers have reported losses as high as 68% on individual farms [33]. We then
continued to use the KRBM to determine the effects of kudu population numbers and their
recovery on individual farms, with various losses estimated. This would directly correlate to
the affects the losses would have on the farm as well as the amount of time required to
recover from the outbreak. The average size of a game farm in Namibia is 70 km? [46] and
the average kudu population density is 1 kudu per 0,4 km? [27]. Therefore, an average farm
would have approximately 175 kudu and 30% losses would thus result in the deaths of 53
kudu. Using the KRBM, we estimate that each farm would experience a loss of 52 kudu.
Working with the average sex ratio, this would mean that each farm would lose 19 males and
33 females resulting in the average loss of USD 46 990 per farm in a single year, not taking
into account the potential loss of a stud bull. The KRBM shows that it would take 9 years at a
4% growth rate for the farm to recover the kudu population to levels equal to those observed
before the outbreak (assuming that no further major losses occur). Previous reports have
described losses of up to 68% on a single farm, resulting in the fact that the economic and
social impacts of kudu rabies on farms affected this severely would be far greater, with an
even longer time to recovery for the kudu population. Therefore, the implications that kudu
rabies has for farmers and all of the people and industries reliant upon kudu are far greater,
with grave consequences to their livelihoods. Considering that kudu rabies outbreaks typically
last for several years, and move around the country affecting different farms, the financial and
social implications will continue year on year.
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Summary

Recent global canine rabies burden estimates have provided countries, governments and
stakeholders with essential data to promote rabies control and elimination programmes on a
National scale. However, these burden estimates were directed solely for the purpose of
raising the status of rabies on various stakeholders’ agendas and thus failed to reflect the
implications of rabies on an individual or personal scale. By providing a more individual
context for this burden, our data has shown the social and economic impacts of rabies in
Namibian households and communities as opposed to countrywide. Furthermore, by
providing the first economic burden estimates for kudu rabies we addressed the gap in the
knowledge of the burden of rabies in Namibia as kudu rabies is an additional unique
challenge posed to the country. The economic burden of kudu rabies far exceeds that posed
by rabies in humans as well as the burden posed by rabies in livestock in Namibia, suggesting
that this unaddressed challenge should receive further consideration in their National
Strategy. By coupling the financial burden imposed by rabies on the kudu, livestock and
human populations, the total burden of rabies in Namibia is estimated to be USD 8 977 383
each year, which equates to losses of USD 4.26 per capita.

NAMIBIA’S NATIONAL STRATEGY TOWARDS RABIES CONTROL
AND ELIMINATION

The development of a National Strategy is paramount to the success of any rabies control
and elimination plans, as an endorsed National Strategy enables the coordination of inter-
sectoral support, as well as coordinating and concerting international efforts towards a
common goal — the elimination of canine-mediated human rabies. It has become evident that
the only feasible means to eliminate human rabies is to control the problem at the source i.e.,
within the dog population. This can be achieved through the mass vaccination of animal —
primarily dog — populations on an annual basis in order to create a herd immunity. The
creation of herd immunity prevents the transmission of rabies among animals and therefore
breaks the cycle of rabies transmission [49].

The resources required to implement effective National Strategies towards rabies control
and elimination are often limited, as the assigned budget for disease control and intervention
efforts is typically spread among several economically and socially important diseases. As a
result of these budgetary constraints, National governments in these developing countries are
often reliant upon the support of other international stakeholders to successfully initiate
National Strategies for rabies control and elimination. Ultimately, the end goal of these
initiatives would be that each country takes ownership of their rabies control efforts and
distributes national budgets appropriately to address the disease concerns. However, on
occasion, support from numerous international organisations or stakeholders can become
detrimental to rabies control within the country, as small, disjointed efforts can overlap and
also are usually not sustainable. Studies have shown that random and small-scale vaccination
campaigns are less effective and can possibly negatively influence rabies control efforts [50,
51]. Therefore, vaccination campaigns need to be carefully considered with vital information
such as high incidence areas, dog population and density, molecular epidemiology and the
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current vaccination coverage being important aspects to consider. The key to an effective
rabies control and elimination strategy is to have a carefully considered, stepwise approach
towards rabies elimination that is sustainable. In this regard, Namibia has developed a
National Strategy which enables the coordination of a variety of interested international
organisations towards a targeted and progressive rabies elimination approach.

Rabies as the Flagship for the One Health Approach

Conflict often arises as to where the responsibility lies for the control and elimination of
rabies. Despite being a zoonotic disease, the health sector typically sees the disease as one
primarily affecting animals, whereas the veterinary sector considers human deaths that result
from rabies infections to be the concern of the medical sector. Additionally, the veterinary

sector is not as affected by the loss of economically important animals such as livestock to
rabies when compared with the losses associated with diseases such as FMD. The
responsibility for the control of rabies is typically shifted among the various governmental
sectors, and thus rabies remains neglected. However, the challenges posed by rabies create the
perfect platform for the disease to be the flagship disease for the One Health approach,
unifying various sectors, each with their own strengths, into a single front against the scourge
of rabies.

The One Health approach for rabies control requires primary involvement from the
medical and veterinary sectors, ensuring that the disease is controlled from various angles.
The human sector is responsible for ensuring the appropriate and timely treatment of
potentially exposed individuals by ensuring adequate human vaccine supply, wound care and
post-exposure prophylaxis in all of the clinics and hospitals throughout the country. Thus, the
role of the medical sector is to prevent human deaths. However, this approach is not a
sustainable approach when performed alone, as the costs associated with post-exposure
prophylaxis in humans are high [52]. The veterinary sector is directly responsible for
controlling rabies in the animal population, thus preventing the spread of rabies among
vectors such as dogs and jackals and the subsequent exposures to humans. The control of
rabies is focussed on the mass vaccination of dogs, and with sufficient vaccination coverage,
the elimination of its spread. The elimination of the disease in reservoir species thus
eliminates the possibility of exposures to humans.

Although the medical and veterinary sectors play the primary roles in the control and
elimination of rabies, other stakeholders are also involved in the One Health approach. The
animal welfare sector plays an important role in ensuring that animals are humanely treated
and cared-for in a manner that ensures their comfort, wellbeing and longevity. By ensuring
sufficient primary animal healthcare, owned dogs are: vaccinated against diseases, including
rabies; sterilised to ensure population control; registered as pets for census and identification
purposes and; healthier, ensuring longevity of the animal, which in turn, affects the rabies
vaccination coverage.

The educational sector plays a vital role in educating the populace about rabies, the
dangers of this disease, prevention measures, animal healthcare and bite prevention. These
educational roles are thus crucial to the successes of disease intervention campaigns. Bite
prevention campaigns ensure people, especially children under the age of 15 years who have
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been identified as the most at-risk demographic, are educated about dog bite prevention by
learning to identify basic dog behavioural patterns and how to correctly assess them in order
to not provoke animals into aggression. Furthermore, by being educated about the dangers of
rabies and the role that basic healthcare plays in preventing the disease, people will
understand the necessity for correct basic wound treatment and subsequent medical treatment
in order to prevent rabies after a bite case has occurred.

By embracing the One Health approach into all of the aspects of the National Rabies
Control Strategy, the Namibian government will ensure a multi-pronged approach to rabies
control and elimination. This approach is essential to the success of the disease intervention
strategy and also allows multiple stakeholders and government sectors to contribute to the
control of rabies. Thus, in situations where stakeholders are overburdened by other
responsibilities, the contributions from other stakeholders can continue to progress the
National Strategy.

Passive Rabies Surveillance in Namibia

Disease surveillance is defined by the World Organization for Animal Health (OIE) as
the “systematic ongoing collection, collation and analysis of information related to animal
health, and the timely dissemination of that information to those that need to know, so that
action can be taken” [53]. As such, trained professionals such as veterinarians, para-
veterinarians and animal health specialists initiate the process of disease surveillance by
submitting potentially infected samples for diagnosis and subsequently act upon the
diagnostic results by implementing disease intervention incentives. As of 2016, Namibia has
an extensive network of 19 state veterinarians that are spread throughout the country, whilst a
vast number of privately owned veterinary practices are interspersed in the regions.

The most critical component of any surveillance network is the presence and
functionality of diagnostic facilities capable of confirming whether a sample is indeed
positive for the suspected disease. Diagnostic confirmation, relying on an accurate and easy to
use assay, is important for various reasons, viz. management of disease intervention
campaigns among animal and human populations; understanding the role of wildlife
reservoirs; and the identification of potential host shifts that could complicate disease
elimination endeavours. Namibia’s rabies surveillance network consists of two diagnostic
facilities, the first of which is situated at the central veterinary laboratory (CVL) in
Windhoek. The second rabies diagnostic facility is a regional veterinary laboratory (RVL)
situated in Ondangwa. Diagnostic confirmation of rabies in Namibia relies on the
recommended direct fluorescent antibody (DFA) test, which is routinely applied in Namibia
[42]. In order to ensure the highest diagnostic standards within the country, Namibia partook
in a diagnostic proficiency and protocol harmonisation workshop at the OIE Rabies Reference
Laboratory for southern Africa in 2009 [54].

In an effort to further improve upon the existing diagnostic capabilities, and thus the
subsequent epidemiological information and comprehension of disease dynamics, the
Namibian government began the routine implementation of a novel diagnostic assay
undergoing global validation and large-scale implementation. The direct rapid
immunohistochemical test (DRIT) has, since its development in 2006, been applied in various
studies involving the testing of small sample cohorts as well as routine implementation on a
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national level. All of the studies performed to date have found that the cost effective DRIT
had a diagnostic sensitivity and specificity equal to that of the gold standard DFA test, while
being quicker to perform and easier to interpret by inexperienced readers [55-61]. The
advantages associated with the DRIT clearly make the assay more applicable to resource-
limited developing countries on the African continent, especially those like Namibia that have
the opportunity to further the enhancement of the countries’ surveillance network by
implementing decentralised diagnosis.

The routine implementation of an accredited diagnostic assay (DFA) provides one of the
key indicators of a successful National strategy, as the diagnostic confirmation enables the
monitoring of the intervention campaign maintained within the country. While the DFA is a
key indicator of success, the subsequent diagnostic confirmation with an equally effective
assay such as the DRIT is an effective manner to ensure that the diagnostic capabilities within
the country are maintained at the highest level.

Education and Awareness Programmes

Enhanced public education and awareness of rabies has been identified as one of the key
areas that needs to be addressed in order to ensure a successful disease intervention campaign
[62]. By ensuring that the general populace is adequately educated and aware of the disease
and its prevention, unnecessary bite cases and subsequent financial expenditure can be
negated. The applicability of widespread public education in Namibia was showcased in 2008
when the Namibian government undertook a project whereby Constituency Councillors
sensitized the communities to rabies within the Kavango region of the country. The
community members within this region were educated about both the dangers of rabies and
the importance of having their pets and farm animals vaccinated against the disease. For the
duration of the campaign (April 2008 to March 2009), the average number of dog bites within
the region decreased from 82 to 39, while the annual expenditure on rabies biologics reduced
from USD 56,600 to USD 29,600. Further improvement was seen from April 2009 to March
2010, where no human deaths were reported within the region, showcasing the longevity of
focussed education campaigns [63].

In lieu of the successful outputs seen with community education programmes in the
country, further education initiatives have been promoted and supported by both
governmental and private parties. In recognition of this fact, official country-specific data,
reported to the Pan-African Rabies Control Network (PARACON) [64], described the use of
various awareness campaigns such as: i) rabies awareness campaigns that target both
community leaders and school children within the country, ii) awareness campaigns on bite-
wound management, and iii) encouraging bite victims to seek medical attention.

Although various educational campaigns are routinely implemented, a recent study
assessing the knowledge, attitudes and practices of residents in two towns of the Oshana
region was performed to assess whether the community knowledge is adequate enough to
support rabies prevention in their community. The study found that the surveyed participants
had a good general understanding of rabies, but specific points needed to be clarified amongst
the two surveyed populations. Among the 245 surveyed individuals, 53% associated rabies
with a virus, while 90.6% identified a dog bite as the main means of transmission. Seventy-
five per cent of the surveyed individuals knew that wildlife could also cause the disease and
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should thus be avoided. Considering that 63.3% of the surveyed individuals had received their
information from the media, it is clear that the educational messages from the various outlets
were fairly effective. Despite the clear message with regards to rabies, only 37% had actually
vaccinated their own pets after hearing about the importance of preventing the disease,
suggesting that there may still be barriers to adequate vaccination coverage, such as costs and
accessibility, or alternatively follow-up educational broadcasts are required in order to
encourage people to vaccinate their animals regularly [65].

In light of the problems caused by incorrect or partial information being shared with the
public, the Partners for Rabies Prevention (PRP), an informal expert group of rabies-focused
professionals, recognized the importance of a coordinated approach to rabies education. As
very few rabies educational resources provide comprehensive information pertaining to all of
the components associated with proper rabies education, the Global Alliance for Rabies
Control established an online rabies educational platform as a means to distribute freely
available online certificate courses to members of “at-risk” communities. Since its launch in
2015, these educational courses have been promoted in Namibia in order to establish a
network of rabies experts that are well informed and able to further educate other people
within their communities.

Preventative and Control Measures

Rabies in Namibia is a notifiable disease for both the human and animal sectors [42]. Dog
bite cases and potential rabies exposures are to be reported to the nearest state veterinary
office in the country. The vaccination certificate of the animal is assessed and the animal is
either put under quarantine for a period of 10 days or, in highly suspicious cases, the animal is
euthanised and the dog is subjected to rabies diagnosis at the CVL. After laboratory
confirmation, a letter signed by the diagnostician is sent to the bite case victim and rabies
post-exposure prophylaxis is provided to the individual free of charge [66]. Although this is
an effective means to prevent human rabies cases — through effective and timely treatment —
the most feasible and cost effective strategy is to achieve a 70% vaccination coverage of all of
the dogs in the country, as well as in bordering regions [24, 67, 68]. Rabies outbreak and
response teams are also available to specifically target areas for mass vaccination where
suspected outbreaks are underway. These teams work on a response basis and despite being
effective, are not designed to prevent rabies outbreaks, but rather to control them. Other
prevention measures include: Animal registration that helps to ensure that the animals are
correctly and timeously vaccinated against notifiable diseases such as rabies; Legislation that
includes specific rabies prevention and control measures and; Strict controls on the cross-
border transport of animals. If performed rigorously, these preventative measures should
contribute to the improved control and the eventual elimination of rabies in Namibia using a
multi-sectoral, multi-pronged approach.

Despite being effective in terms of preventing human death, response-driven action is not
a feasible approach to the elimination of canine rabies, as it is costly and does not address the
problem at its core. Namibia is attempting to directly address the challenge posed by canine
rabies by ensuring that rabies vaccination is compulsory in dogs and cats. Both fixed-point
and roving mass vaccination campaigns are undertaken in Namibia and the events are
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advertised before the time, ensuring that the target communities are aware of the vaccination
campaigns [66].

In recent years, Namibia has undertaken various mass vaccination campaigns in an
attempt to achieve the required 70% vaccination coverage in certain regions within the
country. These campaigns typically place strain on the veterinary professionals and the
resources at their disposal as other more economically important diseases often take
precedence. For instance, in 2015, a FMD outbreak occurred throughout the central regions of
the country, resulting in the shifting of resources and personnel away from rabies vaccination
and surveillance programmes [69]. These challenges endanger rabies control and elimination
initiatives; however, with the implementation of a National Strategy towards rabies control
and elimination, resources can be allocated solely for the purpose of rabies control, ensuring
that other disease outbreaks do not directly influence current rabies control initiatives.

A sustainable supply of rabies vaccine can be a major obstacle to the implementation of
mass vaccination campaigns and, in light of this, the OIE has developed vaccine banks that
facilitate the sale of discounted vaccine to eligible countries [70]. The vaccine banks also aim
to ensure that vaccine manufacturing companies are able to adequately supply the demand
placed upon them to provide sufficient doses of vaccine to a country and region. Thus, the
implementation of vaccine banks will facilitate the cost-effective purchase and timeous
delivery of sufficient vaccine for countries to carry out their envisioned mass vaccination
campaigns.

Additionally, the Namibian and Chinese governments are collaborating in order to build a
vaccine production facility in Namibia [71]. This vaccine production facility will focus on
animal vaccines with specific emphasis on FMD; however, rabies vaccine production will
also be considered and likely undertaken in this facility. This will ensure that not only
Namibia will have adequate animal vaccine supply at a reduced price, but that neighbouring
countries may also be able to benefit from a more localised vaccine production facility.

Regional Collaborations

As rabies is a transboundary disease, it is important that regional collaborations and
concerted efforts are considered whilst developing a National Strategy towards rabies control
and elimination. Because of the ability of vectors to easily cross political boundaries, a
National Strategy based solely on controlling rabies within the country — without any
considerations for neighbouring countries — is futile. As was seen with the initial introduction
of rabies into Namibia, an epizootic of rabies in a neighbouring country has the potential to
spread into the country of concern, resulting in possible human exposures and thus preventing
the country from obtaining a ‘rabies-free’ status. In order to ensure that a country remains
rabies-free, a buffer vaccination zone that carries into neighbouring countries is required [24].

Namibia has historically been involved in various regional collaborative efforts towards
rabies control, demonstrating the willingness to address rabies on a regional scale and to work
in collaboration with other countries in order to create a concerted front against the spread of
rabies. Namibia was one of the founding member countries of the Southern and Eastern
Rabies Group (SEARG), which was initially founded in 1992 [72]. The SEARG group was
later merged into the Pan-African Rabies Control Network (PARACON) and in 2015
Namibia was represented at the inaugural PARACON meeting [64].
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In light of these efforts, Namibia has demonstrated the importance of regional
collaborations and has approached the development of their National Strategy with not only a
national, but also a regional, rabies control effort in mind.

CONCLUSION

In light of the recent declaration of commitment by the global community to strive for
canine-mediated human rabies elimination by the year 2030, there is an increased focus on
endemic countries to address the problem of rabies. In efforts to support and achieve this
milestone, the global community has endeavoured to raise the status of rabies as a priority
disease within the cohort of neglected zoonotic diseases and has further pledged their support
by providing essential tools and resources, as well as expert advice, to endemic countries.
PARACON was specifically created in order to facilitate global support and regional
collaboration within Africa, thus creating an advisory network for African countries. Despite
this unified global approach, the challenges faced by rabies remain the responsibility of each
country itself and thus, each endemic country is required to take ownership of their own
control and elimination efforts.

Namibia has shown commitment to taking ownership of the challenges faced by rabies in
their country by developing a National Strategy towards canine-mediated human rabies
elimination. With support from international organisations and the global community,
Namibia has developed a comprehensive National Strategy in line with the goals set by the
global community. The next few years will be crucial for the implementation of the National
Strategy in the efforts to see the developed plan come to fruition so that Namibia can reap the
rewards of prioritising rabies for elimination. Namibia can use the momentum generated from
their National Strategy to showcase their rabies elimination efforts on a continental scale and
drive towards being the first canine-mediated human rabies free country in Africa.
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ABSTRACT

Background and objective. Malaria is a mosquito-borne infectious disease with high
morbidity and mortality in tropical regions, caused by Plasmodium parasite and
transmitted to humans by female Anopheles mosquitoes. WHO estimates that African
households lose about 25% of income to malaria. The aim of this pilot study was to
determine the prevalence and socioeconomic impact of malaria on households in the
Democratic Republic of Congo (DRC).

Methods. An analytical cross-sectional study was conducted from 16 November
through December 2015 in which 152 heads of households took part. They were from a
rural (n1=81) and an urban county (n2=71). All participating households made up 1,029
members. The French version of ‘Malaria Indicator Survey’ questionnaire was completed
anonymously.

Results. There were 51.3% of male and 48.7% of female heads of households
(p>0.05). The mean age was 38.97+9.88, and 22% of them were unemployed. Household
size varied from 3 to 18, and more than half (61.7%) of rural households had more than
five members (vs. 38.3% for urban households). The estimated household monthly
income varied from 10 to 700 $US, and only 10.5% of households earned more than 300
US$ a month (vs. 89.5% earning less than 300US$ and 50.6% less than 100 USS$;
p<0.05). Participants from the urban site had higher level of education, with 37.2%
having a college or university degree (vs. 21.6% for rural site); 12.5% either had primary
education level or were illiterate. Regarding anti-vector measures for malaria prevention,
15.8% of heads of households reported the existence of a public sanitation activity
implemented in their residential area (p<0.001); 65.8% used insecticide-treated bed nets
(ITN), 13.8% used spray, 0.6% combined ITN and spray, 12.5 used ordinary bed nets,
whereas 7.2% did not use any preventive measure. For monthly anti-mosquito
expenditure, 50% (76/152) of participants reported that they spent nothing due to lack of
money, 24.3% spent 10-20 $US, 15.7% spent 21-30 $US; the remaining participants
(9.9%) spent more than 30 $US a month. The availability of nets showed a positive
association with socioeconomic status of households. Overall malaria prevalence-rate
among heads of households was 92.4% (at least one episode), with an average of 2.5
malaria episodes per person (range: 1-7 episodes). It was equally high in participants
from both rural and urban sites, 90.1% and 88.7%, respectively (p>0.05). In the group of
participants who reported using ITN, malaria prevalence-rate was 89%; it was 90.5% in
spray users, 100% in ordinary bed net users and 100% in those who did not use any
measure. Heads of households who reported earning less than 300 US$ had 2.76 times
malaria risk than those from households with a monthly income of 300 US$ or higher
(aOR: 2.76+1.87; 95% CI: 1.73-10.41; p<0.05); those who had primary education level
(or illiterate) had a 33.87 times risk of developing malaria (vs. higher level; aOR:
33.87+34.42; 95% CI: 2.45-89.49; p<0.05); whereas those living in areas without public
sanitation program had a 3.01 times malaria risk (aOR: 3.01+£2.19; 95% CI: 1.37-24.23;
p<0.05). Regarding individual malaria care expenditure in the previous 12-month period,
the estimated cost was 101.56 + 10.63 $US per person.

Conclusions. Findings from this pilot study showed high malaria rates in both rural
and urban households with a relatively high malaria care expenditure, causing a real
socioeconomic burden to Congolese households. There is a necessity to enhance malaria
prevention programs with the adoption of an integrated anti-malaria approach aiming at
increasing malaria awareness and eliminating its vector in the living environment.

Keywords: Congo, household, malaria, prevalence, socioeconomic status
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1. INTRODUCTION

1.1. Definition, Etiology and Epidemiologic Profile of Malaria

Malaria is a mosquito-borne infectious disease caused parasites of the genus Plasmodium,
transmitted to humans by female Anopheles mosquitoes. It is a disease that is well established
as a major global health problem (WHO 2011; Bhatt et al. 2015; Wumba et al. 2015). There
are four species of Plasmodium that infect humans to cause malaria: P. falciparum, P. vivax,
P. ovale and P. malariae; of them, P. falciparum is considered the most lethal and
widespread malaria parasites infecting humans. Other Plasmodium species are known to be
responsible of infection in rodents and non-human primates (Cai et al. 2010; Liu et al. 2010).
The finding of malaria parasites in human red blood cells in 1880 by the French army doctor
in Algeria and winner of the Nobel Prize of Physiology and Medicine in 1907, Charles Louis
Alphonse Laveran, inaugurated a new era in the understanding of the pathophysiology of the
disease (Haas 1999). It also rendered the finding of anti-malaria remedies possible that could
help to manage the disease.

Malaria morbidity tended to decrease in some endemic countries during the first decade
of the 21% century. In 2010, the World Health Organization (WHO), estimated that there were
219,000,000 documented cases of malaria worldwide, Killing between 660,000 and 1,200,000
people (WHO 2010). A similar trend was reported for the year 2012, with 207,000,000 cases
of whom 627 died. It has been estimated that 3.3 billion people are at risk of malaria, of
whom 655,000-1,200,000 die annually, and more than one case occurring per 1,000
population in high-risk areas. The disease killed about 482,000 children under five years of
age; that is 1,300 children every day, or one child almost every minute (Nayyar et al. 2012;
WHO 2013).

1.2. Trends of Malaria Prevalence and Cost in the Sub-Saharan Africa

Malaria is prevalent is tropical and sub-tropical regions because of rainfall, warm
temperatures and stagnant water that provide habitat for mosquito larvae. Previous works
have established a relationship between Malaria and poverty, hindering economic
development of many developing countries, particularly in Africa (Worrall et al. 2005). Of
the 627,000 deaths due to malaria in the world in 2012, approximately 90% occurred in sub-
Saharan African countries, and DRC and Nigeria accounted for 40% of them (WHO 2013;
PNLP 2013). According to WHO, households in Africa lose approximately 25% of income to
malaria (WHO 2008), and the disease has a tremendous impact on households and businesses.
In one hand, malaria increases health-related expenditures and employee absenteeism; on the
other hand, it reduces productivity. In Uganda, a recent study conducted in 100 households
found an association between socioeconomic status and malaria, with wealth index as a
predictor of malaria risk (Tusting et al. 2016).
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1.3. Malaria Status in Democratic Republic of the Congo (DRC)

Several anti-malaria drugs have been discovered, however, their efficacy is often
challenged by new resistant species of plasmodium, besides the treatment cost that some
families cannot afford. Thus, the use of Insecticide Treated Net (ITN) has recently become
the most promoted and reliable preventive measure in the Sub-Saharan Africa. Nonetheless,
the persistent high morbidity and mortality of Malaria despite the large distribution of ITN
suggests that the measure has some limits, and that the hygiene and sanitation promotion
approach might be of great contribution in the fight against Malaria.

The DRC National Malaria Program reported about 9,400,000 malaria cases occurring
nationwide within the year 2012, resulting in 24,000 deaths (PNLP 2013). In its recent report,
the same program reported that annual malaria incidence varied between 13,591-13,155 cases
per 100,000 from the year 2010 to 2014; and that malaria mortality accounted for 39% all-
causes mortality nationwide in 2013, whereas it was 36% in 2014 (PNLP strategic plan
2016). Considering the context of extreme poverty, particularly in the central African region
(DRC included), the absence of a country level health insurance system and the
inaccessibility of a poor populations to malaria treatment, malaria prevention and the
universal care coverage initiative will continue to face shortcomings in most countries of the
region. This suggests the need for a more integrated approach in the fight against malaria.

1.4. Objectives of the Study

To our knowledge, there have been no research that investigated the real socioeconomic
impact of malaria on Congolese households. We conducted a pilot cross-sectional study to
evaluate the incidence and the socioeconomic impact of malaria and related risk factors in a
sample of 152 Congolese households from a semi-rural and urban sites of DRC from 16%
November through December 2015. The objectives of this pilot study were the following:

1. Evaluate the malaria knowledge and awareness of Congolese household
representatives;

2. Determine the prevalence of malaria among study participants and household
members in the previous 12 months, its socioeconomic impact and determinants
on Congolese rural and urban households.

2. MATERIALS AND METHODS

2.1. Study Design, Sites and Participants

A pilot analytical cross-sectional study was conducted, from 16 November through
December 2015, at two sites of the western DRC’s provinces of Kinshasa, the capital, and
Kongo central. Participants were enrolled at the urban county of Limete, in the capital
Kinshasa, and at Kasa-Ngulu, a rural county located in the Kongo central province. Both sites
share quite similar ecological conditions: populous residential areas and proximity to a river.
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This was a collaborative study between the University of Kochi in Japan and the Unit of
Parasitology, Faculty of Medicine of the University of Kinshasa in DRC.

