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A B S T R A C T

Policymakers and other planners often discuss woodfuel production in relation to environmental sustainability, 
energy, and livelihood. There is a growing awareness of the negative environmental impacts of woodfuel, such as 
deforestation and greenhouse gas emissions. However, the relationship between woodfuel production and other 
socio-economic and livelihood issues has been less explored. This study aims to investigate the socioeconomic 
implications of woodfuel production in Ethiopia’s dry woodlands. A total of 1114 respondents were selected from 
households that produce woodfuel and those that do not. Data was collected through key informant interviews, 
focus groups, and household surveys. The study examined the impact of woodfuel production on total annual 
cash income and overall livelihood assets using a propensity score matching (PSM) model. Woodfuel contributes 
significantly to household income, with charcoal accounting for 35.9% and firewood for 6.6% of total yearly cash 
income. On average, woodfuel makes up between 4.5% and 70% of total yearly cash revenue for households. The 
impact of woodfuel production on households’ yearly cash income and overall livelihood assets was Ethiopian 
Birr 21,673.63($387) and Ethiopian Birr 10,304.21($184), respectively. The findings suggest that organizations 
and planners should prioritize sustainable woodfuel production by balancing socioeconomic, institutional, and 
technological with environmental impacts.

1. Introduction

For the livelihoods of neighboring communities in dryland areas, 
forests provide many necessary wood and non-wood goods (Sheko et al., 
2023). Global household income is one of the various socio-economic 
benefits provided by forest products (Kiruki et al., 2020; Ullah et al., 
2021). According to Tadesse et al. (2020), dryland forest provides cash 
and subsistence income for 60% of Africa’s poor people. About half of 
the wood that is harvested from forests is utilized as wood fuel (FAO, 
2017).

In developing nations, woodfuel (particularly charcoal in urban 
areas and firewood in rural areas) is the main source of household en
ergy (Siyum, 2020; Randriamalala et al., 2021; Arko et al., 2024). Ac
cording to Singh et al. (2018) and the FAO (2017), woodfuel accounts 
for roughly 50–90% of household energy demands in developing nations 
and 70–90% of energy needs in Sub-Saharan African nations. Ethiopia, 
like many other African nations, primarily uses woodfuel to supply 
household energy demands in both rural and urban areas (Hido et al., 
2023; Seboka et al., 2023). As a result, according to Mondal et al. 

(2018), 92% of Ethiopia’s population relies on woodfuel for their energy 
demands. However, the overdependency on woodfuel production is 
associated with negative effects on Sustainable Development Goal 15 
(forest and climate change effects), which is concerned with halting the 
loss of biodiversity, combating desertification, preserving terrestrial 
ecosystems, and managing forest resources sustainably (Arko et al., 
2024).

In addition to providing energy, the production of woodfuel helps the 
household economy by generating income, diversifying sources of 
livelihood, creating opportunities for financial exchange, and support
ing the national economy (Obiri et al., 2014; Smith et al., 2019; Brobbey 
et al., 2019; Siyum, 2020; Girma et al., 2022; Rahman et al., 2024). 
During the dry season, woodfuel helps the rural economy withstand 
various shocks like drought and other sporadic sources of income. 
Woodfuel serves as a consistent source of household income, seasonal 
income, and job creation during agricultural off-seasons in Sub-Saharan 
African (SSA) nations (Obiri et al., 2014; Schure et al., 2014; Putti et al., 
2015; Jones et al., 2016; Smith et al., 2017; Vollmer et al., 2017; 
Andaregie et al., 2020).
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The use of charcoal is expected to increase in Sub-Saharan Africa in 
the coming years due to households becoming more reliant on woodfuel 
for income and energy (Rose et al., 2022). Therefore, even with all 
anticipated policy interventions by governments, the number of wood
fuel consumers is projected to increase until 2040. The value of wood
fuel is best understood through household surveys and valuation 
approaches, given its essential role in sustaining (FAO, 2022). Various 
socioeconomic factors impacting the majority of families in both 
developed and developing nations contribute to the growing use of 
wood fuel production (Ullah et al., 2021; Mensah et al., 2024). There
fore, it is important to understand the driving forces behind households 
producing woodfuel and the socioeconomic implications of this practice. 
Among Sub-Saharan African countries, Ethiopia stands out as the lead
ing charcoal producer, particularly in dry land areas (Mensah et al., 
2024).

About 80% of Ethiopia’s forest acreage is made up of dry forests, 
which provide households with both energy and income (Atmadja et al., 
2019; Sheko et al., 2023). The most significant dryland forest product is 
wood fuel, particularly charcoal, which is produced in large quantities 
and marketed both domestically and abroad (Andaregie et al., 2020). 
Similar to other developing nations, Ethiopia relies more on woodfuel 
than on income to create sustainable livelihoods, especially for rural 
communities (Girma et al., 2022). Many pastoralists, agro-pastoralists, 
and smallholder subsistence farmers in Ethiopia, particularly in the 
dry lands, may view development challenges such as temporary and 
persistent food insecurity, pervasive poverty, and a high unemployment 
rate as lifelong partners (Lawry et al., 2015; Girma et al., 2022). As a 
result, rural residents from all socioeconomic backgrounds participate in 
the production of woodfuel.However, in the country’s dryland regions, 
it is unclear how producing woodfuel affects the financial situation of 
producer households. Managing dryland forests sustainably to achieve 
sustainable supply and demand side management presents a number of 
difficult issues. Therefore, improving dry forest management and pro
tecting the livelihoods of those who rely on them is still insufficient to 
inform policy and practice, which is still relatively limited (Lawry et al., 
2015).

