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Wood fuel is not only the main source of energy for both rural and urban households but also a vital means of livelihood diversification for rural households to improve livelihood capital in developing countries like Ethiopia. However, the status of wood fuel producers' livelihood capital and their vulnerability is poorly understood in the drylands of Ethiopia. The main purpose of the research is to characterize the livelihoods of firewood and charcoal producers as well as identify sources of livelihoods' vulnerability in the dryland areas of the country. These urge to transit for sustainable energy use. The study used survey data collected from 857 sampled wood fuel producer households and Focus Group Discussions. The data were analyzed descriptively using livelihood measurement indicators and livelihood vulnerability indexes (exposure, sensitivity, and adaptive capacity indicators) in the context of farming, agro-pastoralist, and pastoralist communities. Results indicated that generally financial, human, and social capital of wood fuel producers were low whereas natural and physical capital were better. Results also indicated engagement in the production of wood fuel strengthened the producers' livelihood capital and delivered other benefits such as opportunities for livelihood diversification as well as reducing vulnerability and improved livelihoods. The pastoral and agro-pastoral communities' livelihood capital sources were more vulnerable than farming communities. The study has also identified that wood fuel production was one of the major coping strategies employed by the sampled households to mitigate the effects of different shocks. Finally, the study results implied that wood fuel production is the highest priority area of intervention to improve the livelihoods of communities in the dry lands. It is also worthwhile to establish sustainable approaches for wood fuel production keeping the dry land forest and environment safe. This calls policy for a just transition toward an equitable wood fuel production system with the potential to deliver sustainable energy and rural development through the incorporation of wood fuel importance to rural livelihoods.
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Introduction

Worldwide, forests provide different tangible and intangible products and services to the livelihood of 800 million people (Heubach et al., 2011), and the contribution of forest resources to rural livelihoods has received high attention in the past decades (Angelsen et al., 2014). Forest income from timber and non-timber forest products (NTFPs) is a vital source of livelihood for many communities in Africa (Kiruki et al., 2020). Wood fuels (Charcoal and firewood) are one of the most important forest products and energy sources for most developing countries (Miranda et al., 2010). It can contribute 50–90% to household energy and up to 8% of all household income in developing countries (Singh et al., 2018).

Nowadays, wood fuel production in Africa has been steadily increasing over the years with a total production of 665 million m3 of wood fuel in 2015 (UNEP, 2019). Among African countries, Ethiopia is the largest producer of wood fuel, producing 108 million m3. The proportion of Ethiopia's wood fuel production and consumption pattern showed about 108,173,872 and 108,171,205 m3, as well as import and export data, also estimated 3 and 2,670 m3, respectively at the national level (UNEP, 2019). In Sub-Saharan Africa (SSA), including Ethiopia, wood fuel, especially charcoal, is a crucial domestic urban source of energy, and its production provides a means of income generation, livelihood support, and poverty alleviation to the rural communities (Openshaw, 2010; Jones et al., 2016; Smith et al., 2017). Thus, wood fuel production and trade are part of strategies that participants used to sustain their livelihoods depending on personal skills and characteristics, access and use of different tangible and intangible capital sources (physical, financial, social, natural, and human), and combined different activities (Schure et al., 2015). However, there is limited understanding of the motivation and livelihood of the people involved in wood fuel production (Schure et al., 2013).

Beyond forestry and energy issues of wood fuel, the livelihood characteristics of wood fuel producers and the role of wood fuel study including wood fuel's roles as a source of revenue for poor people are receiving more attention (Vedeld et al., 2007). Even though it is increasingly believed that wood fuel can provide important benefits to households in terms of income, its contribution to the livelihood of producer households has been underestimated. In this respect, there are only a few quantitative studies available. Although income from wood fuel production is a means to meet a wide range of essentials within rural livelihoods, the role of wood fuel production in the livelihoods of small-scale producers is not well-understood (Kiruki et al., 2020). Wood fuel policies in SSA, Ethiopia in particular, give less attention to livelihood improvement and vulnerability context of wood fuel producers (Zulu and Richardson, 2013). This shows that there is a major policy challenge to support wood fuel producer livelihoods without undermining ecological sustainability.

The knowledge of wood fuel contribution to a producer's livelihood is relevant, especially considering both the growing commercial wood fuel sector and the concentrated urban demand (Sola et al., 2019). Sustainable management options and policies related to climate change mitigation that affect the wood fuel sector should not be addressed without a detailed understanding of possible livelihood outcomes (Schure et al., 2014). Besides the economic contribution of wood fuel, there has been little attention to how involvement in the sector contributes to broader livelihood components. The contribution to livelihoods and economic activities encompasses more than just income, and there is a need to consider a broader range of factors, for instance social relations, human resources, and food security (Smith et al., 2017). However, many wood fuel-based livelihoods are thus not formal with uncertainty and risks from enforcement activities (Smith et al., 2015). Therefore, characterization of producer's livelihood and a better understanding of livelihood contribution is important to develop appropriate wood fuel policy and intervention mechanisms through just transition.

Ethiopia's dry forests host valuable flora and fauna species which are known for their rich composition of different Acacia species used as sources of wood fuel production (Abebaw et al., 2012). It covers about 55 million hectares of land and is one of the livelihood strategy components for farming, agro-pastoral and pastoral livelihood groups found in arid and semi-arid areas of the country (Lemenih et al., 2003; Lemenih and Bongers, 2011). Despite their contribution to local communities the dry forests are currently under severe threat of deprivation and have been declining over the past few years as a result of rapid settlement expansion and due to extreme use of the forest resources for different purposes, especially wood fuel production. Wood fuel is a means of livelihood for most rural people and the increasing numbers of urban dwellers are also engaged in the charcoal and fuel wood trade in Ethiopia. However, there is limited empirical evidence that measures the broader livelihood capital of the producers as well as their motivation and vulnerability for the production of wood fuel.

