Department of Economic and Technological Change
Centre for Development Research (ZEF)

Bio-Based Energy, Rural Livelihoods and Energy Security in Ethiopia

Inaugural Dissertation
zur

Erlangung des Grades

Doktor der Agrarwissenschaften
(Dr. Agr.)
der
Landwirtschaftlichen Fakultét

der

Universitat Bonn

vorgelegt im
October 2014
von
Dawit Diriba Guta
aus

Woliso, Athiopien



Referent: Prof. Dr. Joachim von Braun
Korreferent: Prof. Dr. Jan Bdrner
Tag der mundlichen Prifung: 17.03. 2015

Enscheinungsjahr: 2015



Bio-Based Energy, Rural Livelihoods and Energy Security in Ethiopia

Abstract

Energy consumption in Ethiopia is based mainly (90%) on the traditional use of biomass for domestic needs,
typically using rudimentary cooking stoves. Against this background this study examined the importance of
biomass energy use among rural households and evaluated long-term energy security at the national level. To
this end, a farm household model was developed to investigate the association between biomass energy use
and food security. The study explored the effects of fuelwood scarcity on rural livelihoods through an
examination of household decisions regarding the allocation of family labour and expenditures on food and
energy. For this purpose the study relied on a panel dataset derived from Ethiopian households. Due to the
endogeneity of shadow wages and prices, and to selectivity biases, a Fixed Effect Two-Stage Least Squares
model was used with inverse Mills ratios to determine wages and food and energy expenditures. In addition,
Seemingly Unrelated Regression and Almost Ideal Demand System analyses were used to estimate the
allocation of labour to agriculture, fuelwood collection, and off-farm activities jointly. Discrete household
energy decisions were estimated using a multinomial logit model with predicted wages and other
determinants. Shadow prices of fuelwood and agricultural fuels were estimated based on their respective
shadow wages and per unit labour hours expended in order to procure the respective energy sources. Ordinary
Least Squares and Tobit models were used to estimate household demand for fuelwood, and for charcoal and
agricultural fuels, respectively. A dynamic long-term model of the energy sector in Ethiopia was used to
investigate the development of renewable energy for cost-effective energy diversification. Finally, the
suitability of institutional arrangements and collective action for increased decentralized energy generation
among remote communities were also evaluated.

The regression results show that fuelwood scarcity or a decrease in the shadow wage of fuelwood collection
labour was negatively associated with the allocation of labour to agriculture, and per capita energy and food
expenditures. Greater shadow wages for agricultural activities had negative relationships with the allocation
of labour to fuelwood collection. Fuelwood scarcity was positively associated with labour allocation to
fuelwood collection. The allocation of labour to fuelwood collection had a negative self-reward effect with an
increase in shortage of fuelwood. Increases in the opportunity cost of fuelwood collection were associated
negatively with the use of this fuel type, with an own-price elasticity value of —0.38. These results suggest
that fuelwood scarcity has negative effects on household welfare.

Agricultural fuels and kerosene were not substitutes for fuelwood, which conforms to the results of previous
studies. The relationships between biomass use and household wealth, access to electricity, and population
density were consistent with theoretical expectations. Household energy use in Ethiopia appears to conform
to the 'energy stacking' or ‘multiple fuel utilization' concept. However, access to modern forms of energy and
economic growth played central roles in such a transition. Concerted policies are needed to help improve
living standards and entrepreneurial skills among rural households.

Furthermore, the model results indicate that hydroelectric power will dominate the country’s energy mix
without intervention with respect to technological progress and efficiency innovations. Over the long term,
however, it is predicted that droughts will adversely affect the reliability of this energy source and the cost of
energy will increase as a result. To cope with the expected effects of drought on hydroelectric power
generation, the country needs to invest more in alternative renewable energy resources. In terms of energy
security this would improve both sustainability and resilience, but also increase production costs. Innovations
that improve the technology and efficiency of alternative energy sources, especially solar energy, would
increase energy resource diversity and reduce production costs, shadow prices, and resource scarcity. Such
innovations are therefore key for mitigating the expected effects of drought and improving energy security,
and thus would likely serve as an engine of economic growth.

The results of a cost-benefit analysis for the development of biogas in Ethiopia suggest that subsidies for
large decentralized biogas plants could achieve greater profits than smaller household biogas plants. Specific
policy measures should improve energy efficiency, substitution, and technical performance; provide tangible
incentives such as capital subsidies and feed-in tariffs; and ensure the availability of microcredit for the
development of renewable energy and include rural households in local ‘smart grid’ power generation
projects.



Bio-basierte Energie, landliche Existenzgrundlagen und Energiesicherheit in Athiopien
Zusammenfassung

Der Energiekonsum in Athiopien basiert Gberwiegend (zu 90%) auf der traditionellen Nutzung von
Biomasse fur hausliche Bedirfnisse, meist fir den Betrieb rudimentarer Kochofen. Vor diesem
Hintergrund untersucht die vorliegende Arbeit die Bedeutung von Biomasse fir die Energienutzung
landlicher Haushalte und analysiert die langfristige Energiesicherheit. Zu diesem Zweck wird ein
Farmhaushaltsmodell  entwickelt, um den Zusammenhang zwischen Biomassenutzung zur
Energiegewinnung und Nahrungssicherheit zu untersuchen. Die Studie erforscht die Effekte von
Feuerholzknappheit auf die Lebensgrundlage der Menschen durch eine Untersuchung der Entscheidungen
von Haushalten tber den Einsatz von Arbeitskraft sowie Ausgaben fiir Nahrung und Energie. Fir diese
Untersuchungen wird ein Paneldatensatz athiopischer Haushalte genutzt: Aufgrund der Endogenitét von
Schattenpreisen und um Selektionsfehler zu vermindern wird ein zweistufiges Kleinste-Quadrate-Modell
mit fixen Effekten und eine inverse ,,Mills-Ratio* fiir Lohne sowie Nahrungs- und Energieausgaben
genutzt. Zudem wird eine ,scheinbar unverbundene Regressionsanalyse™ (,,Seemingly Unrelated
Regression analysis®) und ein fast-ideales Nachfragesystem (,,Almost Ideal Demand System®) genutzt,
um die Arbeitsallokation und den Anteil der Arbeit der drei genannten Aktivitdten gleichzeitig zu
schatzen. Diskrete Haushalts Energie-Entscheidungen werden mit Hilfe eines multinomialen Logit-
Modells mit vorhergesagten Lohnen und anderen Bestimmungsfaktoren geschétzt. Schattenpreise von
Feuerholz und landwirtschaftlichen Brennstoffen werden anhand ihrer jeweiligen Schattenléhne und der
Arbeitszeit, die aufgewendet werden muss, um die jeweiligen Brennstoffe zu beschaffen, geschétzt.
Weiterhin wird ein Kleinste-Quadrate- und Tobit Modell genutzt, um die Haushaltsnachfrage nach
Feuerholz, Holzkohle und landwirtschaftlichen Brennstoffen zu schétzen. Ein dynamisches langfristiges
Modell fir den Energiesektor in Athiopien wird genutzt, um die Entwicklung der kostengiinstigsten
Quelle von erneuerbarer Energie fur eine kosteneffektive Energiediversifizierung auf nationaler Ebene zu
untersuchen. SchlieRlich werden institutionelle Veranderungen und kollektives Handeln hinsichtlich ihrer
Ntzlichkeit fir dezentrale Energieerzeugung fur abgelegene Gemeinschaften evaluiert.

Die Regressionsergebnisse zeigen, dass Feuerholzknappheit oder eine Abnahme des Schattenlohns fur das
Sammeln von Feuerholz negative Effekte auf die Allokation von Arbeit auf die Landwirtschaft, Energie-
und pro-Kopf-Ausgaben haben. Gleichzeitig haben hohere Lohne in der Landwirtschaft negative Effekte
auf die Allokation von Arbeit auf das Sammeln von Feuerholz. Die Allokation von Arbeit auf das
Sammeln von Feuerholz hat einen negativen Eigen-Lohn-Effekt. Eine groRere Knappheit von Feuerholz
ist assoziiert mit dem Kauf von Energie, die auf Biomasse basiert. Ein Anstieg der Opportunitatskosten
von Feuerholz ist mit einem Riickgang der Nutzung dieses Brennstoffs mit einer Eigenpreiselastizitat von
-0,38 verbunden. Dies legt nahe, dass Feuerholzknappheit negative Effekte auf das Wohlbefinden von
Haushalten hat.

Landwirtschaftliche Brennstoffe und Kerosin sind keine Substitute fiir Feuerholz, was Ergebnissen
friherer Studien entspricht. Der Wohlstand von Haushalten, Zugang zu Elektrizitdt, Bevolkerungsdichte
haben den erwarteten Effekt auf die Nutzung von Biomasse. Die Energienutzung von Haushalten
entspricht dem Konzept des ,energy stacking’ bzw. der ,multiplen Brennstoffnutzung‘. Zugang zu
modernen Formen von Energie und wirtschaftliches Wachstum spielen jedoch eine zentrale Rolle bei
einer solchen Transition. Gezielte politische MalRnahmen sind notwendig, die l&ndlichen Haushalten
helfen, ihren Lebensstandard und die unternehmerischen Fahigkeiten von Haushalten zu verbessern.
Weiterhin zeigen die Modellergebnisse, dass ohne Interventionen in technologischen Fortschritt und
Innovationen zur Effizienzverbesserung hydro-elektrisch erzeugte Energie den Energiemix des Landes
dominieren wird. Langfristig wird jedoch vorausgesagt, dass Dirren die Zuverldssigkeit dieser
Energiequelle beeintrachtigen und die Kosten fur die Energiegewinnung in die Hohe treiben werden. Um



diese Einfliisse von Dirren auf den hydro-elektrischen Sektor in Athiopien zu bewaltigen, muss
Athiopien mehr in die Entwicklung erneuerbarer Energieressourcen investieren. Dies wirde sowohl die
Nachhaltigkeit als auch die Resilienz verbessern, aber auch die Produktionskosten erhéhen. Innovationen
fiir eine Verbesserung der Technologie und der Effizienz der Gewinnung alternativen Energien, vor allem
Solarenergie, erhéhen die Diversitat der Energiequellen und reduzieren Produktionskosten, Schattenpreise
und Ressourcenknappheit. Solche Innovationen sind deshalb zentral fiir eine Reduktion der Risiken durch
Dirren und um die Energiesicherheit zu verbessern.

Die Ergebnisse einer Kosten-Nutzen-Analyse fiir die Entwicklung von Biogas deuten darauf hin, dass
Subventionen for groRe dezentralisierte Biogasanlagen hohere Gewinne erzielen konnten als Kleine
Biogasanlagen fur Haushalte. Konkrete Politikmanahmen sollten Energieeffizienz- und substitution und
die technische Leistungsfahigkeit verbessern, spurbare Anreize wie z.B. Kapitalsubventionen und
Einspeisevergutungen setzen, die Verfugbarkeit von Mikrokrediten fur die Entwicklung von erneuerbaren
Energien sicherstellen sowie landliche Haushalte in lokale ,intelligente Stromnetze* einbeziechen.
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Chapter One

Introduction
1.1. Background

1.1.1. Energy and sustainable development

Modern forms of energy play an enabling role in sustainable development and are closely linked
with poverty reduction, climate change mitigation, education, food security, and public health
(ESMAP, 2003; Cabraal et al., 2005; Rehfuess et al., 2005; Gaillard, 2008; Kaygusuz, 2011;
Thiam, 2011; Bazilian et al., 2012; Karekezi et al., 2012; Mainali et al., 2014). There are two
common forms of energy use: for survival or subsistence purposes and for development (EEA,
2009; Karekezi et al., 2012). Subsistence energy use includes energy use for everyday livelihood
activities, occurring since ancient times when our ancestors used fire for cooking food they had
gathered or hunted. In the modern era this also includes a wide range of activities such as heating
and illuminating homes, and operating equipment such as radios, refrigerators, televisions,
computers, and cellular phones. Subsistence energy use is related to household living standards;
social, economic, health, and educational status; and improvements to it contribute to the quality
of life. Development energy use is a necessary input for the production of goods and services,
typically in the tertiary industrial, commercial, service, and transportation sectors. In this sense
energy is the lifeblood of modernization, as it is vital in every aspect of human political, social,
and economic development, and for environmental protection. Differences in the quality and
quantity of energy use are considered important indicators of the disparities between poor and
wealthy countries or households. In general, without access to reliable, affordable, and clean
energy it is impractical to address extreme poverty and pursue sustainable development goals.

The issue of future energy security has gained increasing attention worldwide. Energy security
implies sustainable supply; acceptable sources, costs, and price stability; continued or improved
accessibility; and avoiding threats to public safety or health and the environment (Kruyt et al.,
2009). Recently the United States Energy Information Administration (EIA) projected global
energy demand over the next three decades and predicted that it will increase from 524
quadrillion Btu in 2010 to 850 quadrillion Btu in 2040 (EIA, 2013). The EIA also estimated that
over 85% of the growth in global energy demand corresponds to the developing world and is
driven by rapid population and economic or gross domestic product (GDP) growth. Achieving
each of the Millennium Development Goals (MDGSs) is contingent upon greater access to
affordable, cleaner, and modern sources of energy (Karekezi and Majoro, 2002; Modi, 2004;
Porcaco and Takada, 2004; Cabraal et al., 2005; Modi et al., 2005; Karekezi et al., 2012). Energy
is a vital factor in the prosperity of nations and integral to social welfare. In developing countries
reliance on solid biomass energy resource use may have enduring negative impacts on the
environment, living conditions, public health, gender equity, and child school attendence. To
avoid these problems it is necessary to design and implement appropriate policies.



1.1.2. Biomass energy use and related challenges in developing countries

The perplexing nature of the global energy problem is reflected in the persistent overreliance on
solid biomass for the subsistence energy needs of the world’s poor, which is often compounded
by growing fuelwood scarcity and poverty traps in developing countries. Worldwide it is
estimated that 1.4 billion people lack access to electricity and that 2.7 billion, mostly in Sub-
Saharan Africa and Asia, rely on traditional energy resource use (Karekezi et al., 2012; IEA,
2013). These people rely on the traditional use of biomass resources such as fuelwood, charcoal,
agricultural fuels (cattle dung and crop residues), and also coal for survival purposes, typically
using rudimentary and inefficient technologies. The high degree of reliance on traditional
biomass energy use in developing countries is likely to continue, particularly in Sub-Saharan
Africa (FAO, 2008). Deprivation of access to clean energy remains a pressing challenge,
especially in off-grid areas of developing countries. Broader intervention is required to ensure
greater access to modern energy services in order to meet the energy needs of the majority of the
global population living in developing countries (UN, 2013).

Reliance on inefficient solid biomass energy use negatively affects public and environmental
health due to exposure to indoor air pollution (IAP) and contributing to climate change. Annually
about four million premature deaths are associated with IAP worldwide (WHO, 2006; Lim et al.,
2012; Smith, 2012; Thurber et al., 2014). The WHO (2009) estimated that in Ethiopia about
72,400 deaths per year are attributable to IAP associated with the inefficient residential
combustion of biomass energy resources. Studies indicate that open-air combustion of solid bio-
based energy resources contributes to climate change through greenhouse gas (GHG) emissions
associated with deforestation and forest degradation that result from the overexploitation of
fuelwood (Venkataraman et al., 2005; Wang, 2009). Deforestation and forest degradation also
have negative effects on precipitation patterns (Rasul, 2014), exacerbating the effects of global
warming. Although insufficient attention has been given to biomass energy issues in the past,
there is growing global awareness of the crosscutting problems and opportunities associated with
them (GTZ, 2006). Improving the efficiency of household biomass energy use is considered a
key approach for improving environmental, public health, and safety conditions in developing
countries (FAO, 2006), particularly in Sub-Saharan Africa (Rehfuess et al., 2010). Ethiopia is
among the few remaining countries with a high percentage (over 90%) of its population reliant
on solid biomass (IEA, 2013). Developing strategies for improving the efficiency of biomass
energy use requires better understanding of its contributions to energy security at household and
national levels.

1.1.3. Background and the energy situation in Ethiopia

Ethiopia is home to one of the world’s oldest civilizations and has many other distinctive and
historical features. It is the origin of Arabica coffee and the oldest (4.4 million years old) known
iconic human ancestor. Ethiopia also has distinctive biodiversity, including many endemic
species. It is a land-locked country situated in the horn of East Africa in close proximity to the
Middle East, western Asia, and Europe. The county has an area of 1.12 million square kilometres
and an estimated population of 92 million. Despite its unique history and natural bounty, the



country is among the poorest in the world, ranking 173 out of 187 countries according to the
human development index of the United Nations Development Programme (UNDP, 2013). In
recent history the country has suffered from chronic famine due to a combination of civil war,
recurrent drought, and persistent political crises. Food insecurity is endemic to the horn of Africa
due to the regular frequency of severe drought (Sasson, 2012). The perpetual food security crisis
in Ethiopia is also attributed to a “complex interaction of supply, distribution, and demand
factors” (von Braun and Olofinbiyi, 2007). The principal economic activity of the country is
agriculture, which accounts for approximately 42% of the GDP, 80% of employment, and 70%
of export earnings (MoFED, 2011). Recently, however, there are significant prospects for future
growth. Ethiopia has a GDP per capita of US$ 410, which grew at an average annual rate of
10.6% over the last decade (World Bank, 2013a). The country is striving to transform its agrarian
based economy with the goal of becoming an industrialized middle-income country in the next
decade (CRGE, 2011).

The geographical location of Ethiopia gives it exceptional renewable energy resource potential in
terms of both diversity and abundance. The Great East African Rift Valley (GEARV) dissects
the country, providing considerable geothermal energy potential. The country’s proximity to the
equator, low humidity climate, and extensive highlands provide exceptional solar and wind
power potential. The country is regarded as the water tower of Africa, with several large rivers
draining its highlands. Although most of the overpopulated highlands of the country have long
been denuded, some fragments of Dry Afro-montane forest, broadleaf rainforest, and coffee
forest remain, making the country a good candidate for ‘reducing emissions from deforestation
and forest degradation’ (REDD) programme efforts.

Despite these positive circumstances Ethiopia faces immense energy challenges. Approximately
eight out of ten of its citizens dwell in rural areas with limited access to modern energy. Bio-
based energy resources are expected to continue to dominate Ethiopia’s energy mix into the
foreseeable future due to high reliance on traditional biomass use and a slow rate of transition to
modern forms of energy generation (Shanko, 2009).

Ethiopia is completely reliant on oil imports, which exposes it to the risk of petroleum product
price increases. Electricity generation in the country is heavily reliant on hydroelectric power,
which is unreliable due to increasing agricultural demand for water, the high frequency and
intensity of droughts and other climatic shocks, and international conflict over water rights in
Africa. The limited availability of electricity is one of the main constraints on the economy.
Ethiopia has the lowest levels of electricity access and per capita consumption in the world, but
has the potential to become a regional power hub. Renewable energy development is a core
policy position of the federal government, therefore better understanding of cost effective energy
diversification investment is vital for making informed decisions for meeting these challenges.

Despite the country’s progressive energy policy focus on renewables, the ubiquity of traditional
biomass use remains a pressing challenge. This reliance on improperly managed traditional
biomass use has resulted in the overexploitation and significant depletion of Ethiopia’s forest
resources, with annual forest cover loss estimated at 140,000-200,000 ha (Jargstorf, 2004; FAO,
2010a). This has resulted in fuelwood scarcity, especially in overpopulated highland areas. In



turn, this impinges on household livelihoods in a variety of ways. In the face of fuelwood
scarcity households meet their survival energy requirements by substituting agricultural fuels
(cattle dung and/or crop residues) for fuelwood. This in turn contributes to the reduction of soil
fertility and annual agricultural yield losses of about 7% (Gebreegzihabiher, 2007).

