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Abstract 

This study examines the role of enset or false banana, an orphan crop with high resilience to extreme 
environmental conditions, high nutritional value, and long storability, in the livelihood of rural house- 
holds in Ethiopia. With its specific characteristics, enset could reduce households’ vulnerability but this 
is poorly understood as orphan crops typically receive little research attention. We analyze the con- 
tribution of enset to household income, food security, and vulnerability to shocks. We use data from 

a comprehensive household survey, covering 684 rural households in Southern Ethiopia. We rely on 
the sustainable livelihoods framework to guide the empirical analysis and use a stepwise regression 
approach combined with a control function method to limit endogeneity bias. We find that household 
income slightly improves with enset cultivation, but food security does not. Yet, enset plants signifi- 
cantly reduce the negative impact of shocks on food security. Households with enset plants are less 
vulnerable to shocks and perceive less risk. 
Keywords: False banana, Forgotten crops, Food security, Resilience to shocks, Climate change 
JEL codes: Q13, Q12, Q18 

I

O  

a  

c  

c  

s  

v
b  

c  

s  

t
(  

2  

t  

©
E
C
d

D
ow

nloaded from
 https://academ

ic.oup.com
/qopen/article/2/2/qoac029/6779699 by guest on 26 January 2023
ntroduction 

rphan crops are crops that are important locally or traditionally but are not used on
 large scale; they are also referred to as forgotten crops, underutilized crops, indigenous
rops, or neglected crops ( African Orphan Crops Consortium 2013 ; Tadele 2019 ) . Such
rops are often linked to a cultural heritage and produced locally in traditional production
ystems with seed-saving and few external inputs ( Padulosi 2017 ; Tadele 2019 ) . They receive
ery little attention from policymakers, donors, researchers, extension agencies, and plant 
reeders ( Massawe et al. 2015 ; Padulosi 2017 ) . Yet, the potential contribution of orphan
rops to food security ( due to their high nutritional value ) , sustainable food production
ystems ( due to their ability to re-diversify farming systems ) , and climate change adapta-
ion ( due to their resilience to extreme environmental conditions ) is increasingly recognized 
 Naylor et al. 2004 ; Andersen 2012 ; Padulosi 2017 ; Mabhaudhi et al. 2019 ; McMullin et al.
021 ; Siddique et al. 2021 ) , resulting in an emerging research and policy interest in these
ypes of crops. The establishment of the African Orphan Crops Consortium, which aims at
The Author ( s ) 2022. Published by Oxford University in association with European Agricultural and Applied 
conomics Publications Foundation. This is an Open Access article distributed under the terms of the Creative 
ommons Attribution License ( https://creativecommons.org/licenses/by/4.0/) , which permits unrestricted reuse, 
istribution, and reproduction in any medium, provided the original work is properly cited. 
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 greater integration of orphan crops into African food systems, a decade ago testifies of 
ecent efforts to promote orphan crops ( Hendre et al. 2019 ) . Most research on orphan crops 
ocusses on plant biology and genetic improvement ( e.g. Lemmon et al. 2018 ; Tena 2019 ; 
amnadass et al. 2020 ) , biodiversity and agronomy ( e.g. Borrell et al. 2020 ; e.g. Sahle et al.
018 ; Ulian et al. 2020 ) and nutrition ( e.g. Nurfeta et al. 2009 ; Forsido et al. 2013 ; Tamrat
t al. 2020 ) . In addition, research attention is concentrated on a few crops, including, for 
xample, common bean, orange-fleshed sweet potato, leafy vegetables, and millet in Africa 
 McMullin et al. 2021 ) . Evidence on the role of orphan crops in the livelihood strategies of 
arm-households is rare, despite their potential importance for income, food security, and 
nsurance against growing climate uncertainty. 
In this paper, we focus on the role of Enset ( Ensete Ventricosum ) —commonly known as 

alse banana, Ethiopian banana, or Abyssinian banana ( African Orphan Crops Consortium 

013 ) —in the livelihood of rural households in Southern Ethiopia. Enset is a perennial plant 
ith diverse species ( Tsegaye & Struik 2001 ; Tsehaye & Kebebew 2006 ) from the Musaceae 
amily that is native to large parts of Eastern and South-eastern Africa. However, it is only 
ultivated in a domesticated form in Ethiopia, where it is a staple food crop for an estimated 
5 to 20 million people 1 ( BMGF 2019 ; Borrell et al. 2019 ) . Enset is stated to be able to
ithstand adverse climate conditions, such as droughts, floods, and frost, to be resistant to 
ests and diseases, and to reduce soil erosion through its broad leaves that intercept heavy 
ain ( Garedew et al. 2017 ; Senbeta et al. 2022 ) but its performance varies across regions 
 Quinlan et al. 2015 ) and evidence remains limited. The enset crop matures after two to 
hree years but can last up to 12 years in the field and can be harvested ( by felling ) at any
ime of the year ( Tsegaye & Struik 2001 ) . Enset requires intensive processing, but food 
roducts derived from enset contain high concentrations of carbohydrates and minerals 
uch as calcium, potassium, and zinc, and are a source of essential amino acids such as 
ysine and leucine ( Forsido et al. 2013 ; Mohammed B. et al. 2013 ; Tamrat et al. 2020 ) . In
outhern Ethiopia, enset is processed into different food products, usually involving some 
orm of fermentation, and resulting in long storage periods ( up to three years ) ( Andeta et al.
018 ; Fanta & Neela 2019 ; Sahle et al. 2018 ) . Besides, enset leaves can serve as animal feed,
specially during dry spells when other sources of feed, such as grasses, are not available 
 Quinlan et al. 2015 ) . 
Enset is a multifaceted crop and could act as insurance against diverse shocks and sup- 