It is believed that there is no single remaining dry forest that has not been used at least as a source of firewood or for charcoal production. For example, of all the harvested wood in the tropics, 80% is used for fuel purposes, and the proportion is higher (90%) in the African tropics, where dry forests are predominant (Murphy and Lugo, 1986). Many people in SSA including Ethiopia are dependent on dryland forest as a source of wood for fuel. For example, the share of total domestic energy in Ethiopia is as follows: fuel wood and tree residues (70%), or 85% of the total energy comes from biomass; the dryland forests contribute the highest share, more than 82% (Teketay, 2012). The remaining limited share comes from other sources although the country has huge untapped renewable energy sources. Moreover, factors like limited infrastructure, growing population, dependence on fossil fuel, high use of unsustainable biomass, and vulnerability to climate change reflects the current situation in Ethiopia and other SSA countries (Ayobami, 2021). These urge to transit for sustainable energy use. Because of that, just energy transition secures the future and livelihoods of households and communities as a whole in the transition to low carbon livelihood sources (Acey and Culhane, 2013). To date, the just transition sustainability studies mainly focused on energy transitions, while livelihood base transitions have recently gained increasing attention in sustainability transition studies (Tribaldos and Kortetmäki, 2022). However, for just transitions, there remains a lack of robust studies but an important avenue for research regarding livelihood and vulnerability.

Many of the previous studies conducted on wood fuel producers' livelihoods in Sub-Saharan African countries, Ethiopia in particular, mainly focused on financial aspects in terms of income contribution and biomass consumption for energy (Schure et al., 2014; Smith et al., 2015; Amanuel et al., 2019; Kiruki et al., 2020) and the negative effect of wood fuel production (Abeje et al., 2019; Alhassan et al., 2022). In Ethiopia, wood fuel production has limited success stories, because producers do not follow standardized methods and technologies as well as legal processes (Abeje et al., 2019). There is potential for wood fuel to be produced sustainably in the dryland forest, but this requires supportive policies. Previous studies identified that policy issues have contributed to the wood fuel sector remaining environmentally destructive and informal (Yalew, 2022). Limited understanding and punitive political attitudes toward the role of wood fuel production and marketing, complicated with difficulties in accessing secure resource tenure, market security, and start-up costs for wood fuel production, mainly charcoal, create challenges for poor communities to invest in the sector in Ethiopia. Many wood fuel-based livelihoods are thus informal and often ignored or penalized by governments (Smith et al., 2015). Benefits to wood fuel producers are poorly understood and more attention is given in favor of environmental influences against the sector. Therefore, it is better to understand the role of wood fuel production producers' livelihoods if wood fuel policies are to benefit the rural poor.

Even if wood fuels are among the most important forest products that provide livelihood capital to households, there is little quantitative evidence about the contribution of wood fuel in terms of improving livelihood capital sources and their vulnerability. Within this context, this study aims to investigate the urge for just transition evidence from the livelihoods of wood fuel producers and their vulnerabilities in dryland areas of Ethiopia through a sustainable livelihood framework approach. This study contributes knowledge that concerns forest management and policy discourse on energy transition related to climate change mitigation in dryland areas of the country as well as developmental and environmental issues through a sound policy.



Theoretical and analytical framework

The study used the concept of livelihoods and the Sustainable Livelihood Framework (SLF) as a conceptual framework to structure our analysis (DFID, 2001; Scoones et al., 2016), due to its holistic and multidimensional use to identify the potential variables that influence decisions by rural households to produce wood fuel. According to Chambers and Conway (1992), a livelihood becomes sustainable when it can manage through, and recover from, shocks, and maintain its capabilities and assets, and provide opportunities for the future generation in the short and long-term.

The SLF indicates livelihoods as comprising various combinations of subsistence and income-generating activities and strategies. These rely on financial, physical, human, natural, and social assets, which are organized within a perspective of vulnerability (seasonality, shocks, and trends). For example, transforming structures and processes are vital for shaping people's livelihood strategies. More specifically, these structures are local bodies like the forestry sector, forest policies, and local committees with forest protection, while key processes include government policies regarding wood fuel production and resource access. When the SLF is applied to wood fuel production, it follows an assessment of the socio-economic and underlying vulnerability contexts in which producers' livelihoods operate. The SLF incorporates livelihood assets, livelihood strategies, vulnerability, livelihood outcomes, and governance structures that influence power and access to wood fuel resources and markets. Sustainability aspects related to how governance of the sector affects the environmental sustainability of the dry land forest resource management and extraction practices and thus the overall sustainability of producer-based livelihood outcomes.

Figure 1 describes that households under vulnerability contexts such as shocks struggle to depend on their capital to achieve positive livelihood outcomes through coping and diversification of livelihood strategies. Access to livelihood capital influences livelihood outcomes. For example, lack of this capital increases the vulnerability of households. Vulnerability contexts affect livelihoods and available assets. One of the coping mechanisms of vulnerability is diversifying livelihood strategies; however, diversification ability depends on livelihood capital access and the level of livelihood strategy choice. The success or failure of livelihood outcomes depends on capital endowment and institutions which allow the availability of livelihood strategy. Institutions, policies, and organizational processes are important to access or restrict opportunities to resources such as forest resources for wood fuel production for sustainable livelihoods. As the result, livelihood strategies vary in terms of environmental context, capital access, institutions, and structural processes. The ability of households to engage in different livelihood strategies is reliant on available capital access or control. Therefore, the option of livelihood strategy affects livelihood outcomes positively or negatively.