There is little empirical-based understanding, however, of how rural livelihoods are impacted by
these problems and what policy innovations are required to mitigate such impacts. In order to
accelerate the transition towards sustainable energy, Ethiopia could invest in improving solid
biomass energy use efficiency and its renewable energy potential. The sustainability of biomass
energy use and particularly efficiency can and should be improved in ways that contribute to
modern energy development.

1.1.4. Fuelwood scarcity, household energy use, and related welfare effects

Resource scarcity remains an underlying cause of global and local economic and environmental
crises causing disequilibrium between local and global demand and supply, and volatility in
resource prices (Lopez, 2012; Delay, 2013). It has long been recognized that poverty and
environmental degradation or deforestation are often highly correlated, particularly in poor
tropical countries (Angelsen and Kaimowitz, 1999). Resource scarcity (e.g. land, water, forest) is
becoming an increasingly important challenge to sustainable development (environmental, social
and economic) and closely related to poverty in developing countries, but the exact nature of the
relationship is contested and is often described as ‘closely related” or ‘co-located’ (Lee, 2011;
Delay, 2013).

Rapidly growing populations and widespread land constraints have contributed to intensified
deforestation in many developing countries. Due to the high rate of deforestation in many parts
of Ethiopia the demand for fuelwood has already exceeded local supply and led to fuelwood
scarcity (Jargstorf, 2004). Rural populations require energy for their survival on a daily basis,
however, and the drastic loss of forest cover and fuelwood scarcity infringe on the livelihoods of
the poor in a variety of ways.

Deforestation has negative consequences on the environment such as biodiversity loss, soil
erosion, ecosystem degradation, global warming, etc. The nature of the relationships between
poverty and environmental degradation is not clearly understood. Some studies have found that
dependence on fuelwood is strongly linked to poverty (Heltberg et al., 2000; Démurger and
Founier, 2011). Other studies have found that increases in household assets and income are
associated with increased fuelwood use (Mekonnen, 1999; Shi et al., 2009). Sapkota and Oden
(2008) found that among Nepalese households the poor were highly dependent on fuelwood. In
contrast, Shaheen and Shahrukh (2009) found no evidence of an ‘environmental poverty nexus’
in Pakistan, as poor and higher income households were equally dependent on forest resources,
thus resource degradation is not necessarily driven by poverty alone. A study that analysed data
from the ‘Demographic and Health Survey’ in Benin, Kenya, and Ethiopia found that household
fuel choice in these countries is more ‘supply driven’ than ‘demand driven’ (Rehfuess et al.,
2010). That study suggested that in order to promote household ‘fuel-switching,” policy efforts
should consider supply-side limitations. Fuelwood scarcity appears to be the main supply side



constraint that affects household livelihoods through increasing the labour requirements of
fuelwood collection.

Many studies have investigated the determinants of household energy choice and how fuelwood
scarcity affects energy substitution decisions and household welfare in other countries.
Typically, households increase the amount of labour allocated to fuelwood collection in response
to increased fuelwood scarcity (Cooke, 1998; Johnsen, 1999; Heltberg et al., 2000; Palmer and
Macgregor, 2009; Bandyopadhyay et al., 2011; Damte et al., 2012). Households are often forced
to modify cooking habits and dietary diversity due to increasing labour requirements for
fuelwood collection (Brouwer et al.,, 1997). Fuelwood scarcity often results in greater
malnutrition among children due to the lack of fuel to cook food, which not only forces
households to switch to foods that can be more easily cooked, but also increases fuelwood
collection efforts among women and thus reduces the time available for cooking.

There are also welfare effects attributed to the use of agricultural residues for energy as opposed
to the enhancement of soil fertility. In the face of fuelwood scarcity households are expected to
use substitute or complementary alternatives. Although household fuel substitution has been
studied extensively there is lack of consensus regarding the substitutability of agricultural fuels
for fuelwood. Some studies have found that extreme fuelwood scarcity leads households to
substitute agricultural fuels for fuelwood (Van‘t Veld et al., 2006; Agarwal, 2010). Other studies
have found limited evidence of substitution between fuelwood and lower quality agricultural
fuels such as cattle dung and crop residues (Mekonnen, 1999; Palmer and Macgregor, 2009;
Damte et al., 2012). Households may switch to commercial energy alternatives if they are
available (Hyde and Kohlin, 2000; Chen et al., 2006; Guta, 2012a; Lee, 2013). Rural households
may cope with fuelwood scarcity by shifting from the use of communal forests to private tree
cultivation (Van‘t Veld et al., 2006; Gebreegzihabiher, 2007).

Fuelwood scarcity often has greater impacts on the welfare of women and children because in
most of the developing world they are traditionally responsible for fuelwood collection
(Heltberg, 2004; Rehfuess et al., 2010). Relative to men, women and children also suffer
substantially higher rates of illness and mortality arising from exposure to IAP from unventilated
biomass stoves because of gender inequities related to cooking responsibilities (Rehfuess et al.,
2005; Agarwal, 2010). In rural Ethiopia women and children are also the primary agricultural
labourers, which means that fuelwood scarcity can lead to competition for agricultural labour,
thus creating a fuel-food trade-off.

One review of studies on household energy use in developing countries found that the effects of
determinants of household energy demand are unclear (Lewis and Pattanayak, 2012). There is
also scant empirical understanding of the effects of fuelwood scarcity on household welfare in
terms of fuel-food trade-offs, energy expenditures, fuel choice, household bio-based energy use,
and household energy substitution. Though studies have investigated household mechanisms for
coping with fuelwood scarcity (Damte et al., 2012), there is no quantitative empirical evidence of
the impacts of fuelwood scarcity on household agricultural labour and resulting welfare effects.
This study used an Agricultural Household Model (AHM) to investigate the impacts of fuelwood
scarcity on household bio-based energy use, energy expenditures, fuel choice, and welfare
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implications. The model also enabled the examination of Ethiopia’s rural energy challenges and
the effects of fuelwood scarcity on agricultural production and food security.

The negative livelihood impacts of fuelwood scarcity and ways to mitigate them have barely
been explored. Moreover, most studies have been limited to analyses of household energy
expenditures and often use the World Bank’s Living Standards Measurement Study that was
designed for other purposes and that lacks detailed information on energy consumption. The lack
of data on household bio-based energy use has constrained analyses of the welfare effects of
energy and environmental resource scarcity on livelihoods and fuel-switching or energy
substitution. Empirical analysis of the impacts of deforestation or fuelwood scarcity reflected in
changes in the shadow cost of fuelwood collection on household welfare and energy substitution
can yield results that support formulating policy to hasten rural energy transition and sustainable
development. Many studies from Ethiopia are based on cross-sectional surveys, which, with the
exception of Mekonnen and Koéhlin (2008) and Guta (2012a), cannot account for temporal
factors related to rural energy use. The use of panel survey enabled this study to control for
unobserved individual heterogeneity and to capture temporal effects of household labour
allocation. However, the lack of information on household biomass energy use in the initial
survey limited the scope of the analyses.

1.1.5. The nexus of water, energy, and food

The trade-off and welfare effects should be explored within the lens of the broader water-energy-
food nexus; a concept that has evolved recently and has been receiving growing scientific
attention. The fundamental policy challenge of water, energy, and food security goes beyond
simple fuel-food trade-off considerations to a broader conceptual understanding of the linkages
among these essential components of human welfare (Hoff, 2011), ecosystem function (Rasul,
2014), and land use (Ringler et al., 2014). The welfare effects of fuelwood scarcity or fuel-food
trade-offs are part and parcel of the water-energy-food nexus concept.

Recently the world has been experiencing significant increases in demand for water, energy, and
food. International events such as the Bonn Nexus conference in 2011 highlight the growing
interest in the interdependency of the components of the water-energy-food nexus (Hoff, 2011).
In the literature and policy debate there has been little attention to how the water-energy-food
nexus affects prices (Gulati et al., 2013). Sustainable development implies consistent availability
of safe water, energy, food, and industrial resources on a renewable basis (von Braun, 2013).
Agricultural and energy policies are interrelated with water constraints (Hermann et al., 2012).
Energy is considered a key input in agriculture intensification for activities such as pumping
irrigation water; fertilizer production; post-harvest processing, packaging, and transport; and
bioenergy treatment and processing (Ringler et al., 2014). Decreasing water availability
combined with climate change and increasing water demand for energy and agricultural
production pose significant challenges.

The water-energy-food security nexus involves complex interdependencies that have important
implications for managing trade-offs and promoting synergies surrounding them, sustainable
development, ecosystem function, land use, and climate change (Hermann et al., 2012; Hussey
and Pittock, 2012; Gulati et al., 2013; Rasul, 2014). The complexity of the nexus is attributed to



large knowledge gaps about the interactions, feedback mechanisms, and adaptive options across
economic sectors (Hoff, 2011). The nexus concept recognizes this interconnectedness to
facilitate the development of joint solutions for mitigating trade-offs and promoting synergies for
sustainable development (Hoff, 2011; von Braun, 2013; Ringler et al., 2014). An integrated
approach is needed for the management and productive use of energy, land, and water resources
(Popp et al., 2014).

In this sense the nexus concept is extremely important for Sub-Saharan Africa (Hermann et al.,
2012; Gulati et al., 2013) and for Ethiopia in particular. This is because the region faces daunting
water, energy, and food security problems. Water scarcity has important implications for
Ethiopia’s energy and food security (EEA, 2009; Sesson, 2012), and there is evidence that power
rationing has constrained its economic growth (Engida et al., 2011).

Ethiopia’s Climate Resilient Green Economy (CRGE) and energy policy should be considered
within the context of the nexus concept framework. Water and land resources are critical inputs
for food and energy production. Although in this study could not explicitly model water use
trade-offs between agricultural and energy production, | analysed the use of water for energy
generation using a national-level energy sector model for Ethiopia. The model also considered
energy security by simulating the potential impacts of drought on water availability for power
generation. The use of marginal agricultural land for agro-forestry and existing forest cover were
incorporated into the model as biomass supply parameters for meeting solid biomass energy
demand and electricity generation. More precisely, the study examined biomass energy use at
both household and national scales. It also investigated how technical innovation and increased
efficiency could reduce reliance on solid biomass energy and drought vulnerable hydroelectric
power generation, and promote energy security. The use of agricultural biomass waste for either
energy or improving soil fertility represents a fuel-food trade-off. Bio-based energy is a central
component of the broader ‘bioeconomy’ concept that has evolved recently as an integrated
approach for the efficient use of diverse biomass resources such as forest-based biomass,
agricultural and industrial waste, and solid residential waste for the production of modern energy
and high value organic products.

1.1.6. The bioeconomy concept

In recent policy debates the advantages of shifting from a fossil fuel based economy towards a
bio-based energy economy have received increasing attention (Langeveld et al., 2010;
Vandermeulen et al., 2011). The bioeconomy concept is an integrated approach to sustainable
bio-based resource use for a variety of economic and social needs. The German government’s
bioeconomy council defined it as “the knowledge-based production and use of biological
resources to provide products, processes and services in all economic sectors within the frame of
a sustainable economic system” (Bioeconomy Council, 2013). In this sense it is an “economy
where the basic building blocks for materials, chemicals and energy are derived from renewable
biological resources” (McCormick and Kautto, 2013). The bioeconomy concept encompasses a
broad spectrum of economic sectors, including not only agriculture, but also fisheries,
aquaculture, algae cultivation, forestry, and waste management industries (European
Commission, 2007; 2012: McCormick and Kautto, 2013: von Braun, 2013). The socio-economic
implications of the bioeconomy concept can be measured in terms of economic indices such as



employment and economic gains, energy, and food security (Domac et al., 2005; Chin et al.,
2013). The fulfilment of the bioeconomy concept offers opportunities for the establishment of
bio-refineries and organic-based industries in rural areas where biomass feedstock is produced,
providing an advantage to poor farmers (Domac et al., 2005; von Braun, 2013).

There are complex threats to the environmental sustainability of crop diversity, land and water
resources, conservation areas, and food security (Hill et al., 2006; von Braun, 2007; FAQO, 2013).
These problems are related to a number of social, cultural, institutional, and environmental issues
(Domac et al., 2005; Chin et al., 2013). There are several benefits, risks, and uncertainty
associated with bioeconomy development (Langeveld et al., 2010). Evidence based empirical
studies are required to help countries develop effective strategies for mitigating risks and to
promote the benefits of a bioeconomy, especially for poor households in developing countries.
The design of appropriate policy tools for the development of a bioeconomy, however, is not an
easy task because of the many different actors involved (Vandermeulen et al., 2011).
Technological innovation is a key counterpart to appropriate policies by providing the necessary
impetus for strategies that enable countries to develop bioeconomies and reduce associated risks
(von Braun, 2013). There is limited knowledge of the bioeconomy concept as it applies to
Ethiopia with respect to bio-based energy utilization and food security links.

1.2. Research problem

Like many other developing countries Ethiopia is faced with critical energy access and supply
problems for its largely rural economy. The chronic and deepening lack of energy access in rural
areas undermines economic development and poverty alleviation efforts. Continued reliance on
traditional bio-based energy has numerous negative environmental and public welfare
consequences, such as biodiversity loss, soil erosion, health risks, and threatened livelihoods.
The lack of modern energy infrastructure, technological constraints, the scattered distribution of
rural settlements, various socio-behavioural and institutional obstacles, and numerous supply and
demand constraints have inhibited access to clean energy, particularly in remote areas. The
country faces a growing power demand and supply gap, and even in urban centres power outages
and interruptions occur on a regular basis. Empirical studies on household energy use in Ethiopia
have focused on both urban household fuel choice and improved efficiency stove adoption (
Kebede et al., 2002; Mekonnen and Kdéhlin, 2009; Gebreegziabher et al., 2012; Alem et al.,
2013), and rural household energy use (Mekonnen and Koéhlin, 2008; Damte et al., 2012; Guta,
2012a). However, analyses of the effects of deforestation or fuelwood scarcity on household
welfare and policy interventions required to avert the problem are needed for Ethiopia.

Improvement in biomass energy use efficiency and modernization for cleaner energy generation
at both the community and national scales are expected to contribute to multiple objectives.
Modern forms of bio-based energy, which is intertwined with rural livelihoods and the mainstay
of the national energy system in Ethiopia, are a central component of the triple sustainable
development criteria (i.e. social, economic and environmental), agricultural transformation, and
poverty alleviation. Ubiquitous overreliance on traditional and inefficient use of biomass
resources by destitute rural Ethiopian households provided the impetus to study the linkages
between bio-based energy use and household livelihoods.



There are several shortcomings in the existing literature on this subject. First, there are limited
empirical studies that have explicitly investigated the linkages among fuelwood, agriculture
activities, and off-farm employment. Second, there has only been limited exploration of the
effects of the shadow wages of fuelwood, agricultural activities, and off-farm employment on
household inter-fuel substitution or fuel choice and household energy expenditure patterns.
Third, there have not been any efforts to examine the effects of energy intervention policies (i.e.
rural electrification and improved efficiency biomass stove use) on household energy use in rural
Ethiopia. This study provided an in-depth analysis of household bio-based energy use that
enables greater understanding of the potential strategies for improving household energy use
efficiency and promoting energy substitution at both household and national scales.

Broader policy challenges of the rural energy problem go far beyond household fuel choice and
stove adoption, making it necessary to investigate its linkages with agriculture and livelihoods.
Integrated approaches should seek to address the inefficiency of traditional residential biomass
energy utilization and hasten the transition to improved methods of energy use. Most studies
have overlooked the fact that households often produce food and bio-based energy jointly, and
that labour opportunity costs affect household livelihoods. Bio-based energy is intrinsically
linked to food security and rural livelihoods in multifaceted ways. This is reflected in the
consequences of fuelwood scarcity on household wellbeing, including fuel-food trade-offs,
health aspects, gender inequity, and various socio-economic and environmental sustainability
issues. There has been limited empirical evidence about the potential contributions of more
efficient bio-based energy use to household livelihoods and national energy security.

Growing energy demand triggered by economic and population growth is putting the energy
sector under pressure (EEA, 2009). There are few existing models of Ethiopia’s energy sector for
considering electricity production and sustainable bio-based energy use. Energy sector models
can help policy makers contemplate the optimal investment path for sustainable energy
development. Biomass remains a key strategic option for Ethiopia’s long-term energy security.
Thus, empirical study is required to examine ways of improving the efficiency of bio-based
energy use at the grass-roots level and to explore strategies for modern biomass energy
development.

1.3. Research objectives, questions and hypothesis

This study examines household bio-based energy utilization and associated linkages to rural
livelihoods, and the potential contribution of sustainable and more efficient biomass use and
other renewable energy for Ethiopia’s future energy security. The overall goal of this study was
to explore strategies for developing and modernizing biomass energy use and other renewable
energy options that generate opportunities for sustainable development, poverty reduction, and
environmentally responsible growth. Better understanding of these issues is expected to benefit
policy efforts to improve living standards, especially the energy deprived rural poor and
marginalized women and children. This study contributes coherent evidence to related literature
by paying special attention to agricultural household energy use by assessing the role of bio-
based energy on rural livelihoods and by filling research gaps and shortcomings. This study also
endeavoured to achieve a better understanding of the bottlenecks, barriers, and opportunities



associated with community-based decentralized energy use, and how such efforts can improve
energy access problems in remote communities.

The main research hypothesis is that households will respond to increasing fuelwood scarcity by
changing labour allocation, changing fuel choices and expenditures on commercial fuels and
food, adopting improved efficiency biomass stove technology, and/or energy substitution.
Therefore intervention in rural energy supply and improvement in the efficiency of residential
bio-based energy use are expected to improve rural livelihoods and contribute to the energy
security of the country. Fuelwood scarcity or fuelwood shadow wage decline is likely to
motivate households to reduce the amount of labour allocated to agriculture or food production.
Thus, increased access to fuelwood (forest) would result in increased shadow wages for
fuelwood associated with corresponding increases in labour time allocated to agricultural
activities. Investment in more sustainable and efficient renewable energy use should enhance
Ethiopia’s energy security and economic growth. Advancements in technological innovation and
efficiency or adaptability should contribute to energy security. Livelihood diversification through
greater engagement in off-farm and self-employment opportunities is expected to reduce
environmental pressure associated with traditional biomass energy use. Greater access to clean
energy is expected to reduce household need for traditional biomass energy and thus improve
welfare. Specifically, the study addressed the following objectives:

1. To analyse rural Ethiopian household bio-based energy utilization behaviour in order to
better understand the related linkages to food security.

2. To investigate the potential contributions of lower cost, more sustainable, and more
efficient renewable energy resource (particularly biomass) use options to energy security
in Ethiopia.

3. To assess the role of institutional arrangements, strategies, and collective action for
enhanced decentralized renewable energy use in remote areas of the country.