ort efforts by international development and humanitarian organizations in reducing ru- 
al livelihood vulnerability, but this is poorly understood. The current evidence base on the 
ole of enset in rural livelihoods is limited to a description of the enset farming system, its 
ultiple use and cultural values, and a descriptive analysis of the relation between enset 
ultivation and household food security ( Negash & Niehof 2004 ) . The aim of this study is 
o reveal the importance of enset in household income, food security, and vulnerability to 
hocks. We use data from a household survey, covering 684 rural households in the South- 
rn Nations Nationality and Peoples’ Region in Ethiopia and using a questionnaire with 
arious modules on different livelihood aspects, including specific modules on enset culti- 
ation and on past shocks and future risk perceptions. Our empirical analysis is guided by 
he sustainable livelihoods framework ( SLF ) ( Scoones 1998 ) , that has been identified as a 
elevant framework to empirically analyze household vulnerability and welfare ( Bhandari 
013 ; Chandra et al. 2017 ; Serrat 2017 ) . 
Our paper contributes to the literature on orphan crops with innovative quantitative 

vidence on how enset contributes to food security and income, and its potential as an 
nsurance against diverse agricultural shocks. The insights form this study are relevant from 

 policy perspective as the successful scaling-up and ( re- ) integration of orphan crops in 
eveloping country food systems, may benefit from knowledge about the traditional role of 
uch crops, next to plant genetic and nutritional information. 
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ackground 

nset ( Ensete Ventricosum Welw Cheesman ) belongs to the Musaceae family and has a wild
nd a domesticated population. The wild population is distributed in large parts of Eastern
nd South-eastern Africa, stretching from Ethiopia over eastern DR Congo, Uganda, Kenya,
anzania, Mozambique, and Malawi to South Africa ( African Orphan Crops Consortium 

013 ) . Domesticated enset is cultivated only in Southern Ethiopia, in moist mid-altitude and
ighland areas at altitudes ranging between 1,400 and 3,000 meters above sea level, in the
egions Addis Ababa, Gambella, Oromia, and the Southern Nations, Nationalities, and Peo- 
les’ Region ( Negash & Niehof 2004 ) . Being an orphan crop, data on enset production are
carce and as Borell et al., ( 2020 ) state, some estimates are questionable. Based on nation-
lly representative data from the Central Statistical Agency, the number of enset cultivating
armers is estimated at 4.4 million, the enset acreage at around 300,000 ha and yearly enset
roduction at 2.28 million metric ton 2 ( BMGF 2019 ; Borrell et al. 2020 ) . Moreover, enset
s estimated to provide about 10 per cent of the caloric intake ( Worku et al. 2017 ) and 20
er cent of the carbohydrate needs ( BMGF 2019 ) at national level because it produces more
alories per ha than other cereals.3 As mentioned in the introduction, enset is considered a
esilient crop with long storability in the field and in processed form. 
The enset plant looks like a banana plant but does not bear edible fruits, hence the

ommon names false banana or pseudo-banana. Enset propagates by vegetative cloning 
nd is rarely propagated by seed ( Diro et al. 2002 ; Negash & Niehof 2004 ) . Enset has three
ain parts: the corm, the pseudostem, and the leaves. All parts are usable as food, feed, or
tilities. The corm is usually boiled, and its consumption is similar to the consumption of
ther roots and tubers such as potatoes and taro ( Negash & Niehof 2004 ) . In our research
rea, the corm of enset is used to satisfy immediate food needs ( it is not stored ) and is locally
alled amicho. The pseudostem, along with chopped corm, is the source of two enset-based
ood products, called kocho and bulla in our research area, and produces fiber as well.
ocho is a fermented mixture of solid mass from decorticated pseudostem and chopped 
orm whereas bulla is extracted by dehydrating the mixture of liquid obtained from freshly
ecorticated pseudostem mass and chopped corm. Kocho is the main fermented enset prod-
ct, with fermentation taking about 50 days and storage possibility up to 3 years ( Andeta
t al. 2018 ; Borrell et al. 2019 ) . Processing enset into enset products is labor intensive and
edious. It is predominantly done by women—which is why enset is often described as a
woman’s crop’ ( MacEntee et al. 2013 ; Negash & Niehof 2004 ) . Enset fiber is a by-product
rom decortications of the leave sheaths to produce k ocho and bulla and has a strength
hat is equivalent to the fiber of abaca ( Mizera et al. 2017 ) . Enset fiber is locally used to
ake sacks, bags, ropes, mats, and construction materials. Fresh and green enset leaves
re mainly used as animal feed, sheets ( e.g. during the enset scraping process ) , wrapping
aterial ( e.g. for bread, butter or injera ) , or serving plates—as is the case for banana

eaves ( Negash & Niehof 2004 ) . 

ethods 
esearch area and data 

ur study focuses on five districts in the Southern Nations, Nationalities, and Peoples’ Re-
ion in the southern part of Ethiopia ( see Fig. 1 ) , with an altitude ranging between roughly
,000 and 3,300 meters above sea level and suitable for enset cultivation. The region has a
arge ethnic diversity, including Gamo, Dorze, Dherashe, Zayise, Gidicho, and other ethnic 
roups. Households in the region have a diversified livelihood, including the cultivation of
nset in addition to a variety of other staple food and cash crops, livestock rearing, and off-
nd non-farm activities. 
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We conducted a household survey in this region in the period August to October 2018.
e used a structured questionnaire comprising modules on household demographics, crop,
nd livestock production, off- and non-farm employment and income, transfers, land and 
on-land assets, risk, and vulnerability, living conditions, and food security. We used a two-
tage stratified random sampling procedure to select respondents from the five districts. In
he first stage, the rural kebeles in each district were stratified based on the agro-ecological
one into lowland, midland, and highland kebeles. From each of the three strata, kebeles
ere selected with sampling weights proportional to the kebele population size. In total,
7 kebeles were selected, however, one kebele was not reachable by the enumerators due
o a violent conflict during the survey implementation. In the second stage, we randomly
elected 15 households in each of the selected kebeles. The survey was implemented with
 team of trained enumerators and using computer-assisted-personal-interviewing software 
nd tablets. The total sample used for the analysis in this paper is 684 households.4 

