
 

 
 

 

 
Forests 2021, 12, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/forests 

Review 1 

Forest dependence in developing countries: The role of 2 

household heterogeneities 3 

 Matilda Stanslaus Ntiyakunze * and Jesper Stage 4 

1 Luleå University of Technology; matilda.ntiyakunze@ltu.se 5 
2 Luleå University of Technology; jesper.stage@ltu.se 6 
* Correspondence: author, email: matilda.ntiyakunze@ltu.se 7 
Abstract: Forests support livelihoods and are a major source of energy for many households in developing 8 

countries. The aim of this paper is to review selected economic literature related to the role of household 9 
heterogeneities on forest dependence and on energy choices. The paper concludes that, due to the presence 10 
of numerous market failures in developing countries, production and consumption decisions relating to 11 
forest use and energy use frequently become more complicated than in developed countries. Linked to this, 12 
household heterogeneities have considerable effects on forest dependence and energy preferences. How- 13 
ever, additional research is still needed on the role of household heterogeneities on forest dependence and 14 
energy choices. Future studies should also focus on the energy path dependence by considering price elas- 15 
ticities to see how consumers respond to changes in shadow prices for different forest products and energy 16 
sources.  17 

Keywords: forest dependence; agricultural household model; energy choices; energy ladder; mul- 18 

tiple fuel use  19 

 20 

1. Introduction 21 

Human dependence on forests is one of the major causes of forest degradation and 22 

deforestation in many developing countries (Soe and Chang, 2019). The adverse effects of 23 

forest degradation and deforestation are witnessed by loss of biodiversity, soil erosion, 24 

greenhouse gas emissions and disruption of livelihoods (Kideghesho, 2015). Because of 25 

these effects, a literature on forest dependence continues to receive a growing attention. 26 

Understanding the economic incentives surrounding forest dependence is key for miti- 27 

gating these adverse impacts. Therefore, this paper reviews some of the economic litera- 28 

ture on household dependence on forest products in general as well as on forest-related 29 

energy, with the aim of identifying gaps and challenges for future research. In line with 30 

these aims, this review provides an analysis of the heterogeneity playing a role in the 31 

household use of, and dependence on, forest products and energy sources. An under- 32 

standing of this heterogeneity is crucial not only for insight into households’ forest and 33 

energy use, but also—and more importantly—for the design of forest management poli- 34 

cies. This is because the extent of dependency on forests is largely determined by, and 35 

varies across, heterogeneous household factors. Hence, literature from the developing 36 

world is reviewed with special attention devoted to Asia and Sub-Saharan Africa. 37 

Worldwide, between 1.1 billion and 1.8 billion people are estimated to depend di- 38 

rectly on forest products for part of their livelihoods, while some 200 million people are 39 

estimated to be completely dependent on forests (Chao, 2012). Rural communities are the 40 

most heavily forest-dependent: forests contribute to their livelihoods by providing basic 41 

needs, cash resources and safety nets during times of crisis (Bwalya, 2013; Nagendra, 2011; 42 

Shackleton et al., 2007). However, the level of forest dependence also differs across house- 43 

holds according to socio-economic and other factors. Heterogeneity—not only in forest 44 

users’ socio-economic characteristics, but also in the extent of their dependence on the 45 

forest resource—is an important factor affecting the design and success of forest manage- 46 

ment in developing countries (Kant and Berry, 2001). Consequently, several studies have 47 
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essentially considered socio-economic heterogeneity among household forest product us- 48 

ers when analysing forest dependence (see e.g., Chhetri et al., 2016; Fisher, 2004; Fonta et 49 

al., 2011; Sapkota and Odén, 2008).  50 

Forests also provide energy for many households. About 2.8 billion people world- 51 

wide depend on traditional fuels for at least some of their cooking and heating needs 52 

(World Bank, 2014) and, in many developing countries, forest energy sources are the dom- 53 

inant household source of energy (Ajah, 2013; Alem et al., 2016; Iniwasikima and Ufot, 54 

2013; Lusambo, 2016; World Energy Council, 2016). This use of forest energy sources in 55 

developing countries is usually linked to poverty (Iniwasikima and Ufot, 2013; Karekezi, 56 

2002, in Atanassov, 2010). The difficulty of adopting modern, sophisticated energy sources 57 

is often linked to poverty via income- and wealth-related differences in access to such 58 

resources as well as their availability and affordability (Clancy, 2013; Day and Walker, 59 

2013; Diaz-Chavez et al., 2015; EIA, 2014). A household’s well-being can be affected by the 60 

types of fuels it uses for everyday activities (Choumert-Nkolo et al., 2019). Traditional 61 

fuels such as firewood and charcoal are seen as ‘dirty’ because they pollute the air indoors 62 

and are less efficient than modern, ‘clean’ fuels such as electricity and gas, which are 63 

adopted when income and socio-economic status increases. This is reflected in the litera- 64 

ture on households who transition from traditional to modern fuels, as explained by the 65 

Energy Ladder Hypothesis (see e.g., Choumert-Nkolo et al., 2019; Hosier and Dowd, 1987; 66 

Kroon et al., 2013; Muller and Yan, 2018). However, evidence of multiple fuel use in many 67 

developing countries has prompted increased research on that aspect on the topic (see 68 

e.g., Kroon et al., 2013). While the issues surrounding forest-dependence are typically as- 69 

sumed to be relevant for rural households only, many urban households in developing 70 

countries also depend on forest products for their energy needs and are reluctant to switch 71 

to other energy sources. The study of urban energy use is, therefore, relevant as part of an 72 

overall review of forest dependence. 73 

Although intensive research on household forest dependence and forest-related en- 74 

ergy issues has been conducted in developing countries, more knowledge is still needed 75 

on the role that household heterogeneity plays when it comes to forest dependence and 76 

energy choices in such countries. Furthermore, how to measure forest dependence is still 77 

being debated, since different authors apply different approaches to define the concept 78 

itself. In addition, different conclusions have been reached about the factors influencing 79 

household energy use and choices. 80 

This paper therefore reviews some of the existing knowledge on the issues pertaining 81 

to forest dependence and energy choices, and on how household heterogeneity affects 82 

these issues. Thus, the objectives of this paper are as follows: (a) to review selected empir- 83 

ical research on households’ forest dependence and how such dependence is measured in 84 

the light of household heterogeneity, and to identify important lessons, issues and chal- 85 

lenges for future research work (Section 3); (b) to review selected empirical research on 86 

households’ energy choices in the light of household heterogeneity, and to identify im- 87 

portant lessons, issues and challenges for future research work (Section 4); and (c) to con- 88 

clude the review and offer some potentially fruitful avenues for further investigation on 89 

pertinent issues (Section 5). 90 

2. Methodology 91 

The review focuses on economic papers devoted to forest dependence and energy 92 

choices in developing countries, especially those in Asia and Sub-Saharan Africa, since 93 

households in poorer developing countries often face constraints that are quite different 94 

from those elsewhere. In economic analysis, whether markets can be said to act as approx- 95 

imations of the theoretical perfect market or not is often a key issue for empirical analysis. 96 

While market failures in individual markets are common in all countries, market failures 97 

have long been identified as being particularly pervasive in the least developed countries 98 

(see e.g. Stiglitz, 1989; Key et al., 2000; Banerjee and Duflo, 2011), and, as argued below, 99 
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this makes it useful to study forest use and forest dependence in these countries separately 100 

from other countries. 101 

Based on the methodological approach of Reed et al. (2017), the review searched sev- 102 

eral databases, including Web of Science journals, Google Scholar, ResearchGate and key 103 

institutional websites. Both published and unpublished papers were reviewed, as both 104 

types of literature provided relevant material. Only literature written in English was in- 105 

cluded. Keywords included were forest dependence, measurements of forest dependence, deter- 106 

minants of forest dependence, energy use, energy choices, energy expenditure, energy demand, ag- 107 

ricultural household models, Energy Ladder Hypothesis, multiple fuel use and energy elasticities 108 

in respect of the literature on developing countries were used in the searches. Therefore, 109 

economics papers were included if they contained at least one of these keywords. Further 110 

refinement entailed that they also had to provide relevant information about forest de- 111 

pendence, use methodologies relevant to forest dependence and energy choices, and re- 112 

port relevant outcomes associated with the role of household heterogeneity on forest de- 113 

pendence and energy choices in developing countries. Given these criteria, the economic 114 

literature was screened for titles as well as for abstract and full-text stages (see also Reed 115 

et al., 2017). Finally, the review only covered the theoretical and empirical literature pub- 116 

lished between 1986 and 2021, bringing the total number of articles to 92. The time period 117 

used for this paper covers the relevant studies in past and recent years.  Figure 1 graph- 118 

ically illustrates the process of selection. 119 

 120 

 121 

 122 

 123 

 124 

 125 

 126 

 127 

 128 

 129 

  130 

Figure 1: Summary of methodology 131 

At the title stage, studies were screened for the keywords mentioned earlier. Then at the 132 

abstract stage, studies were screened for the relevance and accepted if they were within 133 

the context of developing countries and are economic papers. At full texts, relevant studies 134 

and final studies stages, inclusion was determined if studies presented relevant theoretical 135 

approaches to forest dependence and energy choices. Inclusion was also determined if 136 

studies presented empirical findings that determine forest dependence and energy 137 

choices. Studies that provided repeatable research design were also included. While stud- 138 

ies excluded from the review were those that did not meet these criteria; studies outside 139 

developing countries, method studies and exploratory studies 140 

 141 

 142 

Titles screened 101,000 

 