The study addressed the following research questions:
1. (a) What is the nature of the linkages (competition or complementarity) between bio-based
energy utilization and food security or rural livelihoods in Ethiopia?
(b) What are the effects of fuelwood scarcity (decline in the shadow wage of fuelwood
collection labour time), and increases in the fuelwood collection shadow wage on labour
allocation to agriculture and off-farm employment on household energy expenditures and fuel
choice?
(c) What is the effect of biomass scarcity (increase in shadow price) on household biomass
energy use?
(d) What are the roles of improved efficiency biomass use stoves and household access to
electricity on bio-based energy use and energy substitution?
2. (a) What are the least cost energy resource use options for Ethiopia?
(b) What are the roles of technical innovation and more efficient bio-based energy use for
enhancing the energy security of the country?
3. (a) What are the bottlenecks and opportunities for implementing decentralized renewable
energy use in remote areas of Ethiopia?
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(b) What institutional structures, strategies and collective actions are required to implement a
decentralized energy development strategy for rural Ethiopia?

1.4. Conceptual and theoretical background

There are two main conceptual approaches used to analyse household energy demand. The
‘energy ladder’ (Leach and Mearns, 1988; Munasinghe and Meier, 1993; Barnes and Floor,
1996; Lee, 2013) concept views household fuel choices as a progression that corresponds to
increases in income along a hierarchical order from ‘inferior’ traditional biomass energy
resources to transitional fuels and eventually ‘superior’ modern commercial fuels. The energy
ladder approach perceives a continuous monotonic fuel substitution process as income increases
(van Beukering, 2009). Accordingly energy resources exist along a value continuum based on
cost, cleanliness, convenience, and other considerations (van der Kroon et al., 2013). The energy
ladder concept has been disputed by a growing number of studies (Leach, 1992; Masera et al.,
2000; Kammen and Lew, 2005; Hiemstra-van der Horst and Hovorka, 2008). For instance,
fuelwood, which is considered near the bottom of the energy ladder due to its relative
inconvenience and high emission levels, is not necessarily the cheapest energy option (Kammen
and Lew, 2005).

Alternatively, many recent studies have conceptualized household energy choice from a
perspective of ‘fuel stacking’ or ‘multiple fuel use’ (Masera et al.,, 2000; ESMAP, 2003;
Heltberg, 2004, 2005; Schlag and Zuzarte, 2008; Mekonnen and Kdéhlin, 2009; Guta, 2012a).
The fuel-stacking concept predicts that households will combine different energy sources for
different end-uses; and that fuel choices are not mutually exclusive because households can use
any combination of fuels at given point in time. The fuel-stacking concept asserts that, in
addition to income, there are numerous factors that determine household fuel choice decisions.

Both the energy-ladder and fuel-stacking concepts emphasize consumer demand theory and are
complementary rather than substitute approaches. They both focus on narrow aspects of
residential energy choice. In practice there is little evidence of energy transition and many rural
households in developing countries often depend on multiple energy sources (Heltberg, 2000;
2005: ESMAP, 2003). The relative importance of fuel stacking (multiple fuel use) and fuel-
switching has not been well established (Heltberg, 2005). Some studies appear biased in favour
of switching from traditional biomass energy resources to modern fuel alternatives. Studies have
also underlined the roles of public infrastructure, education, and various policy tools that help
households to ‘leapfrog up’ the energy ladder (Heltberg, 2004; Lee, 2013). However, in remote
areas of developing countries energy transition is typically constrained due to an intricate web of
factors and conditioned by the availability of modern energy resources (Guta, 2012a). Even in
urban areas where modern forms of energy are available households may prefer to use biomass,
particularly for cooking (Heltberg, 2004; Mekonnen and Koéhlin, 2009).

Some recent studies have argued for increased utilization of biomass energy for the production of
modern forms of energy rather than switching to climate polluting and relatively expensive fossil
fuels (Prasertsana and Sajjakulnukit, 2005; Buragohain et al., 2009; lakovou et al., 2010;
Kaygusuz, 2010; Zheng et al., 2010; Niu et al., 2014). These studies have proposed an integrated
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rural energy transition for improving the efficiency of traditional biomass sources and the
development of renewable alternatives (Niu et al., 2014). Biomass energy, and particularly
fuelwood, has been the only available fuel option in many rural areas of developing countries
(Arnold et al., 2003; Kaygusuz, 2010). This is particularly important in Sub-Saharan African
countries because most rural households suffer from extreme poverty, a lack of access to
electricity, and are unable to afford modern commercial energy alternatives, and therefore must
depend on harvestable bio-based energy resources to support their livelihoods. There is also
renewed interest in bio-based energy due to the negative environmental impacts of fossil fuels
and their linkages with climate change and food security.

Bio-based energy is also considered a strategic substitute for fossil fuel for the reduction of GHG
emissions (lakovou et al., 2010). Renewable biomass energy has great potential for meeting
energy needs in both industrialized and developing countries (Demirbas et al., 2009). In some
industrialized countries bio-based energy (particularly fuelwood) has become increasingly
competitive and desirable based on environmental and economic considerations (Becker et al.,
2010 [USA]; Couture et al., 2010 [France]; Huttunen, 2012 [Finland]). There have been few
research efforts on the trade-offs between bio-based energy and food production, or on how
government policies that promote off-farm employment, improved access to modern energy, and
technological advances impact those trade-offs. It has been suggested that, aside from labour
allocation to fuelwood collection and agriculture, there are a variety of household coping
mechanisms for dealing with biomass scarcity that deserve study (Bandyopadhyay et al., 2011).

The conceptual framework of this study depicted in Figure 1.1, which illustrates how household
livelihoods are linked to the water-energy-food nexus. Decentralized energy, energy
diversification, technical capability, local skills, and efficiency improvement all influence
household livelihoods. Economic resources such as labour, land, capital, and water are required
to produce food, energy and biomass. There are numerous external factors that determine the
dynamics of the nexus such as public investment in infrastructure, energy, agriculture, technical
capability building, etc. Such policies affect the prices of food, energy, and water that in turn
affect the welfare of the poor. In this context policies such as providing incentives (taxes and
subsidies), education, and skills training also enable households, as well as individuals and
communities, to improve their technological conditions (improved agricultural practices,
adoption of biogas digesters or improved efficiency biomass stoves, etc.) in which decentralized
energy development can have a crucial role. This is expected to improve rural livelihoods,
contribute to promoting synergies among distinct elements of the water-energy-food nexus, and
mitigate risks. Hence, the household is the basic unit of analysis in the described framework.

The impacts of fuelwood scarcity on household welfare were evaluated by empirically
investigating three important issues. First, the impact of fuelwood scarcity on household labour
allocation to livelihood activities was examined to determine whether environmental degradation
increases the labour opportunity costs of the extraction of an environmental good (fuelwood).
This indicated whether a decrease in access to fuelwood or deforestation would cause trade-offs
with household food production by revealing the nature of the relationships among major
livelihood activities (fuelwood collection, agriculture, and off-farm employment). Second, this
permitted an empirical analysis of the effects of fuelwood scarcity on household energy
expenditure patterns and fuel choice decisions. Third, it permitted household bio-based energy

12


http://www.sciencedirect.com/science/article/pii/S0921800911003363

use and the nature of energy substitution to be examined and to better understand the effects of
various socio-economic factors on household bio-based energy use and how fuelwood scarcity
affects household bio-based energy use. The analysis results also facilitated consideration of how
policies that improve access to electricity and promote improved efficiency biomass stoves could
influence household bio-based energy use. Together these insights helped to evaluate the welfare
effects of household bio-based energy utilization and the policy implications of potential
interventions to address rural energy problems and to consider the synergies and how to reduce
the risks associated with the water-energy-food nexus.
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Figure 1.1.

Conceptual framework: households within the water-energy-food nexus

Sources: Adapted from Hoff (2011); Brazilian et al. (2012); von Braun, (2013); Rasul (2014); Ringler et al., (2014)

Note: Welfare effects include the consumption of energy, food and water (quality and quantity), price effects, the
substitution of goods, leisure vs. work trade-offs, and health
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Households interact with the water-energy-food nexus in different ways. First, with limited land,
labour, and capital resources, households are assumed to make decisions about the production
and consumption of energy and food simultaneously. Such decisions could be practiced
individually or within a collective community context (e.g. decentralized renewable energy
generation and use). Households make resource allocation decisions based on comparisons of the
expected returns, which in turn are expected to affect their welfare. Second, households consume
energy, food, and other goods. Changes in the prices of those goods also affect household
welfare. For instance, access to modern forms of energy and employment contribute to
improvements in household welfare, but large-scale investments that contribute to deforestation
or fuel scarcity negatively affect rural household livelihoods. Thus, households are expected to
maximize utility by allocating more labour to activities and/or leisure, the use of energy to cook
meals, and the consumption of other goods and services.

Competition for labour may arise due to fuelwood scarcity or environmental pressure. To cope
with competitive pressure households may use agricultural waste for energy, which can cause
trade-offs with food production because agricultural waste is often used for soil fertility
management (Rasul, 2014). Biomass use can be considered at two scales: among households and
nationally. At the household scale biomass is used to meet subsistence energy needs and as a
complement to food production. Modern forms of biomass energy such as biogas, electricity, and
charcoal briquettes can play a vital role in overall energy security. This study investigated
strategies for enhancing the efficiency of biomass use at the household scale and modern
biomass energy generation within the energy sector model framework.

Household energy use was evaluated explicitly using the AHM. The model was structured to
explore the relationship between energy and food production by examining labour allocation.
The model was also used to examine household biomass energy use, substitution, fuel choice,
and related issues. The analysis also enabled evaluation of the effects on household biomass
energy use of policies that improve access to electricity and that promote the use of improved
efficiency stoves.

1.5. Organization of the study

The dissertation includes five chapters. Figure 1.2 describes the dissertation structure and core
issues addressed. The introduction, background, research problem, research objectives and
questions, and conceptual framework of the dissertation are presented in Chapter One. The AHM
and the demand and supply perspective analyses of biomass energy utilization and its effects on
livelihoods at the household level are presented in Chapter Two. In Chapter Three the dynamic
linear programing energy sector model for solid biomass and investment on the power sector in
Ethiopia is presented. Chapter Two and Chapter Three are linked by the use of elasticity values
for household biomass energy consumption with respect to improved efficiency biomass stoves
and electricity. Chapter Four presents the assessment of institutional arrangements, strategies,
and collective action that are appropriate for decentralized renewable energy generation, and
energy use among remote rural communities of Ethiopia. Shadow prices from Chapter Two and
Chapter Three are used to analyse the costs and benefits of decentralized and private biogas
systems in Chapter Four. Chapter Five presents a brief conclusion of the dissertation by
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Chapter Two

Household bio-based energy utilization and energy mix behaviour, and
related linkages with food security and welfare effects

2.1. Introduction

Lack of access to clean energy is a major driver of widespread extreme poverty in Sub-Saharan
Africa. Ethiopia is one of the few remaining countries in the world where the majority of the
population continues to be reliant on traditional solid biomass energy use (IEA, 2013).
Economically deprived rural households have few energy options. The vast majority of
households use fuelwood as their main energy source in combination with agricultural fuels such
as crop residues and cattle dung in areas where fuelwood is scarce. This component of the study
examined the linkages among fuelwood scarcity, household energy substitution, and household
livelihoods.

Reliance on solid bio-based energy resources is often linked to poverty, the lack of modern
energy alternatives, and a web of other factors. Modern fuels are often used alongside traditional
biomass fuels, but have failed to displace solid biomass energy in many developing countries,
which supports the ‘fuel stacking’ concept (Heltberg, 2005; Mekonnen and Kdéhlin, 2008; Guta,
2012a). These studies found that access to modern energy options assocated with improved
household welfare. However, there are not any published research findings on the linkages
between biomass scarcity or changes in the shadow opportunity costs and household welfare,
which can be reflected in changes in household resource allocation, energy expenditures, fuel
choice, energy use, and energy substitution.

The effects of fuelwood scarcity on household welfare are poorly understood. With
unprecedented rates of deforestation in Ethiopia, fuelwood scarcity is inevitable, particularly in
highland areas where a majority of the nation’s population resides. To date there has not been
any empirical research on the consequences on fuelwood scarcity on household welfare due to
foregone agricultural food production. Hence, empirical analysis is needed to better understand
the linkages between agriculture and rural energy consumption from a household perspective.
There is also limited literature information on the trade-offs between fuel and food production
from the perspective of competitive labour allocation and energy demand or substitution in rural
Ethiopia.

The effects of fuelwood scarcity or increases in the labour required for fuelwood collection on
agricultural production or food security and the impacts of off-farm employment on household
energy substitution and energy choice have not received much attention in the literature (Shi et
al., 2009). The role of off-farm employment on energy substitution is also ambiguous. For
instance, some studies have found that off-farm employment policies encourage rural household
fuelwood substitution (Bluffstone, 1995; Wang et al., 2012). One study from poorer regions of
rural China, however, found that increased off-farm employment opportunities did not
necessarily promote rural energy transition (Shi et al., 2009). There has also been limited
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empirical research on the factors that drive fuelwood substitution in developing countries (Wang
et al., 2012), or on the impacts of external determinants of household energy choices such as
environmental conditions, consumer markets, and existing government policies (van der Kroon
et al., 2013). There are a multitude of social, cultural, lifestyle, economic, and perception barriers
to energy switching behaviour at the household level.

This study examined both supply and demand factors associated with household bio-based
energy use and evaluated the influence of policies related to energy (electricity) access and
improved efficiency biomass stoves on biomass energy use in rural Ethiopia. There is only
limited understanding of the influence of such energy policies on rural household traditional
biomass energy use in Ethiopia. Household welfare effects were investigated by examining
shadow price elasticity to better understand the impacts of fuelwood scarcity or changes on
household labour time allocation, energy expenditures, and fuel choice, as well as on household
bio-based energy use and inter-fuel substitution.

In this chapter the following specific questions were addressed in the analyses. What are the
determinants of traditional bio-based energy use at the household level? What are the linkages
between household energy use and food or agricultural production? What types of substitutions
occur among bio-based energy resources at the household level? There were two specific related
objectives: (i) to examine the effects of fuelwood scarcity on household labour allocation among
fuel collection, agricultural activities, and off-farm employment; and on per capita household
energy expenditures and fuel choice, (ii) to analyse household bio-based energy use, the effects
of various determinants of household energy use, and energy substitution behaviour.

2.2.  Study site characteristics

A field survey was conducted on geographically heterogeneous households, ranging from coffee
rich Gedeo in the Southern Nations, Nationalities, and Peoples’ region (SNNP), Great East
African Rift Valley (GEARV) villages in the Oromia region, and a more typical northern
highland example of Basona Worena in the Amhara region. There is a diversity of biomass fuel
use across these sites. Ethiopia has five agricultural zones: the cold highlands or ‘Werch’ zone
above altitudes of 3,000 m (asl), the highland or ‘Dega’ zone within a range of 2,500-3,000 m,
the middle highland or ‘Weina Dega’ zone within a range of 1,500-2,500 m, the semi-arid
lowlands or ‘Kolla’ zone below 1,500 m, and finally the desert or ‘Bereha’ zone, which includes
arid and other semi-arid lowlands. The geographic locations of the study sites are described in
Table 2.1.

Basona Worena is a woreda® (district) situated in the eastern highlands of Ethiopia in the North
Shewa Zone of Amhara, which are part of the continuum that includes the northern highlands.
Four villages in Basona Worena were included in this study (Milkii, Kormergefia, Karafino, and
Bokafia). Basona Worena borders the GEARV in the east. The northern highlands encompass
the Siemen Mountains where the country’s highest mountain, Ras Dashen, is located. Most of

! Woreda is a district or administrative unit along the geopolitical scale following region and zone in the Ethiopian
administration hierarchy that is composed of two or more kebeles or peasant associations.
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Basona Worena is within the highland Dega agricultural zone, with a mean elevation of 2,714 m
(asl), however, according to information provided by local administrators 2% of the area belongs
to the highest agricultural zone (Werch). Two per cent of the area pertaining to these villages is
mountainous and the remaining area is a plateau. The North Shewa Zone of Amhara has some of
the coldest weather conditions in Ethiopia.

Table 2.1. Locations of the Ethiopian study sites

Study site Latitude Longitude Geographic location
relative to Addis
Ababa

Basona Worena  N09°27'32"-10°04'50" E39°15'28"-39°44'31" 130 km Northeast

Udee N08°21'54"-08°56'02" E38°45'07"-39°12'21" 55 km East

Trirufe NO07°05'20"-07°22'19"  E38°24'25"-38°49'37" 245 km South

Addado N06°06'28"-06°22'38"  E38°17'34"-38°26'52" 386 km South

The villages of Udee and Trirufe are both located in the GEARV area of Oromia. Both sites are
in the mid-altitude Weina Dega agricultural zone. Udee is located between 1,800 m and 1,900 m
(asl) in the Eastern Shewa Zone of Oromia and is bisected by the main road connecting Addis
Ababa to Djibouti. Udee is located about 10 km from the town of Debre Zeit. Trirufe was
formerly attributed to the Eastern Shewa Zone of Oromia, but is now considered part of the
Western Arsi Zone, which borders the SNNP to the south. Trirufe is situated at about 12.5 km
north of the town of Sheshemene.
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Figure 2.1.  Geographical locations of the study sites in Ethiopia

The Gedeo Zone of SNNP is a renowned coffee producing area located along the eastern
escarpment of the GEARV. Situated in the eastern tip of SNNP, Gedeo is surrounded by Oromia
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except to the west. Addado is the most densely populated ‘peasant association’ (village) in
Gedeo. The Bule district occupies the eastern tip of Gedeo near the border with Oromia. Addado
is situated about 20 km from the town of Dilla and 8 km from the town of Bule.

The total population of the East Shewa Zone of Oromia was 1,159,062 in 2007, of which about
11% (130,321) inhabited the town of Adda’aa Chukkalla (CSA, 2007). Adda’aa Chukkalla had
an estimated population density of 217.3/km?, which is greater than the local average of
181.7/km? (CSA, 2005). Some of the social variables and woreda characteristics are described in
Table 2.2. A land-use survey in East Shewa conducted by the Oromia regional government found
that about 51% of the area is arable, 6.4% is pasture, 7.4% is forest cover, and the remaining
34.8% is degraded or unsuitable for other land uses. Adda’aa Chukkalla is close to the capital,
giving it relatively good access to infrastructure, markets, and facilities. This was reflected in
better economic conditions relative to other woredas (Table 2.2). In 2007 the woreda of
Sheshemene Zuria had a total population of 246,774 (CSA, 2007). In contrast to Adda’aa
Chukkalla, where about 94% of the population is Christian; about 86.5% of the residents of
Sheshemene Zuria are Muslim. Sheshemene is the most densely populated woreda in the zone at
about 447.6/km?, which is more than double the local average of 181.7/km? (CSA, 2005).
Approximately 65% of the woreda is arable, 15% is pasture, 2.4% is forest cover, and the
remaining 16.6% is degraded or unsuitable for other land uses.

Table 2.2 Demographic and geographic characteristics of the study site woredas
(districts) in Ethiopia
Woreda Population Area (km?) Population density
Men Women (#/km?)
Adda’aa Chukkalla 67,869 62,452 1,750 217
Sheshemene Zuria 123,057 123,717 759.53 447.6
Bule 52,910 52,282 699.84 (Gedeo Zone)
Basona Worena 61,924 59,006 1,208.17 128

Sources: CSA (2005), CSA (2007)

In general the Gedeo Zone is very densely populated and the Bule woreda had a population of
about 105,192 in 2007 (CSA, 2007). The largest religious group is Protestant Christian (75.23%),
followed by Orthodox Christian (7.45%), Muslim (1.43%), Catholic Christian (1.29%), and the
remainder (15.38%) were not religiously affiliated (CSA, 2007). In 2007 Basona Worena had a
population of 120,930 among 27,753 households with a mean family size of 4.36 (CSA, 2007).
This woreda had the lowest population density of the study sites at about 100/km?2. The entire
population of Basona is Orthodox Christian and ethnically almost all rural residents are
Ambharan.