onceptual Framework 

e base our analysis on the SLF that characterizes complex socio-economic interactions 
nd emphasizes the need for livelihood strategies that allow a household to cope with and
ecover from stresses and shocks while maintaining or enhancing different forms of capital
 Brocklesby & Fisher 2003 ; Scoones 1998 , 2009 ) . The SLF is a way to organize complex
ssues that surround the livelihoods of vulnerable people, and allows to assess the contri-
ution of existing activities towards sustaining those livelihoods ( Serrat 2017 ) . We use it
o understand the role of enset in the livelihood of rural households in Southern Ethiopia.
he SLF focuses on multiple livelihood outcomes, which is in line with our interest in trying
nset cultivation as an income-generating activity, a food security crop, and/or a risk cop-
ng strategy. Moreover, the SLF includes a dynamic perspective, which is important when
onsidering the potential of enset as protection against risk and shocks. The SLF must be
dapted to local circumstances and priorities ( Serrat 2017 ) , and we adapt it to specifically
nderstand the role of enset in Southern Ethiopia ( see Fig. 2 ) . 
Central in the SLF are the different forms of capital, including human, social, physical,

nancial, and natural capital. Ownership or user rights over these assets influence house-
olds’ capability to adopt certain livelihood strategies and achieve a desirable livelihood 
utcome. For instance, households might strive to increase income or reduce vulnerability 
hrough income-generating and risk-coping strategies based on their experiences and expec- 
ations by applying the capabilities imbedded in their ownership or user rights of different
orms of capital. In this paper, we specifically examine the role of enset cultivation as a
ivelihood strategy of rural households in Southern Ethiopia and we focus on household 
ncome, food security, and ex-ante vulnerability to risk as livelihood outcomes. Our main
esearch question is whether and to which extent enset cultivation contributes to increasing
ousehold income, to achieving food security, and to reducing households’ perceived vul- 
erability. To answer this question, we focus on the relations depicted in the SLF with full
rrows while making abstraction of the relations depicted with dotted arrows, and hence
ake into account the different forms of capital households have, the vulnerability context 
n which they operate and the influence of transformation structures and processes. 
The vulnerability context relates to the external environment rural households operate in 

nd includes multiple sources of risks and shocks that households face ( Mbiba et al. 2019 ) .
gro-ecological conditions, for example, may importantly influence household income and 
ood security through an impact on yields and determine how effective specific livelihood
trategies are to realize desirable outcomes. Also, market conditions and price trends may
mportantly influence households’ livelihood outcomes such as income and determine the 
ffectiveness of market-based livelihood strategies. Furthermore, rural households may face 
ultiple types of shocks, for example, related to political instability, weather variability,
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nstitutional change, health risks, that ex-post directly influence their livelihood outcomes 
r indirectly through the livelihood strategies they adopt. Finally, transforming structures 
nd processes relate to the broader institutional, infrastructure, governance, and cultural 
ontext. Such factors fall outside the sphere of influence of individual households but can
irectly affect their access to capital, livelihood strategies, and resulting welfare outcomes. 
In general, the interplay between livelihood capital, livelihood strategies, and the remain- 

ng components in the SLF determines livelihood outcomes ( Scoones 1998 ) . Depending on
hose outcomes, households may build up, maintain, or deplete their stocks of natural, phys-
cal, financial, human, and social capital. Households can learn, accumulate, modify, and 
djust based on experience and insights gained over time ( Pandey et al. 2017 ) . A drawback
f this paper is the use of cross-sectional data, which does not allow to explicitly consider
ynamic processes ( dotted arrows ) , and we, therefore, focus on the direct and static rela-
ions between the different SLF components ( full arrows ) to explain the role of enset. Yet,
e use a novel method to consider households’ experience with past shocks ex-post and
ouseholds’ perception towards risk and vulnerability in the future ex-ante, and thereby 
dd a dynamic dimension to our empirical analysis. We go beyond a static assessment of
urrent household income and food security, through an ex-post assessment of how past
hocks influence current household income and food security and an ex-ante assessment 
f the vulnerability to income shocks and food insecurity in the future. We thereby pro-
ide a more holistic assessment of households’ economic wellbeing ( Ibok et al. 2019 ) and
ow enset influences this. Because of its specific characteristics in terms of storability, resis-
ance to adverse conditions, and being a multipurpose crop, enset might specifically render
ouseholds less vulnerable to different types of shocks and future risks. 

tepwise Econometric Model 

e focus on estimating the relations depicted in the SLF with full arrows ( Fig. 2 ) , and use
 stepwise econometric approach in which we consecutively add the different SLF com-
onents. This results in the following set of regression equations to understand enset as
 livelihood strategy and its role in household income, food security, and vulnerability as
ivelihood outcomes: 

Y i = α0 + β1 enset plants i + δ1 vil l age F E i + ε i ( 1 ) 

Y i = β0 + β2 enset plants i + δ2 vil l ag F E i + γ1 LC i + u i ( 2 ) 

Y i = δ0 + β3 enset plants i + δ3 vil l ag F E i + γ2 LC i + ϕ 1 past shocks i + v i ( 3 ) 

Y i = γ0 + β4 enset plants i + δ4 vil l ag F E i 

+ γ3 LC i + ϕ 2 past shocks i + σ1 enset plants i × past shocks i + w i . ( 4 ) 

In these Equations ( 1 to 4 ) , Y i represents, for household i , the different livelihood out-
ome indicators related to income, food security, and vulnerability, that are assessed in sep-
rate regressions and explained further below. The main explanatory variable of interest 
s enset plants, a count variable for the number of enset plants a household has. We use
 stepwise econometric model, consecutively adding different components of the SLF, to 
valuate the contribution of enset-growing to household income, food security, and vulner- 
bility while gradually controlling for transforming structures, livelihood capital, and past 
hocks in Equation ( 1 ) to ( 3 ) . VillageFE are village or kebele fixed effects that capture dif-
erences in transforming structures and processes. The kebele is the smallest administrative 
ub-division in Ethiopia, and the fixed effects therefore capture differences in institutions,
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nfrastructure, and governance. The vector LC represents different forms of livelihood cap- 
tal and includes family size, dependency ratio, age, and literacy of the household head 
 human capital variables ) ; membership in an iddir 5 ( social capital variable ) ; membership in 
n equib 6 ( financial capital variable ) ; and land size, livestock-holdings, and access to irriga- 
ion ( physical and natural capital variables ) . The vulnerability context is partially captured 
y village fixed effects, as these control for differences in agro-ecological and market condi- 
ions, and by the variable past shocks measuring households’ exposure to and impact from 

ast shocks ( explained in the next sub-section ) . To specifically investigate the role of enset as 
 risk coping strategy and possible indirect effects, we include an interaction term between 
he variables enset plants and past shocks as indicated in Equation ( 4 ) . The parameters β, 

