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The production of charcoal is an important socio-economic ativity in sub-Saharan
Africa (SSA). Charcoal production is one of the leading devs of rural land-use
changes in SSA, although the intensity of impacts on the muffunctionality of
landscapes varies considerably. Within a given landscapecharcoal production is
closely interconnected to agriculture production both as mjor livelihoods, while
both critically depend on the same ecosystem services. Thenteractions between
charcoal and agricultural production systems can lead to psitive synergies of impacts,
but will more often result in trade-offs and even vicious cyes. Such sustainability
outcomes vary from one site to another due to the heterogengi of contexts,
including agricultural production systems that affect theadoption of technologies
and practices. Trade-offs or cases of vicious cycles occur Wwen one-off resource
exploitation of natural trees for charcoal production for Isort-term economic gains
permanently impairs ecosystem functions. Given the fact it charcoal, as an important
energy source for the growing urban populations and an essedral livelihood for the
rural populations, cannot be readily substituted in SSA, #re must be policies to
support charcoal production. Policies should encourage sstainable technologies and
practices, either by establishing plantations or by encoaging regeneration, whichever
is more suitable for the local environment. To guide contexdpecic interventions,
this paper presents a new perspective—the charcoal-agrictlire nexus—aimed at
facilitating the understanding of the socio-economic and eological interactions of
charcoal and agricultural production. The nexus especiallhighlights two dimensions
of the socio-ecological contexts: charcoal value chains am tenure systems.
Combinations of the two are assumed to underlie varied soci@conomic and ecological
sustainability outcomes by conditioning incentive mechasms to affect the adoption
of technologies and practices in charcoal and agriculture ductions. Contrasting
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sustainability outcomes from East Africa are presented andliscussed through the
lens of the charcoal-agriculture nexus. The paper then corades by emphasizing the
importance of taking into account the two-dimensional soa-ecological contexts into
effective policy interventions to turn charcoal-agriculire interactions into synergies.

Keywords: the charcoal-agriculture nexus, socio-ecologi cal contexts, value chain, tenure systems, sustainability
outcomes, landscapes, Africa