Agriculture is a common economic activity in all of the study sites. Mixed agricultural systems
of crop production and animal husbandry are the main livelihood means. Teff, an indigenous
staple crop, is commonly cultivated in Udee, which is a major teff supplier to the capital and the
woreda of Bishoftu. In Basona Worena barley is the main crop. In Addado livelihoods are almost
entirely dependent on the production of coffee, ensete, and to a limited extent on crops like
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maize, which is cultivated manually on a small-scale basis. Livestock husbandry is not a
common economic activity in any of the study sites.

2.3.  Agricultural Household Model, bio-based energy production and
utilization, drivers and welfare effects

2.3.1. Conceptual framework

The conceptual framework of the research presented in this chapter is depicted in Figure 2.2.
Household decisions are made regarding labour, land, and capital resource allocation to energy
resource collection, agricultural production, and off-farm employment to earn income that can be
used to purchase modern forms of energy, food, and other goods. The impacts of fuelwood
scarcity on household livelihood arise from different angles. Increasing environmental pressure
is expected to provoke labour reallocation among activities as labour demand for collecting
fuelwood increases. This, in turn, is expected to affect household productivity and food security.
Inter-temporal household decisions may include growing trees for fuelwood on marginal land;
investing in an improved efficiency biomass stove or some other form of renewable energy. In
the short term households may respond to increasing fuelwood scarcity by reducing the
consumption of bio-based energy. Energy is a prerequisite for cooking food, therefore fuelwood
scarcity affects household food consumption. This effect may result in a dietary shift as
households opt for more easily cooked foods. This may result in poorer nutrition, particularly
among children. Households may use improved biomass efficiency stoves to cope with fuelwood
scarcity or else they may increase expenditures on biomass energy or modern energy alternatives
in order to substitute or complement fuelwood they can collect. This in turn means that the
implicit shadow costs of fuelwood collection, agricultural activities, and off-farm employment
affect household inter-substitution and fuel choice. Fuelwood scarcity might also affect
livelihoods through gender dimensions, education, and/or environmental pressures.

Food is produced from agricultural activities and/or purchased from markets. Food production
requires household labour and energy inputs for cooking. Bio-based energy is typically used to
cook food. Energy is also required for agricultural production. In a subsistence economy energy
use for agricultural production is typically manual labour or draft animal power. Electricity is
also used for pumping irrigation water and in many aspects of mechanized agriculture. In some
of the study sites households used electricity for commercial purposes like milling, operating
shops, and other off-farm private business efforts that contribute to household incomes. Peasant
households also use agricultural fuels to complement fuelwood. The substitution of agricultural
fuels for fuelwood is expected to cause trade-offs, as they are often used as soil supplements for
agricultural production (soil fertility maintenance).

The empirical analysis is based on an AHM used to investigate the impacts of implicit shadow
wages, prices, and exogenous factors on: (i) household resource allocation (principally labour
allocation); (ii) household energy expenditures and fuel choice behaviour; and (iii) bio-based
energy utilization and energy substitution. Household stove choice, the type of energy used
(access to modern energy), and food and labour allocation trade-offs all affect livelihoods.
Households may also sell agricultural output and/or biomass resources in addition to engaging in
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off-farm work. Exogenous factors can be grouped into household-specific factors such as
education, demographic composition, and preferences, as well as community-specific factors
such as local population density, institutions, markets, access to modern energy options,
availability of biomass, and forest governance institutions and user rights. These factors are
expected to affect household resource allocation, consumption decisions, and fuel choices.
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Figure 2.2. Conceptual framework of household bio-based energy use and livelihood effects

Note: Dashed lines show the effects of deforestation on fuelwood availability, mixed dash and dotted lines show the
effects of socio-economic exogenous variables; square dotted lines show the linkages (resource allocation, biomass
energy allocation) among energy, food/agriculture, and external markets; solid lines show the effects of fuelwood

scarcity, and finally the long mixed dash and dotted lines show livelihood effects

Households are expected to maximize the utility of food consumption that requires energy as an
input, leisure activities, and the consumption of other goods. Household decisions about the
choice of whether to work or engage in leisure activities depend on implicit shadow wage
valuations. Labour allocation is expected to be distributed among activities depending on the
relative wages for energy collection, agricultural activities, and off-farm employment. Optimal
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household labour division is achieved when the marginal utility from leisure is matched by the
expected gain from labour use among the different activities or the shadow wage or marginal
revenue product of labour in the respective activity. At optimal conditions households cannot
increase utility without reallocating labour among activities or else reduce leisure time. The
assumption of joint household decision making implies that the AHM is appropriate for the
analyses.

2.3.2. Relationships between poverty, rural household energy use, and
environmental degradation in developing countries

Poverty is both a major cause and result of environmental degradation in developing countries
(Scherr, 2000). However, the directionality of the relationship between the two depends on the
type of environmental services considered. For instance, one recent study found that poorer
households often depend heavily on environmental resources for subsistence use of products like
fuelwood and food, and on products harvested from non-forest natural areas (Angelsen et al.,
2014). In contrast the households in the highest income quantile and derived an income share
from environmental resources that was approximately five times greater than households in the
two lowest quintiles.

Various empirical studies have analysed the effects of household living standards or economic
status on fuelwood consumption in developing countries and have reached highly variable
conclusions. Different theoretical approaches have been taken for these efforts. First, the
‘inverted-U effect’ or the ‘environmental Kuznet’s curve’ (EKC) concept was applied to better
understand how household extraction of fuelwood is related to changes in wealth status (Foster
and Rosenzweig, 2003; Baland et al., 2007). Baland et al. (2010) studied the relationship
between poverty and fuelwood collection among Nepalese households within an EKC
framework and found that the improvement of living standards did not reduce fuelwood
collection, but rather that fuelwood use could be substantially reduced by access to primary
education and increased off-farm employment opportunities. These findings were contrary to the
‘poverty-environment hypothesis’ (PEH), which associates greater household reliance on
environmental services (fuelwood use) with increasing poverty. They found that poorer families
collected less fuelwood from forests than wealthier families. Evidence supporting EKC was only
exhibited at the top end of the wealth distribution with respect to greater off-farm business assets
(Baland et al., 2010). Fuelwood scarcity increases the opportunity costs or shadow prices
involved in collecting fuelwood due to increasing distance to fuelwood sources. Wealthier
households may respond to fuelwood shortages by switching to alternative energy resources
provided that they are available and are appropriate substitutes.

Another family of theoretical approaches is the ‘poverty-environmental degradation nexus’
(PEDN) (Bardhan et al., 2002; Arnold et al., 2003; Demurger and Founier, 2011), which
proposes that poverty reduction is a prerequisite for averting environmental degradation.
Demurger and Founier (2011) found strong support for the PEDN in China, where household
economic wealth had significant negative effects on household fuelwood consumption. The
authors offered two main policy implications based on evidence of the PEDN identified. First,
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that poverty alleviation is a precondition for improving environmental sustainability. Second,
that limiting access to nature reserves or other common property resources might exacerbate
poverty, since poorer households more often rely on them and therefore suffer more when access
is denied. Similarly, Sapkota and Oden (2008) found that among Nepalese households the poor
were highly dependent on fuelwood. Conversely, time may have a greater economic value for
members of wealthier households than for members of poorer households and therefore the
shadow price of using fuelwood may also be higher (Baland et al., 2010), therefore, the overall
effects of wealth or assets like land and cattle may be indeterminate.

2.3.3. Determinants of household bio-based energy use in developing countries

In many parts of developing countries fuelwood has been considered a ‘free’ good that is most
commonly collected by households using family labour. Increases in human populations have
resulted in dwindling forest cover due to the lack of appropriate forest resource management
combined with greater demand for forest products and land for agricultural production. In
overpopulated areas like the Ethiopian highlands fuelwood access is constrained by both internal
household factors such as labour scarcity, and external environmental factors including forest
scarcity and the limited availability of alternative fuels. In addition to opportunity costs there are
intricate factors that explain household energy use and inter-fuel substitution. Household assets
like land and livestock play important roles in energy use and substitution. The availability of
agricultural fuels is partly determined by cattle abundance and crop types. Land and cattle
abundance are often considered as proxies of household wealth; households with more cattle
tend to earn greater income and therefore are expected to be more likely to purchase modern
commercial substitute fuels. This also implies that the opportunity costs of collecting fuelwood
may be higher for such households. In contrast, raising cattle and collecting fuelwood in many
Ethiopian villages are activities that can be performed complementarily in communal forests or
grazing areas. The complementary nature of the two activities makes the opportunity cost or
shadow price lower. For instance, among Indian (Dayal, 2006) and Namibian households
(Palmer and Macgrego, 2009) the two activities were complementary (there was a positive
correlation between them), although it was not significant in the latter case.

In rural Ethiopia the reduction of extreme poverty has been found to discourage household
dependence on traditional biomass fuel use when appropriate alternative commercial energy
sources are available (Guta, 2012a). Fuel substitution of dry cattle dung or crop residues for
fuelwood has been investigated among Namibian (Palmer and Macgrego, 2009) and Ethiopian
households (Mekonnen, 1999; Mekonnen and Kaéhlin, 2008). These studies arrived on the
conclusion that these lower quality fuels are not fuelwood substitutes. There is a lack of
consensus about whether fuelwood energy is a normal or inferior good. Studies from China and
Uganda describe fuelwood as an inferior good, and found that rural household wealth was
negatively associated with fuelwood use (Demurger and Fournier, 2011; Lee, 2013). Other
studies have found fuelwood to be a normal good (Mekonnen and Kéhlin, 2008; Shi et al., 2009).
The transition from traditional biomass fuels to more refined commercial alternatives is part of
the process of economic growth (Macht et al., 2007; Lee, 2013), but fuel transition in rural
Ethiopia is also constrained by the lack of access to alternatives (Guta, 2012a). Demurger and

23



Fournier (2011) indicated that the own-price effect of fuelwood consumption behaviour is
important and that the importance of the price effect increases with household income.

One study in China found that livelihood changes, primarily greater off-farm employment and
agricultural specialization, lead to fuelwood substitution (Wang et al., 2012). Similarly in rural
Nepal greater off-farm employment opportunity was associated with fuelwood substitution
(Bluffstone, 1995). In Uganda evidence of the energy ladder was observed (Lee, 2013). That
study found that household use of solid and transitional fuels showed an inverse-U pattern as
household income increased, while electricity consumption had a direct positive relationship
with income. In contrast, despite substantially higher cost in comparison to modern fuels,
fuelwood users continued to purchase fuelwood from markets in Guatemala (Heltberg, 2005).
Therefore, the household decision to switch from traditional biomass use to modern alternatives
may depend on the external biophysical environment, the external political and institutional-
economic contexts, and internal household opportunities (van der Kroon et al., 2013).

2.3.4. Theoretical framework of the Agricultural Household Model

The neoclassical assumes that an agricultural household engages in production and consumption
decisions simultaneously. Non-separable agricultural household models have been used
extensively for studying household behaviour in developing countries (Singh et al., 1986;
Jacoby, 1993; Sadoulet and de Janvry, 1995; Kein, 2010). Household behaviour is consistent
with a non-separable model if household production decisions (i.e. labour choices, production,
inputs and outputs) are affected by preferences and demographic composition (Kien, 2010).

Many studies have used non-separable models to investigate bio-based energy production and
use in developing countries (Bluffstone, 1995, Cooke, 1998; Mekonnen, 1999; Heltberg et al.,
2000; Hyde and Kohlin, 2000; Pattanyak et al., 2004; Chen et al., 2006; Palmer and Macgregor,
2009). Household economic decisions regarding production, consumption, and labour allocation
are presumed to be made jointly (Hyde and Kohlin, 2000). That study recommended that in
dealing with fuelwood scarcity, it is better to consider wages and collection time than prices.
Models have been widely adapted to address problems related to market failures or
imperfections, especially for environmental valuations. In this particular case there is a flow of
goods and services from the environment to the household economy; variation in fuelwood use is
typical of cases where market imperfections are prevalent.

Starting with Becker’s (1965) pioneering article on the theory of time allocation, a number of
economists have analysed household time allocation decisions in the framework of household
production as well as the utility maximization perspective. Becker explicitly introduced time as
an input in a household final good production function and found that competing activities act as
constraints that can make time a scarce economic resource. Markets for key services and
products are limited in remote rural villages Ethiopia. The AHM was designed to examine
household labour allocation decisions among competing livelihood activities, household biomass
energy utilization, energy and food expenditures, and energy mix behaviour and the resulting
welfare effects. The majority of rural households collect fuelwood using family labour, making
collection cost implicit (i.e. an opportunity cost of labour time).
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The model describes peasant household engagement in fuelwood collection, agricultural
activities, and off-farm employment. The model was applied for an analysis of rural Chinese
household energy use by Chen et al. (2006). Household utility is defined as a function of energy
services like household consumption of cooked food, heating, and illumination represented by
(Cz(.)), the consumption of other goods (C,), and household leisure time (C;). Fuel production
and use are largely influenced by household-specific time opportunity costs. For agricultural
fuels, apart from the opportunity cost of collecting cattle dung (from communal grazing area)
these are negligible as they are non-separable from agricultural production. Household
preference is influenced by specific factors such as wealth and demographic factors (Z). The
utility function is specified as:

U = U(Cy(), Co, Cp; ZH) (3.1)

Households are expected to maximize utility subject to four main constraints in addition to non-
negativity constraints. The first constraint stems from the production technologies for
agricultural output and fuelwood. Fuelwood production technology is a concave function of
labour time spent on fuelwood collection (L) and the availability or number of trees cultivated
on private property or forest access indicators (ZF).

ar = qr(Lp,Z") (2.2)

Agricultural production technology is a primary input expressed as a function of labour time
(La), and agricultural residues used as organic fertilizer and fodder are specified as (g*), while
other inputs like chemical fertilizer and oxen ownership are presented by (Z4).

qs = qa(Lag’ Z%) (2.3)

Total agricultural waste generated is given as a fixed proportion of agricultural output as
(¥q4(.)). Agricultural biomass allocated to agricultural production is (g*) and agricultural
biomass used by households as energy is (q4r). Biomass waste and residue use by households is
expressed as:

Qar + 4" < Pqa() (2.4)

Energy is produced from three sources. Energy production technology for F depends on
fuelwood consumed (qr); agricultural fuel consumed (q4r); and purchased energy sources like
electricity, kerosene, fuelwood, and charcoal (Cg), conditioned by ownership of an improved
efficiency biomass stove (S). The energy service enters the utility function through the utility it
delivers, such as cooked food, heating, or illumination, and is expressed as:

C,(.) = F(4r qar, C&; S) (2.5)

Households face a cash income constraint specified as:
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PAQA"'T[B +WLO +T[g = PMCM+ PECE (26)

where, C,, represents purchased consumable commodities including food and energy;
Py, Py and P, are the prices of purchased commodities, the price of purchased energy, and the
price of agricultural outputs respectively; w is the wage rate; m, is non-labour or exogenous
income and savings, and g represents income from biomass sales. Households sell biomass and
earn income from timber, standing trees, fuelwood, or other products. It is difficult to distinguish
the market prices of fuelwood and agricultural fuel from the data. Households can earn income
from biomass by selling it in urban centres, and these wages were used to predict the shadow
wage and price.

The final household time constraint is expressed as the sum of labour time allocated to fuelwood
collection (Lg), agricultural activities, off-farm employment (L,), and leisure (C;). Total
household labour time (L) was formulated as:

Lh - LA + LF + LO +
Gy (2.7)

The specific assumptions are that: (i) energy sources are substitutable; (ii) using agricultural
residues and waste as energy reduces agricultural production; (iii) the use of labour for any
productive activity reduces leisure; (iv) Q,( Ly, 0; Z4) > 0 (i.e. if fuelwood is not available and
a household still produces agricultural outputs while using all agricultural residues and waste for
energy); and (v) the prices of tradable goods and wages are exogenous to households. In rural
Ethiopia biomass collection is an activity that is often performed by women and children.
Women and children are also important sources of agricultural labour, however, particularly
during sowing and harvesting periods. Male and female labourers are assumed to be perfect
substitutes in the model.

An optimal household solution is obtained by maximizing the household utility function subject
to energy, leisure, food, and profit constraints; a non-negativity condition for energy use; the use
of fuelwood, agricultural residues and waste for energy and as agricultural inputs (g; =0V j =
F,AF,i,F; Cg = 0); labour allocation choice (L; =0,V j =A,F,0,); the shadow values of
constraints (4 = 0); and the consumption of goods that use energy as an input; and other goods

(Cm, Cz, € = 0). Household consumption of food, energy, and leisure contribute to utility. By
Paqa(Lag’ z4)+np+wlo+ny— PECE

substituting C,,, = > from the budget constraint in Eq. (2.6) and
M

leisure by the labour constraint in Eq. (7) (C; = L, — Ly — Lp — Ly) into the utility function in
Eg. (1), the Lagrangian was formulated as:

max
qE.9F.94F.Cm.LaLo.LF, lp,

F(qr(Lp; ZF),qar, Cg), Ly — Ly — Lp — Lo,
=U PAqA(LA’ql; ZA) + 1 +wly + Ty — PrCg
Py
~ Ao (2.8)
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The equilibrium condition was derived from the first order conditions as:

0L _ 0U()dF()agp() 9U() _

dLp  0F(.) 0qr OLp ac, 0 (29)
dL  AU() P, dq,() oU(

00 Pda0) 0 10
oL,  aCy Py 0L, _ oG
oL UM w  AU()
L, = oc, Py oL, 2= (211)
oL dU() OF() Py  AU(
0L _ _OUC)IF() Py OUO) _ (2.12)
9Cy  9F() 9C; Pp | 9Cy
oL  AU()OF() oU() P

_ QUM OF() au() Py _ (2.13)

aCy 0F() 0Cg  dqy Py

Conditions 9-13 can be rearranged to obtain the equilibrium conditions described as:

oU() _ oU() 0F()aqr(.) _ 0U() Py 0qa()
ac, O0F() dqr 0Lp  9Cy Py 0L,

oU() w

ou(-)

ac Py,
E)U()Aﬂ/’l—"(.) - P (2.15)
9F() dCx

Equation (2.14) describes the equilibrium condition of time use by agricultural households
among agriculture, fuel collection, and leisure. The condition states that a household cannot
increase leisure utility by shifting a unit of labour time between the two activities (agriculture
and fuel collection) and leisure. It indicates that households allocate labour time to any activity
until the marginal utility of labour for agriculture and fuelwood collection is equal to the
marginal utility of foregone leisure. The comparison of this utility to off-farm wage depends on
whether a household participates in off-farm employment. It is equal to the wage rate if a
household participates; otherwise it is expected to be higher than the wage rate. The optimal
condition provides the amount of fuelwood and agricultural fuel, the amount of labour used for
the three activities (fuel collection, agriculture, and off-farm employment), and monetary income
from agriculture, biomass sales, and off-farm wage employment. Households use biomass energy
(fuelwood and agricultural fuels) for consumption and sale to generate income to purchase other
forms of energy (charcoal, kerosene, electricity) and other goods. Household cash expenditures
on consumption goods are represented by Eg. (2.15). That equation states that households cannot
increase utility by shifting consumption from energy to other goods and vice versa. This is
reflected in the equality of the ratio of the marginal utility of market goods to energy and
respective prices.
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2.3.5. Empirical econometric strategy

The reduced form of the equation is specified in Eqg. (16), which defines household labour
allocation and energy consumption as a function of prices, wages, household socio-economic
variables, and other exogenous factors. In the non-separable model it is not possible to derive the
functional form of the reduced form equations analytically (Singh et al., 1986; Chen et al., 2006).
The empirical model is therefore assumed to be linear. The reduced form equation defines
household energy consumption and labour time use for different activities jointly as a function of
the market price of energy, non-energy goods, the price of agricultural outputs, and other
exogenous factors explained above. In addition, in the non-separable AHM model the shadow
wage of fuel collection, agriculture, and off-farm labour, and the price of bio-based energy are
important explanatory variables. The reduced form equation was described as:

Cg )

qr

ql,lcw _ F(S, Ly, Py, P, Wi’,Pi’,PA,ﬂ'g,ZA,ZF; ZH) (2.16)
o

Lg

Lo )

where w;, and P; are vectors of the shadow wages and prices respectively. The likely effect of
wealth, price, and other variables were discussed in the previous sub-sections (2.2.1, 2.2.2, 2.2.3)
and also in Chapter One. Here the specific variables that were used in the empirical analysis are
identified and their expected effects explained. Household use of an improved efficiency
biomass stove was described by a binary variable (S) with a value of 1 indicating use and O if
otherwise. Household use of an improved efficiency biomass stove was expected to reduce
biomass energy consumption, but there is mixed evidence for this in the literature. The variable
Z" represents household characteristics and wealth. Household wealth includes livestock
(poultry, cattle, shoats) in tropical livestock units (TLU), and land area owned in hectares. The
variable 7, represents exogenous income or non-labour income that did not involve family
labour. This consists of remittances, gifts, and assistance received by households. The effects of
wealth on household labour time use, fuel choice, and bio-based energy consumption are
expected to be indeterminate (can be positive or negative).