, ϕ, σ , and δ are parameters to be estimated, and ε i , u i , v i , and w i are error terms. 
Two variables are used for each livelihood outcome indicator. First, we use total house- 

old income and per capita household income as income-related outcome indicators. Total 
ousehold income is calculated as the sum of net income from crop production, livestock 
earing, and off-farm businesses, from wages and salaries, and from public and private trans- 
ers during the last 12 months prior to the survey. Per capita income is calculated as total 
ncome divided by family size measured in adult equivalent units.7 Second, we measure food 
ecurity at the household level with two standard indicators developed by the Food and Nu- 
rition Technical Assistance program ( Maxwell et al. 2014 ) : the months of adequate house- 
old food provisioning ( MAHFP ) and the household food insecurity access scale ( HFIAS ) .
he variable MAHFP reflects, over a 12-month period, the months in which the respondents 
ndicate to have enough food to satisfy the needs of the household ( see Table A3 in the on- 
ine Appendix for the survey questions from which the variable is derived ) . The variable 
FIAS is an index, theoretically ranging from 0 to 27, constructed based on nine survey 
uestions on how often households experienced problems with access to sufficient quantity 
nd quality of food in the past four weeks ( see Table A2 in the online Appendix ) . The HFIAS
ndicator reflects access to food with higher values indicating a lower food security while the 
AHFP indicator reflects stability in access to food with higher values indicating a higher 

ood security. Third, we measure vulnerability in an innovative way using two indicators 
eflecting households’ perceived risk and perceived vulnerability to future adverse events.
his is explained in more detail, along with the construction of the variable past shocks , in 
he next sub-section. 

stimation Technique 

e estimate Equations ( 1 ) , ( 2 ) , ( 3 ) , and ( 4 ) for total household income and per capita house-
old income, for months of adequate household food provisioning ( MAHFP ) and household 
ood insecurity access scale ( HFIAS ) , and for households’ perceived risk and vulnerability.
e estimate Equations ( 1 ) to ( 4 ) using OLS regressions and additionally estimate Equa- 

ion ( 4 ) using a control function ( CF ) or two-stage-residual-inclusion approach ( Wooldridge 
015 ) . The main variable of interest, enset plants , and its interaction with past shocks is po- 
entially endogenous due to unobserved heterogeneity in households’ decision to cultivate 
nset or due to reverse causality between enset cultivation and perceived risk and vulnera- 
ility. Households who expect high future risk might plant more enset to buffer that risk 
 Quinlan et al. 2015 ) . We try to limit potential bias and obtain consistent estimates through 
he CF approach ( Wooldridge 2015 ) . We use this approach rather than the more classical 
wo-stage-least-squares ( 2SLS ) approach to allow for the inclusion of the interaction term 

ith the endogenous explanatory variable in Equation ( 4 ) . 
In the first stage ( reported in Table A4 in appendix ) , we use two instrumental variables,

t hnicit y and cult ural adherence , along with other independent variables in Equation ( 4 ) 
 LC, past shocks and F E) to estimate the variable enset plants . The residual from this first 
tage regression is then included in the estimation of Equation ( 4 ) . Because of collinearity 
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etween the instrumental variables and some village dummies, we use district F E instead of
il l age F E in the CF model. To assure robustness of the results to using district F E instead
f vil l age F E, we additionally estimate Equation ( 4 ) using OLS and district F E. 
The IVs, et hnicit y , and cult ural adherence , are measured as dummy variables. The first

akes the value of one when the household is from the Gamo or Dorze ethnic group, who
re commonly known to be enset cultivating ethnic groups ( Assefa & Hans-Rudolf 2017 ) ,
nd zero otherwise. The second takes the value of one if the respondent assessed him or
erself as being very highly adherent to culture and zero otherwise. Cultural adherence was
ssessed during the survey using a five-point Likert scale question with answers ranging
rom very low to very high adherence to culture. These IVs are relevant because enset is
 traditional subsistence crop in the Gamo highlands, where the Gamo and Dorze ethnic
roups predominantly reside ( Assefa & Hans-Rudolf 2017 ) and because enset is known to
e a crop that is important from a socio-cultural perspective ( Tsehaye & Kebebew 2006 ) .
he IVs plausibly satisfy the exclusion restriction and exogeneity condition. After control- 
ing for differences in livelihood capital and location, the livelihood strategies in the region,
part from the cultivation of enset, do not vary much across ethnic and cultural groups.
thnicity is exogenously determined, and the strong cultural value of enset cultivation re-
uces the likelihood of confounding factors in the first-stage relation between enset culti-
ation on the one hand, and ethnicity and cultural adherence on the other hand. Testing
he validity of the IVs is difficult in the CF approach. We therefore additionally estimate
quation ( 3 ) ( the full model without the interaction term ) using classical 2SLS estimation
nd test for under-identification, weak identification, and overidentification restrictions. We 
nd Kleibergen-Paap Wald F statistics that are well above the corresponding Stock-Yogo 
alues, implying strong IVs. We fail to reject the null hypothesis of overidentification at a 5
er cent significance level for all outcome indicators, which is an indication of exogeneity
f the IVs ( see appendix Table A13 ) . 
As a robustness check for the food security indicators, MAHFP and HFIAS, we run Pois-

on regressions and probit regressions, respectively ( Tables A11 & A12 in online appendix ) .
he MAHFP food security indicator is a count variable ranging from 0 to 12 months of ad-
quate food provisioning in the household, and a Poisson regression is a more appropriate
stimation technique in this case. There are several households whose HFIAS score is zero
 see Fig. A1 in online appendix for the variable distribution ) , indicating that these house-
olds never experienced food insecurity in the past four weeks in any of the nine components
f the food insecurity scale. We transform the HFIAS score into a binary variable equaling
ne if the household is food secure or has a zero HFIAS score, and zero otherwise. We run
 set of probit regressions for this indicator. 