Local Congolese research team counterpart has visited the study sites weeks prior to
conducting the survey and contacted community and social leaders (church and social leaders,
district and county administrative and health authorities) in each study site. After a thorough
explanation of the study activities, later on, the leaders had to explain to their community
members during weekly gatherings and schedule the survey. Only community members who
were heads of households, voluntarily accepted to take part in the study and signed the
informed consent form were eligible.

In this first phase of the ‘Congo Malaria Study’, a sample of 150 household
representatives (75 from each of the study sites) was expected. In total, 152 heads of
households were enrolled in the study (71 from the rural and 81 from the urban sites). The
household size varied from 3 to 18 members, and all participating households made up 1,029
members. Each participant had to answer the survey questionnaire on behalf of his/her
household. Those with a low educational level were assisted by trained surveyors using local
dialects to explain the content of informed consent form, and the questionnaire as well.

2.2. Survey Questionnaire

The French version of ‘Malaria Indicator Survey’ (Global Fund and Madagascar National
Malaria Program, 2013) questionnaire was completed anonymously by each participant. It
comprised 49 items related to the following five categories:

Clinical and sociodemographic characteristics;

Personal and family history;

Personal lifestyle characteristics;

Household characteristics;

Household malaria preventive measures and malaria care options.

ISAREE A o

However, in this first report, only outcome information related to participants’
characteristics, malaria rates, malaria preventive measures and care is provided. Study
outcomes in regard to water provision and management, the general hygiene and sanitation
(WASH) in the study sites will be included in another report.

2.3. Ethical Considerations and Statistical Analyses

The present study was approved by the ethics committee of the Graduate School of
Health Sciences and Nursing, University of Kochi in Japan and the local Congolese district
administration officers of participating counties and community leaders. Each of the study
participants provided a signed informed consent form after receiving explanations of the
study objectives and activities. Survey data are presented as means for continuous variables
and proportions for categorical variables; outcome variables are either dichotomized or
stratified into three to five categories. Cross-tabulation and paired T test were performed to
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compare study group, whereas logistic regression test was used to determine predictors of
malaria in the sample of heads of households. P-value for statistical significance was set at
0.05. All analyzes were performed with the use of Stata software version 10 (Stata
corporation, TX, USA).

3. RESULTS

3.1. Characteristics of Study Participants

Table 1 shows the demographic and socioeconomic characteristics of the participating
heads of households from both study sites. There were 51.3% of male participants (78/152; 32
from urban and 46 from rural sites) and 48.7% of females (39 from urban and 35 from rural
study sites) (p>0.05). The mean age was 38.97+9.88. Of the participants, 46.7% (71/152)
were 30 years or younger, whereas 53.3% (81/152) were over 30 years of age (p<0.05).
Regarding marital status, overall 65.1% (99/152) were married (37 from urban and 62 from
rural study sites), 3.9% (6/152) were divorced, 5.3% [8/152) were widowed, 7.9% (12/152]
were single with children, whereas 11.2% (17/152) of participants were single without
children (p<0.05).

Education is an important factor that may influence the outcomes of health education
programs or interventions in communities exposed to a health threat. Of study participants,
those from the urban site had higher level of education, with 37.2% (29/71) having a college
or university degree (vs. 21.6% for rural participants); 12.5% (19/152) either had primary
education level or were illiterate (8 from urban and 11 from rural site).

The highest family size was 18, and more than half (61.7%; 50/81) of rural household
had more than five members (vs. 38.3% (31/71) for urban households). Regarding
participants’ occupation, 21.7% (33/152) were unemployed (18 from urban and 15 from rural
site), 5,9% (9/152) were students, 13.8% (21/152) were civil servants, 7.2% (11/152) were
teachers, 3.9% (6/162) were health care workers, 11.2% (17/152) were businessmen and the
remaining participants (36.2%; 55/152) had other occupations (p<0.001) (Table 1).

Considering the economic status of households, no statistically significant difference was
found between urban and rural households, in terms of household monthly income (p>0.05).
The estimated household monthly income varied from 10 to 700 $US; half of households
(50.6%; 77/152) had a monthly income below 100 $US and only 10.5% (16/152) earned more
than 300 US$ a month (10.3% for urban and 11.1% for rural households) (Table 1).

3.2. Anti-Malaria Preventive Measures Used in the Previous
12-Month Period

As for malaria prevention, 15.8% (24/152) of household representatives (9.9% of rural
and 23.9% of urban participants) reported the existence of a public service or volunteer group
that implemented public sanitation activity in their residential area (p<0.05) (Figure la);
65.8%, (100/152) used insecticide-treated bed nets (ITN), 13.8% (21/152) used spray, 0.6%
(1/152) combined ITN and spray, 12.5 (19/152) used an ordinary bed nets, whereas 7.2%
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(11/152) did not use any preventive measure (Figure 1b). Regarding monthly anti-mosquito
expenditure, 50% (76/152) of participants reported that they spent nothing due to lack of
money, 24.3% (37/152) spent 10-20 $US, 15.7% (24/152) spent 21-30 $US; the remaining
participants (9.9%; 15/152) spent more than 30 $US; and the availability of nets showed a
positive association with socioeconomic status of households (p<0.05) (not shown).

Table 1. Characteristics of participating household representatives

Characteristics of household heads Study site P-value
Urban (n, %) Rural (n, %)
Gender M 32 (41.0) 46 (59.0) 0.149
F 39 (52.7) 35 (47.3)
Age <30y. 14 (19.7) 57 (80.3) 0.722
> 30 17 (21.0) 64 (79.0)
Marital status
Married 37 (37.4) 62 (62.6)
Divorced 4 (66.7) 2(33.3) 0.032
Widowed 6 (75) 2 (25)
Single with children 4 (63.6) 8 (6.4)
Single without child 10 (58.8) 7(41.2)
Education
None 5 (6.4) 6 (8.1)
Primary 3(3.8) 5 (6.8)
High school 22 (28.2) 41 (55.4) 0.013
Technical school 19 (24.4) 6 (8.1)
College/university 29 (37.2) 16 (21.6)
Household size
2-5 29 (40.8) 42 (59.2) 0.996
6-18 31(38.3) 50 (61.7)
Family type
Single-parent 18 (27.3) 29 (35.8) 0.466
Single-parent/extended 10 (15.2) 10 (12.4)
Bi-parental/not extended 19 (28.8) 28 (34.6)
Bi-parental/extended 16 (24.2) 12 (14.8)
Polygamic 3(4.5) 2(2.4)
Occupation Unemployed 18 (25.4) 15 (18.5) <0.001
Student 4 (5.6) 5 (6.2)
Civil servant 5(7.0) 16 (19.8)
Teacher 2 (2.8) 9(11.1)
Health care worker 3(4.2) 3(3.7)
Businessmen 14 (19.7) 3(3.7)
Other 25 (35.2) 30 (37.0)
Household monthly income (US$)
<50 21 (30.8) 19 (23.5) 0.887
50 -99 16 (23.5) 21 (25.9)
100-150 8 (11.8) 12 (14.8)
151-200 8 (11.8) 10 (12.3)
201-300 8 (11.8) 10 (12.3)
> 300 7 (10.3) 9 (11.1)
Total 71 (100) 81 (100) -
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Figure 1a. Periodic public sanitation activity in the residential area.
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Figure 1b. Anti-mosquito measures used by participants for malaria prevention.
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3.3. Malaria Prevalence among Heads of Households According to Socio-
Demographic Characteristics and Study Site

Table 3. Malaria prevalence according to study sites and socio- demographics

Sociodemographics Malaria (1 episode at least) N (%) P
Gender
M 68 (89.5) 0.556
F 64 (90.1)
Age
20-30 27 (93.1) 0.957
>30 110 (89.4)
Marital status
Married 96 (93.2) 0.160
Divorced 3 (75)
Widowed 6 (75)
Single with children 13 (85.7)
Single without child 14 (87.5)
Occupation
Unemployed 37 (97.4) 0.332
Student 6 (66.7)
Civil servant 17 (89.5)
Teacher 9 (81.8)
Health care worker 5 (83.3)
Businessmen 13 (86.7)
Others 45 (94.3)
Education
None — Primary 15 (93.7) 0.549
High school or higher 122 (95.3)
Family size
2-5 47 (87.0) 0.326
6-18 90 (91.8)
Residential area
Rural 74 (90.1) 0.548
Urban 63 (88.7)
All participants 132 (89.8)

Overall malaria prevalence-rate (both study sites; at least one episode) was 92.4%, with
an average of 2.5 malaria episodes per person in the previous 12 months (range: 1-7
episodes). It was equally high in participants from both rural and urban areas, 90.1% (74/81)
and 88.7% (63/71), in participants from household with small and big family size [47 (87%)
and 90 (91%)], in males and females [68 (89.5%) and 64 (90.1%)], and in those with low and
high education level [15 (93.7) and 122 (95.3)], respectively (p>0.05). Similarly, no
significant difference was found when comparing groups of participants according to marital
status and occupation (p>0.05) (Table 3).

3.4. Malaria Prevalence (at Least One Episode) According to Anti-Vector for
Malaria Prevention

Figure 2 shows the trend of malaria-rate according to anti-mosquito preventive measures
implemented by the study participants. In the group of participants who reported using ITN,

Complimentary Contributor Copy



220 Di-Mosi R. Wumba, N. Roger Ngatu, L. Severin Nangana et al.

malaria prevalence-rate was 89% (89/100), 100% in those who used ordinary bed-nets, 100%
in ITN and spray users, 90.5% in spray users and 100% in those using none of anti-vector
measures. No statistically significant difference was found between those subgroups in terms
malaria rates (p>0.05) (Figure 2). Furthermore, regarding the question on the implementation
of public sanitation or environment cleaning in residential area, a relatively high (not
significantly) malaria-rate was found in the group of participants who reported the absence of
such activities, 91.9% (122/124) [vs. 76.7% (23/30; p>0.05) for areas where such program
existed] (not shown).

Malaria prevalence according to anti-mosquito
measure used
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Figure 2. Trend of malaria rate according to anti-mosquito measure.

3.5. Malaria Prevalence According to Household Economic Status and
Estimation of Malaria Care Expenditure

Figure 3 shows the trend of malaria-rate according to household monthly income.
Relatively high malaria-rate was reported by participants with a monthly household income
between 100-150 US$, 97.3%, followed by those with an income between 151-200 US$
(90%), less than 100 US$ and more than 300 US$ (87.5%) and 201-300 US$ (82.4%)
(p>0.05). Regarding individual malaria care expenditure in the previous 12-month period, the

estimated mean cost was 101.56 + 10.63 $US (range: 0-500$US) per person; it was lower in
participants from rural area, 87.75 + 9.24 $US (range: 10-200 $US) as compared to urban
area, 101.58 + 16.87 $US (range: 25-500 $US; p<0.05) (not shown).
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Malaria prevalence according to monthly income
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Figure 3. Malaria rate among study participants according to household monthly income.

Table 4. Association between preventive measures, demographics, socioeconomic
characteristics and malaria episodes

Variable OR (SE) 95% ClI P aOR (SE) 95% ClI p*
Gender (Mvs. F)  0.93(1.32) 0.05-15.21 0.961  1.08 (0.57) 0.06-18.54  0.953
Age (younger vs. 1.04 (0.08) 0.89-1.23 0.553  1.05 (0.81) 0.89-1.23 0.552
older)

Marital status 0.57 (0.25) 0.23-1.37 0.211 0.59 (0.28) 0.23-1.49 0.267
(married vs. others)

Occupation 1.08 (0.25) 0.69-1.71 0.711 1.07 (0.24) 0.67-1.68 0.771
Education 2250(33.17) 1.25-404.81 0.035  33.87(34.42) 2.45-89.49 0.028

(Low vs. high)

Household size 1.71 (0.12) 1.51-1.99 0.049  1.58(1.85) 1.35-1.98 0.052
(<6 vs. 6-18)

Residential area 1.81 (1.03) 0.58-5.53 0.305 1.05(0.14) 0.79-1.39 0.711
(rural vs. urban)

Electric power 0.48 (0.39) 0.09-2.37 0.373  0.43(0.37) 0.08-2.33 0.331
(No vs. yes)

Radio/TV 0.71 (0.34) 0.27-1.85 0.489  0.72(0.35) 0.27-1.88 0.500
(No vs. yes)

Telephone 0.48 (0.41) 0.25-3.61 0.941  0.96 (0.64) 0.26-3.56 0.960
(No vs. yes)

Anti- 3.98 (1.36) 2.37-2.38 0.033  3.01(2.19) 1.37-24.23  0.010
vector/environm.

(No vs. Yes)

Anti-vector/ 1.21 (0.22) 0.84-1.75 0.296  1.21(0.22) 0.83-1.75 0.314
household (No vs.

Yes)

Income 2.98 (2.08) 1.75-11.72 0.018 2.76(1.87) 1.73-1041 0.034

(>3008% vs. > 300%)
Notes: p, p-value without adjustment; p*, p-value after adjusting for age and gender; OR, odds ratio; aOR,
adjusted odds ratio.
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3.6. Association between Malaria, Demographics, Anti-Vector Measures and
Socioeconomic Status

Participants who had primary education level or not educated had a 33.87 times risk of
developing malaria compared to those with a higher education level (aOR: 33.87+/-34.42;
95% CI: 2.45-89.49; p<0.05). Participants living in areas without public sanitation program
had a 3.01 times risk of developing malaria than subjects whose households were from areas
with such a community health program (aOR: 3.01+/-2.19; 95% CI: 1.37-24.23; p<0.05). An
association was also found between household monthly income and malaria. Participants who
reported earning less than 300 US$ had 2.76 times risk of developing malaria than those from
households with a monthly income of 300 US$ or more (OR: 2.76+/-1.87; 95% CI: 1.73-
10.41; p<0.05). No association was found between malaria and marital status, malaria and
occupation, malaria and study site, and between malaria and anti-vector (mosquito) measures
used by participants (Table 4).

4. DISCUSSION

4.1. High Malaria Prevalence in Congolese Rural and Urban Households

DRC is known as a malaria hyper endemic country; this infectious disease has a high
morbidity and mortality and causes a real socioeconomic burden on Congolese households. In
the present study, we searched to determine the prevalence-rate and the socioeconomic
impact of malaria on households in two counties located in a rural and urban areas in DRC.
Results showed that malaria prevalence-rate was high in both study sites and that effective
anti-vector products are not easily affordable for poor households.

This study showed an overall malaria prevalence of 92.4% among heads of household
(approximately 90% in those from rural and urban counties); whereas the mean number of
malaria episodes per household was 4.35 (3.98 and 4.66 for urban and rural households,
respectively) in the previous 12 months, with a minimum of zero and a maximum of 20
episodes (not shown). These household malaria rates are unexpectedly very high.

Of the numerous anti-vector measures aimed at preventing mosquito bites, the majority
(65.8%) of heads of households reported using ITN. Similar results have been reported by
other authors in the Sub-Saharan Africa. The Ethiopian ‘Malaria Indicator Survey 2007’
found that 65.6% of ITN coverage; however, ITN utilization was low, varying from 25.3% to
35.9% according to household members’ age (Jima et al., 2010). Another household survey
conducted in rural Mozambique on long-lasting insecticide treated bed nets showed 62.5% of
coverage (Quive et al. 2015). A lower coverage was reported by a Sudanese study, 59.3%
(Eyobo et al. 2014). The same study also found that only 2% of households were covered by
indoor spraying the previous 12 months; in our study, however, a higher proportion of heads
of households (13.8%) used anti-mosquito spray.

Despite the use of the above mentioned preventive measures, malaria rates were high
even among ITN and anti-mosquito spray users (89% and 90.5%, respectively), the most
commonly used anti-vector measures in the country. Nonetheless, these results are in contrast
with findings from studies conducted in DRC’s neighbor countries which concluded that ITN
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coverage was related to the reduction of malaria rate and associated with malaria risk-
protective effect (Alemu et al. 2011; Mulligan et al. 2008; Rulisa et al. 2013). This contrast
might suggest the existence of an issue related either to the quality, the efficacy of products
used or a negligence in their utilization.

Considering the context of extreme poverty for a large majority of households in DRC,
which makes it quite difficult for most households to regularly purchase ITN and/or
insecticide, there is a necessity to revisit ITN distribution policy. The fact that some
households cannot continuously afford related cost limits the efficiency of such community
health interventions. Another obstacle is the huge mosquito population in residential areas.
During the post-survey anti-malaria education sessions conducted in both study sites, some of
the participants testified about realities they face daily in regard to malaria prevention. For
example, some said that “mosquitoes are ubiquitous in their residential area and the
mosquitoes can bite outside and inside the houses or apartments prior to going to bed”; thus,
without eliminating mosquitoes in the living environment, no sustainable progress can be
made.

In our study, we found an inverse association between education and malaria. The group
of illiterate and heads of households with primary school level had a 33.8 times risk of
malaria than those with higher education. Improving literacy in communities is one of the
factors that make health interventions successful. And community and individual knowledge
and awareness have an influence on malaria control (Yadav et al. 2014). However, a study
conducted in Nigeria showed no association between education and malaria infection in
pregnant women (Amogo et al. 2013).

4.2. Environment Cleansing as a Community Health Measure for
Malaria Control

A better way to control an endemic or epidemic disease is to fight against its cause and
related risk factors or behaviors. Thus, in case of malaria, one of the community health
strategies should be targeting mosquitoes, particularly Anopheles mosquito, the vector that
transmit malaria parasites to humans. And this fight should not only focus on avoiding
mosquito bites within the homes or during bedtime, but also reduce mosquito populations in
the living environment.

Our study also showed an inverse association between malaria and the implementation of
public sanitation or environment cleansing activity in residential areas, with a 3 times high
malaria risk for households from area without such activities. Considering the persistent
malaria burden in DRC, the Congolese health minister has only recently recommended
families and communities to improve sanitation status in their living environment as one of
the measures against malaria (Radio Okapi-UN Mission in DRC, 2016).

4.3. Poverty Undermines Malaria Prevention Efforts and Increases Malaria
Risk in Congolese Households

Malaria has been reported to be associated with poverty; it affects households through
spending on anti-vector products (ITN, mosquito repellent spray and lotion), income losses
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by diseased house hold members and malaria treatment cost; thus, poor households are
tremendously affected. The disease affects households directly through spending on
treatment, income losses by the sick persons and their careers; it imposes significant costs on
households and the poor are disproportionately affected (Sonko et al. 2014).

The present study showed an inverse association between malaria and household
socioeconomic status. Households with low monthly income (less than 300 USD) had a 2.76
times malaria risk compared to those earning more money. Our findings are in line with some
previous studies. For example, a study by Krefis et al. in Ghana and the “Gambia Malaria
Indicator Survey (MIS) 2010/11” showed that children form rich households were
significantly less likely to have malaria compared to those from poor households. Kazembe
and Mathanga also reported an association between high income with reduced malaria risk in
households in Malawi (Krefis et al. 2010; Sonko et al. 2014; Kazembe and Mthanda, 2016).

Malaria economic impact on Congolese households is overwhelming. With an average of
4.35 episodes per household and an estimated mean malaria care expenditure of 101.56 *
10.63 $US per person during the previous 12 months (see results), each household should
have spent at least 396 - 488 US$ in malaria care within a year. Given that 90% of households
earned less than 300US$ a month (50.6% earned less than 100 US$ per month), these results
confirm the fact that malaria imposes a real economic burden to poor families.

4.4. Need of a More Integrated Malaria Prevention Approach in Hyper
Endemic Zones

Several countries of the western world (USA, some European nations) and Japan have
successfully achieved malaria elimination through implementation of effective anti-malarial
interventions adapted to their environment and socioeconomic development. Currently, with
the ongoing of outbreak of Zika virus infection in the Americas, huge resources have been
mobilized to eliminate its vector (Aedes mosquito) in the living environment in the fight
against this new epidemic. By the same token, malaria, a disease that threatening millions of
lives every year and claiming the lives of hundreds of thousands people annually, should have
been considered a global health threat and the fight against this deadly disease must take into
account the elimination of its vector in the living environment as one of top priorities.

African countries, with their rich natural resources, have a great economic potential that
could help to improve the living conditions of their populations. As a consequence, housing
quality and provision of necessary effective anti-malarial preventive tools could be made
affordable to most households. On the other hand, with the participation of communities, the
elimination of malaria vector in the living environment could be possible by avoiding the
presence of mosquito breeding sites in residential areas (stagnant water, used bottles, cans and
bins) and a better management of waste water and rain water. These interventions, combined
with the improvement of the general sanitation in households’ living environment, a good
governance that ensures a sound distribution of the country’s resources to improve daily
living conditions of Congolese people, the promotion of human security through the
restoration of peace in the entire DRC territory are likely to reduce disease burden in DRC
and improve malaria control in the country.
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ABSTRACT

The argument that “one in every two urban resident is poor” in cities of the
developing world can be articulated in the discussions of social and environmental
inequalities occurring in the management of solid waste, particularly in sub-Saharan
African countries. This paper discusses environmental justice in the context of solid
waste management (SWM) in Kinshasa, the capital of the Democratic Republic of
Congo. It is argued that the urban poor in most parts of Kinshasa face serious
consequences of poor solid waste management and bear a huge proportion of the
environmental burden. It is further argued in the paper that the plight of the poor people
in Kinshasa has been worsened by the accelerated rate of urbanisation which has
occurred in the presence of bad urban governance, increased civil conflict and weak
institutional framework. A combination of these challenges have resulted in increased
injustices in the management of solid waste with poor suburbs poor being exposed to
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living conditions that are inhumane and demeaning. Using secondary data and other
archival records, this chapter argues that solid waste in Kinshasa is not only a health risk,
but it also presents issues of environmental injustice. These issues have been analysed
within the context of evolving arguments that focus on the need to develop pro-poor
approaches in the management of urban solid waste in order to promote urban
sustainability.

Keywords: social justice, environmental justice, solid waste management, Democratic
Republic of Congo

1. INTRODUCTION

The argument that “one out of every two urban residents is poor” in cities of the
developing world can be articulated in the discussions of social and environmental
inequalities occurring in the management of solid waste, particularly in the cities of the sub-
Saharan African countries. The environmental inequalities discussions in the context of solid
waste management (SWM) initially started in the late 1970s in the United States of America
(USA), where the unequal distribution of SWM services and other environmental burdens
was highly uneven and driven on racial lines (Pollock and Vittes, 1996, Massey 2004). Most
studies of environmental inequality focused on issues of the management of toxic waste, solid
waste and pollution in the developed world where civil rights movement, inevitably
confronted environmental laws and institutions (Myers 2008, Taylor 2002). Thus, discussions
and debates around environmental inequality grew out of the realisation and anger that poor
communities, particularly those without overt and covert powers were either purposely or
implicitly subjected to routine poisoning in the face of inadequate institutional capabilities to
effectively manage solid waste which had been generated through various anthropogenic
activities (Byrne et al. 2002, Agyeman et al. 2003). It is within this context that ideas,
meanings, aspirations and boundaries of the EJ movement were constructed as a way of
finding avenues through which individuals and groups of individuals or communities
responsible for generating solid waste, regardless of racial, social or economic orientation,
could be held accountable for their actions (Walker 2009).

Dominelli (2013) is of the view that over the past decades, the environmental justice
paradigm has shifted the locus of the arguments to include the current unsustainable models
of development, the unequal power dynamics within and across communities and national
states, as well as the unequal distribution of resources, which are central to the current global
socio-economic systems of neo-liberalism (see Dominelli 2013). These attributes combine to
exacerbate structural inequalities and marginalities that affect most of the poor people and
low-income households thereby, reducing their capacity to mitigate and deter any risk arising
from internal or external stressors. Thus, as a way to capture the new locus of debates within
the environmental justice discourse, kindred labels of “environmental racism” and
“environmental discrimination” have become increasingly popular and are used to reflect the
highly socio-economic status and power-based systems manifested in contemporary urban
governance and the provision of socio-economic facilities (Godsil 1991, Cole 1992, Gelobter
1992, Lavelle and Coyle 1992, Capek 1993).
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Although environmental justice as a discourse is rooted in the USA, the use of the term
“environmental justice” has now extended far beyond its original context. Environmental
justice discussions have, for example, been taken up to illustrate the lack of or uneven
distribution and access as well as use of natural resources of poor households in rural areas of
India, Latin America, and to some extent in sub-Saharan Africa (Meyers 2008). Bane gas et
al. (2012) and Binns et al. (2012), for example, observes that under colonial rule, thousands of
black Africans were forcibly removed from their ancestral lands to make way for game parks,
and a lot of money was spent on preserving wildlife and protecting wild flowers, while native
people lived without adequate food, shelter, and clean water. Furthermore, Cheru (2002)
argues that while external actors have contributed enormously to the resource marginalisation
of the African people, through governance deficits, African governments themselves bear a
significant portion of the blame for successfully suppressing the avenues of democratic
expression, participation and self-governance of their citizens.

From an urban area perspective, particularly with reference to healthy living conditions,
environmental injustice seem to be more exacerbated in urban contexts of the developing
world where the majority of the urban dwellers have taken up residence in unplanned
settlements with little or no access to basic socio-economic services such as adequate
housing, clean water and sanitation facilities (Abuzeid 2009, Binns et al. 2012, Hove et al.
2013). With an inadequate urban infrastructure that was inherited and retained at
independence, and which has remained unmodified to suit the new political, economic and
social realities in many of these countries, the poor, powerless and voiceless continue to be
subjected and to live in deplorable environments and conditions where socio-economic
facilities and services such as solid waste management are virtually non-existent (see Myers
2005, Couth and Trois 2012). The poor continue to be denied through inadequate urban and
planning policies, appropriate and healthy living environments in which they can articulate
redefine themselves and realise their potential and contribute significantly to both urban
economic growth and development. The urban development and planning policy, particularly
in sub-Saharan African cities, hardly raises and addresses questions of urban environmental
justice (see Meyers 2008, Patel 2009, Otang-Ababio et al. 2013).

This situation is rather strange considering the starkly and intertwined social and
environmental injustices evident in many sub-Saharan African cities. In the quest to address
these challenges, sustainable urban development, focusing on meeting the needs of the poor
and ensuring ecological health, has been argued and presented as environmental lens through
which to promote environmental justice and address some of the issues that have permeated
urban environments, through neo-liberal ecological modernisation, wherein marketisation and
technological innovations and developments, are sometimes falsely advanced as the panacea
that will rescue African cities from environmental calamity, and magically reduce poverty
and institute democracy (Myers 2008, Couth and Trois 2012).

Despite the emphasis on economic and social reforms, with marketisation playing a
pivotal role in societal and economic stabilisation, most cities that have implemented
sustainable urban development programmes in sub-Saharan Africa seem to do little or nothing
to address the ever-increasing inequalities in spatial distributions of negative social and
environmental costs (Myers 2008, Din and Cohen 2013). Discourses on urban environmental
justice are comparatively rare in African cities, with notable exceptions of South Africa
(Myers 2008, Binns et al. 2012). Existing studies on solid waste managements, for example,
have used political ecology, sustainable waste management and good governance as
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theoretical frameworks to understand urban processes, but environmental justice has received
no attention in these approaches (see Schubeller et al. 1996, Binns et al. 2012). In light of
these observations, this paper discusses social and environmental injustice in solid waste
management in Kinshasa, the Democratic Republic of Congo (DRC). It explores the extent to
which environmental injustice manifests itself and the factors accounting for this state of
affairs. This paper traces the development of the social justice and environmental justice
discourses and how the two aspects manifest themselves at a range of scales in Kinshasa. The
discussion ends with a synthetises and critical engagement with issues of social and
environmental injustices in solid waste management in Kinshasa before drawing out policy
recommendations.