Household demographic characteristics included in the model were family size, the age of the
household head, the education level of the household head above elementary school, the highest
level of education of a family member, the share of each family with formal education, the ratio
of dependents to adults, the highest education level achieved by a family member, and whether
or not a family member achieved a high school or higher level of education. The effect of
household family size on household labour allocation for fuelwood collection and bio-based
energy use was expected to be indeterminate. This is because large family size may imply more
labour available for fuelwood collection, however, cooking food for a larger family may result in
economies of scale or lower per capita energy use. Education variables are expected to increase
household use of modern energy and reduce the use of traditional biomass energy. It is assumed
that education increases household awareness about the adverse environmental, health, and
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economic impacts of traditional biomass energy use. It is also expected to motivate households
to adopt improved efficiency biomass stoves and the use of electricity and other modern forms of
energy. The variable Z4 expresses factors that influence agricultural production other than
labour, including fertilizer, livestock, and land area.

The variable ZF represents the vector of variables that affect household fuelwood use other than
labour. It primarily represents household access to forest reflected in the number of trees on
private land and population density in the area, which is expected to affect biomass availability
or the level of competition for forest resources. A greater number of trees on private land is
expected to reduce labour time required to collect fuelwood, but the effect on the amount of bio-
based energy consumption may be indeterminate. This is because a greater number of trees on
private land may represent greater household income from fuelwood sales and increases in
disposable income. Conditional on the availability of modern energy alternatives, increases in
disposable income are expected to increase consumption of modern energy alternatives relative
to biomass energy. Thus, the overall effect is expected to be indeterminate. High population
density is expected to increase pressure on communal forest and grazing areas and reduce
household access and use of bio-based energy.

The variable Py represents the price of purchased fuels. The price of charcoal was incorporated
in the household energy consumption function because approximately 14.5% of the households
purchased it, but it was not sold by any of the sample households. The market price of kerosene
was incorporated in household energy consumption because most of the households purchased
kerosene. Electricity prices did not vary across villages. Household expenditures were
considered in the empirical analysis to examine for a substitution effect for electricity. In
Ethiopia the electricity price per unit is fixed, particularly for very low-income households, but
for higher levels of electricity consumption the per unit price increases. Sample households were
in semi-urban areas and consumed low levels of electricity; therefore prices did not vary
significantly. The parameter estimate was taken as an approximation for elasticity.

The variable w; represents the vector of shadow wages for fuelwood collection, agricultural
activities, and off-farm employment. Higher shadow wage implies greater household access to
forest or fuelwood. The shadow wages were predicted for each of these categories from the
observed income and labour supply of the corresponding activities as explained below. Shadow
prices of fuelwood and agricultural fuels were used for the energy consumption analysis. The
variable P; is a vector of the shadow price of fuelwood and agricultural fuel. The shadow price
calculation is described in the following section along with the methods used to address the
problem of endogeneity of the implicitness of shadow wages and prices.

To investigate the trade-offs between food security and household bio-based energy use the

study examined livelihood implications in two ways; based on labour time allocated and labour

share (L =LLi), with (i = F,A,0) as specified in Eg. (2.22) and the energy expenditure
ht

equation (Eq. 2.23), and household energy use and substitution as specified in Eqg. (2.24). The
shadow wages were predicted from household characteristics and used in the labour share
equation following Fisher et al. (2005). The predicted shadow prices were also used in the
energy consumption function. The dependent variable used for predicting shadow wage was

29



computed by dividing income earned by households from the activity by the annual labour time
used for that activity. Hence, for household (h) the observed wage return from activity (i) was
given as:

_ Tint
Wint = I

(2.17)
iht

where w;;,; represents the observed earnings per hour from the activity, m;;, is income from that
activity, and L represents labour time allocated to that activity. For fuelwood the total household
biomass income (rrz) was a suitable proxy. Shadow wage was determined by the interplay of
factors such as demography, household preference for leisure, and the consumption of food and
energy. The observed wages from Eq. (2.17) are used as a dependent variable in the first stage of
the labour allocation model and energy and food expenditure equations, and to predict shadow
price used in the analyses of household bio-based energy utilization. The shadow price predicted
using Eqg. (2.18) was used in the energy consumption function Eq. (2.33).

Two methods have been implemented to predict the shadow price of biomass energy. Cooke
(1998) measured the scarcity of environmental goods by multiplying the wage rate by the
amount of time spent per unit of environmental good collected. Mekonnen (1999) multiplied the
marginal product of labour used for woody biomass energy collection by the shadow wage. The
same approach was used by Teklewold (2012) to predict the shadow price of livestock manure
use for soil fertility management. Damte et al. (2012) and Heltberg (2000) used time spent per
unit of energy collected as a proxy for fuelwood scarcity.

This study provided an alternative by building on the predicted shadow wage to predict shadow
prices. Instead of using the market wage rate, the marginal product of labour, and time per unit of
energy collected, the predicted shadow wages for fuelwood and agricultural residues were
multiplied by the time per unit of fuelwood and cattle dung collection to predict shadow
fuelwood and agricultural fuel prices respectively. This approach offers a closer approximation
because it is based on monetary value due to the fact that it is based on the predicted wage and
thus takes into account selectivity problems and household characteristics. This also offers a
consistent analysis of the fuel-food trade-off because it captures not only energy use, but also
broader agricultural and off-farm activities from labour supply and energy consumption aspects.
Moreover, it provides a more accurate measure of the elasticity of energy consumption and
energy substitution, which helped to address the problem of endogeneity of wages and prices.
Shadow price was predicted by using the formula:

nPy, = tn (w;h x —) (2.18)

where wy, represents the predicted shadow wage, P;;, is the predicted shadow price of energy
type i, q;, is the amount of energy i used by the household, and L;;, is labour time spent on
energy i production.
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The empirical model was derived from the reduced form of Eq. (16). The empirical model was
specified in various stages using panel and cross-sectional econometrics. There are three
econometric methodological complications that needed to be addressed. First, is the problem of
selectivity in the panel data for households that switch livelihood activity choices and changes in
household composition over time. Before determining the methods for predicting shadow wage
from the observed wage return, the presence of selectivity was tested by predicting the inverse
Mills ratio from the participation (binary) equation with a probit model in the first stage of
participation choice for each activity for each panel period and conducting a t-test of the
significance of the parameter on the inverse Mills ratio in the wage equation. Accordingly,
evidence of the existence of a selectivity bias was observed in the case of fuelwood and off—arm
employment; however, there was no evidence of a selectivity bias for agricultural activities.

The second econometric issue relates to endogeneity of the shadow wages. This indicates that
identifying an instrument is a key aspect of the model. The relationship between the binary
participation equation and wage equation was used to account for any gaps between the observed
hourly wage and implicit shadow wage for any of the activities, and it provides a correction for
the estimation of the shadow wage (Shively and Fisher, 2004; Teklewold, 2012). Economic
theory directs the choice of instruments. The instruments should have an effect on wage, but
should influence household labour supply only through wage. The analysis used three
instruments and their interactions for controlling the endogeneity of shadow wages. These
variables were the distance from villages to the nearest paved road, mean per capita income in
the village (Jia and Martin, 2013), and a dummy variable of whether or not a village had an
agricultural cooperative(s), and interactions among the variables. Household and community
access to cooperative services and distance to the nearest paved road affect the shadow wage of
labour allocation to activities (labour supply). It was expected that the higher mean per capita
income in the village, the higher agricultural and off-farm wages would be. In contrast, increases
in the distance between a village and the nearest paved road were expected to reduce wages.
Accordingly it was expected to influence labour allocation to the livelihood activities. To
estimate wage and labour supply, and energy and food expenditures, a robust Fixed Effect two-
stage Least Square (FE-2SLS) model was applied. The model performed all tests for the validity
of instruments.

The third econometric issue is to capture the simultaneity of labour allocation decisions
regarding the activities. Activities are assumed to compete for household labour, which suggests
that a systems approach should be implemented. Therefore, the main methodological complexity
arises when households switch their livelihood activity selection over time. Though the FE-2SLS
method can help to capture endogeneity and selectivity, it might not be appropriate in this
specific case. This is because the FE-2SLS could not allow consideration of the simultaneity and
competition between activities. In order to consider simultaneity and the competitive nature of
the livelihood activities the joint labour time (cumulative hours per year) was estimated by using
a Seemingly Unrelated Regression (SUR); and an Almost Ideal Demand System (AIDS) as
proposed in Fisher et al. (2005) was used to estimate labour share based on predicted shadow
wage. In this case to circumvent the problem of endogeneity and selectivity biases related to
changes in household livelihood activities over time, two competing approaches from the
literature were proposed for panel data. Following Wooldridge (1995), the first approach is based
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on the parameterization of conditional expectations by estimating level equations by
implementing Heckmann type corrections for each year in the panel and controlling FE by
incorporating the average time of the exogenous variables in the equations (Mundlak, 1978; Jia
and Patrick, 2013). The second approach is based on matching selected households in first
difference as proposed by Rochina-Barrachina, (1999). The shadow wages of off-farm
employment and fuelwood collection were predicted following Wooldridge (1995), because
selection problems were detected, the approach does not require differing, and it is based on
level estimation (Dustmann and Rochina-Barrachina, 2007).

Household wage and labour supply were estimated in two steps. In the case of the FE-2SLS the
wage equation in the first step is specified as:

In(Wipt1) = aoi + BrinXne + Vinne + €edi(Hinez2) + €inea
i=123 h=12.. N;t = 1,2 e ~Normal(0,1) (2.19)

where i represents the activity (fuelwood collection, agriculture, off-farm work), h represents
each household, t is the time period, X;;; iS a vector of exogenous factors that influence
participation, wage and labour supply excluding the instruments, Z;,, represents instruments that
were included in the wages, but excluded from labour supply, A;(.) represents the inverse Mills
ratio based on H;,;, for each activity, and €;;,; represents idiosyncratic error variables such
thatE(Eihtl/Zh, 0() = O,t = 1,2

The first stage probit equation is specified as:
dint = 1[@1inXne + Oin + Uinez > 0] Uipe2/Xp~Normal(0,1) (2.20)
Hence, the probit model is specified as:

dint = Piz + Q1inXnt + Oin + Hinez;  die =1 (djpe > 0);
Uint2/Xn~Normal(0,1) (2.21)

where Biin, Bains Yin Oins Lo Pize Piins P2in, and 6;;, are unknown parameter vectors, and w2
is an idiosyncratic error term. In this case the labour supply is specified as:

n(Line) = agi + yVintn(Wipe) + Z Yijntn(Wine) + YinXne + €eA(Hine) + €ine (2.22)

i#j

where ay;, ¥in, ¥ijn, Yin and £, are unknown parameters and €;,, is an idiosyncratic error term.
A simultaneous labour supply system estimation approach was also applied.

The labour system equation was used to investigate simultaneity or allow for correlation among
activities. Fisher et al. (2005) argued that a systems approach is theoretically more justifiable as
forest activities (in this case fuelwood collection) is one of several activities often performed
simultaneously by household members.
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A control function approach was implemented in which the shadow wage is predicted (wj’h) from
Eq. (2.6) for the system of labour supply equation by excluding the vector of instruments (Z;,;)
and their time differenced outcomes (Z,). To control for panel heterogeneity the time differenced
mean of all exogenous variables was incorporated into the SUR model and the AIDS model for
labour share system equation. The Mundlak (1978) approach was used to calculate H;,;, and to
conserve degrees of freedom. This was performed by replacing the term 6;, with X, + w;p,.
Hence, the probit and wage equation are specified as:

dine = Piz + PrinXne + P2inXn + 0in + Winez;  die = 1 (djpe > 0);
Uint2/Xn~Normal(0,1) (2.23)

And the shadow wages were predicted from wage equation specified as:

IM(Wine1) = @i + BrinXne + BoinXn + VinZne + 6inZn + € A(Hintz) + €inea
i=123 h=12.. N;t=12 €;:1~Normal(0,1) (2.24)

where: X, and Z,, are variables representing the mean of exogenous variables and instrumental
variables respectively; Biin, Bzin Yin Oins Lo Piz» Piin» ©2in, aNd g, are unknown parameter
vectors, and p;p:, and €;,, are idiosyncratic error term.

The labour allocation equations for the three activities in the SUR model were specified as:
In(Line) = @o; + Vinfn(Wipe) + Z Vit Wine) + YinXne + EnXp + Eine (2.25)
i+j

where i and j represent livelihood activities (fuel collection, agriculture, off-farm employment);

!

@oi» Vij» Yins @nd &y, are unknown parameter vectors; activity i wy,, denotes the predicted wage
from livelihood activity j; and ¢&;,, is the error term that is expected to be correlated across
equations such that &;,, ~ N(0, 87;).

Joint household labour shares among the three activities estimated based on an AIDS model. In
this case the dependent variable is the household share of labour time allocated to activity i (fuel

collection, agriculture, or off-farm employment) given as: [;;,; = % The predicted wage rate
ht

(wj,) from Eq. (24) was used in the system of share equations by excluding the vector of

instruments (Z,,) and their time difference (Z,). The system of labour share equations can be
analysed using an AIDS model in a similar fashion to commodity demand following Deaton and
Muellbauer (1980). The pooled AIDS model for household systems of labour share equations
was specified as a function of various determining factors as:

line = ao; + Z Viftn(Wine) + YinXne + EinXn + Nine (2.26)

i*j
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where i and j represent livelihood activities; ao;, ¥ij, Y and & are unknown parameter
vectors; wjy,, denotes the predicted wage from livelihood activity j; and &, is the error term that
IS expected to be correlated across equations such that 7;,: ~ N (0, Sizj :

In the system of share equations, three sets of restrictions are required to be met by construction.
First, the adding up condition is represented by the condition };; a; = ar + a4 + ap = 1, which
ensures that the predicted labour share equations of all activities sum to unity. Second,
homogeneity means that the labour share equations are invariant to proportional changes in all
wages; described by ¥;v;; = 0,%; Bin = 0, and §, = 0. Third, symmetry restrictions mean that
cross-wage effects are equivalent, y;; = y;; Vi,J.

In earlier studies, one of the equations was dropped from the model during estimation to avoid
singularity of the disturbance covariance matrix (Sadoulet and de Janvry, 1995). Poi (2012)
developed a programme that addressed this problem in order to estimate all of the share
equations jointly in a more consistent way, which was followed in this study. Pooling time series
and cross-sectional data, AIDS produces theoretically consistent parameter estimates as it allows
for possible cross-equation restriction because the equations are estimated simultaneously.

The empirical model in the energy expenditure analysis uses both continuous and discrete
dependent variables to measure the welfare effects of fuelwood scarcity. The continuous
variables are per capita energy and food expenditures in monetary metric. The discrete variable
is energy choice. Shadow wages play an important role in household decision making. Higher
shadow wage implies better household access to forest or fuelwood. The dependent variables
used in the first stage were observed wages of the three activities (fuelwood, agriculture, and off-
farm employment). The FE-2SLS model was used by incorporating the inverse Mills ratios for
food and energy sources (e) for each year that were predicted using a probit model. The binary
outcomes for per capita energy and food purchase decisions (d.;;) are specified as:

dent = Pez t PrenXnt + Q2enZnt + Wen + Hentz;  dene =1 (dgpe > 0);
Uent2/Xn~Normal(0,1) (2.27)

Where d,;,; represents latent dependent variables for energy and food purchase choices; pe,,
Q1en, and @, are unknown parameters; and wg,, and w,;, represent variables that capture
unobserved household heterogeneity in activities and purchase choices respectively.

Then the per capita energy and food expenditure function is specified as:
Ceht =Yoe + z Yie'gn(wiht) + d)ehxht + {)etle (Heht) + Eent (2-28)
i+e

where C,p; represents per capita expenditures on energy sources or food by household (k) in
time period (t), A.(.) represents the inverse Mills ratio calculated based on H,; for household
energy (biomass and kerosene) and food purchase choices; Yoe, Vies Wen, and €., are the
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unknown parameters of interest in the final stage of the FE-2SLS on which the analysis focuses,
and &,y IS an error term.

The discrete choice model of household energy choice was formulated to investigate the effects
of fuelwood scarcity and other determinants of energy transition. Households maximize utility
by choosing to purchase energy source f, among alternatives (F), and there is a latent conditional
indirect utility (V¢,,,) specified as:

V]iht = Zyiffn(wlfht) +Xht9f + K'f + nfht f = 0,1,2,...F (229)
i#f

where 7 is the unobservable idiosyncratic error term, k; is unobserved household heterogeneity,
¢ and y;, are unknown parameters, and w;,, represents the predicted shadow wage from Eq.

(6).

This supposes that Pr, (f = 0, ...,4) denotes the fuel category (i.e. 0 = purchase biomass or
biomass mixed with modern energy options, 1 = electricity only, 2 = kerosene only, 3 = battery
powered devices and others, 5 = a mix of any modern energy options (electricity, kerosene,
battery powered devices and others). It was assumed that 7, is identically and independently
distributed (iid) across energy choice sets. Then the odd ratio is given as:

exp Cizf ViptnWip)+Xp65)

b , 2.30
fh Z?_Oe(ZiifVif{;n(Wih)"'thf) ( :

Following the econometric rule and the assumptions specified above, setting the values of y;¢
and 6y to zero, the odd ratio for each choice (f # energy category 0) is written as:

eQazs YratnWop)+Xnby)

P = ) = 1' 21314 331
Thir=0 1+ Z}‘éo e ZazfVratnWep)+Xnb ) ! ( )

and for the reference group;

e Qazs YratnWop)+Xnby)

I , 2.32
Th/r=0 o eCasr VralnWen)+¥ndy) (2.32)

Finally, the cross-sectional econometrics are applied to estimate household energy consumption
functions. For household (h), demand for biomass energy type (fuelwood, agricultural fuel and
charcoal) (b) is specified as:
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fnth = d)bh + an]ln(Pl;h) + Tbth + Sth + a)bXC + Upp s Ubh"’NOT'mal(O,l) (233)
b#j

where ¢pp, 1y, Tp, wp, and 8§, are unknown parameter vectors; gy, represents the amount of
energy i consumed by household h; P, and P; are the shadow prices of energy options b and j
respectively; G, represents the interaction of assets (land and livestock) with the shadow wage;
X;, represents other household-specific factors; X represents community specific factors such as
population density; and v, represents unobservable variables.

