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ABSTRACT 

In developing countries labor is a crucial input for income-generating and household production activities, 
which makes gender differences in time allocation and the implications for gender-specific time poverty 
and well-being an important yet often neglected topic. This paper presents evidence on rural Ethiopian 
households’ time allocation to different activities, especially fuel collection work, and examines the effect 
of changes in the availability of firewood resources on households’ time allocation to fuel collection and 
on- and off-farm income generation. Based on firsthand insights from focus group discussions conducted 
with farmers in three rural villages of Ethiopia and data from an IFPRI-CIMMYT (International Food 
Policy Research Institute/International Maize and Wheat Improvement Center) household survey 
implemented by the Association of Ethiopian Microfinance Institutions, the results show that women are 
involved in more time-consuming and simultaneous work activities than men and hold the primary 
responsibility for fuel collection. Households located in areas with lower firewood availability spend 
more time per week collecting fuel resources, which has a negative effect on time allocation to off-farm 
work but does not have a statistically significant negative effect on on-farm labor time or total income.  

Keywords:  time allocation, time poverty, energy, firewood collection, gender, agricultural 
production, firewood availability, Ethiopia, rural  
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1.  INTRODUCTION 

In Africa south of the Sahara (SSA), more than 620 million people, two-thirds of the population, have no 
access to electricity, and nearly 80 percent of all people without access to modern electricity service live 
in rural areas. In those areas, biomass from firewood resources, animal dung, and agricultural crop 
residues make up 80 percent of people’s total energy supply (OECD/IEA 2014). The high dependence of 
rural households on natural energy resources for cooking and heating, extensive agricultural cultivation, 
and continuous population growth have contributed to natural resource depletion, deforestation, land 
degradation, and climate change (Lambrou and Piana 2006). The consequent reduction in the availability 
of fuel increases the distance household members must travel to collect energy resources. With often 
limited financial means to purchase alternative fuels and poor road infrastructure, growing resource 
scarcity adds to the amount of time households must allocate to collecting fuel (Köhlin et al. 2011). 
Additionally, due to lack of infrastructure and high market prices for improved cooking technologies, 
most income-poor households continue to use traditional three-stone cooking stoves. These (unimproved) 
traditional stoves are characterized by low energy efficiency and high demand for fuel resources and lead 
to great exposure to indoor air pollution (OECD/IEA 2010).  

The dependence on diminishing natural energy resources increases fuel collectors’ time poverty, 
defined as people’s inability to invest the desired amount of time into income-generating farm and off-
farm activities, education, community decision-making processes, and leisure (Kes and Swaminathan 
2006).1 Within the household, women and female children are most affected by time poverty, as they are 
traditionally responsible for the collection of cooking fuel and devote a substantial part of their time and 
energy to this exhausting activity. Policies that help reduce the amount of time allocated to fuel collection 
are therefore expected to free up time for household members’ engagement in income-generating farm 
and off-farm activities, leisure, and children’s school attendance. Furthermore, empowering female 
household members has a multiplying effect on maternal health, children’s nutritional status, and all 
household members’ well-being (World Bank 2012).  

The analysis of household members’ time allocation to different activities such as wage-earning 
activities, work on family farms or enterprises, and household chores inside (cooking, cleaning, childcare) 
and outside (water and energy collection) the house is therefore crucial in rural areas of developing 
countries, where access to markets is limited and households’ own labor serves as the principal input 
factor of production (Ilahi 2000). When time is a valuable resource, understanding differences in time 
allocation along gender lines, age, social status, and wealth is critical to designing effective policies for 
poverty reduction. 

This paper examines gender differences in time allocation to different activities. It further 
analyzes the relationship between the availability of natural energy resources and household members’ 
time allocation to fuel collection work, income-generating farm and off-farm work, and, consequently, 
households’ total income. Specifically, we examine the following three hypotheses:  

• Households located in areas with lower firewood availability allocate more time to the 
collection of natural energy resources.  

• Women are mainly responsible for the collection of fuel resources, and therefore their time 
allocation to different activities is more affected by changes in fuel collection time than 
men’s. 
An increase in the amount of time allocated to natural energy resource collection work decreases 

the amount of time spent on income-generating farm and off-farm work, reducing households’ total 
income.  

1 The concept of time poverty also considers household production activities such as cleaning, cooking, child rearing, 
fetching water, and collecting firewood, which often do not have a specified market value yet require large amounts of time and 
labor inputs.  
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This paper adds to the existing literature by presenting new regional evidence from an 
International Food Policy Research Institute (IFPRI)/International Maize and Wheat Improvement Center 
(CIMMYT) household survey implemented by the Association of Ethiopian Microfinance Institutions 
(AEMFI) in Ethiopia between May and August 2013. It further draws on qualitative information from 
focus group discussions that the author conducted with farmers in three rural areas of Ethiopia for a 
mixed-methods approach.  

To analyze the relationship of household members’ time allocation to energy resource collection 
and income for rural Ethiopian households, the paper is structured as follows: Section 2 presents 
background information on the context of households in rural Ethiopia. The literature review in Section 3 
presents empirical evidence about the link between natural resource scarcity and time allocation to energy 
collection work, income-generating activities, household income, and children’s schooling. The 
methodology for this paper follows the example of Ilahi and Grimard (2000) and Damte, Koch, and 
Mekonnen (2012), who apply a farm household model with natural energy resource production and 
consumption, discussed in further detail in Section 4. The data for the mixed approach of focus group 
discussion results, descriptive statistics, and regression analyses (Section 5) are taken from primary and 
secondary data sources (Section 6). The time allocation results are presented in Section 7. Using 
qualitative and quantitative evidence, Section 8 presents results from focus group discussions and 
regression analysis. Section 9 concludes and presents several policy suggestions.  

2 



2.  BACKGROUND INFORMATION: ETHIOPIA 

Development Indicators and Economic Situation in Ethiopia  
Located on the Horn of Africa, Ethiopia has been a landlocked country since Eritrea gained independence 
in 1993. With a rapidly growing population of 92 million people in 2012 and a land area of 1.1 million 
square kilometers, Ethiopia is one of the largest and most populated countries in SSA (World Bank 2013). 
Ethiopia is a largely rural country and its population lives scattered across the vast country. Only 17 
percent of the total population live in urban areas, and more than 45 percent are located more than five 
hours away from a city of 50,000 inhabitants (Dorosh and Rashid 2012).  

According to the poverty headcount ratio, 30.7 percent of Ethiopians live below the $1.252 

(purchasing power parity [PPP]) poverty line and 66.0 percent have less than $2.0 (PPP) a day (World 
Bank 2014). According to the Multidimensional Poverty Index (MPI),3 87.3 percent of Ethiopians are 
considered multidimensionally poor and 64.6 percent are deprived of 20 to 50 percent of the weighted 
education, health, and standard-of-living indicators, leading to the second lowest MPI (0.564)4 worldwide 
(OPHI 2013). Ethiopia has relatively low standard-of-living indicators, with 83 percent of the population 
having no access to electricity and roughly 87 percent of all Ethiopian households using wood, charcoal, 
or dung for cooking purposes (OPHI 2013). These findings are largely driven by the rural areas of the 
Amhara and Oromia regions, where 25.2 and 38.7 percent of the total population live, whereas the highest 
rates of severe poverty are found in the sparsely populated Afar and Somali regions (OPHI 2013).  

Ethiopia is diverse in terms of its landscape, ranging from dry, semiarid lowlands in the east to 
rain-sufficient highlands in the west and more drought-prone highlands in the northern and central parts 
of the country (Dorosh and Rashid 2012). Such geographical differences have important implications for 
agricultural production and the availability of natural energy resources.  

As in many developing countries, agricultural production forms the basis of Ethiopia’s economy, 
generating 46.4 percent of gross domestic product and providing employment to 85 percent of the total 
population in 2011 (World Bank 2013). Teff, wheat, maize, sorghum, and barley are the main crops for 
domestic consumption, while coffee from the southern highlands is the main export good, and livestock 
such as cattle, sheep, and goats provide the principal source of livelihood for the pastoralist population 
(Dorosh and Rashid 2012). Most agricultural production occurs in the highland areas by smallholder 
farmers, who often cultivate less than a hectare of land per household. Rural livelihoods in Ethiopia are 
thereby strongly influenced by the varying biophysical conditions and cropping patterns, as well as access 
to markets, labor availability, local demand, and transportation networks (Chamberlin and Schmidt 2012).  

Energy Use in Ethiopia 
In Ethiopia only 17 percent of the total population has access to modern electrical services, and in terms 
of magnitude (68 million people) Ethiopia is the worst-performing country in SSA (OECD/IEA 2014). 
Although the government’s current five-year Growth and Transformation Plan aims to raise the country’s 
power-generating capacity from 2,000 megawatts to 8,000 megawatts by 2015 to generate energy for an 
additional four million people, that still leaves a large number of households without access to electricity, 
especially in rural areas (World Bank 2013). The national energy supply is largely dominated by the use 

2 Throughout the paper, the currency denoted with $ refers to US$. 
3 The MPI reflects the proportion of people who are multidimensionally poor with regard to their education 

(years of schooling , school attendance , health (child mortality , nutrition status , and standard of living (use of 
cooking fuels , access to sanitation , safe water , electricity , flooring, that is a household is considered deprived if 
the household has a dirt, sand, or dung floor , and asset ownership ) times the average proportion of indicators in 
which people are deprived (OPHI 2013). The variables for education enter with the weight 1/6 (=1/2*1/3), for health 
with 1/6 (=1/2*1/3) and for standard of living with 1/18 (=1/6*1/3). A low MPI is preferred. 

4 For Ethiopia, the poverty headcount ratio is 87.3 percent and the average intensity of deprivation 64.6 percent, which 
results in an MPI of 0.564 (0.873 × 0.646 = 0.564).   
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of biomass fuel. Woody biomass like firewood contributes 95 percent of the total biomass energy sources, 
while animal dung and crop residues make up 3 and 2 percent, respectively (World Bank 2013). 

Forestry statistics state that natural forests cover 12.2 million hectares, or 11.9 percent of 
Ethiopia’s total land area, while woodlands make up 44.7 million hectares. As Figure 2.1 shows, forests 
are mainly located in the Oromia (40 percent), Southern Nations, Nationalities, and People’s Region of 
Ethiopia (SNNPR) (24 percent), and Amhara regions (15 percent) (FAO 2010; Guta 2012). 

Figure 2.1 Geographical and forest stock map of Ethiopia 

 
Source:  FAO (2004). 

Wood required for fuel and construction is mainly taken from secondary high forests, woodlands, 
and bushlands. Natural high forests are largely located in the less populated and less accessible southern 
and southwestern parts of the country, which are difficult to reach due to limited road infrastructure and 
mountainous terrain (FAO 2010).  