2. APPROACH OF THE PAPER

This paper is based on a study desk study conducted between April 2014 and February
2015 and involved a review of different pieces of the literature obtained from various sources.
Data collection was carried out through a rapid evaluation and appraisal of various survey
reports on global, regional and national levels. The first stage in the search of the literature
involved an internet search using various search engines such as Google. Keywords such as
EJ and solid waste management were entered in the search engine and several pieces of the
literature on the topics were realised. These were rapidly scanned and only those articles that
focused on EJ and solid waste management in a developing context were reviewed.

The second phase involved entering the same keywords in the search engines, but
limiting the search to articles on solid waste and EJ in sub-Saharan Africa. This action
resulted in 68 different articles and reports and these were rapidly appraised and evaluated. A
third phase involved checking for additional and relevant articles to the topic under discussion
and this was carried out through reviewing the bibliographies of each article. Once the
relevant and appropriate references were identified, a library search was embarked on and this
was executed through visiting different libraries at the University of the Witwatersrand, the
University of Johannesburg and the University of Pretoria. Other sources of information
included libraries at the universities of Sussex, St. Andrews and Manchester.

In total, 26 peer-reviewed articles focusing on environmental issues and waste
management in the global North were selected, reviewed and included as the basis for
discussion. An additional 18 journal articles focusing on the global south, particularly in the
context of sub-Saharan Africa were selected, reviewed and included as the locus of discussion
for this paper. Finally, 12 articles focusing on the national level (DRC) were identified,
selected and included in the literature review. This brought a total number of 56 articles and
reports that were selected, reviewed and informed the discussion and analysis contained in
this paper.

As part of the data collection process, these sources were critically examined for
information relating to social and environmental injustices. A number of studies were also
available that had investigated aspects of the urban environment including sanitation, water
and waste disposal. These were reviewed to draw relevant data for this paper. The print media
also provided a rich source of information about the state of solid waste management in the
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city of Kinshasa. These included reports of workshops and press conferences on issues around
the urban environment including sanitation, water pollution and waste disposal.

3. SOCIAL AND ENVIRONMENTAL INEQUALITIES
THE MANAGEMENT OF SOLID WASTE IN AN
URBAN CONTEXT OF THE DEVELOPING WORLD

Recent years have seen a re-emergence of interest relating to issues surrounding social
justice and environmental justice, with the two increasingly becoming considered closely
inter-linked (Coughlin 1996, Kindornay and Ron 2012, Ako et al. 2013). A community that is
subjected to different levels of social marginalities is most likely going to experience different
levels of environmental injustices, and this situation owes much to the power structures and
relationships that exist within a community (Chambers 2003). Couth and Trois (2012), for
example, observe that decisions regarding solid waste management in most developing
countries are usually driven by a top-down governance system which usually is disguised in
the form of promoting community participation. However, in principle and practice, the
participation of local people in managing issues that impacts their lives often simply lends
credibility to decisions that have already been made by the powerful members of the
community and local government officials, who in most cases are out of touch with
contemporary challenges faced by the poor people. Thus, the strong embrace of participation
as a supposed avenue for community empowerment only tends to serve the interest of the rich
and most powerful members of the community (see Taylor 2000, Hove et al. 2013).

It must be noted; however, that social justice as a discourse is a well-developed and long-
debated body of knowledge that addresses issues around relative deprivation and fairness
(Scott and Oelofse 2005). It addresses issues of inequity through social redistribution of the
benefits of society (Dominelli 2013). It challenges the status quo by proposing changes in
economic and social relations that may help prevent continued environmental deterioration
and social crisis (Scott and Oelofse 2005). This discourse is proposed as an appropriate
normative framework for measuring the advance of democratisation. Some theorists and
philosophers, such as Coninck et al. 2013, argue that as a concept, social justice can be
abstractionist in that it focuses attention on an idealised state of what a society should be. Yet
another strand of thought argues that discourses on social justice cannot be delinked from the
contextual realities in which people live (Nussbaum and Sen 1993, Mabbett 2005).

Despite the above observations, some principles are common across most discourses on
the various conceptions of social or environmental justice. These include principles of
equality, distribution and redistribution, solidarity, subsidiarity, inclusion, fairness, equity,
equality and nation building (Coninck et al. 2013). However, these principles are rather
complex to attain using the current model of urban governance which has developed as a
system of management using the top-down approach as noted above. In essence the top-down
solid waste management approach adopted by many local authorities in developing countries
considers the poor urban residents as having no role to play in the management and
development of city processes (see Cheru 2002, Christens and Speer 2006). It is intrinsically
assumed that urban residents, particularly the poor, have no knowledge and capacity to
identify, define and design systems and processes which can be used to address urban
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problems and challenges as well as contribute to the sustainable development and
management of urban spaces and processes (Binns et al. 2012, Otang-Ababio et al. 2013).
The urban poor who in most cases live in poor environments are often and frequently
excluded from actively engaging and participating in urban processes that have a direct
influence on their lives (see Hove et al. 2013). Lack of political and economic power, as
observed by Simatele et al. (2012a), plays a key role in subjecting the poor to situations where
powerful members of society either implicitly or explicitly deny the poor people an
appropriate podium with which they can genuinely express their frustrations and aspirations.

In view of the above sentiments, it would not be an exaggeration to argue that both social
justice and environmental justice discourses provide useful and valuable analytical and
operational frameworks, within which to discuss solid waste management in urban areas of
the developing world, particularly in sub-Saharan Africa. This is because a key tenet in both
social justice and environmental justice is the need for equality in the distribution of a
society’s resources or challenges (see Taylor 2000, Dominelli, 2013). Thus, to obtain a fair
distribution of resources within a community as observed by Otang-Ababio et al. (2013),
there is a need to promote a strong and genuine grassroots grown community participation in
solid waste management decision making. They argue that public participation is at the heart
of democracy because it facilitates and promotes a sense of ownership in any decision-
making and social development issues of a society (Otang-Ababio et al. 2013).

Participation is at the core of promoting a sense of belonging and ownership of any
development process and is cardinal to ensuring that issues relating to social and
environmental marginalisation are addressed in a more equitable manner. Christen and Speer
(2006), for example, observe that public participation in the identification of priorities and in
the formulation of policies and programmes is critical to the development of sustainable
human settlement. This position is supported by Lowry (2013), who is of the view that public
participation and the empowerment of the most vulnerable groups of people in society have
been touted as key to redressing social justice and environmental justice issues and can
contribute to sustainable development. This perspective is based on the idea that revolves
around the notion that considers social justice and environmental justice issues to be highly
technical problems that affect traditionally disempowered communities and in which citizens
may have different goals and aspirations.

In order to address social justice and environmental justice issues, particularly in sub-
Saharan Africa, there is an urgent need for government authorities and other collaborating
partners to adopt a rights-based approach to development. A rights-based approach to
environmental is based on the belief that individuals and groups are a means to an end, and
should be given a certain degree of dignity. They should have, according to Onstad (1997, p.
7), “basic rights to a decent living environment and must be in a position to claim justice
when these rights are abused or left unfulfilled”. A rights-based approach has advantages of
providing a means of mobilisation of the poor and their supporters by offering a podium for
lobbying and for insisting that groups, states and companies behave in a certain way
(Kindornay and Ron 2012). It also has the advantage of bringing in an unpredictable group of
actors into the development equation and it is this transdisciplinary approach that will foster
the development of sustainable urban communities (Mabbett 2005).
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4. SOCIAL AND ENVIRONMENTAL INEQUALITIES IN SOLID WASTE
MANAGEMENT IN THE CONTEXT OF THE SUB-SAHARAN AFRICA

The sub-Saharan African countries face an increase in the demand for urban services due
to augmented rates of urbanisation driven largely by rural-urban migration. In most suburbs
of African cities, the supply of basic services such as social economic, waste removal and
clean piped water supply has largely not kept pace with the increasing demand for urban
services (Cheru 2002, Okot-Okumu and Nyenje 2011). This situation has been a result of a
number of factors among which include weak institutional frameworks, lack of skilled labour
which has impacted on urban governance, and economic deteriorations. The combination of
these factors, as argued by Abuzeid (2009), has resulted in municipal solid waste
management, constituting one of the most crucial management challenge and environmental
problem facing many governments of African cities. Although many of these cities are using
between 20% and 50% of their budget on solid waste management, only an estimated 20—
40% of the waste is collected (see Binns et al. 2012, Otang- Ababio et al. 2013). The
uncollected and usually illegally dumped solid waste is now increasingly becoming a disaster
for human health and environmental degradation, especially in poor and marginalised areas of
these cities (Okot-Okumu and Nyenje 2011).

Solid waste collection and management in many sub-Saharan African cities is a duty
entrusted to public-funded municipal authorities and should, therefore, be extended to all
areas of the city (Schubeller et al. 1996). However, this facility in many African cities tends
to be restricted to wealthy and rich neighbourhoods where groups of individuals with control
of either state or national and economic power reside. Poor and deprived neighbourhoods,
which normally house the majority of the urban poor in these cities, usually tend to receive no
or little services, and the little is normally provided on a very erratic basis (Simatele et al.
2012b). In order to promote social justice and environmental justice in the context of
sustainable solid waste management, it becomes important to ensure that urban services for
waste removal are fairly and equitably provided for all residents in a city, irrespective of such
variables as socio-economic class, ethnicity or culture (Schubeller et al. 1996, Kindornay and
Ron 2012, Ako et al. 2013).

It must also be argued that equality in the distribution of the solid waste burden in
African cities requires that urban managers in these cities ensure fairness in the provision of
solid waste collection and disposal services. It is only through the use of a rights-based
approach that incorporates the voices of the poor people in the development of solid waste
management strategies that social justice, in its different facets would be pursued and
guaranteed. In other words, municipal authorities responsible for the organisation of solid
waste disposal have a social duty to ensure that all residents of a city receive impartial and
adequate services for solid waste removal and disposal in order to protect them from the
nuisances associated with solid waste.

On the contrary, environmental justice is about the fair treatment and meaningful
involvement of all people regardless of race, colour, national origin, or income status in the
development, implementation, and enforcement of environmental laws, regulations and
policies. It is about social transformation directed towards ensuring that environmental
resources contribute in a meaningful way to meeting the basic human needs and enhancing
the quality of mankind. Taylor (2000), for example, observes that environmental justice (in
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the context of sub-Saharan African solid waste management) can only be achieved when
everyone enjoys the same degree of protection from environmental and solid waste-related
health hazards, and equal access to the decision-making process to have a healthy
environment in which to live, learn and work (see also Patel 2009).

Exposure to solid waste-related disasters remain a major source of health risk throughout
the world, though risks are generally higher in developing countries, particularly in sub-
Saharan Africa where high levels of poverty, low or lack of investment in modern technology
and weak environmental legislation combine to cause high levels of environmental
degradation (Potter et al. 2008). Although several African countries, as argued by Patel
(2009), have made some significant progress in formulating environmental legislation, the
lack of legislative implementation and community participation has impeded the pursuance of
an environmentally just sub-Saharan Africa (see also Venot and Floriane 2013). The top-
down system in urban governance that is employed by many city authorities in African cities
continues to ignore the needs of the poor people and to erode their confidence in urban
managers (Binns et al. 2012). It is the lack of community participation in urban processes that
continue to subject the poor people in African cities, living in conditions that are not
conducive for human habitation, as well as for the none development of an effective
environmental management framework, within which environmental justice issues could be
pursued.

Existing literature on environmental management and sustainability, for example,
suggests that there is no integrated approach to urban environmental management in many
African countries (Kotze” 2007, Faure and Du Plessis 2011, Kihangi 2012). In the absence of
an integrated approach to urban environmental management, one would therefore argue that
many urban dwellers in African cities are still subjected to high levels of environmental
injustices (Mzidzornu 2004, Leonard 2013). In order to address this issue, there is an urgent
need to implement a process of enacting the environmental legislation, particularly in relation
to solid waste management. This should take the form of consultative engagement and
enlisting the participation of communities, NGOs, associations of solid waste pickers, local
authorities and the private sector. Once legislation is enacted, local authorities in
collaboration with its agencies should have the institutional capacity and budget to enforce
the law.

Table 1. Countries in which the term ‘environmental justice’ has been incorporated
in planning policies: 1990 - 2012

Region Countries

Africa Nigeria, Ghana, South Africa, Tanzania, Cameroon, Zambia, Angola,
Mozambique, Uganda

Asia Taiwan, Israel, India, Singapore, Philippines

Australasia Australia, New Zealand

Europe United Kingdom, Germany, Sweden, France, Spain, Belarus, Bulgaria, Hungary,

Macedonia, Romania, Slovakia, Czech Republic, Latvia, Ireland; Finland,
Holland, Norway, Scotland

North America United States, Canada
South and Central Brazil, Peru, Nicaragua, Ecuador, Columbia, Mexico.
America

Source: Binns et al. (2012), Walker, 2009; Fan 2006; Hillman, 2006; Pearce et al., 2006; Chaix et al., 2006.
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Table 1 shows countries that have adopted and used the term, “EJ” in their policies on a
global level. It is suggested in the table that only 9 out of 53 African countries are cognisant
of the importance of incorporating environmental justice in their development and planning
policies. We can also speculate from the information in Table 1 that the discourse on urban
environmental justice is comparatively rare in African cities and is thus, not a priority policy.
This situation may be a result of the fact that urban authorities in many sub-Saharan African
cities are concerned with more urgent issues such as addressing poverty and are therefore
unable to provide adequate waste disposal and other environmental services within their
jurisdictions.

Studies by a number of scholars suggest that municipal authorities in African countries
tend to concentrate their waste collection efforts in wealthy areas, while the poorer areas
receive little or no service even though waste collection operations are usually funded by
public resources (Schubeller et al. 1996, Cheru 2002, Lohse 2003, Binns et al. 2012). Okot-
Okumu and Nyenje (2011) as well as Bullard (2005) are of the view that waste disposal
facilities in sub-Saharan Africa are usually poorly maintained, and are frequently located in
the neighbourhoods of the poor and other vulnerable members of society. In practice, this
state of affairs implies a situation where the more powerful members of society shift the
environmental burden to the poor people. This status quo illustrates the vulnerability of the
urban poor in Africa who are increasingly becoming subjected to different vulnerability
markers among which social and environmental injustices are cardinal. Until the poor people
in sub-Saharan Africa become involved in decision-making on issues that affect their lives,
social and environmental injustices will remain part of the urban landscape among the poor in
African cities.

5. SOCIAL AND ENVIRONMENTAL INEQUALITIES IN
SoLID WASTE MANAGEMENT IN THE CONTEXT OF THE
DEMOCRATIC REPUBLIC OF CONGO

Despite the civil war that has ravaged the country and many lives in the DRC, there has
been a concerted effort by government to include environmental issues and natural resource
management in development and planning policies. However, Kihangi (2012) is of the view
that environmental provisions within the national development policies and constitution have
been incorporated with different motivations and largely revolve around benefiting selected
powerful political and economic actors. As a result, a fundamental concern, with regard to
environmental management in Kinshasa and DRC as a whole, revolves around the complexity
of the implementation and enforcement of environmental legislation, which if appropriately
implemented can contribute to unpacking the balance of all interested parties and contribute
to promoting an urban environment in which all the needs of all urban residents including the
poor are met (Kihangi 2012).

During colonial rule, the management of the environment and natural resources was one
of the issues that Belgium had to contend with in the DRC (Kihangi 2012). The Belgian
colonial government was interested in the protection of the environment for exploitative
reasons, and not out of any great concern for the welfare of the Congolese people, who were
treated as subjects without rights (Mzidzornu 2004). For this reason and among others, the
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care of the environment was managed through various treaties and royal decrees (Kihangi
2012). The effect of this system of management left significant scars in the sense that the
colonial government failed to facilitate a situation where the local people were able to meet
their livelihood needs from using and accessing natural resources and environmental services
(Dougall and McGahey 2003). Thus, social and environmental injustices in terms of local
people’s access to environmental resources have a long history in the Congo and have
therefore become a common concern, particularly with questions of resource access and
distribution as well as power relations in decision-making processes.

The lack of community participation in decision-making and development processes in
the DRC has contributed significantly to civic disorder and conflict in the country. The brutal
exploitation of the country’s resources at the expense of the poor people and staring in the
colonial period (since King Leopold Il rule) and filtering through the post-independent period
have fuelled such violent and devastating conflicts (Pole Institute and International Alert
2014). The Pole Institute and International Alert (2014), for example, are of the view that if a
greater proportion of the benefit from the exploitation of the DRC’s resources is retained
within the country, and there is more equitable distribution of this benefit to communities,
there would be significant progress made towards achieving peace and sustainable
development of the country.

However, the absence of working institutions and frameworks through which effective
and equitable distributions of the country’s wealth and resources could be harnessed, has in a
large share resulted in discontentment by the general populace. This has in turn given rise to
public discussions in the form of “parlement de’bout” (i.e., standing up parliaments on
streets) and such gatherings have often generated social tensions and fuelled continued civil
unrest in the country (Bane’gas et al. 2012). It is important to note that “parlement de bout”
discussions play a key role in transmitting information and rallying up new partisan
paradigms through which the new recruits assert themselves as citizens and claim certain
entitlements and rights. Failure to obtain some of these entitlements has often resulted into
violent episodes and this is true for the case of resource management in the DRC (Bane’gas et
al. 2012).

Thus, the context of resource use and management in the DRC has been a source of
conflict and has attracted considerable attention in political debates. Depending on the
respective theoretical premises, some scholars have argued that scarcity of renewable natural
resources inevitably leads to violence not only in the DRC, but also in other countries of the
global south. The abundance of natural resources, for example, in the context of a country
with absent sound and effective legislative and governing structures, often tend to create
enormous challenges in the distributions of a country’s wealth and this often generates
injustices at different scales (Krummenacher 2008). This is more so in economies with
centralised systems of governance, the case of the DRC (Cheru 2002, Binns et al. 2012,
Simatele and Simatele 2014).

The alternative to centralising the state, as was the case in the Mobutu regime, is to move
the power of control and to endow local populations with greater decision-making power.
Such an approach would remove the burden of resource management to local communities
which in the context of the DRC as a whole, exhibit and expend tremendous energy and
vitality in changing the course of their future. Shifting the control of resource management to
local people and communities would ensure that where national governments and local
municipal authorities have failed to articulate new visions or provide necessary services,
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citizens’ group can organise and reorganise themselves to meet their solid waste management,
shelter needs, mobilise funds to build roads and clinics, etc. (Simatele and Simatele 2014).
Simatele and Simatele (2015) further observe that a major feature of a centralised state such
as the DRC is the preoccupation with bureaucracy and planning systems which tend to
emphasise the concentration of governance structures rather than adopting institutions and
planning policies that emphasise grassroots empowerment of the people. This situation has
often meant that powerful individuals and elite groups of people have taken control of
political and economic power and this has encouraged a top down approach to the
management of public affairs such as solid waste, even when decentralised structures were
created and established. Administrative structures in Kinshasa lack adequate resources and
discretionary authority and this state of affairs has hampered the efficient deliverance and
provision of socio-economic services in the city. As the city has remained the principal
industry for patronage, it has become burdened as more and more resources have been
required to maintain city processes. And in the face of political instability, weak institutional
frameworks and economic deterioration, solid waste collection and management has become
one of the greatest challenges facing local government authorities in Kinshasa (Din and
Cohen 2013).

The increasing amount of uncollected solid waste threatens the survival of urban
residents, especially the poor, who in most cases are resident in locations that do not or
receive little support from government. They are thus, vulnerable to communicable diseases
and this situation undermines any of their efforts to contribute to the sustainable development
of the metropolitan centres in the Congo (Medina 1997, Rapten 1998, Din and Cohen 2013).
The generally poor waste situations in Kinshasa and the perpetuation of social and
environmental injustices against the poor remain a critical challenge in a country that has
never known peace since its political independence from Belgium in 1960. Social and
environmental injustices are increasingly deviating the country’s aspiration to achieve the
Millennium Development Goals, Agenda 21 and other moves to address the Brown Agenda
problems in order to improve the living condition of the poor (Din and Cohen 2013). The city
of Kinshasa is grappling with mounting solid waste and associated environmental problems
with socio-spatial inequalities in the distribution of the waste with the poor bearing the largest
burden (Schubeller et al. 1996, Din and Cohen 2013). This situation has further subjected in
the urban poor in Kinshasa to living in locations that are more closely to potential pollution
sources, thereby exposing them to different health risks.

In additional to biological and plastic waste, a particular feature of the solid waste
challenge in Kinshasa is imported second hand goods: old computers and other technological
associated materials from the developed north, and which normally end up being dumped
within city spaces, if not used or sold (Lateef et al. 2010). If not collected and managed
properly, these materials not only become a health hazard, but end up blocking most of the
anaerobic canals and waterways leading to recurrent flood episodes. According to Din and
Cohen (2013) and supported by Lateef et al. (2010), Kinshasa’s city is increasingly becoming
a city that is overcrowded with solid waste and this situation poses a number of risks among
which include fire and health hazards, especially for children playing on or near to waste
dumps (see Hardoy et al. 1992). Thus, children from poor households in Kinshasa are
considered as the most at risk to waste that has not been disposed off in a safe and scientific
manner. Other high-risk groups include waste workers, and workers in facilities producing
toxic and infectious material, population living close to a waste dump and those, whose water
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supply has become contaminated either due to waste dumping or leakage from landfill sites.
Uncollected solid waste also increases risk of injury, and infection particularly for poor
households who often times burn their waste as a common practice of waste disposal. This is
because these households have the least adequate garbage collection services (Hardoy et al.
1992, Nsokimieno 2010).

It is important to note that the solid waste problem in Kinshasa has been made worse by
the increase in the urban population. The population has increased from 400,000 in the 1990s
to more than 6 million people in 2008 and it is now estimated to have reached 10 million in
2010 (Nsokimieno 2010). The urban growth does not correspond to the provision of socio-
economic facilities in the city. The growth in population is rapidly pushing the city’s growth
in the form of outward expansion but resulting in large-scale uncontrolled urban sprawl and
affecting land use changes. Nsokimieno (2010), for example, contends that Kinshasa lost
progressively its ecological heritage and identity due to enormous environmental problems
and its weak and none existent solid waste management and disposal mechanism and strategy.
A coherent broad-based approach to solid waste management does not exist because of
insufficient funds and poor management. In the face of these challenges, the municipal
government in Kinshasa cannot begin to meet the demands of waste evacuation and
sanitation.

Although poor urban communities might understand the need for elementary hygiene,
they lack the means to procure basic services either on their own or from failing national or
municipal services (Dougall and McGahey 2003). On the contrary, wealthy residential areas
are often given preferential treatment over the poor in the delivery of solid waste disposal
service. This situation is however, unfair and unjust, and a breach of social justice. The
supply of refuse bags and waste bins in poorer neighbourhoods is usually erratic, as the
residents of these locations usually have no voice to challenge city managers (Samson 2008).
The refuse rounds, although planned for collection, are usually based on a system of loading
from the service point directly to the refuse collection vehicle. The worker allocation varies
from area to area but in poor neighbourhoods, it is generally between 6 and 8 workers per
refuse round, with 2 people loading the vehicle and 4 people bringing the bins or bags to the
side of the road for collection. This system in many cases increases spillage of refuse in the
loading process, thus adding to the cost of street-cleaning (Samson 2008). In most cases, the
service to the informal settlements has usually been rendered on an emergency basis. A 5.5
m3 bulk-refuse container is allocated to every 200 households or shacks. In theory, this
system has not worked effectively in these locations as shack dwellers usually tend to deposit
their refuse outside the refuse containers and the refuse that ends up in the containers is often
set on fire thereby, triggering other health and safety hazards (Onibokun 1999).

Solid waste management in Kinshasa has further been complicated by increased rural-
urban migration, and this situation has overwhelmed city authorities, who in most cases are
operating under huge budget deficits on one hand, and on the other, are implementing urban
development approaches that appear to be out of touch with reality on the ground. In the face
of increased civil unrest, coupled with dramatic deterioration in the supply of basic
infrastructure and urban services, as well as the declining economic situation, has left the
urban authorities in Kinshasa stunned by the demands for solid waste management services
(Misilu et al. 2010). With narrow revenue bases, increased civil conflict and limited technical
capacities, the municipal authorities in Kinshasa have thus been unwilling or unable to
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effectively deliver on their mandate such as provision of refuse collection, road maintenance
and water supply to mention but a few.

The solid waste management challenge in Kinshasa is not only a question of the scale of
population growth, but also the weaknesses and deficiencies in both national and local
government institutions in the face of rapid urban change. Longondjo (2010), for example,
observes that at the city level of Kinshasa, a lack of resources and knowledge prevent not
only people from solving their solid waste problems, but also institutions from managing
change in a much more coordinated manner. Institutions that are mandated with urban
management in Kinshasa usually do not coordinate their activities because urban governance
has been developed as a system of procedures imposed from above. Din and Cohen (2013)
observes that in Kinshasa, there is a multiplicity of agencies that may deliver urban services,
but there is no coordination among them. Mbuyi (1989) further argues that the lack of
effective management systems and lack of financial resources have led to conditions that are
deleterious to the environment and continue to subject the urban poor to meagre living
conditions. The current economic turmoil, coupled with the perpetuation of the civil war, as
well as high levels of corruption have combined to exacerbate problems of solid waste
management and push the poor into living miserable lives. Financial resources are central to
the effective and efficient management of solid waste management because they determine
the level or quality of services that can be provided. Thus, financial availability and sound
management systems are key elements to determining the nature of solid waste management
in a city, particularly in low-income cities such as Kinshasa (Musandu-Nyamayaro 1991).

SUMMARY AND CONCLUSION

The discussion in this paper has revealed that social justice and environmental justice is a
global challenge. There are, however, differences between environmental problems faced by
developed countries and developing countries. In developed countries, the problems are
generally related to high growth and economic development, which generates problems such
as air pollution, traffic congestion, water contamination and disposal of radioactive waste
(Onstad 1997). In developing countries, on the contrary and especially in sub-Saharan Africa,
the reverse is true as environmental problems reflect the very lack of economic development
and poverty (Binns et al. 2012). Hardoy et al. (1992), further observes that interest to redress
in urban environmental problems in developing countries is overwhelmingly based on
Northern perceptions and precedents. Efforts to address these urban environmental challenges
are usually biased towards employing eurocentric frameworks that are unfit to deal with the
reality of environmental problems in a developing country scenario (Onstad 1997). The use of
eurocentric urban development and planning approaches which in most cases are outdated
have significantly propagated issues of spatial inequality in the distributions of resources and
have contributed to worsening justice issues in many cities of the developing countries,
particularly in sub-Saharan Africa (Onstad 1997, Bullard 2005, Patel 2009, Kindornay and
Ron 2012, Ako et al. 2013).

It has been illustrated in this paper that social justice and environmental justice in the
context of solid waste management must be seen as intrinsically connected as both concepts
emphasise the need for empirical understandings, grounded in local contexts (see Patel 2009).
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They play fundamental roles in the theoretical construction of principles that can contribute to
a sustainable community, one that ensures that the rights and needs of individuals in a society
are met (Kindornay and Ron 2012). In the context of solid waste, the concepts of social
justice and environmental justice are compelling, because of their focus on ensuring equal
service delivery in solid waste collection and disposal, while simultaneously redressing
previous imbalances. Walker (2009), however, argues that the principles of environmental
and social justice as well as sustainable development are more generally in their infancy in
sub- Saharan Africa, and few implementing agencies and practitioners have a clear
understanding of how to translate these global principles into practice. It is not surprising,
therefore, that unresolved issues around sustainable development and environmental justice
have emerged in a period during which implementation and the real implications of following
a justice pathway have overwhelmed many urban managers in sub-Saharan African cities
(Patel 2009).