[image: Figure 1]
FIGURE 1
 Sustainable livelihood framework. Adapted from (DFID, 2001; Scoones et al., 2016).


Generally, Figure 1 shows that a household's choice of livelihood strategy is affected by its access to five sources of capital, which are in turn mediated by institutions that add other mediating structures. Mediating structures and institutions always influence the capital and livelihood outcomes of households. In addition, exogenous factors like shocks, trends, seasonality, etc., influence livelihood strategies, assets, and livelihood outcomes. In the end, a livelihood strategy involved in a household also generates a livelihood outcome. The resulting livelihood outcome of a household can consequently influence its capital through investment in education, financial savings as well as tree planting, and mediating structures and institutions.



Materials and methods


Study area description

The study was conducted in the dryland areas of Ethiopia. The data was collected from Mekelle, Dire Dawa, Bahir Dar, Hawassa, and the Central Ethiopia Environment and Forest Research Centers' mandate areas. More specifically, the Mekelle center represents dryland areas in the Northern part, Bahir Dar center represents dryland areas in the Northwestern part, Dire Dawa center represents dryland areas in the Eastern part, Hawassa center represents dryland areas in the Southern part and Central Ethiopia center represents the central parts of dryland areas in the country based on wood fuel production potential (Table 1). These listed places have the most typical wood fuel producers. In the listed study areas, three livelihood groups of the target population were considered (farming, agro-pastoral, and pastoral communities) based on their livelihood activity. The target population was wood fuel producers (firewood and charcoal producers) found in parts of the dry land woodland areas of the country. The study covered 12 districts and 4 kebeles per district.


TABLE 1 List of sample surveyed districts taken from four research mandates of dryland areas.
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Sampling techniques

This study focused only on wood fuel producers in the three livelihood groups that produce wood fuel in dryland areas of the country. The study employed a three-stage sampling procedure. In the first and second stages, the sampled districts and kebeles were selected from the total districts and kebeles through discussion with experts in zonal offices and local key informants. The wood fuel-producing kebeles were chosen based on interviews with experts and mapping of the geographical distribution of production kebeles. From this larger set, the four sampled kebeles per district were purposively selected. In the third stage of sampling after determining the number of livelihood groups available in each district and the following snowball sampling, a total of 857 households were selected and interviewed during the survey.



Data sources and data collection methods

The surveys were conducted with people who produce and sell wood fuel (charcoal or firewood) as one of their activities. To gain a comprehensive understanding of wood fuel producers' livelihoods, we used a mixed-methods approach, combining focus group-based rural appraisal tools and semi-structured interviews. A semi-structured interview was employed to gather quantitative data from wood fuel producer households. On the other hand, qualitative data were collected through focus group discussions (FGD). Researchers undertook one FGD per kebele with a combination of both men and women who were actively engaged in producing wood fuel (charcoal and firewood). Each focus group was comprised of 8–12 wood fuel producers in gender mixed groups. District and kebele experts and the research team selected the FGD participants; A core set of questions were addressed during the discussion. However, as is often the case with participatory research, we followed the interests and experiences of the participants of specific groups, which resulted in some data being collected only from certain groups. We have indicated where this occurred in the results section.



Methods of data analysis
 
Measurement of indicators of livelihood assets

The study followed the livelihood asset measurement design used by Chen et al. (2013). It is conducted through scaling and indexing approaches to determine the natural, physical, human, financial, and social capital to know their status. The Likert scale indicators were measured by rating scale methods using different weights. Accordingly, livelihood asset indices of (≤ 0.33), (0.34–0.66), and (0.67–1) were interpreted as poor, low, medium, and good or high, respectively. The questions that had three answer choices were measured as:
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When the indicators have two answer questions (yes or no), they were interpreted as:

[image: image]

On the other hand, for the questions in the form of numbers, the “mean” value is the key point in the design of this type of method. Less than the mean value is classified as poor with the weight of 0.33; more than the mean but < 1.5*mean is treated as average with the weight of 0.66, and more than 1.5*mean is classified as good with the weight of 1. After estimation of the weight of individual indicators, the value of each livelihood capital, and the end, the overall livelihood capital value has been computed. The integrated measurement was adopted following Chen et al.(2013) as follows:
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Where C is the criteria score for individual capital (0 ≤ C ≤ 1), n denotes the nth indicators of criteria (n = 1, 2, 3…n); I denotes the indicator, T denotes the total number of indicators; livelihood asset is the sum, i.e., (Natural capital + Human capital + Physical capital + Financial capital + Social capital)/5



Estimation of vulnerability index

Livelihood vulnerability index (LVI) was assumed as a function of adaptive capacity (AC), sensitivity, and exposure; that is V=f(I – AC), where I is the impact and AC is the adaptive capacity of the community. After exposure, sensitivity, and adaptive capacity were computed, the three contributing factors were integrated via the following equation:
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Where i = 1, 2, 3, … n households; k = 1, 2, and 3, representing community; Vk = vulnerability index for kth community; Wki = weight obtained from first scores of ith variables for kth community; Yki = sensitivity ith for kth community; and Zki = exposure ith for kth community. Thus, farming, agro-pastoral, and pastoral communities' vulnerability were scaled from −1 (least vulnerable) to 1 (most vulnerable).


Exposure indicators

Once values for each of the exposure components were calculated then averaged their value to obtain the exposure value. The exposure value is expressed as:
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Where Ed is the exposure score, Ei is the exposure indicator, and W is the weight assigned to each indicator.