Abstracts screened 9,984 

Relevant studies selected 203 

20203 

Full texts screened 396 

92 Final studies  
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3. Household dependence on forest products 143 

3.1. Conceptual framework 144 

Households in developing countries frequently operate in economic environments 145 

where—unlike the situation for households in developed countries—market failures and 146 

market imperfections prevail in respect of key goods and services. This has key implica- 147 

tions for the households’ optimisation decisions. Agricultural household models (see e.g., 148 

Bardhan and Udry, 1999; Sadoulet and de Janvry, 1995; Singh et al., 1986) have long been 149 

the standard theoretical framework used in economics to understand the role of house- 150 

hold heterogeneities in agricultural production decisions in developing countries. These 151 

models also provide a useful framework for understanding why household heterogenei- 152 

ties matter for forest dependence and energy use and they provide a natural basis for 153 

classifying earlier work in these areas. 154 

A farm household makes three types of decisions. Firstly, the household makes deci- 155 

sions as a producer, namely what goods and services to produce and how to produce 156 

them. Secondly, the household makes decisions as a consumer in respect of what goods 157 

and services to consume. Thirdly, the household makes decisions on its labour supply, 158 

that is, on how much—and whose—labour to use in production and how much time to 159 

allocate to leisure and other activities. These three sets of decisions are part of the house- 160 

hold’s overall utility maximisation problem. Adapting the framework from Sadoulet and 161 

de Janvry (1995) slightly to also include forest products, in a developed-country context 162 

where there are perfect markets, this utility maximisation problem can be written as— 163 

 164 

𝑚𝑎𝑥
𝑞𝑎,𝑞𝑓,𝑥,𝑙,𝑐𝑎,𝑐𝑓,𝑐𝑚,𝑐𝑙

𝑈(𝑐𝑎, 𝑐𝑓, 𝑐𝑚, 𝑐𝑙; 𝑧ℎ)                                         (1) 165 

subject to the constraints 𝑔(𝑞𝑎 , 𝑞𝑓𝑥, 𝑙; 𝑧𝑞) = 0 166 
  𝑤𝑙 + 𝑝𝑥𝑥 + 𝑝𝑚𝑐𝑚 + 𝑝𝑎𝑐𝑎 + 𝑝𝑓𝑐𝑓 = 𝑝𝑎𝑞𝑎 + 𝑝𝑓𝑞𝑓 + 𝑤𝑙𝑠 167 
  𝑐𝑙 + 𝑙𝑠 = 𝐸 168 
where 𝑐𝑎 , 𝑐𝑓 , 𝑐𝑚 , and 𝑐𝑙  are consumption of agricultural product(s), forest prod- 169 

uct(s), market goods and leisure, respectively; 𝑔 is the production function; 𝑞𝑎  is the 170 

production of agricultural product(s) and 𝑞𝑓 that of forest product(s); 𝑥 is a vector of 171 

productive inputs used by the household, other than labour; 𝑙 is labour use in farm and 172 

forest production; 𝑙𝑠 is the household’s own supply of labour; 𝑤 is the wage rate; 𝑝𝑎, 173 

𝑝𝑓, 𝑝𝑚 and 𝑝𝑥 are the prices of the agricultural product(s), the forest product(s), the mar- 174 

ket goods, and the agricultural inputs, respectively; 𝑧ℎ is a vector of household charac- 175 

teristics; 𝑧𝑞 is a vector of farm and forest characteristics; and 𝐸 is the household’s overall 176 

time endowment. The household is a net seller of goods for which 𝑞 > 𝑐, and a net buyer 177 

of goods for which 𝑞 < 𝑐. Similarly, the household is a net seller or net buyer of labour, 178 

depending on whether 𝑙𝑠 or 𝑙 is greater. 179 

When markets for all goods and services function perfectly, which will usually be the 180 

case in a developed country, production and consumption decisions can be modelled as 181 

separate decisions. The household’s overall utility will be maximised if production deci- 182 

sions are made so as to maximise profits, 𝜋: 183 

 𝜋 = 𝑝𝑎𝑞𝑎 + 𝑝𝑓𝑞𝑓 − 𝑤𝑙 − 𝑝𝑥𝑥                                        (2)  184 

Thus, the first set of decisions—on production—can be modelled as the decisions of 185 

a profit-maximising producer without regard to the household’s consumption decisions 186 

or to any household heterogeneities. The household’s overall utility will be maximised if 187 

consumption and labour allocation decisions are made to maximise utility, subject to the 188 

income constraint that the profit level from the production decision creates. In this case, 189 

the consumption decisions can be modelled subject to the household’s budget constraints, 190 

but otherwise without regard to the production decision. The only connection between 191 
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the production and consumption decisions is through the level of profit 𝜋 from produc- 192 

tion. Thus, the household’s status as a net seller or net buyer of the agricultural and forest 193 

goods and of labour does not matter for its production decisions: that status only matters 194 

for the household’s utility through the impact on its budget constraint. Household heter- 195 

ogeneities in wealth, household size or education, for example, will not matter for its pro- 196 

duction decisions, since any productive assets that are needed for production can be 197 

bought (or rented) at market prices and funded through credit markets—as long as the 198 

production decisions are profitable. 199 

However, in developing countries, it will often be the case that one or several of the 200 

markets for these goods and services function imperfectly or not at all. In such cases, the 201 

separability between production and consumption decisions breaks down. Rather than 202 

facing a single market price, the household is likely to encounter a price band, with prices 203 

differing according to whether the household is a net seller or net buyer. There may be 204 

transportation and storage costs that make some goods difficult to sell or susceptible to 205 

fluctuating prices; there may also be middlemen with market power to influence prices 206 

according to whether the household is a net buyer or net seller. There may also be princi- 207 

pal agent problems or information problems, such that labour markets function imper- 208 

fectly or not at all, in addition to cultural and legal norms that affect what household la- 209 

bour can be sold. The opportunity costs of the household members’ labour may then differ 210 

from the prevailing market wage rate despite a labour market existing in the area. Even 211 

when there is a functioning market for a good or service, it may be a shallow one with 212 

relatively few buyers and sellers. In this scenario, the household faces different prices at 213 

different times correlative to when it wishes to buy or sell. Shallow markets may arise due 214 

to seasonality issues, such that the price of a good varies over the year, with higher prices 215 

when the household wants to buy than when it wants to sell. The shallowness could also 216 

be attributed to the market’s small size overall. Here, a good harvest in the area will push 217 

down the prices of agricultural output, with the opposite happening when the harvest is 218 

poor. Moreover, when prices are unpredictable, risk-averse farm households may also or- 219 

ganise production and consumption based on shadow prices that differ from the average 220 

market price. 221 

These issues mean that, for many goods and services, the household effectively faces 222 

a price band where it can only sell at relatively low prices and only buy at relatively high 223 

ones. Some households will nonetheless participate in the market for a good as sellers or 224 

as buyers—or even both, depending on the time of year. Other households will choose to 225 

become self-sufficient if the household-specific shadow price for the good in question falls 226 

within this price band and will meet all their consumption needs through own provision 227 

of the good in question. Such self-sufficient households will effectively respond to shadow 228 

prices that differ from those in the market. This type of response will also prevail for goods 229 

where no markets exist at all and where self-sufficiency is, thus, the only option. If liquid- 230 

ity or other financial constraints are an issue, households may effectively respond to 231 

shadow prices that differ from the market price even for goods where they in fact do par- 232 

ticipate in the market. Thus, whether for some or many goods that the household uses 233 

and/or produces, a household may effectively respond to an unobserved household-spe- 234 

cific shadow price rather than to the observed market prices (if any), and the household’s 235 

production and consumption decisions will be made simultaneously. 236 

The household’s overall utility maximisation problem can then (still following 237 