INTRODUCTION as major sources of livelihoods, and both critically depend on
the same ecosystem services. The interactions of charndal a
The production of charcoal is an important socio-economicagricultural productions can be more synergistic if there is
activity in sub-Saharan Africa (SSA)l(vampamba et al., 2013; systained investment in maintaining the ecosystem functitm
Schure et al., 20)4Charcoal is one of the most important systainably facilitate both systems to support livelihoodsti@
cooking energy sources in SSA, used by the majority of tharurb other hand, they can result in trade-o s or even vicious egcl
population. It is also one of the most commercialized resosirceif one-o resource exploitation for short-term economic gai
(World Bank, 2011; FAO, 20)4 permanently impairs ecosystem functionygma et al., 2015a
At the same time, charcoal production is one of theTherefore, sustainability outcomes of the charcoal-agical
leading drivers of rural land-use changes in S$&i(s et al., production system need to be assessed, both within socio-
2005; liyama et al.,, 201)bThe intensity of impacts on economic and ecological contexts.
multiple ecosystem goods and services varies considerably Sych sustainability outcomes vary from one site to another
across landscapesifidumayo and Gumbo, 20)2Some studies due to the heterogeneity of contexts which a ect the adoption
attempt to assess the impact of charcoal production on thef technologies and practices in charcoal as well as in
environment, especially on deforestation. Some of them tend agriculture productions. While many empirical studies have
attribute observed deforestation solely to charcoal prdidac  attempted to assess the impact of charcoal production on the
and use Clancy, 2008; Adanu et al., 2Q0Without discussing |ocal environment and beyond, unfortunately very few have
the possibility of other competing activities which might@ls ejther examined its interaction with agricultural produatior
drive deforestation in a given landscap@g(st and Lambin, provided comprehensive contextual information to allow &ros
200)). Others argue that charcoal is most often produced as a byite comparisonsGerutti et al., 2015; Sola et al., 2)1®ne
product of displacement for agriculture, which appears to be thgossible reason behind this knowledge gap is, as the research
most important driver of deforestatiorf{hidumayo and Gumbo,  topic of this issue argues, “the absence of the nexus approach
2019. Production of charcoal can lead to forest degradationthat examines the inter-relatedness and interdependenaies
due to large scale tree cutting at the production site lewadne environmental resources and their transitions and uxesoss
when not driving overall forest cover losSi{idumayo and spatial scales and between compartments in this research.aren
Gumbo, 2012; liyama et al., 2014b, 2Q1&mpirical evidence  This paper therefore poses an overarching research question—
from dryland rural landscapes suggests that charcoal preoiuct “what are the main causes of heterogeneous, contrasting
is indeed causing biodiversity loss, due to selective Isarok  systainability outcomes?” In answering to the questiors faper
indigenous hardwood specigs.oga etal., 2000; Namaalwa et al. attempts to present a new nexus perspective to understand the
2007; Naughton-Treves et al., 2007; Ndegwa et al.)2016 contextual mechanisms underlying varied socio-economid a
To assess the global impacts of woodfuel demand-supply &cological sustainability outcomes of the charcoal-adftice
the tropical regionsBailis et al. (2015geveloped a spatially productions within African landscapes. We rst review the
explicit model that accounted for the impacts of deforestatio conventional “water-energy-food nexus” debates, theroiitice
caused by agriculture and other factors. Their results,ctvhi key concepts and propose an alternative analytical perspective
indicated large geographic variations in the degree of woeldf to understand the charcoal-agriculture nexus. Thereatfes,
supply-demand balances, identied East Africa as one ofbservations from East African countries, which inspire@ th
the critical depletion “hotspots” where most demand wasauthors to develop the proposed charcoal-agriculture nexus
unsustainable. The model has proved to be useful in identifyi approach are presented. The contrasting sustainability onéso
potential areas of woodfuel-driven degradation or defaagsh  of charcoal production in the cases presented are discussed
and in informing policy discussions. Charcoal production isthrough the lens of the charcoal-agriculture nexus. The paper
however not a simple function of woodfuel demand and supplygoncludes with derived policy implications.
it involves a more complicated and dynamic set of processes
(liyama et al., 2019alts impacts on local ecosystem functionsCONCEPTUAL APPROACH
vary depending on the choices of (un)sustainable production ] )
technologies and practices whose adoption is in uenced tey sit e Charcoal-Agriculture Production
speci ¢ socio-ecological contexts, and are often closelgrin Nexus
linked with agricultural production. Within a given landsge, In attempting to provide a new systemic perspective to
charcoal and agricultural productions are closely intermmected  understanding sustainability outcomes of the interralat
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between charcoal and agriculture productions, we rstreviee ~ Sustainability Outcomes
conventional “water-energy-food nexus” debates. According to the de nition by United Nations Economic
In recent years, the notion of a nexus emphasizing the linkageCommission for Africa in its report “Managing Land-Based
between water, energy, and food has been gaining attention Resources for Sustainable DevelopmetNECA, 201), there
the scholarly literature due to the increasing interest iligges  are three pillars of sustainable development—economic, Isocia
to achieve and sustain water, energy and food secuvitgilz  and environmental—which are closely interfaced. The ecdnom
et al., 2014; Wichelns, 201 While there are several variations sustainability concept is to optimize the use of scarce ressurc
by authors, the nexus is mostly presented as a closed cycletmmaximize the ow of income that could be generated while
which energy and water interact as the two most important irgout at least maintaining a good stock of assets (or capital) which
in producing food as an important outpuB@azilian et al., 2011; vyield these bene ts. The social concept of sustainabiligkseo
IRENA, 2015; Wichelns, 201.7 maintain the stability and equity of social and cultural tgyss.
Wichelns (2017gxtensively reviewed the literature publishedThe environmental view of sustainable development focuses
since 2011 that applied the water-energy-food nexus ton the stability of biological and physical systems to adapt to
addressing issues involving water and energy use in agrieul change, and prevent natural resource degradation, pollidiwh
He argues that the water-energy-food nexus is not an agreddss of biodiversity from reducing system resilience. Baing
and tested framework, while it conventionally tends to focudrom these concepts, we de ne socio-economic (i.e., income,
on narrow material ows between inputs and outputs in aequity aspects) and ecological (impacts on natural resources
closed cycle. He further decries the fact that many authorand biodiversity) dimensions of sustainability outcomdsttee
tend to omit considerations on several critical variables f charcoal-agriculture nexus.
agriculture, including inputs such as land, labor, capitdt.,e
as well as issues such as land tenure and externalitiesh whiBocio-Economic Dimension
greatly a ect livelihoods and ecosystem functions. Indege&l)  In SSA, charcoal is mainly supplied from rural landscapes to
(2000)had earlier proposed the energy-agriculture nexus concepirban centers, while the rural populations are often too poor
to address the links between sustainable rural livelihoau$ a to use it Schure et al.,, 20)4Charcoal production has pro-
environmental protection. The nexus focusing on agricudtur poor features because of its low start-up costs and simple
therefore needs to be suciently exible to incorporate the technology requiring few skillsSchure et al., 2014; Ndegwa
understanding of socio-ecological contexts, including kguts et al., 2016 It also attracts bigger business because of the high
and issues that simultaneously a ect livelihoods and edesys and consistent demand for the produdtgdmbewa et al., 200.7
functions. Indeed, contrary to the long-standing assumption that chafco
In proposing an alternative approach to addressing charcogroduction is a “last-resort type of livelihood activity” for
as an entry point, we suggest a speci ¢ modi cation to thethose “without much alternative,” charcoal production haseh
energy-agriculture nexuszAO (2000)stated that, “woodfuel, increasingly recognized as a part of livelihood diversi oati
especially charcoal, is already very much a traded commoditgtrategies Jones et al., 20).6lncome from charcoal provides a
and farmers can earn extra income from its sale..... (cleyco safety netfor the poorest on one hand, while it supplies capital fo
is the potential threat to forests and trees outside forestirge producers to diversify their livelihoods into remuagve
if it is used in an indiscriminate and unsustainable wayfarming and/or o -farm business enterprise&gmbewa et al.,
which can result in forest degradation or deforestation,2007; Ndegwa et al., 2016a; Smith et al., ROEfom the
deterioration of watersheds, loss of soil fertility as welkcharcoal-agriculture nexus perspective, charcoal andagrial
as biodiversity FAO, 2000 pp. 49-50).” Indeed, rather production are closely interconnected within a given laragse
than an input as energy to agriculture, the productionas major livelihoods as shown on the left part of thigure 1
of charcoal, one of the most commercialized commoditiesCharcoal income contributes to supplementing shortcomings i
supplied from rural landscapes to urban consumers in SSAgricultural income or to investing in diversifying livebods,
(Kambewa et al., 2007; World Bank, 2011; FAO, 20is4an including improving agricultural productivity Kambewa et al.,
important source of livelihood along with agricultur&¢hure  2007; Ndegwa et al., 201@nd thus protecting producers
et al.,, 2014; Jones et al., 2D1At the same time, charcoal from poverty. The sustainability of such an income ow,
and agricultural productions both rely on similar ecosystemhowever, indirectly depends on the ecological sustairtguli
services, thus are closely inter-linked via ecologicatilfaek the natural resource basisSihith et al., 201)7as discussed
processes of the impacts of the adoption of (un) sustainableelow.
technologies/processes by the respective secligesma et al.,
20153. Therefore, the charcoal-agriculture nexus approactiEcological Dimension
should be able to simultaneously evaluate two dimensions @harcoal could potentially be a renewable energy if produced
the interactions—socio-economic (livelihoods) and egatal with improved kilns and limited to a sustainable supply to
sustainability outcomes. allow the rebuilding of tree biomass stocks through natural
The proposed charcoal-agriculture nexus approach, aggeneration or plantationambewa et al., 2007; Chidumayo
conceptualized irFigure 1, will facilitate the understanding of and Gumbo, 2012; FAO, 20)L7n reality, charcoal production
the interactions of charcoal and agriculture productionsld®v, in SSA is generally unsustainable with net loss of biomass
key concepts and how they are inter-connected are elabarated stocks as it relies on wood, harvested from natural rathanth
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Choice: agricultural
intensification vs. extensificaiton

g

Context/Scale: tenure systems

ab rural landscapes/agroecologies Sustainability
outcome Incentives: to affect input g!!lsp_rg_:
OCio-econg costs/opportunity costs S