easuring Shocks, Risk, and Vulnerability 

e follow a novel approach, building on the method proposed by Brown et al. ( 2018 ) and
eraner and Finger ( 2019 ) , in measuring risks and shocks considering three dimensions:

requency, impact, and level of control towards a particular source of risks and shocks. In
ddition, we explicitly disentangle between the ex-post dimension of experiencing shocks 
n the past and the ex-ante dimensions of being vulnerable to future risks. First, we iden-
ified the most important sources of risks and shocks in the research area through expert
nterviews in all selected villages, and classified them based on the agricultural risk litera-
ure ( Barrett 2011 ; Hardaker et al. 2015 ; Komarek et al. 2020 ) . We identified twenty-one
pecific sources of risks and shocks 8 that households face ( d ) and classified them into five
ategories: production risk, marketing risk, institutional risk, financial risk, and personal or 
ealth risk ( see Table A1 in the online Appendix ) . These sources of risk vary between being
diosyncratic or household-specific ( e.g. personal or health risk ) , and covariate or correlated
mong households in the same neighborhood, village, or region ( Barrett 2011 ) . 
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Second, specific questions on the occurrence and impact of the twenty-one identified 
ources of risks and shocks were included in the risk and vulnerability module of the ques- 
ionnaire. In an ex-post manner, we asked respondents about the occurrence of the twenty- 
ne shocks in the past three years based on a 5-point Likert scale ranging from rarely ( 1 )
o very often ( 5 ) , and about the impact of those twenty-one shocks on household income 
nd food security based on a 5-point Likert scale ranging from no impact ( 1 ) to a very 
arge impact ( 5 ) . Likewise, in an ex-ante manner, we asked respondents about their percep- 
ion towards the likelihood of the twenty-one risks in the next three years, and about their 
erception towards the impact of those twenty-one risks on household income and food 
ecurity, based on the same 5-point Likert scales. In addition, we asked respondents about 
ow they evaluate the household’s ability to control the impact of the twenty-one future 
isks, based on a 5-point Likert scale ranging from no control ( 1 ) to very high control ( 5 ) . 
Third, based on the answers to these questions on risks and shocks, we calculated the 

ariables past shocks , perceived risk , and perceived vulnerability . The variable past shocks 
or household i is calculated as given in Equation ( 5 ) , with F R j the frequency of a specific
hock j occurring in the past three years and IM 

p 
j the impact of the occurrence of shock j on 

ousehold income and food security, both measured on a 5 point Likert scale ( as explained 
bove ) . This results in an index for past shocks that increases with the severity of exposure 
o risk in the past, and theoretically ranges from 1 to 25. 

past shocks i = 

∑ 21 
j=1 F R 

p 
j ∗ IM 

p 
j 

∑ 

j 
( 5 ) 

The outcome variables perceived risk and perceived vul nerabil ity for household i are 
alculated as given in Equations ( 6 ) and ( 7 ) , with F R j the expected frequency ( likelihood ) 
f a specific source of risk j in the next three years, IM j the expected impact of the source 
f risk j on household income and food security, and CT j the perceived level of control 
ver the impact of risk source j in the coming three years. All three variables, F R j , IM j 

nd CT j are measured on a 5 point Likert scale ( as explained above ) but the scale of CT j 
as reversed in order for a higher ( lower ) perceived control to lead to a lower ( higher ) 
erceived vulnerability. Both indices theoretically range from 1 to 25. The higher the value 
f perceived risk , the more risk the household perceives for the future. The higher the value 
f perceived vulnerability , the more vulnerable the household perceives itself to future risk 
xposure. 

perceived risk i = 

∑ 21 
j=1 F R j ∗ IM j 

∑ 

j 
( 6 ) 

perceived vulnerability i = 

∑ 21 
j=1 F R j ∗CT j 

∑ 

j 
( 7 ) 

We are aware of potential differences in the degree of perception between households 
hen responding, for example, ‘very often’ or ‘very large’. However, our interest is not in an 
bjective measure of shock occurrence and impact but rather in the subjective importance.

esults and Discussion 

escriptive Statistics 

nset cultivation is common in our research area and is practiced by 73 per cent of the 
ampled households. The extent of enset cultivation differs across the districts and is most 
ntensive in Chencha ( 97 per cent of sampled households ) and Bonke ( 94 per cent ) , followed 
y Arba Minch Zuriya ( 62 per cent ) , Derashe ( 40 per cent ) , and Mirab Abaya ( 24 per cent ) .
he enset-cultivating households have on average 5 plots and 372 enset plants ( Table 1 ) .
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Table 1. Summary statistics on enset cultivation, processing, and marketing for enset-cultivating households 
( N = 500 ) 

Variables Mean St. dev. Min Max 

Enset cultivation 
Total number of plots 5.40 4.44 1 23 
Number of plots with enset 1.33 0.79 1 8 
Enset grown in the home-garden ( % of households ) 97 17 0 100 
Number of enset plants in the home-garden 297.38 406.98 0 3,800 
Number of enset plants on all plots 371.56 463.52 2 3,800 
Number of immature enset plants ( < 2 years ) 139.49 239.74 0 3,000 
Number of mature enset plants ( > 2 years ) 232.06 313.43 0 2,600 
Number of enset plants between 2 and 4 years 141.54 197.36 0 1,670 
Number of enset plants between 4 and 6 years 64.90 110.33 0 1,000 
Number of enset plants between 6 and 8 years 18.96 52.348 0 620 
Number of enset plants above the age of 8 years 6.66 31.19 0 400 
Weighted number of enset plants 179.94 235 0.5 1,950 
Harvested enset plants during the last 12 months 60.18 91.66 0 558 
Standing enset plants sold during the last 12 months 0.43 5.26 0 100 

Labor type in enset harvesting and processing 
Use of hired and exchange labor ( % of households ) 22 41 0 100 
Use of female family labor ( % of households ) 71 27 0 100 