Sadoulet and de Janvry, 1995) be written as— 238 
𝑚𝑎𝑥

𝑐,𝑞
𝑈(𝑐; 𝑧ℎ)                                                        (3) 239 

subject to the constraints 𝑔(𝑞; 𝑧𝑞) = 0 240 
  ∑ 𝑝𝑖(𝑞𝑖 + 𝐸𝑖 − 𝑐𝑖) + 𝑆 ≥ 0𝑖∈𝑇  241 
  ∑ 𝑝𝑖(𝑞𝑖 + 𝐸𝑖 − 𝑐𝑖) + 𝐾 ≥ 0𝑖∈𝑇𝐶  242 
  𝑞𝑖 + 𝐸𝑖 = 𝑐𝑖 , 𝑖 ∈ 𝑁𝑇 243 
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where 𝑐 now denotes consumption of all goods, including leisure; 𝑞 denotes pro- 244 

vision of all goods, including productive inputs and labour; and 𝐸 denotes the house- 245 

hold’s endowments of these goods. The index 𝑇 denotes goods that the household trades 246 

in markets and which are affected by the household’s cash constraint 𝑆. 𝑇𝐶 denotes the 247 

subset of these goods that are also subject to the household’s credit constraint 𝐾 (which 248 

may well be most of them). In situations where different time horizons for the credit con- 249 

straints matter, it may be fruitful to differentiate further between different types of credit 250 

constraint. 𝑁𝑇, finally, denotes goods that the household consumes and produces with- 251 

out trading in any market. 252 

The Lagrangian corresponding to this optimisation problem can be written as— 253 

𝐿 = 𝑈(𝑐; 𝑧ℎ) + 𝜆1𝑓(𝑞; 𝑧𝑞) + 𝜆2 (∑ 𝑝𝑖(𝑞𝑖 + 𝐸𝑖 − 𝑐𝑖) + 𝑆

𝑖∈𝑇

) + 𝜆3 ( ∑ 𝑝𝑖(𝑞𝑖 + 𝐸𝑖 − 𝑐𝑖) + 𝐾

𝑖∈𝑇𝐶

) + 𝜆𝑗(𝑞𝑗 + 𝐸𝑗 − 𝑐𝑗) (4) 254 

where 𝑗  is an index denoting the goods that the household does not trade. For 255 

traded goods that are not affected by the credit constraint, the decision price will be the 256 

market price 𝑝𝑖 . However, for traded goods that are affected by that constraint, the 257 

shadow price on which the household bases its decisions will be given by 𝑝𝑖(𝜆2 + 𝜆3)/𝜆2. 258 

For non-traded goods, the shadow price will be given by 𝜆𝑗/𝜆2. Notably, therefore, for all 259 

non-traded goods as well as for any traded good that affects the household’s credit con- 260 

straint, the household will optimise with respect to shadow prices that are not only en- 261 

dogenous to the household, but also affected by the household’s characteristics (𝑧ℎ), its 262 

production characteristics (𝑧𝑞) and its access to various forms of wealth (𝐸𝑖). The lack of 263 

collateral has been a major cause of credit constraint among the rural poor; credit con- 264 

straint restricts households from participating in additional sources of income and re- 265 

duces social capital investment (Lin et al., 2019). Unlike their counterparts in richer coun- 266 

tries, who can generally borrow for productive investments and for productive forest 267 

uses, households in poorer countries will generally be constrained in their forest use by 268 

being forced to rely solely on the assets they already have. Thus, differences in household 269 

assets will lead different households to act differently, not only in their consumption de- 270 

cisions (where differences due to household heterogeneity is more or less a given) but also 271 

in their production decisions. For example, poorer households may forego profitable for- 272 

est uses that richer households can exploit. 273 

In the model (4) above, it may be possible for the household to change 𝑧ℎ and 𝑧𝑞 in 274 

the longer term. However, the same types of issues that affect short-term production de- 275 

cisions are also likely to affect decisions on investments in the household’s human capital 276 

or in the farm’s physical or natural capital. There may not be markets or institutions that 277 

permit investments in the types of capital needed. Moreover, even when there are such 278 

markets, investments in such types of capital are likely to be affected by the household’s 279 

credit constraints. This not only creates important difficulties for empirical analyses, but 280 

it also makes it more useful to study poorer countries—where market imperfections are 281 

prevalent—separately from other parts of the world when reviewing literature on forest 282 

dependence. Market prices, even when they exist, may be misleading for researchers try- 283 

ing to understand an individual household’s dependence on a particular good for own 284 

consumption or production. For example, a full understanding of how forest products 285 

affect household welfare will require a full analysis of the prices involved (if any) and of 286 

the consumption and production of those products. This analysis would need to be ac- 287 

companied not only by how such products link to other household decisions, but also 288 

how they either relax or worsen the other constraints that the household faces. Since these 289 

other constraints will be household-specific, it also means that it is difficult to generalise 290 

across households. Thus, forest dependence will need to be judged on a household-by- 291 

household basis, based on individual households’ characteristics and heterogeneities. Ef- 292 

fectively, this entails that attempting to understand household forest dependence and 293 
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household energy use merely through observing market behaviour will provide an in- 294 

complete picture at best; to fill in the gaps, it is also crucial to understand household-level 295 

heterogeneities as well as the attendant shadow prices. Thus, based on this conceptual 296 

framework, it is reasonable to classify previous studies based on how they approached 297 

these shadow pricing issues. 298 

3.2. Survey of selected literature 299 

A natural and widely used indicator of how dependent a household is on forest prod- 300 

ucts is to study the household’s income from the forest and compare this to its overall 301 

income. However, this indicator is highly sensitive to how forest income and overall in- 302 

come are measured. As our conceptual framework above suggests, the notion of forest 303 

income is also conceptually problematic. 304 

Starting with those studies that are the narrowest in scope, given the discussion 305 

above, some of these studies ignore the shadow pricing issue entirely, defining forest in- 306 

come purely as the monetary income derived from selling forest products. Such products 307 

are valued at market prices, from which the value of inputs used—also valued at market 308 

prices—is sometimes subtracted. In Bwalya (2013) in Zambia, for example, forest income 309 

was calculated as being the amount that a household earned from harvesting and selling 310 

forest products, whereas Kabubo-Mariara (2013) in Kenya and Rayamajhi et al. (2012) in 311 

Central Himalaya considered forest dependence as the proportion of forest income out of 312 

total household income. Rayamajhi et al. (2012) calculated forest income as a summation of 313 

values resulting from (i) the extraction of raw materials from a forest, (ii) processing such 314 

products, and (iii) the wages paid for forest-related activities such as community forest 315 

services. Other authors, such as Adhikari (2003) in Nepal and Fonta et al. (2011) in Malawi, 316 

used net income derived from forest extraction to measure forest dependence. In Adhikari 317 

(2003), for example, net income from forest products was calculated by the difference be- 318 

tween gross outputs and production costs, the latter including transaction costs involved 319 

in community forest management. In other studies, the gross value of forest products and 320 

the gross margin from community forests were also calculated to determine forest depend- 321 

ence by substituting the cash costs associated with forest product harvesting and pro- 322 

cessing from the total gross value of the community forest. A case in point is Fonta et al. 323 

(2011), whose study in Nigeria calculated net income from forest products by multiplying 324 

forest products, measured in kilograms, by the local market price of the products minus 325 

input costs (cash costs) such as the costs of transportation, hiring equipment and labour 326 

as well as direct cash payments made to forest committees as yearly membership fees. 327 

Moving on to broader measures of forest income, numerous researchers have at- 328 

tempted to value own consumption as well, using a mix of market prices (for those goods 329 

that had such prices) and opportunity costs of time used (for those goods that did not) to 330 

estimate the income from forest products. This means, effectively, valuing goods either 331 

using their own market prices or using the market value of the labour used to collect 332 

and/or produce those goods (see e.g., Adhikari, 2005; Beyene, 2011; Damte and Koch, 2011; 333 

Dokken and Angelsen, 2015). While somewhat less problematic than using monetary in- 334 

come only, this still ignores the issue of shallow markets (notably for forest products and 335 

labour, but also for other products) as well as household-specific constraints. 336 

Participation in forest activities and the use of forest products have also been em- 337 

ployed to analyse forest dependence. Panta et al. (2009) analysed this concept with respect 338 

to household livelihoods in a study area in Nepal, for example, by considering the use of 339 

forest products and services such as firewood, fodder, timber and grazing. A study by 340 

Pandey (2010), on the other hand, which was aimed at understanding the socio-economic 341 

determinants of forest utilisation by households in India, used only fodder and fuel wood 342 

as proxies for forest dependence, and they estimated each of these forest products differ- 343 

ently. In Nepal, Sapkota and Odén (2008) used the quantity of fuel wood collected by rural 344 

communities as an indicator of their dependency on community forests for subsistence; 345 

in these authors’ case, the choice of the dependent variable was due to the communities’ 346 
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high dependence on firewood and fodder in the area studied. In southern Malawi, Fisher 347 