However, the production of woodfuel has a detrimental impact on 
the ecosystem in terms of deforestation and forest degradation, which 
lowers forest biomass and tree abundance (Wekesa et al., 2023). The 
unsustainable production and consumption of woodfuel, particularly in 
dryland areas, are to blame for these harmful effects. Production of 
wood fuel remains a social and environmental problem in dryland areas. 
Due to unsustainable woodfuel production, the dry forest displays poor 
yearly wood increment and a low regeneration rate (Randriamalala 
et al., 2021; Rahman et al., 2024). The primary cause of deforestation in 
Sub-Saharan Africa, including Ethiopia, is unsustainable woodfuel pro
duction, according to Dresen et al. (2014). Many African nations, 
including Ethiopia, are concerned about the unsustainable production 
and consumption of wood fuel (FAO, 2017; Brobbey et al., 2019; Wekesa 
et al., 2023; Mensah et al., 2024). Because many policies and strategies 
involving woodfuel typically focus on restrictions and bans, assuming 
woodfuel, especially charcoal, is an informal sector without considering 
the livelihood aspects (Smith et al., 2017; Arko et al., 2024), there is a 
lack of attention paid to the issue of livelihood. Policies that limit the 
production of woodfuels by primarily focusing on their negative effects 
lead to an increase in poverty and a scarcity of energy for households 
that rely on woodfuels for their primary source of income and other 
needs like cooking. Previous research has shown that enforcement of 
woodfuel production due to its adverse effects on sustainability and 
policy-making without taking into account several dimensions (Wekesa 
et al., 2023).

Similar to this, Ethiopian forest resource exploitation for the pro
duction of woodfuel is poorly managed and unsustainable (MEFCC, 
2017; Tassie et al., 2021). According to Njenga et al. (2023), unsus
tainable woodfuel production and use have negative effects on the 
environment, including the deterioration of forests and land. Estimates 

from Yalew (2022) suggest that Ethiopia’s annual forest degradation 
due to unsustainable woodfuel production ranges from 0.58 to 0.87 
million hectares. The lack of information on the socioeconomic impact 
of woodfuel hinders policymakers and stakeholders from addressing the 
socio-environmental challenges associated with sustainable wood fuel 
production. This information is crucial for developing policies that 
promote alternatives to woodfuel for energy and living or establish 
sustainable woodfuel production and use. There have been few studies 
on the socio-economic impact of woodfuel, especially in dryland areas of 
Ethiopia (Ruuska, 2013; FAO, 2017; Kiruki et al., 2017). Most previous 
literature has focused on the negative environmental effects of woodfuel 
production, such as deforestation. Energy policies and related initiatives 
have also impeded the ability of woodfuel to contribute to 
socio-economic aspects like revenue production and livelihoods in 
Sub-Saharan African countries like Ethiopia (Neufeldt et al., 2015; 
Doggart and Meshack, 2017; Smith et al., 2017). Previous research 
utilizing the propensity score matching (PSM) model to quantify the 
socio-economic impact of woodfuel production has been insufficient. 
The lack of empirical research on the socioeconomic impact of woodfuel 
hampers the establishment of policies and actions that promote the 
well-being of people in dryland areas, limiting awareness of its value. 
Insights from such research are essential for achieving sustainable 
socio-environmental development, encouraging the sustainability of 
woodfuel production and consumption, and avoiding detrimental im
pacts on the environment.

The purpose of this study is to answer questions such as: How do 
woodfuel productions affect the incomes of those involved in the ac
tivities? What percentage of a household’s total revenue comes from 
woodfuel? What factors influence the production of woodfuel? What are 
the outcomes of woodfuel production in terms of generating cash in
come and enhancing productive assets? Our research is significant for 
the implementation of sustainable woodfuel production, livelihoods, 
and the management of dryland forests, providing valuable insights for 
policymakers in Ethiopia and other countries facing similar conditions.

2. Methods and data

2.1. Study area

About 70% of Ethiopia’s total land area is comprised of dryland, with 
55% of them being arid, semi-arid, and dry sub-humid regions (Atmadja 
et al., 2019). Ethiopia is home to 12% of the world’s population, with 
the majority of its communities relying on pastoral and agropastoral 
livelihoods. These communities are dispersed throughout various re
gions in the northern, northeastern, southeastern, and Central Rift Val
ley regions of the country. Dryland forests are a rich source of various 
renewable and non-renewable natural resources that provide significant 
socioeconomic and ecological benefits. These forests also offer a variety 
of wood and non-timber forest products. Dryland forests are typically 
found in regions with longer dry seasons, high temperatures, and un
predictable rainfall that is unevenly distributed, and limited water 
availability (Lawry et al., 2015). Droughts in these areas usually last 
between three and eight months per year, making the ecosystem a 
fragile and unstable environment with an altitude range of − 124 to 
1500 m above sea level and a limited number of plant species.