Enset products and marketing 
Production of kocho during the last 12 months ( kg ) 206.71 488.63 0 5,625 
Selling kocho during the last 12 months ( kg ) 37.25 310.33 0 5,625 
kocho fermentation period ( month ) 1.76 2.68 0 12 
Production of bulla during the last 12 months ( kg ) 21.23 47.32 0 600 
Selling bulla during the last 12 months ( kg ) 6.21 30.08 0 420 
Production of enset fiber during the last 12 months ( kg ) 5.76 12.87 0 140 
Selling enset fiber during the last 12 months ( kg ) 0.86 3.88 0 36 

Enset income 
Enset income during the last 12 months ( ETB ) 914.85 3522.85 0 72,800 
Share of enset income in total household income ( % ) 9.24 16.07 0 83.26 

Source: derived and calculated from survey data. 
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et, there is a large variability in the number of enset plants households have, ranging from
 to 3,800 ( see also Fig. A1 in the online Appendix ) . Enset plants are mostly grown in the
ome-garden, in the surrounding of the house in combination with trees and other crops
 Jacobsen et al. 2018 ) , which might be an indication of the value that people attach to enset
r a need for close management ( Tsegaye & Struik 2001 ; Negash & Niehof 2004 ) . The age
reakdown of the enset plants ( Table 1 ) shows that households in the research area rarely
eave enset in the field for more than 6 to 8 years, which might be an indication of high time
references. Sometimes mature enset plants are sold while still standing in the field, but this
s only a small minority of plants. The large majority of enset-cultivating households rely on
emale family labor to harvest and process enset, documenting earlier derived statements on
nset being a ‘women’s crop’ ( MacEntee et al. 2013 ) . Different products are derived from the
rocessing of enset, including kocho ( taking into account an average fermentation period 
f 53 days ) , bulla and fibers, but only a small share of these products are marketed, which
elates to an underdeveloped enset value-chain, as reported by BMGF ( 2019 ) . Enset seems
o be grown mainly for household subsistence. Our calculations reveal that enset accounts
n average for 9 per cent of total household income, including cash and subsistence income.
Table 2 includes summary statistics and a mean comparison between households with and
ithout enset for past shocks, different forms of capital and the various livelihood outcome
ndicators. The index for past shocks is 3.69 on average, with no statistically significant
ifferences between households with and without enset. Sampled households are rather 
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Table 2. Mean comparison of the vulnerability context, livelihood capital, and livelihood outcomes across 
households with and without enset 

Total sample 
Households 
with enset 

Households 
without enset mean comparison 

Mean St. dev. Mean St. dev. Mean St. dev. 
test 

statistic Sig. 

Vulnerability context 
Past shocks 3.69 2.01 3.72 1.89 3.63 2.3 –0.46 

Livelihood capital 
Family size ( adult eq. ) 3.65 1.18 3.61 1.15 3.76 1.26 1.37 
Dependency ratio 0.97 0.85 0.99 0.85 0.94 0.85 –0.69 
Age of household head 
( years ) 

47.65 14.97 47.94 15.13 46.85 14.53 –0.86 

Literacy of household 
head 

0.52 0.46 0.68 2.65 *** 

Iddir membership 0.73 0.72 0.77 0.54 
Land size ( ha ) 1.46 1.42 1.4 1.32 1.6 1.66 1.48 
Livestock ( TLU 

1 ) 2.46 1.95 2.62 1.91 2.04 2.02 –3.40 *** 
Access to irrigation 0.17 0.06 0.45 4.48 *** 
Iquib membership 0.26 0.23 0.32 1.03 

Livelihood outcomes 
Total household income 
( ETB 2 ) 15,241 22,121 13,573 19,072 19,775 28,394 2.74 ** 
Per capita income ( ETB ) 4,095 5,499 3,691 4,676 5,192 7,183 2.64 ** 
MAHFP 9.54 2.45 9.32 2.41 10.12 2.46 3.79 *** 
HFIAS 6.69 5.77 7.05 5.4 5.7 6.57 –2.50 * 
Perceived risk 7.96 3.47 8.08 3.44 7.62 3.54 –1.50 
Perceived vulnerability 8.66 2.86 8.84 2.76 8.19 3.07 2.51 * 

Observations 684 500 184 

Mean comparison between households with and without enset is done through z tests for binary variables and t 
tests for other variables, Significance levels: *** P < 0.01, ** P < 0.05, * P < 0.1 1 Tropical Livestock Units: 1 
TLU = 1 cow or 0.3 sheep/goat. 2 ETB Ethiopian Birr: 1 ETB ≈ 0.030 €/1 ETB ≈ 0.036 USD ( 2018 ) . 
Source : derived and calculated from survey data. 
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arge with on average 3.65 adult equivalent members; literacy among household heads is 
ow with 52 per cent literate; and access to farmland and irrigation is rather limited with 
n average farm size of 1.46 ha and 17 per cent of households connected to an irrigation 
cheme. We observe some statistically significant differences between households with and 
ithout enset in terms of human, physical, and financial capital indicators. Enset-cultivating 
ouseholds have more livestock and are less likely to have a literate household head, to 
ave access to irrigation and to be member of an equib. Total and per capita household 
ncome are rather low, with per capita income on average below the national poverty lines 
f 7,190 ETB but vary substantially in the sample. Households with enset have significantly 
maller incomes and are less food secure than households without enset but they have a 
lightly lower perceived vulnerability to future shocks. Econometric results will reveal if 
hese differences in livelihood outcomes remain when controlling for different forms of 
apital, past shocks, and village fixed effects. 

