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A large proportion of rural households, particularly in the dry land areas, representative for

more than 10% of the world’s land surface and up to 80% in Morocco, depend for their

livelihoods on livestock. They exploit livestock’s capacity to live in very harsh environments

using herd-mobility at multiple scale level. Understanding the multiple contributions of

livestock to the household and national economy raises complex research issues and

challenges linked with the multitude of goods and services derived from livestock, their

interactions with other family activities, and the local and national context. The objective

of our research was therefore to analyse the diversity and assess the resilience of

livelihood strategies of farming households oriented to livestock using a set of data

collected in the dry land areas (oases and mountainous zones) of Morocco and discuss

the livelihood outcome indicators. To achieve this, we have realized a cross-sectional

analysis of livelihoods and adaptive capacity, to select a set of pertinent indicators. These

indicators have been developed using an adapted version of the Rural Household Multi-

Indicator Survey (RHoMIS) toolkit for pastoral and agropastoral household systems. Our

results highlight the critical importance of livelihood diversification (off-farm diversification,

livestock diversification, and crop diversification) in building household resilience and

the livelihood outcomes. While livelihood strategies undoubtedly contribute to livelihood

outcomes, there is also a critical iterative process, i.e., livelihood outcomes also influence

the livelihood strategies at the farming households. The present work proposes an

aggregated indicator of livelihood outcomes allowing us to capture the heterogeneity of

living conditions of agropastoral systems by considering the main drivers of this system,
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i.e., mobility, livestock species, and physiological stage composition of the herd. This

approach could constitute a valuable contribution to help fill the knowledge gaps that

do not allow policy makers in developing contextualized rural development policies and

instruments in these very harsh environments.

Keywords: resilience profile, livelihood strategies, agropastoral system, RHoMIs, capacity of actions, multi-

indicators approach, Morocco

INTRODUCTION

The concept of resilience has grown in importance extending
from addressing the ability of groups or communities to cope
with external stresses (Adger, 2000) but also the capacity to
“bouncing forward” [as described by Davoudi et al. (2012)], up
to understanding, managing, and governing complex integrated
systems of people and nature [see the works of the Stockholm
Resilience Center, such as Janssen and Ostrom (2006) or Folke
(2016)]. In this resilience thinking, the main challenge is to
capture the dynamics and capacity to survive (adaptability) and
evolve (transformability) under contexts of local governance
(Meuwissen et al., 2019). During the last decade, this concept
has come to form a key entry-point to assess the sustainability
of systems, i.e., the dynamics and ability to endure in an
environment that is changing like in the drylands (e.g., Haddad
et al., 2021). Nowadays, we can distinguish two main streams
around this approach of sustainability based on resilience. In
the first stream, applied at the local level, the assessment of
resilience essentially requires an understanding of the stocks and
diversity of assets in terms of complementarities and the ability
to innovate, change or adapt. This approach has been formalized
within the well-known “Sustainable Livelihood Framework,”
providing a set of quantitative and qualitative indicators that
ranged from resource endowment to resource use and passing
through the means and rights of access to these resources.
Applied to dryland systems, this framework was mainly based
on access to current and potential resources (“entitlement”) of

individuals estimated from the assets and their production, and
reciprocal arrangements (share capital, rights, and obligations,

also called claims) (Scoones, 2009; Li et al., 2017). Overall, these

indicators attempted to encompass a loss of security, affecting
the level of well-being at the individual or local level. In the

second stream, the research focuses on the nature of capacities,
i.e., buffers, adaptive or transformative, to capture the overall
ability of the studied system to resist, adapt or reorganize in the
face of a set of perturbations (See Berkes et al., 2003; Walker
et al., 2004; Darnhofer et al., 2010; Folke et al., 2010; Darnhofer,
2014). This approach shows the interactions, complementarities,
or substitutions between the farm and off-farm activities by
focusing on the diversity of capacities. Here, resilience is viewed
as a process more than as an outcome in facing perturbances.

The resilience thinking applied to pastoral and agropastoral
systems has led to a multiplicity of recent research on
adaptive capacity and adaptation allowed by livestock and range
management’ decision making (Leach et al., 2007; Adger et al.,
2009; O’Brien andWolf, 2010; Eakin et al., 2014; Vermeulen et al.,

2018). Notably, Vermeulen et al. (2018) highlighted a set of case
studies demonstrating the potential roles of livestock through its
multiple functions on the adaptive and transformative capacities
of the (agro) pastoral systems. In reference to socio-ecological
approaches, the resilience concept has also received significant
interest over the past decade, considering the complexity of
ecosystems and their inter-relationships with social networks
(McAllister et al., 2006; Linstädter et al., 2016). Nevertheless,
many research challenges remain with regard to understanding
and assessing the adaptive capacity and therefore resilience of
farming households who live off livestock income in dryland
areas. Some authors such as Abebe (2020) orMelketo et al. (2021)
emphasized the effect of location specific factors in determining
resilience of family systems based on livestock activity. The
multiple roles that livestock play in livelihood strategies and
outcomes (e.g., safety capital and productive asset) and the role
of complementary activities such as crop cultivation or off-farm
activities, still remain important aspects that would benefit from
further investigation (Alary et al., 2011).

Moreover, one common measure of the livelihood outcome
at national and international level is the Progress out of Poverty
Index R©(PPI) (Grameen Foundation, 2014). However, it remains
to be seen how appropriate this poverty index, based on 10
indicators related to living conditions (such as type of house,
rooms number, family size, etc), is for pastoral and agropastoral
family systems based on mobile living conditions. McPeak et al.
(2011) proposed a livelihood measure derived from data on cash
income from livestock activity with the earnings resulting from
direct and indirect gifts and transfers due to social activities
around livestock. Here we propose to build a livelihood measure
based on herders’ perception that we will compare to the
PPI index.