The study was conducted in 11 dryland districts across Central 
Ethiopia, Northwestern Ethiopia, Eastern Ethiopia, and Southern 
Ethiopia. The study involved three livelihood groups from the target 
population: farming, agro-pastoral, and pastoral communities. The 
target demographic included both woodfuel producers (firewood and 
charcoal) and non-producers who may reside in some of the country’s 
dryland forested areas. The sample districts are presented in (Table 1).

2.2. Sampling and sample size

In this study, stratified sampling was used. The target population was 
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divided into three strata, as was already mentioned. These are houses 
that produce charcoal, firewood, or neither charcoal nor firewood. 
Every stratum of the sampled kebeles had a set of sample homes. 
Snowball sampling was used to choose families that produced charcoal 
and or firewood from each stratum, while houses that did not produce 
either were sampled at random. Kebele leaders assisted in locating the 
homes that produced woodfuel and those that did not in each village. 
When attempting to sample populations that are inaccessible or chal
lenging to locate, snowball sampling is very helpful. With a total of 1114 
homes, we proportionally distributed our target sample size of 775 
houses producing wood fuel and 339 households not producing it, taking 
into account the population sizes of the two categories in each sampled 
district.

2.3. Data collection method

Both quantitative and qualitative data were collected from primary 
and secondary sources. Quantitative primary data were collected from 
household survey using structured questionnaire, while qualitative data 
collected from key informants (KII) and focus group discussion (FGD) 
using guidance checklist.

Household survey: It was conducted through face-to face interview 
to gather demographic characteristics, economic characteristics, liveli
hood conditions and related characteristics. The household survey also 
focused on demographic, economic, institutional and biophysical factors 
that may impact the production of woodfuel.

Key informant interview: Before household survey, KIIs were to 
captured overview of the area about woodfuel production and related 
issues. A total of 33 KIIs and 3 KIIs from each district were interviewed 
from experts, elders, community leaders, youth and women association 
leaders.

Participatory rural appraisal (PRA): In each sample districts, we 
conducted four FGD with men and women who were actively engaged in 
in woodfuel production. Each FGD comprises 8–10 participants in a 
gender separate group. Initial participants were selected by Kebele 
leader, then participant selection was carried out through snowball 
sequential sampling and different participants were used during each 
PRA activity. The FGD participants were chosen with the consultation of 
development agents and kebele leaders at the kebele level based on their 
knowledge on woodfuel production and marketing in the area. A total of 
44 FGDs were held from all sample districts and 4 FGDs were conducted 
per district.

2.4. Data analysis

Descriptive statistics, inferential statistics, and econometric models 
were used to examine the data. Stata software version 17 was used to 
analyze the quantitative data and present the results as tables and 
graphs. The analysis of continuous and categorical outcomes, such as 
mean, standard deviation, percentage, and frequency, was done using 
descriptive statistics. Data management and diagnosis tests were 

conducted before the final data analysis to ensure that the model was 
stated accurately and to determine whether or not different assumptions 
were fulfilled by employing various tests. A qualitative textual summary 
was also used to assess the data from the FGD and KIIs.

To determine if there is a statistically significant difference between 
the two groups, the variance of various categorical variables between 
woodfuel producers and non-producers were evaluated using the chi- 
square test, while continuous variables were tested using the t-test. 
The two statistical tests were used to demonstrate the differences in 
explanatory variables and outcome variables between woodfuel pro
ducers andnon-producers. An independent two-sample t-test was per
formed in this investigation to examine whether the means of the 
variables differed between the two groups.

Finally, econometric model was used to estimate factors affecting 
households’ participation in woodfuel production and evaluate impacts 
of woodfuel production on different outcome variables using PSM 
technique. Due to unavailable baseline data to estimate the economic 
impact of households’ participation in woodfuel production we were 
forced to sample non-participating households as well. Although PSM is 
the most recommended technique to estimate impacts under such 
condition.

The individual decision of households for producing or not produc
ing woodfuel was modeled and analyzed using random utility frame
work following Becerril and Abdulai, 2010). This implies that 
participation in woodfuel production can be modeled as a binary choice 
based on utility maximization subject to household resource constraint 
(Manski, 1977).

The utility function of the household can be expressed as: 

Ui = f(Xiβi) + μi (1) 

The utility of households from woodfuel production denotes by YiP, 
and the utility of households from non-woodfuel production denotes by 
YiN. Based on this framework, a household will choose to produce 
woodfuel if utility gain from woodfuel production is higher than that of 
non-production (Y*i = YiP-YiN > 0). Utilities are unobserved and, hence, 
can be stated as a function of observed elements in the latent variables 
model as indicated in Eq. (2) following (Ghimire et al., 2015). 

Y*
i =Xiβi + μi,with Yi =

{
1 if Y*

i

0 otherwise
> 0 (2) 

where Y*i is the latent variable representing the probability of producing 
woodfuel (1 if the household produces, otherwise 0). In Eq. (2), Xi de
notes explanatory variables, β parameters to be estimated, and μi is the 
error term.

In several research, the link described in Eq. (2) was evaluated using 
a binary probit or logit regression model (Ghimire et al., 2015). Because 
of its sound characteristics, particularly its assumption of normal dis
tribution, the probit model was chosen over the logit model for this 
investigation (Wooldridge, 2010). The calculated parameters of Eq. (2)
show the direction of the explanatory factors’ influence on the depen
dent variable. As opposed to the influence on a single conditional mean, 
the marginal effect was found to assess the effects on the likelihood of 
reaching each of several outcomes (Cameron and Trivedi, 2009).