Sensitivity index

Sensitivity was affected by an internal or external disturbance (Gallopín, 2006). Livelihoods affected by different shocks were taken into consideration as sensitivity indicators for pastoralists, agro-pastoralists, and farming communities. The sensitivity score is expressed as:

[image: image]

Where Sd is the sensitivity score for a district, Wi weight of each shock indicator, and Mi is the value assigned to each indicator.



Adaptive capacity

The adaptive capacity of a household is considered to be a growing property of the five types of livelihood capital namely human, natural, social, financial, and physical capital (Dechassa et al., 2017).

Therefore, the adaptive index is expressed as:

[image: image]

where ACd is the adaptive capacity score, HC is the score of the human capital's indicators, NC is the score of the natural capital's indicators, SC is the score of the social capital's indicators, FC is the score of the financial capital's indicators, PC is the score of the physical capital's indicators, and W is the weight assigned to each indicator.






Results


Socio-economic characteristics of respondents

Table 2 shows descriptive statistics of dummy socio-economic variables. The dummy socio-economic characteristics of the interviewed household heads were evaluated based on their sex, educational status, household's labor access, institutional membership, access to market information, access to extension services, trust between actors, and livelihood groups. We found that males constituted the majority (77.4%) of sample respondents and females constituted 22.6% (Table 2). This shows that male-headed households are more dominant than female-headed households in wood fuel production. Regarding education status, results showed that a majority (80.4%) of studied households were illiterate while 19.6% were literate (Table 2). The main labor source of the household was from own labor (66.7%) and the proportion of hired labor was 33.3%. On the other hand, 56.7% of sample interviewed household heads were not a member of any institutions, while the rest 43.3% were a member of different institutions.


TABLE 2 Description of dummy socio-economic characteristics of respondents.

[image: Table 2]

The study also discovered that the majority (62.1%) of interviewed households have had no access to market information, while the remaining 37.9% of them have had access (Table 2). Similarly, the majority (85.6%) of interviewed households have had no extension access and the rest 14.4% of them have had extension access. In addition, the result revealed that 73.7% of interviewed households perceived that there was no trust between wood fuel producers and other actors such as government actors. The remaining small proportion (26.3%) of household heads perceived that there was trust between actors. As results showed that slightly high proportion of surveyed households (37.6%) were farming households followed by agropastoral households (36.8%) and pastoral households (25.6%).

On the other side, the description of continuous socioeconomic variables was evaluated based on age, family size, distance to forest, livestock holding, landholding, and annual cash income of interviewed household heads (Table 3). The average age of sample households was described as 40 years and the average family size was 5.8 persons per household. The mean livestock holding in Tropical Livestock Unit (TLU) of the surveyed household was 6 and the mean land holding was 3.5 ha. The results also showed that the mean annual cash income of surveyed households was 43,649.2 Ethiopian Birr. Regarding forest access, interviewed households perceived that on average they traveled 5.8 h in order to access forest resources for wood fuel production and other purposes. This shows that the availability of forest access is diminished from the residence of households in the surveyed areas.


TABLE 3 Description of continuous socio-economic variables of respondents.
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Characterization of household livelihoods

As it was already explained in the methods of data analysis section, the wood-fuel producers' livelihood is characterized based on the assets position of the sampled households under each livelihood group. The results are also presented hereunder in that context.


Natural capital

In this study, access to land during the two rain seasons (short rain and long rain) and forest were used as an indicator to measure the natural assets (Table 4). Average short rain and long rain landholding size was 2.99 ha, 2.72 ha for farming households, 1.26 and 1.12 ha for agro-pastoralists as well as 0.89 and 1.79 ha for pastoralists households, respectively. Access to forests also takes about 5.44, 3.07, and 7.59 h for farming, agro-pastoralists, and pastoralists, respectively. The overall natural asset value index was found to be 0.65, 0.42, and 0.27 for farming, agro-pastoralists, and pastoralists, respectively. Focus group discussants also perceived that dryland forests in the farming, agro-pastoral, and pastoral areas were degraded due to the complete removal of trees (especially Acacia species). Unsustainable wood fuel production practices (not replanting cut trees) were unanimously identified as a major factor for natural assets degradation across all livelihood groups. FGD participants also pointed out that dryland forest loss due to wood fuel production was strongly connected to a change in rainfall patterns and increased frequency and intensity of run-off from the forest reserves.


TABLE 4 The status of livelihood capital across livelihood groups.
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The FGD groups perceived increased scarcity in NTFPs, which include firewood, charcoal, wild fruit, grasses, medicinal plants, and construction materials such as farm tools and poles. Before they engaged in charcoal and firewood production practices, participants reported that all NTFPs used to be available near to residential areas and easily accessible. Greater difficulty in accessing these products demanded more time and labor, for example, to collect firewood. This had necessitated shifting activities that demanded more physical labor from women and children to men in the three livelihood groups. This has further intensified firewood and charcoal production from distant forests and later it has severely affected the resources base for NTFPs and forced producers to downsize the level of wood-fuel production.



Financial capital

This study used income from different sources as indicators of financial assets. These include income from agricultural and non-agricultural products as well as income from, firewood, charcoal, off-farm, and livestock cash income (Table 4). The overall financial assets index of wood fuel producers was 0.39, 0.24, and 0.15 for farming, agro-pastoral, and pastoral households, respectively.

In the dryland areas, income from wood fuel production improved producers' financial status thereby increasing their ability to invest in other income generation activities and spend on household consumption. FGD participants confirmed that farming household groups cover their purchase expenses for farm inputs such as fertilizer, farm tools, and seed and settle their debt with charcoal income. Likewise, firewood and charcoal producing agro-pastoral and pastoral households pay for farm labor and other necessities from the sales of firewood and charcoal. In the farming livelihood groups, available wood fuel resources were limited, and hence income from wood fuel was not sustainable enough to hire farm labor.