The objective of our research was therefore to analyse the
diversity and assess the resilience of livelihood strategies of
farming households oriented to livestock using a set of data
collected in the dryland areas of the oases and mountains of
Morocco. To achieve this, we adopted the core modules of the
RHoMIS toolkit (see Hammond et al., 2017) of which we added
a specific module related to herd management in association
with herd-mobility and herd contribution to family livelihood in
terms of food security, cash flow or net safety. This new sub-
module aimed to adapt the current RHoMIS survey toolkit to
(agro) pastoral systems. Furthermore, we adopted the conceptual
framework of sustainable rural livelihoods that facilitates the
analysis of challenges related to rural development, poverty
reduction, and environmental management in rural contexts
(Scoones, 1998, 2009). Working at the farm and household
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level, we used multiple correspondence analyses (MCA) on
household asset variables and variables related to livelihood
diversification and social management to develop a set of rural
livelihood strategy types. We then characterized and compared
resilience profiles with livelihood outcomes among these types
by developing a set of resilience components based on formal and
informal interviews with village elders and key local stakeholders.
We proposed two approaches for livelihood outcomes, one based
on PPI and the second on the criteria of living conditions used by
the studied communities.

The adaptive capacities were assessed not only through the
diversity of capital assets but also in regard to herd-mobility
management, social transfers and gender involvement at the
household level. The herd-mobility management was considered
as both an outcome of social capital and indicator of the pressure
on the resource at farm and territory scales. The social transfers
included the majority of the loans or gifts given and received at
the household level although the gender involvement in (agro)
pastoral systems covered the domain of the decision and task
management at the household level by identifying the women
and young’ control on different herd management activities.
The mobility of pastoralists exploiting the animal feed resources
along different ecological zones is usually considered as a flexible
response to a dry and increasingly variable environment (FAO,
2018). We will analyse data from two contrasting dryland regions
in Morocco. By better understanding the current pastoral and
agropastoral systems in these regions as well as their resilience,
we aim to help identify different pathways for future development
of mobile livestock activities, an activity that is considered to be a
significant opportunity in the face of growing sustainability risks
in the region.

MATERIALS AND METHODS

Description of Study Areas
To cover a diversity of pastoral and agropastoral conditions,
we selected two contrasting case studies in Morocco, based
respectively on camel farming systems in the desert zones in
southern Morocco (region Guelmin-Oued Noun), and on sheep
and goat systems in the mountainous regions at the margins
of an oasis region (Dadès valley, Tinghir province). In these
two study areas, the farm and household systems are organized
around livestock systems based on mobility. It is notable that
in both regions, there is an increasing trend toward livelihood
diversification to off-farm and agricultural activities associated
with children’s education and the aspirations of the young
generation. Figure 1 presents the two study areas that were
selected to reflect the agroecological diversity in pastoral systems
in rural Morocco.

Historically, Guelmim-Oued Noun region was an important
location along the trading area for the collection, redistribution,
and transit of goods between the south and the north of
the Sahara (Attou and Belkadi, 2014). Since the 1950s, camel
production has recorded an important period of decline, closely
associated with political and social reconfigurations of the
country, agricultural modernization in the desert oases (Lazarev
and Kadi, 2012), and successive conflicts (Martin, 2011). In 1956,

there were an estimated 250,000 camel heads in the region of
Guelmim-Oued Noun, declining to 100,000 in the 1970s, and
then to less than 50,000 in the 1980s.With regional governmental
support in the 2000s and the Green Morocco Plan in 2008, the
camel sector has been earmarked as an essential agricultural
sector in the South. In 2013, the camel population was estimated
at around 200,000 heads (Mahdi, 2015). Surveys took place in
and around Guelmim city and the rural community of Tuflit,
located 25 km east of Guelmim city, Guelmim province. Its
central position and links with the regional weekly market of
Amhirich in Guelmim city for live animals is an important
feature of this community (see map 1). Guelmim-Oued Noun’s
region comprises 4 provinces: Sidi Ifni, Assa Zag, Guelmim,
and Tan Tan. With the exception of the province of Sidi
Ifni, due to its mountainous relief oriented to the ocean, the
provinces are characterized by an arid, Saharan climate with
dry, hot summers and cold winters. The region’s geomorphology
is dominated by mountainous areas (corresponding to the
prolongation of the Anti-Atlas from north to northeast) and
semi-desertic areas with plains. The average annual rainfall is
between 40mm in Assa Zag to 120mm in Guelmin province.
Across the governorate, agriculture accounts for only 3.3% of the
total land area, compared to 51.4% for pastureland and 40.8%
for wastelands. The remaining land-use is mainly forest. This
explains the predominant presence of camels, sheep and goats in
this environment.

The second study area is located in the province of Tinghir
at the intersection between the desert zones and the foothills
of the Haut-Atlas. Tinghir covers a large diversity of agro-
climatic environments from the rainfed plains to mountainous
areas and oases. The province is characterized by a dry climate,
with an average annual rainfall of 90mm in the South and
200mm in the north at higher altitudes. Snowfall is sometimes
recorded in the high mountains from a peak of around 1,800m
(municipality of M’semrir). Rainfall often results in flash flooding
of the oueds (dry river beds), causing losses to hydro-agricultural
infrastructure and cultivated land. Very high temperatures in
summer (over 40◦C) and very low in winter (down to −5◦C)
are recorded, accompanied by strong windy events (Statistical
Yearbook of Morocco, 2016). The province of Tinghir is crossed
by a few temporary rivers (oueds) and hydraulic basins. The
agricultural and cultivated area accounts for about 1% of
the provincial territory (12,800 ha) and is only possible with
access to irrigation water. Landholdings are small, with average
land ownership of 0.6 ha, underlining the trend toward land
fragmentation in the region. The main annual crops include
cereals (wheat and barley), alfalfa, and vegetables. The province
is also known for its almond and olive trees and, more recently,
apple plantations. Livestock activity based on sheep and goat
grazing system constitutes the main farming activity accounting
for over 98% of the territory.

Data Collection and Sample
Data collection was supervised by senior researchers and
organized by a research team accompanied by university
students, technicians and local extension agents in the two
study areas. The sampling approach was guided in view to
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FIGURE 1 | Location of the two study areas in Morocco. White dots with black points indicate location of surveys (maps created using Google Earth).

capture the diversity of farm systems. Two criteria were selected:
the camel-herd size in Guelmin and the geographical gradient
along the Dadès valley in Tinghir. Then, we followed the snow
ball sampling approach to identified the household farms in
each category.