A relatively recent statistical advancement called propensity score 
matching analysis is helpful in the interpretation of data from quasi- 
experiments (Luellen et al., 2005). The goal of PSM is to create a 
counterfactual that, in terms of the observable features, is as similar to 
the treatment group as possible. The average difference in outcomes 
between the two groups is then compared to determine the participation 
effect, which means that each participant is paired with a 
non-participant who is observationally comparable (Khandker et al., 
2010). When using a single cross-sectional data set in the absence of 
baseline data, this method is better appropriate for assessing the influ
ence between groups.

The study assumed that households who produced woodfuel were 

Table 1 
List of the surveyed sample districts taken from dryland areas.

No. Name of districts Location

1 Jawi Northwestern Ethiopia
2 Adami Tulu Central Ethiopia
3 Boset Central Ethiopia
4 Amibara Central Ethiopia
5 Awash Fentale Central Ethiopia
6 Ararso Eastern Ethiopia
7 Kebribeyah Eastern Ethiopia
8 Jeldesa Eastern Ethiopia
9 Biyoawale Eastern Ethiopia
10 Asseliso Eastern Ethiopia
11 Abala Abaya Southern Ethiopia
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considered to be a treated group and households who don’t participated 
in woodfuel production were the controlled group. Therefore, PSM was 
used to compare the level of socio-economic impacts of producers to that 
of non-producers.

Following Rosenbaum and Rubin (1983), the propensity score is 
given as: 

Pʹ(Xi)Pr
(

Di =
1
/Xi

)

(3) 

Where: Pr measures the probability measures of selecting into 
treatment D conditional on observable predictors (covariates X) for each 
case i.

Assuming that the treatment can be measured dichotomously (D = 1 
or 0), the average treatment effect (ATE) conditional on X is formalized 
as: 

P
⃒
⃒E(Δi]Xi = x)= E

[(
Yi|Di =1

)
−
(
Yi
⃒
⃒Di =0

)] ⌉
Xi = x (4) 

Where: E (Δi | Xi = x) is the expected difference in the outcome Yi 
between the treated (Di = 1) and untreated (Di = 0), controlling for 
observable factors (Xi = x) that predict treatment (D) selection. Since 
livelihood diversification is focused typically on sustaining the welfare 
status of the charcoal producer, the counterfactual centers on the treated 
that is, had they not been treated— and thus the Average Treatment 
Effect on the treated (ATT) is defined as: 

E(Δi]Xi = x)= E[(Yi|Di =1) − (Yi|Di =0)] | Di =1 (5) 

Since only the treated outcome (Yi| Di = 1) is observed for the 
treated, the untreated outcome (Yi| Di = 0) is derived from untreated 
cases with similar or identical chance of treatment selection as the 
treated based on observable characteristics (Xs). The explanatory and 
outcome variables which considered in PSM model were presented 
(Table 2).

3. Results and discussion

3.1. Descriptive statistics results

The results demonstrate the differences in household characteristics 
between those who produced woodfuel (775) and those who did not 
produce woodfuel (n = 339) (Table 3). The outcome provides a sum
mary of sample home characteristics, resources held, environmental 
conditions, and the results of statistical tests addressing the relationship 
between woodfuel production. Only 75.2% of male and 24.8% of female 
respondents in the entire sample of households indicated that they 
produced wood fuel, while 77.9% of male and 22.1% of female re
spondents indicated that they did not. In terms of education level, 
households in woodfuel production participants have a statistically 
significant larger proportion of illiterate households compared to non- 
participants. The chi-square test reveals a statistically significant rela
tionship between household participation in woodfuel production and 
educational status at a 1% level of significance.

Table 3 shows a significant difference between woodfuel producers 
and non-producers in terms of age, number of years lived in the area, 
land holding in hectares, livestock holdings, access to market informa
tion, forest extension service provision, membership in different in
stitutions, drought occurrence, and livestock disease occurrence. The 
average age of non-participants was 41.77 and that of participants was 
39.5 years, with a statistically significant difference at the 1% signifi
cance level.

Similar to this, the average number of years spent in the neighbor
hood for participant households was 31.9, while for non-participant 
households it was 7.6. This indicates that non-producing families had 
lived in the neighborhood for longer compared to producing households 
for wood fuel. Additionally, the difference between the two groups was 
statistically significant at the 1% level. Institutional variables, such as 

market data, showed statistical significance at a 10% probability level, 
while institutional membership and access to forest extension programs 
were significant at a 1% level of significance. The average value of 
household asset characteristics related to land holdings and livestock 
holdings also showed significance at the 1% probability level. Non- 
producer households had larger land holdings and more livestock 
compared to woodfuel producer households (Table 3). The results in 
Table 2 further revealed a statistically significant difference between 
households that produce wood fuel and non-producer households in 
terms of shock variables (frequency of drought and animal disease 
occurrence) at the 1% probability level. This finding suggests that 
households engaged in wood fuel production are more susceptible to 
drought and livestock diseases compared to non-producer households.