According to the International Energy Agency, 99 percent of all households in Ethiopia, 70 
percent of the domestic industries, and 94 percent of all service enterprises use biomass as an energy 
source, of which 77 percent is from woody biomass, followed by animal dung (13 percent) and crop 
residues (9 percent) (Guta 2012). Whereas rural households in Ethiopia have depended on woody biomass 
and dung for centuries, alternative energy sources like kerosene (for lighting), diesel, electricity, and 
liquefied petroleum gas are hardly used (Mekonnen and Köhlin 2008). This is due to many households’ 
limited access to alternative energy resources, lack of income to afford higher fuel prices, and lack of 
knowledge of alternative sources. In rural areas, biomass is predominantly used for construction material 
and for cooking and heating purposes on three-stone cooking stoves. However, the low energy efficiency 
of the traditional cooking stoves results in high demand for fuel wood and increasing biomass scarcity in 
Ethiopia (Mann and Tilahun 2014). Due to the heavy dependence on firewood, as well as ongoing 
demographic, socioeconomic, and climatic changes, the pressure on Ethiopia’s forest ecosystems has 
been increasingly high. According to the Food and Agriculture Organization (FAO), Ethiopia experiences 

Blue: Water 
Dark Green: Closed Forest 
Light Green: Open/ Red: 
Red: Fragmented Forest 
White: Other Wooded Lands 
Other Land Cover 

Dark gray: Closed forest 
Light gray: Open forest 
Black: Fragmented forest 
White: Other wooded lands; 
other land cover 

4 



a loss of 140,000 hectares of forestland per year and 70 percent of the high forest areas are considered 
heavily disturbed (FAO 2010).  

The use of animal dung as an alternative and more affordable fuel or heat source also has 
negative environmental and agricultural implications. It decreases the availability of manure, which in the 
absence of fertilizer use is an important means to enhance agricultural productivity. As 85 percent of the 
total population is dependent on agricultural production, deforestation and the degradation of land and 
forest inputs is likely to have a negative impact on smallholder farmers’ livelihoods (Mekonnen and 
Köhlin 2008). The lack of affordable fuel alternatives and therefore large dependence on woody biomass 
and dung implies that with increasing deforestation, households have to spend more time collecting their 
natural energy resources.  

In response to the rural population’s dependence on firewood and the deforestation of national 
forest areas, national policies have been designed to cope with the status quo (summarized in Mann and 
Tilahun [2014]). Environmental Policy of Ethiopia (1997) recognizes that exploitation of forest products 
for firewood has been progressing at an unsustainable pace fueled by population growth. The same policy 
paper identifies the retrieval of firewood and dung as well as the conversion of forestland into rainfed 
agriculture as major reasons for deforestation and declining agricultural productivity. Recognizing the 
importance of forest area for rural development and livelihood security, Policy and Strategy on Forest 
Development, Conservation, and Utilization (2007) prioritizes sustainable forest management, forest 
protection, and reforestation through fiscal incentives, technical support, preferential access to land, and 
agroforestry. Ethiopia’s Climate-Resilient Green Economy Strategy (2011) proposes several measures 
including rural forest protection, encouraging agroforestry policies, and promoting the use of more fuel-
efficient cooking and heating appliances.  

The heavy dependence of rural households on natural resource fuels coupled with environmental 
depletion has economic implications not only for the country but also for the household members’ time 
allocation to collection. The literature exploring the relationship between the diminishing availability of 
natural energy resources, household members’ time spent on fuel collection work, and other development 
indicators is outlined in the following section.  
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3.  LITERATURE REVIEW 

Link between Firewood Scarcity and Households’ Fuel Collection Time 
A number of empirical studies analyze the relationship between firewood scarcity and household 
members’ time allocation to natural resource energy collection.  

In a study of 120 households in hilly areas of Nepal, Kumar and Hotchkiss (1988) provide 
empirical evidence that deforestation, measured by the amount of time required to collect a standard head 
load of firewood, increases the time households spend collecting firewood. A 1 percent increase in 
deforestation is found to reduce households’ total fuel consumption by 0.3 percent and to increase the 
energy collection time by 0.6 percent. The authors also find that women are most strongly affected by 
deforestation. In high-deforestation areas in Nepal, women spend an additional 1.13 hours a day on the 
collection of fuel resources relative to men. However, Ilahi and Jafarey (1998) point out that the scarcity 
indicator of Kumar and Hotchkiss (1988) is likely to be endogenous, if households that value women’s 
time invest highly in fuel-saving technology. Instead, Ilahi and Jafarey apply an instrumental variable 
approach with the distance to firewood sources as the crucial identifying exclusion restriction that enters 
the fuel scarcity equation. Their results still support Kumar and Hotchkiss’s, showing that in rural 
Pakistan, worsening access to firewood due to deforestation increases the amount of time women allocate 
to collection activities. Cooke (1998a) provides further empirical evidence, showing that when 
environmental products become scarcer and their shadow prices increase, households spend more time 
collecting such products. In her analysis of rural households in Nepal, 80 percent of the increase in the 
collection time was attributed to women. Heltberg, Arndt, and Sekhar (2000) and Palmer and MacGregor 
(2009) present similar results. In rural India, households react to increasing scarcity of forest resources, 
reflected by a 10 percent increase in per unit collection time, accompanied by a 1.1 percent reduction of 
the amount of fuel collected and an 8.9 percent increase of the collection labor time (Heltberg, Arndt, and 
Sekhar 2000). These findings imply that fuel is a basic necessity, as the increase of labor inputs is larger 
than the reduction of consumption or substitution toward other energy resources. Palmer and MacGregor 
(2009), however, show that in Malawi the reduction of energy consumption is larger than the increase of 
labor inputs in response to economic scarcity. As forest stocks decline, substitution from firewood to 
other energy sources is not common for the analyzed Malawian households.  

Although one might assume that substituting other fuel resources such as animal dung and crop 
residues might be an appropriate response to increases in firewood scarcity, Ilahi (2000) concludes that 
there is limited agreement in the literature on whether animal dung and crop residues are suitable 
substitutes or complements for firewood. 

Arnold et al. (2003) argue that women and children, who are the primary collectors of biomass, 
shoulder the largest burden of the increase in energy collection time and that it decreases their time 
available for other tasks. Women are more affected than men by this increase in energy collection time, 
especially in the short run and when firewood is primarily collected from common areas (Cooke, Köhlin, 
and Hyde 2008).  

The preceding empirical evidence strongly suggests that greater firewood scarcity increases the 
amount of time households must allocate to the collection of energy resources.  

Link between Households’ Fuel Collection Time and Well-Being  
Whereas the link between firewood scarcity and energy collection time is relatively intuitive, the effect of 
energy collection time on households’ well-being is more ambiguous.  

Kumar and Hotchkiss (1988) show that the increase in women’s energy collection time reduces 
their contribution to field labor by about 1.5 hours per person per day. Indicating some complementarity 
between men’s and women’s labor, this reduction also decreases men’s agricultural labor inputs by about 
0.8 percent per person per day. This leads to a 40 percent decline in a household’s total labor inputs in 
high-deforestation areas. As most households in rural areas of Nepal are dependent on agricultural 
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production, a reduction of agricultural labor inputs has negative implications for the household’s total 
income, food consumption, and members’ nutritional status. Using an instrumental variable approach, 
however, there is no evidence that an increase in energy collection time due to firewood scarcity has an 
adverse effect on the time attributed to income-generating activities in Pakistan (Ilahi 2000). Cooke 
(1998b) further suggests that households, and especially women, do not necessarily spend less time in 
agricultural production when the cost or collection time for energy resources increases, but that the 
additional time must originate from productivity increases or a reduction in leisure time. Besides the 
reallocation of labor to energy collection, agricultural production and productivity may be reduced 
through the increased use of farmland to produce firewood (Cooke, Köhlin, and Hyde 2008).  

A number of studies further consider how changes in natural energy resource availability affect 
children’s and especially girls’ schooling, which in turn is expected to influence households’ future 
income. Using data from a 1997–1998 Malawian Integrated Household Survey, Nankhuni and Findeis 
(2004) find that Malawian children are significantly involved in resource collection work and that their 
likelihood of attending school decreases with increasing hours allocated to natural resource collection. 
The study also shows that environmental degradation is a determining factor in this regard, as children 
from the most environmentally degraded areas spend three to five more hours per week on the collection 
of natural resources and are therefore less likely to attend school than children in less environmentally 
degraded areas. In a study from Kenya, Ndiritu and Nyangena (2010) find that beyond a two-hour-per-
day threshold, children’s school attendance is negatively affected by natural resource scarcity and the 
greater amount of time needed for resource collection. This effect is 9 percentage points larger for girls 
than for boys. The most recent contribution to this literature from Gebru and Bezu (2014) confirms that in 
northern Ethiopia, a 50 percent increase in collection intensity (hours per week) reduces the likelihood of 
child schooling by 11 percent. However, in this study the gender bias mentioned in Nankhuni and Findeis 
(2004) and Ndiritu and Nyangena (2010) cannot be confirmed.  

This literature shows that increases in energy collection time due to firewood scarcity have 
negative implications for the amount of time households, and especially women, spend on agricultural 
labor with adverse effects on households’ overall welfare. If children are involved in natural energy 
resource collection work, there is a likelihood of children’s reduction in school attendance. Given these 
empirical findings, it is of particular interest to understand how households, and how particular household 
members, react to policy interventions designed to reduce deforestation and dependence of rural 
households on the collection of natural energy resources.  

Empirical Evidence on Policy Interventions 
Cooke, Köhlin, and Hyde (2008) present a summary of the empirical literature on how policy 
interventions—such as reforestation, improved access to electricity infrastructure, and provision of 
improved cooking stoves—influence the effect of firewood scarcity on households’ welfare.  

For instance, Amacher, Hyde, and Joshee (1993) show that when firewood is sufficiently scarce 
on common lands, that is, if forest stocks are less accessible and prices too high, households start to grow 
wood on their own land. In Ethiopia, the decision to plant eucalyptus trees is positively associated with 
the distance to main fuel collection areas (Amacher et al. 2004). Furthermore, Heltberg, Arndt, and 
Sekhar (2000) show that the presence of community forest management institutions reduces households’ 
labor inputs to fuel collection from community sources and increases privately produced fuel 
consumption.  

Besides policy interventions to improve forest management initiatives, the spread of more 
energy-efficient improved cooking stoves might reduce the amount of energy required and thereby reduce 
energy collection time. Empirical evidence shows that Nepali households that use open, unimproved 
cooking stoves collect significantly more firewood than others (Cooke, Köhlin, and Hyde 2008). 
Heltberg, Arndt, and Sekhar (2000), however, do not find statistically significant evidence that the use of 
improved cooking stoves reduces the amount of firewood collected from common sources or from 
privately produced fuels. According to Amacher, Hyde, and Joshee (1993) higher firewood prices 
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encourage households to adopt improved cookstoves, but do not necessarily increase the likelihood of 
them being used efficiently. The use of improved cookstoves, however, decreases the demand for 
firewood of households in Nepal (Amacher, Hyde, and Joshee 1993) and reduces firewood collection time 
in Ethiopia (Amacher et al. 2004). In an overview of the empirical literature, Dutta (2005) shows that the 
introduction of improved cooking stoves brings about significant reductions in women’s workload for the 
collection and processing of firewood and cooking activities. The time women spend on cooking may be 
reduced due to the ability to use two pots at the same time, raise cooking temperatures quickly, and utilize 
greater heat-efficiency. Dutta summarizes that the majority of studies find that women use the freed-up 
time for income-generating activities such as handicrafts, sewing, other home-based work, and 
agriculture.  