The data collected in Guelmin province was performed
between April and August 2019. Fifty households were surveyed,
subdivided between the city of Guelmim (4 households) and the
rural area of “Tûflit” (46 households). The surveys conducted in
the city of Guelmim were carried out directly with the herders in
their homes. The household surveys in “Tûflit” were carried out
either in the herders’ tents and their families or in the grazing area
(Noel, 2019). In Tinghir province, 36 household surveys were
conducted between February and March 2020 along the valley of
Dadès from the high elevation zone (1,200m) to downstream of
the valley in the direction of the oasis zone (Hrara, 2020). Our
targeted groups were the pastoral and agropastoral systems based
on small ruminants such as sheep and goats and few camels.

In addition, complementary interviews were conducted with
key local stakeholders. The majority of them held a leadership
position at the tribal or communal level as cheikhs (local tribal
representatives) or president of the communes in Guelmim
province and local authorities in Tinghir province. These
interviews were open discussions in order to provide greater
insight into the farming systems in the area, changes over time,
and in particular, differences in living conditions and livelihood
outcomes, that constituted the basis to build the livelihood
outcome indicator.

We recognize that our sample can appear very small (total 96
households) compared to other studies. However, our sampling
approach was reasoned to capture the diversity of farm systems

based on open interviews with representative stakeholders.
Moreover, our intention was not to conduct econometric analysis
but mainly understanding the livelihood strategies and see how
to improve the RHoMIS survey toolkit to apprehend these
(agro)pastoral systems. We have also privileged open interviews
in order to discuss indicators generated from data collection
using RHoMIS adapted to this context through a new module
regarding mobile herd-management.

Adapted Farm Household Survey Based on
RHoMIS Survey to Pastoral and
Agropastoral Systems
The household farm survey was based on a structured
questionnaire using the RHoMIS Toolkit core modules. The
RHoMIS toolkit, a Rural Household Multiple Indicator Survey,
has been developed at the farm household level to assess and
understand rural livelihoods. RHoMIS includes a farm household
survey that can be conducted on a digital platform using tablets
or mobile phones with the Open Data Kit (ODK) software
adapted to Android-based mobile phones or tablets (Hartung
et al., 2010; Hammond et al., 2017). The survey is a structured
questionnaire that provides comprehensive information on
standardized performance indicators concerning agricultural
production, nutrition, food, and poverty. In total, the survey is
structured in eight modules that address the specific components
of the household activities and living conditions (see the modules
in Table 1). The calculated indicators from the raw data make
it possible to characterize and analyse the vulnerability of
rural households while considering indicators concerning the
conservation of the environment (Hammond et al., 2017).
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TABLE 1 | Structure and contents of the RHoMIS questionnaire used in Morocco.

Module Type of information Analysiscategory

1.Household

characterization

1) Head(s) of household

characteristics (age, level of

education, etc)

2) Household composition

(members of household, their

age, gender, level of

education etc.).

Human capacities

2. Information

on the

cropping

system

1) Land availability and

land ownership

2) Crop management (crops

cultivated, inputs used etc.)

3) Crop marketing (annual sales,

self-consumption, proportion

used for animal feed, etc.)

4) Resource management (water

use and practices, soil

erosion, soil

fertility management)

Farm crop

management and

marketing

3. Information

on the

livestock

system

1) Livestock ownership and

composition (animal species,

heads etc.)

2) Forage management by

livestock type and

physiological stage

3) Livestock management in

terms of feed system (by

differentiating feeding system

in and out-door), health care,

and value production (milk,

meat, manure, etc.)

4) Livestock marketing (annual

sales, self-consumption, a

proportion used for animal

feed, etc.)

Livestock

management and

marketing

4. Natural

resources

1) Use of natural resources,

especially plants, fruits, etc.,

in the household food system.

Biodiversity and

self-sufficiency

5. Food

security

1) Dietary intake in terms of

diversity and food availability

2) Dietary changes throughout

the year

Food (in)security

6. Aid

received and

debts

1) Gifts, aids,and donations

(given and received)

2) Loans and debts

Appreciation of the

capacity to

mobilize social

resources

7. Off-farm

income

1) External sources of income

and the nature of this income

2) Use of off-farm income

Off-farm

diversification

8. Progress

Out of

Poverty Index

1) Based on national standard

indicators of poverty

Livelihood

outcomes

We can question the use of RHoMIS compared to other data
collection systems or compare the livelihood outcome indicator
to other livelihood measurements. However, our main objective
here was more to develop and adapt the RHoMIS survey toolkit
to pastoral and agropastoral systems than compare different data
collection systems such as LSMS (Living Standards Measurement
Study), MICS (Multiple Indicator Cluster Surveys) or DHS
(Demographic and health Survey) mainly focused on wealth

indicators at the household level but not necessarily focusing on
rural areas. Moreover, compared to these different data collection
systems, RHoMIS proposes a light data collection system
focusing on household farm system highlighting the diversity
of farm and off farm activity in the livelihood conditions.
Additionally, one of the main goals that supports this toolkit
development is to have a standard tool that can be deployed on
a large scale to constitute a database according to standardized
criteria and thus facilitate comparison between different areas
in the context of development actions (van Wijk et al., 2020). A
data quality comparison with other survey tools, amongst which
LSMS (World Bank, 2017) or IMPACTlite (Rufino et al., 2013)
resulted in highly credible reliable core variables and derived
indicators even if some improvements are always on-going
(Fraval et al., 2019).

Particularly, in the present study, one of our aims was to
develop and test a new version of the RHoMIS survey by
developing and implementing a detailed livestock management
approach by animal species applicable to dryland areas. We also
wanted to explore and better understand the diverse contribution
of each animal species through its management to well-being (in
terms of income) and security (in terms of assets). As a result,
a set of questions were included related to the structure of the
herd by physiological stage, thus providing greater insight on the
main objectives of the breeder. For example, when the herd was
mainly composed of young male animals, we assumed that the
breeding objective was to generate added value through livestock
sales to market, with or without a fattening practice. On the other
hand, when the herd comprised most adult females, this was
assumed to be an indicator of the reproduction capacity in the
face of a shock (like a severe drought or disease which results
in a significant loss of the herd). Another set of questions were
related to the animal transactions (entries and exit in the flock)
to assess the monetary or non-monetary generated values from
animal activities. Non-monetary transactions included all social
flows of animals during family (birth, marriage) or community
events (alliance, compensation, solidarity).