conometric Results 

his section discusses the results of the econometric analysis on the association between 
nset cultivation as a livelihood strategy and household income ( summary of main results 
eported in Table 3 , full regression results reported in Tables A5 & A6 in appendix ) , food 
ecurity ( summary of results reported in Table 4 , full regression results reported in Tables A7 
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 A8 in appendix ) , and perceived vulnerability to shocks ( summary of main results reported
n Table 5 , full regression results reported in Tables A9 & A10 in appendix ) . We report
esults of the stepwise regression analysis with models ( 1 ) to ( 4 ) referring, respectively, to
quations ( 1 ) to ( 4 ) , and models ( 5 ) and ( 6 ) referring to Equation ( 4 ) estimated, respectively,
ith OLS and district F E and with the CF approach. Before discussing the results in detail,
e first point out that joint significance of the IVs in the first-stage regression is not rejected,

mplying that the IVs are relevant ( see F-test in Table A4 in appendix ) . We test the potential
ndogeneity of the main variable of interest, enset plants , using the robust Hausman test
n the coefficient of the residual included in the second stage.9 For the food security- and
isk-related outcome indicators, we can reject the null hypothesis of exogeneity ( Tables 4
 5 ) , justifying the use of the CF approach. For the income-related outcome indicators,
e fail to reject the null hypothesis of exogeneity of enset plants ( Table 3 ) . We therefore

argely base our discussion of the results on the CF estimates for food security- and risk-
elated outcome indicators, as these are likely less biased, and on the OLS estimates for
he income-related outcome indicators, as these are more efficient. In addition, the Poisson
nd probit regressions for, respectively, the MAHFP and HFIAS food security indicators,
esult in estimates ( reported in Table A11 and A12 in appendix ) that are very similar to
he original estimates in terms of magnitudes, with the same levels of statistical significance
cross the models. 
Concerning income-related outcome indicators ( Table 3 ) , we find a significant association 

etween the number of enset plants and total or per capita household income. An additional
00 enset plants is found to be associated with an increase in total household income of
bout 1.0 to 1.6 thousand ETB, and an increase in per capita income of 231 to 313 ETB.
onsidering that total and per capita household income are on average 15,241 and 4,094
TB, respectively, in the sample ( Table 2 ) , these are rather modest income effects of between
.7 per cent and 10.5 per cent. The regression results for food security ( Table 4 ) show no
ignificant coefficients for the number of enset plants for both MAHP and HFIAS in models
 to 3. For the vulnerability-related outcome indicators ( Table 5 ) , we find that perceived
isk and vulnerability both decrease with the number of enset plants, consistently so over
he different models, implying that enset plays a role in reducing households’ vulnerability
o shocks. 
Our finding confirms that shocks have a significant negative effect on income, food se-

urity ( i.e. a negative coefficient for MAHFP and a positive coefficient for HFIAS ) and a
ignificant positive effect on perceived risk and vulnerability. The negative association be- 
ween past shocks and food security is quite strong: the estimates imply, for example, that
he sample average of 3.7 for the index of past shocks is associated with an increase of
 to 1.5 months in the length of the hunger season without adequate food provisioning.
his highlights the importance of shocks and its consequences in the research area. Also,
he associations between past shocks and perceived risk and vulnerability are quite strong,
mplying that past experience has important consequences for households’ expectations to- 
ards the future. Moreover, we find a significant positive coefficient on the interaction term
etween past shocks and the number enset plants for MAHFP, and a significant negative
oefficient on this term for HFIAS. This means that having enset plants can reduce the neg-
tive effects of shocks on household food security and implies that enset cultivation partially
erves as a coping strategy for households to overcome the negative effects of shocks. This
nding further corroborates the conclusion that enset plays a role in reducing the vulner-
bility of households in the research area. In addition, the significant interaction terms for
ood security outcomes document the importance of accounting for possible indirect effects 
n assessing the role of enset as a livelihood strategy. 
Besides enset, various indicators related to different forms of livelihood capital have an

nfluence on household income, food security, and perceived risk and vulnerability as well,
s hypothesized in the SLF ( see Tables A5–A10 in appendix ) . Concerning human capital
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ndicators, we find that a larger family size is associated with larger total household income,
maller per capita income, and a higher perceived vulnerability while a higher dependency 
atio in the household and an older household head are associated with lower food security.
ncome is higher and perceived risk and vulnerability lower for households with a literate
ousehold head, documenting the positive role of education in livelihood outcomes. Social 
apital, measured through iddir membership, is positively associated with income, HFIAS,
nd perceived risk and vulnerability. Financial capital, measured through equib membership,
s positively associated with food security and negatively with perceived risk and vulnerabil-
ty. Physical capital in terms of land, livestock, and access to irrigation contributes positively
o household income and food security. Access to irrigation reduces future risk while a larger
and size is associated with increased future risk. Most of these estimated relations are in-
uitive and in line with expectations but some require further explanation. Landholdings 
re found to increase the risk and the vulnerability households perceive. This likely relates
o households with more land experiencing larger absolute losses and impacts from shocks
hat affect agricultural land and output, such as droughts, pests, or decreasing prices, even
hough such households are likely more resilient to overcome the impact of these shocks.
ocial capital is found to increase the risk and vulnerability households perceive, which is
ounterintuitive and not completely understood.10 This counterintuitive result might stem 

rom iddir membership, which is a social compensation system in case of death or se-
ere health problems of family members, being an incomplete or poor measure of social
apital. 

iscussion 

ur results reveal a desirable role for enset in households’ livelihoods in Southern Ethiopia.
nset cultivation is found to partially mitigate the adverse effects from agricultural shocks
n food security and to reduce households’ perceived risk and vulnerability to future threats.
et, its direct contribution to food security and household income is limited. The latter find-
ng may relate to the enset value chain that remains underdeveloped with labor-intensive 
raditional production and processing techniques, low product quality, and a complete lack 
f extension services and supply chain coordination. This is despite a growing demand in
rban markets, where consumer prices for enset derived-products ( kocho , bulla ) are esti-
ated to be 900 per cent higher than in villages where enset is cultivated ( BMGF 2019 ) .
ur findings imply that enset serves as both an ex-ante adaptive and ex-post risk coping
trategy, rather than an income enhancing or food security strategy. The quantitative anal-
sis in this paper allows to nuance and update the earlier findings by Negash & Niehof
 2004 ) who conclude, based on a descriptive analysis, that enset is a typical food security
rop. Our finding that enset cultivation is primarily an adaptive risk coping strategy, is in
ine with earlier observations on enset being considered by rural households as a security
gainst annual crop failure ( Quinlan et al. 2015 ) , and enset being an asset, stored in the
eld, that can be sold or harvested at times of distress ( Tsegaye & Struik 2001 ) . 
From our findings, we can endorse the claim that orphan crops like enset have a poten-