IFPRI’s Report on Food and Agriculture in Ethiopia (Dorosh and Rashid 2013) further indicates 
that productivity per worker was 40 times higher in electrified areas than in nonelectrified rural firms in 
SNNPR. Workers in electrified rural villages were able to work for 10.7 hours a day versus 7.2 hours per 
day in nonelectrified villages (Chamberlin and Schmidt 2012). Costa et al. (2009), who test the 
implications of water and electricity supply for time allocation of women in rural Ghana, conclude that 
access to electricity infrastructure tends to increase the amount of time women spend on income-
generating activities but does not necessarily increase the probability of engaging in such activities in the 
first place. They therefore suggest that electricity provision should be accompanied by public policies that 
encourage women to enter the labor market.  

The literature review shows that a reduction in the availability of natural energy resources is 
likely to increase the amount of time households, and especially women, spend on fuel resource 
collection. Access to electricity infrastructure and the type of cooking technology also affect the required 
amount of fuel resources and thus the amount of time and physical energy dedicated to collection. The 
impact on household members’ time allocation to income-generating activities, however, is less 
conclusive. Therefore, this paper makes a valuable contribution to the existing body of literature by using 
new household data from Ethiopia and qualitative information from focus group discussions with rural 
household members.  
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4.  THEORETICAL FRAMEWORK 

An Agricultural Household Model with Energy Collection  
The theoretical foundation for the analysis of households’ time allocation to energy resource collection is 
based on the home production and time-allocation framework of Becker (1965) and later Gronau (1973). 
These authors extend the neoclassical labor supply model of consumption and leisure to home production, 
as another activity requiring labor inputs. Home production includes activities performed inside or outside 
the house and that are directly consumed by the household, such as childcare, cleaning, and cooking as 
well as collection of water and energy resources. Due to a lack of market prices for home production, the 
value of household work is reflected by the opportunity costs of foregone income, that is, income that 
could otherwise be generated with the given amount of labor and time inputs. Home production thus 
responds to the same economic incentives as market work, including changes in market wages, unearned 
income, and productivity changes. Singh, Squire, and Strauss (1986) further modify the neoclassical labor 
supply model to capture the specific behavior of agricultural farm households in developing countries. In 
rural areas of developing countries, markets are often incomplete and households are therefore 
subsistence producers and consumers of their own agricultural goods and offer only their surplus labor 
and agricultural produce at the market. The same holds for energy production, which, besides labor and 
capital, is another important input factor for households’ home and agricultural production. Damte, Koch, 
and Mekonnen (2012) and Ilahi (2000) therefore extend Singh, Squire, and Strauss’s agricultural farm 
household model to include households’ time allocation to the production of energy resources.  

In this modified version, the representative household 𝑖𝑖 generates its utility from the consumption 
of goods and services (𝑐𝑐𝑖𝑖) as well as leisure time �𝑡𝑡𝑖𝑖𝑙𝑙�, according to its preferences (𝜏𝜏𝑖𝑖):5 

𝑢𝑢𝑖𝑖 = 𝑢𝑢�𝑐𝑐𝑖𝑖 , 𝑡𝑡𝑖𝑖𝑙𝑙 , 𝜏𝜏𝑖𝑖�.                                                                          (1) 

The consumption function (𝑐𝑐𝑖𝑖) depends on the amount of time devoted to household production �𝑡𝑡𝑖𝑖ℎ�, a 
set of market-purchased goods (𝑥𝑥𝑖𝑖𝑚𝑚), home-produced agricultural goods (𝑥𝑥𝑖𝑖𝑎𝑎), the amount of natural 
energy resources used for cooking and heating (𝑥𝑥𝑖𝑖𝑒𝑒), and a vector of household-specific characteristics 
(𝑧𝑧𝑖𝑖): 

𝑐𝑐𝑖𝑖 = 𝑐𝑐�𝑡𝑡𝑖𝑖ℎ , 𝑥𝑥𝑖𝑖𝑚𝑚,𝑥𝑥𝑖𝑖𝑎𝑎 ,𝑥𝑥𝑖𝑖𝑒𝑒, 𝑧𝑧𝑖𝑖�.                                                                (2) 

In developing countries only a few rural households have the financial means and access to 
markets to purchase their fuel supplies and thus most collect them. Following Heltberg, Arndt, and 
Sekhar (2000), it is assumed that the representative household produces all its fuel resources by collecting 
natural energy resources like firewood, animal dung, and crop residues in forests, on common lands, and 
on its own fields, without making any fuel purchases. The total amount of energy consumed (𝑥𝑥𝑖𝑖𝑒𝑒) 
therefore depends on the household’s time devoted to the collection of natural energy resources from 
different sources �𝑡𝑡𝑖𝑖𝑒𝑒 = 𝑡𝑡𝑖𝑖

𝑒𝑒,𝑓𝑓 + 𝑡𝑡𝑖𝑖
𝑒𝑒,𝑑𝑑 + 𝑡𝑡𝑖𝑖

𝑒𝑒,𝑟𝑟� and the availability of fuel resources in the area �𝜃𝜃𝑗𝑗�. 
Households’ access to electricity infrastructure (𝛼𝛼𝑖𝑖) also affects whether households are dependent on 
natural energy resources, and the home technology parameter (𝛾𝛾𝑖𝑖) influences the amount of energy 
required for cooking and heating (Ilahi and Grimard 2000):  

𝑥𝑥𝑖𝑖𝑒𝑒 = 𝑓𝑓�𝑡𝑡𝑖𝑖𝑒𝑒 ,𝜃𝜃𝑗𝑗,𝛼𝛼𝑖𝑖 , 𝛾𝛾𝑖𝑖�.                                                                   (3) 

  

5 Household-level variables are denoted with the subscript 𝑖𝑖, village-level variables with 𝑗𝑗. 
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Following Damte, Koch, and Mekonnen (2012), it is further assumed that all energy sources are 
perfect substitutes, that the trade-off for using dung or crop residues for energy instead of manure leads to 
a reduction in agricultural output, and that if no firewood is available households can still produce 
agricultural goods while using all dung and crop residues for energy. 

Under these assumptions, the representative household maximizes its utility from consumption 
and leisure, subject to its time constraint (𝑇𝑇) allocated to energy collection (𝑡𝑡𝑖𝑖𝑒𝑒), agricultural production 
(𝑡𝑡𝑖𝑖𝑎𝑎), market (𝑡𝑡𝑖𝑖𝑚𝑚) and household work �𝑡𝑡𝑖𝑖ℎ�, and leisure �𝑡𝑡𝑖𝑖𝑙𝑙�: 

𝑇𝑇 ≥ 𝑡𝑡𝑖𝑖𝑒𝑒 + 𝑡𝑡𝑖𝑖𝑎𝑎 + 𝑡𝑡𝑖𝑖𝑚𝑚 + 𝑡𝑡𝑖𝑖ℎ + 𝑡𝑡𝑖𝑖𝑙𝑙 ,                                                        (4) 

and subject to the budget constraint generated by selling agricultural goods and surplus labor at market 
prices (𝑝𝑝𝑎𝑎 ,𝑝𝑝𝑒𝑒) and wages (𝑤𝑤𝑖𝑖), and nonlabor income (𝐼𝐼𝑖𝑖): 

𝑝𝑝𝑚𝑚𝑥𝑥𝑚𝑚 ≤ 𝑝𝑝𝑎𝑎[𝑞𝑞𝑎𝑎(𝑡𝑡𝑖𝑖𝑎𝑎,𝑎𝑎�) − 𝑥𝑥𝑖𝑖𝑎𝑎] + 𝑝𝑝𝑒𝑒�𝑞𝑞𝑒𝑒�𝑡𝑡𝑖𝑖𝑒𝑒,𝜃𝜃𝑗𝑗,𝛼𝛼𝑖𝑖� − 𝑥𝑥𝑖𝑖𝑒𝑒� + 𝑤𝑤𝑖𝑖𝑡𝑡𝑖𝑖𝑚𝑚 + 𝐼𝐼𝑖𝑖.                (5) 

The first-order conditions yield the optimum time and goods demand functions:  

𝑡𝑡𝑘𝑘∗ = 𝑡𝑡𝑘𝑘(𝑤𝑤,𝑝𝑝𝑎𝑎 ,𝑝𝑝𝑒𝑒 , 𝐼𝐼, 𝜏𝜏,𝛼𝛼,𝜃𝜃, 𝛾𝛾, 𝑧𝑧),𝑎𝑎𝑎𝑎𝑎𝑎                                                        (6) 

𝑥𝑥∗ = 𝑥𝑥∗(𝑤𝑤,𝑝𝑝𝑎𝑎 ,𝑝𝑝𝑒𝑒 , 𝐼𝐼, 𝜏𝜏,𝛼𝛼,𝜃𝜃, 𝛾𝛾, 𝑧𝑧),                                                         (7) 

where 𝑘𝑘 = 𝑒𝑒,𝑚𝑚,𝑎𝑎, 𝑙𝑙.  
As derived in Heltberg, Arndt, and Sekhar (2000), the theoretical model shows that the 

representative household chooses its time inputs to equate the marginal rate of substitution between 
leisure and consumption with the shadow price of natural energy collection, the shadow wage of market 
production time, and the shadow wage of home production time. Households collect natural energy 
resources until the point where the marginal utility of leisure equals the marginal utility of natural energy 
resources in household consumption times the marginal product of natural energy resource collection, 
which is equalized to the marginal values product of labor in agriculture. This shows that natural energy 
resource collection is determined by the household’s opportunity costs of time.  

The agricultural farm model with energy collection assumes that the representative household is a 
unitary entity that jointly decides about time and resource allocation and pools the household’s income. 
However, this framework fails to acknowledge differences in individual-specific opportunity costs of time 
and intrahousehold bargaining. Especially in developing countries, where labor is a crucial input for 
income-generating activities and home production, it is necessary to understand the drivers of gender 
differences in time allocation and the implications for gender-specific time poverty and well-being (Ilahi 
2000). The following paragraphs therefore present analyses of how household members’ time allocation 
to market, agriculture, resource collection, and home production differs by gender, age, social status, 
wealth, and season (Ilahi 2000). 

Intrahousehold Gender Differences 

Gender-Specific Time Allocation to Different Activities  
The World Development Report 2012: Gender Equality and Development (World Bank 2012) states that 
clear differences exist between women’s and men’s total labor time and activities. This division of total 
labor inputs and time use patterns is driven by economic reasons, social norms, and family formations. 
Relative to men, women are found to work longer hours once all productive activities—such as 
agriculture, marketing, childcare, and household work—are considered. Women are largely responsible 
for home production, water and firewood collection, and childcare, while men take care of income-
generating market and farm work. 
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The intrahousehold time allocation to specific agricultural tasks is divided according to household 
members’ physical strength and availability. Men usually perform agricultural tasks that require more 
physical strength, such as preparing the land and plowing. Women are typically in charge of weeding and 
hoeing, animal care, and horticultural production, which can be done within or close to the homestead. 
This allows them to perform multiple tasks like childcare, cooking, and agricultural production 
simultaneously (World Bank 2012). The gender-specific division of agricultural production tasks is more 
distinct during the dry season, when less female contribution is required for agricultural production. 
During the farming season, however, more total labor inputs are needed and in response women 
contribute more work to agricultural production and their leisure time decreases. During this season, men, 
however, reduce their contribution to household work such that women’s total work load is higher (Ilahi 
2000).  