An additional component included in the survey concerned
the approach of the sociotechnical management of animals
to be able to assess the productivity and the net income
of livestock activity. Notably, this section provided greater
detail on herd management related to each animal species to
describe the practices of indoor livestockmanagement, the period
and modalities of grazing management and mobility, and the
supplemental feed practices for indoor or grazing herd-models.
With this approach to herd-mobility management, it was possible
to assess different variables related to individual or collective
herd-mobility, the keeping modality, and the breeder’s mobility
capacity (in terms of distance) as part of the livelihood strategy
(Amsidder et al., 2021). Additional questions were related to
water management and animal watering regarding period and
quantity and their relative costs.

Finally, we included an economic valuation for each type of
animal product (milk, hides and skin, wool, or indirect income
from tourism or leisure) and whether it was consumed by the
household or sold to the market. An overview of the contents of
the household farm survey is presented in Table 1.
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FIGURE 2 | Framework for analyzing the resilience profiles.

Components of Resilience (Adaptive
Capacity Indicators)
Many studies assessing “sustainable livelihoods” at farm or
household level refer to the sustainable livelihood framework
conceptualized by Chambers and Conway (1991), combining
capacity of action (Gondard-Delcroix and Rousseau, 2004)
with stocks of assets (Lallau and Thibaut, 2009). Capacity of
action is also embedded in the concepts of buffer, adaptive and
transformative capacity described by Darnhofer (2014). In the
current study, we took a similar approach by combining stocks
of assets with capacity of action to create a set of 10 socio-
economic components of resilience (Figure 2, Table 2) related to
physical and human endowments, capacity of action concerning
crop diversification, livestock diversification, off-farm activities,
and social management at the household and community level
(see Supplementary Material 1 with the list of indicators).

Human labor, land, and livestock assets (resource
endowment) were calculated based on usual asset variables
related to each of these components as used in other studies
(Supplementary Material 1). In pastoral and agropastoral
contexts, the fifth set of bundles is grazing land access which
depends on social network diversification, the natural ecosystem,
and the formal and informal system of right and use. In our
framework, this component was derived based on one main
hypothesis that herd mobility management and its place in the
functioning of the farm reflected the flexibility and, therefore the
resilience of households when exposed to shocks, in particular in
a harsh environment such as desert or mountainous areas where
rainfall shortage constitutes a permanent and erratic risk (as also
described in Davies and Nori, 2008; Nori, 2019).

The evaluation of crop, livestock and off farm diversification
aimed to assess the capacity of action of households. For
crop diversification, we selected variables related to cropland
allocation, the relative use of inputs (such as chemical fertilizer
and pesticides) and their on-or off-farm valorisation. Livestock
diversification was evaluated based on the diversity of feed
management in relation to herd mobility, and livestock products
and co-products’ multiple outcomes (mainly milk, meat and
racing for camels) and their destinations (home-consumption or
market). Off-farm diversification was a function of the nature of
the contracts for the off-farm activity (seasonal or permanent).

In our framework, we proposed to include two distinct
dimensions of capacity of action, i.e., “social exchanges,” and
“gender involvement”. The “social exchanges” component was
based on variables related to the social and financial exchanges
of gifts, donations, or debts/loans. We assumed that the capacity
to benefit from or give gifts or loans, reflects the place of the
individual and his/her family in the community providing an
appreciation of the social cohesion of the household, a “critical
element in social stability and economic welfare” [as demonstrated
by Narayan (1999)]. Moreover, this component attempts to
reflect the diversity of functioning of the social exchanges by
considering the gifts, donations and loan exchanges that can be
in-kind or monetary value. In addition, we included a gender
component to our set of resilience components in terms of
capacity of actions. In this way, we assumed that the involvement
of women or young people in the decision or accumulation
(through entitlement) processes reinforces the overall capacity
of action at the household level through diversification and
enhancement of human capacity and social capital.
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TABLE 2 | Presentation of the main socio-economic components and list of

indicators to describe adaptive capacity.

Component

of socio-

economic

resilience

Indicator extracted from the

RHoMIS survey

Type of variable

Human

capacity

Household characteristics such

as household size, age, and level

of education of the head of the

household

Active

Labor asset Family size, hired labor,

exchange of labor

Active

Land asset Land tenure, land cultivated, land

fragmentation

Active

Livestock

asset

Herd size by animal species Active

Agricultural

diversification

Crop diversification; crop

management (fertilization,

pesticide use, etc.) and crop

destination (self-consumption,

animal feed, or marketing)

Supplemental

Livestock

diversification

Feed production, livestock

products and by-products (milk,

meat, racing, touristic activity)

and their destination

Supplemental

Off farm

diversification

Type of non-farm activities

(occasional or permanent) and

monetary contribution;

Supplemental

Social capital Exchange of gift (receive or give),

donations, or loans in the formal

or informal institutions;

Supplemental

Mobility Herd mobility management

(individual or collective; use

external shepherd; the distance

of grazing land from the

settlement/village; etc.) in link

with social constraints/facilities

and natural resources

opportunity

Supplemental

Gender

involvement

Women and young inclusion in

the decision and action

processes at the farm and off

farm level;

Supplemental

Livelihood Outcomes Assessment
In a first step, in order to understand the relationship between
the resilience components and overall livelihood outcomes,
we needed to approach an indicator of well-being to reflect
the livelihood outcome. Well-being is a broad concept that
encompasses a global judgment of satisfaction with life, including
fulfillment of living conditions (e.g., housing, employment) but
also contentment (like happiness or positive mood) (Diener et al.,
2009). In this present work, well-being is approached in terms
of contentment of living conditions based on the satisfaction of
material life to compared with national standards. For that, we
proposed to compare two aggregated indicators of “well-being.”
The first aggregated indicator was composed of the ten Progress
Out of Poverty Index (PPI—www.povertyindex.org) criteria
defined at national level, and which estimate the probability

of poverty at the 95% level of probability (Schreiner, 2007).
This aggregated indicator enables the comparison of the overall
poverty level in pastoral and agropastoral populations with
the national population. The second indicator, that we have
called “Viability,” is composed of 4 sub-aggregated indicators
addressing respectively, means of transportation (composed of
the bicycle, the motorbike, car and the 4 × 4 car), housing
facilities (tent or/and concrete), communications tools (including
a smartphone), and a set of criteria related to net livestock income
(animal assets and total net income per member of the family
engaged full-time on-farm activities). These four sub-aggregated
indicators were developed based on open interviews with key
local informants (cheikhs–namely local authorities) and farmers.
These open interviews aimed to identify the criteria that people
used to classify a person or household as economically fragile or
comfortable. For instance, local stakeholders and farmers used to
categorize each other according to the type and age of car owned,
the use of a smartphone as a means to be connected toWhatsApp
groups, access to water, the housing material (including the tent),
and herd-composition and size (see Supplementary Material 1).