ially important contribution to make towards improved sustainability and climate change 
daptation. The sustainability contribution that enset cultivation makes does not only stem 

rom a re-diversification of farming and food systems—a contribution that is stressed in
he literature on orphan crops in general ( e.g. Meldrum & Padulosi 2017 ; Padulosi 2017 ;
cMullin et al. 2021 ) —but also from its role in coping with shocks and risk. The use of

nset as insurance against adverse shocks might be more sustainable than the alternative,
ore erosive coping mechanism such as building up livestock herds—a common practice in
any regions in Africa ( Corbett 1988 ) —or selling durable assets ( Hoddinott 2006 ) . In ad-
ition, the contribution that enset makes as a climate change adaptation mechanism might
lso go beyond its resilience to extreme weather events and environmental conditions—
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gain a contribution of orphan crops in general, that has been emphasized in the literature 
 e.g. Massawe et al. 2015 ; Mabhaudhi et al. 2019 ; Siddique et al. 2021 ) . Due to the specific
torability of enset, as a plant in the field or as a fermented food product, enset can mit-
gate the impact of ( weather ) shocks and reduce households’ vulnerability to risky future 
 weather ) events. The observed role of enset in reducing households’ vulnerability to fu- 
ure threats further implies that enset cultivation makes households more optimistic about 
he future, which can further benefit productive investment in general and adoption of im- 
roved technologies in specific ( Holden & Quiggin 2017 ) . Promoting and supporting the 
ultivation of enset in suitable areas might be a favorable policy in sustaining rural liveli- 
oods and supporting the resilience of rural households. For enset to contribute to upward 
ncome mobility, however, additional investments in the development of efficient enset value 
hains might be necessary. The growing demand for enset-derived products in urban markets 
 BMGF 2019 ) creates opportunities but for farmers to profit from these market opportuni- 
ies, investments in more labor-efficient production and processing techniques, in product 
uality upgrading and improved storage technologies, and in some value chain coordination 
re likely required. 
In sum, we analyze the role of enset in households’ livelihood based on a comprehensive 

ramework, extensive original survey data, rigorous regression analyses, and an innovative 
pproach to consider risk and vulnerability. Yet, our methods suffer from some two spe- 
ific data limitations. First, our cross-sectional data do not allow to capture the dynamic 
elation in the interplay between livelihood capital, enset cultivation as a livelihood strategy 
nd livelihood outcomes in the SLF ( Scoones 1998 ) . With our data, we are, for example,
ot able to reveal whether enset plays a role in safeguarding household capital in the face of 
hocks. Second, the fact that we do not find a direct association between enset cultivation 
nd food security, might partly be attributed to the food security measures we use. While 
he MAHFP and HFIAS indicators capture quantity and quality dimensions of food avail- 
bility and access to some extent, they do not account for nutrition. Enset, given its rich 
utritional content ( Forsido et al. 2013 ; Tamrat et al. 2020 ) , might contribute more directly 
o household nutrition security than to food availability and access. 

onclusion 

hile the potential contribution of orphan crops to food security, sustainable food pro- 
uction systems and climate change adaptation is increasingly recognized, their role in the 
ivelihood strategies of farm-households is poorly understood. In this paper, we analyze the 
ontribution of enset ( or false banana ) to household income, food security, and perceived 
ulnerability to shocks in Southern Ethiopia. We rely on the sustainable livelihood frame- 
ork, original survey data, and a stepwise econometric model. We find that enset cultivation 
lays a limited role in directly contributing to household food security and income, but to 
e important in reducing households’ perceived risk and vulnerability to food insecurity due 
o future threats, and in partially mitigating the adverse effects from past shocks on food 
ecurity. Our finding sheds light on the potentials of enset as alternative source of income,
x-ante drought stress risk mitigation and ex-post food insecurity shock coping strategy.
et, for enset cultivation to contribute to rural upward income mobility, complementary 
nvestments in the development of efficient enset value chains, including more labor-saving,
fficient processing, and commercialization, are likely needed. 
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upplementary material 

upplementary data, including data and replication code, are available at Q Open online. 
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nd Notes 

 Borrell et al. ( 2019 ) estimates the number of people using enset as a staple food crop at 20 million
based on a spatial identification of the enset growing regions and the total population size in these
regions. BMGF ( 2019 ) uses five different estimation methods ( based on expert interviews, kilocalorie
calculations, and deductions based on assumptions at the national, regional, and farm-household 
level ) , with most of the resulting estimates in the range of 15 to 20 million people.

 Borrell et al., ( 2020 ) analyses acreage trends and find that the enset acreage increased from 260,000 ha
in 1996 to 335,000 ha in 2015. BMFG ( 2019 ) compares published sources with estimates based on
area conversion and production calculations, and indicate the acreage to be between 300,000 and
319,000 ha and the total yearly production to be 2.28 million ton.

 Enset is estimated to provide 4,000 calories per m 

2 per year or 1.3 to 3.5 times as much as maize
( BMGF 2019 ) .

 The original sample includes 59 kebeles and 877 households in six districts. For the purpose of this pa-
per, the district of Konso was dropped from the sample because this falls outside the enset production
zone.

 Iddir is a widespread social organization in Ethiopia that supports its members during a funeral.
 Equib is a local name for rotating saving and credit association ( RoSCA ) .
 We use the modified OECD adult equivalence scale with a weight of 1 for the first adult, 0.5 for each

subsequent person above age 14 and 0.3 for children under age 14.
 To check for potential researcher bias in identifying risk sources, we included an open question in

the survey on the most important shocks ( risks ) households experienced ( perceive ) . Comparing the
answers to these questions with the twenty-one identified sources of risk and shocks revealed no new
sources, implying that the twenty-one identified sources capture the majority of risks and shocks in
the research area.

 These tests results in the same conclusions as the endogeneity tests in the 2SLS estimations reported
in table A13 in appendix.

0 Also other studies find a subordinate role of social capital in reducing rural households’ vulnerability,
for example, Mbiba and co-authors ( 2017 ) for rural South Africa.
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