(2004) analysed forest dependence by distinguishing between low- and high-return forest 348 

activities. In the Malawi study, low-return forest activities included those that yielded low 349 

earnings, such as the marketing of firewood, while high-return equivalents such as timber 350 

logging yielded high earnings. The Malawi study found important differences between 351 

rich and poor households in respect of the intensity of their forest resource use: the poor 352 

and very poor relied mostly on low-return forest activities, while the rich relied on those 353 

with high returns. In other studies, level of household participation in forest activities has 354 

been used to describe forest dependence, households were mostly classified from zero par- 355 

ticipation to high participation (see Chhetri et al., 2013; Garekae et al., 2017). This method 356 

provides for the extent of forest use which is important for ascertaining the degree of for- 357 

est dependence in the studied areas. 358 

Considering even broader income measures, another approach to measuring forest 359 

dependence is to regard it as a share of income, total time spent, and total income derived 360 

from non-wood forest products—an approach adopted by Beyene’s (2011) study in Ethi- 361 

opia. The Ethiopian study estimated the value of non-wood forest products that were 362 

marketed by taking the quantities collected multiplied by the local market price, while the 363 

value of non-wood forest products that were not marketed was estimated by using the 364 

time spent to collect the product multiplied by the current market wage (an opportunity- 365 

cost approach). However, Beyene (2011) also notes that the opportunity-cost approach 366 

risks underestimating the true value of some non-wood forest products. As an alternative 367 

approach, therefore, Beyene (2011) multiplied the value obtained for a unit of time spent 368 

(including travel time) in collecting marketed non-wood forest products by the total time 369 

spent to collect other, similarly non-marketed, products. The share of income derived 370 

from non-wood forest products was then obtained as a ratio of income derived from non- 371 

wood forest products to total annual household expenditure. Nerfa et al. (2020) proposed 372 

a Forest Dependence Index (FDI) to capture the forest-dependence aspects of importance 373 

in respect of forest collection, namely, effort in terms of physical labour and time spent in 374 

collecting forest products, relative wealth measured using an asset-based approach and, 375 

lastly, non-forest livelihood strategies. The FDI’s advantage is that it provides insight into 376 

multiple aspects of forest-dependent livelihoods, whereas the forest-income approach 377 

simply expresses such income as a share of the total household income (Nerfa et al., 2020). 378 

Progressing to even broader considerations of the issues discussed in the previous 379 

section, a further aspect to consider is the heterogeneity of forest users. Heterogeneity is a 380 

term used, for example, to describe inequalities in income and wealth, inequalities in col- 381 

lective action, inequalities in benefits derived from common property resources, and ine- 382 

qualities in outside earning opportunities (Bardhan and Dayton-Johnson, 2000; Sapkota 383 

and Odén, 2008). The link between forest dependence and household heterogeneity has 384 

been established following divergent assumptions and theories. According to one school 385 

of thought, models of non-farm sectors assume that participation in forest activities and 386 

the level of labour supply are functions of a household’s incentives (i.e., the households’ 387 

relative returns from farm and non-farm activities) as well as a household’s capacity to 388 

undertake those activities (Corral and Reardon, 2001, in Sathyapalan, 2005). Meanwhile, 389 

if one draws from the agricultural household models discussed above, a household’s de- 390 

cision to depend on forests can also be based on labour allocation. This is relevant to the 391 

household’s production function, where labour allocation is affected by human capital, 392 

household assets and other variables associated with household characteristics and pref- 393 

erences (Sathyapalan, 2005). It has also been argued that households’ participation in com- 394 

munity forest associations can be modelled as a binary choice based on utility maximisa- 395 

tion subject to household resource constraints (Manski, 1977, in Ogada, 2012). 396 

The most frequent way of incorporating household heterogeneities in studies of 397 

households’ use of forest products has been to employ Heckman Selection Models and 398 

related frameworks to model the decision as to whether—and how—to participate in mar- 399 

kets for a specific product, and to model that decision as a function not only of the market 400 
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price(s), but also of household characteristics. In a similar vein, the decision of whether to 401 

participate in community forest organisations—or, indeed, any other institutions that af- 402 

fect access to forest resources—can be modelled both as a function of the forest resources 403 

per se and of the characteristics of the households involved. This allows different house- 404 

holds to respond differently to the same market price(s) and institutions, capturing many 405 

of the effects of shallow markets and household-specific constraints on household behav- 406 

iour (see e.g., Fonta et al., 2011; Jumbe and Angelsen, 2006). 407 

Ideally, as our conceptual framework indicates, full-scale producer–consumer house- 408 

hold models should be used for modelling household forest dependence, but such models 409 

are notoriously data-intensive and have rarely been applied in practice to the use of forest 410 

products. However, given the conceptual model above, there is an alternative. It could be 411 

argued that survey data of actual household behaviour with respect to the use of forest 412 

products should be supplemented with stated preference data on how households would 413 

respond to hypothetical price changes, credit availability and goods tradability. Obtaining 414 

such supplementary information would provide for a richer data set that could then be 415 

used to analyse heterogeneities in household use of forest products (see e.g., Adhikari, 416 

2003; Amacher et al., 1999; Bush et al., 2013; Cooke, 1998; Heltberg, 2001; Linde-Rahr, 417 

2003). 418 

As noted in 3.1 above, many rural households become both producers and consum- 419 

ers of agricultural and forest products due to weak or missing markets for outputs and 420 

factor inputs. Beyene (2011) therefore advocates using a non-separable household model. 421 

Furthermore, the highly heterogeneous role of forest products in rural household econo- 422 

mies can be modelled more accurately by micro-econometric models using the non-sepa- 423 

rable agriculture household production framework (Sills et al., 2003, in Damte and Koch, 424 

2011). Thus, the basic theory followed by this second school of thought assumes that 425 

households maximise utility subject to a set of production, budget and time constraints. 426 

Beyene (2011) further argues that the household’s optimal solution is reached at the point 427 

where the marginal utility of leisure is equal to the value of the marginal product of labour 428 

in each activity where labour is allocated, e.g., to practising agriculture, collecting non- 429 

timber forest products (NTFPs) and conducting off-farm activities. Optimisation is also 430 

arrived at where a household’s allocation of time is such that the shadow value of the time 431 

associated with collecting NTFPs equals the marginal utility of such products by allocat- 432 

ing more time to collecting them (i.e., marginal cost equals marginal benefit). Hence, from 433 

this theoretical foundation, production, consumption and labour allocation can be the 434 

functions of prices, wages and household characteristics. 435 

In a third set of studies, households’ dependence on forests has been analysed ac- 436 

cording to heterogeneity linked to various socio-economic and contextual characteristics 437 

such as age, wealth/income, education, ownership of livestock, landholding, membership 438 

of community forest associations, distance to the forest in question, labour allocation or 439 

employment status, household size and sex of household head. In addition to this heter- 440 

ogeneity, a household is willing to participate in forest activities if the utility or net benefit 441 

of such participation is greater than the utility or net benefit derived from non-participa- 442 

tion (Beyene, 2011). Thus, education, wealth, gender, household size and distance from 443 

forests are some of the factors that can influence a household’s decision to participate in 444 

forest activities and determine the extent of its forest dependence. In yet other studies, a 445 

heterogeneity index was employed to classify households according to wealth and caste 446 

(e.g., Adhikari, 2003; Rayamajhi et al., 2012; Sapkota and Odén, 2008). In line with the 447 

framework above, such studies have frequently found that heterogeneities in access to 448 

different productive assets lead to heterogeneities in how forests are used and in what 449 

forest dependence looks like for different forest users. Studies that used this ) approach, 450 

found that the differences among households according to their socio-economic status 451 

were reflected in how those households used and relied on forest products (see Adhikari, 452 

2003; Rayamajhi et al., 2012; Sapkota and Odén 2008) . Households’ ability to make use of 453 

different forest products crucially depended on other assets to which the household had 454 
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access, such that some forest uses were effectively available to richer households only, 455 

while poorer households focused on other uses. Other heterogeneities pointed out by 456 

these authors related to political heterogeneity among households (differences in the de- 457 

gree of agreement within a community about the legitimacy of its leadership), house- 458 

holds’ sociocultural backgrounds (e.g., their caste or ethnic group) and heterogeneity 459 

within a variety of communities. 460 

Furthermore, as Thondhlana and Muchapondwa (2014) note, “the use of and de- 461 

pendence on freely available environmental resources is conditioned by household-spe- 462 

cific characteristics and contextual factors”. Forests are among such environmental re- 463 

sources. Therefore, according to this fourth school of thought, when one investigates par- 464 

ticipatory forest management at village level, for example, it is essential to include differ- 465 

ent aspects of heterogeneity at household level. Again, most studies on forest dependence 466 

have focused on communities rather than households (Adhikari, 2003). Cases in point are 467 

those in African countries such as Ethiopia (Beyene, 2011), Malawi (Fisher, 2004) and Zam- 468 

bia (Bwalya, 2013), which have also indicated that communities and villages near forest 469 

areas are forest dependents. Nonetheless, the extent to which urban households depend 470 

on forests is important too, but such studies have been very limited to date. Notably, ur- 471 

ban households’ demand for and consumption of forest products influence the extent of 472 

rural households’ forest extraction activities as well as their forest dependence. Moreover, 473 

since most of the extracted forest products such as timber, honey and charcoal are trans- 474 

ported for urban household use, urban households can and should also be deemed to be 475 

forest dependent. 476 

3.3. Results and lessons from empirical research 477 

This section reviewed 13 empirical studies published between 2003 and 2020. Most 478 

of these studies were from Asia and Sub-Saharan Africa, focused on forest dependence, 479 

heterogeneity among households, common property resources and participatory forest 480 

management. The studies addressed questions associated with the level of household de- 481 

pendency on forest-related incomes and activities, the link between poverty and forest 482 

dependence, the role of forests on mitigating income inequality, factors that influence 483 

household participation in forest activities or utilisation of forest resources, how forest 484 

dependence influences a household’s decision to participate in forest community man- 485 

agement, and socio-economic factors influencing household forest dependence. To an- 486 

swer these questions, the studies used different approaches to model household forest 487 

dependence. In some of the research in question, forest income was used as a measure of 488 

forest dependence; in other studies (Pandey, 2010; Sapkota and Odén, 2008), forest re- 489 

source products such as collections of fuel wood or fodder were employed as measures of 490 

such dependence. In yet others, full-scale agricultural household models were used to 491 

model forest dependence (see Table 1). Overall, the socio-economic characteristics of 492 

households (household heterogeneities) were used to explain household forest depend- 493 

ence. Moreover, these heterogeneities were found to be factors that influenced not only 494 

the household’s decision to depend on forest resources as a source of livelihood per se, 495 

but also its decision as to the extent of that dependence. The main unit of analysis in most 496 

of these studies was the rural household, especially those living adjacent to forests. 497 