In the second step, consistent with our sampling approach
that focused on the analysis of the diversity of farming systems,
we developed a household farm systems’ typology, using a
multiple correspondence analysis (MCA) on household asset
variables and variables related to livelihood diversification
and social management combined with the Ward method
of hierarchical clustering (Ward, 1963) in each study site
(respectively, in Guelmim and Tinghir). This factorial
analysis technique is a descriptive approach that has the
added advantage to be relevant with small sample. In our
research, this set of methods was more applicable than
econometric analysis that requires a large sample. The
input variables comprised the set of resilience components
(Table 2), transformed into discrete variables, combined
with household assets as active variables (Table 2, col3),
and diversification and social management as supplemental
variables (see Supplementary Material 1). The adaptive
capacity variables were transformed into discrete variables
to capture their link to the function of resilience. They were
transformed by the minimum score of 0 or 1, indicating a
null or lower value on the adaptive capacity contribution to a
maximum score of 5. However, the scoring system’s number
varies between their amplitude and variability related to the
variability in each location of our case study. The hierarchical
clustering analysis identified three types of farm households
in Guelmim and four types in Tinghir. To better understand
and characterize the differences in livelihood characteristics
among these household types, we calculated the means
for different household characteristics including household
demographics, off-farm diversification, access to land, livestock
herd composition and structure, and livestock production for
each household type.

In the third step, we tried to understand the links between
“capacity of actions” and “resource endowment” and the two
livelihood outcome indicators based on “PPI” and “Viability.”
For that, we developed a profile of resilience for each household
type. To do this, for each resilience component, we first calculated
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the sum of the highest scores of each variable in the component
for each study site, giving the maximum contribution for each
component in the studied population. We then estimated the
relative aggregated score of each component for each household
by calculating the ratio of the sum of individual scores over
the maximum potential contribution of the component in the
studied population. To generate resilience profiles, we then
calculated the mean component score by household type. The
same formula was applied to the livelihood outcome indicators
“PPI” and “Viability,” enabling us to compare the resilience
components with the level of living conditions and economic
viability (PPI and viability).

In the last step, we tested and validated the sets of parameters
selected in each component of the resilience profiles and analyzed
the correlation with the two indicators of livelihood outcome,
i.e. PPI and Viability. To achieve this, we performed a multiple
factorial analysis (MFA) with the variables of the 10 components
of resilience as active variables and the variables of the two
components of livelihood outcomes (PPI and Viability) as
supplemental variables.

RESULTS

Characterization of Livestock Household
Farm Systems’ Types
The main characteristics of the agropastoral and pastoral systems
issued from two clustering analyses on the first factorial axis of
the multiple correspondence analysis conducted in the two zones
(descriptive statistics are given in Supplementary Material 2) are
presented in Figure 3.

In Guelmim, we used the two first factors representing 17%
of the variance of the sample. The first axis differentiated the
large and specialized camel-based system (called “G3”) and the
diversified camel-system withcrop production (called “G1”). The
second axis allowed the identification of a third group (“G2”)
representing the traditional agropastoral systems based on camel
and small ruminants (sheep and goats). Group (G3) gathered
the youngest family leaders who have developed a specialized
camel-based system. In this group, family heads diversify their
source of income by valorizing different camel activities, such as
camel racing through the regional festivals and milk products,
in addition to the sale of live animals. The second group (G2)
corresponded to traditional agropastoral systems where camel-
herds move with a large flock of small ruminants (around 350–
400 animals), composed of two-third of sheep and one-third
of goats. Finally, (G1) comprised the smallest camel-herd that
grazed on communal land. This group benefited from communal
land where they were able to grow, in rainy years, wheat for home
consumption and barley for animals.

In Tinghir, the clustering analysis was performed on the
coordinates of the individuals on the three first factors
representing 33.6% of the variance. The first factor isolated
group T2, representing the specialized pastoral system based
on permanent grazing practices of a large flock (around 600
sheep and goats). Contrary to the others groups, this group (T2),
mainly localized at higher altitude, and has not developed any

crop activity. Factor 2 differentiated the diversified agropastoral
systems according to the flock size, separating the group (T1)
and (T3). The group (T1) comprised the extensive agropastoral
system that kept around 400–450 animals. This group also owned
the largest land area (around 6 ha) used to cultivate cereal or
fodder crops. At the opposite side, group (T3) owned less than
100 sheep and goats, with most goats, on <1.8 ha of cultivated
land. However, contrary to the last group (T4), the farmers in
(T3) had developed a cattle activity (with around eight cattle).
Finally, the last group (T4), was characterized by owning about
180–200 heads but without a cattle activity.

Resilience Profiles and Livelihood
Outcomes
Based on this categorization of the agropastoral and pastoral
systems, we generated the aggregated scores of each resilience
component to assessthe associations with the livelihood outcome
indicators based on “PPI” or the proposed aggregated indicator
“Viability,” composed of the criteria identified during our
open interviews with the key stakeholders. Figure 4 presents
the profiles of each system, respectively, for the camel-based
systems in Guelmim (A) and sheep and goats-based systems in
Tinghir (B).

Figure 4 reveals that livestock assets (Livestock_Tlu)
differentiate the livestock farm systems’ types in both study
areas, but to a lower degree in Guelmim. However, we can
observe that the large pastoral and agropastoral systems in both
regions have both the maximum stock of animal assets. Another
striking finding is that we observe contrasting variability in the
spider diagrams between the two studied zones. Although the
three camel-based systems in Guelmim present relatively similar
profiles in terms of the combination of assets and capacity of
action, we see more significant differences in the resilience
profiles in the sheep and goats-based systems in Tinghir.
Notably, in the sheep-goats-based systems, land asset and crop
diversification are higher in the agropastoral systems than in
mixed small-scale crop-livestock systems. This differentiation
of land and crop-based systems reflects the differential capacity
of investment allowed by a large flock. Besides, we can see that
women and young are more involved in the specialized pastoral
system than in the other mixed crop-livestock systems.

