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INTRODUCTION  
There are many different types and scales of woodfuel (charcoal and firewood) production systems, 

ranging from small-scale residential collection to massive forest biomass cultivation and harvesting [28]. For 
most developing nations, woodfuels constitute the primary energy source and forest product, providing 
between 50% and 90% of all energy used [2, 43, 58]. However, the woodfuel sector in many developing 
nations runs informally and inefficiently, employing antiquated technology and providing the government 
with scant official revenue.  

Forest resource management in Ethiopia's developing regions has led to overexploitation, resulting in 
unsustainable logging practices that cause deforestation, degrade forests, threaten biodiversity, exacerbate 
climate change, adversely affect human health, and diminish carbon storage capacity [2, 5, 12, 29, 36, 44, 
48, 49, 58]. This leads to one-two. 4 tons of CO2 equivalent (CO2e) per year, that's 2.7 percent of all 
greenhouse gas emissions caused by humans [14]. However, if woodfuel is well-managed and controlled, it 
could be the best energy source for many people and significantly help in lowering greenhouse gas 
emissions [4]. In Sub-Saharan Africa, Nigeria, Ethiopia, Ghana, Tanzania, and Madagascar produce 65% of 
the world's charcoal. Charcoal production rose significantly in those nations after the 1970s: it went up 
from about 7. 5 million tons in 1970 to nearly 33 million tons by 2017. In addition, the production and trade 
of this product will provide a significant economic boost for an anticipated population exceeding 12 million 
by 2030 [39]. The detrimental effects linked to wood fuel extraction methods in Ethiopia, similar to those in 
other African countries, could hinder progress towards SDG 15's objectives of conserving, rehabilitating, 
and fostering sustainable use of natural habitats, as well as managing forest resources sustainably, 
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Abstract  

The derived motives of people in the drylands while performing woodfuel 
production are primarily to support their livelihoods and source of energy in 
dryland areas. Besides to its significant roles, it has also undoubted multiple 
negative effects. However, there is little information documented that would 
help policy and development interventionists to mitigate those effects. 
Therefore, this study assesses the deforestation and environmental 
implications of woodfuel production activity. The result shows that dependence 
on woodfuel (charcoal and firewood) income increases markedly from farming 
to pastoral groups, becoming the dominant income source for both agro-
pastoral and pastoral households. This pattern underscores the critical role of 
woodfuel in rural livelihoods, especially where agricultural productivity is low. 
Poverty, unemployment, and the requirement for energy are main reasons of 
woodfuel dependency. However, woodfuel producers do not create their own 
plantations for the extraction of woodfuel. They merely rely on the forest 
resources to meet their requirements. Deforestation, soil loss, and loss of 
biodiversity were some of the environmental problems that arose from 
woodfuel production. The study result recommended a policy direction to 
support the adoption of sustainable woodfuel production practices such as 
plantations, assisting natural regeneration based on the local context of dryland 
areas.  
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combating desertification, preventing land degradation, and stopping biodiversity decline, unless addressed 
promptly [2, 28]. 

Over three million tons of charcoal is burned yearly with the aid of Ethiopia's urban consumers, 
considered one of Africa's pinnacle producers of the woodfuel [53]. Despite the fact that woodfuel is a 
good-sized source of strength for thousands of Ethiopians, it's miles hardly ever given sufficient reputation 
in energy policies [52]. Woodfuel production covers especially pastoral/agro-pastoral and mixed-farming 
groups inside the dry lowlands of Ethiopia [34]. In recent years, using charcoal has multiplied across all 
regions, going from 48,581 tons yr in 2000 to 4,132,873 tons yearly in 2013 [23]. The reasons for this 
growth can be related to many extensive adjustments in the rural socio-financial system inclusive of a 
significant increase in rural incomes, the unfold of rural markets, and accelerated rural accessibility with 
developing demand [19]. Much like that, Ethiopian charcoal production and advertising have always been 
sincerely completely informal [19, 23]. 

Many studies in Ethiopia suggest that the production and consumption of charcoal and firewood as 
energy sources pose a considerable number of environmental problems, including deforestation, land 
degradation, loss of biodiversity, and soil erosion [9]. These impacts contribute to reduced forest cover and 
slow ecosystem regeneration, particularly in dry and semi-arid areas [9, 23]. Moreover, increasing demand 
driven by population growth further intensifies pressure on vulnerable ecosystems [14, 56]. However, the 
environmental, social, and economic implication of Woodfuel especially charcoal production, marketing, 
and consumption in Ethiopia is still a policy debate among concerned key stakeholders [6]. Despite the 
positive economic contributions, and efforts by smallholders, the private sector, and governments to 
transition toward cleaner alternative [50], charcoal production is reported in the literature to be largely 
unsustainable [26, 37].  