There is now growing evidence of the links between environmental problems and social
injustices and this is because both social justice and environmental justice work are sensitive
to power issues (i.e., who causes pollution and who suffers from pollution); and tend to focus
on communities or groups, rather than on individuals. Both social justice and environment
justice have tended to adopt a holistic approach to analysing and addressing problems and
reforms, and as such the two elements cannot be addressed in isolation of each other.
Environmental justice, as argued above, attempts to establish linkages between environmental
and social injustices, and it would thus be no exaggeration to argue that tackling both social
exclusion and environmental problems through integrated policies and development would be
the most appropriate and viable option to address issues of inequality that arises from solid
waste management in Kinshasa (Stephens et al. 2001). By seeing social justice through an
environmental lens, and analysing environmental issues more clearly in terms of social
justice, would provide new and more effective ways of dealing with problems associated with
solid waste management challenges (Stephens et al. 2001, Venot and Floriane 2013). A key
element to note here is that the environmental justice framework if implemented properly
would be a valuable tool for addressing different aspects of social justices in a community.

In conclusion, it has been illustrated in this paper that urban social justice and
environmental justice issues are comparatively rare in African cities, with notable exceptions
in a few selected countries (Meyers 2008). The urban poor in sub-Saharan African cities face
many and complex barriers that make it difficult or impossible for their legal, moral and
political human rights to be respected (Onstad 1997). Barriers of access to social justice and
environmental justice that the poor face can be dealt with under stable political regimes and
effective legislation and governance systems that not only engage communities, but
encourage public participation in local politics and policy formulation and implementation
(Onstad 1997, Binns et al. 2012, Couth and Trois 2012). Therefore, access to social justice
and EJ implies a situation where the poor are afforded to live in homes, neighbourhoods and
work environments that are clean, healthy and secure. The often implicit denial of the poor
people’s rights to good living standards is usually a result of lack of political will on the part
of government officials who often give a higher priority to service delivery in more rich
neighbourhoods.

In order to have a sustainable solid waste management system that ensures that the solid
waste burden is equally shared, there is need for local government authorities in Kinshasa and
other developing countries to adopt the rights-based approach to urban development. The
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right of access to relevant information and participation in decision-making process by all
interested and affected parties are key components of the environmental justice discourse at
all levels. The rights of every citizen, and each individual in a city and country, must be
enshrined in a city’s development and planning policies, and must be embedded in various
local and national legislative articles. A rights-based approach to urban development places
greater emphasis on community participation and systematic empowerment of the poor and
disadvantaged groups to enable them gain self-confidence in articulating themselves, gaining
information on available resources and determining their future and that of their children.

If the poor and the powerless in society are given an opportunity to challenge decisions
made by more powerful actors, they would demand that their rights are respected and when
contravened, gain effective redress and increase their bundle of endowments. This is only
possible through the creation of pro-poor institutions that will not only focus on promoting
pro-market government agendas, but also the welfare and well-being of the more
marginalised and disenfranchised groups of people in society. Pro-poor institutions will not
only facilitate the participation of the urban poor in decision-making, but will also enable
them to get involved in the implementation of strategies and systems that will promote
sustainable solid waste management. Thus, developing a civic centred governance approach
to development in Kinshasa may present an opportunity for achieving both social justice and
environmental justice for the poor.
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The Democratic Republic of Congo (DRC) is experiencing an unprecedented
humanitarian crisis that already affected over 15,000,000 people. The “East-Congo war”,
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a perfect example of ‘economic war’, is reported to be the deadliest armed conflict since
World War 1. This paper highlights disasters occurring in DRC, related health issues and
the perspectives to ameliorate health care services in affected areas. A review of available
literature on disasters and emergency events, enriched by personal experience of authors
in humanitarian field within DRC. Recurrent armed conflicts, gender-based violence
(sexual violence in particular), climate-related catastrophes, outbreaks of communicable
diseases, volcano eruption and, recently, earthquakes are among the most prevalent
manmade and natural disasters taking place in DRC. The “Congo war” and the
subsequent armed conflicts have already caused over 5,000,000 deaths mainly among
civilians, deepened poverty and increased the prevalence of gender-based violence and
communicable diseases; it has also rendered the health system dysfunctional in most
affected zones. With 200,000-500,000 cases of sexual assault, war and armed conflicts in
Congo have been setting scenes of grueling violations of human rights with sexual crime
toward women as a weapon war in which foreign and local military forces. Studies on the
magnitude of sexual violence in eastern DRC and its impact on mental health of the
victims provide alarming results. A population-based survey implemented among 11-23
years old girls from 22 high schools in Bunia, eastern Congo, showed that about one third
of adolescent girls were victims of sexual violence, whereas a retrospective study
conducted at Panzi hospital in the eastern province of Kivu reported an average of 1,100
rapes per month occurring between 2008 and 2009 and the hospital has treated about 10
cases a day. DRC is facing one of the worse crises in the world. A proportionate response
to reduce the human and economic impacts of those multiple disasters can only be
possible with the contribution and the involvement of international governmental and
non-governmental organizations. Among the strategies to deal with DRC’s disasters, a
particular focus should be on targeting the real causes of the current DRC crises, mainly
the economic interests of countries and companies that sponsor armed conflicts to freely
exploit DRC’s natural resources, whose main reserves are located in the eastern DRC.
More importantly, besides relief services from international organizations and the
involvement of competent United Nations’ specialized agencies to ensure security,
reinforcing the overwhelmed health system through provision of appropriate medical
infrastructures and necessary equipment, periodical training of local health care providers
and improving their safety and work conditions are among solutions to address health
issues arising mainly in conflict zones and ameliorate health care delivery to affected
populations.

Keywords: communicable disease, conflict, Democratic Republic of Congo, disaster,
violence

1. INTRODUCTION

The Democratic Republic of the Congo (DRC), a country located in central African
region, has been experiencing several complex and recurrent humanitarian crises that already
affected approximately 15,000,000 people nationwide (UN OCHA 2015). Natural disasters
and conflicts occurring mainly in its eastern provinces since 1990’s have been threatening
human security and rendered the health system dysfunctional in disaster-affected areas. As for
many African countries, humanitarian crises in DRC have recently been on eof top news of
many international media corporations. According to the International Rescue committee
(IRC), a US-based humanitarian organization, the “eastern Congo war”, which has
destabilized countries of the great lake region of Africa and represents a perfect example of
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‘economic war’ of the 21%t century, is the deadliest armed conflict since World War II. These
conflicts have already claimed the lives of more than 6,000,000 people since 1998 (Lewis S.
2007; Ngatu et al. 2013).

1.1. Country Profile

DRC’s Geographical and Demographic Information

Located at the ‘heart’ of Africa, DRC shares 9,165 Km of border with nine other African
countries: the Republic of Congo in the west, Central Africa Republic and South Sudan in the
north, Uganda, Burundi, Rwanda and Tanzania in the east, and Zambia and Angola in the
south. The country has a population of 85,026,000 and an area of 2,345,409 Km?, making
DRC the second largest African country after Algeria (DRC Ministry of health report, 2016).
DRC (Zaire) has been colonized by Belgium and became independent since 30 June 1960. It
used to have 11 provinces; however, the government has recently created new ones (2015),
making a total of 26 provinces. Kinshasa is the capital and most populous province of DRC,
with a population of over 9,120,710 inhabitants.

DRC’s Health and Socioeconomic Indicators

Life expectancy at birth is estimated to be 52 years for both sexes (51 for male and 54 for
female), the total expenditure on health per capita is 26 US$ and a GDP of 3.5 US$. The
World Health Organization (WHO) estimates that there is 1 doctor and 5 nurses/midwives per
10,000 people in DRC (WHO, 2013; Our Africa, 2015). DRC ranks 144 and 186 (as of 2012)
in the world for gender inequality and human development indexes, respectively. Under-five
mortality rate is 98.3 per 1,000 live births, whereas maternal mortality rate is reported to be
693 [509 - 1,010] per 100,000 live births (as of 2015) (WHO 2015).

This paper presents an outline of major emergency events and disasters occurring in
DRC, their human impacts and the perspectives to ameliorate health care services in affected
zones.

2. LITERATURE REVIEW

A documentary study was conducted, consisting in a review of available literature on
large scale emergency events and disasters occurring in DRC was conducted, and enriched
with personal experiences of authors who have been working in disaster-affected areas within
the country. The literature search and collection of experiences were carried out from July
through December 2015. Information on disasters and emergency events (both in English and
French languages) from publications were gathered using the search engines of the following
databases: Medline, EMBASE and Google scholar. Five keywords or terms were used in the
search: Congo, conflict, communicable disease, disaster, and violence.

A combination of two to three of the key words was performed during the search as
follows: ‘Congo and disaster’, ‘Congo and disaster’, ‘Congo and conflict’, ‘Congo and
communicable disease’, ‘Congo, conflict, disaster’, etc. Apart from peer-reviewed articles,
useful reports related to the study theme from local and international humanitarian agencies
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as well as governmental and non-governmental organizations involved in relief operations in
DRC were also considered.

They were double-screened and only publications that matched the topic of this paper
were finally considered. Figures and illustrations used in this report are from authors and their
co-workers who agreed to have them displayed in this manuscript. An outline on prevalent
manmade and natural disaster and emergency events occurring in DRC is provided in the
following lines (Figure 1).

3. DISASTERS AND THEIR HEALTH IMPACT ON
PopPuLATIONS IN DRC

3.1. Manmade Disasters

3.1.1. The East-Congo War and Armed Conflicts and their Human Impact

War and armed conflicts are the worst manmade disaster in DRC and atrocities that
accompany them are a source of stress and have a negative impact on the mental health of
residents.

The most striking characteristic of these armed conflicts are the tremendous
consequences they cause in terms of loss of human resource and the huge economic cost and
environmental damages as well.

Map of Democratic Republic of Congo

* MNatural disasters:
£ Communicable diseases (CD)

O Volcano eruption

Earthquake

*  Manmade disasters:
"t War & armed conflicts

. Gender-based violence (GBV)

Figure 1. New map of Democratic Republic of Congo with newly created provinces. The figure 1
shows locations of prevalent manmade and natural disasters occurring in the Democratic Republic of
Congo (source of original map: one of authors (DRW) and DRC ministry of health malaria report,
January 2016).
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In July 2010, through its resolution 1925, the United Nations’ Security Council decided
to reinforce its peacekeeping force in DRC in order to assure appropriate civilian, military
and judiciary components and improve the capacity of DRC government to protect the
population and consolidate state authority by increasing its personnel to a maximum of
19,815 military personnel, 760 military observers, 391 police personnel and 1,050 members
of formed police units (Human Rights Watch 2002; Bartels et al. 2012). This is the biggest
UN’s peacekeeping force in the world.

3.1.1.1. Historical and Political Background of Armed Conflicts in the
Democratic Republic of Congo

East-Congo war and the consecutive armed conflicts in which several African countries
have been involved are the worst manmade disaster currently occurring in the world.
Knowing the historical background of the armed conflicts in countries of the African Great
Lakes region (DRC, Uganda, Rwanda, and Burundi) and their economic and political
implications would clarify what is going on in DRC. Except DRC, the other countries of the
region have mainly two ethnics, the Hutus and Tutsis, and politicians from each ethnic group
seek to control the power. Rwanda has a small territory, and underground natural resources
are scarce, but it has a fast growing population. On the other hand, Uganda’s main natural
resource is petrol whose reserves are mostly located at the border with DRC. Thus, Uganda
government seeks to have control over a large portion of this shared rich area, whereas
Rwandan leadership exploit DRC’s resources thanks to its military presence in the Kivu
provinces and expects to gain space within DRC’s territory.

Prior to the 1994 Rwandan genocide, which occurred while Hutu leaders had power, the
current Rwandan Tutsi leadership was in exile in Uganda where its militia group (now known
as the Rwandan Patriotic Army) was being trained in order to attempt a coup d’état in
Rwanda. Following the assassination of the Hutu president Habyarimana in 1994, widespread
attacks on civilian populations were perpetrated, forcing some millions of Rwandan people to
cross the border and settle in East-Congo (Zaire).

The ‘Bureau of African Affairs’ of the US Department of State has declared that “the
conflict in DRC can find its roots in the aftermath of the Rwandan genocide in 1994. When
the genocide ended, Rwandan Hutu militias, known as the Interahamwe, fled into Congo
when the Tutsis took control of the Rwandan government”; in this statement, the Bureau of
African Affairs attempted to explain that the Rwandan army entered DRC to disintegrate the
Hutu militia groups that might be using Hutu refugee camps in eastern Congo as bases to
perpetrate attacks against Rwanda (US Department 2010). Paul Kagame’s army destroyed
refugee camps based in East-Congo, forcing a great number of refugees and Congolese
people to flee deep into DRC (Guichaoua 2016). Some of the Congolese opposition groups
based in Tanzania and other countries that were against president Mobutu’s leadership joined
Rwandan military group in eastern Congolese provinces and, with the military support from
Uganda, they pushed all the way to the capital Kinshasa in Zaire (currently DRC). This was
the “first Congo war” which brought down president Mobutu’s regime in 1997.

A former Congolese rebel who was ally of Rwandan military, Laurent Desire Kabila, was
made the new Congolese president. The newly created Congolese government, however, had
its army and security forces mainly controlled by officers from Rwanda. Laurent Kabila will
be killed in his office in Kinshasa on 16 January 2001 and replaced by an army general; and
one of Laurent Kabila’s adopted sons and army officer, Mr Joseph Kabila.
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Prior to his death, President Laurent Kabila decided that all Rwandan army officers and
soldiers serving in DRC should leave the country and return to Rwanda. This fact caused the
Rwandan and Ugandan leaders to be angry with him; they therefore decided to invade the
eastern Congo provinces of South Kivu, North Kivu and Orientale province with their
military forces. This was the start of the “second Congo war” (1998-2003) that involved
armies from ten different African countries.

Both the first and second Congo war and the subsequent armed conflicts that continue
until now have caused over 15 million victims, according to reports from international relief
agencies working in DRC. These armed conflicts are considered the biggest humanitarian
crisis currently occurring in the world, but it has still drawn little response from the
international community (Bartels et al. 2012; IRIN, 2003; Coghlan et al. 2006; IRC 2007).

3.1.1.2. A Perfect Example of Economic War

Congo war is primarily motivated by the search for control over rich natural resources in
the eastern Congo provinces, such as ‘colombo-tantalite’ or coltan, one key material used to
process smart phones, computers and other electronic devices. The war and armed conflicts in
DRC have already made more than 2.7 million internally displaced persons (IDP) within the
country’s territory, and approximately 430,000 Congolese refugees who have settled in
Tanzania, Rwanda, Uganda, Burundi and Zambia. In addition, the death toll is very high, with
more than five million people who died as direct or indirect consequence of the war and
armed conflicts, according to the UN HCR global report 2015 (WHO 2015).

3.1.2. Sexual Violence and its Impact on the Mental Health of Victims: A War within
the Congo War

Sexual violence toward women has become a real epidemic in DRC. Reports from
UNICEF and UN News center mentioned about 200,000 - 500,000 cases of sexual violence
occurring in East-Congo between 1998-2008 (Turkovich 2008; Plos Medicine Editors 2009;
UN News center 2013). A systematic rape has been taking place in the region, which is used
as a weapon of war not only to terrorize, displace and demoralize local residents but also to
incur severe sexual trauma such as sexual mutilations. The victims include adult women,
young female and even male children and babies (Pratt and Werchick 2004; Mukwenge and
Niangani 2009; Gettleman 2010; Bartels et al. 2012).

According to reports from researchers, health care providers and humanitarian agencies
operating in eastern Congo provinces, women are the principal targets and sexual violence
against them are widespread. Victims have been subjected to sexual slavery, mutilation of
sexual organs and the killing of rape victims has become commonplace in the eastern Congo
region (Wakabi 2008; Casey et al. 2011; Hall et al. 2014). Michael VanRooyen, a researcher
and associate professor at Havard School of Public Health who provided humanitarian aid in
eastern Congo suggested that what is going on in the region is a “war against women”, saying
that ‘violence against women in Congo is entirely different; not only have women been
assaulted by multiple assailants but in many cases, women come to hospital because they
have been assaulted by sticks or knives or weapons, causing internal and external injuries.
Women are incontinent and suffering tremendous infections and many have died as a result”
(Powell 2009). This suggests a severe psychological impact of such violence on Congolese
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women who survive sexual assaults and the necessity of mental health support program
besides relief medical care.

A registry-based retrospective study conducted in Panzi hospital, a health facility known
for treating more than 30,000 victims of sexual violence) in conflict-affected South Kivu
province, found 4,311 records of rape cases between 2004 — 2008, of which 53% involved
married women (Bartels 2011). Dr Denis Mukwenge, the director of the above mentioned
hospital, has reported having cared for about 10 rape victims a day and, between 2008 and
2009, his hospital has registered approximately 1,100 rapes per month (Mukwenge 2009).
Another hospital-based study reported 440 pediatric and 54 adult sexual abuse cases
occurring between 2006 and 2008 in the same area (Kalisya et al. 2011).

On the other hand, a report by Human Rights Watch (HRW) entitled ‘Soldiers who rape,
commanders who condone’ documents the magnitude of sexual violence perpetrated by the
military forces in the North Kivu and South Kivu provinces in DRC, suggesting that the
methods and effects of rape by armed forces has created a unique culture of sexual violence in
DRC (Human Rights Watch 2009; Brown 2012). Despite the presence of a large United
Nations’ peace keeping force, local population in East-Congo are still subjects to attacks,
violence, mass Kkilling by militia groups and foreign armies from neighbor countries
(Gettleman 2010) who serve the interests of those willing to control the East-Congo’s rich
natural resources.

Armed conflicts in eastern Congo have been setting scenes of grueling violations of
human rights with sexual crime as a weapon war. Moreover, this unique feature of Congo war
in which military forces have widely been involved is becoming a real phenomenon. Research
findings on the impact of sexual violence on mental health of the victims in East-Congo
provide alarming results.

A population-based survey implemented in 22 high schools in Bunia, eastern Congo, on
the impact of different experiences of sexual violence on 11 to 23 years old adolescent girls’
mental health. Of the 1,305 participating girls, more than one third of adolescent girls
reported experiences of sexual violence with high levels of daily stressors, stigmatization and
stressful war-related events.

A high proportion of girls who experienced either rape or non-consensual sexual
experience also reported post-traumatic hyper-arousal and intrusion symptoms (Verelst et al.
2014).

Another study conducted by Mels and colleagues on 1,046 Congolese adolescents and
young adults aged 13 - 21 years in eastern Congo showed that, among the 45.6% of girls and
54.4% of boys who participated in the study, 95% reported at least one traumatic event and,
on average, adolescents were exposed to an average of 4.7 traumatic events. In addition, 52%
of study participants were found to have developed posttraumatic stress disorder (PTSD)
(Mels et al. 2009). These findings show a very particular reality of armed conflicts in DRC,
which implies the necessity to implement mental care programs in the region.
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2. Natural Disasters
2.1. Communicable Diseases

a. HIV/AIDS

According to the DRC’s national HIV/AIDS program, permanent HIV surveillance has
shown that the national HIV prevalence in pregnant women is 4.6%; on the other hand,
DRC’s 2006 HIV infection serosurveillance report showed a national prevalence of 5%,
setting DRC in the context of countries with generalized HIV epidemic (PNMLS 2006).
Moreover, the insecurity caused by armed conflicts in eastern region has made the situation
worse. In East-Congo, the presence of soldiers and militia groups that have high prevalence of
the disease has caused a rise in the HIV prevalence in the region. According to
epidemiological data related to the Great lake region of Africa, armed conflicts have
contributed to the rise of HIV prevalence to 1,120 per year or more cases in Uganda and
2,172 cases annually in DRC (Ngatu et al. 2013).

b. Cholera and Other Diarrheal Diseases

Following a disaster or humanitarian crisis, reduced personal hygiene and general
sanitation status in IDP and refugee camps (poor water, sanitation and hygiene services),
there is an increased risk of outbreak of water-borne and food-borne infections such as
salmonellosis, shigellosis, cholera, etc. In April 1997, an epidemic of cholera occurred in
refugee camps where 90,000 Rwandan refugees have settled in East-Congo region, affecting
545 persons within a month period and killing 67 of them, according to a report from the
Center for Disease prevention and Control (CDC), a US based health institution. The United
Nations’ High Commissioner for Refugees (UN HCR) reported 50,000 cholera cases
occurring in the same year among the refugee population in eastern DRC and some
Congolese (Zairians) who were caught up in the turmoil (CDC 1997; UN HCR1997).

In the first decade of the 215 century, the North and South Kivu provinces in East-Congo
have been the site of major catastrophic events that caused population displacements,
favoring the emergence and spread of epidemics of communicable diseases. An
epidemiological survey conducted by Bompangue and colleagues showed a 8-year prevalence
of 73,605 cholera cases occurring between the year 2000 and 2007, of which 1,612 died, with
a 7-fold increase of risk of cholera in populations from districts bordering the Kivu lake
(Bompangue et al. 2009), suggesting the involvement of poor water quality and sanitation
status in the area, apart from increased population density in refugee and IDP camps.

The Congolese western provinces are also affected by the consequences of war and
armed conflicts that are happening in eastern DRC. The atrocities committed by militia
groups cause displacement of Congolese populations that are forced to move to safer areas.
For example, during the second Congo war, thousands of Congolese citizens were displaced
from the Equateur province to the outskirts of Kinshasa. Three IDP camps were established in
Kinkole, a semi-rural county near Kinshasa airport that were managed by the ministry of
social and humanitarian affairs, in collaboration with Red cross Switzerland and Biodiversity
Emergency Team (BET/EUB). In 2,000, while we were caring for the IDPs at Sicotra camp in
Kinkole (Figure 2), an epidemic of shigellosis occurred due to the poor quality of drinking
water, which sickened tens of displaced persons and killing one child.
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c. Ebolavirus Disease (EVD)

The history of ebolavirus disease dates back to 1970’s. The very first EVD epidemic
occurred at a hospital in the Congolese Yambuku village, province of Equateur in Zaire
(currelty Democratic republic of Congo), in 1976. This epidemic affected 318 villagers and
280 of whom died. A new virus was isolated from blood samples of EVD patients and was
called ‘ebola’; it was named after Ebola River near Yambuku village (Khan et al. 1999; WHO
1995; WHO 2015).

Figure 2. Sicotra camp for Congolese ‘internally displaced persons’ (IDP) who fled from the western
providence of Equateur to the outskirts of Kinshasa (Kinkole county) during the second Congo war
(Source: authors). This photo shows one of the authors (N.R.N.) who cared for women and children in
Sicotra IDP camp while working for E.U.B./Redcross Switzerland humanitarian project in Kinkole,
Democratic Republic of Congo, in 2000.

Figure 3 shows the epidemic trend of EVD outbreaks in DRC since 1976 in DRC and
other countries of the central Africa region. Relatively small and large scale EVD outbreaks
have been occurring mostly in countries of the central Africa region, including DRC,
Republic of Congo and Gabon. In total, 12 episodes of EVD outbreaks and one isolated case
in central African countries, of whom seven occurred in DRC; other six episodes occurred
either in the Republic of Congo or Gabon (WHO 2015; CDC 2015). Those EVD episodes
have sickened 1,522 people, killing 1,171 (77%) of them.

In August 2014, while the West African EVD outbreak was spreading, a new EVD
outbreak occurred in western rural area of Boende in DRC; the epidemic was controlled three
months later, thanks to the savoir-faire and clinical experience of Congolese ebola experts in
the management of EVD. A specialized ebola disaster response team coordinated by
Professor Jean-Jacques Muyembe, the Congolese Ebola expert who recently won the
‘Christophe Mérieux Prize 2015 winner (Institut de France 2015) contributed to the control
of most EVD outbreaks in the region.

The threat and burden of EVD outbreaks are worrisome in the central Africa, a region
that has been the most affected by EVD epidemics in terms of number of episodes of
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epidemics. EVD outbreaks in Africa are closely related to humans’ eating habits in remote
villages. In most EVD epidemics, the first cases involved a human contact with wild animals.
Bats and bush meats are part of favorite foods in those countries, and given the weaknesses of
the existing public health systems and the quasi absence of occupational safety programs and
regulations in the healthcare sector, the diagnosis and reporting of most EVD cases is often
delayed, contributing to the spread of EVD epidemics prior to the response from
governmental and international relief agencies.

EVD cases in DR Congo and other central African countries
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Figure 3. Episodes of Ebolavirus disease outbreaks in Democratic Republic of Congo and other
countries of the central Africa region (data are from WHO and CDC’s Ebolavirus disease reports 2015).

2.2. Volcanic Eruption and Earthquake

The Eastern region of DRC is well-known for its rich reserves of natural resources and
also its mountains such as Mount Nyiragongo (one of most active African volcanoes with
3,470 m of altitude), located near the Kivu lake, Mount Ruwenzori and Mount Nyamulagira
(3,058 m of altitude). The volcano Nyiragongo, which is located at 10 Km from the town of
Goma in DRC near the border with the Republic of Rwanda, is known as one of Africa’s
most active volcanoes. It has long active lava lake which causes severe damages whenever an
eruption occurs. Historical records have shown that Nyiragongo lava lake activity was first
recorded in 1890’s (Seach 2002); since, seven eruptions have been registered from1905 to
2002 of which two had a great human impacts. The 1977 Nyiragongo eruption caused 2,000 -
3,000 fatalities and about 800 people left homeless (Wafula et al. 2002).

On the other hand, the Nyiragongo volcanic eruption that occurred on 17 January 2002
was the most devastating, causing a huge disaster in surrounding villages and in the city of
Goma. There were approximately 400,000 evacuees and 120,000 people homeless. This
volcanic eruption was triggered by tectonic spreading of the Kivu rift which led to ground
fracture and the flow of lava from ground fissures, causing inundation of residential areas.
The socioeconomic and environmental consequences of this eruption wee huge: over 40
people died within the first 24 hours, about 50 people killed by fire after explosion at a petrol
station. A report by Anjani Nayar mentioned that over 100 people killed and 300,000 other
displaced (Anjani 2009). Furthermore, 14 nearby villages were destroyed by the lava and ash.
In addition, approximately 40% of the city of Goma area were destroyed, including the
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international airport and business center, whereas 15% of the city area were covered by lava
(Tedesco et al. 2007; BBC news). Regarding Nyamulagira volcano, very few damaging
eruptions records exist. And the latest eruptions occurred in 2011 and 2014 (Global
Volcanism Program 2014; Earth observatory 2014), causing mainly displacement of
populations and environmental damages in the Kivu province, DRC.

Earthquakes are quite rare events in the central Africa region, DRC included.
Nonetheless, earthquakes of moderately high intensity have been recently reported in North
and South Kivu provinces. However, recently, quakes have been occurring in the
mountainous eastern Congo region in a country that has almost never expected such natural
catastrophes and has never planned who to deal with. The latest one which occurred on 8
August 2015 at 1:26 GMT, had a magnitude of 5.6; it was followed by two other quakes the
same night, Killing four people (including two children), and left 28 other people injured;
more than 45 houses and buildings collapsed, according to a report from Radio Okapi, a local
broadcasting station owned by the UN Mission in DRC (UN Mission in DRC 2015).