3.2. Impact of woodfuel production on income generation and reduction 
of shock occurrence

People in the study region engaged in various economic activities 
that generated income, such as producing woodfuel, crops, livestock, 
wage labor, and other business activities. The results showed that 
households had higher overall income when woodfuel revenue was 
considered. This indicates that households had an average annual cash 
income of 14,247.82 Ethiopian Birr without woodfuel income, and 
24,772.83 Ethiopian Birr with woodfuel income (Table 4). Charcoal was 
the most frequently mentioned source of economic income, followed by 
crops and livestock. Additionally, household cash income included 
earnings from farm labor, firewood, and non-farm labor. Participants in 

Table 2 
The variables used in the propensity score matching model.

Dependent 
variable

Category Description of the variable

Participation 
decision

Dummy Households that participated in woodfuel 
production take a value of 1, otherwise 0.

Outcome 
variables

​ ​ ​

Annual cash 
income

Continuous Amount of annual household’s 
cash income in Ethiopian Birr

​

Overall livelihood 
asset value

Continuous Total monetary value of 
household’s livelihood asset in 
Ethiopian Birr

​

Explanatory 
Variables

Category Description Hypothesis

Sex Dummy Sex of household head, 1 =
male, 0 = female

+

Age Continuous Age of Household head (Years) –
Education status Dummy Educational level of household 

head 1 = literate, 0 = Illiterate
+

Landholding Continuous Household owned land size in 
ha.

–

Livestock (TLU) Continuous Livestock number in Tropical 
Livestock Unit (TLU)

–

ICS ownership Dummy Ownership of improved cook 
stoves (ICS) (1 = have owned 
ICS; 0 = no ICS)

–

Market 
information

Dummy Access to market information (1 
= yes; 0 = no)

+

Access to forest 
extension

Dummy Access of forest extension (1 =
yes; 0 = no)

–

Distance to forest Continuous Distance from homestead to 
forest in km

–

Drought 
occurrence

Continuous Frequency of drought 
occurrence in the last 10 years

+

Livestock diseases 
occur.

Continuous Frequency of livestock disease 
occurrence in the last 10 years

+

Crop pest 
occurrence

Continuous Frequency of crop pest 
occurrence in the last 10 years

+

Number of years 
lived

Continuous Number of years households 
lived in the area(years)

–

Institutional 
membership

Dummy Membership status in formal or 
informal institutions 1 = Yes, 0 
= No

–
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the FGD and KII agreed with this assessment, noting that charcoal is the 
primary source of cooking energy in rural and urban areas, as well as the 
most significant source of monetary revenue in dryland regions.

The FGD participants mentioned that firewood is the primary source 
of cooking energy and space heating in rural areas, while charcoal is a 
popular alternative for cooking and space heating in urban regions. 
Therefore, in addition to the need for cash revenue, there is a significant 
demand for charcoal and firewood in both rural and urban areas. Pre
vious studies have shown that woodfuel is a common source of income, 
with 65% of households engaged in NTFP economic activities reporting 
earnings from the production or sale of charcoal or firewood (Mulenga 
et al., 2014; Arko et al., 2024). Woodfuel has been found to contribute to 
households’ cash income ranging from 4.5% to 70% according to several 
studies (Table 5).

Fig. 1 illustrates the contribution of wood fuel to household income. 
The results indicate that charcoal (35.9%) is the largest contributor to 
cash revenue, followed by crops (28.3%), livestock (16.7%), and wages 
from agricultural labor (7.6%). In contrast, firewood makes up 

approximately 6.6% of total household cash income.
Based on FGD) and KII, wood fuel production serves as the main 

income source for all farmers, providing the necessary start-up capital 
for other income-generating activities. Some farmers prefer woodfuel 
production over crop and livestock farming. The main motivation for 
participating in woodfuel production is financial gain. Additionally, 
trading natural products is known to contribute to rural households’ 
cash income for subsistence, as highlighted in Angelsen et al. (2014). 
This study, along with Schure et al. (2014), emphasizes the importance 
of dryland woodfuel production in rural livelihoods. With limited 
revenue-generating options available to rural communities (Abebaw 
et al., 2012; Arko et al., 2024), woodfuel production provides a crucial 
opportunity for those with access to resources and markets.

Households were asked if they had experienced any kind of shock in 
the previous 10 years, and the most frequently reported severe shocks 
were drought, food price increments, crop disease, and livestock disease 
by 42%, 12%, 11%, and 10% of sample households, respectively (Fig. 2). 
The results of the household survey and FGD revealed that various 
shocks existed in the study area that caused people to produce woodfuel 
to mitigate those shocks (Fig. 2). This situation is frequently witnessed in 
June, July, and August when households have sold the majority of the 
previous year’s food crops and fresh crops are not yet ready for harvest, 
as well as when drought and related shocks harm crops before their 
maturity stage. Participants in the focus group discussions also noted 
that an individual’s main motivation for producing woodfuel was shock- 
related unexpected costs, such as livestock death or crop failure, high 
urban demand for wood fuel, particularly charcoal, and seasonal needs, 

Table 3 
Demographic and socio-economic characteristics of sample households (N =
1114).