The econometric analysis is based on different econometric models specified above. First, the
FE-2SLS in Eq. (2.22) is used to estimate annual labour time allocated to the three activities
separately in section 2.5.2.1.1. The selectivity bias in household fuelwood or biomass sale, and
off-farm employment participation choice, and (energy and food) purchase decision is corrected
with the inverse Mills ratio predicted from probit model in Eq. (2.23) and Eq. (2.27). Second,
the household joint labour allocation is estimated using the SUR in Eq. (2.25) described in
section 2.5.2.1.2 and labour share equations is estimated using the AIDS model in Eq. (2.26)
described in section 2.5.2.1.2. In these cases, the shadow wages were predicted for each activity
based on Eq. (2.24) using the inverse Mills ratio from the probit model in Eq. (2.23). Third, per
capita energy and food expenditures are estimated using the FE-2SLS in Eq. (2.28) described in
section 2.5.2.2.1. Fourth, the multinomial logit model is used to estimate household discrete fuel
choice in Eq. (2.30) described in section 2.5.2.2.2 using the predicted shadow wage from the FE
first-stage wage equation that was corrected for selectivity using inverse mills ratio predicted
from probit model in Eq. (2.23). Finally, the predicted shadow wages are used to predict shadow
prices, which are used together with other exogenous factors in the energy consumption function
as formulated in Eq. (2.33) described in section 2.5.4. The wage elasticity of each activity and
the wage elasticity of substitution between activities were computed to evaluate the competition
or complementarity among activities. Lastly, together with a detailed analysis of household
energy consumption behaviour, energy mix decision, and energy and food expenditures, this
helped to reveal household welfare implications.

2.4.  Description of the data and sampling technique

Both primary and secondary data were used in the analyses. There were two types of secondary
survey data: household-level base survey and national-level data. The base survey was from the
‘Ethiopian Rural Household Survey’ (ERHS) conducted in 2004. The ERHS is a well-known
longitudinal survey in the country that was initiated in 1989 (Webb and von Braun, 1994). The
survey period was characterized by the most severe warfare and famine in Ethiopian history.
This survey included six villages in central and southern Ethiopia, with a total of 450
households. In the follow-up phase in 1994 the survey was extended to nine additional villages
across the country for a total of 15 villages and 1,477 households. Five of the villages are in the
Amhara region, two villages are in Tigray, four are in Oromia, and four are in the SNNP. The
survey was repeated in all 15 villages in 1995, 1997, 1999, 2004, 2009, and 2011. The survey
was stratified according to the main agricultural zones of Ethiopia, with one to three villages
selected per zone (Dercon and Hoddinott, 2004). The survey efforts were supervised by the
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Economics Department at Addis Ababa University, the Centre for the Study of African Economy
(CSAE), the University of Oxford, and the International Food Policy Research Institute (IFPRI).

The surveys provided detailed data on household consumption and expenditures, assets, income,
agricultural activities, land allocation, demographic characteristics, and other variables.
Participating villages were selected based on various criteria, such as the diversity of farming
systems, productivity, and vulnerability (Dercon and Hoddinott, 2004). The survey data have
been used in many recent research efforts (Gray and Mueller, 2012; Guta, 2012a). After
complete lists of the households in each village were obtained from village administrators,
random samples of respondents were drawn based on the gender of household heads in
proportion to the population of the selected villages. However, since the original survey was
designed with multiple objectives, detailed information on the amount of fuel produced,
consumed, or purchased was not available.

From September 2011 to January 2012 another survey of 221 households was conducted in three
major regions of central and southern Ethiopia. At the time of this latest survey effort the most
recent ERHS survey data available was from 2004. The selection of respondents, determination
of sample size, and apportionment of the sample were based on a proportional sampling
technique.

Despite efforts to link the two surveys, some relevant information was missing in the base year
survey. In order to address the research objectives the study combined the 2011-2012 field
survey and the ERHS 2004 data. For a detailed analysis of the amount of biomass energy
produced and consumed only the field survey data were used. In addition to addressing important
questions from the ERHS survey data, the field survey was designed to generate detailed
information on household biomass energy production and consumption practices; as well as
farming activities; labour and land allocation; economic and demographic characteristics; and
expenditures on food, non-food goods, and energy. It was not possible to conduct a panel data
analysis on household bio-based energy use because the ERHS 2004 lacked detailed data on
biomass fuel use. The 2011 survey effort collected detailed household biomass energy use data.?
Only the field survey data were analysed using appropriate econometric approaches in order to
examine household biofuel consumption behaviour.

The next steps were to determine the study areas and samples. Multiple criteria were used to
determine study sites, including: the diversity of biomass energy consumption, the desired
number of respondents, and the patterns of energy utilization. One criterion was the sample sizes
in the ERHS 2004 effort, because a sufficient sample size was needed to account for unavailable
respondents (who may have moved or passed away during the interim). After carefully reviewing
the ERHS database and other secondary sources, a pilot survey was conducted in July 2011 to
identify potential study sites. Four villages were selected: two in Oromia, one in Amhara, and

2 The measurement of household biomass energy was obtained in local traditional units and later converted to
kilograms. The conversion factors were established based on measurements taken in the closest urban centre for all
biomass energy consumed in the study areas. Information obtained on household biomass energy use was collected a
week before the survey was conducted. It was then aggregated into annual figures, although household biomass
energy use may vary seasonally.
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one in SNNP. The sampling method was based on the geography of southern and central
Ethiopia, which is further segregated geopolitically into regions, zones, districts, and villages.

The next challenge was how to allocate the survey sample across villages, for which a pure
proportional sampling method was used. The sampling objective was to survey about 210
households from the four villages. This sample size was proportionately distributed based on the
ERHS sample size. Based on the list of names from the previous survey, the number of

th
households chosen was based on (%) , Where n was the current sample size and N was the base
year sample size. A complete list of the study areas and sample sizes is given in Table 2.3.

Table 2.3. Ethiopian study areas and sample sizes (number of households)
Region Zone District or woreda Peasant association ERHS 2004  Sample size
Ambhara Northern Shewa Basona Worena Basona Worena® 169 81
Oromia Eastern Shewa Adda’aa Chukkalla Udee 80 37
Western Arsi Sheshemene Zuria Trirufe 90 43
SNNP Gedeo Bule Addado 124 60

Source: ERHS (2004)

A complete list of households was used to select the survey respondents. Then the respective
peasant association administrators were consulted to determine the availability of sample
households. In cases of respondent unavailability, the next household on the list was chosen as a
replacement. A total of 221 households were selected for the survey (Table 2.3): 36.2% were
located in Oromia, 36.65% in Amhara, and the remaining 27.15% in SNNP. Due to missing key
variables like income for some households, only 214 households were considered in this
analysis.

2.4.Descriptive statistics

Addado had the lowest per capita income. A typical household in Addado earned about 1,506
Ethiopian Birr (ETB) (US$ 81.54) per year in 2011, which was about 48% of the income earned
by counterpart households in Udee, where households had the highest per capita income of 3,124
ETB or US$ 169 (Figure 2.3). The mean annual earnings of Addado households were the lowest
over both survey periods. Mean household earnings in Addado, Trirufe, and Udee grew at annual
rates of 2.8%, 4.7%, and 4.8% respectively over the 20042011 period. In contrast, mean annual
household earnings in Basona Worena declined at a rate of 1.3%. In addition to favourable
agricultural conditions, this geographical advantage gives Udee greater access to modern
infrastructure, inputs, investment activities, technological advantages, and markets, allowing
farmers to earn higher prices for their harvests. Off-farm earnings were also high in Udee, likely
due to greater access to investment or employment opportunities.

3 Basona Worena originally included four small villages (Milki, Koremergafia, Bokafia, and Karafino), however, the
latter two villages became part of the town of Debra Berhan in 2011. Respondents were selected from all four
villages based on the ERHS 2004 survey.
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Figure 2.3. Sources of annual sample household earnings over time, in Ethiopian Birr

Agriculture was the major livelihood means, with household earning shares above 64% in
Basona Worena in 2011 and 65% in Udee in 2004. However, the importance of agriculture
dropped significantly for Trirufe and Basona Worena from 91% and 77% respectively in 2004 to
64% in 2011 for both. In contrast, agricultural earning shares rose from 65% to 80% in Udee
over the same period. Basona Worena had the highest livelihood share from fuel sales. Cattle
dung was the most commonly traded fuel in the woreda of Debre Berhan, representing about
16% of household earnings for both periods. Households in Udee derived about 4% from fuel
sales in 2004 and 5% in 2011 (Table 2.4).

Table 2.4. Sources of annual sample household earnings by village and year (shares)

2004 2011
Activity Basona Worena Udee Trirufe Addado | Basona Worena Udee Trirufe Addado
Agriculture*  0.77 0.65 0091 0.72 0.64 0.80 0.64 0.80
Biomass® 0.16 0.04 0.00 0.01 0.16 0.05 0.01 0.01
Off-farm¢ 0.04 0.28 0.07 0.25 0.18 011 o021 0.17
Non-labour®  0.04 0.03 0.03 0.02 0.02 0.04 0.13 0.02

Note: 2Agriculture includes income from the sale of crops, livestock, and livestock products excluding dried cattle
dung and crop residues

®Biomass refers to earnings from the sale of forest products (standing trees, timber, firewood, charcoal, etc.), dried
cattle dung, and crop residues

¢Off-farm is income from off-farm businesses and employment

4 Non-labour includes income from the sale or rental of assets like land, interest on loans, remittances, gifts, and
government assistance

Labour balance was calculated at the household level for illustrative purposes. Household
agricultural labour demand was not constant throughout the year. From the labour supply
perspective, the economically active labour supply also differs seasonally. Labour supply
constraints depend on the number of family members capable of engaging in agricultural
activities. In the case of children only non-school periods were considered because children
spend nearly the whole day at school when it is in session. Another factor that influences farm
household labour supply is family size. The mean family size for all study sites was 6.0 members
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in 2004 and 5.3 in 2011 (Table 2.6). At the regional level the mean family size in Oromia was
4.7 (CSA, 2005). According to the survey results, an average of three out of five household
members were economically active, and an average of one member was engaged in domestic
activities. It was assumed that children under the age of 18 spend their time in school except for
a ten-week break from July 04 to September 11 and a mid-semester break from December 19 to
January 01 (Gurmesa, 2011). Hence, the annual child labour supply was a period of
approximately 12 weeks, for 8 hours a day, and 6 working days a week (6*2*2*8 = 192 hours
per year). For the remaining two economically active family members, the total labour hours
were computed as 6*2*2*8*12 = 2,304 hours per year. Other studies have followed a similar
approach (Gurmesa, 2011).

The mean labour times allocated for the three activities increased over time (Table 2.6). The
labour shares by activity are given in Table 2.5. Fuel collection labour shares increased in all
villages; by about 22% in Trirufe and 17% in Udee. In Addado the share of fuelwood collection
declined slightly (by 1%), but in Basona Worena it increased by about 5%. Cooperative forest
management efforts were being implemented in Udee and in Trirufe, where four forest
cooperatives restricted forest access. All sample households reported utilizing dried cattle dung
as fuel in Basona Worena and crop residues as fuel in Addado. Agricultural and off-farm
employment labour shares increased slightly over the same period.

Table 2.5. Labour activity shares by village and year among Ethiopian sample
households
2011 2004
Basona Basona

Activity Worena Udee  Trirufe ~ Addado | Worena Udee  Trirufe  Addado
Fuelwood collection 0.19 0.33 0.42 0.27 0.15 0.16 0.20 0.28
Agriculture 0.72 0.59 0.44 0.66 0.81 0.65 0.74 0.49
Off-farm employment ~ 0.09 0.08 0.15 0.07 0.04 0.19 0.07 0.24

There are different possible explanations for the observed increases in agricultural and fuelwood
collection time over 2004-2011. Ethiopia has experienced high deforestation rates over the last
four decades. This has contributed to increasing fuelwood scarcity that likely increases fuelwood
collection time, particularly for households that collect it from communal areas. Ethiopia has
also scaled up cooperative forest management efforts over the last decade that may have resulted
in reduced access to forest resources among non-participant households. The trend may also
reflect underreported fuelwood and agricultural labour time in the base year. Fuelwood
collection time was not available from the base year survey, although that data contained detailed
information on household time allocation for children under 21 that included farming activities,
domestic work, and study time at home. Domestic time allocation was used as a proxy for
fuelwood collection time. Another problem was that in the base survey ensete, which is the main
staple food in Addado, was mistakenly identified as a tree (excluded from agricultural labour). In
the 2011 survey effort detailed data on household labour time use were collected in order to
correct these omissions in the base survey data.

Household access to energy and markets are important determinants of household energy use.
Descriptive statistics of household expenditures are depicted in Figure 2.4 and Figure 2.5. There
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was a significant rise in the percentage share of non-food goods among household expenditures.
Food expenditure budget shares dropped significantly in Basona Worena, from 58% to about
11%, and also declined in Addado by about 5%. The share of food expenditure among
households in Udee and Trirufe exhibited an increase of about 9% and 1% respectively over the
2004-2011 period. A significant rise in non-food expenditures reflects changes due to expanded
access to education and electricity, as well as urbanization of the study sites. In Basona Worena
the mean expenditure share of kerosene increased from 3% to 21% over 2004-2011, but the
shares of kerosene declined by about 7%, 6%, and 4% in Addado, Udee and Trirufe respectively.
The main reason for this disparity is likely the electrification of the latter three villages, where
households shifted to electricity as a substitute for kerosene for illumination purposes. This led to
significant reductions in the percentages of households that purchased kerosene; by 31% in
Udee, by 61% in Trirufe, and by 31% in Addado. In 2011 Trirufe had the highest percentage
(80%) of households with access to electricity, followed by Udee (60%), and Addado (47%).
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Figure 2.4. Expenditure shares by category, village, and year among Ethiopian sample
households

Charcoal was purchased by at least some households in all villages. Approximately 14.5% of all
sample households reported purchasing charcoal. Charcoal was purchased by nearly half of the
households in Udee in 2004, but that percentage declined to about 34% in 2011, but the budget
share of charcoal increased from 4% to about 8% over same period. Households in Udee spent a
lower budget share on charcoal, which accounted for about 5% in 2004 and 1% in 2011. A large
proportion (19%) of the households in Addado shifted to fuelwood over time, though the budget
share of this fuel was insignificant (2%) (Table 2.4).
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Figure 2.5. Expenditure category percentages by village, and year among Ethiopian
sample households

Previous research indicated a clear dichotomy in household energy expenditure patterns between
the poor and relatively wealthy households in rural Ethiopia (Guta, 2012a). Figure 2.6 and Figure
2.7 present monthly per capita household biomass (fuelwood and charcoal) and modern energy
option expenditures. Total per capita household energy expenditures are described in Figure 2.8.%
Among households that purchased fuelwood and charcoal, per capita expenditures on fuelwood
were higher for wealthier households in 2004. Higher per capita expenditures on fuelwood in
2011 were likely due to household purchases of entire standing trees that are subsequently
processed into fuelwood. Low-income households comprised 86% of the sample in 2004 and
83% in 2011. These households spent an average of about 3.00 ETB (US 0.24) per month on
fuelwood over both periods, however, monthly per capita charcoal expenditures by low-income
households rose from 2.70 ETB (US$ 0.31) in 2004 to about 4.90 ETB (US$ 0.57) in 2011. Per
capita expenditures on modern energy options by the low-income households remained relatively
stable over time. Monthly per capita kerosene expenditures increased from 1.85 ETB (US$ 0.21)
to 2.00 ETB (US$ 0.23) over 2004-2011. Compared to their wealthier and middle-income
counterparts, low-income households spent relatively more on battery operated lighting and other
energy options. Mean monthly per capita overall energy expenditures by low-income households
showed no change over time, remaining at about 3.30 ETB (US$ 0.38) for both periods.

% The exchange rate was approximately US$1.00 = 8.63 ETB in 2004. The same exchange rate was used to compute
real per capita expenditures in 2011.
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Figure 2.6. Mean monthly per capita expenditures on biomass energy by energy type,
income group, and year among Ethiopian sample households

Mean per capita household expenditures on fuelwood and charcoal among the wealthier
households rose significantly over time. This group comprised only 1.4% of the sample
households in 2004 and 2.3% in 2011. Mean monthly per capita charcoal expenditures by
wealthier households rose from 4.00 ETB (US$ 0.46) in 2004 to about 13.00 ETB (US$ 1.51) in
2011. Wealthier households did not report fuelwood purchases in 2004. The mean monthly per
capita fuelwood expenditures by wealthier households in 2011 were about 32.00 ETB (US
$3.71), however, monthly per capita expenditures on charcoal by these groups declined sharply
from 15.00 ETB (US$ 1.74) to 5.30 ETB (US$ 0.17). Wealthier households also reduced per
capita expenditures on kerosene. This is likely attributable to the substitution of electricity for
kerosene. Compared to other households, wealthier households spent less on battery powered
lighting and other fuels. Overall the monthly per capita expenditures by the wealthiest
households increased slightly, from 14.60 ETB (US$1.69) to about 16.50 ETB (US$1.91) over
the study period.

8 1 B Higher (per capita income > 1500)
£ 7 - % Middle (1500>=per capita income>=750)
g 6 - P B Low(per capita income<750)
2S5 5 e
25 ° A
[ =) Haleered
2E 4 -
38 3- I
e 2 2. EE 2 T
5= R o e
22 1 B . A . SR
ST LW ~ ol = M =
& 2011 2004 | 2011 | 2011 2004
Kerosene | Electricty Batteries and others

Figure 2.7. Mean monthly per capita household expenditures on modern energy options by
energy type, income group, and year

The middle-income group comprised about 9.8% of the sample households in 2004 and 14% in
2011. Middle-income household per capita expenditures on fuelwood rose over time. Like the
wealthier household group the middle-income group did not report fuelwood purchases in 2004.
Mean monthly per capita expenditures on fuelwood by the middle-income group were about
26.00 ETB (US$ 3.01) in 2011. Similarly the monthly per capita charcoal expenditures by the
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middle-income group rose from about 4.00 ETB (US$ 0.46) to about 13.00 ETB (US$ 1.51). The
monthly per capita electricity expenditures were the highest (3.20 ETB) for the middle-income
group, followed by the wealthier (2.40 ETB or US$ 0.28) and poorer (1.00 ETB or US$ 0.12)
households. Overall monthly per capita expenditures by the middle-income group more than
doubled, from about 3.50 ETB (US$ 0.41) in 2004 to about 9.60 ETB (US$ 1.11) in 2011.
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Figure 2.8. Mean total monthly per capita expenditures by year and income group
among Ethiopian sample households

The descriptive statistics of the variables used in the analyses are presented in Table 2.6.
Agriculture accounted for about 68% of the household labour in 2004 and declined to about 62%
in 2011. The labour share of fuel collection increased from 19% to 28% over the same period.
Although the number of off-farm employment labour hours increased, the relative share declined
by 3%. This may also reflect an improvement in education in the selected villages. For instance,
the share of family members that attended formal school increased from 23% to about 61% over
2004-2011, and the number of years of school completed by the household head also increased
slightly. On average, the highest number of years of school completed by a family member
increased from four to seven. Furthermore, the percentage of household heads with formal
education increased from 9% to 13%. The share of household family members with formal
education increased from 12% to about 36%. There were also slight declines in livestock
quantity and parcel sizes, presumably due to population pressure and declining resources per
capita.