DiscussioN AND CONCLUSION

The present report highlights some of the most prevalent manmade and natural disasters
occurring in DRC. It showed that war and armed conflicts in the eastern Congo are currently
the most prevalent manmade disasters with huge human impact, claiming millions of lives.
This silent genocide has been perpetrated mainly by foreign armies and militia groups from
neighbor countries.

Armed conflicts have also been creating a favorable condition for the spread of
communicable diseases, due to the violence that accompany the conflicts, the weakening of
the health system and their negative impact of the environment. On the other hand, natural
disasters such as volcanic eruptions, earthquakes in the eastern Congo region and epidemics
of communicable diseases are among natural disasters that have been threatening people’s
lives.

Though there are similarities with other armed conflicts such as the Syrian and
Afghanistan conflicts, the Congo wars present a particular picture of an epidemic of sexual
violence against women in particular, with mutilation of sexual organs; this represents one of
the dark sides of armed conflicts occurring in DRC; they are quite unique and probably hide
the real motivation behind these wars which is beyond the economic interests of foreign
countries and companies involved in this long hidden genocide.

This work has some limitations, as it consisted in a narrative review on humanitarian
crises and disasters occurring in DRC, which included only relevant articles and reports
mainly related to emergency events that are happening in this country, enriched by field
experience of some of the authors. Additionally, there are several other emergency events
occurring annually in DRC that are not listedin this paper. For example, heavy rains which
cause flooding that destroy infrastructures and devastate farms and residences are one of most
prevalent climate-related disasters.

In conclusion, considering the human impact of these humanitarian crises, DRC is
experiencing an unprecedented crisis that might affect the country’s capacity to deal with and
weakens its health system. A proportionate and effective response to reduce the human and
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economic impacts of those multiple disasters can only be possible with the contribution and
involvement of international governmental and non-governmental organizations. Among the
strategies to deal with DRC’s disasters, a particular focus should be on targeting the real
causes of the current DRC crises, mainly the economic interests of countries and companies
that sponsor armed conflicts in order to freely exploit DRC’s natural resources, whose main
reserves are located in the eastern region. Moreover, besides the strengthening of the existing
health system on local, district and provincial levels, promoting community health education
to improve the personal hygiene and general sanitation status, implementing periodical
training for health care providers and emergency drill programs for disaster public health
preparedness in regard to communicable diseases and natural disasters as well.
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Chapter 13

EDUCATION AND INCOME INEQUALITY IN THE
DEMOCRATIC REPUBLIC OF CONGO

Christian S. Otchia®, PhD

Postdoctoral Research Economist, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya, Japan

ABSTRACT

Education is certainly one of the key determinants of income. To understand how
education expansion affects income inequality, this paper started out with the observation
that the recent economic growth in DRC increased the average income of the population
but has left the poor behind due to the lack of industrialisation and redistribution policies.
I then constructed a district-level panel dataset to assess the extent to which education
expansion reduces income inequality. | first estimated the impact of educational
inequality on income inequality. | found a positive and significant relationship between
educational inequality and income inequality. The results are robust across different
inequality measures. Then, | went a step further to understand how changes in the
average year of schooling affect income inequality. The findings revealed that the
increase in the average year of schooling leads to a reduction in income inequality.

1. INTRODUCTION

Over the last decades, many economies—including those in the developing countries—
have witnessed a significant expansion of the average level of education (Barro and Lee,
2010). While it is widely acknowledged that education plays an important role in reducing
inequalities (Card, 1999; Hanushek, Schwerdt, Wiederhold, and Woessmann, 2015;
Heckman, Humphries, Veramendi, and Urzua, 2014; Heckman and Mosso, 2014), there is a
little compelling evidence that they play a positive role and even less about the mechanisms
by which education affects inequality in developing countries. To date, most of the researches

* E-mail: cotchia@gmail.com.
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on education and income inequality have focused on cross-country analysis for developed
countries. Hence, the evidence for the relationship concerning education and inequality is
arguably absent in the literature for Sub-Saharan Africa, especially at country level. There is
particularly limited empirical work because of data issues, among which, in particular, the
lack of longitudinal dataset.

In this paper, | provide a detailed picture of the relationship between educational
inequality and income inequality in the Democratic Republic of Congo (DRC) between 2005
and 2012, using a district-level panel data. Put differently, | construct a panel dataset by
compiling two waves of the DRC household survey data at district level, measure inequality
in income and education, and estimate an econometric model in which education expansion
predicts income inequality.

Despite its endowment in natural resources, DRC remains one of the poorest countries in
the world, as the impressive GDP growth performance in recent years has not contributed to
significantly reduce the high levels of initial poverty that were inherited from long years of
war and mismanagement. The growth rate has been maintained at an average of 6 percent for
more than 10 years while the stock of inwards FDI increased 3 times compared to its 2000
level. However, poverty and employment outcome was relatively poor. The elasticity of
growth to employment was 0.71 in 2000-2004 and 0.53 in 2004-2008. Poverty incidence fell
from 71.3 percent to 63.4 percent between 2005 and 2012, with an annual rate of 1.66
percent. Subjective poverty figures show that almost half of the households perceive
themselves as in worse economic conditions compared to the previous year. Subjective
poverty, which is estimated at 73 percent, is very alarming as 55.62 percent of households
believe that their living standards have decreased. 42.98 percent of households have seen their
purchasing power decreased, 48.83 percent cannot feed themselves and 74.14 percent are
unable to save. The weak translation of growth into poverty reduction and better living
standard raises the level of urgency with which social policy should be envisaged, as the
boom in the commaodity cannot last longer.

The purpose of this paper is to analyse the evolution of inequality in DRC and estimate
the extent to which educational inequality affects income inequality. Empirical studies on the
relationship between income and inequality in DRC are predominantly about the pattern of
growth and rely on simulation models (Otchia, 2014, 2015). For example, Otchia (2015)
assessed the distributional effect of mining based growth in DRC using a CGE-
microsimulation model. The author found that the pattern of growth affects significantly the
aggregate performance in terms of poverty reduction. This is because mining-based growth
had anti-poor effects in urban areas and almost neutral effects in rural areas. The paper argued
also that the initial income distribution had a clear influence on the way this growth has not
translated to a proportional poverty reduction. In another study on the effect of agricultural
modernization on poverty in DRC, Otchia (2014) found that poverty reduction due to growth
led by large-scale investment in agriculture depends on the initial level of inequality in
income or distribution of assets.

This research extends the empirical literature on inequality in DRC by examining the
effect of educational inequality on income inequality. In fact, income disparity is extremely
prevalent among household groups and across regions in DRC. In urban areas, the average
income per capita of the richest 10 percent of households is about 20 times the average of the
poorest 10 percent, while, in rural area, the income disparity between the richest and the
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poorest is about 16 times (Otchia, 2015). This paper is the first of its kind in DRC because |
use the most comprehensive data in terms of coverage and time.

The paper is organized as follows. The next section discusses the patterns of the recent
economic growth in DRC. Section 3 presents the data and provides a detailed definition of the
variables used in this study. In section 4, | introduce the methodology and describe the
computation of district measures of income and educational inequalities. Section 5 provides
the descriptive analysis of the data and section 6 presents and discusses the results of the
econometric regressions. The last section concludes.

2. BACKGROUND

The economic growth records show that DRC experienced an economic disaster some
years after its independence from Belgium in 1960. GDP per capita collapsed from US$350
to US$82 between 1973 and 2001, due to mismanagement, rent-seeking activities, and
conflicts. The end of conflicts in 2001 and the establishment of a transitional government
composed of representatives of former belligerents gave rise to the implementation of
structural reforms that sought to stabilize the economy and create conditions for growth and
poverty alleviation. The period of 2002-2012 saw a resurgence of growth, accelerated by the
external demand for natural resources by China. GDP recorded a growth of 5.36 percent per
year between 2001 and 2005 and of 5.38 percent between 2006 and 2010. More recently,
economic growth averaged 6.92 percent, which is high compared to the Sub-Saharan African
average of 5.41 percent during the same period. The primary sectors (agriculture and mining)
and services remain as the backbone of the DRC economy, contributing 82.3 percent of the
GDP in 2013 (Figure 1a).

Despite these notable developments, certain important features of the growth pattern,
especially in relation to structural change and poverty, are worth noting. The first is the
contraction of the other-manufacturing sub-sector (Figure 1b). The real growth of other
manufacturing fell at a rate of 8.16 percent between 2011 and 2013. In constant US$, the
other-manufacturing sub-sectors grew the least since 2001, specifically by 0.60 percent in
2006-2010 and by 2.86 percent in 2001-2005. One important explanation for this is the lack
of growth of labor productivity. In 2001, labor productivity in manufacturing ranked 39, after
the transportation and communication and mining sectors. However, it decreased by 9 percent
in 2000-2005 and by 12 percent between 2005 and 2012. It is only recently that labor
productivity in manufacturing has increased, by about 1.3 percent. Another reason for the
contraction of the other-manufacturing sub-sector is the obsolete manufacturing base and the
high competitiveness of imports. Other manufacturing represents about 15 percent of the
manufacturing sector, which in turn is dominated by the production of food, beverages, and
tobacco. The output of the food, beverages, and tobacco sub-sector grew by 12 percent in
2011-2013 and by a lesser extent in the previous years. Part of the reason is the low
substitutability with imported goods and the improvement in trade, transportation, and
communication services, which helped the domestic food and beverages sub-sector to take
advantage of the high domestic demand. It is also interesting to observe that the non-ferrous
metals sub-sector is the highest growing sub-sector and it is driven by the demand from
China. However, other mining is the one affected by the recent slowdown of the Chinese
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economy, as it grew by more than 10 percent in 2001-2005 and 2006-2010. Note that this
branch, together with non-ferrous metals, accounted for almost 22 percent of the GDP in
2013.

The second salient feature is the small growth in manufacturing employment, probably
associated with the contraction of the other-manufacturing sub-sector and the decreasing
labor productivity. Figure 1c shows the sectoral division of labor in 2005 and 2012 based on
household survey data. The share of manufacturing in total employment rose marginally from
7.5 percent in 2005 to 8.3 percent in 2012, while during the same period, the sector’s share in
GDP increased annually by about 5.42 percent. The service sector registered the highest
employment gains of about 2.2 percent points. Although employment in service has grown
more rapidly than in manufacturing, a majority of service employment is provided in lower
productive services such as hotels and personal services. In fact, DRC has not succeeded yet
to shift labor from the primary sector into more highly productive jobs. The share of
employment in the primary sector has decreased only slightly, while trade contracted by 2.7
percent points.
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Figure 1. DRC’s economy activity.

The third notable feature of the economic development over the last ten years is
associated with manufacturing growth and is related to exports. There are considerable
variations of manufacturing exports between different years (Figure 1d). DRC’s total
manufactured goods exports to Africa as the share of total manufacture export shows the
greatest variation, ranging from 35.1 percent in 2001 to 61.6 percent. However, the share of
food exports to Africa as the total share of food exports has remained stable. In 2001, food
exports to Africa represented almost 45.4 percent, but it dropped to 14 percent in 2002 before
picking up again. From a policy perspective, this indicates that food has not been competitive.
There are several possible reasons for this, the most plausible being that the food, beverage,
and tobacco industry faces the highest transaction costs within the manufacturing sector.
According to Otchia (2013), transaction costs in this sub-sector reaches 34.9 percent of the
total value of the supply of marketed output, while transaction costs in textiles, chemicals,
and wood products are 27.2, 15.9, and 13.3 percent, respectively.

The fourth economic feature worth noting to understand structural change in DRC is the
change in the skill mix among newer firms, especially in the food sector, where the ratio of
skilled to unskilled workers has been dramatically decreasing. Figure 1e presents the ratio of
skilled to unskilled workers in three sectors and across three firm age cohorts, based on the
World Bank Enterprise Survey data. Firms created in 1980s use a relatively higher ratio of
skilled to unskilled workers, except for other manufacturing, in which the demand of skilled
workers relative to unskilled workers has been increasing. Other manufacturing provides
better job opportunities for skilled workers due to technological upgrades. Newer firms in the
food and service sectors demand more unskilled workers relative to skilled workers, but the
changes in the skill composition happen at various speeds. The ratio of skilled to unskilled
workers in the service industry increased slightly from 2.3 to 2.4 among firms founded earlier
than the 1990s and those entered in 1990-2001, but then decreased to 2 for firms founded
after 2002. Part of the reason is that growth in service was driven by ICT and absorbed most

Complimentary Contributor Copy



Education and Income Inequality in the Democratic Republic of Congo 269

of the workers who moved from manufacturing after the looting of 1991 and 1993. The
skilled-unskilled relative demand within the food sub-sector, which started at 3.2 and fell to
1.9 in 1990-2001, and from then onward, the ratio continued downward to an all-time low of
1.4. The steep decline in the ratio of skilled to unskilled workers in the food sector means that
newer firms specialized in low-skilled jobs, which reduce their competitiveness against
imports. In general, the change in the skilled to unskilled wage ratio equals the change in the
ratio of unskilled to skilled labor. In countries like DRC, with ineffective minimum wages
and a weak union, these dramatic changes may contribute to national inequality changes, as
wage income represents 40 percent of the source of income.

The fifth and final notable feature of growth is the lack of adequate educated workforce,
which remains the major obstacle to improving the productivity and competitiveness of
export-oriented firms. Figure 1f shows that the inadequately educated workforce was ranked
3 in 2006 as the major obstacle faced by exporting firms. In 2013, it ranked 1%, indicating a
worsening situation for firms who need to recruit workers with appropriate skills to remain
competitive in the export market. The recent experience of some African countries like
Ethiopia shows the existence of a strong and positive correlation between firm productivity
and workers’ education and training. In addition, the number of vocational workers is
increasing at a slow pace of 16 percent between 2006 and 2013.

3. DATA

This section provides summary information on the data construction and measurement. |
present first the data sources, before discussing the variable definition and construction.

3.1. Data Sources

I use the Enquéte 1-2-3 data, which is a mixed households-informal producer’s survey on
employment, informal sector, and consumption. This survey is carried out in three phases,
with nationally representative sample of the population in each stages. The first phase collects
information regarding employment and households’ economic condition activities. The data
collected through the first phase are used to identify household unincorporated enterprises
(household whose production unit is not incorporated as a legal entity separate from the
owner), which will serve as statistical units for the next stage. The goal of the second phase is
to provide information on business conditions, economic performance, and production
linkages of the household unincorporated enterprises. Finally, the third phase uses the typical
household budget survey to collect information on household consumption.

The analysis uses the 2005 and 2012 waves of the Enquéte 1-2-3. The 2005 wave
includes a randomly chosen sample of 72,685 individuals, grouped in 12,098 households
(“Enquéte 1-2-3: Résultats de I’enquéte sur I’emploi, le secteur informel et sur la
consommation des ménages-2004-2005,” 2008). In 2012, the sample is collected from
111,689 individuals in 21,464 households (“Rapport global Enquete 1-2-3: Résultats de
I’enquéte sur ’emploi, le secteur informel et sur la consommation des ménage-2012,” 2014).
The First wave was conducted in 12 existing provinces. The provinces were divided into 26
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districts, including The Capital Kinshasa. However, the second wave was collected in 36
provinces according to the newly created provinces. The number of districts is 50. This paper
aggregates districts in 2012 to match those in 2005 as it is the first year with the most
comparable and consistent data over time.

3.2. Key Variables

There are two key variables in this study. The first measures income and the second
education. As a measure of income inequality, | use the variable household consumption per
adult equivalent. The household consumption expenditures are the annual spending on all
goods and services for current consumption, but excluding transfers, construction
expenditure, and taxes. It also excludes exceptional expenditures for parties and other
ceremonies. Unlike other research on consumption, | include the home-produced
consumption as it represents more than 30 percent of total consumption. Concerning
educational inequality, | use the years of schooling to measure educational attainment.

3.3. Control Variables

The variables used to control for observed characteristics include a set of variables
summarized at district level. | consider the average household size, the share of households
that have migrated into the district, the share of workers employed in the informal sector, and
the share of workers in agriculture and manufacturing sectors. Descriptive statistics on these
variables are reported in Table 1.

Table 1. Descriptive statistics

2005 2012 Total

Mean SD Min  Max Mean SD Min  Max Mean SD Min  Max
Household size 534 055 413 647 510 048 392 588 522 053 392 6.47
Price increase 0.13 006 003 036 087 006 064 097 050 038 0.03 097
Migration 035 014 009 069 030 009 013 050 033 012 0.09 0.69
Informalsector 0.92 003 0.85 097 087 007 062 09 090 0.06 062 0.97
Agriculture 068 016 009 091 062 018 003 084 065 017 0.03 0091
Industry 007 005 003 020 009 008 003 041 008 006 0.03 041
Service 024 014 006 079 029 013 008 082 027 014 0.06 082

Source: the author.

4. METHODOLOGY
Given the different definitions of educational inequality and income inequality, it is

important to use a consistent theoretical framework to define these measures. This section
defines and describes the measurements of education and income inequalities.
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4.1. Income Inequality

Income distribution is measured by the Gini coefficient, the General Entropy index, the
Atkinson index, and the concentration curve.

Gini Index

The Gini index is derived from the Lorenz curve, which plots the cumulative share of
total income earned by households ranked from bottom to top. It is measured as the ratio of
the area between the 45-degree line and the Lorenz curve, over the total area under the 45-
degree line. Gini coefficient takes a value ranged from 0 to 1. A Gini index of zero implies all
households have exactly the same income per equivalent adult. A Gini index of one implies
one household has all the income, and the others have no income at all. The Gini index is
estimated as:

foq_2
F=1-2 1)
f_ovn [P
é- - Z:'=:l [ [v,]2 ]J‘; (2)
V: =X8 . wy 3)
n e, WiV
b= @
w; = wh; = ws; (5)
where
wh; : sampling weight for observation i
ws; : size of household i
General Entropy (GE) Index
The General Entropy index is estimated by
—— _Y.w [(3'—)Er - 1] ife =01
BlE-1F, w; L\ !
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@) =1 g Towleg(D)iro = 6)
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where
8. weight given to distances between incomes at different parts of the income distribution
The General Entropy index depends on the value of 8. For & close to zero, GE is sensitive
to changes in the lower tail of the of the income distribution. The GE is equally sensitive to
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change across the income distribution if & equal to one, and sensitive to changes at the higher
tail of the income distribution for higher values of .
The general entropy index has the following particularities:

e When & =1, the General Entropy index is the Theil index,

e When & =0, the General Entropy index is equal to the mean log deviation

e When & = 2, the General Entropy index is half the square of the coefficient of
variation

Atkinson Index

Similarly to General Entropy index, Atkinson index places weight in a certain portion of
the income distribution in order to determine which part contributes most to the income
inequality. Thus, the weight parameter measures the aversion to inequality. The Atkinson
index for inequality can be expressed as follow:

e _ HoilE)
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(8)
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The Atkinson index for inequality becomes more sensitive to changes in the lower tail of
the income distribution as the level of aversion approaches 1 (£ — 1). On the other hand, it
becomes more sensitive to changes in the upper tail of the income distribution as the level of
inequality aversion falls (z — 0.

Lorenz and Concentration Curve

The Lorenz and concentration curves are used in this study for capturing the impact of
transfer policies on income distribution. The Lorenz curve L{p) is defined as the relationship
between the cumulative distribution of income and the cumulative population ranked from the
lowest to the highest income. The concentration curve C(p) shows the proportion of total
transfer received by the bottom p proportion of the population. This implies that the
concentration curve for pre-transfer is similar to the Lorenz curve. However, unlike the
Lorenz curve, concentration curves are plotted against some external variables. By plotting
concentration curve against the population ranked by income for instance, we are able to
display the concentration curves in the same diagram as the Lorenz curve.

¢ When the concentration curve lies above the Lorenz curve, the poor receive more
transfer than the non-poor, relative to their income. This means that the transfer
iS progressive

o When the concentration curve lies above the 45-degree line, the poor gain more
than proportionately to their number.
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Figure 2. Lorenz and Concentration curves.

4.2. Educational Inequality

I use the years of schooling as an indicator of educational inequality. Unlike other
indicators such as the educational attainment which are based in discrete variables, the
traditional measures of inequalities (Gini coefficient, the General Entropy index, the Atkinson
index, the concentration curve) fit well on the years of schooling (Amidzi¢, A. Massara, and
Mialou, 2014). For example, the Gini coefficient of years of schooling is given by:

Gini g, =
- E?HE}’:,_ |highest grade attained, —highest grade attained;|

— (©)

n—- 2n I higest grade attained,

where

The Theil index can also be written as follows:
EF_,_ :ﬁ(:':?=1ﬁ.|;gﬁ¢:rgr ade :rr:i‘r:ed‘l-"l

mmhigest grode attemedy |

Theil g, = (10)

n

4.3. Estimation Strategy

The empirical specification of the effect of education inequality x on income inequality v
is as follows:

}rd = +,'3in + 535_ +'u-|i (11)
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Where j5 represents our primary predictor of interest and is measured either as a Gini index of
years of schooling, or as the average of years of schooling; £ includes controls for household
size, price level, migration, and labor composition.

5. PATTERN OF INCOME AND EDUCATIONAL INEQUALITIES

In this section, the objective is to examine to extent to which the recent economic growth
has affected income and education. This section asks a specific question to whether growth
has benefited to the poor.

5.1. Growth Has Led to Increase in Income

The history of economic development suggests that economic growth is the key engine of
income growth and poverty reduction. However, the extent to which growth reduces poverty
depends largely on the source of growth and the factor endowment of those who participate in
the growth process. Figure 3 presents the distribution of income in DRC between 2005 and
2012. The graph represents the kernel density estimates of the income for the two years. One
of the most striking features is that the 2012 distribution has moved to the right. This implies
that growth has led to an increase in the average income of the Congolese. The two shapes are
almost similar but small differences appear in the tails of the distributions. It can be clearly
seen that the tails of the income distribution in 2012 are very large that those of 2005. This
implies that inequality has increased largely between the poorer and the richer.

Household consumption per adult equivalent (log)
kernel = epanechnikov, bandwidth = 0.0997

Source: The author.

Figure 3. Lorenz and Concentration curves.
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Table 2 extends the income analysis by estimating a set of inequality measures for the
two waves of the dataset. The column “changes” depicts the difference in the inequality
measures between 2012 and 2005. A positive sign means that inequality has increased
whereas a negative sign implies a reduction of inequality in the district. This table is quite
revealing in several ways. First, it shows that all the inequality measures provide consistent
estimates across districts, and the difference in magnitude of the changes highlight the fact
that the changes in inequality are very sensitive in different parts of the income distribution.
Second, it can be seen that income inequality grew in many districts (20 out of 26) and fell in
only 6.

Table 2. Income inequality

Gini Atkinson (0.5) Atkinson (1) GE(0) GE(1)

2005 Changes 2005 Changes 2005 Changes 2005 Changes 2005 Changes
Kinshasa 0.41 0.02 0.14 0.09 0.25 0.25 0.29 0.30 0.34 0.00
Bandundu 0.33 0.08 0.09 0.27 0.16 0.38 0.17 0.43 0.19 0.24
Kikwit 0.37 0.14 0.11 0.60 0.21 0.55 0.23 0.66 0.23 0.28
Kenge 0.35 0.03 0.10 0.01 0.18 0.12 0.19 0.13 0.23 -0.11
Tembo 0.32 0.61 0.08 1.85 0.15 1.39 0.16 174 0.17 2.61
Mbanza-ngungu 0.28 124 0.07 5.09 0.12 3.30 0.13 471 0.15 8.92
Matadi 0.41 -0.01 0.14 0.05 0.25 0.25 0.28 0.31 0.32 -0.09
Mbandaka 0.41 0.02 0.13 0.09 0.24 0.10 0.27 0.12 0.30 0.09
Boende 0.33 0.22 0.09 0.51 0.17 0.51 0.18 0.59 0.18 0.56
Lisala 0.32 0.19 0.09 0.38 0.16 0.37 0.18 0.42 0.21 0.41
Gbadolite 0.42 -0.10 0.14 -0.17 0.27 -0.18 0.32 -0.21 0.31 -0.13
Kisangani 0.34 0.04 0.10 0.14 0.18 0.24 0.19 0.28 0.21 0.09
Isiro 0.32 0.28 0.09 0.76 0.16 0.58 0.18 0.68 0.19 1.07
Bunia 0.40 0.47 0.13 1.83 0.23 1.18 0.26 1.66 0.27 3.96
Goma 0.41 0.32 0.14 0.88 0.25 0.82 0.29 1.10 0.31 1.19
Bukavu 0.35 0.13 0.10 0.29 0.18 0.33 0.20 0.38 0.22 0.26
Kindu 0.35 0.34 0.10 117 0.18 157 0.20 2.15 0.21 0.91
Lubumbashi 0.43 -0.09 0.15 -0.14 0.26 -0.14 0.31 -0.16 0.33 -0.12
Kamina 0.38 -0.10 0.11 -0.16 0.21 -0.14 0.23 -0.15 0.25 -0.17
Manono 0.30 1.85 0.07 8.81 0.14 5.14 0.15 12.43 0.16 7.14
Kolwezi 0.33 0.82 0.09 3.01 0.16 2.92 0.18 4.74 0.19 2.37
Dilolo 0.33 0.55 0.08 1.64 0.16 124 0.18 155 0.17 2.22
Mwene-ditu 0.38 0.04 0.11 0.09 0.21 0.08 0.24 0.09 0.25 0.11
Mbuiji-mayi 0.45 -0.16 0.16 -0.20 0.29 -0.20 0.35 -0.23 0.36 -0.12
Kananga 0.34 0.12 0.10 0.26 0.18 0.28 0.19 0.32 0.22 0.24
Luebo 0.49 -0.42 0.23 -0.73 0.35 -0.64 0.42 -0.69 0.76 -0.83

Source: the author.

5.2. The Poor Has Been Left Behind

In addition, it is important to understanding whether the economic growth described
above has been pro-poor. Pro-poor here which refers to a growth that reduces inequality and
in which the consumption of the poor increases more than the population average. | conduct
the distribution analysis in two parts. In the first part, | examine the 2005 and 2012
consumption data from the household surveys to compute the distribution of household
expenditure based on the Lorenz curves and the Gini coefficient for the two periods. This is
an important step, since inequality influences how economic growth translates into poverty
reduction. Next, | use the growth decomposition framework, which has been popularized by
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Kakwani (2010), to estimate the pro-poorness of the 2005-2012 growth and measure its
contribution to poverty reduction.

The income distribution in Figure 4 clearly shows that, during the period of 2005-2012,
DRC experienced a sharp increase in inequality. The degree of inequality, measured by the
Gini coefficient, increased from 0.43 in 2005 to 0.47 in 2012. The difference between the
Gini coefficients is statistically significant, meaning that DRC is becoming a more unequal
country. For instance, the poorest 40 percent of the population in 2005 consumed 15.1 percent
of total consumption while in 2012, the poorest 40 percent consumed 13.9 of total
consumption. However, comparing these estimates with countries in the region, one finds that
DRC inequality is quite high but just below the top 15 unequal countries. According to IMF
(2007), the initialy high inequality in DRC is due to the existence of distributive injustice,
discrimination, and virtually endemic exclusion in the country.

(a) Lorenz Curves (b) Generalized Lorenz curves
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Figure 4. Changes in income inequality (national level).