Interventions exist with the potential to make woodfuel sustainable and efficient. For instance, 
sustainable wood production for woodfuel could be achieved through a sustainable forest, woodlands, and 
shrubland management; sustainable community-managed woodfuel plantations; agroforestry, and urban 
forestry; and recovery and reuse of biomass residues and waste stream [14]. However, there is little 
information concerning the environmental impacts of Woodfuel production activities in dryland areas of 
Ethiopia. This study, therefore, explores the causes of deforestation and environmental implication of 
Woodfuel production in the dry woodland areas of Ethiopia to ensure sustainable management of the 
environment particularly dryland forests. 

This study contributes new insights by examining woodfuel-driven deforestation specifically within 
Ethiopia’s dryland woodlands, a context that remains underrepresented in existing research across Ethiopia 
and Sub-Saharan Africa. While previous studies have broadly discussed woodfuel consumption and forest 
degradation, the present analysis integrates socio-economic drivers, local production practices, and 
environmental impacts in a single framework, offering a more context-specific understanding of how 
charcoal and firewood extraction shape dryland forest dynamics. By focusing on the unique institutional, 
ecological, and livelihood conditions of dryland pastoral and agro-pastoral systems, the study provides 
empirically grounded evidence that extends beyond the general patterns documented in earlier literature 
and offers more targeted implications for sustainable forest management. 

The rest of the paper is structured in the following parts. Section two specifies the theoretical 
framework. Section three specifies the methods employed in the study. Section four explains the results 
and discussion including the literature review related to the environmental impacts of woodfuel production 
and causes of deforestation in the dryland areas of Ethiopia.  Section five provided the conclusion and 
policy implications.  

 

Theoretical approach 
The tragedy of the commons provides a foundational lens for understanding the overexploitation of 

dryland forests in Ethiopia. According to [21], individuals acting in their own short-term interest may 
unintentionally degrade shared resources, as the privatized benefits of resource use outweigh the 
communal losses. In the context of woodfuel production, this explains why charcoal and firewood 
harvesters continue extracting trees even when aware of long-term ecological consequences, including loss 
of vegetation cover, soil degradation, and diminished ecosystem functions [22, 23]. The theory illustrates 
how individual incentives, informal markets, and immediate livelihood needs create a self-reinforcing cycle 
of resource depletion, demonstrating the risk inherent in unmanaged common-pool resources. 
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While Hardin explains the potential for resource overexploitation, it does not account for cases where 
communities successfully manage shared resources. Ostrom’s common-pool resource (CPR) theory [1, 41].  
the tragedy of the commons by identifying social and institutional mechanisms that promote sustainable 
resource use. Secure tenure, clearly defined boundaries, collective decision-making, rule enforcement, and 
monitoring are essential conditions that align individual behavior with long-term forest sustainability. In 
practice, these mechanisms have enabled countries such as Nepal, Mexico, South Korea, and the Philippines 
to achieve more sustainable forest management outcomes while also promoting local livelihoods [57]. 

Integrating the two theories provides a comprehensive framework to explain woodfuel-driven 
deforestation in Ethiopia’s drylands. The interaction occurs as Hardin identifies the drivers of unsustainable 
exploitation self-interest, short-term gains, and weak governance while Ostrom highlights the mechanisms 
to mitigate degradation through community-based management and institutional design. In this 
framework, key factors such as insecure tenure, weak enforcement, informal charcoal markets, and 
livelihood dependence act as mechanisms linking socio-economic behavior to environmental outcomes. 
Conversely, community governance structures, locally enforced harvesting norms, and alternative livelihood 
opportunities offer pathways to reverse or prevent forest degradation. 

Importantly, this integrated theoretical framework offers practical and operational applications for 
sustainable forest management. By recognizing both the human incentives that drive overexploitation and 
the institutional solutions that enable stewardship, policymakers and practitioners can design interventions 
such as co-management systems, participatory rule-setting, incentive-based sustainable woodfuel 
programs, and livelihood diversification initiatives. This approach not only explains why unsustainable 
practices persist but also provides actionable guidance for reducing pressure on dryland forests, enhancing 
ecological resilience, and improving socio-economic outcomes for woodfuel-dependent communities. 

MATERIAL AND METHOD 
Study area 

This study was conducted in dryland areas of Ethiopia. Nearly 75% of Ethiopia is made up of drylands, 
with 55% of these being arid and semi-arid lands. In these areas, 12% of the population lives, with the 
majority relying on pastoral and agropastoral livelihoods. Ethiopian dryland forests contain diverse and 
multipurpose timber and non-timber-producing tree and shrub species. Major tree species found in the 
study area include Acacia senegal, Boswellia papyrifera, Combretum spp., and Terminalia spp., which are 
valued for their ecological and economic importance. These areas have the most typical woodfuel 
production potential. The target population was wood fuel producers (firewood and charcoal producers) 
who are found in the dry land areas of the country. The study covered 8 districts and 4 kebeles per district. 
The sample districts were Jawi, Boset, Awash Fentale, Ararso, Kebribeyah, Jeldesa, Biyoawale and Abala 
Abaya.  