The livelihood outcome indicators also present different
profiles of the resilience of the systems in Tinghir compared
to Guelmim. PPI and Viability remain consistent for each
household type in relation to livestock assets in arid zones in the
camel-based system. However, in Tinghir, we observedifferences
between these indicators for the large agropastoral (T1) and
the pastoral system (T2), which record a low score for PPI
compared to Viability. On the other hand, the diversified cattle-
small ruminant system (T3) recorded a higher score for PPI than
Viability. The small-scale mixed crop-livestock system exhibited
similar scores for the livelihood outcome variables. Furthermore,
in Tinghir, while the PPI scores reveal better living conditions of
the mixed crop-livestock system, Viability scores suggest that the
pastoral and agropastoral systems have slightly higher resilience
than the diversified crop-livestock systems. This contrasting
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FIGURE 3 | Typology of livestock farming systems in the two studied sites (camel-based systems in Guelmim on the left and sheep and goats farming systems in

Tinghir on the right)].

FIGURE 4 | Profiles of resilience for each agropastoral and pastoral systems by distinguishing camel-based systems in Guelmin (A) and sheep and goats-based

systems in Tinghir (B) (PPI: Progress Out of Poverty Index).

difference between PPI and Viability indicators is not observed
for the camel-based systems in Guelmim where the main asset
and diversification strategy are based on the camel animals.

Figure 5 shows that the PPI indicator reveal greater
heterogeneity between sites, while the Viability indicator reveals
greater heterogeneity within sites. We can see that the two
indicators PPI and Viability present the most contrasting results

for the two large agropastoral systems, i.e., the diversified
crop-camel- based system (G1) in Guelmim and the large
agropastoral system in Tinghir. Indeed, the Viability score
enables the assessment of variability within site in associationwith
the multiple outcomes of animal products and co-products
compared to the PPI indicators which aremainly based on land
and crop diversification (see Supplementary Material 3).
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FIGURE 5 | Inter- and intra-heterogeneity of the livelihood outcome indicators for each agropastoral and pastoral systems in the two case studies. G1, Diversified

crop-camel-based system; G2, Agropastoral camel-small ruminant system; G3, Specialized pastoral camel-based system; T1, Large agro-pastoral system in Tinghir;

T2, Specialized pastoral system in Tinghir; T3, Diversified cattle-small ruminant system in Tinghir; T4, Small scale mixed crop-livestock system in Tinghir.

TABLE 3 | Matrix of correlation between the 10 themes and the indicators of livelihood.

Guelmim Tinghir Total sample

Variables W_PPI W_Viability W_PPI W_Viability W_PPI W_Viability

Human capacity −0.022 0.017 0.100 0.095 −0.130 −0.048

Labor −0.150 −0.037 −0.243 −0.191 –0.452 –0.286

Land access –0.332 −0.021 0.282 −0.038 –0.309 −0.183

Livestock_Tlu 0.161 0.441 −0.073 0.506 0.052 0.408

Crop diversification –0.578 –0.323 0.233 0.126 –0.568 –0.364

Livestock diversification −0.008 0.164 −0.076 0.015 –0.593 –0.285

Off farm diversification –0.426 −0.135 0.222 0.071 −0.126 −0.069

Social −0.045 −0.178 0.113 −0.123 –0.254 –0.286

Mobility 0.321 −0.154 –0.478 −0.040 0.595 0.283

Gender Involvement 0.122 0.145 −0.070 −0.102 –0.251 −0.129

PPI 1 0.371 1 0.197 1 0.543

NetInc_per_TLU_code −0.142 0.398 0.143 0.705 −0.081 0.411

NetInc_per_FFT_code 0.214 0.787 0.050 0.902 0.249 0.809

NetInc_per_poverty_level 0.237 0.802 −0.019 0.852 0.247 0.808

Total_poverty _perc_class 0.931 0.276 0.946 0.116 0.933 0.437

Values in bold are different from 0 at a significance level alpha = 0.05.

Disaggregated Approach of the Resilience
Based on the Resource Endowment and
Capacity of Action
To analyse the proximity between the livelihood outcome
indicators and the capacity, we implemented a multiple factorial

analysis conducted on the 10 components of the resilience

profiles and including the two livelihood outcome indicators

as supplemental variables. Table 3 presents the correlation

matrix between the different scores for each component of

the resilience profile representing the resource endowment
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and capacities of action with the two proposed indicators of
livelihood outcomes.

A significant association was observed between PPI and
Viability indicators, with a multivariate correlation coefficient
(RV of 0.389). However, these two components of the livelihood
approach differed slightly in regard to the profiles of stock
of assets and capacity of action. On the one hand, the PPI
component is relatively more associated with human capacity,
crop diversification, and women or youth involvement in
decision and control management than the “Viability.” On the
other hand, the “Viability” component is more associated to the
“Mobility” and “Livestock-Tlu” components. Surprisingly, the
stock of land and, to a lesser degree, labor organization have
a more distant relationship with the two livelihood outcome
indicators. In contrast, land access seems to be a more robust
differentiating variable in the typology. The overall correlation
between the components of the resilience profiles and the two
livelihood outcome variables is slightly higher with PPI (RV =

0.549) than Viability (RV= 0.438).
The matrix reveals also similarities in labor organization and

crop and livestock diversification. The main differences in the
correlations of each component with livelihood outcomes occur
with the stock of assets components of the resilience profile.
While there is a significant correlation between PPI and stock
of land assets, this correlation is not significant with “Viability.”
Furthermore, we observe the opposite pattern with the inventory
of livestock assets, with a positive and significant correlation
with “Viability.”