Table 1. Household forest dependence—Empirical reviews 498 

Category Study Case and method Results 

Household heterogeneities Fisher (2004) Analyses household welfare 

and forest dependence in 

southern Malawi using 

separate Tobit regression 

models on, respectively, low- 

Relative returns to forest 

occupation, farm size per capita, 

number of goats owned, number 

of adult male labour in a 

household, age, village 
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Category Study Case and method Results 

and high-return forest 

activities 

residence, and education were 

statistically significant variables 

in determining forest 

dependence 

 Kabubo-Mariara and 

Gachoki (2008) 

Explores forest dependence 

and household welfare; 

provides empirical evidence 

from Kenya using the Tobit 

estimation procedure 

Education and age of the 

household head, household size, 

distance to the forest, size of 

rented plot, farm size, and 

membership in forest user 

groups were statistically 

significant variables 

 Sapkota and Odén (2008) Analyses household 

characteristics and 

dependency on community 

forests in Terai, Nepal, by 

means of a regression model 

Distance to community forest, 

household wealth status, size of 

land holding and labour 

allocation were statistically 

significant variables  

 Pandey (2010) Investigates heterogeneity in 

household characteristics, 

forest resource utilisation and 

sustainability in the hillls of 

Uttranchal, India, using a 

regression model 

Gender, education, size of land 

holding and livestock ownership 

were statistically significant 

variables 

 Fonta et al. (2011) Analyses the distributional 

impacts of forest income on 

household welfare in rural 

Nigeria using the Heckman 

two-step sample-selection 

model 

Household size, being a member 

of forest committee, distance to 

the community forest, higher 

education attainment, transfer 

earnings and forest extraction 

income earned by the household 

head were statistically 

significant 

 Bwalya (2013) Assesses household 

dependence on forest income 

in rural Zambia employing a 

Tobit regression model 

Income, marital status, access to 

markets, economic scarcity of 

the resource, and acreage 

expansion for agricultural 

production were statistically 

significant 

 Chhetri et al. (2013) Examines the determinants of 

user participation in the 

management of community 

forests in the hills of Nepal 

using three ordered logit 

regression models 

Gender, household size, total 

livestock owned, distance to the 

forest, and distance to the 

market were statistically 

significant 

 Chhetri et al. (2016) Studies forest dependence and 

inequality in Nepal by 

estimating an ordered logit 

model 

Income, sex, and education 

determined a household’s 

dependence on community 

forest 

 Garekae et al. (2017) Analyses the socio-economic 

factors that influence 

household forest dependency 

The household’s place of 

residence (i.e., its relative 

distance from the forest) and the 
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Category Study Case and method Results 

in the Chobe enclave, 

Botswana, using a logit 

regression model 

age and education of the 

household head influenced 

forest dependence 

Full-scale agricultural 

household models 

Adhikari (2003) Examines property rights and 

natural resources in Nepal; 

determines socio-economic 

heterogeneity and the 

distributional implications of 

common property resources 

and their management using 

an econometric approach 

Gender, education level, 

livestock ownership and income 

were statistically significant 

 Jumbe and Angelsen 

(2006) 

Investigates forest dependence 

and participation in common 

property resource 

management; provides 

empirical evidence from forest 

co-management in Malawi 

using a Heckman two-step 

estimation 

Education, sex, woodlot 

ownership, group pressure, years 

of residence, past group 

experience, firewood price, 

distance to forest reserve, 

distance to forest markets and 

forest dependence were 

statistically significant 

 Damte and Koch (2011) Examines the role of local-

level institutions and property-

rights regimes on the forest–

poverty link with respect to 

non-wood forest products of 

rural households in Ethiopia 

by separate regression models 

for community, private and 

open-access forests 

Off-farm wage, forest density 

and access to private forest 

sources were statistically 

significant 

 Dokken and Angelsen 

(2015) 

Introduces a new approach for 

categorising households by 

combining the observed one-

year income approach with 

that of predicted income, to 

analyse forest reliance across 

poverty groups in Tanzania  

Forest reliance was found to be 

high among structurally poor 

and stochastically non-poor 

households 

 Beyene et al. (2020) Examines the role of forest 

products in the livelihoods of 

forest dependents in the Yayu 

Coffee Forest Biosphere 

Reserve in southwestern 

Ethiopia by descriptive 

statistics and econometric 

regressions 

Expenditure, sex of household 

head, marital status, presence of 

children, size of coffee area, 

distance to the main road, access 

to credit, health condition, main 

activity, i.e., coffee, and distance 

to the forest determined the 

gross value of non-timber forest 

products (NTFPs) collected. 

Expenditure, presence of 

children, size of coffee area, 

main activity, annual labour 

income and distance to the forest 

determined dependence on 

NTFPs. 

 499 
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Factors related to household heterogeneities such as income, education, household 500 

size, gender, distance to the nearest forest and livestock ownership also relate to house- 501 

hold forest dependence. By implication, then, an analysis of household forest dependence 502 

in developing countries cannot shy away from including household socio-economic and 503 

contextual factors. This is because these factors primarily drive household forest depend- 504 

ence, while forest management also largely depends on them. For example, household 505 

income was found to be negatively related to forest dependence (see e.g., Beyene 2011; 506 

Beyene et al., 2020; Chhetri et al., 2016; Fisher, 2004; Fonta et al., 2010; Sapkota and Odén, 507 

2008). High-income households were found to participate less in forest-dependent activi- 508 

ties as they collected less fuelwood than poorer households did (Sapkota and Odén, 2008). 509 

Indeed, poor households participated in, and spent more time on, forest activities than 510 

their better-off counterparts (see e.g., Beyene, 2011; Fonta et al., 2010). Their greater reli- 511 

ance on forests basically served as a safety net, supporting consumption and offering a 512 

way out of poverty (Fonta et al., 2010). However, other empirical studies found that, com- 513 

pared with low-income earners, higher-income households collected more forest products 514 

and earned more money from them (see e.g., Adhikari, 2005; Bwalya, 2013; Fisher, 2004). 515 

This was largely due to better-off households targeting high-return forest products and 516 

capital-intensive forest activities like felling timber, whereas the poor were obliged to pur- 517 

sue labour-intensive activities like charcoal production, and they gathered cheaper forest 518 

products like firewood, wild fruits and mushrooms. 519 

In the contexts of imperfect market situations, theoretical formulations and statistical 520 

methods may guide us to obtain such results as how to define forest dependence and what 521 

variables to include in the analysis. Hence theoretical foundations built within the imper- 522 

fect market situations commonly present in many rural agricultural developing econo- 523 

mies consider issues such as collection of forest products for own consumption, labour 524 

and time allocated for the collection/extraction of forest resources, and non-tradeable for- 525 

est products are basically important to consider in examining forest dependence. Despite 526 

forest dependence estimation issues with some studies, all reviewed studies provide use- 527 

ful lessons since these studies offer insights about different contexts, statistical methods, 528 

models, variables (dependent and independent variables) and results important for the 529 

design of forest related policies in the respective studied areas.  530 

4. Household heterogeneity and energy choices 531 

4.1. Conceptual framework 532 

Households derive value or utility not from the direct consumption of fuels them- 533 

selves, but, rather, from the energy services they provide (Sanstad, 1994). The chief energy 534 

services for many developing country households are lighting and cooking. These services 535 

both require fuel as well as capital goods such as stoves and lamps. Many of these goods 536 

can frequently only be used in combination with a specific fuel, and some need their users 537 

to acquire experience in employing them properly. Thus, the household’s longer-term de- 538 

cision problem in respect of energy use includes deciding what physical capital equip- 539 

ment (stoves, lamps, etc.) to buy as well as where to invest in human capital (e.g. learning 540 

to use fuelwood-efficient stoves or electric stoves). Any decision about a physical capital 541 

investment will be affected by credit market constraints, and any decision about a human 542 

capital investment will be affected by time constraints. 543 

A household’s decision to use a specific fuel will also depend on that fuel’s availabil- 544 

ity— whether it can be found in the region concerned. The decision will also depend on 545 

the fuel’s accessibility. In other words, although it may be available, the household cannot 546 

access it due to liquidity or transportation considerations, for example. The household’s 547 

decision in respect of fuel will also depend on its reliability. Thus, it would be impractical 548 

for the household to become dependent on a fuel that is only available and/or accessible 549 

part of the time. These factors have been considered as some of the main barriers for the 550 