Data collection 

This study was conducted through both qualitative and quantitative approaches. Household surveys, 
personal observation, key informant interviews (KIIs), focus group discussions (FGDs), and literature reviews 
were major ways of acquiring the required data for this study. In the quantitative approach, we had a 
household survey on selected households. A checklist and structured survey questionnaire were prepared 
and used to collect quantitative and qualitative data. 

A total of 1114 sample households were drawn from 8 districts for individual interview. The information 
about the previous and current status of the woodland forest was also collected through FGD and KII. The 
FGD sessions had eight to ten participants and four FGD were organized in each study district. The FGD 
participants were selected from various segments of the society including elders, women, and clan leaders. 
Besides, an extensive field observation was carried out to support and enhance the interpretations of the 
interviewee and focus group attendee remarks. During observation, field notes and photographs of some 
important sites and practices were taken. In the study, a total of 32 FGD and 80 KIIs were included. 

In addition to the primary data, the study used literature review that was guided by a conceptual 
framework. Based on this framework the online literature search was conducted from various sources, 
including government websites, key woodfuel support organizations (research and development), and 
bibliographic databases. Both original research articles and review articles were included in this study. 
Information was gathered by different search approaches including search for MSc/PhD thesis and 
proceedings research reports using Google search engine and local university websites; Moreover, search 
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for published journal articles using international scientific databases including Science direct, Web of 
Science, Google scholar, etc. The key terms also used to search for literature separately and in combination 
included: ‘woodfuel’, ‘charcoal’, ‘firewood, ‘deforestation, ‘environmental impact, ‘forest conservation, 
‘forest status’, ‘dryland forest’, ‘forest management’, and ‘environmental sustainability’. To strengthen 
methodological rigor, the study defined key variables, their measurements, and verification methods. These 
include socio-economic, ecological, and policy-related indicators. 

Table 1. Key variables and measurments 

Variable Definition Unit of 
Measurement 

Time 
Horizon 

Method of Verification 

Household Income Annual income from 
woodfuel production 

Ethiopian 
Birr/year 

2023–2024 Survey questionnaire, cross-check with 
KIIs 

Woodfuel 
Production 

Amount of firewood or 
charcoal harvested 

Tons/year 2023–2024 Household survey, FGD, field 
observation 

Forest Cover 
Change 

Change in woodland area Hectares/year 2010–2023 Review of remote sensing data,FGD, 
field observation 

Tree Species 
Diversity 

Number of species per plot Species 2023 FGD verification 

Community 
Management 

Existence of local 
governance rules or 
exclosures 

Categorical 
(Yes/No) 

2023 FGD, KII, field observation 

Alternative Energy 
Adoption 

Use of clean cooking 
technologies 

Percentage of 
households 

2023 Household survey, KII 

Data analysis 
 Quantitative data were analyzed using descriptive statistics to summarize trends in woodfuel 

production, income, and forest condition. Qualitative data from FGDs and KIIs were analyzed through 
content and discourse analysis. To ensure reliability, the survey instruments were pre-tested with 40 
households outside the study sample. In addition to descriptive statistices, inferential statistics were 
incorporated into the analysis using a one-way ANOVA to test whether key income sources differed 
significantly across farming, agro-pastoral, and pastoral households. The ANOVA was applied to variables 
measured through the household survey specifically crop income, firewood, charcoal, non-farm labour, and 
relief support to determine statistically meaningful variations in livelihood dependence. Significance 
thresholds of 1% and 5% were used, allowing the study to identify which income sources showed robust 
differences among livelihood groups and thereby strengthen the reliability and interpretability of the 
results. Triangulation of household surveys, FGDs, KIIs, and field observations further strengthened the 
validity of findings. The results of the study were presented in the form of graphs, tables and texts. 

RESULT AND DISCUSSION  
Contribution of woodfuel for different livelihood communities 

The results presented in Table 2 highlight substantial variation in income composition across farming, 
agro-pastoral, and pastoral communities, with a notable emphasis on the role of woodfuel (charcoal and 
firewood) as a key source of livelihood, particularly in more arid settings. The study shows that woodfuel 
production is a critical source of income for households across different livelihood groups in Ethiopia’s 
drylands. Farming households earn 30.44% of total income from woodfuel (charcoal 17.92%, firewood 
12.52%), agro-pastoralists earn 50.65%, and pastoral households rely most heavily, with 57.64% of income 
derived from woodfuel (Table 2). Among farming households, crop production remains the dominant 
income source, contributing 51.58% of total annual household income. However, woodfuel—specifically 
charcoal (17.92%) and firewood (12.52%) together accounts for 30.44%, reflecting a significant dependence 
on forest resources even in agricultural communities. Other income sources include livestock (10.26%), 
farm labour (4.01%), non-farm labour (1.81%), and smaller contributions from business (1.03%) and relief 
(0.87%). 