Household members’ time allocation to off-farm labor is influenced by gender differences in 
access to education, the income-versus-substitution effect, opportunity costs of working away from home, 
and sometimes cultural barriers. In many patriarchal societies, men enjoy more privileged access to 
education, and that accumulation of human capital enables them to benefit from higher returns to labor in 
off-farm employment (Mammen and Paxson 2008). Whether educated men spend more time in income-
generating activities, where every hour of work fetches more money (substitution effect), or substitute 
their time for leisure (income effect) depends on the sign of the income-versus-substitution effect. The 
same holds for an increase in market wages, which relaxes the household’s income constraint. An 
increase in market wages earned by the household men also affects household women’s time allocation 
through the so-called “unearned income” effect. It relaxes the household’s income constraint and reduces 
the need for women to participate in income-generating work to meet the family’s basic needs. The 
impact of female education and wage increases on women’s time allocation to off-farm work, however, 
also depends on the functioning of the labor market and whether off-farm wages are high enough to 
compensate for the fixed costs of working away from home. As cultural and social norms often assign 
(married) women the burden of home production and child rearing, women’s labor force participation is 
more constrained than men’s (Mammen and Paxson 2008).  

Gender-Specific Benefits from Ownership and Income 
The allocation of time to various activities affects households’ total income and well-being. If household 
men and women spend more time in income-generating farm and off-farm work, the household is likely 
to have more income available to purchase goods and pay for children’s schooling. However, the gender 
of the income-generating household member also matters, as it affects the intrahousehold bargaining 
power. Whereas men are more likely to make investments for their own benefit, women’s control over 
income and assets also improves children’s well-being through investments in children’s human capital 
and health (World Bank 2012). Women’s time allocation to child rearing and home production may also 
have positive implications for children’s education and health. This in turn is likely to affect the 
household’s future income in a positive manner. Thus, if additional time is freed up from natural energy 
resource collection work and allocated to income-generating farm or off-farm work, child rearing, or 
physical relaxation, a positive effect on the household’s well-being can be expected. 

The following section presents factors that influence the amount of time household members (and 
especially women) spend on the collection of natural energy resources.  

Determinants of Time Allocation to Energy Resource Collection 
As presented earlier in section 4, the amount of time spent on natural energy resource collection work is 
determined by the availability of natural energy resources, access to electricity infrastructure, type of 
cooking technology, and a number of household-specific characteristics. These factors are discussed in 
more detail in the following paragraphs. 
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Availability of Natural Energy Resources 
Low availability of firewood resources implies that households have to travel longer distances to collect 
one unit of firewood resources and thus spend more time on firewood collection �𝑡𝑡𝑖𝑖

𝑒𝑒,𝑓𝑓�. Given the total 
time constraint (𝑇𝑇), an increase in the amount of time devoted to the collection of natural energy 
resources is likely to reduce the time available for market and agricultural work or leisure (Kumar and 
Hotchkiss 1988). Reducing the amount of time spent on income-generating activities is likely to have 
negative implications for the household’s total income.  

However, an increase in the market and shadow prices of firewood resources might also lead to a 
reduction of the total amount of firewood consumed. Instead of spending more time on firewood 
collection, price-sensitive households might shift to firewood substitutes such as animal dung or crop 
residues �𝑥𝑥𝑖𝑖

𝑒𝑒,𝑑𝑑 , 𝑥𝑥𝑖𝑖
𝑒𝑒,𝑟𝑟� in response to firewood scarcity (Damte, Koch, and Mekonnen 2012). The effect this 

has on the household energy collection time again depends on the availability of animal dung and crop 
residues. However, if animal dung and crop residues are used for energy supply and are less available as 
manure in agricultural production, agricultural productivity and subsequently income from agricultural 
production might be reduced (Mekonnen and Köhlin 2008).  

Access to Electricity Infrastructure 
Access to electricity infrastructure is expected to affect the amount of time spent on income-generating 
activities, but not for energy-collection work (Ilahi and Grimard 2000). Unless households also use 
electric stoves for cooking, access to electricity does not reduce the amount of energy fuel required for 
cooking. Nevertheless, access to electricity for in-house lighting or mechanization of home production or 
agricultural work processes is likely to extend the amount of time available for income-generating farm or 
nonfarm activities and have a positive effect on households’ total income (Köhlin et al. 2011).  

Cooking Technologies 
Furthermore, the amount of energy supply required for cooking and heating purposes depends on the 
energy efficiency of the cooking stove. The large majority of households in rural areas of developing 
countries use traditional cooking stoves, which require a larger quantity of firewood or dung compared 
with more energy-efficient, improved cooking stoves. With a lower demand for energy fuels, the amount 
of time spent collecting energy resources is also lower and time is freed up for income-generating 
activities (Amacher et al. 2004). The adoption of improved cooking stoves often depends on the 
household members’ income, infrastructure, market penetration, and information, as well as available 
know-how about utilization (Guta 2012). Cultural cooking methods also affect the user’s willingness to 
adopt a new technology. For instance, in Ethiopia cooking stoves need to be suitable for baking injera, 
which is the most widely consumed national dish (Mann and Tilahun 2014).  

Household Characteristics 
The amount of time allocated to the collection of fuel resources and income-generating activities varies 
across households due to differences in characteristics and composition. Household size is expected to 
increase the amount of fuel collection time, due to larger households’ higher energy demand and 
increased supply of labor for collection. Similarly, household size positively correlates with households’ 
time spent on income-generating activities and households’ total income (Heltberg, Arndt, and Sekhar 
2000). As women are mainly in charge of fuel collection work, a greater number of household women 
increases the amount of collection time, while more household men increases the household’s time spent 
on and income generated from farm and market work. Women are also the ones responsible for child 
rearing; therefore, a higher number of young children will likely reduce the amount of time devoted to 
women’s tasks.  
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When donkeys are used as pack animals for transporting heavy goods, the number of donkeys 
owned by the household is expected to reduce the household’s workload for transporting the required 
energy resources and free up time from energy collection work for other income-generating activities.  

Furthermore, the household’s level of education is expected to have a negative impact on the 
amount of time allocated to energy collection and agricultural farm work, because education increases 
human capital and therefore the returns to market labor. The same holds for an increase in market wages, 
depending on the sign of the income-and-substitution effect. Households with a higher average age are 
likely to spend more time in daily activities like energy collection work and income-generating activities 
than younger households, although the effect is likely to be diminishing (Damte, Koch, and Mekonnen 
2012).  

The relationship between households’ landholdings and livestock ownership on time allocation 
decisions is ambiguous. Households with more land and livestock are likely to spend less time on the 
collection of firewood when alternative fuel sources like animal dung and crop residues are available on 
their farm. However, using animal dung and crop residues for cooking and heating purposes reduces the 
amount of manure available for agricultural production, which might reduce household income.  

Market distance is relevant only for the amount of time households engage in market work as 
most of the energy resources are collected and not purchased from markets. A greater distance to market 
is therefore expected not to influence the energy collection time but to be negatively correlated with time 
available for market work and household income. 
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5.  METHODOLOGY 

The aim of the following empirical analysis is to shed light on women’s and men’s allocation of time and 
physical energy to different activities in rural households in Ethiopia. The main topics include household 
members’ time allocation to natural energy resource collection, factors that influence the amount of time 
required for energy collection, and the implications for households’ time allocation to other activities. To 
gain firsthand insight into household members’ assessment of their time and physical energy requirements 
for different daily and weekly activities, we conducted gender-disaggregated focus group discussions in 
three rural villages in western and central Ethiopia. The information is analyzed by gender group, 
highlighting individual- and village-level differences. Though not entirely representative, the gathered 
focus group information provides useful indications about households’ behavior in rural villages of 
Ethiopia and adds valuable qualitative information to the dataset that is used in the consequent part of the 
analysis.  

In a second step, we assess how changes in the availability of fuel resources, lack of access to 
electricity infrastructure, and the use of traditional cooking technologies affect the amount of time 
households spend on the collection of natural energy resources, like firewood, animal dung, and crop 
residues, for cooking and heating purposes. For a conclusive picture of the relationship we use a mix of 
background information from the focus group discussions and quantitative data from an Ethiopian 
household survey on “Energy Use in Agriculture”.  

According to the theoretical considerations presented early in section 4, the amount of time 
allocated to the collection of different energy resources (𝑡𝑡𝑖𝑖𝑒𝑒) is explained by the environmental conditions 
in the area �𝜃𝜃𝑗𝑗�, access to electricity (𝑎𝑎𝑖𝑖), the type of cooking technology (𝛾𝛾𝑖𝑖), and a vector of household-
specific characteristics (𝑍𝑍𝑖𝑖), such as household size, household composition, education, and income: 

𝑡𝑡𝑖𝑖𝑒𝑒 = 𝛼𝛼0 + 𝛽𝛽1𝜃𝜃𝑗𝑗 + 𝛽𝛽2𝛾𝛾𝑖𝑖 + 𝛽𝛽3𝑍𝑍𝑖𝑖 + 𝜀𝜀𝑖𝑖  .                                         (8) 

In a third step, we test the relationship between time spent on energy collection work and time 
spent on other income-generating farm and off-farm work, which are likely to be interlinked. A two-stage 
least-squares regression then attempts to establish a causal relationship between the factors that influence 
time allocation to natural energy resource collection and household income:  

𝑌𝑌 = 𝛼𝛼0 + 𝛽𝛽1𝑡𝑡𝑖𝑖𝑒𝑒(… ) + 𝛽𝛽2𝑍𝑍𝑖𝑖 + 𝜀𝜀𝑖𝑖  .                                         (9) 

The following section provides information about the data used for this empirical analysis, site 
selection, and data collection methodology. 
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6.  DATA 

Quantitative Data Collection 
The quantitative data come from an IFPRI-CIMMYT household dataset collected by the AEMFI funded 
by the CGIAR Research Program on Water, Land, and Ecosystems in the Nile Basin of Ethiopia between 
May and August 2013. In this second survey round of a 2005 IFPRI household survey on “Food and 
Water Security under Global Change”, 930 of the original 1,000 households (93 percent success rate) 
were interviewed in 20 different woredas in five regions of Ethiopia (Tigray, Amhara, Oromiya, 
Benishangul Gumuz, and SNNPR). 