Choice: sustainable vs.
unsustainable production
practices

Charcoal 1

l Context/Scale: charcoal value chaih/regulations

Production:

Incentives: to affect producer margins/incentives

FIGURE 1 | The charcoal-agriculture production nexus.

planted tree stands, which is then converted to charcoal imechanisms to a ect technology/practice adoption in charcoal
rudimentary earth kilns with low conversion e ciencyBailis  and agriculture productionsifyama et al., 2015a

et al., 200p While displacement of trees for agriculture still

appears to be the most important driver for deforestationCharcoal value Chain

\(]Vgg ;Z?rz?igﬁtr?g:gsgaag IZVZ?I?rrT?d;(?tt,o?\h% rrce(:tll d‘;roglﬁl%%e assume that the price of charcoal determines the income and
g P P 9 economic welfare of charcoal-producing households, which in

due to Wldegpread tree cutting at productlor_l site level €V€urn in uences their decisions to invest in charcoal prodiact
when not driving overall forest cover los€lfidumayo and

; . . . technologies and practices, as indicated in the lower part and
Gumbo, 2013 With rapid urbanization and population growth blue area ofFigure 1 The price of charcoal can also give rise to a

in SSA, the negative impacts of _charcoal production on fores_t istributional problem across the value chaitgbugba and Obi,
and woodlands, such as reducing natural regeneration, wi 013
increase markedlyHailis et al., 2005; liyama et al, 20).4Ehe The scale of the market and value chain can a ect the absolute

ggggysl\tlem ;l:ncu_l? ns, res:llﬁn(;%g; dSEr(:duhc t'V'zyJBanz et [;;_’ competitive markets can give relatively higher margins, g hi
»haugnton-freves etal., ; Skutsch and Ba, 294 as over 50% of the nal retail price, to producers than to

et al,, 20192 Changes in sen'smve'ecosys.,tems can, In Fh.e Ion<9ther actors, especially with asymmetric information indav
run, a ect land use patterns, including agriculture produdtyy

of producers fgbugba and Obi, 20)3In contrast, and more
through a complex set of processes and feedback loop& ( . k
etal., 201)as shown on the right hand side Bigure 1 commonly, complex markets involving many stakeholders and

sectors tend to result in inequitable distributio®sépp, 2008
Frequently, incoherent legislation from dierent governmnten
Context and Scale departments, such as energy, agriculture, environment,rahtu
Socio-economic and ecological sustainability outcomeshm resource management and local government, which target the
more synergistic, or result in trade-os, and even vicioussame or di erent sections of the value chain, results in anleac
cycles, widely varying from one site to another, due tdramework for stakeholdersSgpp, 2008; Schure et al., 2013;
the heterogeneity in technologies/practices adopted. Irs thiliyama et al., 2014aTransport enforcement o cers often take
paper, we assume the heterogeneity in the technology/practieglvantage of such unclear frameworks by demanding bribes to
adoption is in uenced by site-speci ¢ socio-ecological aexts. ignore unsustainable practiceggmbewa et al., 2007; Schure
We especially highlight the importance of understandinget al., 2018 Increasing rent-seeking activities tend to result in
two dimensions of the socio-ecological contexts—charcoaqueezing producers' margins as low as 10-30% of the nal
value chain and tenure systems—which underline incentiveetail price, especially for longer value chains with inciegs
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transportation costsKibot, 1998; Van Beukering et al., 2007; Inrelatively more extensive pastoral areas with higher eegr
Shively et al., 20)0 of subsistence, land is still held communaljoiGier and Milukas,

In reality however, the distribution patterns of the chartoa 19929. On the ground, Privatization or individualization of ldn
value chain are heterogeneous even within a country. Faights has been advocated to secure land rights to improve
example, the study on the four largest urban centers whicproductivity and to avoid resource overexploitation. Yet, a
accounted for roughly 90% of the charcoal used in Malawiecent review of land reforms across developing regionsesigg
compared the value chains in Lilongwe and Blantyre, théhat strengthening land rights in SSA through formalizing a
two largest cities in the countryK@mbewa et al., 200.7The  bundle of overlapping rights customarily distributed through a
proportion of the producer margin as well as that taken ascommunity into private property could lead to the exclusion and
taxes/bribes were higher in Lilongwe (33% for producers, 20%arginalization of large sections of the community, indhagithe
for taxes/bribes) than in Blantyre (21, 12%, respectively)lewh poor (Lawry et al., 2004 When the land is sub-divided, land
the relative shares of transporters and retailers were higheales or clearance of pasture/natural forests for agriceltur
in Blantyre (25% for transporters, 33% for retailers) than inpowerful individuals often accelerate with charcoal produced a
Lilongwe (20, 24%, respectively). The study did not report tha by-product, as landowners look for quick returns ratherrtha
di erence in charcoal production technologies between the tw long-term investment®Bedelian, 201)2
cities while referring to the general adoption of low e ciepc In summary, locally-speci ¢ tenure systems evolving along
kilns across the study sites. As the areas immediately sadiog ~ with agricultural intensi cation can aect the adoption of
the cities had already been depleted, Lilongwe's charcomllyna technologies/practices in charcoal production through aiegt
came from forest reserves, while Blantyre's charcoal caome f direct and opportunity costs of procuring resources.
other districts and Mozambique along with the developed . .
transport infrastructure Kambewa et al., 20).7 Interpretations of Case Studies