According to FGD participants, charcoal and firewood-based financial assets were vulnerable to fines and confiscations from the regulating authorities. The impacts of fines and confiscations on each individual varied relying on the severity level of the enforcement activity. As a result of enforcement activities, households lose their income and they become vulnerable to food insecurity, debt, financial insecurity, stress, and reduced access to goods and services.



Human capital

Knowledge and skills due to training, labor availability, education, and health status were used as indicators measuring the human capital position of sampled producers (Table 4). The result revealed that the overall human assets value was higher in farming households (0.39), followed by agro-pastoral households (0.23) and pastoral households (0.22) for wood fuel producers.

The FGD participants expressed the producers' feelings of exhaustion after work, which affected their ability to pursue alternative livelihood strategies and social relations. Producing wood fuel was also linked with the risk of respiratory illnesses from exposure to kiln smoke and dust. The linkage between wood fuel production and access to education may be positive and negative. The FGD participants stated that the attraction of substantial incomes from wood fuel production causes children to drop out of school when they produce wood fuel or to help their parents to produce and sell wood fuel. On the other side, wood fuel income could pay for school fees, uniforms, stationery, and vocational skills training.



Physical capital

In reference to physical assets, privately owned assets that included a household's productive assets (farm tools, axes, carts, etc.), household furniture (radio, mobile phone, chair, table, bed, mats, improved cook stoves), and livestock ownership were examined (Table 4). The result showed that the overall physical asset index value of (0.92), (0.49), and (0.45) were scored for pastoral, agro-pastoral, and farming groups of wood-fuel producer households, respectively. This indicated that the asset value of pastoral households was slightly greater than agro-pastoral and farming households. Increasing income generated from producing wood fuel improved producers' ability to purchase household furniture and productive assets.



Social capital

Participation in wood fuel production strengthens social assets, through improved ability to support others. Social capital in our study is measured in terms of membership in different groups or associations, ability to obtain assistance from friends or relatives as well as trust with each other and institutional organizations (Table 4). Overall, the social asset values of wood fuel producers were 0.33, 0.18, and 0.17 for farming, pastoral, and agro-pastoral communities, respectively. All focus groups described those wood fuel producers lending tools and exchange of labor among themselves. They expressed their ability to financially support family members with wood fuel income (such as paying school fees). On the other hand, non-producing community members also benefited from the wood fuel trade within the village, thus supporting the local businesses.

Within the three livelihood groups, following the start of wood fuel production in the dryland areas, FGD members have seen a lower level of burglary. Participants also clarified that past frequencies of burglary within the village were connected to poverty and food insecurity, as individuals would take crops or assets to sell for cash to purchase food. The growth of wood fuel production within the village, accompanied by expanded livelihoods among community individuals has led to an apparent decline in the burglaries. Participants had seen expanded levels of trust between community individuals as a result. Nevertheless, participants expected that when the tree assets declined to a point when wood fuel production was not sustainable, poverty levels and the rate of burglary might increase once more.

The wrongdoing and casualness of the wood fuel production weakened producers' social assets through an expanded risk of struggle with specialists including the Ranger service office, Improvement Operators, and neighborhood community specialists such as Natural Resource Management Committees (NRMC), and village leaders. FGD participants moreover reported clashes with other community individuals who, as non-producers, would undermine producers by reporting them to the authorities.




Overall livelihood capital sources livelihood pentagon

A pentagon diagram was designed to put in the overall capital index values of the five livelihood capital sources (Figure 2). Accordingly, the aggregated values of livelihood capital were 0.44, 0.31, and 0.35 for farming, agro-pastoral, and pastoral households. As shown in Figure 2, the pentagon is skewed and does not form a perfect pentagon. The capital with the highest capacity is the physical capital or asset, followed by financial capital, natural capital, human capital, and social capital. This structure is not sustainable because it does not represent a perfect or balanced pentagon that would best describe a sustainable livelihood status. For example, the livelihoods approach is people-centered; it looks to gain an accurate and realistic understanding of people's strengths in terms of capital. The pentagon gives information about people's capital position visually and the inter-relationships among various capital sources in life. The high capacity of physical assets implies that it can generate multiple benefits for households. Households with access to land (natural capital) are also well-endowed with financial capital, as they can use the land not only for direct productive activities but also to rent out or share crops for additional income to the households. In the same way, livestock may also build social capital such as prestige and connectedness to the community for owners while similarly being productive physical capital.


[image: Figure 2]
FIGURE 2
 Livelihood capital pentagons of the three livelihood group households.




Vulnerability contexts and coping strategies among the livelihood groups
 
Vulnerability contexts among the livelihood groups

The vulnerability indices (LVI) being relative values are compared across the three livelihood styles. Regarding the overall LVI, pastoralists were found to be the most vulnerable (0.523) followed by agro-pastoralists (0.492); while farming communities (0.406) were relatively better off (Table 5). Moreover, the overall adaptive capacities of each livelihood group were estimated. Accordingly, the farming communities (0.589) were found to be better in adaptive capacity followed by agro-pastoralists (0.473), and the least in adaptive capacity was recorded for pastoralists (0.419).


TABLE 5 The index score for vulnerability and its main components.
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The different shocks were mentioned by the household which led them to produce wood fuel to mitigate those shocks (Figure 3). The household survey indicated that out of the total wood fuel producers about 24.9% of them use wood fuel income to mitigate drought shock, followed by seasonal importance during the time of agricultural output price reduction (17.4%), crop disease (11.6%) and family sickness (10.7%). The rest of the respondents reported that producing more wood fuel helped then to mitigate the effects of livestock disease (7.3%), increasing agricultural input price (7.1%), flood (6.9%), household business failure (5.4%), employment loss (5%), and conflict (3.7%) shock, respectively. The focus group discussants also pointed out that there are periods when households had insufficient income from other sources in a year. Often this situation is observed in June, July, and August when households had sold most of the previous year's food crops and new crops are not ready for harvest.