Forests 2021, 12, x FOR PEER REVIEW 14 of 26 
 

 

adoption of modern energy uses. Indeed, modern energy markets are limited or even ab- 551 

sent in some areas, especially in the rural interior. Limited markets for modern energies 552 

have in turn led to low employment of these energies. 553 

Agricultural household models such as those discussed in section 3.1 can help with 554 

understanding energy decisions as well. Consider a household that uses one or more en- 555 

ergy sources as inputs to a household energy production function, which in turn is used 556 

to produce goods that provide utility to the household. As in section 3.1, a household with 557 

access to perfect markets in respect of all energy sources and to all markets affecting the 558 

use of energy-related capital equipment would face a relatively straightforward optimi- 559 

sation decision: the household would simply focus on a small portfolio of energy sources 560 

that provide the best lighting and cooking services, given its budget constraints. However, 561 

in situations where some energy sources such as electricity are available only intermit- 562 

tently or not at all, households are obliged to optimise with respect to shadow prices that 563 

may differ from the observed market prices. Similarly, energy sources that affect the 564 

household’s credit constraint (e.g., because they can only be purchased in bulk, as is the 565 

case with liquefied petroleum gas, or LPG, in some developing countries) will also have 566 

shadow prices that differ from their observed market prices. This implies that household- 567 

specific variables (analogous to the 𝑧 terms in section 3.1) that are fixed in the short 568 

term—but which may change over the longer term—will affect the choice of energy 569 

sources. It also implies that many households will shift back and forth between and 570 

among various energy sources, depending on their prevailing shadow prices. Hence, if 571 

these households are observed over any extended period, they will be seen to be using a 572 

portfolio of different energy sources rather than merely one or two. Moreover, the opti- 573 

misation decision will include household production functions to produce energy services 574 

where the household’s levels of physical capital (the types of energy-using equipment 575 

available) and human capital (the types and levels of experience required to use different 576 

fuels) will matter. This conceptual framework is useful for categorising the theoretical dis- 577 

cussion on energy choices in developing countries, and on how these choices can be ex- 578 

pected to change with economic development. 579 

Another theoretical approach is the Energy Ladder Hypothesis. It has been widely 580 

used to explain the determinants of energy choice in developing countries. The hypothesis 581 

entails that, as income in developing countries rises, households abandon lower-ranked 582 

(dirty) energy sources and switch to modern (clean) ones (Atanassov, 2010; Diaz-Chavez 583 

et al., 2015; Iniwasikima and Ufot, 2013; Lusambo, 2016; World Bank, 2011). The hypoth- 584 

esis implies that households gradually ascend the ‘Energy Ladder’ by switching from low- 585 

ranking traditional sources of fuel (such as firewood and charcoal) to higher-ranked com- 586 

mercial energy sources (such as kerosene and petroleum) and finally end with electricity 587 

(Ajah, 2013; World Bank, 2011). The Energy Ladder Hypothesis builds on the concept of 588 

fuel substitution (Lusambo, 2016). In terms of this concept, a household’s energy-switching 589 

behaviour is assumed to depend on its income, relative to the cost of the energy sources 590 

it employs and the appliances it uses (Hiemstra-Van der Horst and Hovorka, 2008). The 591 

model has found support by successfully capturing the strong income-dependence related 592 

to fuel choices in developing countries (Ajah, 2013). Additionally, income growth is an 593 

obvious answer to the problems of using traditional fuels in developing countries, as there 594 

is a clear negative relationship between gross domestic product per capita, on the one 595 

hand, and households using biomass, on the other (World Bank, 2011). For example, the 596 

increase in well-being and income in China, especially in urban areas, has contributed to 597 

households switching from traditional firewood or coal to modern energy sources such as 598 

electricity or liquefied natural gas (Zhang and Hassen, 2017). 599 

However, the Energy Ladder Hypothesis also faces several criticisms. Principal 600 

among them is that it focuses exclusively on income to determine fuel choice, thereby 601 

failing to incorporate other factors. As a study by Ajah (2013) shows, households’ access 602 

to, and preferences for, cooking fuels also influence the fuel choices and switching deci- 603 
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sions they make. Moreover, cultural and behavioural factors, tradition, education, house- 604 

hold composition, urbanisation and fuel availability have also been shown to be important 605 

determinants of energy choices, but they are generally not incorporated into the model 606 

(Atanassov, 2010). Furthermore, the model’s incorporation of processes as the sole deter- 607 

minant of household energy choices is too rigid (Jebaraj and Iniyan, 2006, in Atanassov, 608 

2010). The World Bank (2011), for example, in its study on energy use in developing coun- 609 

tries, estimated that doubling the average income in a country would only reduce the 610 

number of people dependent on traditional fuels by 16%. 611 

Another purported shortcoming of the hypothesis is its assumption that switching 612 

from a traditional energy source to a modern one is a linear process. However, as At- 613 

anassov (2010) and Heltberg (2004) show, households do not immediately switch to mod- 614 

ern energy sources by abandoning inferior ones completely. Instead, households tend to 615 

use multiple energy sources. Besides income, several other factors contribute to the use of 616 

multiple sources as well as the reluctance to switch fuels. Such factors include traditional, 617 

cultural, reliability, accessibility and availability issues (Kroon et al., 2013; Masera et al., 618 

2000). As an alternative to the Energy Ladder Hypothesis’ assumption that fuel switching 619 

is linear, Masera et al. (2000) introduced a multiple-fuel, energy-stacking model to illus- 620 

trate this more complex energy-consumption reality. 621 

Both the benefits and problems associated with the Energy Ladder Hypothesis are 622 

easily understood via the conceptual model discussed earlier in this section. As previously 623 

noted, households with access to perfect markets for all energy sources would be likely to 624 

choose only a small number of energy sources. As incomes rose, the household would 625 

replace its energy equipment with new equipment that permitted the use of energy 626 

sources that provided higher utility. In a context with perfect markets for different energy 627 

sources, the Energy Ladder Hypothesis (with its focus on household income) would prob- 628 

ably capture most of the variation in household behaviour. However, in a context where 629 

many markets fail, households need to respond to shadow prices rather than market 630 

prices for many energy sources as well as for capital equipment used to produce energy 631 

services. In these circumstances, the Energy Ladder Hypothesis is clearly less useful for 632 

understanding household behaviour. Other explanatory factors then become important 633 

as well. As discussed earlier, and in line with Masera et al. (2000), we are then likely to see 634 

households switching back and forth between multiple fuel sources. The switching will 635 

depend on market prices, income and household-specific characteristics such as experi- 636 

ence with using different fuels and household liquidity constraints. 637 

Ideally, therefore, a study of household energy choices should use not only the effects 638 

of prices and income as determinants of energy choices, but the characteristics of the 639 

households themselves as well. Furthermore, such studies should include the effects of an 640 

uncertain availability of energy sources as well as the constraints on investing in physical 641 

and human capital. Moreover, while many empirical methodologies are easier to imple- 642 

ment if households use (or are assumed to use) only one energy source, the reasoning 643 

above suggests that, when households do in fact use multiple energy sources, this poten- 644 

tially provides important information on the shadow prices that they face. 645 

4.2. Survey of selected literature 646 

Income and relative fuel prices have been hypothesised to be the main driving factor 647 

for determining household energy choices, on the one hand, and major barriers for house- 648 

holds transitioning to modern energy sources, on the other (Baldwin, 1986, in Ogwumike 649 

et al., 2014; Leach, 1992). For example, several empirical studies (see e.g., Farsi et al., 2007; 650 

Jan et al., 2012; Lusambo, 2016) have found income to have had a significant impact on 651 

household energy choices. In addition, some studies in developing countries have found 652 

that urban and rural households were induced by higher incomes to transition towards 653 

modern energies such as gas and electricity (see e.g., Baiyegunhi and Hassan, 2014, on 654 

households in rural Nigeria; Hosier and Dowd, 1987, on urban households in Zimbabwe; 655 

Lay et al., 2013, on rural and urban households in Kenya; and Ouedraogo, 2006, on urban 656 
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households in Burkina Faso). In yet other studies, household expenditure has been used 657 

as a proxy for household income, as expenditure is regarded as being more reliable in 658 

terms of reflecting long-term income (Muller and Yan, 2018). 659 

With respect to relative fuel prices, as is the case with households earning higher 660 

incomes, higher household expenditure has been found to be associated with transition- 661 

ing from the use of fuelwood to modern energies (Lay et al., 2013, in Muller and Yan, 662 