In summary, the distribution patterns of the charcoal valueThe proposed charcoal-agriculture nexus stresses the
chain are site-specic, while their implications to aect the importance of understanding certain socio-ecological eatual
adoption of technologies/practices in charcoal productioe ar mechanisms, namely charcoal value chain and tenure systems,
ambiguous depending on their combination with the other saci combination of which underlies varied sustainability oorees of
ecological contextual mechanism. charcoal production. The following three sections introduwase

studies which inspired the authors to develop and conceptaali

the charcoal—-agriculture nexus approach. They were drawn
Tenure Systems from the authors' experiences in Kenya, Ethiopia, and Rwanda
While there are many studies which focus on the distribugibn during the implementation of projects primarily aimed at
impacts of the charcoal value chain as reviewed above wellati improving livelihoods by promoting the adoption of natural
fewer studies consider the role of local institutions on the'ésource management technologies, including agroforestr
sustainability of the charcoal productioriifoga et al., 2000; since 2013. Given the background, the presentation of the cas
liyama et al., 2015aWe assume that tenure systems evolvingtudies is more descriptive and qualitative. For each céise, t
along with agricultural intensication are as important as two dimensions of the socio-ecological contexts, i.eyevahain
the value chain in in uencing the adoption of technologiesand tenure system, are elaborated and socio-economic-vis-a
and practices in charcoal production, as indicated in theecological sustainability outcomes are described.
center part and orange area dfigure L For example,

in densely populated regions where intensive agriculture iTRANS MARA, KENYA: CHARCOAL AS A
practiced, land is usually already individualized and e eefv  BY_.PRODUCT OF DEFORESTATION

privatized even without formal title deeds. Formalization

could ensure improved tenure security, and provide incestiveContext

to invest in longer-term tree planting Pattanayak et al., Charcoal Value Chain

2003. In Kenya, over 80% of urban households rely on charcoal. A
In some regions, customary tenure systems still prevail andational survey estimated that charcoal consumption hadrise

remain functional. The overlapping character of family andfrom 1.6 million t/year in 2004 to 2.3 million t/year in 2013

collective resource rights to residential, cropping, grgzamd at a growth rate of 5% per year, higher than the urbanization

common property resources complicates the creation of exatusi rate during the same period. The economic value of the chércoa

property rights Cawry et al., 2004 As a result, farmers, agro- sector was estimated to be comparable to that of the tea inglust

pastoralists and pastoralists often depend on the same re=®urthe country's major export commodity. The charcoal sectos ha

in a seamless continuum from woodland, rangeland to farmlandeen estimated to create 0.5-0.7 million jobs across theeval

(Namaalwa et al., 200.7While individual farming plots are chain and to support the livelihoods of 2-2.5 million people

recognized, neighbors are allowed to exploit trees and pastur(ESDA, 2005; KFS, 20113

during fallows, which provide disincentives for landownéos The policies related to the charcoal sector in Kenya are

invest in natural resource management including tree plamti spread across several ministries ranging from agriculturesgy,

for charcoal (uoga et al., 2000; Siri et al., 2006; liyama et alenvironment and natural resources and recently createdgou

20153 governments, with overlapping responsibilitieSepp, 2008;
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liyama et al., 2019a The Charcoal Rules of 2009 mandatedthe way for individual landowners to make land use decisions
the Kenya Forest Service (KFS) to grant licenses to groupwer cultivation, livestock and wildlife. Previously, imidiuals
organized into associations to legally produce sustainabldid not know which piece of land belonged to whom, thus less
charcoal. However, high transaction costs to screen apgitat tree clearance occurred. After sub-division, surer of whigte

for sustainability have resulted in delayed licensing, sthuof land belongs to them, landowners have started clearingstsr
discouraging potential sustainable producers. The new rale ofor immediate tangible gains from grazing and farming. The
charcoal was expected to operationalize the law where ttammunity members who failed to get sub-divided plots, on the
national government is charged with formulating a charcoabther hand, have encroached parts of the protected Nyakweri
policy while devolving the responsibility of conservatiomds forest by setting up illegal logging camps{(TF, 2019.

as to promote e cient technologies) to county governments.

However, newly established county governments have fac&locio-Economic Vis-a-Vis Ecological
capacity gaps in operationalizing the regulatiofiggfma et al.,  outcomes

20150. These uncerta.inties in regulations have made the ?eCIQ‘Vhe argument behind individualization of tenure was thatm@o
more prone to corruption from the tra ¢ police who capitalize gq¢ e tenure would result in e cient resource use and improve
on the confusion by demanding bribes that are factored ifi® t . ctivity. However, for this case of a Maasai community
retail price KFS, 2013; liyama et al., 20)50he 2913 SUVeY' \which has led subsistence pastoralism without alternative
revealed that transporters, wholesalers and retailersuated |\ alihoods. trees on “own” sub-divided land turn out to becé”

for 78% (37, 13, 28% respectively) of the nal value of a bag Qfqqrces to earn quick cash incomes with insu cient indees
charcoal while theo rural actorso—wood and charcoal produgers  inyest in conservation for long-term returns. Without fezng
received only 22% (6 and 16% respectively) of the nal valuge e economic value of tree resources and the social and

(KFS, 2018 environmental costs of their depletion, the landownerswltcee
felling for agricultural expansion in which charcoal is proddce

Tenure System _ o as a by-productRigure 2.

The Maasai Mara National Reserve, which is globally known thg charcoal value chain provides low margin to landowners.

for its concentration of migratory herbivores, lies in sbut o example, a landowner allows a group of charcoal burners
western KenyaHigure 2). The Reserve is one of Kenyas t0Pgrom the neighboring counties to live on his farm, to fell

tourist attractions; the direct and indirect contributiaf Kenyan indigenous trees with chainsaws and to make charcoal eviéen wi
tourism to the national economy amounted toG% of GDP and  gtems; thus completely eliminating the potential for regerierat