[image: Figure 3]
FIGURE 3
 Vulnerability context.


Households were asked if they had experienced any form of shock in the past 10 years. The most frequently reported severe shocks were drought, food price increments, and crop and livestock disease by 42, 12, 11, and 10% of sample households (Figure 4), respectively.


[image: Figure 4]
FIGURE 4
 Severity of different livelihood shocks.




Livelihood outcomes and trends

Engaging in wood fuel production not only builds on financial capital but also improves other livelihood capital. Focus group discussants revealed that income generated from wood fuel sales was used to purchase physical capital (such as furniture, farm tools, etc.), settle social needs (contribute to different social networks, development activities, dowries, etc.), improve human capital (such as pay school fee, health, etc.) and access to natural capital (access to land). The study result showed that the majority (50.9%) of wood fuel producers use their income to meet family requirements, followed by social obligation (21.4%), settling a debt (17.1%), and tax expenses (10.6%) (Figure 5).
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FIGURE 5
 Purposes of wood fuel income for households.


This indicated that access to forest resources showed a decreasing trend for those who are found in dryland areas of the country. This results in negative livelihood outcomes of natural assets created by increasing scarcity and distance to the remaining forest resources (Figure 6). The relationship between decreasing forest resources, declining availability of alternative forest-based income, and increasing time commitments to travel to remaining resources restricted the ability of an individual to further diversify their livelihood strategies, and instead stimulated specialization in, and dependence on, wood fuel production as a livelihood strategy.
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FIGURE 6
 Trend of forest access to wood fuel producers.


The FGD participants in the different wood fuel producers' livelihood groups in the targeted study areas also revealed that communities use wood fuel for their consumption and commercial purpose due to a lack of other alternatives. Therefore, the declining trend of forests in the study area is one of the causes of livelihood vulnerability and vulnerability to natural resource degradation. As shown in Figure 6, sampled households and focus group discussants agreed that the status of the forest is declining at times. They stated that 15 years ago wood fuel was available around their residential areas. Now, they have to travel a long distance to access it. The findings suggest that unsustainable wood fuel production results in negative livelihood outcomes on natural capital (access to forest resources). This implies that consideration of wood fuel sustainability is important to prevent the negative effect of livelihood resources.



Coping strategies among the livelihood styles

The results showed that wood fuel producer households in the study area engaged in different strategies to address vulnerability regarding livelihood. Accordingly, the selection and practice of coping strategies depend mainly on the livelihood groups' (farming, agropastoral, and pastoral) households and the level of difficulties encountered in the wood fuel producer's household. The findings revealed that food price increment shock was mitigated by the household mainly through livestock selling (26.1%), firewood collection (16.3%), reduced meals (10.8%), borrowing (9.4%), selling other assets (7.9%), and charcoal making (6.9%), while about 17.2% of them did nothing. Shocks from agricultural input price increment was mitigated through livestock selling (18.8%), firewood sale (17.6%), charcoal making (10.6%), borrowing (10.2%), out-migration (9%), and selling other assets (7.8%), while 14.3% did nothing, respectively.





Discussion

Our findings reveal the present livelihood capital and vulnerability of wood fuel producers among farming, agro-pastoralists, and pastoralists living in dryland environments of Ethiopia. The status of access to livelihood capital was found to be differential in characteristics among the three livelihood groups. In this study, household access to the five considered livelihood capital resources along with their subcomponents is presented in Table 3 based on the field data findings. The result showed that livelihood capital owned by households are different in terms of vulnerability. Physical capital is varied by the studied households. Each of the considered physical capital components such as household furniture, productive assets, and livestock holdings showed the highest overall capital value index in pastoral households (0.92) followed by agro-pastoral households (0.49) and farming households (0.45). Recent findings showed that the performance of physical capital along with human capital is efficiently endorsed by newly incorporated livelihood capital sources which are known as psychological capital with implications for household vulnerability and livelihood security (Li et al., 2020; Tora et al., 2022). Households that have several physical capital sources such as farm equipment, infrastructure, etc. have some means to adapt to different vulnerabilities (Faso, 2016). For example, coupling energy access with productive use of energy on business and livelihood improvement activities are recognized mechanisms to accelerate just sustainable energy transition (Gebreslassie et al., 2022).

Human capital was measured in terms of knowledge and skills due to training, labor availability, education, and health status to quantify the human capital position of sampled producers (Table 4). The finding revealed that the human capital index ranged from 0.22 for pastoral households to 0.39 for farming households. The human capital value index showed below the medium value index of livelihood capital (0.60) in the three livelihood groups of wood fuel producer households. Previous findings indicate that human capital is the most significant livelihood resource for countryside communities (Xu et al., 2019) in the dryland areas (Tora et al., 2022). Financial capital is measured in terms of cash income from different sources including wood fuel. The overall financial capital index value of the three livelihood groups showed that there are significant differences. The finding revealed that the capital index value was estimated as 0.39 for farming households, followed by agropastoral households (0.24), and pastoral households (0.15). Financial capital is a deficient resource in the study households, especially pastoral households as described by different scholars (such as Elizondo et al., 2017; Tora et al., 2022).