Variables Non-producer(N 
= 339)

Producer(N =
775)

χ2/t -value

Sex (%)
Female 22.1 24.8 .909NS

Male 77.9 75.2
Education status (%)

Illiterate 55.5 80.4 74.022***
Literate 44.5 19.6

Access to market information (%)
No 53.1 47.2 3.253*
Yes 46.9 52.8

Access to ICS (%)
No 91.4 92.5 .361NS

Yes 8.6 7.5
Membership in different institutions (%)

No 24.5 61.7 130.508***
Yes 75.5 38.3

Access to woodland forest extension (%)
No 77.9 87.6 17.207***
Yes 22.1 12.4
Age (year) 41.78 ± 0.62 39.50 ± 0.43 2.95***
Land size (ha) 4.03 ± 0.30 1.54 ± 0.06 7.91***
Livestock number (TLU) 22.21 ± 1.65 6.45 ± 0.23 13.97***
Number of years lived in 
the area (year)

31.90 ± 0.78 7.61 ± 0.48 27.35***

Residence distance from 
Forest (hour)

4.17 ± 0.26 3.68 ± 0.27 1.14NS

Drought occurrence 
(frequency)

1.95 ± 0.10 3.9 ± 0.10 − 11.44***

Livestock disease 
(frequency)

1.94 ± 0.10 3.02 ± 0.09 − 6.93***

Crop pest(frequency) 1.64 ± 0.10 1.60 ± 0.07 0.23NS

Note: *** and * presents 1% and 10% significance level; NS presents non- 
significance.

Table 4 
Sources of income from woodfuel producers.

Cash income category in Ethiopian Birr Mean Std. Err

Total income with woodfuel 24772.83 1301.93
Total income without woodfuel 14247.82 1746.28
Crop income 7020.87 1023.49
Livestock income 4146.54 297.36
Firewood income 1640.80 127.71
Charcoal income 8884.21 676.90
Farm labour wage income 1884.02 262.94
Non-farm labour wage income 230.17 69.65
Relief income 822.81 55.58
Business income 143.41 37.26

Table 5 
Contribution of woodfuel to household income drawn from different countries.

Case study Woodfuel type 
(firewood/ 
charcoal)

Contribution to 
total income per 
unit

References

Current study Charcoal 35.9% Fig. 1
Current study Firewood 6.6% Fig. 1
In a semi-arid area in 

Kenya
Charcoal 20% Kiruki et al. 

(2020)
Democratic Republic of 

Congo
Charcoal Between 38% and 

75%
Schure et al., 
2013

in the Northwestern 
and Southern 
Lowlands of Ethiopia

Firewood 57.8% to the total 
forest income

Teshome 
et al. (2015)

Central Mozambique Charcoal 35% Jones et al. 
(2016)

Democratic Republic of 
Congo

Firewood 22.03% Mendako 
et al. (2022)

in Masha district of 
Sheka zone, SWEPR, 
Ethiopia

Firewood 20.95% Afeto and 
Tesfaye 
(2022)

Zambia Charcoal 49.39%–65.57% Wang et al. 
(2022)

Zambia Woodfuel 37% Mulenga 
et al., 2014

Ghana ​ 17% Brobbey 
et al., 2019

Malawi Charcoal 36% Smith et al., 
2019

Democratic Republic of 
Congo

Charcoal 57% Schure et al., 
2014

In Africa Charcoal 4.5% Angelsen 
et al., 2014

Pakistan Firewood 66% for forest 
income

Biland et al. 
(2021)

Southern Mozambique Charcoal 70% AFREA 
(2011)

Kenya Firewood 5.7% to forest 
income

Langat et al. 
(2016)

Kenya Charcoal 43.4% to forest 
income

Langat et al. 
(2016)

Kenya Woodfuel 
(charcoal +
firewood)

49.1% to forest 
income

Langat et al. 
(2016)
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such as buying food during times of food scarcity in the dry months. 
Research by Jones et al. (2016) and Amanuel et al. (2019) indicated that 
households create woodfuel, notably charcoal, in large quantities to 
address various demands and address livelihood vulnerabilities. Simi
larly, using woodfuel is seen as a coping mechanism for shocks that 
affect the household’s revenue stream and deplete its stock of assets 
(Mensah et al., 2022).

3.3. Impact of woodfuel production households’ cash income and overall 
livelihood

3.3.1. Determinants of household participation in woodfuel production
Results are presented in Table 6, which displays probit estimates of 

the variables that influence household participation in woodfuel pro
duction. The final column of Table 6 shows the marginal impact of each 
independent variable on the likelihood of a household engaging in 
woodfuel production, while keeping all other variables constant. Out of 
the 14 explanatory variables in the binary probit model, ten were found 

to be significant at the 1% and 10% levels of significance. Overall, the 
results indicate a negative and significant correlation between house
hold involvement in woodfuel production and factors such as age, ed
ucation level, land and livestock holdings, access to forest extensions, 
distance from forests, years spent in the area, institutional membership, 
and ownership of improved cook stoves (Table 6). Additionally, there is 
a strong positive correlation between the frequency of droughts in the 
region and woodfuel production.

Age: At a 1% significance level, it was discovered that the age of the 
household head had a significant impact on the decision to participate. 
The age of the household head is a negative indicator, meaning that 
families with significantly older heads are less likely to engage in 
woodfuel production. The conclusion suggests that, while keeping all 
other variables constant, the likelihood of a household participating in 
woodfuel production decreases by 0.6% for every year increase in the 
age of the household head. This could be due to the negative correlation 
between age and wood fuel production, indicating that producing wood 
fuel requires substantial labor and may be less attractive to older 

Fig. 1. The proportion of different income contributions to the total cash income.