For the initial sampling frame, each woreda in Ethiopia was classified according to its 
agroecological zone, percentage of cultivated land under irrigation, average annual rainfall, rain 
variability, and vulnerability of food production systems. The 20 woredas marked in Figure 6.1 were then 
selected such that across the dimensions the proportion falling into each class for the sample matched as 
closely as possible the proportions of the entire Nile basin. From the sampled woredas, one kebele each 
was purposely selected to include households with farm irrigation systems. Finally, 50 households were 
randomly chosen from these peasant associations.  

Figure 6.1 Selected survey sites in Ethiopia 
 

 

 

 

 

 

 

 

 

 

 

Source:  Sample frame for IFPRI household dataset collected under the project “Food and Water Security under Global Change: 
Developing Adaptive Capacity with a Focus on Rural Africa” in Ethiopia; supported by the Federal Ministry for 
Economic Cooperation and Development, Germany. The sample frame was developed on the basis of the Atlas of the 
Ethiopian Rural Economy (Benson 2006). 

The questionnaire included modules on the socioeconomic characteristics of the households, 
energy use for cooking activities, climate shocks experienced by the households, crop and livestock 
production, and climate change perceptions and adaptation strategies, as well as risk preferences. Most of 
the questionnaire was targeted at household heads. However, for some gender-disaggregated data, the 
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survey also included modules on knowledge and use of climate-smart agricultural practices, climate 
change perceptions and adaptation, social networks, and group membership explicitly targeting female 
household members.  

Qualitative Data Collection  
In April 2014, the author of this paper revisited four of the initially 20 villages in the kebeles of Haru, 
Nunu Kumba, Hidabu Abote, and Bereh Aleltu to gather additional qualitative information on 
households’ time allocation and physical burden associated with different daily activities and people’s 
habits for the collection of natural energy resources. The four sites were selected considering regional 
differences in households’ access to electricity, and to reduce travel costs preference was given to sites 
relatively close to Addis Ababa. Two of the selected sites, Haru and Nunu Kumba, are located in western 
Ethiopia, close to the towns of Gimbi and Nem’kete, while the sites of Bereh Aleltu and Hidabu Abote 
are located north of Addis Ababa. Unfortunately, the site of Bereh Aleltu had to be excluded from the 
sample, due to restructuring of the woreda administration and lack of consent for data collection in rural 
households.  

In each of the visited sites, male and female groups consisting of 8 to 10 participants were 
separately engaged in a focus group discussion about their daily activities, time allocation to different 
activities, and the physical strength required to perform these tasks. The interviewees were selected 
through a local facilitator based on their availability and comparable age balances. The discussions were 
facilitated by a group of four enumerators from the AEMFI in the local language Afan Oromo.  

First, participants were asked to name the activities they perform in a normal day or week (if 
activities differed throughout the week), and afterward the different activities were summarized on flip 
chart paper. Subsequently, each participant was asked to think about the amount of time and physical 
energy each activity requires, using 24 beans to reflect the hours of the day and differently sized stones to 
express whether an activity requires little, intermediate, or a lot of physical strength. The consensus-based 
results are presented later in this report. 

The second activity focused on learning about the participants’ natural energy resource collection 
behavior, observed changes in the availability of energy resources, implications for their daily lives, and 
their proposed adjustment mechanisms. In this resource mapping exercise, the participants drew a picture 
of their village using local materials to point out where (if applicable) they collect firewood and if the 
collection site had changed over the past 10 years.  
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7.  ALLOCATION OF TIME AND PHYSICAL ENERGY TO ACTIVITIES 

Description of Household Members’ Daily Activities 
The first focus group discussion aimed to gain insight into individual household members’ time and 
physical energy allocation to different activities. The gathered information, summarized in Table 7.1, 
shows that across the three villages, the type and number of activities differ substantially between men 
and women. Based on the question of what daily and weekly tasks members of the male and female 
discussion groups perform, men are mostly engaged in agricultural and market work, while women 
additionally take care of household production tasks.  

Table 7.1 Comparison of male and female activities 

Activities Male activities Female activities 
Agricultural farm work • (Preparing land for) 

plowing 
• Irrigation 
• Weeding and hoeing 
• Building/repairing 

fences 
• Looking after animals 
• Natural resource 

conservation  

• Cultivating, weeding 
• Looking after animals 

Off-farm work • Marketing 
• Others (barber, 

handicrafts) 

• Selling homemade 
alcoholic drink 

Household work 
(outside) 

 • Collecting firewood 
• Fetching water  

Household work (inside)  • Cleaning, cooking, 
coffee ceremony, looking 
after children 

• Washing, bathing 
• Grinding flour 
• Preparation of alcoholic 

drink 
Leisure • Eating 

• Sleeping 
• Coffee ceremony, 

social gathering, church 

• Eating 
• Sleeping 
• Coffee ceremony, social 

gatherings, church 
• Visiting sick and elderly 

Source:  Author. 

In each of the three sites, women stated that they are responsible for the following tasks: 
collecting firewood; fetching water; fieldwork, such as weeding or cultivating teff, peppers, or onions; 
taking care of livestock; preparing and selling areke (a homemade alcoholic drink) at the local market; 
household activities, such as cleaning the house and preparing meals; grinding flour (either manually or 
mechanically in the closest town); washing clothes; looking after young children and the sick or the 
elderly; eating; and preparing the coffee ceremony. Women perform a number of the activities daily, 
while other activities like collecting firewood (three times a week) and going to the market (twice a week) 
are less frequent and vary from household to household.  
  

17 



Men mentioned they are primarily engaged in market and fieldwork, which includes preparing the 
land for plowing, irrigation, building or fixing fences, and animal care. In all three villages, men 
considered household work to be a female domain to which they do not regularly contribute. Furthermore, 
only in the male discussion groups, some participants pursued part-time income-generating activities 
unrelated to agricultural production, such as working as a barber or producing handicrafts.  

The focus group discussions in the three rural villages confirmed there are strong gender 
differences in household tasks as described in the World Development Report 2012 (World Bank 2012).  

Men’s and Women’s Time Allocation to Different Activities 
Table 7.2 shows women’s total time spent working and the allocation of time to different activities. The 
background indicates the perceived physical burden associated with each activity. Light gray represents 
tasks that are considered easy; medium gray is used for medium and dark gray for heavy tasks.  

Table 7.2 Women’s time allocation to different activities 

  Frequency/week Time allocation 
Activity  Haru Nunu Kumba Hidabu Abote 

Agricultural 
work 

Fieldwork  Daily (farming 
season) 

7 h 4 h 11 h 

Animal care Daily 2 h 4 h 
Market work Marketing  2× 6 h 2-8 h 6–9 h 
Household work 
(outside) 

Collecting 
firewood 

2–3× 3–5 h 4 h 3 h 

Fetching water  Daily 1 h 2 h 1 h 
Household work 
(inside) 

Household  Daily 4 h 5 h 4 h 
Preparing 
alcoholic drink 

0.4–1× 8 h 12 h 12 h 

Washing/ 
bathing 

1× 3–6 h 3 h 6 h 

Preparing flour  0.3×  3 h 8 h n.a. 
Leisure Eating Daily 1 h 1 h ½–1 h 

Gatherings, 
church 

Irregularly 1–2 h 4 h 4 h 

Sleeping Sleeping Daily 8 h 7 h 6 h 
Source:  Author. 
Note:  h = hour(s); n.a. = not available 

For women, household production takes four to five hours every day, while fetching water 
occupies one to two hours daily. During farming season, women spend substantial time supporting 
household men in the field. This includes cooking meals for the household members that are working in 
the field and transporting meals to the agricultural production sites. Firewood is collected only two to 
three times per week, but requires three to five hours per trip. Less frequent activities like making areke 
and grinding flour were mentioned as very time-consuming activities, since the process must be done 
manually in the absence of electricity.  

During the focus group discussions, several of the determinants of household members’ time 
allocation mentioned earlier in the section “Intrahousehold Gender Differences” were confirmed. Women 
with young children stated that they spend more time (up to five hours a day) caring for their newborn 
and do not engage in firewood and water collection. During discussions, women also confirmed that the 
amount of time allocated to different activities also depends on distance. If the distance of the entire 
village or specific households to (high-quality) firewood sources, the nearest market, or the relatives’ 
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house is far, women have to spend more time traveling to those sites and therefore allocate more time to 
the activity.  

As Table 7.3 illustrates, men’s daily activities and time allocation differ from women’s. Men 
spend most of their time and energy on agricultural farm work and livestock care. They also have 
less variation in their daily activities, perform fewer tasks simultaneously, and have more time 
available for eating, sleeping, and drinking coffee than do women in the same village. Men’s 
discussion groups agreed that the amount of time devoted to farming activities depends on the men’s age, 
land size, and irrigation system. Older men are more likely to spend more time at coffee and 
social/religious gatherings. Men with larger farms and irrigation systems, however, spend more time 
farming than men with small, rainfed agricultural land. 

Table 7.3 Men’s time allocation to different activities 

  Frequency/  
week 

Time allocation 

Activity  Haru Nunu Kumba Hidabu Abote 
Agricultural 
work 

Farming/animal care Daily 8 h 7 h 7 h 
Building/repairing 
fences 

Daily 1 h 1 h 1 h 

Natural resource 
conservation  

Daily n.a. n.a. 1 h 

Market work Marketing  2–3× 4 h n.a. 2 h 
Other income-
generating activities 
(barber, handicrafts) 

Daily n.a. 4 h (if applicable) n.a. 

Leisure Eating  Daily 2 h 3 h 2 h 
Coffee ceremony/ 
social gatherings 

Daily 3 h 3 h 2 h 

Sanitation/hygiene Daily n.a. 2 h 2 h 
Sleeping Sleeping  Daily 8 h 8 h 7 h 

Source:  Author. 
Note:  h = hour(s); n.a. = not available 

Similar to discussion groups with women, men also mentioned spending more time on 
agricultural production during the rainy season due to conditions and heavier workload. In Haru, men 
stated that over the past 10 years the amount of time spent on agricultural production has increased due to 
reduced land productivity, diminishing land size per household, excessive land use, expensive fertilizer 
and soil erosion due to heavy rains, and long-lasting dry seasons. Most of the men therefore work as daily 
laborers in lowland farm areas, and their children support the families as shepherds or farmer boys. In 
Hidabu Abote, men have benefited from infrastructure investments and environmental protection 
measures funded by nongovernmental organizations like World Vision, which were common in this area. 
They now spend less time on fetching water, traveling to and from the market, collecting fertilizer, and 
weeding, since the village has gained access to pumped water, new roads, a fertilizer distribution center, 
and improved access to anti-weed chemicals.  

Figure 7.1 shows a direct comparison of the time allocated to farm, market, and household work 
(inside and outside) and leisure. On average, women in Haru spend the largest share of their waking hours 
working. Men, on the contrary, have a third of the day available for leisure.  
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Figure 7.1 Comparison of weekly time allocation in Haru (in %) 

 
Source:  Author. 