On the other hand, the increase in inequality is somehow related to the changes in the
composition of income source, due to structural change. In 2005, wage income represented
42.54 percent of household income. Self-employed in agriculture and non-agriculture
accounted respectively for 26.85 and 28.24 percent, and transfers for 2.38 percent. Recently,
self-employed non-agriculture has become the main source of income accounting for 39.40
percent, followed by wage income (37.44%), self-employed agriculture (21.49%), and
transfers (1.67%). The wage income gap between 10™ decile and 1%t decile has also increased.
Looking to the changes in total consumption across the distribution, Figure 4 panel (b) shows
that growth has led to a significant increase in the income of the richest 50 percent, as the real
consumption is higher from the top 50 percent of the population in 2012 than it was in 2005.

However, growth has also left the poor behind and the consumption of the poorest has
partially deteriorated: the real consumption of the population between the 20" and 50%
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percentile has not statistically changed whereas that of the poorest 20 percent is slightly
decreased. Despite the fact that the higher income part of the population received higher
income, the 2005-2012 growth has led to poverty reduction. In 2005, 71.3 percent of the DRC
population lived in households with incomes below the poverty line. From 2005 to 2012,
poverty fell annually by 1.66 percent for an overall annual growth of 6 percent. To understand
the source of the poverty reduction, | decompose the annual poverty change into the pure
growth effect and the redistribution effect, and present the estimates in Table 3. The growth-
redistribution decomposition indicates that the growth effects contributed to alleviate poverty
whereas the redistribution effects contributed to increase poverty. If inequality did not
increase, the 2005-2012 growth would have reduced poverty by 1.70 percent. Thus, the recent
increase in inequality was responsible of 0.04 percentage points of poverty.

Table 3. Growth-redistribution decomposition

Po P1 P2
Growth-redistribution decomposition
Annual poverty change -1.66 -2.76 -3.06
Growth -1.80 -3.21 -3.73
Redistribution 0.14 0.45 0.67

Source: the author.

Table 4. Educational inequality

Educational inequality Mean of years of schooling
2005 Changes 2005 Changes
Kinshasa 0.20 0.04 9.76 0.50
Bandundu 0.25 0.12 8.08 -0.65
Kikwit 0.23 0.15 8.03 -1.09
Kenge 0.28 0.19 7.63 -1.81
Tembo 0.30 0.12 7.29 -0.79
Mbanza-ngungu 0.26 0.12 7.58 -0.96
Matadi 0.27 0.11 7.84 -0.47
Mbandaka 0.28 0.08 7.17 -0.01
Boende 0.26 0.21 6.38 -0.80
Lisala 0.28 0.12 6.83 -0.75
Gbadolite 0.28 0.27 6.43 -1.77
Kisangani 0.31 0.13 6.04 -0.19
Isiro 0.28 0.18 5.89 -0.89
Bunia 0.29 0.27 6.22 -1.23
Goma 0.30 0.18 6.84 -0.71
Bukavu 0.28 0.20 7.16 -1.58
Kindu 0.28 0.15 6.69 -0.41
Lubumbashi 0.27 0.08 8.08 0.01
Kamina 0.29 0.18 6.25 -0.68
Manono 0.31 0.31 6.02 -2.36
Kolwezi 0.31 -0.04 6.55 2.09
Dilolo 0.30 0.27 6.21 -2.12
Mwene-ditu 0.26 0.10 7.39 -0.48
Mbuji-mayi 0.30 0.11 6.48 -0.48
Kananga 0.27 0.10 7.39 -0.72
Luebo 0.26 0.14 7.30 -0.50

Source: Author’s.
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5.3. Education Inequality

Turning now to the educational inequality, Table 4 indicates that the district-level
disparities grew in all districts except in Kolwezi. At the same time, the average years of
schooling increased in only two districts, namely Kolwezi and Kinshasa. It is surprising to
find that the increase in the average of the years of schooling is related to higher educational
inequality in Kinshasa and lower educational inequality in Kolwezi.

6. RESULTS

This section presents the results of the impact of educational inequality on income
inequality. First, the correlation analysis between income and educational inequalities is
presented. Then, the causal relationship on how educational inequality affects income
inequality is estimated and discussed.

6.1. Correlation Analysis

Figure 5 presents the correlations across the measurements of inequalities. The panel (a)
of the figure display the correlation between the Gini coefficients of income and education.
While there are many disparities, particularly in 2012, the income inequality is positively
related to income inequality. This is consistent with the intuition and historical evidence that
high educational inequality reduces the opportunities for jobs and positive resource allocation,
which in turn leads to higher income inequality. The correlations between income inequality
and the average year of schooling, which are plotted in Figure 5 panel (b), provide similar
qualitative results. The graph shows a decreasing relationship between income inequality and
the average year of schooling. This means that an increase in the average year of schooling is
related to lower income inequality.
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Figure 5. (Continued)
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Figure 5. Correlation between income and educational inequalities.

6.2. Regression Results

Average of years of schooling

b. Income inequality and average years of schooling

Table 5 presents the results from the panel estimations with the Gini of educational
inequality as the main outcome variable and incorporates both measures of educational
inequalities: Gini of the years of schooling and the average year of schooling. Columns 1 and
2 depict the model with the Gini of years of schooling. | find that the Gini of years of
schooling is positively correlated with the Gini of income inequality. The result in column 1
shows that a one percent increase in the Gini of years of schooling lead to an increase of
0.513 percent of the Gini of income distribution. When adding the control variables in column
2, | find that the Gini of educational inequality remains significantly related to the Gini of
income inequality. The size effect doesn’t change significantly, as an increase in the Gini of
years of schooling generates 0.514 percent increase in the Gini of income distribution.

Table 5. Estimation results

Model 1 Model 2 Model 3 Model 4
Gini of years of schooling 0.513*** 0.514%***

(0.170) (0.187)
Average year of schooling -0.0653** -0.0732***

(0.0268) (0.0238)

Controls Yes Yes
Fixed effects Yes Yes Yes Yes
Constant 0.296*** -0.689 0.923*** 0.309

(0.0907) (0.545) (0.205) (0.459)
Observations 52 52 52 52
Number of years 2 2 2 2
R-squared 0.2104 0.5466 0.3977 0.6146

Standard errors in parentheses.
*** n<0.01, ** p<0.05, * p<0.1.
Source: the author.
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It is worth mentioning that the estimates proved to be robust throughout all the other
specifications. For example, the specification in column 3 uses the average year of schooling
as the main predictor and confirms the benefit in educational attainment in reducing income
inequality. The findings show that one percent increase in the years of education lowers the
educational inequality by 0.0653 percent. The column 4 incorporates the control variables.
The effects of years of schooling on income inequality are larger and statistically significant.

6.3. Alternative Measures of Educational and Income Inequality

In Table 6, | test whether the results are robust to alternative measures of income and
educational inequality. The inequalities variables associated with income and years of
schooling are measured using the Atkinson index (column 1), the Theil index (column 2), and
the General entropy index (column 3). The control variables in each specification are
associated with the average household size, the share of households that have migrated into
the district, the share of workers employed in the informal sector, and the share of workers in
agriculture and manufacturing sectors. The results of these robustness regressions provide two
main insights. First, inequality in years of schooling is positively related to income inequality.
Second, regressions suggest the impact varies according to the indicators used to measure
educational and income inequality.

Table 6. Robustness analysis

Model 1 Model 2 Model 3
Atkinson (0.5) 0.883**
(0.364)
Theil 3.039*
(1.547)
General entropy (2) 30.46*
(17.78)
Controls Yes Yes Yes
Fixed effects Yes Yes Yes
Constant -0.958* -2.594* -6.654
(0.495) (1.553) (14.47)
Observations 52 52 52
Number of years 2 2 2
R-squared 0.3412 0.4284 0.2396
Standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1
Source: the author.
CONCLUSION

In this paper, | used a rich and recent dataset from DRC to construct a district-level panel
data and study the relationship between income inequality and educational inequality. The
dataset is derived from the two waves of the Enquéte 1-2-3 conducted in 2005 and 2012. |
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proceeded as follows. Since the configuration of the two waves differs in terms of the
districts, 1 matched the 2012 districts with those in 2005. Then, | constructed inequality
measures by applying the traditional measures of inequality—Gini, Atkinson, Theil, and
General Entropy—on income and years of schooling. After an extensive descriptive analysis
to understand the pattern of inequality changes and the extent to which the economic progress
between 2005 and 2012 has affected inequality, | used econometric models to explain how
income inequality is related to educational inequality.

| found that the recent growth has led to an increase of income. However, growth has left
the poor behind because the income of the very poor remained almost constant. In addition,
the lack of redistribution policy has contributed to increasing income inequality. The findings
on the educational inequality suggest that the average year of schooling has decreased while
educational inequality increased in almost all the districts.

The empirical findings provide support to the role of education in reducing income
inequality. The econometric results that an increase in the average year of schooling is
inversely related to changes in income inequality highlight the importance of designing
policies to increase access to education and reduce dropouts in DRC. The main policy
implication of this study is that reducing the gap in years of schooling between the least and
the most education should be a key priority. Government should invest more in the increasing
the access to school in the remote and post-conflict regions. The government should also
implement policies to increase retention and promote higher education as well as vocational
training.
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Chapter 14

WHICH DEMOGRAPHIC QUINTILE BENEFITS FROM
PuBLIC HEALTH EXPENDITURE IN NIGERIA:
A MARGINAL BENEFIT ANALYSIS

Kanayo Ogujiuba,” PhD and Nancy Stiegler, PhD
Statistics and Population Studies Department,
University of the Western Cape, South Africa

ABSTRACT

In the last twenty years, policy makers have come to an understanding that for
poverty reduction to be sustainable and welfare benefits distributed evenly, social
investments must act as a catalyst. Thus, no meaningful progress in sustainable
development can be made when the level of inequality level is continuously rising and
benefits of government expenditure unevenly shared. At the moment, Nigeria is one of
the twenty poorest, most unequal societies in the world, with just half of the population
controlling 5 percent of national resources. Productive sectors in Nigeria have
considerably shrunk in size since the 1980s, to the extent that about 70 per cent of the
population lives below the poverty line, which is deep, severe and pervasive. This raises
concerns and questions on demographic dividends from investments in the social sector.
Data for research was obtained from ministries of health as well as private service-
providers in the SE region of Nigeria. Marginal Benefit Incidence Analysis was used in
estimating the benefits of various quintiles by combining information about unit costs of
providing services with information on the use of these services. Thus, this chapter
focused on the distribution of beneficiaries across different demographic groups from
services rather than measuring the exact value to recipients of government-sponsored
services. Results indicate that the states in the South East (SE) Nigeria subsidized the rich
in the society. The chapter recommends effective discretionary targeting of expenditure,
and the less privileged in government expenditure programmes. This is a potent strategy
for curtailing poverty and inequality in the system and would serve as a means of
sustaining societal growth and economic progress.

* An Excerpt from a PhD Thesis (2014) in the Statistics and Population Studies Department, Faculty of Natural
Sciences, University of the Western Cape, Cape-Town, South Africa
T Address correspondence to: kannyog@gmail.com
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1. SocIAL INVESTMENTS AND POVERTY REDUCTION

In most developing countries, Nigeria inclusive, government forms a large bulk of
economic activity (Agu and Aldo, 2013) and one major challenge to government at all levels
is the decision they make in organizing and distributing resources. However, the nexus
between government expenditure and economic growth has been debated constantly among
scholars. This includes protection and security of lives and properties and the provision of
public and social goods such as defense, good roads, education, and health. Thus, government
allocates resources to perform these basic functions, while some scholars argue that an
increase in government expenditure promote growth (Al-Yousif, 2000; Ranjan and Sharma,
2008; Cooray, 2009), others argue that government expenditure undermines economic growth
(Laudua, 1986; Engen and Skinner, 1992; Folster and Henrekson, 2001). For the last two
decades, poverty reduction and public expenditure nexus have taken the center stage
(Aigbokhan, 2000), with no agreeable framework on the dynamics.

Over time, economists and demographers have come in agreement that for even benefits
across population groups, poverty reduction to be sustainable, social investments in education
and health sector should be given high priority. Furthermore, Addison and Cornia (2001)
suggest that no meaningful progress in sustainable development can be made when the level
of inequality level is continuously rising, which is in contradiction with earlier development
theories that inequality is good for growth and poverty reduction. This dichotomy is calling
attention to the actual role of health infrastructure in economic growth vis-a-vis poverty
reduction. However, much of contemporary debate on the nexus between public expenditure
and demographic dynamics has been on what is the right size for a population and
implications for standards of living and no emphasis on who gets what, when and how. No
doubt, that the efforts by most populous countries to provide an acceptable living condition in
terms of social services are constantly frustrated with rapid population growth, without a
commensurate increase in economic growth. Therefore, the benefit incidence amongst the
different quintiles becomes very pertinent.

The relationship between inequality, poverty and demographic dividends from public
health expenditure is part of a larger cycle, where inequality and poverty leads to ill health
and ill health due to lack of any substantial benefits sustains the twin evils. Available
statistics suggest that people in emerging and transition countries tend to have less access to
health services than those in better-off countries, and within countries, the poor have less
access to health services. Although a lack of financial resources or information can create
barriers to accessing services in developing countries, the causal relationship between benefits
to health services and poverty also runs in the other direction. When health care is needed, but
is delayed or not obtained, people’s health worsens, which in turn leads to lost income and
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higher health care costs, both of which contribute to negative outcomes. Lack of health care
dividends by the vulnerable could lead to ill health, and worsened poverty levels?.

Nonetheless, Nigeria has become a reference point for high inequality, economic growth
and poverty levels. This has become so, more especially since the oil boom of the 1970s and
the current rebasing (2014) of the Nigerian Economy, making it the biggest in Africa. This
development paradox stands out when compared with similar comparable countries in Africa
and Asia based on their collective history. The current per capita income in Nigeria is still
very minimal in real terms and less than the 1975 estimate, despite the receipt of about two
hundred and eighty-eight million dollars (USD288) in total oil revenue from 1975 to 20102,
Adejuwon and Adekunle (2012)® sums it up that about 70 per cent of the population lives
below the poverty line and poverty is deep, severe and pervasive in the country. At the
moment, Nigeria is one of the twenty poorest, most unequal societies in the world, with just
half of the population controlling 5percent of national resources (Temitope, 2008). This raises
the question of what has happened to all the investments in the social sector and who is
benefiting from government expenditure.

Bridging the income margin between the rich and the poor as well as the efficient
allocation of resources is necessary as part of a larger strategy to design and implement a
sustainable developmental framework. Ogundipe and Lawal (2013) maintain that such a
design would reduce poverty to some extent, especially if funds are well targeted towards
health and education. Nonetheless, households in Nigeria are divergent in their ability to
access and utilize services provided by the government (Diejomaoh and Eboh 2010). Most
often, it is households in the upper income group which may reap larger benefits from public
spending (health and education) programs (Suberu 2001). As a palliative to expenditure
cutback, Ravallion (2002) argues positively for safety net measures, which would reduce the
negative effects on expenditure, more especially on the vulnerable. One of such could be an
effective targeting of health expenditure across different population groups.

According to Obansa et al. (2013) and retrieved from www.mcer.org, basic life-saving
commodities are in short supply in lower income health systems. In these countries, provision
of health related services depends on the availability of relevant equipment, drugs and
infrastructure. Therefore, in the light of this, a constant and fundamental component of health
management is an effective and accountable framework for procurement. In most states of
Nigeria, several health facilities are without portable drinking water, electricity, dysfunctional
equipment, etc. Health system is grossly inadequate, most especially at the Primary Health-
care level (Obansa and Orimisan, 2013). Furthermore, poor state of infrastructure such as
buildings, materials, equipment, and supplies and inequitable distribution of available
facilities is the norm in many places in Nigeria.

Furthermore, uncertainty of drug supplies, which is common across the country and lack
of basic amenities, has been traced to importation dependency of the health system in the
country. The lack of updating of the pharmaceutical regulations could also be responsible for
this ambivalence which has resulted in a complete chaotic drug distribution framework in the
country. A clear negative fall-out of this scenario is the observed resistance to some drugs by
the disease pathogens in some patients (HERFON, 2006, FMoH, 2004, Travis et al., 2004).

! The vulnerable in most of sub-Saharan Africa is particularly at risk.

2 Furthermore, the productive sectors of the economy have considerably shrunk in size since the 1980s.

3 Poverty is also becoming dynastic in Nigeria—with the threat that the children of the poor are also likely to end up
poor (Ehigiene 2007).
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Nonetheless, without functional health facilities and qualified personnel, the availability of
drugs alone would not improve the quality of health service. Vital to the provision of a
functional health system is the former. However, it is common knowledge that in most
communities in Nigeria, people travel several kilometers for basic health care services and in
some case if not most, some these facilities are based on political expediency rather than
economic rationality because they lack adequate professionals. Poor services at public health
institutions in Nigeria have prompted the use of unorthodox medicines by most people, and
for the privileged rich, the use of private health facilities (Ravi Rannan-Eliya, 2008), in
addition to government hospitals.

The Nigerian government has been resorting to social spending discretions to alleviate
poverty, thus it has become imperative for the government to understand the distributional
outcomes from such expenditure. Marginal Benefit Incidence Analysis has assumed a center
stage in most policy evaluations. The technique is normally used in assessing the
distributional impact of government expenditure in addition to determining which
demographic group benefits from the government (cash or in-kind). The underlying
framework is that benefits derived from government expenditure should be shared
disproportionately so that the lowest strata benefits more than those on a higher quintile. This
implies that government spending according to the Keynesian model, should correct failures
in the system, while promoting efficiency and equitable distribution of resources.

2. CONCEPTUAL FRAMEWORK

Fan, Zhang, and Zhang (2002) report that social expenditure reduced the rural poverty
rate effectively. Jung and Thorbecke (2003) study also confirms that government social sector
spending contributes to economic growth and supports poverty reduction. According to
Lipton and Ravallion (1995), the poor that had less access to the infrastructure in the past can
have larger benefits from new investment in health infrastructure. They came to this
conclusion from their study on the effects of government expenditure on poverty. Also, in a
study by Jung, et al. (2009) the marginal effects of government expenditures on poverty
alleviation has generally weakened over time. Their analysis stands out in two ways: (1)
contributes to the expanding literature on effects of government expenditure on poverty
reduction by determining how the effects on poverty of four categories government
expenditures have changed over time and compared these changes among categories; and (2)
the study analyzed spatial variation in the effects of government expenditure on poverty
across counties using GWR and LISA clustering. Their analysis further examined marginal
effects of government expenditure on poverty reduction in each of the identified poverty
clusters including the identification of poverty ‘hot-spots’.

There are divided opinions and findings on the relationship between public sector
spending and economic performance though most scholars are in agreement that there are
circumstances in which decreased government spending would enhance economic growth and
other circumstances in which increased government spending would be sought-after.
Therefore, the connection between economic growth and government spending is bi-
directional, particularly with growth and sectoral outcomes, in that higher growth leads to
improved sectoral outcomes (better schools, health indicators, road access, etc.) while
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enhanced sectoral outcomes will correspondingly lead to superior growth (in particular
investment in health education and infrastructure is associated with higher growth rates).
Looking at the theoretical underpinnings of public spending effects, it becomes imperative to
look at the motive and its linkages with economic growth, poverty and inequality reduction
for it to have the desired effect on distributional outcome.

Available literature suggests that exceptional variables which could hamper or effect
positively public spending outcome are the roles of regulatory framework and private sector
interventions because of their multiplier effect on service provision to the poor. According to
Wilhelm and Fiestas (2005) government spending is driven by the objective to positively
affect growth and poverty reduction through improved provision of social services. However,
achieving this objective depends to a great extent on specific issues and initial conditions
within a country.
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Figure 1. Public Spending Motives, Determinants and Linkage with Growth and Poverty Reduction

Figure 1 above shows the linkage which indicates that motives (political, economic,
social, etc.) have effects on public spending while capacity and institutional constraints do
affect motives behind public spending. The diagram also shows that effective and efficient
outcomes could be determined by spending level; demographics; level of urbanization;
complementarity; sub-sectoral mix; strength of institutions; the level of participation for
private and NGO sector as well as time lags.

The relationship between public spending and poverty has gained sufficient attention in
the literature and Economists are in agreement that expenditure on growth drivers has the
capacity to reduce poverty and increase human capabilities. Asghar, et al. (2012) posits that
economic growth and poverty reduction could occur with government spending on the social
sector which would positively affect economic development. Nonetheless, investments in
health, education and generally on the social sector were the mantra in the 1990s for the
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World Bank in its poverty Reduction Strategies Programmes. They argued that boosting
human capital formation reduces the level of poverty. Human resources according to the
World Bank enrich human capabilities and productivity level of the people, which has the
capacity to reduce poverty and increase income level through improved opportunities. Their
results imply a positive reduction of poverty as expenditure is focused on social issues and the
opposite when expenditure is focused on deficit financing, economic and community services
in Pakistan.

Nonetheless, the relationship between public spending and poverty has gained sufficient
attention in the literature. Demographers are in agreement that expenditure on growth drivers
has the capacity to reduce poverty and increase human capabilities which is depicted in
Figure 1. Asghar, et al. (2012) posits that economic growth and poverty reduction could occur
with government spending on the social sector which would positively affect economic
development. Also, according to Fan, Hazell, and Thorat (2000) expenditures on roads,
research, and development have the largest impacts on poverty reduction in their study using
India. Howbeit results from Gomanee et al. (2005) show the need for new strategies in
combating poverty rates, because spending on social services is not as effective as it should
be in poverty reduction. This has generated a lot of debate on how effective, the targeting
mechanism of government of Nigeria is.

2.1. Federal Government Expenditure on Health in Nigeria

Public expenditure on health has not followed a definitive pattern between 1999 and
2012. The percentage increased from 1.7 in 1999 to 2.7 per cent in 2000, 4.4 per cent in 2001
and 6.2 per cent in 2002 respectively. In 2003, the share reduced to 3.2 percent. Though,
health expenditure was 4.2 percent in 2004 and declined slightly to 4.1 percent in 2005. In
2006, the percentage increased to 5.7 percent. Between 2008 and 2010, it declined
consistently with 3.7 percent in 2008, and 3.1 percent in 2009 and 2010, respectively. The
percentage, however, climbed to 5.8 percent in 2011 and decreased slightly to 5.6 per cent in
2012.

Comparatively, data from selected countries in 2009, shows Haiti as 29.8 percent,
Rwanda 27.3 percent, Nauru 25.0 percent, Norway 17.9 percent, Australia 17.2 percent,
United Kingdom 16.5 percent, Gabon 13.9 percent, Cameroon 8.6 percent, Niger 10.6 percent
and Ghana 6.8 percent (WHO, 2009). The statistics of other countries implies that Nigeria’s
health spending is weak and needs to be strengthened. Health care indicators also show that
public spending on health is a source of concern in Nigeria. The WHO recommends the
population to doctor ratio standard at 600: 1. In Nigeria, ratio of population to doctor which
stood at 4,529:1 in 2000 further decreased to 5,075:1 in 2007. Between 2009 and 2010 it
increased paltry to 3,967:1 and the negative trend is still unbaiting. Available data suggests an
annual increase in the number of persons per physicians implying declined access of citizens
to the services of physicians. Furthermore, the annual increase in the population to nurse ratio
is also worrisome. This indicates reduced access of the citizens to the services of nurses. For
example, the ratio stood at 920:1 in 2000 and increased negatively to 1,405:1 in 2007 and has
remained high since then. The analysis suggests a higher growth rate of population than the
number of nurses. In-addition, most citizens are not aware of the available services and their
constitutional rights in relation to the health care.
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Table 1. Federal Government Expenditure on Health (N’  billion)

1999 |2000 |2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Recurrent 8.2 11.6 24.5 50.2 335 345 55.7 62.3 81.9 98.2 90.2 99.1 231.8 225.3
Capital 7.8 6.2 20.0 12.0 6.0 18.6 21.8 322 96.9 97.2 52.5 35.0 39.5 57.1
Total 16.0 17.8 445 62.2 39.5 53.1 775 94.5 188.8 195.4 142.7 134.1 271.3 282.4
FGN Total |947.0 |701.1 |1,0180 |1,0182 |1,226.0 |1,384.0. |1,743.2 |1,8426 |2,4509 |[3,2408 |3,453.0 (4,1946 [4,712.1 |[4,987.0
Exp
%of FGN |17 2.7 4.4 6.2 3.2 4.2 41 5.7 52 3.7 31 31 5.8 5.6
Total Exp.

Sources: NBS, CBN (Statistical Bulletin) and Federal Ministry of Finance, 2004, 2008, 2011.
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Figure 2. Federal Government Expenditure on Health (N” billion) 1999 — 2012.

3. DATA AND METHODS

Most analysis of benefit incidence are derived from the pioneered works of Meerman
(1979) and Selowsky (1979) which provides estimates of the distribution of public
expenditures. Benefit Incidence Analysis (BIA) normally reveals who is benefiting from
public services, and describes the welfare impact on different groups or individual households
of government spending. This is achieved by combining information about unit costs of
providing those services. In this case, this was obtained from ministries of health as well as
private service-providers with information on the use of these services, which was obtained
from the households - the 2010 Nigerian Living Standard Survey report (NLSS). Thus, the
method could be said to be a measure of how pro-poor government fiscal programme is.

For example, spending on (health), can be formally written as:

- 2 S i 3 E iT e
‘1 i = Zl E ij E— = Zl E—JS i
- T : 1)

As cited in Amakom (2012) where Xj is the amount of the social service (health) subsidy
that benefits group j1 (j is the economic group and for the purpose of this paper, all
households have been grouped into 5 quintiles representing their economic status - from the
lowest income to the highest income group). S and E refer respectively to the government
social sector (health) subsidy and the number that is expected to benefit from the (the number
of people that uses the health facility for the health sector), and the subscript i denotes the
level of social service (health in Nigeria - healthcare in both private and public are
categorized into primary, secondary and tertiary hence i = 1 to 3). The benefit incidence of
total health imputed to group j is given by the number of primary access from the group (Epj)
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multiplied by the unit cost of a primary health facility added to the number of secondary
access multiplied by the secondary unit cost of secondary health, plus the number of tertiary
access multiplied by the unit cost of tertiary health.

The benefit incidence of total health imputed according to Amakom (2012) to group j is
given by “the number of users of primary healthcare from the group (Epj) multiplied by the
unit cost of providing primary health care and added to the number of users of secondary
healthcare which is multiplied by the unit cost of providing secondary healthcare, plus the
number of users of tertiary healthcare multiplied by the unit cost of providing tertiary
healthcare.

The share of total health spending imputed to group (X]) is then given by:

S—’]E \_' e, 8
S ) =

L |
iml
(2)

Equation (2) above depends on two major determinants:

1. The eij's which are the shares of the group in total service use (number that uses a
health facility for health sector) reflect household behaviour.

2. The si which is the shares of public spending across the different types of service,
reflect government behaviour.

This paper followed a variant procedure, where behavioural information does not
determine the monetary valuation of the benefits an individual receives from using public
services, rather same monetary value of benefits are assigned to all those who used the
services, which is the value of the unit cost of providing the service. The paper is focused on
the distribution of beneficiaries from services rather than measuring the exact value to
recipients of government-sponsored services (Heltberg, Simler and Tarp 2003). This is the
marginal odds of benefits that would accrue to a group for every subsidy or expenditure by
government. Given the poor quality of data on public expenditure as well as budget estimates
at highly aggregated level, the binary approach proposed by Sahn and Younger (1998) is
introduced in our analysis. This bypasses the need for estimating the unit subsidy(S/Si),
which then disappears in equations (1) and (2). Focus is made on only whether a service is
used or not with users of public services counted and given the benefit of one, while non-
users get zero. Secondly, the above assessment of how the health budget is distributed across
the population is based on the observed use of government funded health facilities. This is
called current accounting. Thus, it may not give an accurate notion of how changes in the
health budget will be distributed across the quintiles.