In agro-pastoral communities, the income structure is more diversified. Charcoal production is the 
leading source of income at 43.09%, followed by livestock (16.58%), crop production (18.75%), and farm 
labour (10.35%). Firewood contributes 7.56%, resulting in a total woodfuel share of 50.65% of household 
income. These figures suggest that woodfuel is the economic backbone of agro-pastoral systems. Other 
sources include relief (2.38%), non-farm labour (0.58%), and business (0.70%). For pastoral households, 
income is overwhelmingly reliant on charcoal production, which makes up 55.13% of total household 
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income. Livestock (21.44%) is the next major source, while firewood (2.51%) brings total woodfuel income 
to 57.64%. This high dependence on woodfuel reflects both environmental conditions and limited access to 
alternative livelihoods. Additionally, relief (8.43%) plays a relatively important role, whereas crop (2.35%) 
and business (0.26%) contributions are minimal. Non-farm labour was reported to have no contribution in 
pastoral areas. Across all groups, charcoal income increases progressively from farming (17.92%) to agro-
pastoral (43.09%) and peaks in pastoral communities (55.13%). Similarly, firewood income is highest among 
farming households (12.52%), followed by agro-pastoralists (7.56%), and is lowest among pastoralists 
(2.51%). This trend underscores the growing reliance on woodfuel as agricultural income declines along the 
livelihood gradient from farming to pastoralism. Inferential analysis using ANOVA confirmed significant 
differences in woodfuel dependence across livelihood groups (p < 0.01), highlighting the higher reliance of 
pastoral communities. 

The ANOVA results show that several income sources differ significantly across livelihood groups, with 
the most notable shifts occurring in woodfuel-related activities. Charcoal income increases sharply from 
farming to pastoral households (p < 0.01), while firewood income declines significantly along the same 
gradient (p < 0.05), highlighting rising dependence on charcoal in drier areas. Crop income shows a strong, 
significant decrease from farming to pastoral systems (p < 0.01), whereas non-farm labour and relief 
support vary highly across groups (p < 0.01), reflecting declining livelihood diversity and growing 
vulnerability in pastoral communities. 

These results align with household surveys conducted in the same districts, FGDs, and KIIs, confirming 
that woodfuel is a backbone of dryland economies where alternative income opportunities are limited [16, 
17, 27, 46, 52]. Furthermore findings are consistent with prior research in Ethiopia and other dryland 
regions, which indicates that woodfuel serves as a crucial non-farm income source. Studies in Ethiopia [16, 
17] have shown similar patterns of woodfuel contributing significantly—sometimes over 30–50%—to 
household income, particularly in arid zones. Current study findings also are within the range of other 
charcoal-based income studies of other countries in a similar setting. For example, a study from Democratic 
republic of Congo reported that the contribution of charcoal to the total household income was between 
38% and 75% [52]. Similarly, charcoal was found to be the largest source of income for all producers in 
Southern Malawi [4] Another study from Kenya also showed that woodfuel especially charcoal contributed 
about 20% of the total household income [27]. About 17% of income household income in Ghana comes 
from charcoal [8].  

Trade-off shows that  while woodfuel contributes significantly to household income, its unsustainable 
harvest undermines ecological sustainability, creating a classic “tragedy of the commons” scenario. High 
reliance on charcoal, especially in pastoral areas, intensifies pressure on natural forests, compromising long-
term ecosystem services and biodiversity [21, 40]. Households depend on immediate income but 
compromise the regeneration of forest resources. 

Table 2. Share of woodfuel (charcoal and firewood) to the total household income compared to different income sources in 
total annual household cash income by Livelihood group 

Types of livelihood 
strategies 

Farming households 
(%) 

Agro-pastoral households 
(%) 

Pastoral households 
(%) 