The results of the focus group discussions have several limitations. First, respondents are likely to 
recall days in which certain activities were predominant and then use the hours spent on that day as 
representative for the amount of time they typically spend on those activities. By using consensus-based 
group information we tried to reduce this risk, but we cannot entirely suspend it. Also, especially for the 
group of women, the 24 beans per day rule was not always followed, because activities largely differ from 
day to day and we wanted to capture all activities.6 Another limitation is that weekly frequencies of 
activities were not explicitly asked about during discussions. Thus, the weekly frequencies considered in 
Tables 7.2 and 7.3 are generalizations drawn from individual-specific responses. Household- or village-
specific differences in the frequencies of weekly activities, however, influence the calculated weekly time 
allocations significantly.  

We now look at the types of fuel resources used in different areas and changes in the availability 
of those resources using data from the focus group discussions and the “Energy Use in Agriculture” 
quantitative dataset.  

6 Twenty-four beans were handed out to reflect the average amount of time per day spent on different activities. However, 
due to a large variation in women’s daily activities throughout the week, this rule was relaxed after it was clarified that one bean 
stands for one hour.  
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8.  HOUSEHOLD RESPONSES TO CHANGES IN FIREWOOD AVAILABILITY 

Insights from the Focus Group Discussions 

Natural Energy Use  
Although the kebele of Haru has access to electricity, the amount of power is only sufficient for 
lighting purposes and none of the participants were found to use electricity for cooking or heating 
purposes. As kerosene and electric power are scarce, they mainly use firewood, dung, agricultural 
residues, and charcoal for household production, whereby firewood is the main energy source for 
cooking. In Hidabu Abote, firewood is also the main source of energy for cooking, but the use of animal 
dung, crop residues, and charcoal is common for cooking. As mentioned in section 7, in all three 
villages women and children are mainly in charge of collecting energy resources from the 
communal forest and other woodlands surrounding the village as well as forest reserves. Some 
households also collect firewood from their own land or from common lands within and beyond 1 to 2 
kilometers from their village boundaries. Transportation of firewood from the source to the house is 
usually done manually by carrying it on the head or the back, and in rare cases with donkeys.  

Observed Changes in the Availability of Natural Energy Resources  
When asked whether and how their time allocation to fuel collection has changed over the past 10 years, 
participants from all three sites mentioned that changes in land productivity and deforestation have 
affected their time. In Haru, the majority of participants reported that over the past 10 years firewood has 
remained their main energy source but that the collection sites used to be closer to the village. Now, only 
individuals who have trees on their own land can get firewood easily. Moving to a more distant collection 
site has increased the amount of time spent searching for, collecting, and transporting firewood, which 
leaves less time for other activities.  

In Nunu Kumba, women mentioned that while they used to collect firewood from nearby forest 
areas, today there are no nearby firewood collection sites. Compared with 10 years ago, they have to 
travel to distant forest sites to collect firewood, which takes up to 10 hours versus 2 hours in the past. 
Instead people buy trees from the owners, cut down their own trees, or collect firewood from the church 
forest area. This also means an additional financial burden for households.  

In Hidabu Abote, participants noticed that forest areas and grazing lands have become scarce due 
to land protection rules and clearing for cropland expansion. In response they now cut and carry home 
animal fodder and use dung instead of firewood for cooking and heating.  

Descriptive Statistics from the Quantitative Household Survey Dataset  

Household Information 
The quantitative household survey captures the responses of 930 households with an almost equal share 
of men (51 percent) and women (49 percent). 34 percent of the 5,716 participants come from the Amhara 
region, 31 percent from Oromia, followed by Tigray (15 percent), Benshangul Gumuz (14 percent), and 
SNNPR (6 percent). Each household has on average 6.9 members, or 4.6 members using the Organisation 
for Economic Co-operation and Development (OECD) equivalence scale.7 Counting the (unweighted) 
number of individuals, households have on average 2.4 females above the age of 14, 2.6 males, and 1.8 
children younger than 5 years. 
  

7 In the OECD equivalence scale, the first adult household member counts as 1, every additional adult is weighted with 0.7 
and every child below the age of 14 with 0.5. This is to capture the diminishing effects of household members.  
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Only 15 percent of all households are headed by women. Across the sample, most household 
members are below the age of 18 years (54 percent), followed by the share of people in the 31-to-60-years 
age group (23 percent), from which most of the household heads are drawn. 42 percent of all participants 
are illiterate and 49 percent can read and write (formally), having attended on average 5.6 years of school. 
In comparison, among the group of household heads only 34 percent have attended formal education and 
53 percent are illiterate. Across the sample, households own on average 1.9 hectares of land. Furthermore, 
across the sample approximately 0.6 households own a donkey. As donkeys are often used for 
transporting goods to market or fuel resources, they are an important asset for households.  

Virtually all households in the sample are engaged in agricultural production for their livelihoods. 
Men spend on average 13 person-days on agricultural production per season.8 For women, the 
contribution to agricultural production is more stable at around 4 person-days. For both men and women, 
threshing is the most time-consuming activity, and for men land preparation, planting, and irrigation are 
additionally time-consuming aspects of agricultural production.  

In comparison, only 23 percent of all households have a household member who earns income 
from non-own-farm or nonfarm employment, and 85 percent of those individuals are male. Employment 
opportunities are highest in the Oromia region (95 cases, compared with roughly 25 to 50 in the other 
regions) and mainly involve crop production or work as farm laborers. Men and women employed in off-
farm labor spend on average 5 person-days on off-farm work.  

Considering households’ total income from agricultural production, growing perennial crops, 
raising livestock, other nonfarm enterprises or labor employment, and nonlabor income such as 
remittances, households have an average annual income of 58,712 Ethiopian birr (ETB), which is 
equivalent to $2,955. Divided by the household size, the annual income per capita is on average ETB 
13,964, or $702. However, it should be noted that the average income calculated from the production 
variables in the dataset is likely to be overstated, as not all production costs may be accounted for. The 
World Bank in comparison summarizes that income per capita in Ethiopia was $498 in 2013 (World Bank 
2013).  

Use and Availability of Energy Resources, Electricity Infrastructure, and Cooking 
Technologies 
In the sample, 95 percent of all households collect fuel for cooking and heating purposes, compared with 
3 percent that purchase and 2 percent that either collect or purchase. In about 70 percent of cases women 
are the household’s main collectors of energy resources (Appendix Figure A.1). The large dependence of 
households on collected fuel resources was confirmed during the focus group discussions, and only 
women mentioned being involved in fuel collection.  

Figure 8.1 shows the average amount of time households in the different regions devote to energy 
resource collection work, distinguishing between firewood, animal dung, and crop resources.  

8 In the questionnaire the rainy season (season 1) refers to the months from March to August and the dry season (season 2) to 
the period between September and February. In Ethiopia, the two cropping seasons are during the short rainy Belg season from 
February to June and the main rainy Meher season from June to October. 
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Figure 8.1 Time allocation to the collection of different fuel sources 

 
Source:  Author. 
Note:  SNNP = Southern Nations, Nationalities, and People’s Region of Ethiopia. 

For the entire sample, households spend on average 121 minutes per week to obtain fuel 
resources, ranging from 89 minutes per week in the Tigray region to about 162 minutes per week in 
Benshangul Gumuz. The collection of firewood resources from their own or neighbors’ woodlots and 
communal lands, on average, takes 123 minutes per week of households’ time; for animal dung 115 
minutes per week are needed, and for crop residues 88 minutes per week.  

However, for the three kebeles of Haru, Nunu Kumba, and Hidabu Abote, the average fuel 
collection times differ substantially from the findings of the focus group discussion. In the quantitative 
dataset we find that with 111 minutes per week (Haru), 118 minutes per week (Nunu Kumba), and 88 
minutes per week (Hidabu Abote), households’ average fuel collection times in these three sites are much 
lower than women indicated during the focus group discussions. One explanation could be that women’s 
time judgment during the focus group discussions was overstated. Another explanation is that since the 
household survey was mainly targeted at household heads (who are predominantly male), men 
significantly underestimated the average amount of time their (mainly female) household members spend 
on fuel collection per week. 

Although the collection time for firewood is highest in Oromia, Benshangul Gumuz, and SNNPR, 
Figure 8.2 shows that those are the regions where most of the households are dependent on firewood fuel 
sources (see also Appendix Figure A.2). This implies a lack of alternative fuel sources and the larger 
distance to reach firewood sources in those areas. In contrast, in the regions of Tigray and Amhara, where 
the average collection times for the different fuel resources are lowest, households use firewood and 
animal dung in a more balanced manner.  
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Figure 8.2 Use of firewood, animal dung, and crop residues by region (in %) 

 
Source:  Author. 
Note:  SNNP = Southern Nations, Nationalities, and People’s Region of Ethiopia. 

The availability of firewood resources can be measured in a number of ways. Following the 
example of Nankhuni and Findeis (2004), a village is located in a high fuel collection time area if the 
median value of hours spent on fuel collection in a respective kebele is higher than the median for the 
entire sample. In the sample, 54 percent of all kebeles are located in areas with a high median fuel 
collection time. As Figure 8.1 shows, those are mostly villages in the Amhara region (65 percent), 
Benshangul Gumuz, and SNNPR (both 100 percent). 

When asked whether they had noticed changes in the availability of fuel resources over the past 
10 years, about 70 percent of participants responded affirmatively. Of those who had, an average of 42 
percent said they had witnessed a reduction in the availability of fuel resources from their own land and 
28 percent from common lands. The perceived reduction of fuel resources is again most present in the 
Benshangul Gumuz and SNNPR regions.  
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Figure 8.3 Perception of reduced fuel availability from own and common sources 

  
Source:  Author. 
Note:  SNNP = Southern Nations, Nationalities, and People’s Region of Ethiopia. 

Descriptive statistics show that across the sample one-third of the interviewed individuals have 
easy access to electricity. Again, there is a large regional variation between SNNPR, where none of the 
interviewed households has access to electricity, and the Oromia region, where 44 percent of households 
were connected to public electricity. This confirms that in the sparsely populated areas electrification 
rates are close to nonexistent compared with the more urbanized and more densely populated areas in the 
Oromia, Amhara, and Tigray regions. However, as the insights from the focus group discussions 
suggested, this provides little information about the amount, reliability, and use of electricity. 

In the sample, 88 percent of all households use traditional three-stone stoves for cooking.9 
Among households that own a secondary cooking stove, 96 percent use charcoal on that stove. While 72 
percent of the interviewed households are aware of improved cooking stoves, only 19 percent of all 
households actively use this technology and adoption rates are highest in the regions of Amhara (37 
percent) and Benshangul Gumuz (36 percent).  

The descriptive results support the information from the focus group discussions: households 
located in areas with low fuel availability or that have experienced a reduction in fuel availability are 
likely to spend more time collecting natural energy resources. These statistics provide little indication of 
the effect of time spent on fuel collection on households’ time allocation to income-generating activities 
and thus household income. However, based on the theoretical model, we would assume that an increase 
in time spent collecting fuel resources is likely to reduce time available for income-generating activities 
and thus households’ total income or household members’ leisure time.  