DISCUSSION

Heterogeneity and Convergence in the
Agropastoral and Pastoral Systems of
South-Eastern Morocco
It was notable that the resilience profiles of the farming
household types were largely similar within each study site
(Figure 4), indicating that the variability between sites was
much greater than the variability found within sites. Given
the contrasting agroecological and socio-economic contexts
of these two rural agropastoral and pastoral systems of
southand eastern Morocco, this may have been what one
expected. However, a number of studies on mixed crop-
livestock systems suggest that household variations in asset
holdings often outweigh larger-scale geographic, socio-cultural,
and economic differences (Ellis and Bahiigwa, 2003; Ellis
and Freeman, 2004; Tittonell et al., 2005). Our results on
the other hand align with other studies more focused on
agropastoral and pastoral systems that emphasize the effect
of location specific factors in determining resilience (Abebe,
2020; Melketo et al., 2021). As a number of such studies
indicate, context-specific factors such as climate, disaster-risk
proneness, distance to market, access to irrigation, access to
credit, local politics among others are important determinants of
household resilience(Perez et al., 2015; Bera et al., 2020). These
contrasting results between livestock or crop-oriented systems

may indicate important differences in factors affecting overall
household resilience.

Taking a closer look at the differences in the resilience profiles
between sites, the major differences tended to be associated
with livelihood diversification [off-farm diversification, livestock
diversification, and crop diversification, considered in the
capacities of action in our frame (Figure 2)], where household
types from Tinghir were more diversified than the household
types from Guelmim (Figure 4). Moreover, within site, the
variability in livelihood diversification was greater in Tinghir
compared to Guelmim, with household type of specialized
pastoral systems in Tinghir (T2) displaying much lower
levels of diversification in terms of off-farm diversification or
crop-diversification compared to the other household types
in Tinghir. These differences between and within sites in
livelihood diversification are especially important as livelihood
diversification is often identified as a key strategy in building
household resilience (Wu et al., 2014;Martin and Lorenzen, 2016;
Sarker et al., 2020).

One of the main reasons for the differences in livelihood
diversification between sites is likely a result of the overall
vulnerability of the households of the two sites. As observed in
the livelihood outcome variables (PPI and Viability—Figures 4,
5), households from Guelmim are much less prone to poverty
and their livelihood strategies are much more viable than
the households from Tinghir. While livelihood strategies with
no doubt contribute to livelihood outcomes, there is also
an important iterative process or bi-directional dependence
between resilience profiles and livelihood outcomessuch that
livelihood outcomes will also influence the livelihood strategies
employed by the farming households (Figure 2). In this sense, the
farming households of Tinghir are compelled toward livelihood
diversification strategies in order to build resilience in the
face of higher levels of poverty and lower levels of livelihood
viability, placing them in positions of greater vulnerability.
This finding closely reflects the conclusions of a recent study
investigating livelihood diversification in a riverine context in
rural Bangladesh. In this study it was shown that resource poor
households tended to exhibit greater livelihood diversification
than resource richer households (Sarker et al., 2020).

On the other hand, the comparatively improved livelihood
outcomes of the farming households in Guelmim coupled with
the economic opportunities presented by an easily accessible
urban center nearby are key factors that may enable these
households to thrive by adopting more specialized, less diverse,
livelihood strategies. The most extreme example of this is
with the specialized pastoral camel-based systems(G3) that
specialized in pastoral camel systems generating significant
proportions of their income through niche activities related
to camel racing (see Supplementary Material 2). This finding
reflects the conclusions from a study in Botswana, where, when
the conditions were conducive, wealthier and more powerful
households often employed “accumulator” livelihood strategies
specializing in the rearing of livestock (Sallu et al., 2010).
Besides, we need to mention that the Guelmim-Oued Noun
region, at the gate to the Sahara, has also benefitted from
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significant support, especially from the state. This support
has followed the Sahara conflict which had implied important
investments in terms of infrastructure (mainly roads) and a
settlement of civilians as well as military troops. This situation
differs significantly from Tinghir, which is not an important
trade route. However, the two areas always receive barley
grains at a subsidized price that were considered into the net
income calculation.

With regard to the greater variability in livelihood
diversification within Tinghir, it appears that these differences
may be driven by access to land. Specifically, as noted above,
T2 farming households differed from the other household types
in Tinghir as their crop and off-farm diversification levels were
much lower. It is likely that the lack of livelihood diversification
among these households was a result of lower levels in land
access, the other resilience component that displayed important
differences among household types in Tinghir (Figure 4).
Leading a fully pastoral lifestyle without owning or cultivating
land prevents livelihood diversification into crops. Furthermore,
it is likely that a full mobile pastoral lifestyle is also very labor
intensive as indicated by the number of males and females in
the household active on-farm (Supplementary Material 2). This
is confirmed by the particular profile of gender involvement
for T2. Women and young are strongly involved in mobility
management throughout the year. This also prevents livelihood
diversification through off-farm income generating activities as
more members of the family are employed on-farm.

Although many studies in pastoral areas have highlighted
the role of livestock as social capital (Thébaud and Batterbury,
2001; McCarthy and Di Gregorio, 2007; Moritz, 2008), Figure 4
displays weak variation of the social exchanges in association
with the different profiles of resilience. Indeed, our results tended
to display a negative correlation between social exchanges and
livelihood outcomes indicators. In fact, the social exchanges in
terms of loans or gifts in kind or money are more developed
in the less resilience population. However, we cannot omit that
the present approach does not reflect the real exchanges of live
animals that have been difficult to capture in our survey.

These mobile, but landless, households therefore face
significant structural barriers to livelihood diversification due
to their inability to exploit opportunities for further income
generation either through crop production or off-farm activities.
Without these pathways to building resilience, it is likely that
they will remain particularly vulnerable compared to the other
farming households in the area. As such, our results support other
research that suggest pastoral systems in Morocco will face even
greater existential threats in the coming decades due to a variety
of environmental (e.g., climate and land-degradation) and socio-
economic (e.g., land-use change and household characteristics)
factors (Martin et al., 2016; Schilling et al., 2020). Indeed, as a
recent study has shown these threats are leading to a consistent
trend toward the conversion of pastoral land to agricultural
land in southeast Morocco (Lamqadem et al., 2019). Greater
investment in long-termmanagement of rangelands and pastoral
livelihood security is therefore key to supporting these farming
households (Martin et al., 2016).