F-test 

Crop 51.58 18.75 2.35 29.501*** 

Livestock 10.26 16.58 21.44 0.631 

Firewood 12.52 7.56 2.51 3.198** 

Charcoal 17.92 43.09 55.13 4.945*** 

Farm labour 4.01 10.35 9.87 1.864 

Non-farm labour 1.81 0.58 0.00 8.086*** 

Relief 0.87 2.38 8.43 66.81*** 

Business 1.03 0.70 0.26 3.315** 

Seasonal dependency on woodfuel production 
The analysis of responses from household survey supported by qualitative insights, reveals that seasonal 

reliance on woodfuel production intensifies during periods of economic and food insecurity, particularly in 
the months of June to August. The most frequently cited reason, reported by 29% of households, is 
shortage of food, prompting many to engage in woodfuel activities as a coping mechanism to generate 
income, barter for food, or meet immediate household needs (Table 3). Similarly, 28% of respondents 
pointed to extended dry periods coupled with the availability of excess labor—a time when agricultural 
activities decline and more household members, particularly youth and women, are available to engage in 
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woodfuel collection and production. Furthermore, 17% of participants identified cash shortages and rising 
household expenses as a motivating factor, while another 17% noted increased demand for woodfuel, 
especially during the rainy season when alternative fuel sources may be limited. A smaller proportion of 
respondents attributed their reliance on woodfuel to the decreased market demand for livestock (7%) and 
other unspecified reasons (2%).  

These findings underscore that woodfuel is not only a seasonal activity driven by environmental factors 
but a vital safety net linked to broader socio-economic vulnerabilities. Addressing this dependence requires 
integrated livelihood interventions, improved access to alternative income sources, and strategies to 
enhance food security during critical lean months. The result agrees with the finding of [25] who revealed 
that woodfuel makers cover a spectrum regarding varying patterns of livelihoods, assets, and opportunities. 
Income from woodfuel production is mainly a supplementary, seasonal and occasional, especially 
agricultural off-season. [8] Also came up with similar finds wherein households were using woodfuel 
especially charcoal to fill seasonal income gaps when households have no access for alternative income 
sources during off-agricultural season. These findings confirm qualitative observations from FGDs and KIIs 
and are consistent with earlier studies in Ethiopia and SSA [8, 25]. The policy implication indicates seasonal 
patterns suggest that interventions such as community-managed plantations or exclosures could provide 
alternative sources of wood during peak demand periods while reducing pressure on natural forests. 
Similarly, clean cooking technologies could reduce household reliance on woodfuel, particularly in the off-
season, balancing income needs with forest conservation. Literature suggests such interventions can reduce 
deforestation by 25–40% and enhance carbon sequestration by 3–5 t C/ha/year [14, 35]. 

Table 3. Reasons of household’s engagement in woodfuel production during peak months 

Reason of peak months Frequency Percentage 

Serious shortage of food for the household 323 29 

Extended dry period & availability of excess labour 312 28 

Huge demand 189 17 

Cash shortage & increased cash need to fulfill household needs 189 17 

Decreased demand for livestock in the market 78 7 

Other 23 2 

Analysis of result from table 4 reveals that slack months in woodfuel production are primarily driven by 
environmental and labor-related constraints. The most commonly cited reason, reported by 47% of 
households, is unsuitable weather conditions, which likely hinder drying, processing, and transportation of 
woodfuel—especially during the rainy season. Labor shortages were the second most frequent reason, 
mentioned by 22% of respondents, suggesting that during peak agricultural periods or school sessions, 
fewer household members are available for woodfuel activities. Additionally, 14% pointed to decreased 
market demand as a contributing factor, indicating that seasonal fluctuations in consumption also influence 
production. Time constraints affected 11% of households, further reinforcing the competition between 
woodfuel production and other seasonal responsibilities. The remaining 6% cited other less common or 
localized reasons. Overall, the findings highlight that slack periods in woodfuel production are shaped by a 
combination of seasonal weather patterns, labor availability, and market dynamics, which must be 
considered in designing interventions to support energy-related livelihoods. 

Table4. Reasons of household’s engagement in woodfuel production during slack months 

Reason of slack months Frequency Percentage 

Unsuitable weather for woodfuel making 524 47 

Shortage of labor 245 22 

Decreased demand for the product 156 14 

Shortage of time 123 11 

Other 66 6 

Types of tree species used for Woodfuel production 
Acacia species are the most preferred for charcoal production due to high calorific value, slow burn rate, 

and multiple uses including livestock fodder [6, 20]. The heavy extraction of these species from natural 
forests has contributed to deforestation, soil fertility decline, and biodiversity loss, as perceived by 96.3% of 
respondents (Figure 1). This finding is consistent with reports from dryland regions in Kenya, Zambia, and 
Tanzania [23]. Reasons for respondents' preference for these wood species include the fact that these kinds 
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of species are of high quality, more charcoal can be produced from them, burns slowly, leaves less residue, 
and lasts longer when used for cooking.  

In addition, KII participants pointed out that the community in the dryland area used Acacia species as 
animal feed during the dry season. Consequently, acacia species as fodder for livestock has been increased 
and beyond serve as an outlet to drought-induced shocks which supported. Therefore, increased 
dependence on woody trees was much higher after prolonged dry seasons.  