Table 2.6. Descriptive statistics of the household variables used in the analyses
2004 2011

Variables Mean Std. dev. Mean Std. dev.
HH fuelwood collection labour time in hours per year 144.5 110.47 491.56 356.68
HH agriculture labour time in hours per year 902.4 1006 1252 780
HH off-farm labour time in hours per year 159.5 385 202 553
Fuelwood collection share of HH labour time 0.19 0.18 0.28 0.20
Agricultural share of HH labour time 0.68 0.26 0.62 0.22
Off-farm share of HH labour time 0.12 0.23 0.09 0.15
Monthly per capita HH food expenditures in ETB (100s) 3.63 3.42 6.27 1.68
Monthly per capita HH biomass energy expenditures in ETB
(100s) 1.52 2.71 1.25 2.31
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2004 2011
Variables Mean Std. dev. Mean  Std. dev.
Monthly per capita HH kerosene expenditures in ETB (100s) 3.87 2.30 4.34 1.39
£n monthly HH electricity expenditures in ETB (100s) 0 0 0.54 1.62
£n hourly HH fuelwood collection labour wage in ETB (100s) 1.85 1.76 1.64 1.64
£n hourly HH agriculture labour wage in ETB (100s) 4,98 0.51 4.48 0.50
£n hourly HH off-farm labour wage in ETB (100s) 1.67 2.43 3.39 2.53
Remittance (dummy) 0.17 0.38 0.18 0.38
HH family size 6.07 2.48 5.38 2.12
Age of HH head 51.21 14.93 54.04 14.64
HH head education above elementary school (dummy) 0.09 0.29 0.13 0.33
HH member education high school or above (dummy) 0.12 0.32 0.36 0.48
Highest HH member education level in years 4.06 3.54 7.02 3.94
¢n HH land area in hectares 0.56 0.72 0.35 0.73
¢n number of HH trees 2.77 2.46 3.84 2.81
£n number of HH livestock (in TLU) 0.87 1.40 0.73 1.52
Ratio of HH dependents to labourers 1.33 1.01 0.69 0.68
Female share of HH workforce 0.48 0.24 0.49 0.25
Distance of village to nearest paved road in km 3.28 111 2.84 1.42
£n mean annual per capita village income (PCI) in ETB(100s) 5.84 0.34 6.05 0.22
Agricultural cooperative (dummy) 0.91 0.29 0.86 0.34
Agr. coop. * £n mean annual village PCI in ETB (100s) 18.91 5.49 16.84 7.73
fn mean village PCI * distance to nearest paved road 3.00 1.47 2.40 1.65
Agr. coop. * distance to nearest paved road 5.26 1.72 5.23 2.09
Inverse Mills ratio HH kerosene expenditures 0.42 0.42 0.13 0.14
Inverse Mills ratio HH food expenditures 0.29 0.22 0.03 0.11
Inverse Mills ratio HH biomass fuel expenditures 0.04 0.10 0.18 0.10
Inverse Mills ratio HH off-farm employment participation 0.59 0.35 1.18 0.41
Inverse Mills ratio HH biomass sales 1.44 1.14 2.47 2.72

Note: HH = household

2.5.Regression results and discussion

2.5.1. Probit model of household livelihood activity choices

Household decisions to allocate labour to any activity are expected to depend on the expected
returns on labour. The family labour allocation wage and bio-based energy shadow prices among
sample households were not available from the data. Labour supply decisions are primarily
influenced by the expected return on labour among the different lines of work. Energy choice is
affected by shadow opportunity costs or prices and other socio-economic and external
environmental factors such as population density.

Household labour allocation was not observable unless households reported participation in one
of the activities. If households did not allocate labour to any of the activities it is likely because
their shadow valuation was higher than the expected return or wage rate. Wages from activities
such as fuelwood collection are not observable for the greater proportion of rural households.
Imputing shadow wage based on market wages or ignoring non-participants creates bias. Hence,
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shadow wages and prices need to be predicted on the basis of observable household demographic
characteristics, education, assets and village variables that influence household preferences and
activity choice. There were different types of biomass traded by sample households such as
timber, fuelwood, and dried cattle dung, but it was not possible to differentiate prices. Off-farm
employment activities include off-farm wages and self-employment via small businesses, trades,
mills, shops, or preparing and selling traditional drinks (tella, katikal).

The regression results from the probit model for household livelihood activity choice specified in
Eq. (2.22) and Eq. (2.23) are presented in Table 2.7 and Table 2.8 respectively. The difference
between the two probit models was the inclusion of the time differenced mean of all exogenous
variables in the latter case. The estimated coefficient indicates that higher mean per capita village
income and the distance of each village from the nearest paved road were associated with
increased household participation in off-farm employment and biomass income generation. In
contrast, the existence of a village level agricultural cooperative was associated with lower
household participation in both off-farm employment and biomass income generation.
Table 2.7. Probit model results for household participation in livelihood activities (used
for predicting the inverse Mills ratios used in the FE-2SLS model)

Dependent variables are binary participation indicators for each activity

2011 2004
Explanatory variables Fuelwood Off-farm Fuelwood Off-farm
Distance of village to nearest paved road  3.33***(0.48) 1.03**(0.43) 0.61***(0.17) -0.05(0.13)
n per capita mean village income 25.33***(3.48) 7.19*%*(2.90) 4.24***(0.68) 0.52(0.56)
Agricultural cooperative (dummy) -1.33(***0.40) -0.58*(0.32) -0.10(0.41) 0.49(0.41)
Remittance (dummy) 0.44(0.32) -0.10(0.25) -0.12(0.32) 0.33(0.27)
HH family size 0.03(0.07) 0.03(0.06) —0.04(0.06) 0.02(0.05)
Age of HH head —-0.02**(0.01) -0.02***(0.01)  -0.01(0.01) —-0.01(0.01)
HH head education above elementary —0.95**(0.42) 0.06(0.30) -0.60(0.44) 0.11(0.39)
HH member education high school or
above 0.11(0.38) -0.01(0.32) -0.32(0.49) -0.29(0.35)
Highest HH member education level 0.02(0.04) -0.05(0.04) 0.04(0.05) 0.06*(0.04)
¢#n HH land area 0.08(0.24) 0.24(0.16) -0.21(0.21) 0.58***(0.17)
£n number of HH trees 0.02(0.06) 0.04(0.04) -0.05(0.06) -0.06(0.05)
£n number of HH livestock —0.25**(0.11) 0.01(0.09) 0.47***(0.13) —0.02(0.10)
Ratio of HH dependents to labourers 0.18(0.20) 0.03(0.17) 0.02(0.14) 0.25**(0.11)
Female share of HH workforce —-1.05*(0.58) 0.00(0.41) 0.27(0.52) —-0.16(0.41)
Constant —160.55***(22.2) —44.54**(18.8) —27.12***(4.6) —3.57(3.7)
Wald chi? (14) 104.74 48.81 111.27 33.17
Pseudo R? 0.54 0.17 0.50 0.12
Log pseudo-likelihood —65.97 -115.52 —70.79 -118.49

Notes: *P < 0.1, ** P <0.05, *** P < 0.01

Robust standard errors are reported in parentheses

HH = household
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Table 2.8. Probit model results for household participation in livelihood activities (used for
predicting the inverse Mills ratios for predicting wages used in the SUR and

AIDS models)
Dependent variables are binary participation in each activity for
earnings
2011 2004
Explanatory variables Fuelwood off—farm Fuelwood off—farm
Distance of village to nearest paved road  1.45(3.36) 7.34*%**(2.43) 26.82***(4.55)  9.54***(2.63)
£n mean per capita village income 33.34***(5.38) 6.06(3.96) 10.07***(1.41) -0.73(0.71)
Agricultural cooperative (dummy) —1.59***(0.45) -0.59*(0.35) -0.06(0.45) 0.12(0.45)
Remittance (dummy) 0.38(0.33) -0.28(0.24) -0.26(0.32) 0.24(0.30)
HH family size -0.06(0.11) 0.19*%(0.10) -0.13(0.12) -0.02(0.09)
Age of HH head 0.00(0.02) 0.00(0.02) —-0.06***(0.02) -0.03(0.02)
HH head education above elementary 0.31(0.74) 0.51(0.56) —2.21**(1.02) 0.60(0.58)
HH member education high school or
above -0.02(0.69) 0.28(0.54) 0.11(078) -0.22(0.52)
Highest HH member education level 0.04(0.09) —-0.15**(0.06) 0.07(0.08) 0.11*(0.06)
¢n HH land area 0.35(0.35) 0.41(0.26) 0.67*(0.37) -0.38(0.27)
£n number of HH trees 0.07(0.10) -0.01(0.09) —-0.06(0.08) —0.04(0.06)
#n number of HH livestock -0.05(0.17) -0.04(0.13) 1.11**%(0.34) 0.07(0.16)
Ratio of HH dependents to labourers 0.17(0.25) -0.26(0.22) -0.02(0.25) 0.28(0.22)
Female share of HH workforce -0.43(0.71) -0.33(0.57) —-0.48(0.60) -0.81(0.57)
Constant 213.06***(36.43) —32.77(26.38) —83.49(10.55) -1.37(5.05)
Wald chi? (25) 136.38 71.56 61.41
Pseudo R? 0.58 0.22 0.57 0.21
Log pseudo-likelihood —60.50 -108.19 —60.62 -106.49

Notes: *P < 0.1, ** P <0.05, *** P < 0.01

Robust standard errors (SE) are reported in parentheses

The mean of all the exogenous variables were included but are not reported here
HH = household

2.5.2. Fuelwood scarcity, cross-wage effects, and their welfare implications

The relationship between labour allocated to an activity and shadow wage can be broken down
into the substitution effect and the income effect as explained below. The findings indicate that
both the own-shadow wage effects and cross-wage substitution effects were consistent with
rational economic theory. The positive and statistically significant own-wage effect indicates that
households most often allocated an increased share of labour time to activities that have a greater
return on labour time.

The Slutsky decomposition results indicate that a positive substitution effect is straightforward.
This is because with increases in fuelwood price it becomes more profitable for net fuelwood
sellers to allocate more labour to fuelwood production. The same is true for net fuelwood buyers
as they opt to allocate more labour to collection rather than pay higher market prices. The
income or profit effect, however, depends on the relative demand for leisure and fuel, whether
households are net buyers or sellers of fuel, whether fuel is a normal or inferior good, or whether
relative household demand for leisure as compared to fuelwood increases with income. A good is
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considered normal if the demand for it rises with income. The income effect is expected to be
negative if leisure demand outweighs demand for fuel as a result of increased income, but if the
reverse is true it is positive. The empirical results indicate a positive overall own-wage effect for
all activities. This is consistent with theory and depends on two conditions: first, if the
income/profit effect is positive in addition to the substitution effect, and second, if the positive
substitution effect dominates the negative effects of income/profit arising from wage changes.
There are two principal conditions that allow a positive income effect to materialize. One
condition is if households are self-sufficient or are net sellers of fuel, which means that
households with surplus income use it to purchase food rather than fuel. Since, most rural
Ethiopian households face food security challenges the demand for fuel is normally expected to
dominate demand for leisure. This is because households prefer to purchase food as income
increases and to collect fuel, which is an input to cooking that requires cheaper labour provided
by women and children, and they are less likely to increase leisure demand. The majority of
households also lack access to modern energy alternatives to fuelwood and spend greater effort
on fuel collection than leisure as the utilitarian value and return on fuelwood is a complement to
food security and other needs.

The cross wage or substitution effects are examined for substitution to determine whether there
was competition or complementarity between fuel collection and food security. The cross-wage
or substitution effect is how increasing returns of one activity impact the labour share of other
activities. At the household scale the substitution or complementarity between biomass energy
and agriculture or food production depends on various conditions discussed below. It is often
difficult to predetermine the effect because of the non-separable nature of household labour

supply.

First, from the perspective of poor peasant households facing chronic food security challenges, if
forest access is open then households are expected to respond to increases in food price by
allocating more labour to fuel extraction to generate income for the purchase of food. Recently
Ethiopia has been implementing cooperative forest management initiatives, which might have
resulted in restricted access to forests. These determine rights regarding the collection of fuel,
fodder, timber, and other forest products on the basis of pre-determined regulations and
predefined quotas. From this aspect, increases in food price may not always be accompanied by
increased fuel collection labour allocation. Access to forest and forest governance policies, thus,
play crucial roles as cooperative forest use policies and regulations may preclude open access
and the ability of households to increase labour allocated to forest exploitation.

Second, the decision of whether to use agricultural waste for energy, soil fertility management,
livestock fodder, or income generation is another factor. With increased food prices net food
buyers may increasingly depend on income from the sale of agricultural fuels to support their
food budget, or they may allocate greater labour or crop residues to increase food production
rather than purchase food. For instance, almost all households in Basona Worena and a few
households in Udee sold cattle dung. For net food sellers, higher food prices may motivate
households to use more agricultural waste as organic fertilizer in order to improve food
production. Household sales of crop residues and cattle dung and their use to improve food
production lead to trade-offs with the use of these resources for energy and their value as a
substitute for fuelwood. The sale of agricultural waste for fuel is expected to increase household
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fuel collection labour allocation. Higher agricultural shadow wages mean that more labour would
be allocated to agriculture that in turn increases agricultural fuel production. Agricultural fuels
can potentially substitute fuelwood from forests, and thus reduce fuel collection labour shares.
As a result, the net effect appears to be indeterminate.

2.5.2.1. Household labour allocation by activities

The estimated coefficients from the FE-2SLS model corrected for selectivity of participation in
fuelwood and off-farm activities, and endogeneity of wages are presented in Table 2.9. The
estimated instrumental variable coefficients were statistically significant for fuelwood collection
labour allocation. The tests statistics for the validity of instruments are reported at the bottom of
the table. The tests statistics support the validity of the instruments. The Angrist-Pischke
statistics for each of the first-stage wage equations were statistically significant for all of the
labour supply models. Both Cragg-Donald and Anderson canon test results supported the
rejection of weak and under identification in all of the labour supply estimates. According to the
Hansen-Sargan test results for the over-identification of instruments the null hypothesis of zero
correlation between the instruments and the error term cannot be rejected.

The first stage results for the instrumented wage are also presented in Table 2.9. The mean per
capita village level income and the distance of a village from the nearest paved road reduce
fuelwood shadow wage, and both exhibit statistically significant and plausible relationships. The
villages with wealthier residents exhibited greater dependence on fuelwood, suggesting that
fuelwood is a normal good (Guta, 2012). Greater fuelwood scarcity was reflected by lower
fuelwood shadow wages. The greater the distance of a village from the nearest paved road, the
lower the shadow wage, as labour markets are highly constrained. This explanation also holds for
off-farm employment. The mean per capita village level income increased with off-farm and
agricultural wages, although it was significant in the former case due to constrained rural off-
farm labour markets. Households in wealthier villages had greater opportunity to find off-farm
employment with higher wages. These households may also have had greater access to
agricultural technology options, and therefore peer learning effects may be higher in these
villages because wealthier households have greater potential to adopt improved agricultural
practices or technologies and relatively poorer households may have increased opportunities to
learn from their wealthier counterparts.
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Table 2.9. FE-2SLS model regression results for annual household labour allocations,
corrected for both endogenieity and selectivity

Dependent variables (#n wages and #n labour time in hours per year)

First-stage wage equation* Final stage labour equation
Explanatory variables Fuelwood Agriculture Off-farm | Fuelwood  Agriculture Off-farm
-0.90 2.62%** -0.19
£n HH fuelwood wage (0.80) (0.65) (0.34)
—4.88*** -1.55 0.791
¢n HH agriculture wage (1.88) (1.53) (0.80)
-0.36 —0.66*** 0.99***
#n HH off-farm wage (0.28) (0.23) (0.12)
0.02 0.04 -0.88* 0.42 -0.79* 0.07
Remittance (dummy) (0.05) (0.05) (0.47) (0.51) (0.42) (0.22)
0.00 0.00 0.12 0.05 0.15* 0.07*
HH family size (0.01) (0.01) (0.10) (0.10) (0.08) (0.04)
—0.04***  _0,01*** 0.02 —0.11** 0.10** -0.01
Age of HH head (0.00) (0.00) (0.02) (0.05) (0.04) (0.03)
HH head education above -0.09 0.52%** 0.87 3.00%** 1.81** -0.78
elementary (0.07) (0.07) (0.65) (1.12) (0.92) (0.48)
HH member education high 0.01 0.36*** 0.61 1.91** 0.75 —0.50
school or above (0.06) (0.06) (0.54) (0.82) (0.66) (0.35)
Highest HH member 0.00 —0.08*** -0.03 —0.36** -0.12 0.08
education level (0.02) (0.01) (0.07) (0.16) (0.13) (0.07)
-0.01 0.10%*** 0.24 0.64** 0.257 —0.26**
¢n HH land area (0.03) (0.03) (0.32) (0.30) (0.25) (0.13)
—0.04***  _0,05*** 0.10 -0.15 0.121 0.07
£n number of HH trees (0.01) (0.01) (0.08) (0.19) (0.11) (0.06)
0.19%** 0.16*** -0.24 0.86** -0.46 0.05
£n number of HH livestock (0.02) (0.02) (0.22) (0.43) (0.35) (0.19)
Ratio of HH dependents to 0.13*** 0.06** -0.37 0.23 -0.42* -0.04
labourers (0.02) (0.03) (0.24) (0.32) (0.25) (0.13)
Female share of HH 0.00 0.04 -0.54 0.59 -0.27 -0.08
workforce (0.06) (0.06) (0.61) (0.58) (0.47) (0.25)
—-0.16%** 0.07*** —-0.56** -0.25* 0.046 -0.02
Inverse Mills HH fuelwood (0.02) (0.03) (0.22) (0.13) (0.11) (0.06)
0.22%** 0.03 —2.97*** -0.63 =1.77** 0.15
Inverse Mills HH off-farm (0.06) (0.06) (0.58) (0.92) (0.75) (0.39)
Distance of village to nearest ~ —8.57*** 4.21%** -2.42
paved road (1.11) (1.15) (10.85)
£n mean per capita village —5.68*** 2.75%* 4.55
income (1.27) (1.30) (12.33)
Agricultural cooperative —6.42 1.73 56.76
(dummy) (7.00) (7.20) (68.15)
Dummy agr. coop. * £n mean 0.87 -0.41 -9.14
village PCI (1.12) (1.14) (10.78)
fn mean village PCI * village = 1.29*** —0.61*** 0.58
distance to nearest paved road (0.16) (0.17) (1.57)
Agr. coop. * village distance 0.33 0.07 -0.42
to nearest paved road (0.17) (0.18) (1.68)
Number of observations 428 428 428 428 428 428
F (19, 195) 56.92 48.28 7.44
R? 0.85 0.82 0.42
F (18, 196) 3.23(0.00) 2.57(0.00) 47.11(0.00)
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Explanatory variables First-stage wage equation® Final stage labour equation

Fuelwood Agriculture Off-farm  Fuelwood  Agriculture Off-farm

30.18 5.20 2.57
Angrist-Pischke F-test (0.00*%**)  (0.00***) (0.04*%)
Anderson canon. corr. LM 9.57
statistic 9.57 9.57 (0.048**)
(p-value) (0.048**) (0.048**)
Cragg-Donald F-statistic 1.52 1.55 1.52
Sargan statistics 2.17 2.08 0.100
(p-value) (0.54) (0.56) (0.99)

Notes: *P < 0.1, ** P <0.05, *** P < 0.01
IFirst stage in fuelwood labour equation
HH = household

The impact of shadow wages on labour supply was examined using the estimated coefficients.
These coefficients reveal that an increase in fuelwood labour shadow wage would lead to a
statistically significant increase in agriculture labour supply, which is consistent with the
research hypothesis. This reflects a positive welfare effect among households with access to
forest biomass. The result indicates that an increase in fuelwood shadow wage (better access to
forest biomass) results in an increase in labour time used for agriculture with wage elasticity of
+2.62, indicating that a 1% increase in fuelwood shadow wage was associated with an increase
in agricultural labour of about 2.62%. This suggests that the greater the scarcity or lower the
shadow wage, the lower the amount of labour that was allocated to agricultural production
among sample households. Thus, fuelwood scarcity was found to divert labour to biomass fuel
collection, which implies the existence of fuel-food trade-offs.