Regression Results 

Impact of Changes in Firewood Availability on Fuel Collection Time 
To determine the correlation and causal relationship between the availability of fuel resources and the 
amount of time households spend on the collection of natural energy resources, we test a number of proxy 
variables for fuel availability. First, we use a binary variable to indicate whether or not households have 

9 As their primary stove only 5 percent use charcoal stoves and 7 percent other types of cooking stoves. 
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noticed a reduction in fuel resources from their own land or common land areas. The second proxy 
indicates whether the median fuel collection time of a kebele is larger than the median fuel collection time 
of the sample. Finally, for a more objective measure of resource availability, we use data on zone-level 
forest stocks from the Ethiopian Woody Biomass Inventory and Strategic Planning Project (WBISPP) 
(Ministry of Agriculture and Rural Development 2004) and zone-level population size as stated in the 
reports on Sustainable Development, Conservation, and Management of the Biomass Resources of the 
Ethiopian Ministry of Agriculture (2001, 2002a, 2002b, 2003a, 2003b).  

Testing the correlation between the total amount of time households spend collecting fuel 
resources and the availability of fuel resources, we find a positive relationship. Households that noted a 
reduced availability of fuel resources from common land areas also spend more time collecting fuel 
resources. However, for households that observed a reduction of fuel resources from their own farmland, 
the positive relationship is not statistically significant (Appendix Table A.1).  

Using a dummy variable for households’ location in a high fuel deficit area like Nankhuni and 
Findeis (2004) may be a more suitable indication for resource scarcity. Here, we also find evidence of a 
statistically significant positive correlation between households’ location in areas with an above-average 
median fuel collection time and time spent collecting fuel resources (Appendix Table A.2).  

In a third specification, we test the relationship between total forest stocks in a specific zone and 
time allocation to fuel collection. Contrary to our expectation, the correlation matrix shows that the 
relationship between larger forest stocks and fuel collection time is positive (Appendix Table A.3). One 
explanation could be that households with access to larger forest stocks spend more time collecting fuel 
resources in order to sell the surplus at the local market. However, that statement cannot be verified 
through this analysis. Another reason could be that the variable for total forest stocks and availability of 
forest stocks per capita is imprecise. Additionally, this data source does not provide any information on 
households’ actual access to the available forest stocks, which are protected by the government in many 
cases and thus may increase the amount of time required to collect firewood.  

The ordinary least squares (OLS) regression analysis shows that households that noticed a 
reduction in the availability of fuel resources from common land areas spend 21 minutes more per week 
collecting fuel resources than those households that did not notice a reduction in resources from common 
lands. However, the low value of the adjusted R-square and large residual indicate that the perceived 
reduction in fuel resources from common land can explain only a small share of the variation in time 
allocation to fuel collection (Appendix Table A.4). Controlling for a number of household characteristics, 
we find that the effect of reduced fuel availability from common lands remains statistically significant and 
increases weekly fuel collection time by 16 minutes. 

Using a dummy variable for households located in an area with high environmental stress, we 
find that households that are further from fuel sources compared with the average spend 40 additional 
minutes per week collecting fuel resources (Appendix Table A.5). When controlling for other explanatory 
impact factors, the magnitude of this effect decreases to an additional 24 minutes per week. Table 8.1 
summarizes the regression results for households’ average collection time of all fuel resources and the 
average amount of time spent collecting firewood, using the two different proxies for low availability of 
fuel resources. 
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Table 8.1 Summary of OLS regression results of the effect of various household characteristics on 
average energy resource collection time 

 Regression Analysis I Regression Analysis II 

Characteristic 
Average 
collection time 

Firewood 
collection time  

Average 
collection time 

Firewood 
collection time  

Availability 16.20*** 29.27***   

Deficit area   24.04*** 24.26*** 

Traditional stove -12.50 -4.85 -10.81 -2.69 

Electricity -10.27* -10.82* -9.18 -9.82 

Age -0.32 -0.39 -0.31 -0.45 

Education 2.40 -1.75 -1.49 -0.85 

# Females (> 14) 8.60*** 5.72* 8.46*** 5.44* 

# Males (> 14) -2.04 -3.12 -2.25 -3.54 

# Children (< 5) -1.23 -1.99 -0.52 -1.07 

# Donkeys -5.87** -8.54** -4.37 -7.22** 

Land size 1.23 1.97 1.63 2.55 

Assets 0.00 0.00 0.00 0.00 

Wages -1.95*** -1.77*** -1.49*** 1.37*** 

Constant 197.47 190.34 167.28 166.58 

Observations 827 799 827 799 

R2 adjusted 0.08 0.08 0.08 0.08 

Source:  Author (2014). 

The regression analysis confirms that households that face lower availability of fuel resources 
spend on average 16 to 24 minutes per week longer on the collection of firewood, animal dung, or crop 
residues resources. Given that in the entire sample households’ average fuel collection time is 120 
minutes per week, households in areas with lower fuel availability spend 20 percent more time collecting 
fuel resources compared with the sample average. For households that noted a reduction in fuel resources 
from common land areas, the increase in collection time for firewood is even higher at 29 minutes per 
week. This is not confirmed for the second proxy, where no significant difference can be found between 
the collection time for all energy resources and for firewood, respectively.  

The analyses above support that the number of household women significantly increases the 
average amount of time households spend collecting firewood. The effect of household men is 
insignificant, which indicates that women are mostly responsible for the collection of fuel resources. The 
number of young children also does not have a statistically significant effect on households’ time 
allocation to fuel collection. This may be because the dependent variable reflects the households’ total 
collection time but is not differentiated by household members. It is therefore still possible that the 
children’s caretaker spends less time collecting fuel resources and that instead this task is assumed by 
another household member, keeping the household’s total energy collection time relatively unchanged.  

An additional donkey owned by the household alleviates the time allocation to natural energy 
resource collection work, as donkeys are often used to transport heavy goods and materials. This could 
mean that households owning donkeys have a lower work burden for fuel resource collection, can 
transport the remaining fuel resources faster and need to go out to collect fuel resources less frequently.  

Access to electricity decreases the amount of time households spend collecting fuel resources, but 
this is statistically significant only in the first specification. As natural energy resources are mainly 
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collected for cooking and heating purposes, access to electricity would have to coincide with the use of 
electric cooking stoves to affect households’ time allocation to fuel collection. The use of improved 
traditional stoves rather than unimproved traditional stoves does not seem to have a statistically 
significant effect on households’ time allocation to fuel collection. One reason could be that the fuel 
savings are not large enough to translate into a significant reduction of fuel collection time. This could be 
the case if the amount of time spent collecting fuel resources is mainly determined by the time needed to 
walk to the collection site rather than the act of collecting firewood. This statement was supported during 
the focus group discussions with women mentioning that it takes them about two hours to walk to the 
collection site, one hour to collect firewood, and again two hours to walk back.  

Furthermore, the highly statistically significant negative effect of market wages on time 
allocation to fuel collection is striking. This indicates that due to the higher opportunity costs, households 
that can earn higher market wages spend less time collecting fuel resources. Although not shown with this 
analysis, it could be assumed that with higher market wages, households are more able to purchase their 
fuel resources instead of collecting them.  

In the following paragraphs we examine the implications of an increase in households’ average 
fuel collection time for their time allocation to income-generating activities and total household income.  

Impact of Changes in Firewood Availability on Total Household Income 
Preliminary analysis does not show a statistically significant correlation between the amount of time 
households spend on the collection of natural energy resources and farm production work (Appendix 
Table A.6). This could stem from the gender division of labor discussed in section 4. If a change in 
households’ time allocation to fuel collection work mainly affects household females, it may not affect 
the amount of time household men spend on agricultural production.  

However, there is a statistically significant negative correlation between households’ time 
allocation to fuel collection work and off-farm work (Appendix Table A.7). Regression results show that 
an increase in energy collection time significantly reduces the time available for income-generating 
activities, though the magnitude of this effect is very small. This may be because across the sample, the 
number of women who spend time in off-farm employment work is much smaller than the number of 
men, such that households’ (mostly women’s) time allocation to fuel collection does not significantly 
affect households’ (mostly men’s) time allocation to off-farm work.  

To understand whether this negative relationship is driven by time increases in fuel collection due 
to a household being located in an area with low fuel resource availability, we must run a two-stage least 
squares regression. The dummy variable for perceived reduction of fuel availability from common 
sources is used as an instrument. It fulfills the exclusion restrictions, as it is not correlated with time spent 
in off-farm work but is significantly correlated with households’ time allocation to fuel collection. 
However, no statistically significant relationship is found using this approach (Appendix Table A.8).  

Finally, we test whether an increase in energy collection time affects households’ total income. In 
the analysis we do not find a statistically significant effect of time allocation to energy resource collection 
work on households’ total annual income. As expected, the sign for energy collection time is negative, but 
it is not statistically significant (Appendix Table A.9). This result is not surprising given the low 
correlation with time allocation to income-generating farm and off-farm activities.  

Shortcomings of the Regression Analysis 
As already indicated, the empirical regression analyses presented above are prone to a number of 
limitations, which are discussed in the following paragraphs.  

First, we use a cross-sectional dataset to estimate the effect of differences in natural energy 
resource availability on households’ time allocation to natural energy resource collection, farm and off-
farm work, and household income. The “Energy Use in Agriculture” dataset does not include a subjective 
component about the de facto availability of forest stocks in the different areas and households’ access to 
these resources. We were only able to use zone-level data on forest stocks and population size, 
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summarized in the WBISPP reports, which do not allow for conclusions about the relationship between 
village-level availability of forest stocks and households’ time allocation to fuel collection. In the absence 
of more conclusive data, we used households’ perceived reduction of fuel availability from their own or 
common land, which is subject to perception bias. For a more objective indicator of a change in resource 
availability, it would be more suitable to use panel data of forest stocks to allow for a cross-sectional 
analysis across time.  

Furthermore, the dataset does not mention how much time each household member spends 
collecting fuel resources, but only states the household’s average amount of time spent collecting fuel 
resources and whether the main energy collector is male or female. The difference in energy collection 
time for households where the main energy collector is male or female is minimal. However, as indicated 
by the preceding qualitative analysis, there is reason to assume that within each household large gender 
differences exist between the amounts of time each member spends on the collection of fuel resources.  

Endogeneity and multicollinarity are further shortcomings of the regression analysis. The 
relationship between households’ time allocation to natural energy resource collection and household 
income is likely bidirectional. Furthermore, income is likely correlated with other independent variables 
that explain households’ time allocation to natural energy resource collection. For instance, household 
income is likely to improve household members’ access to schooling and thereby increase the level of 
education. For poor families in developing countries, progeny is a common way of ensuring old-age 
income and agricultural farm labor. In this context, it is therefore likely that households with low overall 
income have more children, which in turn increases the amount of energy resources needed. Excluding 
income from the regression analysis and putting it into the error term is therefore likely to lead to 
endogeneity, where the explanatory variables are correlated with the error term. In this case the OLS 
estimators are inconsistent and biased. However, if income is included as another explanatory variable, 
multicollinarity—that is, correlation between the explanatory variables—could be the result. To avoid this 
situation, an instrumental variable approach should be applied to estimate households’ time allocation to 
natural energy resource collection work and income-generating activities.  