10C% of employment in 2013 with expected steady growth. I%om re-sprouting. In return, migrant charcoal burners pay US$

turn, the Reserve accounts for less than 10% of the whole Ma_rlaper sack of charcoal (45-50 kg) to landowners, then selllka sac
Ecosystem, the so-called Trans Mara, most of which is UBRNC (4 {ransporters at US$ 4igama et al., 2019bTransporters meet
and surrounded by a mixture of private and communally- e transaction costs including bribes to law enforcers aradly

owned land historically inhabited by semi-nomadic Maasaig|| the charcoal in Nairobi, the capital, at US$ 18/sdnk(na
communities (lundia and Murayama, 20Q9To the west of the  ; al., 2015p This makes a unit margin to wood producers
Reserve lies the Oloololo Escarpment, beyond which the Iarw\ermy 5% of the nal price.

rises to over 2,000m covered by a mosaic of Afro-montane
semi-deciduous and dry-deciduous forest and acacia s@nn,na.o charcoal income and agricultural land ready for

woodlands. Nyakweri Forest is the largest remaining foiest . ,itivation. However, it can lead to a vicious cycle of daseg

the Trans Mara and forms part of the dispersal area of th§yny term agricultural productivity due to permanent damage
Reserve. This dense indigenous forest is of high ecological a4 ecological systems and loss of ecosystem services. Agsumi
socio-cultural importance to the Maasai and also an importanje |ow e ciency conversion rate of 10-15% of earth mound
feeding and breeding ground for large mammals. The forest igjj,s used, a sack of charcoal (45-50 kg) requires 300-500 kg
dominated by huge trees whose dense vegetation provide a sgfe (indigenous) wood, vet it is valued at merely US$ 1,
haven for elephant mothers to give birth and protect their &bi hich does not re ect the long-term ecosystem services to the
while forming a habitat for various game species like bu aloe community and the whole Mara Ecosystem. Yet, the tenure
waterbucks, impalas and leopards, among oth&sT(F, 2013. system fails to internalize the environmental externatitiand

The forest also plays a foundational role in the local climeatd  ponce deforestation continues as long as landowners canside
rainfall (liyama et al., 2015b trees as “free.”

Traditionally, land was owned communally, which enabled
the Maasai to practice nomadic pastoralis@e(lelian, 2012
However, because of the government policy aimed at ensurin‘éVESTERN RWANDA: CHARCOAL AS AN
security of land tenure to facilitate development, the fortye |INTEGRAL PART OF AGRICULTURAL
communal rangelands were rst demarcated into group rareche INTENSIFICATION
More recently, these group ranches have been internally
subdivided into individual plots of about 60 acres (24 ha) forContext
which titles have been allocated to registered membersiewhiCharcoal Value Chain
a few powerful individuals, such as chiefs, received hurglredRwanda is one of the poorest and most densely populated nations
of acres [fyama et al., 2019b The sub-division of land paved in SSA. While the Government of Rwanda has set the goal

' Deforestation may provide landowners with even minimal,
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FIGURE 2 | Kenyan site illustration. Over the escarpment of the Mara i@ingle lies Trans Mara Conservation Area encompassing rently sub-divided farms and
Nyakweri Forest. Indigenous forests have provided multiplecosystem services over and beyond the Mara Ecosystem. Hower, trees are felled for agriculture with
charcoal produced as a by-product.

of promoting universal access to electricity, the population is The charcoal supply regulation in Rwanda today is highly
still predominantly dependent on biomass energy for cookingdecentralized, with local districts in charge of issuingtiogt
During the period 2010/2011, reliance on wood and charcogbermits for tree plantations over 2.0 ha and collecting rexenu
as the primary cooking fuel was still 97% nationwide. OvefWorld Bank, 201). At the same time, the charcoal business
the last few years the Government and other institutionsehavin Rwanda is highly specialized, and farmers usually hire
supported tree plantations and promoted charcoaling techrsquespecialized labor to process wood for lumber and charcoal
that make more e cient use of the available wood resources an(World Bank, 201). While it is cumbersome for farmers
also improve the quality of the produced charcoal. By doing sdp apply for a cutting permit, an agent, or a *“charcoal
the Government has tried to streamline regulations to depel master” often takes charge; they handle transactions such as
a modern and e cient charcoal value chain in the country by negotiating the price of wood, contacting the local authiest
transforming it from an “informal” to “modern” sector, whit and applying for the necessary cutting permits, cutting
could contribute to economic development by raising tax rexe  trees, carbonizing wood, and transporting/V¢rld Bank,
(World Bank, 201} 2012.
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FIGURE 3 | Rwandese site illustration. Nyungwe Forest is the largestiick of montane forest in East and Central Africa, home to owel,000 species, including rare
primates, such as chimpanzees, the L'Hoests monkey and Angla Colobus. Nyungwe is also an important water catchment foRwanda. Western Rwanda is one of
the most densely populated regions of the country and at the ame time one of the major suppliers of charcoal made from plaed Eucalyptus. By ameliorating sloping
landscapes and utilizing marginal plots, charcoal produ@n has become an integral part of sustainable agriculturahtensi cation, while creating an income source for
farmers, as well as employment opportunities for speciak labor.