Fig. 2. Types of shocks and level of severity.
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households compared to younger ones. This finding is in line with pre
vious research (e.g., Khundi et al., 2011; Brobbey et al., 2019; Mulenga 
et al., 2015; Lugusa et al., 2016; Jones et al., 2016; Mulenga et al., 
2017).

Education: Additionally, it was discovered that, at a 1% level of sig
nificance, there is a negative and significant association between 
schooling and the likelihood that a household will participate in the 
manufacture of woodfuel. This suggests that households’ likelihood of 
participating in the manufacture of woodfuel reduced by 11.9% when 
they acquired education compared to households without education. 
This is mostly due to the fact that education is linked to a larger range of 
opportunities and income-generating activities. Household heads with 
low levels of education may be more economically susceptible and more 
likely to depend on revenue from woodfuel because education increases 
one’s options for work and employment (Khundi et al., 2011; Mulenga 
et al., 2015; Mulenga et al., 2017; Mensah et al., 2024). This study’s 
conclusions are in contrast with those of other studies, such as those by 
Brobbey et al. (2019) who found that educated households were more 
engaged in charcoal production.

Livestock holding: The model’s output also demonstrates a negative 
and significant association between owning cattle and the likelihood 
that a household will produce woodfuel at the 1% level of significance. 
This suggests that, when other variables remain constant, the proba
bility of household participation decreases by 1.4% as livestock holdings 
increase by one TLU. The likely explanation is that households with a 
larger number of animals may be more involved in crop production and 
earn more money from livestock sales than those with fewer animals. 
This result is consistent with earlier research (Khundi et al., 2011; Tassie 
et al., 2021) which showed that the number of oxen held increased, 
decreasing the likelihood of households’ participation in charcoal 
production.

Land holding: The probit model results indicate that, with a 1% level 
of significance, the size of landholding has a significant negative impact 

on households’ contribution to wood fuel production. Specifically, for 
every 1-ha increase in household land size, there is a 1.7% decrease in 
the likelihood of involvement in woodfuel production compared to non- 
producers. This suggests that households with larger land plots may 
prioritize using agricultural products for financial purposes rather than 
producing woodfuel. This finding aligns with previous research that 
found households with substantial land holdings were less likely to 
participate in charcoal production (Khundi et al., 2011; Mulenga et al., 
2017; Tassie et al., 2021). However, it contradicts the findings of Bekele 
and Kemal (2022), who found a positive correlation between land
holding size and charcoal output in their study on factors influencing 
charcoal production.

Forest extension access: The model’s output revealed that, at the 10% 
level of significance, access to forest extension was significantly and 
negatively associated with woodfuel production (Table 6). The findings 
indicate that households with access to forest extension resources 
decreased their involvement in wood fuel production by 6.1% compared 
to households without such access. This finding aligns with Tassie et al.’s 
(2021) conclusion that there is an inverse relationship between access to 
extension services and charcoal production. The probability of partici
pating in woodfuel production decreases as access to extension services 
increases.

The household’s residence distance to the forest: The finding indicates 
that, at the 1% level of significance, household participation in the 
production of woodfuel was significantly and negatively associated with 
the household’s distance from the forest (Table 6). This suggests that, 
holding other variables constant, the likelihood of household partici
pation in woodfuel production decreases by 1.1% for every kilometer 
increase in distance from the forest. Households may be discouraged 
from traveling long distances if they are located far from the forest and 
lack adequate road infrastructure. Consequently, their involvement in 
woodfuel production is likely to decrease. This result aligns with pre
vious studies that have shown a correlation between a household’s 
participation in woodfuel production and the proximity of the nearest 
forested area to their residence.

Drought occurrence: The amount that households contribute to the 
production of woodfuel depends on the frequency of droughts. The 
findings indicate a positive and statistically significant association be
tween the frequency of droughts and family participation in woodfuel 
production (Table 6). The model also shows that, holding other variables 
constant, the probability of household involvement in wood fuel gen
eration increases by 4% as the frequency of drought incidence increases 
by one. This outcome aligns with Brobbey et al. (2019), who demon
strated that households are more likely to generate charcoal during the 
dry season if they consider income from charcoal production essential 
during that time. Additionally, since more charcoal is produced during 
drought years to compensate for lower agricultural and other income, it 
has been found that drought directly impacts the amount of charcoal 
produced (Kiruki et al., 2020). This has led to an increased reliance on 
woodfuel for survival.

Number of years lived in the area: The investigation considered the 
length of time households had lived in the neighborhood. At a signifi
cance level of 1%, the model’s results showed a significant negative 
association between the number of years lived in the area and the 
probability of households participating in woodfuel production. Based 
on the marginal impact, the probability of participating in woodfuel 
production decreased by 1.4% for each additional year a household 
resided in the area, while keeping all other variables constant.

Institutional membership: The results showed that as households 
became members of different institutions, whether formal or informal, 
the probability of participation in woodfuel production decreased by 
27.9% while controlling for other variables. This was expected to be a 
significant factor in reducing the level of household participation and 
dependence on woodfuel production. This finding is supported by other 
related studies (Mensah et al., 2024) which reported a negative associ
ation between institutional membership and engagement in woodfuel 

Table 6 
Estimates of probit regression model results for woodfuel production 
participation.