However, Ajwad and Wodon (2001) and Lanjouw and Ravallion (1999) proposed
methodologies that use a single cross-section of data to identify the distribution of increases,
at the margin, in access rates to public services. Both studies assumed that the distribution of
new access in lagging regions will follow the pattern observed in regions where access rates
are higher and used the variation in access rates across regions in a country to capture the
expected evolution of access over time. However, the techniques by Ajwad and Wodon
(2001) and Lanjouw and Ravallion (1999) differ in the method used for ranking individuals.
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Furthermore, Lanjouw and Ravallion classify individuals as poor or rich according to their
rank in the national distribution of income while Ajwad and Wodon classify individuals
according to their rank in the local distribution of income. This presupposes two differences
between the works of Ajwad and Wodon (2000) and Lanjouw and Ravallion (1999). They are
as follows:

1. The first concerns the manner in which the endogeneity bias in the estimation of the
marginal benefit incidence analysis is handled. Both papers regressed access rate in a
given quintile against the mean access rate. The mean access rate, however, includes
information from the access rates in each quintile. To purge the mean from this
endogeneity, Ajwad and Wodon use the leave-out mean as their right-hand side
variable. That is, the access rate in any given quintile is regressed against the average
of the access rates across all quintiles, except for the quintile for which the regression
is performed. Lanjouw and Ravallion, on the other hand, use an instrumental
technique, whereby the actual mean is instrumented by the leave-out mean.

2. The second is that Ajwad and Wodon constrain the estimates of the marginal benefit
incidence analysis to sum to one, and show that without such a constraint, the
estimates will be biased downward, while Lanjouw and Ravallion does not.

Furthermore, Lanjouw and Ravallion provide the following econometric method which
has been used in a few studies (Ajwad and Wodon, 2001; Kamgnia et al., 2008; Demery and
Gaddis, 2009), given as:

Pijq =% + PP + Hq @)

Where i index a small geographical unit, k indexes a larger one, and q indexes the welfare
quantile. The left-hand variable is the program participation rate for the division and quantile.
The regressor is the program participation rate for the region in which the division is located.
g, then is the marginal effect of an increase in the program participation rates of people in a
given region and quantile. According to Lanjouw and Ravallion (1999), the average
participation rate is defined as the proportion of the population of a particular quintile that
participates in a government sponsored program. The regressor is run separately for each
quantile. In addition, because ijk is included in k, there is an upward bias in the estimation. As
mentioned earlier, Lanjouw and Ravallion resolved this problem by instrumenting k with the
left-out mean. The intuition behind the regression is that by observing variations in
participation, it is possible to understand how increased coverage affects the participation of
different population groups. If g is greater than one, it indicates that a general expansion in
coverage is correlated with a disproportionately large increase in participation for that
division and quantile. An important assumption in our model is that across locations the same
political process determines the correlation between program discretion and incidence. Also,
the margin that this model estimates is the incidence of an increase in program participation.
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3.1. Justification of Method (Previous Studies)

According to Demery et al. (1995); Castro-Leal et al. (1996); Sahn and Younger (2000);
Van de Walle (2003), the World Bank have conducted studies in low and middle income
countries using the method. O’Donnell et al. (2007) in their analysis used the technique and
justified it because of its application in recent years. Also, Reinikka (2002) posits that
employing BIA is most deserving because of evidence of limited impact of public spending
on growth and human development outcomes which is the case in Nigeria. Nonetheless, who
benefits from government spending is same as judging public policy efficiency in addressing
issues on poverty and inequality. Younger (2002) considered a variety of options for
analyzing the marginal benefit incidence of policy change and argued that despite the reality
that each approach measures, marginal incidence, they neither in reality measure the same
thing nor propose to do. Empirically, the accuracy of the approaches varies considerably with
those relying on the dissimilarity data or aggregations of household into groups yielding
normal errors that are fairly large relative to the expected shares.

Demery (1995) and the World Bank (1995a) used the Benefit Incidence Analysis (BIA)
methodology for Ghana, Bulgaria and Vietnam and their results showed that women gained
more in terms of an in-kind transfer of about 4,321 cedis per-capita as against 3,576 cedis per-
capita in Ghana. Also, their results showed that the Bulgarian Turks! were the most
disadvantaged when compared to the Gypsies. On the average, the Turks and Gypsies
represent Thirteen percent of the population, but they received only six per cent of health
subsidy. In Vietnam, the results showed that the mean subsidy for hospital inpatient and
outpatient care was used for the benefit incidence estimates. Furthermore, Ghana results
showed that a major source of inequality in the benefit incidence of health spending in Ghana
was the gender dimension. Females benefited more than males in terms of health subsidy and
there was a wide disparity in racial access to health. However, targeting health services to the
poor have an ethnic undertone in Bulgaria, but there was no conclusion for Vietnam in the
study.

Castro-Leal et al. (1999) examined health and education spending using comparative
benefit incidence analysis. He finds that on average, the amount of overall government health
spending going to the top twenty 20 per cent of the population was about two and a half times
the amount benefiting the bottom 20 per cent. The highest 20 per cent of the population
received more financial gains than the lowest 20 per cent in five of the seven countries;
overall, the richest 20 per cent gained about one and a half times from primary care
expenditure as much as the poorest 20 per cent. The study concluded that public spending in
all the countries was found to be reverting.

Ajay et al. (2000) in their study employs BIA in appraising the distributional impacts of
health spending in India and its principal states and uncovers that public health spending
benefited the richer than the deprived. The financial gains from primary and outpatient
service were less unequally allocated than those from hospital care. Overall, the pro-rich
favoritism was larger in rural than in urban areas and greatly in poor than in richer states.

! The Turks and Gypsy are the two minority groups in Bulgaria comprising 13% of the total population, 25% of the
poorest quintile and very few are found among the better off (only about 3% in the richest quintile).
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Also, the gains connected with hospital services were less improving than other health
facilities according to findings. Generally, the survey concluded that social services were
poorly targeted while concentration curves are helpful method to sum up details on the gains
of public spending, statistical examination of disparities in curves is imperative.

Heltberg et al. (2001) and (2003) estimated the spread of government expenditure by
socio-economic status in Mozambique. They used the non-behavioral method and found that
outcomes from the method is that post-primary education crosses the Lorenz curve at 0.1 on
the horizontal axis, and lies below the Lorenz curve for the rest of the allocation. Results
indicate that the poorest 50 per cent of school children constitute about 50 per cent of students
enrolled in lower primary and 32 per cent of students in upper primary. The poorest half of
the sample accounted for about 19 per cent and 11 percent of students in post-primary
education and intermediate post-primary education respectively. Their results confirmed
earlier positions that services in Mozambique? were more equal than most African countries
and a progressive distribution for services in health and public infrastructure is in place.
Amakom (2012 and 2011) in separate studies for Nigeria using the Nigerian Living Standard
Survey of 2004 evaluates public spending efforts in reducing inequality and poverty at all
levels of both education and health sectors using the benefit incidence analysis (BIA). Results
suggest that primary education and primary healthcare were more pro-poor than tertiary
education and tertiary healthcare in absolute terms. Furthermore, secondary education and
secondary healthcare showed varied results while findings suggest state, region, location and
gender partiality influence benefits from government expenditure for education and health
services. In conclusion, the study posits that income redistribution may be achieved through
subsidies, and not through direct consumption transfers.

However, Soares et al. (2006) developed an approach that separated out the income of
different cash transfers. Evaluating the incidence of the programmes using concentration
curves indexes and decomposing the Gini indexes. Soares et al. (2006) found that the old age
pension and disability grant programmes were targeted properly. Study indicates that the
analysis of distributive effects of these programmes contributes to the correction of existing
deficiencies; thus implying that the planning of future expansion of the programmes in
eradicating poverty and inequality could be achieved within a reasonable time frame.
Furthermore, Soares (2006) in his health and the evolution of welfare across Brazilian
municipalities study compensates differentials method in estimating the value of the observed
reductions in mortality. The results suggest that benefits in life expectancy are responsible for
about 28 per cent of the improvement in welfare with a welfare value equivalent to 39 per
cent of the growth in income per capita. The study concluded that initial income disparity
across Brazilian municipalities was very high and life expectancy benefits were more or less
uniform.

2 Except for Upper Secondary and University Education
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4. RESULTS

Beneficiaries’ of Health Expenditure across Quintiles in South East Nigeria

Table 2. Primary Health Care (Benefit Spread using 2010 HNLSS)

States Abia Anambra Ebonyi Enugu Imo

Quintile 1 0.964 1.385 1.113 1.453 0.988
T - Stat 2.515 2.335 2.449 2.262 1.558
Quintile 2 0.997 1.520 1.063 1.480 1.088
T - Stat 1.644 2.521 2.277 1.734 1.785
Quintile 3 1.112 1.393 1.067 1.327 1.063
T - Stat 2.559 3.060 2.446 1.555 2.466
States Abia Anambra Ebonyi Enugu Imo

Quintile 4 1.014 0.514 0.957 0.449 1.039
T - Stat 1.875 1.768 1.788 2.150 1.908
Quintile 5 0.923 0.200 0.822 0.300 0.837
T - Stat 6.619 1.997 5.992 3.908 8.282
Total 5.010 5.012 5.021 5.008 5.015

Source: Author’s Computations.

Table 3. Secondary Health Care (Benefit Spread using 2010 HNLSS)

States Abia Anambra Ebonyi Enugu Imo
Quintile 1 1.015 1.068 0.964 1.074 0.995
T - Stat 3.747 3.156 2.246 3.622 3.889
Quintile 2 0.927 1.117 1.016 1.076 1.015
T - Stat 6.721 2.458 7.400 2.142 3.556
Quintile 3 1.115 0.979 1.015 1.065 1.023
T - Stat 4.832 2.152 2.720 2.663 5.956
Quintile 4 0.879 0.973 0.891 0.993 1.057
T - Stat 1.445 1.591 1.958 1.163 1.727
Quintile 5 1.066 0.863 1.117 0.793 0.913
T - Stat 3.887 3.519 2.847 2.649 3.483
Total 5.002 5.000 5.003 5.001 5.002

Source: Author’s Computations.

Table 4. Tertiary Health Care (Benefit Spread using 2010 HNLSS)

States Abia Anambra Ebonyi Enugu Imo
Quintile 1 0.633 0.700 0.670 0.760 0.803
T — Stat 2.246 2.934 1.705 2.450 3.177
Quintile 2 0.814 0.850 0.788 0.882 0.699
T — Stat 3.208 1.776 2.012 1.499 2.803
Quintile 3 1.082 0.974 1.019 1.070 0.975
T - Stat 4.525 2.167 2.456 2.886 3.850
Quintile 4 1.207 1.132 1.113 1.067 1.186
T — Stat 4.648 2.360 2.829 1.996 4.485
Quintile 5 1.264 1.344 1411 1.223 1.338
T - Stat 4.613 3.926 3.258 4.165 3.615
Total 5.001 5.001 5.002 5.001 5.001

Source: Author’s Computations.

N/b:

1. Tables 2 — 4 gives the instrumental variables estimate of the regression coefficient of the quintile specific service rates
on the average rate for the South-East Region, based on the 2010 HNLSS.

2. The leave-out mean region service rate is the instrument for the actual mean.

The numbers in parentheses are the t-ratios.

4. Quintile 1(Very Poor); Quintile 2(Poor); Quintile 3(Moderate); Quintile 4(Rich); Quintile 5(Very Rich)
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4.1. Discussion

A major measurement of success, progress of poverty reduction has been the trend and
allocation of resources. This propelled structural adjustment programmes across many
countries and according to Geoff et al. (2009), many recorded positive growth rates. It should
be noted that in the 1970s, 1980s and 1990s the focus was on growing economies and
incomes. This strategy took a new dimension in the 2000s. Thus, financing of social sectors
was seen as a strategy to propel growth. In addition, during 1990s, a dominant view in
development literature was that growth is the end game for every poverty reduction strategy.
Several studies indicated that countries with fast and high growths made progress on poverty
reduction via health and education (World Bank, 2000; Dollar and Kraay 2000). Ravallion
and Datt (1996) and Mellor (1999) modified this view and argued that it is not growth per se,
but the structure of benefits across population groups is fundamental in poverty reduction.

Table 2 above gives the estimated benefits and marginal odds of using public primary
health services obtained by regressing participation rates of each quintile across average
participation rate. The estimated numbers in the table can be interpreted as the gain in subsidy
incidence per capita for each quintile from a one Naira increase in aggregate spending on
primary healthcare. A cursory look at the table 2 indicates a pro-poor target for only three
states (Anambra, Ebonyi and Enugu) out of five SE States regarding primary healthcare.
Quintiles (1, 2 and 3) for the states showed that more benefits from the allocations were
received by the vulnerable group. They received a benefit of more than N1 expenditure from
government. This is in-tune with MDG Goal 4: Reducing Child Mortality and MDG Goal 5:
Improving Maternal Health. However, this supposed improvement would not show an
improved average because the other states are still far off from the expected mark. The other
three states to a great extent subsidized the rich in the society, which obviously would lead to
further poverty and weakness in overall health structure. In- as much as Ebonyi State showed
some targeting, resources devoted to the rich was on the high side. These resources could
have been re-channeled towards the weak and vulnerable in the society. Out of a 100 per cent
scale, Anambra and Enugu states subsidized Quintile 5 with 3.9 per cent and 5.9 percent
respectively while Ebonyi, Imo and Abia states gave 16.4 per cent, 16.7 per cent and 18.4 per
cent respectively to the same group. The scenario suggests that the scourge of poverty at the
minimum would still be felt by the people who do not have access to primary health care.

Health data from developing countries invariably indicates higher-than-average instances
of disease, premature mortality, maternal mortality, or HIV/AIDS infection rates. A
preliminary conclusion would be that poverty is increasing the vulnerability of the poor to
health-related problems in these countries, as well as exacerbating ill-health and whether
poverty in itself is proving an impediment to the capacity of the poor to seek adequate health
care when sick. A comparative study of Demographic and Health Surveys in over 25
countries suggests that the health status of children is closely linked to poverty, thus
suggesting the need for a proper targeting of resources to the vulnerable to abate this scenario.

Table 3 and 4 above gives the estimated benefits and marginal odds of using public
secondary health services obtained by regressing participation rates of each quintile across
average participation rate. The estimated numbers in the table can be interpreted as the gain in
subsidy incidence per capita for each quintile from a one Naira increase in aggregate spending
on secondary and tertiary healthcare. At the secondary healthcare level, three states from the
South East showed an incidence of more than 1 which is good for population group in

Complimentary Contributor Copy



Which Demographic Quintile Benefits from Public Health Expenditure in Nigeria 297

quintile 1. However, population group under quintile 4 and quintile 5 still had the largest
benefits from the discretionary spending by the respective state governments. Results from
Table 3 shows that targeting for quintiles 1, 2 and 3 were better than quintiles 4 and 5. They
collected over 60%. Nonetheless, quintile 5 collected about 20% of the resources which is not
pro-poor. The same trajectory was observed at the tertiary level. Table 4 indicates high
significant values for quintile 4 and 5 across the five (5) states. These group, benefited about
50% of the public resources. Howbeit, this pattern is believed to occurring across all the states
in Nigeria. The structure suggests a total exclusion of the poor from development decisions.
There was poor targeting for quintile 1 and quintile 2. The vulnerable group (quintile 1 and 2)
in this case, did not benefit at this level. They only had about 155 of total resources. This
situation is an aberration of development. Furthermore, tertiary health care is designed to
benefit the poor who cannot afford the cost of oversea specialist treatment, but the reverse is
the case here. The very rich and the rich across the five eastern states of Nigeria benefited
more than the poor. This situation can only support the widening inequality in the system.
Our results are supported by Foster et al. (2002). Key findings from other work in five Sub-
Saharan African countries, specifically Ghana, Malawi, Mozambique, Tanzania and Uganda,
indicated the existing relationships between poverty reduction approach and public social
spending management in each country. They established that the efficiency and effectiveness
of public spending were very low and benefited largely the wealthy.

Furthermore, the work of Sahn and Younger (1999) using a benefit incidence approach
focused on Ghana, Cote d’ IVoire, Guinea, Madagascar, South Africa, Uganda, Tanzania, and
Mauritania, concluded that social services were poorly targeted in these countries. This
confirms the ambivalence observed in Nigeria. Evidence in Nigeria from different studies
(Ichoku 2008) indicates that in the health sector, the nature of the tertiary health-care which
includes tertiary facilities like teaching hospitals, medical colleges and specialist hospitals are
in shambles and hence has been a boost for health tourism in favour of other countries with
better health facilities. Despite this trend, the upper class are still being subsidized by
government going by our results. In the health sector, for example, poorer households across
some states are already incurring catastrophic expenditure as they spend 40% or more of their
discretionary (non-food) on health-care. Amakom and Ezenekwe (2012) analyzed whether
there is a positive association between a household’s poverty shortfall and its health out-of-
pocket budget share from two standpoints. Their study found that high out of pocket (OOP) in
healthcare has succeeded in changing the poverty situation (pushing households below
poverty line) even households who were originally on or above the poverty line including
some of the households that were originally in the 4" and 5" quintiles. Statistical data from
WDI seem to concur with the above findings, as it suggests that out-of-pocket health
expenditure (per cent of private expenditure on health) was 95.34 per cent in 2010 while the
Nigerian Medical Association (NMA) in 2012 opined that over 5,000 Nigerians travel to
India and other countries monthly for medical treatment implying that the country spends
between $1bn and $2bn in medical tourism annually. A total mis-alignment is observed with
the health expenditure in the SE region of Nigeria. Households that need the services don’t
get it, whereas richer individuals are greatly subsidized.
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CONCLUSION AND RECOMMENDATIONS

Two recent surveys in Nigeria have shown a low index for health. Firstly, the Nigerian
Living Standard Survey (NLSS) of 2004 estimated on the average, an annual per capita for
health (out of pocket expenditure) to be equivalent to twenty-two dollars (US$ 22). The 2004
Survey collected data on household health expenditures from a representative sample of
19,159 households. The estimate from these data of average annual per capita out-of-pocket
spending on health is Naira 2,999, equivalent to around US$ 22. Out-of-pocket health
expenditure by households constituted over 8 percent and was mostly on out-patient care,
transportation to facilities and medication, showing that government expenditure on health
sector is not effective. This represents one of the largest shares of health expenditure out of
total family spending for developing countries. Secondly, the 2009/2010° survey which is the
follow-up to the 2004 survey showed similar trends. The total health expenditure share of
Household for 2009/10 decreased to 7.51 from 7.78 in 2004. Statistics suggests that fewer
households visited a health provider in comparism with the 2004 survey results, indicating a
lack of confidence on the services provided by the government. Also, the 2009/2010 survey
results show that poverty and inequality have been on the increase since the last survey of
2004. Unfortunately, available records suggest, that this trend is still unabated at the moment
and indicative that health services payment in Nigeria is still from out-of-pocket expenses.
This scenario equally shows that the middle and upper class that benefit from local health
facilities are still not satisfied with the health system. This has inadvertently, skewed health
benefits to urban areas and for the middle and upper class mostly.

Lack of access and uneven benefits to healthcare services makes the poor vulnerable.
Furthermore, the lack of healthcare access contributes to marginalization of the poor and
widening inequality. Focusing on re-balancing of expenditure benefits as well as raising
health standards by the authorities in Nigeria could enhance empowerment, which represents
the expansion of assets and capabilities which will allow households in Quintiles 1 and 2
participate fully; negotiate and hold accountable institutions that affect their lives. Access and
benefits to healthcare services not only imparts specific knowledge and develops general
reasoning skills, but leads to changes in beliefs and values, as well as attitudes toward work
and society. For the Government of Nigeria to meet the challenge of initiating an inclusive
rapid growth and social transformation, spending options must be derived from evidence
based analysis and evaluation of “who gets what, when and how”.

Summarily, poverty and inequality reduction strategies in Nigeria, therefore, have to
incorporate effective benefit distributive features and high level of inclusiveness. There are
glaring indications that in the SE region of Nigeria, those living in poverty do not enjoy the
same levels of care and treatment as other people on a higher income level. Some may not
access any health care at all because of poor targeting of resources by the government as a
result of absence of a counter-factual framework by the government. This means that poor
people are less able to enjoy protection against ill-health that is beneficial for higher income

3 The 2009/2010 Survey is an enlarged survey compared to that of 2004. The questionnaire included Demographics;
Health; and Fertility behaviour, Education and Skills/Training; Employment and Time-use; Housing and Housing
Condition; Social Capital, Agriculture; Social Capital, Agriculture; Household Income, consumption and
Expenditure.
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groups and consequently, most children of poor households may not benefit from
immunization programmes by the government.

In this chapter, we analyzed which demographic quintile benefits from discretionary
government spending. However, the methodological and framework in this chapter, does not
address the policies that might bring about program expansion for health. Rather, it makes a
more general appeal to the political economy behind the policies to argue that, whatever
policies are used, the outcome must respect the political constraints implied by each group’s
cost, benefits, and political power.

From the foregoing, a maximum impact in targeting poverty in Nigeria would be
achieved if all the states in Nigeria focus on social sector resources exclusively on the
households within Quintiles 1(very poor) and 2 (poor) across the country. This would support
poverty reduction via productivity increase of able-bodied men and women. Furthermore,
households and communities should be enlightened and their consciousness increased in
understanding how best to access health care in their various jurisdictions for maximum
positive impact on their socioeconomic status. We, therefore, recommend the subsidization of
health series for the poor by the use of local government financing, and similar tools in the
engagement of communities in their health care programmes. Effective inclusion and
targeting of the poor and less privileged in sustaining societal growth and economic progress
may be a potent strategy for curtailing poverty and inequality. Health care services are a
prominent social good that is very much needed by the citizenry; hence efforts at providing
these services should be a national priority. Government should invest more on social services
and enhance access to primary health care with a focus on outcomes and not outputs.
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Chapter 15

FIGHTING FEMALE VULNERABILITY WITH
FOOTBALL: CHALLENGING THE GENDER EFFECTS
OF POVERTY IN THE SOUTH AFRICAN CONTEXT

Cassandra Ogunniyi*
University of Johannesburg, Johannesburg, South Africa

ABSTRACT

The majority of women who participate in South African football (soccer) face a
triad of challenges due to their gender, race, and class. Women in general in South Africa
continue to fall into the lowest social strata and are considered vulnerable due to poor
living conditions, absent fathers, lack of economic opportunities, and poor government
infrastructure in terms of education, housing, and health care. Sport participation provides
opportunities for women to confront the challenges of poverty, such as traditional gender
roles and expectations, avoid deviant behaviours, and become more confident to manage
inter-gender power relations. This paper uses comprehensive case studies focused on 21
South African female football players, their significant others, schools and communities.
Centered in critical feminism, the case studies in this research reveal how girls can
increase their self-confidence and create healthier relationships with boys, leading to
better future relationships that reduce the risk of teenage pregnancy, contracting
HIV/AIDS, being raped or sexually abused. More research is needed to examine the
longer term effects of football participation on gender relations and poverty in South
Africa.

Keywords: gender relations, football/soccer, poverty, sport and developmrent, HIV/AIDS

* cogunniyi@ymail.com.
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INTRODUCTION

South Africa has changed significantly in the two decades since the end of apartheid;
however the scars of discrimination, racism, sexism and segregation are still healing. Despite
government promises of prosperity and provision of basic services, the gap between the
wealthiest and the poorest South African has increased and is currently considered the largest
gap in the world (Rawson, 2012). This has left many South Africans struggling to survive,
with black women considered the most vulnerable due to poor living conditions, absent
fathers, lack of economic opportunities and poor government infrastructure. This vulnerability
exacerbates the situation for women, who, despite having constitutional support and near
political parity between women and men, still experience domestic abuse, sexual violence,
gender discrimination, and unequal economic opportunities (ONE, 2015).

Many South Africans rise above the difficult context and challenge the traditional norms
that try to maintain the status quo. One such group is female football (soccer) players who are
predominantly found in the townships, and participate despite their poverty level, gender
discrimination, and restricted access to the meager playing grounds. Sport participation
internationally is recognized as a means to improve physical, mental, emotional, and social
health. The 2030 Sustainable Development Goals Agenda document includes the recognition
that sport contributes to empowering women, youth, and their communities through
improving health, education, and social inclusion (UN, 2015). International poverty reduction
recently entered a new phase as the Millennium Development Goals met their deadlines in
2015 ushering in the more extensive Sustainable Development Goals with indicators aiming
for improvements by 2030. Of the 17 new goals, one specifically focuses on achieving gender
equality and empowering women and girls, while 7 others include gender-sensitive targets
(UN, 2015).

This chapter uses comprehensive case studies of 21 female football players, their
significant others, peers, teachers, and community members to reveal the potential of
participation in football to reduce the gendered effects of poverty. Specifically, the results
demonstrate how participation can increase self-confidence and create healthier relationships
with boys, which lead towards better future relations, reducing the risk of teenage pregnancy,
contracting HIV and AIDS, or sexual abuse.

The theoretical background for this paper rests in critical feminism, which focuses on
critiquing systems and structures of power distribution in society, based on hegemonic
masculinity, which result in social inequalities (Birrell, 2000). At the basis of this inequality
are structural patterns of dominance based on class, gender, age and ethnicity (Connell,
2005). Sports are considered gendered activities since they reinforce dominant ideologies
about masculinity and femininity through reinforcing gendered ideas about the body,
sexuality and the physical self (Bryson, 1994). Female participation and access to male
dominant sporting spaces is also restricted based on dominant gender ideals (Hargreaves,
2004). Feminist scholars have demonstrated how sport can be a site of resistance to these
hegemonic norms and a location where changes are beginning to occur. This includes: the
way women are portrayed in the media (Heywood and Dworkin, 2003); the opportunities
available for women and women being viewed as positive role models (Meier, 2005); and
women challenging heterosexual norms of participation (Elling and Janssens, 2009).
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BACKGROUND

Female representation in South African parliament increased steadily from 1994, at 2.7%
to 42% in 2014, including 41.7% in ministerial positions, 47% of deputy ministers, and
41.5% in the National Assembly (Government of South Africa, 2016). Women’s issues in
parliament have received notable attention since the end of apartheid, evolving from an Office
on the Status of Women in 1997 to a dedicated Ministry for Women in the Presidency in
2014. This ministry is responsible to lead, coordinate and oversee the political and societal
inclusion of women’s socio-economic empowerment, rights and equality (Government of
South Africa, 2016). Unfortunately, this political prowess has not translated into
transformation at the individual level for all South African women.

Economic, racial, religious and gender divisions remain apparent in society with high
unemployment, poor infrastructure, high levels of HIV/AIDS, and gender based violence.
Black women are the most affected by these divisions, as they carry a double burden due to
their gender and race, evident through a poverty rate of 68% (SAIRR, 2010). National
unemployment levels are high, at 33.8% at the end of 2015, using the extended definition,
which includes people who have stopped looking for work (Trading Economies, 2015). In
some rural areas, these rates are as high as 95% (Meredeth, 2011). Among the research
participants of this study, eight of the thirty-three (24%) parents and guardians were
unemployed at the time of research, while nine (27%) were employed as domestic workers or
gardeners, which are among the lowest paid occupations in South Africa.