Another interesting result is the significant negative relationship of the shadow wage or marginal
product (MP) of agriculture with fuelwood collection labour. There are two plausible
explanations for this result. First, increases in agricultural productivity (wage) create greater
opportunity for the generation of agricultural fuels (dried cattle dung and crop residues), which
are complementary to fuelwood consumption.

Many households in the sample used agricultural residue fuels to cope with fuelwood scarcity.
These energy alternatives are readily available from agricultural activities and require little or no
additional labour effort. Second, increases in agricultural wage relate to increases in household
disposable income, which can be used to purchase energy. When both selectivity and
endogeneity are controlled, a 1% increase in agricultural shadow wage or marginal product of
labour in agriculture resulted in a 4.88% decline in labour allocated to fuelwood collection. This
conforms to the findings of Shivery and Martinez (2001), which associated agricultural
intensification with reduced labour for forest extraction activities.

2.5.2.2. Household joint labour allocation to livelihood activities

The wages earned by a household from one activity not only affect the labour allocated to that
activity, but also the amount of labour allocated to alternative activities. This suggests the need
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for a joint analysis household labour supply model. Labour allocation for the three activities was
estimated jointly using a SUR model. Moreover labour shares of the three activities were
estimated jointly using an AIDS model. As explained earlier, the FE was controlled by
incorporating the Mulduk approach. For these purposes the shadow wages were predicted from
the first-stage wage equation based on Eq. (24) and using the predicted inverse Mills ratios for
fuelwood and off-farm given in Table 2.8.

The means of the excluded instrumental variables and all the exogenous variables were
calculated for the analyses but are not reported. The estimated coefficients of the first-stage wage
equations are depicted in Table 2.10. The selectivity test results for both fuelwood collection and
off-farm employment were statistically significant at 1%, proving that selectivity was a problem.
The estimated coefficients of mean per capita village level income and the distance of villages
from the nearest paved roads reduced fuelwood shadow wage and were statistically significant at
1%.

Table 2.10. Shadow wage estimates by household livelihood activity based on Wooldridge

(1995) panel data, corrected for selectivity
Dependent variables (£n labour time in hours/year)
Fuelwood collection labour ~ Agricultural labour  Off-farm labour

Explanatory variables

Distance of village to nearest paved

road —14.88***(0.63) —0.93** (0.38) 6.91 (5.36)

£n mean per capita village income —7.02***(0.80) —-0.11(0.68) —37.16 ***(9.67)
—252.41%**

Agricultural cooperative (dummy) 1.86(4.40) 0.05(4.57) (61.49)

Dummy agr. coop. * #n mean village

PCI -0.41(0.67) -0.05(0.68) 38.18*** (9.36)

#n mean village PCI * village distance

to nearest paved road 2.20***(0.08) 0.12***(0.05) —1.93*** (0.65)

Agr. coop. * distance to nearest paved

road 0.12(0.13) -0.01(0.15) 7.76***(1.81)

Remittances (dummy) -0.02(0.04) 0.02(0.04) -0.31(0.47)

HH family size 0.00(0.01) 0.01(0.01) 0.00(0.10)

Age of HH head —0.04***(0.00) —0.01***(0.00) 0.01(0.02)

HH head education above elementary -0.01(0.09) 0.60***(0.06) 0.24(0.69)

HH Member education high school or

above 0.04(0.06) 0.39***(0.04) 0.18(0.53)

Highest HH member education level 0.00(0.01) -0.08***(0.01) 0.03(0.07)

#n HH land area 0.00(0.03) 0.08***(0.02) —0.49(0.30)

£n number of HH trees —0.02***(0.01) —0.04***(0.01) 0.04(0.08)

£n number of HH livestock 0.15***(0.03) 0.15***(0.01) 0.09(0.19)

Ratio of HH dependents to labourers 0.09***(0.02) 0.05***(0.02) 0.33(0.23)

Female share of HH workforce 0.03(0.07) 0.05(0.06) —-0.29(0.63)

Year 2011 (dummy) —-0.26***(0.02)

Inverse Mills ratio HH fuelwood —0.65***(0.18)

Inverse Mills ratio HH off-farm —0.74***(0.06) —0.39***(0.05) 3.54***(0.76)

Constant -10.08(6.28) 24.68***(4.83) 216.97***(68.34)

Number of observations 414 428 428

R? 0.98 0.90 0.26

F (33, 394) 1342 133 7.88

Notes: *P < 0.1, ** P <0.05, *** P < 0.01
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Robust standard errors (SE) are reported in parentheses

The dependent variables are the log of the wages of each activity
The fixed effect was controlled using the Mulduk approach

HH = household

The estimated coefficients of the final SUR model are reported in Table 2.11. The signs of the
own-wage effects, cross-wage effects, and other explanatory variables can be compared and
contrasted, but not their magnitudes. This is because unlike the FE-2SLS model, the SUR model
included the means of all dependent variables except wages.

The estimated coefficients indicate that the cross-wage effect between fuelwood and agricultural
labour allocation have the same relationships (signs) as the results of the FE-2SLS model. The
estimated coefficients from both the SUR and FE-2SLS model results indicate that with
increases in fuelwood labour, wage households increase the amount of labour allocated to
fuelwood collection. This suggests that increases in household access to biomass reduce the
amount of labour required to collect it.

Table 2.11. SUR model regression results for household joint labour allocation
Dependent variables (#n labour time in hours/year)
Fuelwood collection labour  Agricultural
Explanatory variables labour

Off-farm labour

#n HH fuelwood wage? —0.31***(0.11) 0.14**(0.06) —0.26(0.18)
£n HH agricultural wage? —0.61**(0.28) —0.34**(0.16) —0.17(0.46)
¢#n HH off-farm wage ? —-0.20**(0.09) 0.03(0.05) 0.94***(0.15)
¢n total HH labour time 0.07(0.20) -0.18(0.12) -0.06(0.33)
Remittances (dummy) 0.00(0.07) 0.06(0.04) 0.09(0.11)
HH family size —0.05***(0.01) 0.01(0.01) -0.02(0.02)
Age of HH head 0.46(0.43) 0.11(0.25) -0.17(0.71)
HH head education above elementary 0.15(0.24) —0.34**(0.14) 0.01(0.40)
HH Member education high school or

above -0.01(0.04) -0.02(0.03) -0.01(0.07)
Highest HH member education level 0.11(0.18) 0.35***(0.10) -0.10(0.30)
#n HH land area 0.04(0.04) -0.01(0.02) 0.00(0.06)
£n number of HH trees 0.16*(0.10) 0.00(0.06) 0.12(0.16)
£n number of HH livestock 0.08(0.15) -0.04(0.09) -0.01(0.25)
Ratio of HH dependents to labourers 0.26(0.29) -0.07(0.17) -0.01(0.49)
Female share of HH workforce 1.33***(0.27) 0.76***(0.16) —-0.32(0.44)
Year 2011 (dummy) —-0.13**(0.06) 0.08**(0.03) -0.12(0.10)
Inverse Mills ratio HH fuelwood 0.03(0.06) —-0.07**(0.04) -0.02(0.10)
Inverse Mills ratio HH off-farm 8.01***(1.50) 6.31***(0.87) 1.63(2.49)
Constant —-0.31***(0.11) 0.14**(0.06) -0.26(0.18)
Number of observations 428 428 428

R2 0.23 0.40 0.21

chi? 127.68 288.11 114.67

Note: *P < 0.1, ** P <0.05, *** P <0.01

aPredicted wages from the model are presented in Table 2.10
The means of excluded instrumental variables and all exogenous variables were included in the analyses but are not

reported here
HH = household
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2.5.2.3. Household joint labour share allocation to livelihood activities

The estimated coefficients from the joint AIDS labour share equations are presented in Table
2.12. Tests were conducted for each of the variables if the parameters satisfied key model
assumptions (i.e. the adding-up, homogeneity, and Slutsky symmetry conditions). The symmetry
condition, which states that cross-wage effects are equivalent, was immediately inferred from the
model results. The adding-up restriction test was computed from the model results. A likelihood
ratio (LR) test result for the three systems of share equations was 311, indicating that the results
were statistically significant at 1%. Hence, the null hypothesis for the adding-up restriction was
not rejected. A Wald y? test was used to test for homogeneity of the various demographic and
other explanatory factors included in the model. The y? test results were statistically significant
for household size, age of household head, household head education above the elementary level,
land parcel size, the inverse Mills ratio for fuelwood, and the year 2011. For these variables the
joint null hypothesis of homogeneity was rejected. This means that these variables had
statistically significantly associations with the joint labour shares. For the remaining variables
incorporated into the model (the age of the household head, the highest education level achieved
by a family member, and the dependency ratio), however, the x? test results were not statistically
significant, indicating that the joint null hypothesis of homogeneity could not be rejected.

Table 2.12. Almost Ideal Demand System model estimates of the household joint labour
share equations

Explanatory variables Dependent variables (labour share)

Fuelwood labour Agriculture labour share | Off-farm labour share

share
¢n HH fuelwood wage?® 0.127**(0.042)
#n HH agricultural wage? —-0.088**(0.041) 0.083*(0.046)
#n HH off-farm wage 2 -0.039**(0.018) 0.004(0.018) 0.034***(0.010)
£n total HH labour time -0.074***(0.009) 0.073***(0.010) 0.001(0.009)
Remittance (dummy) -0.001***(0.001) 0.001(0.001) -0.001(0.001)

HH family size

Age of HH head

HH head education above elementary
HH member education high school or
above

Highest HH member education level
¢n HH land area

£n number of HH trees

£n number of HH livestock

Ratio of HH dependents to labourers
Female share of HH workforce
Inverse Mills ratio HH fuelwood
Inverse Mills ratio HH off-farm

Year 2011 (dummy)

Constant

Predicted HH labour share

Number of observations

0.001***(2.30E-04)
1.01E-04**(4.8E-05)
~0.005**(0.002)

2.44E-04(0.001)
~1.80E-04(1.55E-04)
4.4E-04(0.001)
1.10E-04(1.7E-04)
3.74E-04(3.33E-04)
~0.001(0.001)
-2.13E-04(0.001)
3.11E-04*(1.79E-04)
~0.001**(2.32E-04)
~0.006***(0.001)
~1.691%***(0.0237)
0.24

428

—4.05E-04(2.8E-04)

~1.76E-04***(6.0E-05)

0.004*(0.002)

-0.001(0.002)
2.72E-04(1.97E-04)
~0.002**(0.001)
1.99E-04(2.1E-04)
1.45E-04(4.19E-04)
0.000(0.001)
0.001(0.002)
~0.001***(2.2E-04)
4.71E-04%**(2.9E-04)
0.002(0.001)
2.456***(0.265)
0.65

428

—2.7E-04(2.47E-04)
7.49E-05(5.07E-05)
0.001(0.001)

0.001(0.001)
~9.16E-05(1.7E-04)
0.001**(0.001)
—3.09E-04*(1.8E-04)
~0.001(3.63E-04)
4.73E-04(0.001)
-0.001(0.002)
0.001***(1.9E-04)
3.86E-05(2.4E-04)
0.004(0.001)
0.235(0.220)

0.11

428

Notes: *P < 0.1, ** P <0.05, *** P <0.01
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Log-likelihood for overall significance of the model is 320.94

2Predicted wages from the model are presented in Table 2.10

The dependent variables are the labour shares of the respective activities

The instrumental variables and their means were excluded from the labour share equation, the means of all of the
exogenous variables were included in the analyses but are not reported here

HH = household

The fuel collection labour share had a significant positive association with its own wage. The
positive own-wage effect is consistent with rational household behaviour, which predicts that
households respond positively to increasing returns by allocating a greater labour share by either
withholding or diverting labour allocated to competing activities or reducing leisure time.

The model results indicate a theoretically consistent cross-wage effect of off-farm employment
on household labour allocation to fuel collection. There were negative cross-wage effects among
all three activities as expected. Agricultural labour supply was negatively correlated with the
shadow wage of fuelwood (5%) and vice versa (Table 2.12). Fuelwood labour supply was also
negatively correlated to off-farm wage.

It is important to understand the sensitivity of the labour supply for a particular activity to its
shadow wage and changes in wages from other activities. The wage elasticity of labour was
calculated based on the Slutsky wage elasticity of labour allocations for each activity and the
elasticity of substitution wages computed from the regression parameters and the mean predicted
labour shares reported at the bottom of Table 2.12. Wage elasticity values were computed from
the labour share model results. The coefficients of the predicted shadow wage in the system
regression equation shown in Table 2.12 can be rewritten as:

ol = ( ok )W. = pn. (2.34)
atn(w)  \awy) Vi = M '

Own- and cross-wage elasticity equations were written respectively as:

al; \w; Yii

Eu <an)) li li ( )
al; \wj Vij

EU <6WU)> li li ( )

where ¢;; represents the own-wage elasticity of activity i, &;; and is the cross-wage elasticity of
labour allocation between the wage of activity i and labour allocated to activity j, and vice versa.

The elasticity values are given in Table 2.13. A 1% wage increase would have a less than
proportionate change in the labour share allocated to fuel collection (0.53%). A 1% increase in
fuelwood shadow wage would result in a 0.14% decline in the agricultural labour share. With
each 1% increase in off-farm wage the fuel collection labour allocations declined by 0.35%. Off-
farm wage also provides financial support for the purchase of energy substitutes and food. The
wage elasticity of the substitution of labour allocation depends on the nature of the subsistence
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economy, where there are limited employment opportunities. Households complement food
security through agriculture, bartering labour for food, off-farm employment, and from collecting
and selling fuel to purchase food.

Table 2.13. Own- and cross-wage elasticity of household labour shares among livelihood

activities
Predicted Model parameters (y;;, v:;) Wage elasticity (&, &;;)
Activity share (;") | Fuelwood Agriculture Off-farm | Fuelwood Agriculture  Off-farm
Fuelwood collection | 0.24 0.127 0.53
Agriculture 0.65 -0.088 0.083 -0.14 0.13
Off-farm 0.11 -0.039 0.004 0.034 -0.35 0.04 0.31

2.5.2.4. Cross-wage effects and other determinants of household labour allocation
and related empirical underpinnings

There are four potential conditions that could explain the negative relationships observed
between fuelwood collection labour wage and labour allocated to agricultural activity. First, if
the negative substitution effect of changes in shadow wage dominates any positive income/profit
effects. Second, if a household is a net seller of non-fuel goods like food, and at the same time
fuel is an inferior good. Third, if a household is a net seller of non-fuel goods, or if food and fuel
are normal goods, but either income induced demand for leisure dominates demand for fuel or
else the household purchases rather than sells fuel. Fourth, if fuel is a normal good and a
household collects it rather than purchases it, but the household is a net buyer of non-fuel goods
(including food). For Ethiopian households the first and the last conditions seem to be the most
plausible explanations for the negative relationships. There could also be a number of other
explanations. For instance, poor households are often concerned about food security. Hence,
rather than switching labour from agriculture to fuel collection in the face of fuelwood scarcity,
households may reduce leisure time, limit other domestic chores performed by women like
preparing food, or withdraw children from school. These are implicit or indirect welfare effects
of fuelwood scarcity and fuel vs. food trade-offs that can trap households in poverty and
exacerbate gender inequalities.

The estimated negative cross-wage effect on fuelwood labour allocation of agricultural and off-
farm wages obtained from all the econometric models applied in this study (FE-2SLS, SUR, and
AIDS) is consistent with the results of empirical studies in other developing countries. Most
related empirical studies have examined non-forest wage effects on the extraction of forest
products. Increase in the expected wage from non-forest activities was negatively associated with
forest exploitation among Malawian (Fisher et al., 2005), Philippine (Shively, 2001), Nepalese
(Bluffstone, 1995), and Chinese households (Wang et al., 2012).

The finding also lends further support to the idea that off-farm wages may lead to reductions in
fuelwood labour. However, in rural Ethiopia off-farm labour markets are extremely limited and
private off-farm businesses are constrained by the lack of credit. Consequently farming
households only rarely work off-farm and typically earn meagre wages when they do, which may
not be a sufficient incentive for households to shift away from fuelwood collection. This may be
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also related to the limited availability of modern energy alternatives, to which households are
more likely to switch with increases in off-farm income. In the literature the role of off-farm
employment on energy substitution is also ambiguous. In rural China changes in rural
livelihoods, specifically off-farm employment and agricultural intensification, contribute to
household fuel substitution (Wang et al., 2012). Fuelwood collection is one of the major forest
product uses in many countries. Off-farm employment diversifies livelihoods and results in
decreased demand for agricultural labour. This effect decreases the importance of biomass
energy and agriculture with increasing off-farm wages. Households may also shift to less labour
intensive agricultural production (Shi et al., 2009). Off-farm employment may also enable
households to adopt different agricultural technologies or methods that reduce demand for
agricultural labour. Hence, policies that support initiatives such as micro-credit opportunities for
creating self-employment or private businesses and investment in rural job creation may
contribute to a broader shift in household energy consumption.

An empirical study from Nepal found that increased exposure to extra-household employment
(i.e. in community organizations) stimulated fuel substitution (Macht et al., 2007). Off-farm
employment and agricultural specialization were important determinants of household fuelwood
substitution in an underdeveloped area in China (Wang et al., 2012). A study from India found
that off-farm employment opportunities reduced fuelwood use (Baland et al., 2010). Several
studies have also identified a number of policy options that improve rural livelihoods and
promote fuel-switching from solid biomass to modern energy alternatives, such as: investment in
rural infrastructure, investment in electricity infrastructure, facilitating improved market access
in remote villages, and alternative income-generating activities (Chen et al., 2006; Baland et al.,
2010; Lee, 2013). Policies that support initiatives such as micro-credit opportunities for creating
self-employment or private businesses and investment in rural job creation, paralleled with
sustainable energy provisions that support biogas, solar, micro-hydroelectric, or other modern
energy alternatives can play crucial roles in addressing environmental concerns arising from
forest overexploitation, alleviating poverty at the community and household scales, supporting
ecosystem restoration, and ultimately helping to gene