Variables Coefficient Std. 
err.

z P > z Marginal 
effects

Sex 0.050 0.152 0.33 0.743NS 0.013
Age − 0.021 0.006 − 3.61 0.000*** − 0.006
Educational status − 0.414 0.133 − 3.11 0.002*** − 0.119
Landholding size − 0.062 0.022 − 2.87 0.004*** − 0.017
Livestock holding 

size (TLU)
− 0.051 0.006 − 8.16 0.000*** − 0.014

Access to market 
information

− 0.133 0.119 − 1.11 0.265NS − 0.035

Access to forest 
extension

− 0.249 0.140 − 1.78 0.076* − 0.061

Residence distance 
from forest

− 0.042 0.010 − 4.15 0.000*** − 0.011

Drought 
occurrence

0.151 0.031 4.9 0.000*** 0.040

Livestock disease 
occurrence

0.050 0.032 1.58 0.114NS 0.013

Crop pest 
occurrence

0.010 0.033 0.3 0.761NS 0.003

Number of years 
lived

− 0.052 0.004 − 12.32 0.000*** − 0.014

Institutional 
membership

− 1.057 0.139 − 7.61 0.000*** − 0.279

Stove ownership − 0.537 0.195 − 2.75 0.006*** − 0.114
_cons 1.630 0.263 6.21 0.000 ​
Observation 1114 ​ ​ ​ ​
LR chi2(14) 763.98 ​ ​ ​ ​
Prob > chi2 0.000 ​ ​ ​ ​
Pseudo R2 0.563 ​ ​ ​ ​
Log likelihood − 296.678 ​ ​ ​ ​

Note: *** and * presents 1% and 10% significance level; NS presents non- 
significance.
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production. A plausible explanation for this could be that producers 
involve household members in other activities, such as pursuing alter
native income sources and more attractive work opportunities.

ICS ownership: At a 1% level of significance, there is a negative and 
statistically significant correlation between ownership of Improved 
Cooking Stoves (ICS) and involvement in the manufacture of woodfuel. 
The marginal effect also shows a 11.4% reduction in the likelihood of 
households producing woodfuel as access to ICS increases. These find
ings align with those of Sola et al. (2019), who demonstrated that ICS are 
a solution for managing demand on forests by reducing biomass use in 
both rural and urban communities.

3.3.2. Impact of woodfuel production on households’ cash income and 
livelihood assets

The distribution of propensity scores for both woodfuel producer and 
non-producer observations is shown in a graph in Fig. 3. The results of 
the graph show that most woodfuel producer households are located on 
the right side of the distribution, while most non-producer households 
are located on the left side of the distribution. This suggests that the 
propensity score distribution of woodfuel producers is skewed towards 
the right side, while the distribution of propensity scores for non- 
producer households is more evenly distributed.

The PSM was used to calculate the impact of producing woodfuel on 
desired outcomes. Table 7 illustrates how woodfuel production affected 
household cash income and overall livelihood asset improvement. The 
results indicated that compared to their competitors, woodfuel pro
duction positively influenced livelihood asset upgrades and cash reve
nue generation. This implies that households engaging in woodfuel 
production experienced an average increase in cash income and overall 
standard of living. Specifically, the data showed that woodfuel producer 
households saw a yearly cash income increase of 21,673.63 Ethiopian 
Birr ($387) compared to non-producer households (Table 7). Similarly, 
households producing wood fuel experienced a 10,304.21 ($184) in
crease in overall livelihood assets compared to non-producing house
holds. These findings are supported by similar studies (Tassie et al., 
2021) that suggest households producing charcoal earn more annually 
than those who do not.

4. Conclusion

The study’s primary focus was on the socioeconomic effects of pro
ducing woodfuel and understanding the various socioeconomic, insti
tutional, and biophysical elements that influence households’ decisions 
to produce wood fuel. Both the impact on cash income and the 
explanatory factors affecting households’ participation were calculated 
using probit models and PSM, respectively.

Drought, rising food prices, crop and livestock diseases, which 
compelled households to produce wood fuel, were the most frequently 
reported severe shocks. The findings showed that the likelihood of 
household participation was positively correlated with the frequency of 
drought occurrence and positively correlated with age, education level, 
size of land and livestock holdings, access to forest extension, residence 
distance from forest, number of years lived in the area, institutional 
membership, and improved cook stove ownership. This suggests that 
households producing wood fuel are influenced by major socio- 
economic, institutional, and biophysical driving forces. The PSM effect 
result revealed a favorable relationship between household woodfuel 
production and overall livelihood assets, including annual cash income. 
According to the findings, woodfuel producer families acquired 
considerably higher mean annual cash income per household and 
overall value of livelihood assets evaluated compared to non-producer 
households after controlling for characteristics connected with 
participation.

The research suggests that woodfuel producers may decide to stop 
producing woodfuel if there are more feasible and sustainable economic 
opportunities available. This encourages woodfuel producers to engage 
in other income-generating businesses that will improve their financial 
situation and reduce strain on the forest trees found in dryland areas. 
Additionally, it is necessary to revise policies related to wood fuel to 
address the fuel’s unfavorable reputation and contentious concerns, 
while considering the benefits of the wood fuel sector as a significant 
economic sector and forest product. To reduce pressure on the country’s 
native forest resources and ensure the sustainability of woodfuel pro
duction, Ethiopia specifically connects rapidly expanding woodfuel 
plantations with its ongoing Green Legacy Initiatives (GLI).

Fig. 3. Region of common support.
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