2018). Empirical evidence has also revealed significant negative own-price effects on the 663 

use of a specific fuel and positive cross-price effects on substitute energy choices (Alem et 664 

al., 2016; Bamiro and Ogunjobi, 2015; Farsi et al., 2007; Gupta and Köhlin, 2006; Muller 665 

and Yan, 2018). Market prices for fuels have been considered for several studies. Where 666 

the markets for some fuels such as firewood are absent, shadow prices are applied. Studies 667 

by Mekonnen (1999) and Demurger and Fournier (2011) are examples where the time 668 

taken to collect fuelwood was used to estimate the shadow price of that energy source. 669 

For a self-produced good such as fuelwood, its shadow price increases when it becomes 670 

economically scarce because a household’s opportunity cost of time or labour to collect 671 

fuelwood increases (Cooke et al., 2008). 672 

As our conceptual framework indicates, there are factors other than prices and in- 673 

come that affect household fuel choices. Among these factors are household size, age, ed- 674 

ucation, gender, occupation, and lifestyles. Numerous empirical studies have found that 675 

such household characteristics affect household energy and fuel choices in developing 676 

countries. In the studies by Alem et al. (2008, 2016), Chambwera and Folmer (2007) and 677 

Nyembe (2011), for example, more highly educated households were found to be more 678 

likely to choose cleaner fuels than firewood and charcoal. These findings reveal that the 679 

demand for firewood can be reduced by considering the formal education of the house- 680 

hold as a long-term policy tool (Chambwera and Folmer, 2007). Household size has also 681 

been found to affect household energy choices. For example, some studies (Alem et al., 682 

2016; Farsi et al., 2007; Samuel, 2008, in Bekele et al., 2016) have determined that larger 683 

households tended to opt to use traditional energy sources, while smaller households 684 

were relatively more likely to choose modern ones. In some cases, household size deter- 685 

mined the degree of energy consumption, with larger households tending to practise en- 686 

ergy-stacking behaviour, i.e. the use of multiple fuels (Ateba et al., 2018). Moreover, large 687 

households consisting mostly of women tended to use firewood because the opportunity 688 

cost of collecting and using such fuel was low; this also led to fuel-stacking behaviour 689 

(Samuel, 2008, in Bekele et al., 2016). Apart from these factors, fuel use behaviour was also 690 

found to be linked to household lifestyles in respect of food taste preferences, cultural 691 

beliefs, cooking habits and the relative length of cooking activities (Muller and Yan, 2018). 692 

In other cases, such as the rural areas of Kenya’s Kisumu District, households were more 693 

likely to use firewood for food that took long to cook, since firewood has always been 694 

considered cheaper than alternatives like kerosene (Pundo and Fraser, 2006). 695 

A study by Jan et al. (2012) in rural Pakistan found that the use of gas was limited 696 

due to its low availability. Low availability, coupled with unreliable and/or poor accessi- 697 

bility, presents a case where markets for modern energy supplies function inefficiently in 698 

many developing countries—particularly in rural areas (Barnes et al., 1997). Thus, alt- 699 

hough Barnes et al. (1997) present cases of inefficiency in modern energy markets, the 700 

problem largely applied to rural households. Nonetheless, urban households sometimes 701 

face a similar situation, especially with respect to an unreliable supply of electricity due 702 

to power outages. Several studies (see e.g., Alem et al., 2016; OECD/IEA, 2006) have there- 703 

fore pointed out that the security of modern energy supplies in developing countries was 704 

associated with using multiple sources of energy, although not all studies found such se- 705 

curity to be significant (see e.g., Ado et al., 2016). 706 

Other studies analysed the determinants of household energy choices according to 707 

what was required for household cooking (e.g., Ado et al., 2016; Alem et al., 2016; Farsi et 708 

al., 2007; Lusambo, 2016; Zhang and Hassen, 2017). Thus, using energy for lighting, heat- 709 

ing, ironing and transport were highlighted in some of this research (see e.g., Ado et al., 710 
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2016; Bekele et al., 2016; Lusambo, 2016). Interestingly, a household’s use of energy for a 711 

specific purpose also determined its energy choices. A case in point is a study conducted 712 

by Lusambo (2016) in parts of Tanzania’s miombo woodlands. The study found that fire- 713 

wood was used for cooking, lighting, heating bath water and heating space; charcoal for 714 

cooking, ironing, heating bath water and heating space; kerosene for lighting and cooking; 715 

electricity for lighting and cooking; LPG for cooking; and solar for lighting. This is in line 716 

with the conceptual discussion earlier in Section 4.1, namely that household energy de- 717 

mand is derived from the consumption of energy services, and that the demand for each 718 

energy service is met though the utilisation of household capital stocks (e.g., an appliance 719 

such as a cooking stove) which are fixed in the short run (Li and Just, 2018). However, 720 

convenience, familiarity, availability and affordability of capital stock matters to house- 721 

holds. According to Hyman 1994, in Norconsult Tanzania Limited, 2002, high capital costs 722 

prevent many households from switching to modern energy technologies such as electric 723 

stoves. Moreover, people’s perceptions in respect of affordability—that buying appliances 724 

implies high initial expenses—will determine whether they switch from traditional en- 725 

ergy sources. Similarly, a lack of experience with some modern energy sources such as 726 

gas may mean some people see it as dangerous. Such perceptions also discourage the 727 

switch from traditional energies, regardless of what the alternatives or the appliances as- 728 

sociated with them actually cost, how easy the new appliances are to use, or the amount 729 

of time and labour they save (Norconsult Tanzania Limited, 2002). Hence, households’ 730 

experience with the use of certain energy types influences their energy choices as well. 731 

4.3. Results and lessons from empirical research. 732 

This section presents the conceptual framework, case studies, methods and results 733 

used in empirical research conducted in the developing world, especially Asia and Africa 734 

(see Table 2). The 18 studies selected, which were published between 1993 and 2021, focus 735 

on household energy use and choice among both urban and rural households. This body 736 

research aimed to identify and examine the determinants of household fuel choices, en- 737 

ergy transition, multiple fuel use, household energy consumption, and household energy 738 

demand. In most cases, the main scope of the studies was on choices of cooking fuel. 739 

Table 2. Selected literature on household energy choices 740 

Category Study Case and method Results 

Income and market prices Hosier and Kipondya (1993) Analyses urban household 

energy use in Tanzania in 

terms of prices, substitutes 

and poverty, using cross-

sectional and time-series 

data 

Household energy use varied by 

income and fuel prices explained 

energy transition 

Household opportunity 

costs of time and/or value 

of own consumption 

Heltberg (2005) Studies household fuel use 

and fuel switching in 

Guatemala using logit and 

multinomial regressions 

Expenditure, education, household 

size, region, ethnicity, 

electrification status and gender 

composition influenced energy 

choices 

 

Pundo and Fraser (2006) Uses a multinomial logit 

analysis of household 

cooking fuel choices in 

rural Kenya 

Level of education, type of food 

mostly cooked, whether the 

household owns their dwelling 

unit, and whether the dwelling unit 

is traditional or modern 

determined household fuel 

cooking choices 
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Household heterogeneities Farsi et al. (2007) Discusses fuel choices in 

urban Indian households 

using an ordered probit 

model 

Income, fuel price (price of 

liquefied petroleum gas), 

education and sex of the household 

head significantly determined 

household fuel choice 

 Mekonnen and Köhlin 

(2008) 

Looks at the fuel choices 

of urban households in 

major Ethiopian cities 

using a multinomial logit 

model on panel data 

Price of fuels (price of kerosene), 

family size and education level 

influenced the choice between 

solid and non-solid fuels 

 Jan et al. (2012) Analyses the determinants 

of rural household energy 

choices in Pakistan 

Income, access to alternative 

energy sources and consumer 

preferences accounted for 

household energy choices 

 Bamiro and Ogunjobi (2015) Examines the determinants 

of household energy 

consumption in Ogun 

State, Nigeria, employing 

multinomial and Tobit 

regressions 

Prices of wood and kerosene, and 

family size squared influenced the 

choice of fuel 

 D’Agostino et al. (2015) Analyses the socio-

economic determinants of 

charcoal expenditure at 

household level in 

Tanzania using panel data 

Income and rural/urban differences 

were related to household charcoal 

expenditure 

 Alem et al. (2016) Investigates the 

determinants of household 

cooking fuel choice and 

energy transition in urban 

Ethiopia using multinomial 

logit model on panel data 

Fuel prices, per-capita expenditure 

(proxy of per-capita income), 

education level, household size 

and dummy variables for cities 

were significant variables found to 

determine household cooking fuel 

choices and energy transition 

 Bekele et al. (2016) Analyses the determinants 

of household energy 

demand in Addis Ababa, 

Ethiopia, using the Almost 

Ideal Demand System 

Model 

Household size, the proportion of 

women in households, the 

household head’s education, 

ownership of the household’s 

dwelling and electric appliances 

(electricity meter and refrigerator) 

affected the decision on what 

energy type to use 

 Lusambo (2016) Analyses household energy 

consumption patterns in 

Tanzania by estimating a 

logit model 

Residence ownership, dwelling 

category, education of the 

household head, location of the 

household and income 

significantly affected choice of 

cooking fuels (charcoal and 

firewood) 

 Negera (2017) Studies households’ energy 

demand and its elasticities 

Fuel prices affected energy 

expenditure, while total energy 
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in Nakamte Town, urban 

Ethiopia, using a linear 

approximated Almost Ideal 

Demand System Model 

expenditure, sex and age of 

household head, wife’s education 

level and refrigerator ownership 

accounted for individual energy 

sources’ share of energy 

expenditure. Energy demand was 

price-elastic, and all energy 

sources were substitutes and had 

positive expenditure elasticities, 

implying no energy source was 

inferior 

 Rahut et al. (2017) Examines determinants of 

a household’s adoption of 

electricity for lighting only 

as well as for lighting and 

cooking in Ethiopia, 

Malawi, Tanzania and 

Uganda, using multinomial 

logit and ordered probit 

models 

Household wealth, education, 

location, access to infrastructure, 

age and sex of the household head, 

and size of the labour force in the 

household determined household 

use of electricity for lighting only 

as well as for lighting and cooking 

 Choumert-Nkolo et al. 