Tenure System were the leading drivers of the destruction of natural reseu
In Rwanda, smallholders derive their livelihoods frombases\(Vorld Bank, 201). In the early 1980s, the region most
subsistence agriculture on small farms which are often ljigh a ected by charcoal production was the eastern part of the
fragmented. The post-genocide Land Law promotes the creatiazountry with semi-arid climate.
of a private land market through registered titles, combineithw Today, the western part of the country with more favorable
a concerted e ort to consolidate fragmented plots, hoping toclimate is the major charcoal supply region despite extreme
make a dent in the country's tradition of subsistence fargnin land scarcity and fragmentation due to population pressures
and to unlock its potential for commercial mono-cropping (Figure 3). The area adjacent to the Nyungwe Forest is a charcoal
(Pottier, 200%. Given the increasing population pressuresproduction hot spot. It is estimated that virtually all chaedan
against the scarce natural resource base, land use has b&amanda is now produced from planted trees, increasing around
quite individualized and intensi ed. Indeed, the only plabie  2.5% per year, primarily from Eucalyptus woodlots on private as
pathway is sustainable agricultural intensi cation, inding  well as community land\(Vorld Bank, 2012; Drigo et al., 20)L3
the introduction of priority commercial crops, zero-grazing Atthe national level, 36—40% of farmers have adopted Euaadypt
and agroforestry Nlukuralinda et al., 2016 Rwandas hilly woodlots Ndayambaje et al., 20).3
topography gives rise to diverse agro-ecologies within compac It is argued that farmers have become aware that with
geographical areas and provides environments to the applitaticsecure land tenure and rising woodfuel prices, it is pro table
of diverse pathways for agricultural intensi cation withes, to invest in tree planting, especially on marginal plots, to
with the Government's commitment to expand agroforestryproduce wood for charcoal along with timber and poles for
(Mukuralinda et al., 2016 construction {Vorld Bank, 2012; Mukuralinda et al., 2Q16
Figure 3). The demographic pressure on land forces farmers to
. . C - . exploit marginal areas where it is not pro table to grow cropst b
Socio-Economic Vis-a-Vis Ecological Eucalyptus plantations generate net positive returns due to the
Outcomes low production costs and high demand for wood/(rld Bank,
In the past, the production of charcoal in Rwanda was one of the012. The price at the production site was reported at US$ 0.14—
factors that contributed to deforestation, although laridazing  0.19/kg, against the retail price of US$ 0.32-0.42/kg in Kited
for agriculture, for habitation and for creating tea plantats  capital city, resulting in a margin of 33-59% at the productite
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(World Bank, 201). The comparatively well specialized charcoatharcoal production-supply channel covering much of
value chain with skilled agents to handle transaction césts the charcoal-producing regions in Ethiopia, mainly with
farmers may also provide the positive environment. pastoral/agro-pastoral and mixed farming communities in dry
By coping with sloping landscapes and utilizing marginal plotdowlands (MEFCC, 201} including the example described
through the adoption of Eucalyptus, charcoal production ha$elow. According to the same report, distribution of incomedan
become an integral part of sustainable agricultural inteagion  pro t sharing in the illegal charcoal production-supply channel
in Rwanda, while supported by the secure tenure systenim Ethiopia is highly skewed toward the producers who are
and enabling value chainsVigkuralinda et al., 2016 It is  earning about 75% of the total revenue/bafHFCC, 2015
further argued that woody biomass stock from these woodlots
can reduce the woodfuel supply-demand gap in the countrylenure System
thus contributing to reducing pressures on deforestatiord an In Oromia region of Central Ethiopia, trees scattered on farm
degradation {ldayambaje et al., 2013, 2(1kdeed, itis claimed are prominent features of agro-pastoral livelihoods/gma
that there are virtually no illegal charcoal production aittes et al., 2017Figure 4). The land remains state-owned but the
aecting natural forests in Rwanda/(orld Bank, 2012; Drigo constitution a rms the right of access to land for every atiul
et al., 201} This is a stark contrast with the situations in other The recent e ort to improve security of land tenure includes
cases reported from SSA where charcoal production is a majénd certi cation through decentralized mechanisms, wééne

driver of degrada[ion of natural woodlands. regional government would issue land certi cates to indival
farmers eininger et al., 2008, 20N9Still, in drier parts
CENTRAL ETHIOPIA: CHARCOAL AS A of Oromia region, access to individual plots is usually not

completely exclusive to landowners with neighbors often being
MAJOR CAUSE OF WOODLAND allowed to graze livestock as well as to exploit trees and other
DEGRADATION natural resources after harvesting of crops and during feslo
In such a situation, communal grazing can a ect patterns of
Context o :
. tree cover on farm. This is because communal grazing causes
Charcoal Value Chain

) . . e soil degradation and also aects the survival of tree seeds
A national study on biomass energy in Ethiopia reported that by g

2000 charcoal had onlv been consumed in siani cant quagsiti and seedlings on farm, which could have a negative e ect on
<JU0 charcoal had only been consumed In Sighi cant QUEEBI -0 iyes to intensify or extensify tree management omfar
in Tigray and Somali regions and hardly in all the other regio

. Gebremedhin et al., 2004; Mekuria and Aynekulu, 2013; liyama
(Geissler et al., 20} .3However, the past 15 years have seen I ur yneruid W

o , i ) - étal., 201y
massive increase in the consumption of charcoal in all region
from 48,581 tons/yearin 2000t0 4,132,873 tons/yearin 28 Socio-Economic Vis-a-Vis Ecological
report argued that the reasons for this increase could beéae @ Outcomes

anumt_)erof very Signi cant change_s in the_ rural socio-et_:l_myo The majority of informal charcoal producers are low to
These include, signi cantincrease in rural incomes, proat®n  iqdle income or poor pastoral/agro-pastoral and mixed
of rural markets, signi cant reduction in transport costs o farming households living in the dry lowlands of Ethiopia.
improved roads and increased rural accessibility, and lad f These households produce charcoal regularly as their main or
tree growing reaching limits around cities or areas withwitg  additional source of income to support their familiggliEFCC,
demand Geissler et al., 20).3 2016. Wood for charcoal is mostly harvested from trees scattere
The same report stated that charcoal production ancon farms and landscapes which are available for “free” to
marketing in Ethiopia has always been almost entirely infallyn  households Ilyama et al., 20%7Figure 4). Given the reported
organized (eissler et al.,, 20).3 According to the recent high producer unit margin of 75%MEFCC, 201pand “free”
national charcoal value chain assessméfit fCC, 2013 most  input costs on the one hand, and the unreliability of incomenfro
of the charcoal produced in Ethiopia is traded and supplied tasubsistence/semi-subsistence agro-pastoralism which jscub
consumers through the following ve channels: to climate and other calamities on the other, charcoal prdiaturc
must be among the most rewarding livelihood opportunities to
dryland households.
The socio-economic benets from charcoal production
rﬁowever, have trade-o s. Households in the region are regbrt
to derive multiple bene ts from speci c tree species, not ordy t
procure free materials for charcoal production, but also tawker
aﬁcosystem services, such as shade and climate regulationg
et al., 201y. Selective tree harvesting at the extraction rate above
the capacity for natural regeneration could result in depleid
the wood resourcediyama et al., 2017 The degradation and
depletion of wood resources from landscapes could undermine
Of these, Channel 4—the illegal regular household levehe resilience of the semi-arid ecosystems which are already
charcoal producer to local towns—is the most frequenstressed and fragile and of the communities which recurgentl