Keeping these pitfalls in mind and taking the empirical regression analysis as an imperfect 
indication for households’ behavior, the following section summarizes the empirical findings and puts 
them into a broader context.  
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9.  CONCLUDING DISCUSSION AND POLICY RECOMMENDATIONS 

Using a mix of qualitative evidence from focus group discussions in three kebeles in rural Ethiopia and 
quantitative evidence from an IFPRI-CIMMYT rural household survey, we show large differences 
according to gender in time allocation to different activities, and we find that reduced availability of fuel 
resources increases the amount of time households, and especially women, spend collecting natural 
energy resources. The focus group discussions revealed that women are mostly engaged in agriculture, 
marketing, and home production, while men allocate most of their time to agricultural production and the 
purchase and or sale of agricultural goods at the market. These results support evidence from other 
developing countries that women spend more time per week than men working in different activities and 
often have to perform a number of tasks simultaneously (World Bank 2012). Both data sources further 
confirm that in rural Ethiopia almost all households collect their fuel resources and predominantly use 
firewood and that the main household energy collector is female. Focus group discussions reveal the 
perception that firewood has become less available in local areas, while the quantitative analysis shows a 
positive relationship between increased resource scarcity and time spent collecting fuel resources.  

The quantitative data do not allow analysis of sex-disaggregated time allocation to firewood 
collection; however, based on insights from the focus group discussions, it is likely that women are more 
affected by the increase in fuel collection time than men due to their disproportionate responsibility for 
collection. The regression analysis shows only a small negative relationship between time allocated to 
fuel collection work and income-generating farm and off-farm activities, which is statistically significant 
only for time allocation to off-farm work. Based on the low significance of these effects, we cannot verify 
a statistically significant effect on household income.  

To develop a more conclusive picture about intrahousehold time allocation to different activities, 
future research should use more objective data for the availability of forest stocks and differentiate 
households’ time allocation to natural energy resource collection on an individual level. Despite this 
limitation in the quantitative analysis, the focus group discussions revealed that women consider 
collection of firewood a physically exhausting activity and are therefore negatively affected by a 
reduction in firewood availability.  

The existing literature suggests a number of policies and forest management initiatives that could 
help alleviate the problem of deforestation and dependence on dwindling firewood stocks. To 
appropriately design and implement policies, an analysis of intrahousehold time allocation to different 
activities, and especially fuel collection work, is necessary to identify which household members or 
population groups are most affected by firewood scarcity (Damte, Koch, and Mekonnen 2012). Efforts to 
reduce rural poverty should give due consideration to the needs of all group members to avoid 
shortchanging the interests of users with less bargaining power (Arnold et al. 2003). Policies could be 
targeted at improving the management of common land areas, encouraging the planting of forest stocks 
on private land, diversifying and upgrading households’ fuel dependence, and improving the energy 
efficiency of fuel conversion mechanisms.  

To avoid the overuse and exploitation of forest resources with common, unrestricted access, clear 
rules about how to manage such resources are necessary. Local institutions must be accountable to their 
members, manage the resources on their behalf, and balance the interests of different community groups. 
Decisions about resource management within a community are often dominated by men who prefer forest 
protection to improve agricultural production and generate high-value products. This often comes at the 
expense of meeting the firewood needs of women. Arnold et al. (2003) suggest that in these situations, 
external support from the forestry sector may be helpful to develop forest management practices that 
better reflect the needs of all community members and assist those who have been dependent on firewood 
to find alternative energy sources. 

Initiatives encouraging farmers to grow additional trees on their own farmland are another way of 
improving the availability of firewood stocks and decreasing the amount of time needed for collecting 
natural energy resources. Interventions that increase the available spectrum of low-cost multipurpose tree 
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and shrub species could therefore broaden households’ choices and increase their supply of firewood as a 
co- or by-product (Arnold et al. 2003). Government interventions range from providing subsidized 
seedlings and selecting high-performance tree species to monetary incentives for planting and growing 
trees and better access to information for farmers (Heltberg, Arndt, and Sekhar 2000). This requires a 
close cooperation between forest departments, local institutions, and villagers.  

Linking rural villages with decentralized modern biomass and other renewable energy 
investments (like solar, wind, and mini-hydropower) is essential for rural electrification. Enhancing 
private-government cooperation on modern renewable energies and promoting the dissemination of 
energy-saving technologies are therefore important policy measures (Guta 2012). Improved end-use 
efficiency of energy conversion technology also has the potential to reduce pressure on forest stocks 
while recognizing local people’s right to a livelihood. Energy strategies should therefore focus on 
removing obstacles to users’ access to more efficient, more convenient, less hazardous sources of energy 
and on enabling those without better alternatives to use firewood more efficiently (Arnold, Köhlin, and 
Persson 2006).  
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APPENDIX:  SUPPLEMENTARY TABLES AND FIGURES  

Figure A.1 Regional differences in gender of households’ main energy collector  

. 
Source:  Author. 

Figure A.2 Shares of fuel resources used for cooking and heating by region  

. 
Source:  Author. 
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Table A.1 Correlation matrix between fuel collection time and perceived reduction of fuel 
availability 

Variable Total fuel 
collection time 

Reduced 
availability own 
farm 

Reduced 
availability 
common land 

Total fuel collection time 1.0000   
Reduced availability 
own farm 0.0005 1.0000  

Reduced availability 
common land 0.1140*** -0.2874*** 1.0000 

Source:  Author. 
Note:  Two-sided student t-distribution, where * = statistically significant at the 10% level if |t|>1.96, ** = statistically 

significant at the 5% level if |t| > 2.32, and *** = statistically significant at the 1% if |t| > 2.57 

Table A.2 Correlation matrix between location in an area with larger distance to fuel resources and 
fuel collection time  

Variable Total fuel 
collection time Fuel-deficit area 

Total fuel collection time 1.0000  
Fuel-deficit area 0.2450*** 1.0000 

Source:  Author. 
Note:  Two-sided student t-distribution, where * = statistically significant at the 10% level if |t|>1.96, ** = statistically 

significant at the 5% level if |t| > 2.32, and *** = statistically significant at the 1% if |t| > 2.57 

Table A.3 Correlation matrix between forest stocks and fuel collection time  

Variable Total fuel 
collection time 

Forest stocks 
(zone) 

Total fuel collection time 1.0000  
Forest stocks (zone) 0.0696** 1.0000 

Source:  Author. 
Note:  Two-sided student t-distribution, where * = statistically significant at the 10% level if |t|>1.96, ** = statistically 

significant at the 5% level if |t| > 2.32, and *** = statistically significant at the 1% if |t| > 2.57 

Table A.4 Regression analysis of total fuel collection time (perceived reduction dummy) 

Source SS df MS  Number of observations = 897 

Model 78522.8128 1 78522.8128  F (1,895) = 11.79 

Residual 5963278.24 895 6662.88071  Prob > F = 0.0006 

Total 6041801.05 896 6743.08153  R-squared = 0.0130 

     Adj R-squared = 0.0119 

     Root MSE = 81.626 

Total fuel 
collection time Coef. Std. Err.  t P > |t| [95% conf. interval] 

Reduced avail. 
common land 21.74646 6.334635 3.43 0.001 91.313987 34.17892 

Constant 116.6202 3.13716 37.17 0.000 110.4632 122.7773 

Source:  Author. 
Note:  Note: SS = sum of squares; df = degrees of freedom; MS = mean squares. Two-sided student t-distribution, where * = 

statistically significant at the 10% level if |t|>1.96, ** = statistically significant at the 5% level if |t| > 2.32, and *** = 
statistically significant at the 1% if |t| > 2.57 
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Table A.5 Regression analysis of firewood collection time (high median collection time dummy) 

Source SS df MS  Number of obs = 897 

Model 362770.291 1 362770.291  F (1,895) = 57.17 

Residual 5679030.76 895 6345.28576  Prob > F = 0.0000 

Total     R-squared = 0.0600 

     Adj R-squared =0.0590 

     Root MSE = 79.657 

Total fuel 
collection time Coef. Std. Err.  t P > |t| [95% conf. interval] 

Fuel-deficit area 40.41122 5.344557 7.56 0.000 29.9219 50.90055 

Constant 99.78844 3.958203 25.21 0.000 92.02 107.5569 

Source:  Author. 

Table A.6 Correlation matrix: Time allocation to fuel collection and on-farm work 

Variable On-farm time Total fuel 
collection time 

On-farm time  1.0000  

Total fuel collection time 0.0480 1.0000 

Source: Author. 

Table A.7 Correlation matrix: Time allocation to fuel collection and off-farm work 

Variable On-farm time  Total fuel 
collection time  

Off-farm time 1.0000  

Total fuel collection time  -0.2092*** 1.0000 

Source:  Author. 
Note:  SS = sum of squares; df = degrees of freedom; MS = mean squares. Two-sided student t-distribution, where * = 

statistically significant at the 10% level if |t|>1.96, ** = statistically significant at the 5% level if |t| > 2.32, and *** = 
statistically significant at the 1% if |t| > 2.57 
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Table A.8 Two-stage least squares regression analysis: Total fuel collection time 

Source SS df MS  Number of obs = 141 

Model 20.5519334 1 20.5519334  F (1,895) = 0.05 

Residual 585.065389 139 4.20910352  Prob > F = 0.8235 

Total 605.617322 140 4.32583802  R-squared =0.0339 

     Adj R-squared = 0.0270 

     Root MSE = 2.0516 

Off-farm time Coef. Std. Err.  t P > |t| [95% conf. interval] 

Total fuel 
collection time -.0037069 .0165912 -0.22 0.824 -.0365106 .0290969 

Constant 5.425417 1.794919 3.02 0.003 1.876543 8.97429 

Instrumented:  Total fuel collection time     

Instruments: Reduced availability common land    
 

Source SS df MS  Number of obs = 141 

Model 25.65254 1 25.65254  F (1,895) = 0.56 

Residual 579.964782 139 4.17240851  Prob > F = 0.4553 

Total 605.617322 140 4.32583802  R-squared = 0.0424 

     Adj R-squared = 0.0355 

     Root MSE = 2.0426 

Off-farm time Coef. Std. Err.  t P > |t| [95% conf. interval] 

Total fuel 
collection time -.0083105 .0110994 -0.75 0.455 -.030256 .0136351 

Constant 5.921144 1.207533 4.90 0.000 3.533637 8.306652 

Instrumented:  Total fuel collection time     

Instruments: Fuel-deficit area    

Source:  Author. 

Table A.9 Regression analysis: Household income  

Source SS df MS  Number of obs = 894 

Model 8.2889e+09 1 8.2889e+09  F (1,895) = 0.98 

Residual 7.5601e+12 892 8.4754e+09  Prob > F = 0.3230 

Total 7.5684e+12 893 8.4752e+09  R-squared = 0.0011 

     Adj R-squared = -0.000 

     Root MSE = 92062 

Off-farm time Coef. Std. Err.  t P > |t| [95% conf. interval] 

Total fuel 
collection time -37.05528 37.47 -0.99 0.323 -110.5949 36.48436 

Constant 18006.33 5513.998 3.27 0.001 7184.41 28828.25 

Source:  Author. 
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