An inventory of natural capital revealed the households' access to landholding among the three livelihood style households in the dryland areas. The survey findings demonstrated that the natural capital did not support their subsistence, which was akin to the lowermost proportion of households in rural China (Xu et al., 2019). The most significant components of natural capital considered in this study were short-rain landholding, long-rain landholding, and distance from forest access in the surveyed households, as well as trees, rangeland, and water access, all of which were considered in KIIs and FGD. The overall financial capital index of wood fuel producers was 0.39, 0.24, and 0.15 for farming, agro-pastoral, and pastoral households, respectively. This differential access status has implications for communities' likelihood of exposures to livelihood vulnerabilities and capability to build secure livelihoods in line with Tora et al. (2022). Among financial livelihood capital sub-components, wood fuel (firewood and charcoal) are the main sources of cash income, especially for agro-pastoral and pastoral households (Table 4). However, the existing policies and strategies of Ethiopia ignore the economic potential of wood fuel (Sola et al., 2019). On the other hand, national energy policy has focused on the development and promotion of renewable energies in both urban and rural areas, with less investment and support for wood fuel production; ignoring livelihood improvements, there is a general strategy that eliminates wood fuel (Yalew, 2022). Hence, these factors come from a lack of policy for supporting sustainable wood fuel production that contributes to the degradation of dryland forest and other agricultural lands endangering the livelihoods and food security of many households dependent on it (Amanuel et al., 2019). To combat this, Ethiopia needs energy transitions that accommodate policy changes related to the livelihoods of communities who depend on wood fuel. For example, Ethiopia has planned for a total of 1,710,988 households (1,406,201 urban and 304,787 rural households) to substitute ethanol for firewood and charcoal between the years 2015 and 2030 (Yalew, 2022). This will reduce deforestation and greenhouse gas emissions by 441,000 ha and 65 Mt CO2e, respectively.

Social capital was also quantified by different sub-indicators such as support, trust, and membership in different institutions. Overall, the social asset values of wood fuel producers were 0.33, 0.18, and 0.17 for farming, pastoral, and agro-pastoral communities, respectively. Similar to other livelihood capital sources, social indicators are found at low levels of access. However, a socially chained community has a better capacity to withstand shocks. This give credence to the effects of social capital on the livelihood of the community where indelicacy of social capital drives human vulnerability (Tagalo, 2020; Tora et al., 2022).

In livelihood and development studies, the capital pentagon has been an open discourse by various practitioners and organizations. The finding of our study from five livelihood capital sources shows that the structure of the pentagon is not sustainable because it does not represent a perfect or balanced pentagon that best describes a sustainable livelihood status. For example, the livelihood approach is people-centered; it pursues an accurate and realistic understanding of people's strengths in terms of capital. This is because the lack of livelihood capital access is believed to better describe rural livelihood insecurity. This investigation has a message to contribute toward managing rural vulnerability through livelihood capital diversity and improvement. The pentagon gives information about people's capital position visually and the inter-relationships among various capital sources in life. Furthermore, the pentagon answers the literature-based gaps of livelihood and vulnerability assessment regarding who is vulnerable and how households lacking capital access are vulnerable (Moret, 2017; Mengistu, 2022). The high capacity of physical assets implies that it can generate multiple benefits for households. Households with access to land (natural capital) are also well-endowed with financial capital, as they can use the land not only for direct productive activities but also to rent out or share crops for additional income to the household. In the same way, livestock may also build social capital such as prestige and connectedness to the community for owners while also being productive physical capital. The finding concurs with Robaa and Tolossa (2016) who demonstrated that vulnerability of rural households to food insecurity was indicated by inadequate access to basic capital such as landholding, the capacity of production, and the inability of the nature-oriented resources to support rural livelihoods (Mthethwa and Wale, 2020).

The pentagon indicates in Figure 2 that is in line with each livelihood capital source and revealed that households' access status to respective capital as the construction of the pentagon is based on the aggregate ownership status of overall households' capital. The overall status of the five livelihood capital sources owned by farming, agro-pastoral, and pastoral households is comparatively presented in descending order as PC > FC > NC > HC > SC. In general, the overall capital indexes of all were below the moderate capital status (0.60) as indicated by Chen et al. (2013). Therefore, regarding the status of the overall capital access among farming, agro-pastoral, and pastoral wood fuel producer households, there is a deficiency of livelihood capital. The deficiency of access has an implication on the households' vulnerability that is crucially detected by capital. The literature stated that deficiency of livelihood resources and insecurity of livelihood trigger people's escalating susceptibility to climate, among other drivers (Awal, 2015; Tora et al., 2022), while poor people's resilience is boosted by the pivotal role of owned capital (Ha-Mim et al., 2020). Other recent studies also consistently stated that a great number of livelihood resources and strategies empower herding households to have a higher level of sustainable living standards in dryland areas (Kiruki et al., 2020). Conversely, the household livelihood capacity becomes limited regarding livelihood capital improvement and the strategies pursued (Zhao et al., 2019). Furthermore, our findings agreed that households possessing the required capital have a greater likelihood of creating positive, sustaining alternatives in drought-prone areas (Ibrahim et al., 2018; Amanuel et al., 2019; Tora et al., 2022).

The vulnerability context refers to exposures to unfavorable developments like rainfall failure, and livestock loss that would cause considerable harm to livelihood, as well as the lack of means to cope with the loss without losing the household's livelihood base (Brobbey, 2019). This definition is directly linked to this study. This finding is supported by Asfaw et al. (2021), who reported that low adaptive capacity in the lowland area contributed to smallholder farmers being more vulnerable. There are periods when households had insufficient income from other sources in a year. Often this situation is observed in June, July, and August when households have sold most of the previous year's food crops and new crops are not ready for harvest. Households were asked if they had experienced any form of shock in the past 10 years. The most frequently reported severe shocks were drought, food price increments, and crop and livestock disease.