Women are further affected by poor infrastructure in terms of transportation, housing,
health care and education. They often spend long hours commuting to and from work due to a
lack of affordable, integrated and effective public transportation (Meredith, 2011). The two
locations for this research are in the South African townships, where black South Africans
were relocated during apartheid. These townships continue to manifest the legacy of apartheid
in poor sanitation, overcrowding, and a plethora of informal dwellings. As of 2011, the South
African population was approximately 51.6 million people, of whom 18 million lacked
adequate sanitation, 12 million lacked clean water, 7 million lived below the poverty line, and
over 3 million lived in informal settlements (Meredith, 2011).

The context of poverty can lead to other social problems such as high incidents of alcohol
and drug abuse, and violence against women. Drugs, teenage pregnancy and HIV are
common problems in South Africa (Hoque, 2011; Pitpitan, Kalichman, Eaton, Sikkema, Watt,
and Skinner, 2012). These problems are often found together, as young women spend time at
shebeens (home based pubs or liquor stores) for lack of alternative locations in the
community (Pitpitan et al., 2012). Although the presence of shebeens and alcohol abuse do
not automatically lead to HIV, when individuals are inebriated they make poor decisions and
are more likely to have unprotected sex, which leads to greater risk of contracting HIV, other
sexually transmitted infections (STIs) or becoming pregnant (Pipitan et al., 2012). Women are
more vulnerable in this context and can become involved in the practice of exchanging sex
for material items, pocket money and alcohol (Forde, 2008; Hoque, 2011; Pitpitan et al.,
2012). As of 2008, 24.4% of South African women aged 15-19 are mothers or have ever been
pregnant (SAIRR, 2012).

South Africa has the largest antiretroviral (ARV) programme in the world, treating 3
million people as of December 2014, and reducing mother to child HIV transmission to 2.7%
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in 2011 (ONE, 2015). However, 56% of the over 6 million people living with HIV/AIDS in
South Africa are women and girls, who struggle to access medication, pre-natal care, and
supportive hospital and clinic staff (ONE, 2015). The percentage of women affected by
gender-based violence varies according to location and study, with findings ranging from
40% to 70% of female murders committed by intimate partners (ONE, 2015). According to a
report by Gender Links in 2011, 51.3% of women in Gauteng have experienced emotional,
economic, physical or sexual violence in their lifetime, while 75.5% of men admitted to
committing at least one of these forms of violence towards women (Machisa, Jewkes, Lowe
Morna, and Rama, 2011). Out of every 13 people surveyed in Gauteng, one had experienced
non-partner rape, while only one in 25 rapes were reported to the police (Machisa et al.,
2011). Sexual violence was experienced by 25.3% of the women and 37.4% of men admitted
to sexually abusing someone in their lifetime. This was the third most prevalent type of
violence, after emotional and physical violence (Machisa et al., 2011). Throughout South
Africa, at least one in three women experience rape in their lifetime and one in four women
experience domestic violence (Moffett, 2008).

Families living in poverty experience multiple obstacles that restrict their children’s
participation in sport programmes, as Kay and Spaaij (2011) found in India, Brazil and
Zambia. Sport participation leads to additional costs such as transportation to practices and
games, purchasing personal equipment, as well as sending food with participants for games or
tournaments (Burnett, 2001). In this context, children are often required to take responsibility
for domestic duties, care of younger siblings, or additional income earners, which takes away
from the time that they are able to spend playing sport (Kay and Spaaij, 2011).

Sport participation for girls enhances their body image, increases their confidence,
decreases dropping out of school and reduces depression (Jones-Palm and Palm, 2005).
Acquiring new skills, abilities and knowledge through participation in physical activity
empowers girls and women to express themselves in new ways at school, in sport and at
home, building respect from their family members (Kay, 2009; Weiss and Wiese-Bjornstal,
2009). Research from the USA found that girls who participate in sport become sexually
active later in life due to the increased sense of ownership, enhanced self-confidence and
respect for their bodies (Sabo, Miller, Farrell, Melnick and Barnes, 1999; Erkut and Tracy,
2005). In South Africa, Pelak (2005) found that female football teams provided a space for
networking and solidarity, as well as mentorship for younger players, within a context of
complex social relations, such as ethnicity, race, class and gender. Physical activity has been
associated with feelings of self-determination, autonomy and choice, perceived physical
competence and self-efficacy, hope and optimism for the future (Weiss and Wiese-Bjornstal,
2009).

A comparison of 15-19 year old girls in Haiti that participated in an education and sport
program found that those that participated in the full program had the lowest risk of early
pregnancy compared to girls who participated in only the education program and girls who
did not participate at all (Kaplan, Lewis, Gebrian and Theall, 2015). Research from Spain
found that increased self-esteem and perceived support from family and friends was
associated with lower sexual risk (Ramiro, Teva, BermlUdez and Buela-Casal, 2013).
Hayhurst (2013) found that female participants in a martial arts program integrating sport,
gender and development improved their self-esteem, confidence and self-responsibility, and
challenged gender norms. However, the focus on the women as agents of change within
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gendered structural inequalities caused the challenges to the gender norms to be limited and
potentially increased the marginalization of the women (Hayhurst, 2013).

In the South African context, Frantz (2006) found that the lack of physical activity among
teenagers in the Western Cape was associated with risky health behaviours such as drinking
alcohol, obesity, smoking and hypertension and should be considered a public health concern
in the community. Participation in physical activity, particularly team sports, has been
associated with a decrease in some risky health behaviours, including substance abuse and
precarious sexual behaviours; while other behaviours, such as binge drinking, are reportedly
higher among team sport participants (Jones-Palm and Palm, 2005). Therefore, the impacts of
sport programmes and participation are influenced by numerous variables and what is positive
for one individual can be detrimental for another.

In a facilities audit of the national Sport and Recreation Mass Participation Programme
(MPP), Burnett and Hollander (2005) found that football fields were available in most
communities, however, they were insufficient for the demand, causing them to be over-
utilised and poorly maintained. Some of the fields were only an open space without grass or
lines and had makeshift poles in addition to a lack of provision for change rooms, toilets and
spectator stands (Burnett and Hollander, 2005). These community spaces are traditionally
dominated by men, therefore as female athletes claim space they challenge gender norms and
change perceptions about women’s sport and the capabilities of women in the community
(Forde, 2008; Meier, 2005). Some sport for development organizations specifically target
challenging gender norms. One example is the Mathare Youth Sports Association (MYSA) in
Nairobi, Kenya, where traditional gender roles associated with sport are shared between the
male and female participants, including looking after younger children, washing jerseys,
managing the equipment, and maintaining the field (Brady, 2005). These approaches are
important because social change cannot occur without the participation of all community
members, particularly those in positions of power, which are generally older men.

RESEARCH METHODS

This paper uses a comprehensive case study approach (Thomas, Nelson and Silverman,
2011) which incorporates data gathered from questionnaires, interviews and focus groups to
triangulate information about 21 female football players from two locations in South Africa.
Two football clubs were selected that had a junior and senior team, one from a township in
Cape Town and the second from a township in Johannesburg. The research was part of a PhD
thesis that involved questionnaires in the two communities where the teams are located,
questionnaires and focus groups at eight schools in the two locations, focus groups with the
two U-15 girls’ teams and interviews with 11 senior players, 48 significant others, 11 school
representatives, 4 coaches and 8 administrators. The significant others included mothers,
fathers, aunts, uncles, brothers, sisters, cousins, and friends.

All names used in this chapter are pseudonyms to protect the confidentiality of
participants and quotations are used verbatim. The interviews were voice recorded and
transcribed. The qualitative data was coded and analyzed with the computer-aided software,
Atlas.ti 6.2, which assisted with open and axial coding to highlight main themes and related
concepts to compare and select relevant sections of information (Fielding and Lee, 1998).
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This chapter focuses on the themes of deviance avoidance, increased self-efficacy, improved
male-female relationships, and changed perceptions towards females.

RESULTS

Football is considered an important distraction that keeps girls in a positive environment
with adult supervision in the safe space of the football pitch that helps them to avoid deviant
behaviours such as alcohol abuse, drug use, criminal activities, or teenage sex leading to
pregnancy, HIV/AIDS or other STIs. Participation in football can contribute to positive
relationships with boys, and increased self-efficacy that also helps them to make good
decisions and negotiate gendered power relations, while challenging traditional gender norms.

Deviance Avoidance

There is a common perception that sport participation helps youth stay busy and keeps
them off the streets and out of shebeens. The football pitch is considered a safe space for
children to play and spend their free time, especially when adult supervision is present. Of the
community questionnaire respondents, 81.3% (n = 135) agreed that football kept the girls
busy and off the streets. Players and household members most frequently mentioned this topic
in interviews.

The two most prevalent problems for young women in the South African townships are
alcohol abuse and teenage pregnancy (Hoque, 2011; Pitpitan, et al., 2012). These lead to
many other problems, the biggest of which is dropping out of school. Playing football is seen
as a type of refuge from these issues, although it does not completely eliminate the chance of
getting involved with alcohol or boys.

Household members frequently discussed the differences between behaviours of girls that
play football compared to girls who do not play. As Lindiwe’s father in Johannesburg related:

The girls that are not participating in sport at all, because there are a lot, they end up
being lefted [sic] with rape charges against them. They abusing alcohol, they having kids at an
early age. They are uncontrollable. ... But then if you know what there’s something after
school that will make you to be busy, I don’t think that you’ll do the very same thing that
they’ll do. Because you can’t go to gym drunk. That’s impossible. You thinking, what will my
coach say? My coach will tell my dad. My coach will tell my mom.

Lindiwe’s father compared his daughter to other girls in the community, who get drunk,
raped and become pregnant. Girls who play football, on the other hand, have an alternative
activity to occupy their time and another authority figure in their lives. This authority figure
encourages appropriate behaviour, while instilling a fear of reporting negative or deviant
behaviour to the girl’s parents.

Olwethu’s father shared related sentiments, “If you play soccer you’ll never have time for
things that happen in the outside, you always focus on your football”. It is the focus on a
productive activity, as echoed by many individuals that can keep the players on the “right
path and can change the lives of people ... it can keep children off the street ... it plays a very
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significant role” according to the Director of Sport for the City of Cape Town. Football
participation offers an alternative activity to being in the streets. It is a positive distraction that
provides a productive pastime in contrast to other deviant activities youth can be involved
with in the streets.

The Director of Sport in Cape Town continued to discuss the benefits for families when
their children are involved in structured programmes:

Their families, they benefit in that their children do not get caught up in bad habits, |
mean as you would know, the Western Cape is rife in drug use, there’s lots of pregnancy, HIV
issues, you know. So they are, the youth and the children that are involved in those initiatives
are able to escape those influences.

When programs and teams are available for the youth, they are provided with productive
alternatives to parties, drugs and alcohol. As this administrator observed, when the girls play
soccer, they ‘miss out’ on these deviant behaviours.

Lulama’s sister stated that when she was a young girl, she was busy playing with dolls,
compared to the 13 year old girls now, who are becoming romantically involved with boys.
However, since Lulama was focused on football, it was only later, when she was about 18
years old, that she began to be concerned with or noticed by boys,

Ever since she was growing up, ... she didn’t care about how she looks, she just wants to
go the gym all the time. Now she’s starting to get the picture that I have to wear some make-
up because she’s a bit older now. She doesn’t mind if the men don’t phone. I told her don’t
mind about the men because sometimes the men can stop you from your dream, just go
forward in life.

A focus on football changes the priorities in the girls’ lives, as they are not interested in
catching male attention through using make up and talking on the phone. This is seen as
positive, as girls in the community seem to be getting involved with boys at a younger age,
which has led to higher rates of teen pregnancy (SAIRR, 2012). Lulama’s sister cautioned
against letting men steal girl’s dreams, as it is better to achieve personal desires without male
interference, which could be linked to male dominated cultural expectations as well.

Boys as Friends

Since football is traditionally viewed as a male sport in South Africa and there are limited
opportunities for girls to participate, most of the girls in this study starting playing with boys
and continued to play football with boys during school breaks, after school, in their streets or
in leagues. Having a common interest in football and spending time with the boys on and off
the pitch created a level of friendship and mutual understanding between the girls and boys.

For instance, Azariah only recently started playing football on a club team, but has been
playing with boys in the street since she was young. Her brother described the difference
between her relationships with boys compared to girls who do not play sports with boys:
“Those who play soccer, will only have friends with boys. But those who doesn’t play soccer,
they’ll look for boys to be like their boyfriends.” The argument is that as girls become friends
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with boys, they do not try to get into romantic relationships, but continue to see their
relationships platonically.
In Cape Town, Khanyesile’s mother positively viewed girls who play soccer as tomboys,

I would love a girl when she grows up to be a tomboy because she goes late to boys. Very
late. For boyfriends. Than the normal one. ... There’s just no interest because she’s taking
boys as friends. Not as looking at them as the boyfriends.

Since Khanyesile is friends with boys, it will delay the time when she sees them as
something more than a friend, an appreciated detail for her mother. Similar to Azariah’s
brother, Khanyesile’s mother recognised the importance of friendship with boys rather than
romantic relationships that may result in early pregnancy.

A girl that plays soccer at a primary school in Johannesburg elaborated on how you could
trust boys that are your friends and communicate with them better if they play soccer
together:

And girls if you play soccer, if you have friends and he’s a boy, it’s easy to communicate
with him because you know him, but if you don’t play soccer and you’re a girl who is not
playing sport, it’s not easy for you to communicate with that boy who plays soccer.

There is a greater level of understanding between peers that both play soccer, they can
communicate more clearly and have common interests. These are key aspects of building and
maintaining a healthy, strong relationship, which can develop even further.

During a focus group at Shomang Primary school in Cape Town, a boy that plays soccer
provided the male perspective of the situation. He says, “You see when they play soccer, I’ve
get to knowing them and knowing them and then I’ve had a lot of information about them”.
Therefore as the boys get to know the girls they begin to establish an understanding that can
be the basis for a healthy relationship based on mutual interests and respect.

Zongile has had a tragic past being raped twice before moving to Johannesburg. Although
her mother thinks she is afraid of men, Zongile actually takes refuge with boys because girls
“talk too much”. Zongile describes how the boys help her in life: “boys they encourage me in
life, in what you get at the end if you [are] busy sleeping with [other] boys”. They give her
advice on how to deal with other boys and warn her on the dangers that will come from
sleeping with them. Although Zongile should be afraid of being with boys due to her past, she
has embraced a different relationship with them and avoids the gossip of girls. By being
friends with boys, she opens the opportunity to get quality advice from them in order to avoid
future problems that will hopefully be useful in her future relationships.

Jamila has had similar friend relationships with boys as Zongile, where she spent most of
her free time with boys rather than girls. She recounts how the boys treated her:

Even if | played with them and | was with them most of the time. But they still treated me
as a girl. They still respected me as a girl. ... They treated me as one of their friends. | was
friends, like they would tell me things that they won’t tell the other girls. ... For instance, say
they wanted to tell me a secret, they will tell me but they won’t tell the next girl because I'm
playing with them. So they trusted me.
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Jamila earned the respect of the boys by being with them on and off the field. They
trusted her and would confide in her. This was different than the relationship they would have
with other girls. This relationship extended to other settings, as she explained how they would
treat her if they met at a party:

Because | was playing with them, they won’t come to me and ask me, don’t you want to
be my girlfriend. But if there’s other girls around, they will do that to them.

Jamila’s case demonstrates how the boys view and treat the football girls differently, as
friends rather than girlfriends. The respect they earn on the field extends to social situations in
the community.

Therefore, through playing soccer together and getting to know and understand each
other better, positive, healthy friendships can develop. In these friendships there is mutual
trust and confidence, they can tell each other secrets, share advice and will treat each other
with respect both on and off the pitch.

Self-Esteem and Self-Efficacy

In addition to the friendships and healthy relationships with boys formed by female
football participants, these women gain other skills to help them navigate social relationships.
Two of the important skills gained are self-esteem and self-efficacy, which enables them to
stand firm in risky situations. Self-esteem is how an individual feels about their personal
worth; while self-efficacy is the confidence an individual has in their ability to achieve a
particular outcome (McAuley, Mihalko and Bane, 1997).

Azariah’s brother spoke in this regard when he stated that, “A girl who plays soccer, will
behave like a boy”. He agreed that she would stand up to a boy and he had seen the situation,
“a lot of times”. Boys are generally believed to be stronger and more confident, therefore
when girls participate in activities that are traditionally male; they may learn some of the
same skills that boys learn during these activities, such as physical and mental strength.

The male students at Shomang primary school agreed, as one stated,

The football is helping girls to have more power. Other girls don’t have power when
someone is raped or is ..., they don’t have the power to push them away so when they play
soccer she is fit and strong.

The boys in this focus group were primarily describing how physically strong the football
girls became and would fight back when the boys hit them, with one boy exclaiming, “Ouch!
You hit me like a man!” as he recounted a scenario of one of the soccer girls fighting with
him. In these descriptions, the women have both the physical and emotional strength to stand
up against bullying or abuse and will fight back if the boys try to pick on them or try to rape
them.

A more detailed description of this situation came from the perspective of one of the
teachers in Cape Town:
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I’ve seen these gitls, I’ve stayed with them in my street, they become friends, they’ve got
understand of the boys, they’ve got even the terms of the boys, they can speak the terms of the
boys, they know the boys what they want, even when they do some advances they know. ...
Because these girls who are close to boys, they become streetwise. They know what is needed
out there to succeed. Because if you look at them, you find that they are doing stuff that
grades, 9s, 10s, 11s, 12s and people will say, that tomboy is doing grade 12, you see, they are
succeeding in life, to me. ... It’s about pregnancy, most of the time and those surface things,
lower self-esteem. ... Look it’s important that you go to high school, then you have your self-
esteem, you have your head high.

In this quote, the teacher describes how the football girls become ‘streetwise’, which he
defines as being able to understand the boys, know their language and slang, recognise their
advances and know what they really want. By knowing this they can also avoid unwanted
advances and succeed in life. Success, as explained by the teacher, is not getting pregnant, but
staying in school, gaining self-esteem and being able to hold their heads high with pride.

The teachers interviewed most commonly discussed self-esteem and self-efficacy in their
classrooms, as the results of sport participation. One teacher stated:

Because in sport, it’s competitive, you want to win, so it builds self-esteem because you
can play in front of many people, that gives you a courage to stand even in front of many
people.

Therefore self-esteem on the pitch is able to translate into self-efficacy in the classroom.
This teacher discussed two aspects of participation. The competitive nature of the game leads
to confidence building through the desire to win, the need to be focused, strong and persevere
in order to achieve victory. Secondly, playing in front of a crowd shows a willingness to be
vulnerable to make mistakes, which requires boldness and can easily be transferred to courage
to stand in front of a group of people in different settings.

Another Cape Town teacher shared the same view:

These girls who play football, because of the environment, they are playing football in
stadiums, they are not shy. They are not people who are shy, yes some of them in terms of
their character they will not be people who like to speak that much, but if they want
something, they stand up and say what they want. That’s confidence, to me that shows
confidence. They are not the same, there are those who do not speak that much, but if they
want something they have a question, they raise their hand and ask a question. I think it’s
because of their environment; they are used to the stadiums.

Gaining confidence by being put in positions of pressure on the football field under the
critical eye of spectators gave these players an advantage in the classroom as they were not
afraid to stand up and speak or ask questions. This teacher acknowledged that women who
participate in football may have a variety of personalities and react differently to situations.
Regardless of how naturally shy the participant may be if they have a question in class they
are not afraid to stand up and ask. This can translate out of the classroom through self-
confidence to ask questions and make positive decisions in dubious situations.
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Changed Perceptions

Individual changes through improved inter-gender relationships and increased self-
esteem and self-efficacy are important, however, changes are also crucial throughout the
community and general population to improve sustainability. A primary mode to change
perceptions is personal experience that demonstrates an opposing view. When individuals
witness talented women playing skilful football and succeeding, their perceptions are
challenged (Forde, 2008; Meier, 2005). Even more significant is when males play against
females in practices or games and the females finish victoriously.

One of the coaches in Johannesburg commented on how community members changed
their view of women’s football.

They weren’t yet used to seeing girls playing football, so they just thought, ah, football is
not for girls, it’s meant for boys. But when they saw them playing and when they saw how
much they give a challenge to the boys, they started developing interest and some of them
started to send their own girls to the team.

When the community members saw the girls playing against boys in the local football
league and the success the girls were having, they changed from believing that football was
not for girls, to sending their daughters to play as well.

Lulama’s sister described how she enjoyed watching matches, particularly one match
where the girls were beating their male teachers and a crowd was gathering. She went on to
describe how witnessing the girls’ success was beginning to change mind-sets about the girls’
abilities for the primarily male spectators.

They have a mindset that this is a man’s game. Just goes to show, ... if a guy can do, so
can a woman, even better. So yeah. It was quite a scene. ... so they are getting some support
from guys who have that mindset, even since they played that match where they played with
the teachers so they were quite taken in by surprise. So they got to be fans through that match.
They could see that these girls are capable of doing that so might as well give them the chance
to change that mindset of them.

Lulama’s sister is saying that the mind-set that football is a man’s game can be changed
as men and women come out to watch talented women play and see that the girls are capable
of succeeding, particularly when they defeat men. In her argument she uses a liberal feminist
argument that there can be equality between men and women, as well as a radical feminist
argument whereby the fans were able to change their perspective of the capabilities of the
girls. This scene was particularly telling as there were gender and power dynamics involved
since the teachers are assumed to have superior power and abilities and should be able to beat
the girls that they are instructing.

DiIsSCuUsSION

Each of the aspects discussed in the results section work together to challenge gender
norms and reduce the vulnerability of girls in the context of poverty in South Africa. The
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central location and starting point is the football field, as the place where girls can find refuge
and safety from the dangers of the streets. Not only is the location a positive influence, the
skills and relationships built in that location are equally, or perhaps more important. Through
participating in a competitive, physical sport in front of spectators, self-confidence, self-
esteem and self-efficacy is developed, which increases the girls’ abilities to make good
decisions in uncertain situations as well as the potential to physically stand up for themselves
in dangerous circumstances (Weiss and Wiese-Bjornstal, 2009). The solidarity built with
team members further encourages positive and healthy life choices including avoiding alcohol
and risky sexual behaviours that lead to early pregnancy and HIV/AIDS and STIs (Pelak,
2005; Ramiro et al., 2013). Through relationships built with boys by playing on the same
teams and being in the same location enjoying the same sport, greater understanding and
mutual respect is built, which changes the way the girls are perceived and treated. As the girls
demonstrate their capabilities on and off the field they challenge traditional gender norms and
some men begin to adjust their understandings of the capabilities and characteristics of
women (Meier, 2005). This is an important factor, as societal change is limited when half the
population does not adjust.

Since the majority of the girls in this study grew up playing football with boys at school
and in their community, they accessed the social networking and solidarity that is built on
teams (Pelak, 2005). These close encounters and solidarity led to the boys becoming
respectful and protective of their female friends. The examples of Zongile and Jamila
demonstrated this protection as the boys would confide in them, give them advice and treat
them differently in social settings such as parties. This differential treatment is desired by the
girls who prefer to be treated as equals rather than objects of affection.

The findings relating to sport participation and sexual activity found in these cases are
similar to international research, where girls who participate in sport, gained self-confidence,
respect for, and ownership of, their bodies, which led to later sexual debut and lower chances
of risky behaviours (Sabo et al., 1999; Erkut and Tracey, 2005). Adding to that research, the
examples in this study highlight the importance of friendships between boys and girls, where
the boys respect the girls, confide in them, give them advice and treat them as a friend on and
off the pitch. This can delay the start of sexual activity for the girls and result in more positive
male-female relationships that could alter gender norms and in the long run change patterns of
abuse entrenched in the South African society. The effects of these changed relationships
remain limited with the focus on women as the agents of change (Hayhurst, 2013). In this
research there are changes in the males, albeit small, who change their perceptions and
actions towards girls that participate in football. While this is positive for these girls, the boys
continue to treat other girls the same, as seen by the example given by Jamila, where the boys
she played with continue to treat other girls at the party the same.

Household members encourage mixed-gender friendship as a celebration of going against
common patterns of teenage pregnancy. Encouraging these friendships assumes deviant
heterosexual teenage sexual activity (Jackson and Scott, 2010). Through the focus on
heterosexuality, the social norms and desired behaviours are reinforced and the girls’ bodies
and freedom are monitored and policed (Hayhurst, 2013).

In Johannesburg the access to facilities is slightly better than in Cape Town, where there
are more usable fields and a stadium that the women are occasionally allowed to use. There is
animosity among the male community members towards the women using the facilities in
both locations. However, when the girls demonstrate that they are able to play, they are given
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relatively more freedom to use the facilities to support their participation than at the outset.
Furthermore, the experience gained through playing with the boys gave the girls physical
assets that would assist them in being accepted as a legitimate football player and access
additional community resources.

When girls are able to demonstrate that they are capable of playing at the same level of
boys or men, they are making a case for equal access to facilities, resources and media
coverage, which is in line with liberal feminism (Hargreaves, 2004). Personal experiences and
shifts in resource allocations take processes of change one step further to alter the way people
think about female football, which is associated with radical and critical feminisms (Birrell,
2000).This aligns with research conducted by Forde (2008) and Meier (2005), who found that
as women claimed public space in their communities, they challenged gender norms and
changed perceptions of female sport capabilities. Women require the support of the men
controlling the access to these fields in order to acquire the physical, cultural and social skills
that will provide the means for social mobility. A cycle of impact is evident: cultural norms
restrict women’s access to facilities; some of the men controlling the women’s access have to
be willing to put the cultural norms aside to provide the women the opportunity to participate;
this demonstrates to other community members that cultural norms can be different and there
is potential for women to participate; which can in turn open more opportunities or facilities
for participation.

CONCLUSION

For the girls that play football in South Africa, they see their participation as a place to
have fun, escape the confines of family, chores, and homework, and spend time with their
friends. Although they recognize the social and relational benefits of participation, it is
beyond their scope to see the greater changes that can occur. Within the challenges of
poverty, the statistics seem weighted against them: high levels of unemployment, HIV/AIDS,
teenage pregnancy, violence against women, alcohol and drug abuse. They are vulnerable due
to their age, gender, and race. Yet through their participation in football, they gain skills and
personal attributes to navigate the challenges and temptations, and emerge successful,
healthy, and strong.

Developing strong, confident, healthy women is insufficient to truly change the context
of vulnerability and inequity in South Africa. Combatting the entrenched hegemonic views
towards gender roles requires going beyond empowering women to altering the views and
practices of men. As men encounter strong women, observe them active in non-traditional
roles, demonstrating aptitude and success in these roles in addition to the desire to empower
their wives, daughters, sisters, or nieces, changes to practices and gender roles begin to occur.
When boys foster deeper friendships with girls and understand them on a different level, they
treat them differently. The gender implications of these changes are limited as the same boys
still treat other girls as objects of attraction.

Further research is needed to understand the longer term effects of football participation
on gender relations and poverty in South Africa. As these girls grow, do they continue to
participate in football or other physical activities? How do their relationships with boys
change as they desire to enter into romantic relationships and start building their own
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families? What are the rates of domestic abuse within those families? Additional research in
similar situations of poverty across the continent and internationally would be significant in
this field of discussion.
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