The environmental impacts of woodfuel production have been widely documented and are strongly 
linked to deforestation in several African countries, including Kenya [23], Zambia, Tanzania, and Angola. For 
example, found that in dry and semi-arid regions of East Africa, such as Ethiopia—where charcoal 
production is common forest regeneration is particularly slow, exacerbating the degradation process. 
Additionally, the region’s growing population [56] and the resulting increased demand for charcoal [14] 
place further pressure on already vulnerable dryland ecosystems. Together, these factors highlight the 
significant and ongoing environmental impact of woodfuel production, particularly through deforestation 
and slow ecosystem recovery. 

Trade-off and interventions shows while woodfuel provides high household margins (up to 75%) and 
serves as a coping mechanism during lean months [34] overharvesting of slow-growing native species 
threatens both ecosystem services and future woodfuel availability. Implementing community-managed 
woodlots, farm-tree integration, and exclosures could enhance regeneration, maintain biodiversity, and 
provide sustainable income. Modeling studies suggest that exclosures and managed plantations can reduce 
deforestation by 25–40% and increase carbon sequestration by 3–5 t C/ha/year in comparable dryland 
ecosystems [14]. 

As shown in Table 5, from 2000 to 2020, woodfuel production in Ethiopia increased dramatically, with 
charcoal rising from approximately 48,581 t/year to 5,000,000 t/year and firewood from 4,500,000 t/year to 
8,000,000 t/year [2, 19, 23, 36]. This rapid growth reflects rising urban demand, the profitability of charcoal 
production compared to firewood, and largely informal supply chains. While woodfuel provides critical 
income and energy for rural and urban households, unsustainable harvesting practices have contributed to 
deforestation, forest degradation, and biodiversity loss, particularly in dryland forests, highlighting the 
trade-off between short-term economic benefits and long-term ecological sustainability. 

Table 5. Trends of woodfuel (charcoal and firewood) production in Ethiopia 

Year Charcoal Production (tons/year) Firewood Production (tons/year) Source 

2000 48,581 4,500,000 Iiyama et al., [23] 

2005 250,000 5,000,000 Geissler et al., [19] 

2010 1,200,000 6,200,000 Mwampamba et al., [39] 

2013 4,132,873 7,000,000 Iiyama et al., [23] 

2017 4,500,000 7,500,000 Geissler et al., [19] 

2020 5,000,000 8,000,000 Alhassan et al., [2] 

Perceived effects of Woodfuel production on Environmental changes 
The results from the perception of KII, FGD, and households survey present the wood fuel production 

activity has effect on the environment, particularly in the forest ecosystem. Regarding this, respondents 
have replied that woodfuel production has deforestation, increasing temperature, soil erosion, and fertility 
loss, rainfall reduction, loss of livestock pasture, drought occurrence, reduction of surface water, 
unexpected flood, biodiversity loss, resource conflict, (Figure 1). Significant proportion of respondents 
(96.3%) perceived that woodfuel production have adversely affected the forest resources. Like the surveyed 
households, the KII and FGD participants viewed woodfuel production as a major cause of forest 
degradation. While they recognize its impact, they have no alternative livelihood and thus cannot stop 
producing woodfuel. 

Further, loss of biodiversity is part of the issues participants raised regarding the perceived effect of 
woodfuel production on the forest region of dryland areas. Most of the participants had viewed that 
species richness and abundance of the forest has decreased considerably over the years due to the 
continuous cutting down of trees for charcoal production. The respondents also pointed out the loss of soil 
fertility as another perceived effects of woodfuel on the environment. Literature has shown that there are 
continued use of inefficient production and consumption technologies and practices of woodfuel that 
resulted in increased tree cutting for woodfuel [52]. Thus, these factors coupled with the lack of suitable 
woodfuel governance contributed to the degradation of woodlands, forests, and agricultural lands 
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endangering the livelihoods of many dependents thereof. Unsustainable production of wood fuel 
production found to adversely affect the environment including forest degradation and loss of biodiversity 
[12, 44, 48]. This finding also agreed with the theory of  ‘tragedy of the common,’, if a resource such as 
trees in the dryland areas is held in common for use by all, then ultimately that resource will be destroyed 
[21]. 
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Figure1. Perceived effects of Woodfuel production on the environment 

The result of deforestation brings biodiversity loss in terms of habitat reduction and fragmentation [14]. 
Further this brings loss of crucial ecosystem functions and disturbs the circulation of natural system.  
Charcoal and firewood are typically harvested from specific tree species, leading to changes in species 
composition within forest and woodland ecosystems and resulting in negative ecological impacts [9]. While 
woodfuel is considered a key provisioning ecosystem service in dry forests and woodlands, its extraction 
also reduces tree species richness, evenness, and overall biodiversity, particularly in unprotected areas [40]. 
In Ethiopia, charcoal production has emerged as a major threat to the conservation and management of 
national parks [7, 10, 55, 59]. Additionally, the removal of trees for charcoal affects fauna abundance and 
disrupts biodiversity, further endangering the ecological balance of dryland environments [18].  