Livelihood outcomes indicated that households who engaged in wood fuel production not only build on financial capital but also improve other livelihood capital sources such as physical capital (farm tools), human capital (school fees, health, etc.), natural capital (access to land) and social capital (settle social needs, social networks) stated by FGD participants. The findings of the study imply that access to forest resources for wood fuel production showed a decreasing trend (Figure 6). The implications of these results are negative livelihood outcomes of natural assets created by increasing scarcity and distance to the remaining forest resources (Figure 6). This finding agreed with previous findings (for example, Smith et al., 2017) that demonstrated that negative livelihood outcomes were related to the diminishing of natural assets such as forest, time conflicts created by increasing scarcity and distance to the remaining forest resources, and vulnerability to punitive enforcement activities. The relationship between decreasing forest resources, declining availability of alternative forest-based income, and increasing time commitments to travel to remaining resources restricted the ability of an individual to further diversify their livelihood strategies, and instead stimulated specialization in, and dependence on wood fuel production as a livelihood strategy. The findings of this study agreed with Amanuel et al. (2019) who demonstrated that the status of dryland forests has been shrinking at a significant rate over the past 30 years. This is due to the lack of forest and energy policy recognition for sustainable wood fuel production despite the potential livelihood benefits in the country. The finding implies that the country urgently needs to transit toward integration of sustainable energy and livelihood options.

Over-dependency of people on natural resources for subsistence needs coupled with high rates of deforestation for commercial interests renders most of the forest communities' people vulnerable to natural and financial shocks (FAO, 2015; Alhassan et al., 2022). Wood fuel producers mentioned different shocks and their coping mechanisms (Figure 7). In general, our result showed that selling livestock, firewood, other assets, and charcoal as well as replanting were the most common coping strategies for different shocks by households, while some of the households did not practice any coping mechanisms (Figure 7). These results are supported by the findings of other studies (Jones et al., 2016; Amanuel et al., 2019) that found that households produce wood fuel, especially charcoal in bulk to respond to coping livelihood vulnerabilities, or they turn to charcoal production as a long-term response to scarcity. Similarly, wood fuel is considered a coping strategy for shocks that influence the household's income stream and reduce its asset base (Schure, 2014; Mensah et al., 2022). However, the current wood fuel production is unsustainable due to a lack of policy support in Ethiopia as well as many SSA countries (Mensah et al., 2022). From this finding, there is an implication to urgently transition toward sustainable initiatives. For example, facilitating the transition of urban households from wood fuel energy sources to other renewable energy and transit wood fuel producers toward more non-forest-based livelihood options is a pivotal approach based on the context of the area and living system of local communities. Other previous studies demonstrated that households' commonly performed coping strategies to manage vulnerability are selling assets, reduced consumption, and livelihood diversification, and the strategies differ among household groups (Amanuel et al., 2019; Mengistu, 2022). Communities are also different in their vulnerability and proficiency to manage risks based on their capabilities and existing environmental situations (Sime, 2019; Mengistu, 2022). Gebreslassie et al. (2022) recognized that energy transition requires inclusive energy policies and infrastructure support for the livelihood of the local communities to ensure sustainability. Overall, there is an opportunity to elaborate on the conditions under which wood fuel producers, consumers, and other stakeholders shift toward sustainable wood fuel production. This issue urgently needs targeted policy options and actions just to transition to sustainable wood fuel production in the country.
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FIGURE 7
 Coping strategies by households that faced economic shocks.




Conclusions and policy implications

The objective of the study was to characterize and understand livelihood capital sources as well as analyze the vulnerability of farming, agro-pastoral and pastoral communities. Sustainable livelihood among wood fuel producers will help to reduce poverty and over-dependency on forest resources. However, the result indicated that the index of the capacity of five principal livelihood capital sources is unbalanced, and social, human, and financial capital sources are less acquired ones. This is confirmed in the analysis of the livelihood capital sources, which determine adaptive capacity indicating that communities in dryland areas did not fare well in all the five capital sources. The vulnerability index also revealed that pastoralists and agro-pastoralists are more vulnerable than farming communities. The findings also showed that access to forest resources shows a decreasing trend in dryland areas of the country. Selling livestock and firewood, replanting, borrowing, and charcoal production were the main coping mechanisms. Therefore, creating opportunities for different livelihood options is important to improve the livelihood asset and reduce the excessive dependency of the people on forests and other natural resources. Consideration of improved production technologies and active management of the dryland forest with community participation is also important. As shown in our result and different previous research, wood fuel demand in urban areas of Ethiopia is increasing which urges high wood fuel production in rural areas, especially dryland areas; and there is an indication that the forest cover is diminishing. However, the existing established policy of the country affects wood fuel producers by banning the activity without provisioning livelihood options to producers of dependent communities. Therefore, there is a need to link policy frameworks and interventions for just energy transition for urban households and diversify livelihood options of wood fuel producers as well as launch sustainable wood fuel production mechanisms and interventions. This will help reduce over-dependency on dryland forest by wood fuel producers as well as reduce urban household dependency on wood fuel energy in order to ensure wood fuel production is socially, economically, and environmentally sustainable.

The available literature on the subject and our findings revealed that wood fuel contributes mainly to the livelihoods of rural people and high energy to satisfy the demand in urban areas. Thus, there is a need to introduce improved and affordable stoves and solar power in rural and urban areas to reduce the burden on the dryland forests. Moreover, the establishment of woodlots and plantations for wood fuel production should be considered as an alternative; however, this is challenged by the complex tree tenure, access, and benefit-sharing mechanisms that may discourage producers to engage in such activities.
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