(2019) 

Models determinants of 

household energy cooking 

and lighting choices using 

a panel multinomial-logit 

approach, looks at energy 

stacking behaviour, and 

investigates women’s intra-

household bargaining 

power in household fuel 

choices in Tanzania 

Per-adult equivalent expenditure, 

sex of household head, household 

size, intra-household bargaining 

power of the spouse, electricity 

access, education of the household 

head, and whether a household 

resides in a rural area influenced 

fuel choices. Per-adult equivalent 

expenditure, electricity access and 

whether the household resided in a 

rural area accounted for the fuel-

stacking behaviour 

 Wassie et al. (2021) Analyses the determinants 

of rural household cooking 

and lighting energy choices 

in southern Ethiopia using 

chi-square tests and a 

multivariate probit model 

Distance to wood source, 

household size, income level, and 

location were significantly related 

to household energy cooking 

choices, whereas income, 

household size, access to roads, 

household location, education of 

the household head, cost of 

technology and distance to the 

market had significant effects on 

rural household energy choices for 

lighting 

Full-scale household 

production models 

Amacher et al. (1993) Studies joint production 

and consumption in 

traditional households 

focusing on fuelwood and 

crop residues in two 

districts of Nepal using a 

Tobit regression model 

Fuelwood collection time, owning 

an improved stove, household 

profiting from agricultural 

production, income and family 

size influenced demand for 

fuelwood and crop residues 
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 Heltberg et al. (2000) Discusses fuelwood 

consumption and forest 

degradation using a 

household model for 

domestic energy 

substitution in rural India 

The number of adult men, adult 

women and children as well as 

fuelwood collection time, plot 

size, livestock ownership, 

designation to a low social caste, 

forest stock, forest access and 

management institutions 

 Palmer and MacGregor 

(2009) 

Analyses fuelwood 

scarcity, energy 

substitution and rural 

livelihoods in Namibia 

using Heckman two-step 

estimations 

Fuelwood collection time, forest 

stock, number of cattle owned and 

household size fuelwood 

consumption and forest 

degradation 

 741 

Again, in the context of imperfect markets, it appeared that full-scale agricultural 742 

household models were important for providing a framework to analyse household en- 743 

ergy decisions in rural areas (see e.g., Amacher et al., 1993; Heltberg et al., 2000; Palmer 744 

and MacGregor, 2009). To account for fuelwood collection for own consumption, ap- 745 

proaches such as opportunity costs of time used for collection and shadow prices of fuels 746 

may guide household energy use decisions. These approaches are also applicable in urban 747 

context where fuels are gathered basically dung and wood (see e.g., Farsi et al., 2007).  748 

Panel data were used for studies that explored large sample size, fuel transition and 749 

stacking behaviour (see e.g., Alem et al., 2016; Choumert-Nkolo et al., 2019; D’Agostino et 750 

al., 2015; Mekonnen and Köhlin, 2008). The use of panel data allows researchers to keep 751 

track of changes when studying energy transition and control for unobserved household 752 

heterogeneities (Muller and Yan, 2018). Panel data also helps to improve the efficiency of 753 

econometric estimates for they contain more sample variability (Hsiao et al., 1995).  754 

Multiple fuel or fuel stacking has been studied by most studies especially in urban 755 

settings. In contrast to rural households, urban households have a wider choice of fuels 756 

hence it makes sense to examine household energy choices in terms of multiple fuels par- 757 

ticularly the energy mix (combination of traditional and modern fuels). Thus, household 758 

choices in a pool of multiple fuels have either being categorised as traditional, energy mix 759 

and modern fuels or each fuel analysed on its own. For studies that analysed multiple fuel 760 

use based on each fuel, have mostly employed the share of each fuel on energy expendi- 761 

ture, at the first stage household allocate their budget to total energy expenditure and at 762 

the second stage, households allocate total energy expenditure to individual fuels (see 763 

e.g., Bekele et al., 2016; Heltberg, 2005; Mekonnen and Köhlin ,2008; Negera, 2017; Palmer 764 

and MacGregor, 2009).   Some further analysed price and income elasticities (see e.g., 765 

Bekele et al., 2016; Negera, 2017; Palmer and MacGregor, 2009). 766 

Notably, across all empirical studies, household heterogeneities play important role 767 

in the analysis of energy use and choices. Commonly, household income/expenditure, ed- 768 

ucation, household size, age and gender were found to have significant effects.  For ex- 769 

ample, more educated households were found to prefer modern fuels to traditional fuels 770 

in a way that education improves income and increases knowledge about cleaner fuels 771 

(Rahut et al., 2017). Although, even with increase in income wealthiest households con- 772 

tinue using traditional fuels in low proportions alongside modern fuels partly due to un- 773 

reliable supply of modern fuels, preferences of taste, convenience of fuel use and cooking 774 

habits (Wassie et al., 2021). Hence, it is important to explore household energy use and 775 

choices in terms of household heterogeneities. Although a factor like fuel prices has sig- 776 

nificant effects as well. 777 
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5. Conclusion and avenues for future research 778 

This paper has provided a review of selected literature on the role of household het- 779 

erogeneities in respect of forest dependence and energy choices. 780 

In most developing countries’ economies, especially in rural areas, there are various 781 

market failures. To analyse forest dependence in these rural economies as accurately as 782 

possible, therefore, we require non-separable agricultural household models that account 783 

for the fact that households make joint production and consumption decisions.  Moreo- 784 

ver, since households face similar constraints in their energy choices, this type of model is 785 

suited to understanding energy use as well. Studies of households’ choices regarding en- 786 

ergy use in developing countries have always linked energy choice and energy use to in- 787 

come; the Energy Ladder Hypothesis that fuel transition is linearly related to income is a 788 

good case in point. However, a theoretical framework that incorporates the effects of miss- 789 

ing markets and other household constraints can help explain empirical results that show 790 

households do not actually abandon previous sources of energy when income changes, 791 

but rather opt for an energy mix. 792 

Other findings from the reviewed empirical literature have revealed that households’ 793 

socio-economic and contextual factors influence their decision not only on whether to par- 794 

ticipate in forest activities per se, but also as regards what forest products they use if they 795 

do participate, and the extent to which they can rely on such products. The range of em- 796 

pirical findings also indicate that income and other socio-economic factors such as house- 797 

hold size, education and price influence the choices of energies that households use, and 798 

that households have the tendency to use multiple energy sources – which contradicts the 799 

Energy Ladder Hypothesis postulates. 800 

Despite the theoretical and empirical advances made in analysing the role played by 801 

household heterogeneity with respect to forest dependence and energy preferences, there 802 

are multiple areas where further research is still needed. Future studies should also study 803 

the factors that determine urban household forest dependence, as urban households con- 804 

sume sizeable quantities of forest products from rural areas that border on towns and 805 

cities in many developing countries. Also, since some urban households’ main source of 806 

income is from the sale of forest products such as charcoal, either in wholesale or retail, 807 

analysing the welfare gains that forests provide to such households will augment existing 808 

literature. Future studies in developing countries should also focus on energy path de- 809 

pendence to examine household energy choices. Determining what factors influence en- 810 

ergy path dependence will have implications for policies designed to protect the environ- 811 

ment, for example, since most households in many developing countries still rely on tra- 812 

ditional fuels for their energy needs. Such analysis ought to incorporate shadow prices 813 

where self-sufficient energy sources are present in order to determine energy price elas- 814 

ticities and how consumers respond to changes in such prices for energy sources that 815 

households depend on.  Hence, when policies are designed to safeguard forests by en- 816 

couraging the use of alternative, modern energy sources, it is essential to simultaneously 817 

consider the affected households’ energy use experience, purchasing power and ability to 818 

access such alternatives should also be considered.  819 

 820 
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