Cause of deforestation and current forest status 
Figure 2 revealed that the primary cause of deforestation is the overexploitation of vegetation 

(uncontrolled collection of forest products), reported by nearly 90% of respondents. This is followed by 
overgrazing (about 75%) and mass charcoal production (over 60%), all of which are closely linked to human 
activities driven by livelihood needs. Other significant factors include weak or non-existent enforcement of 
forest regulations, uncontrolled forest product collection, and repeated natural disasters and prolonged 
conflicts, each cited by approximately 50–60% of respondents. Firewood collection and fire incidence were 
the least reported causes, with response rates around 40%. Overall, the findings highlight that both human 
pressures and weak institutional capacity are central drivers of deforestation in the area.  

Current forest status assessments indicate a decreasing trend in 74% of areas, with deforestation 

severity ranging from moderate to severe (Figures 3 & 4). The implications for ecological sustainability 

reveal that these patterns underscore the urgency of interventions to reconcile livelihood needs with forest 
conservation. Integrating clean energy transitions, community-based forest management, and regulated 
charcoal harvesting can stabilize forest cover while maintaining household income streams.  
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Figure 2.  Perceived cause of deforestation 

Production of woodfuel is one of the main influences affecting natural vegetation depletion, thereby 
worsing ecosystem degradation in the country. Currently, due to scarcity of preferred tree species for 
woodfuel production, woodfuel producers produced from every tree species in the natural forest and 
woodlands [6, 37]. This results alarming rate of deforestation on the remaining forests and woodland 
resources. Especially, in the drier parts of the country woodfuel producers forced to use roots of trees for 
fuel, this induces grave consequences from the ecological point of view [6]. Scholars suggested that unless 
improvements and affordable renewable energy sources are sought, traditional woodfuel production will 
continue to supply the current huge energy demand; the consequence being a complete clearance of the 
vegetation of the country [3]. For example in arid, semiarid and dry sub-humid parts of the country 
woodfuel production is a source of excessive deforestation and degradation especially there is depletion of 
preferred tree species like acacia species. 

The forest status result also shows that 74% of respondents said there is a decreasing trend (Figure 3). 
The KII and FGD stated that the production of woodfuel affects the environment mainly in terms of 
deforestation.  This is due to overexploitation of forest resources, overgrazing, mass charcoal production 
and weak enforcement of institutions. A significant proportion of the respondents indicated to have known 
some areas, which used to be forests in their communities, but as it stands now, no one can even believe 
that those areas were once forested.  

Stressing further on the effect of deforestation due to charcoal production, respondents specified that it 
is becoming difficult to get trees as compared to years back. Consequently, they are compelled to walk 
farther distances from where they reside to get the tree species to cut for charcoal production. For this 
reason, some respondents reported having put up a temporal structure at their production sites where they 
can sleep while producing the charcoal. For example also stated that dryland forests are threatened by 
conversion to agriculture, fire, unsustainable charcoal, and fuelwood harvesting. 

Literatures showed that woodfuel production is the principal disturbance of dryland forest such as 
acacia-commiphora small-leaved, and deciduous woodland found in a range from 900 to 1900 m in 
southern, central rift valley, eastern and south-eastern lowlands of Ethiopia [31]. For example between the 
year 2000 and 2013, dryland forests experienced net forest loss faster than moist forests [15]. Even though 
the increasing contribution of dryland forest, these crucial resources have got less attention at national as 
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well as regional management planning and their contribution to sustainable environmental management 
and balancing the natural ecosystem has not been recognized. 
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Figure 3. Current status of forest 

Severity level of deforestation  
The severity level of deforestation is categorized into four scales (Figure 4). The majority of respondents 

indicated that deforestation is severe, followed by moderately severe, which aligns with the findings of in 
Ethiopia. This ongoing depletion of forest resources may contribute to increased climate variability and 
long-term climate change, ultimately affecting crop yields and exacerbating poverty. Forests and woodlands 
act as carbon sinks, storing large amounts of carbon dioxide; therefore, their degradation due to woodfuel 
production can lead to a net increase in carbon emissions if mitigation measures are not implemented [13, 
42]. 
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Figure 4. The severity level of deforestation causes 
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Environmental sustainability 
 According to the KII response, the majority of informal woodfuel producers are low to middle income 

or poor pastoral/agro-pastoral and mixed farming households living in the drylands of Ethiopia. As their 
primary source of revenue for supporting their families, these households consistently generate income 
from woodfuel mainly charcoal [34]. Most of the trees dispersed around farms and landscapes that are 
"free" to households are used to harvest wood for charcoal [23].Woodfuel production give a high producer 
unit margin of 75% [34] and “free” input costs on the one hand, and the unreliability of income from 
subsistence/semi-subsistence such as agro-pastoralism which is subject to climate and other disasters on 
the other, charcoal production must be among the most rewarding livelihood opportunities to dryland 
households [23]. 