Channel 1: lllegal large-scale private producers-privateloesi
metropolitan consumers

Channel 2: lllegal large-scale private producers-foreig
smugglers-foreign market

Channel 3: Licensed and permitted private/group
producers-private vendors-urban consumers

Channel 4: lllegal regular household level producers-loc
vendors-local consumers

Channel 5: lllegal irregular/sporadic producers directlydad-
side buyers or local consumers
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FIGURE 4 | Ethiopian site illustration. Trees on farms are charactstic of a large part of the Ethiopian agricultural landscapwhere farmers usually retain trees of
selected species and minimize impact on the companion cropshrough occasional lopping and pollarding. While croppinglots belong to individual farmers,
neighboring farmers collectively practice harvesting imediately after which communal grazing is practiced.

face food insecurity. Still, farmers have few incentiveplemt 2019, the regulations governing the charcoal value chain in
and grow trees for charcoal for which slow growing indigesou Rwanda are relatively streamlined and well decentralized,
species are preferrediyama et al., 2017 Planting trees is an while highly specialized charcoal masters act to reduce
inherently risky venture where tree survival rates are Ildue transaction costs for farmers. In contrast, the charcoal
to not only harsh climatic conditions, but also damages edus value chain in Kenya is severely aected by complicated
by multiple users. Promoting planting of trees or even retagni and overlapping legislations, while local governments lack
them on farm through natural regeneration requires redgrin capacity to control the situation, thus leaving room for agot
risks through some form of institutional arrangements, sas  practices KFS, 2018 In Kenya, inter-sectoral harmonization
“exclosure” where communities collectively agree to seleasi of policies/regulations is urgently required, while county
land free from farming and grazing animals for regenerationgovernments should be empowered to facilitate decentilize
(Gebremedhin et al., 2004; Mekuria and Aynekulu, 2013; liyamenonitoring and evaluation on production/transportation

etal., 201). sites.
While the value chain may aect charcoal prices, the net
SYNTHESIS pro tability of the charcoal production as well as the choice of

technologies and practices also depends on how cheaply farmers

The above case studies present varied sustainability o@sonprocure inputs/resources. In Western Rwanda, the integration
due to the heterogeneity in the socio-ecological conteats, of planting Eucalyptus in woodlots is not only a ordable for
summarized inTable 1 farmers, but also enables them to exploit marginal areas evher

The Kenya and Rwanda cases present contrastintjis not pro table to grow any other crop, supported by exclusive
sustainability outcomes while in both cases charcoal has betenure systemsMukuralinda et al., 2016 In contrast, in the
produced within landscapes with extremely high biodiveraitd  case of Trans Mara, the sub-division of group ranches faited t
ecological values. What are the main causes of these ctingras internalize the ecological value of trees to the commusijttee
sustainability outcomes? Mara Ecosystem and even beyond. The local communities who

First, the value chain provides an enabling environmented subsistence pastoral livelihoods for years, have nalitgin
for the adoption of sustainable technologies and practicebene ted from the tourism of the Maasai Mara Reserves,
in western Rwanda while it is discouraged in Trans Mara inand their decision to deplete trees in Nyakweri Forest has
Kenya. While there is still room for improvemerit\(orld Bank, had a destructive impact on the whole Mara Ecosystem. In
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TABLE 1 | Comparison of socio-ecological contexts, technologies/pactices adopted, and sustainability outcomes of the three ase studies.

Western Rwanda

Oromia/Ethiopia

Trans Mara/Kenya

SOCIO-ECOLOGICAL CONTEXTS

Value chain Decentralized regulations, specialized value
chain with agents to handle transaction
costs, relatively high margins at the

production site

Tenure system Fragmented and small land holdings yet with
recognition of security on individualized,

exclusive land rights
TECHNOLOGIES/PRACTICES

Agriculture production Intensive, well integrated cropalestock

production

Charcoal production Planting eucalyptus in woodlots

SUSTAINABILITY OUTCOMES

Socio-economic Charcoal as a part of agricultural

intensi cation

Ecological Rebuilding of biomass stocks on sloped,
marginal land, while reducing pressures of

deforestation-degradation
—Synergy

Mostly informal markets, high margins to
producers for the value chain channel
targeting local vendors/ consumers

Overlapping rights to cropping, grazing and
common property resources under
customary systems

(Semi-)subsistence crop-livestock production

Seletive cutting of trees scattered on farm,
or in communal rangelands, forests,
woodlands/state forests

Charcoal as a part of livelihood diversi cation

Gradual degradation and biodiversity loss
which may lead to the loss of resilience

—Trade-off

Unclear frameworks with overlapping and
complicated legislations, long value chains
prone to corruption and low producer
margins

Sub-division of group ranch to individual
plots with skewed distribution in favor of
powerful individuals

Conversio of subsistence pastoralism to
agriculture

By-product of clearing trees for agriculture
land

Charcoal as ane-off cash income for a
few individuals

Permanent loss of the indigenous forest
and their ecosystem services

—Vicious cycle

such a situation, innovative interventions, such as paynient

producers on the other hand. The latter, produced a large

environmental services (PES), need to complement institafio volume of charcoal regularly, and their income allowed thtem
investin livelihood diversi cation and agricultural improweent.

arrangements to internalize externalities.

The case from Ethiopia provides a more typical examplé&trategically targeting this group to promote the adoption of
of charcoal as a driver of land degradation, which is widelysustainable charcoal production technologies/practicesldco
observed across agro-pastoral landscapes in semi-arid @hd apotentially lead to synergies in which charcoal production is
SSA [uoga et al., 2000; Namaalwa et al., 2007; Naughton-Trevan integral part of sustainable and resilient crop-livestock
et al., 2007; liyama et al., 2008; Kiruki et al., 2017,?; Weeg tree integration. Poorer producers need fundamental capacit
et al., 2016,a)b Charcoal turns out to be among the most developmentto improve their livelihoodslflegwa et al., 201ka
important and reliable cash income sources compared to income
from semi-subsistence crop and livestock activities whack  pOLICY IMPLICATIONS
subject to climatic and other calamities. Consequentlatagro-
pastoralists may continue exploiting native vegetation oeitth |n SSA, charcoal is an important energy source for the
farms and beyond in extensive landscapes as long as wood ag@wing urban populations and an essential source of livelihoo
be obtained su ciently cheaply against prices for charcoal, t for rural populations, therefore it cannot be substituted for
ensure adequate economic returrisogier and Milukas, 1992; many years FAO, 201). The critical ecological problem
Luoga et al., 20Q0Lack of an enabling policy environment and occurs with trade-o or vicious cycle cases where one-o
non-exclusive tenure conditions interact to provide indeas for  resource exploitation of natural trees for charcoal for ghor
over-exploitation of natural trees. term economic gains permanently impairs the ecosystem

In the above and similar cases, charcoal and agriculturfinctions. There must be a policy direction to support the
production systems have serious trade-o s, as charcoalvallo adoption of sustainable charcoal production technologied an
livelihoods diversi cation while the depletion of resousckeads practices, either establishing plantations, managing exjsti
to undermining the resilience of the ecosystems. It seenite qu natural woodlands or encouraging regeneration, whicheser
challenging to turn trade-o s around by controlling produon  more suitable within the local context. Given the general
only. In turn, some studies which reveal strati cation antpn consumer preference for charcoal with high caloric value,
charcoal producers and their livelihood diversi cation peths  considerations should be given to promoting high biomass
give some insights for interventionsyama et al., 2008; Ndegwa forming native and/or exotic tree species that have highrcalo
et al., 2016p For exampleNdegwa et al. (2016ayeporting  value.
from a community in Eastern Kenya, identied the small- This paper has proposed the charcoal-agriculture nexus
scale producers who seemed “trapped” in perpetual povertgpproach to understand the two dimensions of the socio-
as predominantly relying on income from charcoal and casuaécological contexts, namely charcoal value chains and
labor on the one hand, and the large scale, well-o charcoalenure systems, a combination of which underlies varied
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socio-economic and ecological sustainability outcomes. Imechanisms/enabling environment for the adoption of
reality, policies aimed at addressing the unsustainabilify sustainable practices/technologies *“right,” by streaimgn
technologies/practices of charcoal production tend to lookhe value chain to improve producers' margins as well as by
at only one dimension, most often the value chain, eithedevising institutional arrangements to internalize extlities
attempting to control activities on specic stages such as ahich currently condition resource over-exploitation urde
ban on production and/or trade, or formalizing regulations. the existing tenure systems. Proper valuation of resources to
A “one-dimensional intervention” is bound to fail becaude i re ect economic scarcities combined with right price incimes
ignores the complexity of the charcoal chaivia( Beukering could lead to socio-economically and ecologically sustai
et al., 200). outcomes of the charcoal-agriculture nexus.

For example, formalization is often implemented primarily
assuming that controlling illegal charcoal supply could prevenAUTHOR CONTRIBUTIONS
deforestation and degradation, while also aiming to improve
tax revenues. Experiences from SSA, however, suggest e led the concept, analysis and overall drafting of the
ine ectiveness and the “anti-poor” impacts of formalization. manuscript. HN contributed to the formulating the concept,
Studies from MozambiqueJpnes et al., 20)6and Malawi analyses as well as writing up of several sections. MN
(Smith et al., 2017 argue that the informality of current contributed to providing materials for the manuscript and
production practices (including informal tenure regimeslpals  re ning Discussion. AD contributed to compiling the Ethiopia
poor households to use income from charcoal as a exible ineomcase study and synthesis section. GN contributed to congilin
diversi cation strategy, thus formalization risks margiizing the Kenyan case study and synthesis section. AM contributed
the poorest $chure et al., 20)3The rationale to promote to compiling the Rwanda case study and synthesis section.
formalization is principally one-sided, and ignores the fe@t PD contributed to the re ning the conceptual framework and
charcoal is one of the key livelihood activities in ruralase Discussion as well as proof-read. RJ contributed to the drfti

In turn, advocating the status quo of the continued adoptionof Introduction. JM contributed to drafting of the case stedi
of unsustainable charcoal production because of its “pro-poorsection and re ning the Introduction.
nature should not be the ultimate solution. In most occasion
the adoption is conditioned by low margins to producers underACKNOWLEDGMENTS
the non-enabling value chain on the one hand, and by over-
exploitation of resources due to externalities under theuten The original idea of this paper was initially presented at the
system on the other. Again, e orts to encourage tree plantetio session “Applying the nexus approach to understand tradeo s
could fail if there are no considerations on “fundamentaltieées and synergies between charcoal, food and water production
of the socio-economy involving labor use, land tenure andn tropical forests of the Association for Tropical Biology
usufruct Cewees, 19§9p. 1959) as experiences of failedand Conservation (ATBC) meeting held on 23 June 2016 in
attempts during the “woodfuel-crisis” era had provebe(vees, Montpellier, France. The case studies described in the paper
1989. For policies to be e ective, a comprehensive approachvere drawn from the authors' experiences in Kenya, Ethiopia,
is needed that recognizes the multitude of dimensioan( and Rwanda during the implementation of the projects led
Beukering et al., 2007 by World Agroforestry Centre (ICRAF) which were funded by

Schure et al. (2013argue that there is need to tailor the Japanese Government, Australian Centre for Internation
interventions for specic socio-ecological contexts withet Agricultural Research (ACIAR) and World Bank/PROFOR. We
universal principle to get the “policy/institutional envirament  sincerely thank Betty Rabar of ICRAF Communication Unit
right” to provide local communities with incentives to berte to go through the manuscript for proof-reading. The views
from sustainable tree management for charcoal as an aligena expressed in this paper are those of the authors and do not
livelihood. More speci cally, the key insight learned thréuthe  necessarily re ect the views or policies of the donors and
lens of the charcoal-agriculture nexus is to get incentivestakeholders.
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