The benefits of woodfuel production, however, have trade-offs. Households in the dryland area are 
reported to derive multiple benefits from specific tree species, not only to procure free materials for 
charcoal production but also to obtain ecosystem services, such as shade and climate regulation [23]. 
However, when these trees are selectively harvested at rates exceeding their natural regeneration capacity, 
it undermines both woodfuel availability and the provision of these vital ecosystem services, ultimately 
leading to the depletion of wood resources [23]  

Degradation and exhaustion of wood resources in landscapes may reduce the capacity of already 
stressed and fragile arid and semi-arid ecosystems as well as communities that frequently experience food 
insecurity. Nevertheless, there are little incentives to establish and cultivate trees for charcoal and 
firewood, for which native species with slow growth are, preferred [23]. Planting trees is a hazardous 
endeavor with low tree survival rates because of harsh environmental circumstances as well as harm from 
many users. Reducing risks through institutional arrangements like "exclosure" and community-based forest 
management, where communities collectively agree to set aside land free from farming and grazing animals 
for regeneration, is necessary to promote the planting of trees or even to retain them on the farm through 
natural regeneration [23, 35].  

The reviewed literatures show that environmental sustainability in Ethiopia's drylands faces serious 
challenges. Many low- to middle-income households rely on woodfuel, especially charcoal, as a main source 
of income. They use freely available trees found on farms and landscapes. While charcoal production brings 
high returns, it comes with trade-offs. Trees used for fuel also provide shade and help regulate the climate. 
Overharvesting reduces these benefits and leads to deforestation. This weakens already fragile ecosystems 
and increases food insecurity. Harsh conditions and lack of support make tree planting difficult. Native 
species grow slowly, and many trees do not survive. To achieve sustainable natural resource use that meets 
present needs without compromising the ability of future generations to meet theirs, equitable and 
collective approaches such as community-based forest management and exclosures are essential to 
promote regeneration, improve tree survival, and ensure long-term resource access and ecosystem 
resilience. 

Interventions such as community-managed plantations, exclosures, and clean cooking technologies 
could generate dual benefits: reducing pressure on forests and maintaining livelihoods. For instance, 
adopting improved kiln technologies could increase charcoal yield efficiency by 40–70%, decreasing tree 
extraction needs, while exclosures could enhance carbon storage by 3–5 t C/ha/year [14, 23, 35]. 
 
CONCLUSION  

Woodfuel producers are involved in the activities due to unemployment, poverty, and the need for 
livelihood and energy for cooking and heating. Woodfuel especially charcoal remains a critical income 
source for dryland households, but inferential results show significant livelihood differences and a strong 
dependence that accelerates deforestation and ecosystem decline. Their sources of wood species for 
production are mainly the Acacia species of the woodland forest. Despite their importance, Acacia-
dominated woodland forests in the study areas have been exposed to degradation due to lack of 
sustainable woodfuel production from those species. Overall, the sharp rise in Ethiopia’s woodfuel 
production between 2000 and 2020 underscores growing energy and livelihood dependence but also 
signals increasing ecological risks that demand urgent sustainable management interventions.Without 
sustainable management and alternative energy options, environmental degradation will continue to 
worsen.This supports the theory of the ‘Tragedy of the common’ used in the study, in the sense that 
because the trees in which wood fuel producers use for their business activities are from the woodland 
forest (common resources), they did not see the need to preserve them sustainably. They rather exploit the 
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trees unsustainably to meet their short-term needs. This has resulted in environmental problems including, 
forest degradation, loss of biodiversity, and so on. 

To ensure the sustainability of woodfuel production as income-generating activity and energy for 
cooking without compromising the ecological effects and sustainability transformation in the dryland or 
woodlands, the study recommends that the forest development of the country should go on board make 
the people aware of about the dangers associated with non-selective cutting down of trees on the 
environment and devise ways for the inhabitants to become actively engage themselves in the tree 
planting, reforestation and afforestation.  

There must be a policy direction to support the adoption of sustainable woodfuel production 
technologies and practices, either establishing plantations, managing existing natural woodlands or 
encouraging assistance regeneration, whichever is more suitable within the local context. 

In addition, Livelihood diversification programs can be targeted at assisting the inhabitants to find 
alternative livelihoods such as animal products, poultry, and animal rearing to minimize the pressure on the 
environment.  This will help to reduce their over-dependence on the woodland forest for survival and to 
spare enough time for woodland regeneration.  
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