Indicators of Livelihood Outcomes and
Perspectives
The comparative analysis of household resilience and livelihood
outcomes for the different identified livestock farming systems in
Morocco based on herd-mobility revealed the different roles of
each animal species in their contribution to the overall resilience
profiles and, consequently, their impact on the livelihood
outcome indicators. In Guelmim, we noted large similarities
between PPI and Viability indicators in line with animal stocks,
mainly defined by camel assets. Conversely, the relations between
animal stock and livelihoods outcome indicators present different
configurations in the sheep and goat-based systems according to
the complementary role of crop and off-farm activities, family
size, and how to conceive the livelihood measurement. As soon
as the system is based on large ruminants like cattle in the
“diversified cattle-small ruminant system in Tinghir” (T3), we
note similar profiles for PPI and Viability livelihood indicators.
The similarity of livestock conditions is also observed for the
small-scale mixed crop-livestock system (T4) with a relatively
good land basis compared to the other types in the sample.
On the other hand, we note significant differences between PPI
and Viability indicators regarding the pastoral and agropastoral
systems based on sheep and goats. The “Viability” indicator
better reflects the capital related to animal stock and animal
diversification outcome. So, this result questions the use of the
PPI indicator as a livelihoodmeasurement in the pastoral systems
based on small ruminants.

Understanding this contrasting result between systems
oriented to large ruminants or small ruminants is explained
by the different roles played by animal species in the overall
livelihood outcomes (Alary et al., 2011, 2015). Linking these
results with the framework proposed in Darnhofer (2014)
who highlights three aspects covered by resilience, i.e., buffer
capability, adaptive capability and transformative capability,
this analysis highlights the larger contribution of camels and
cattle in terms of transformative capacity of the household
system, contrary to sheep and goats that can generate important
monetary fluxes but not necessarily physical accumulation (either
for housing or farming). As such we can argue that sheep
and goats increase the “buffer” and even “adaptive” capacity of
rural households in case of shocks, but not necessarily their
“transformative” capacity. Here the buffer and adaptive capacities
refer to the concept of farm resilience developed by Milestad
and Darnhofer (2003) and used in different research works (e.g.,
Speranza, 2013).

In parallel, the interviews with key stakeholders in each area
allowed us to get an insight into some common perceptions
about the livelihoods of the different farm groups based on
herd size. For instance, in Guelmim, families can rapidly have
an idea about the living conditions of each other based on
camel-herd and sheep-goats flock size. According to a number
of interviewees, a family with more than 50 heads of camel,
lives well. Below this threshold, “it will depend on the sheep
and goats flock size...with 200 sheep and goats, a family can
achieve similar living conditions to families with more than 50
camels” (declaration). These explanations align closely with the
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household types that were defined through the MCA and the
corresponding livelihood outcome indicators (PPI and Viability).
Group (G3) comprised the farmers with more than 50 camels,
while groups G1 and G2 represented the households with or
without the complement sheep and goats flock. In Tinghir, the
discussions conducted with key stakeholders highlighted the
contrasting living situations between the pastoral systems in
the mountainous zones from the agropastoral or mixed systems
along the Dadès valley. The typology reflected these distinctions
too, clearly defining the transition from pastoral to integrated
crop-livestock systems along the valley. The livelihood outcomes
indicators put in exergue different capacities, i.e., the capacity
of action for mixed systems through the PPI and the resource
endowment for large pastoral systems through the Viability
score. We can note that the “Viability” score through a set of
performance indicators related to income address the monetary
poverty (see Supplementary Material 2).

With regard to the proposed conceptual frame work outlined
in Figure 2, we can conclude that the “PPI” livelihood outcome
indicator conceived at the national level, remains a relatively
good proxy of the living conditions of pastoral and agropastoral
systems based on large ruminants. On the other hand, the
“Viability” indicator highlights relatively well the combination
of endowments and diversity described in the resilience profiles
(like proposed by Chambers and Conway, 1991). This indicator
considers the variety of system components and diversity of
livelihood options that confer a certain degree of flexibility and
then an adaptive capacity in their livelihood strategies (as also
observed in Robert and Lallau, 2016).

Moreover, notwithstanding these findings, it is important to
note that with our methodological approach, the transformation
of the raw or calculated data into discrete variables to capture
their association to resilience raises some issues. For example, the
collective management of a livestock herd with different herd-
owners can be either perceived as an indicator of robustness
(if this enables livestock-breeders to exploita larger territory in
relation to a social network) or vulnerability when herd-owners
are forced to participate in collective management due to lack
of equipment or human resources to conduct mobility alone. To
better understand these dynamics within the local contexts of the
research areas, the research teams used the formal and informal
interviews that were conducted with community elders and local
key stakeholders in the form of life stories (by referring to the
approach of Vincent-Ponroy and Chevalier, 2018). However,
this point raises the question whether such a variable should
then be included as an indicator of resilience when attempting
to develop a generic approach for the assessment of resilience
profiles of pastoral and agropastoral systems? Moreover, would
it be more appropriate to explore the underlying drivers, i.e.,
access to equipment and human resources? However, it is well
recognized that the approach focusing on drivers does not
solve the problem completely, especially from the perspective
of using collective management as a form of generating greater
resilience. Collective management seems to be both a product of
vulnerability and an opportunity to achieve greater access to land.
As such we argue that this approach requires a context-specific
scoring system for some indicators. Only the set of proposed

indicators constitute a sound basis to approach the diversity of
livelihood strategies of pastoral and agro-pastoral systems. This
list of proposed indicators is currently analyzed in front of a
diversity of (agro) pastoral systems through an expert group
working in North and Sub-Saharan African countries. Another
step will be to compare livelihood outcomes indicators with other
livelihood measurements as discussed by Alkire (2002), Ramos
and Solber (2005) or by McPeak et al. (2011) for (agro) pastoral
households. The presented development of data collection and
research on composite indicators to capture livelihood status in
pastoral systems highlights the need to work more on clusters of
indicators rather than a single indicator of livelihood outcome
in these systems, considering the multiple and variable functions
of animal species. Finally, as also mentioned in McPeak et al.
(2011), capturing the direct and indirect flows from the social and
economic transactions around livestock activities such as gifts
and transfers also remains a challenge.

CONCLUSION AND PERSPECTIVES

The results clearly show that understanding the multiple
functions of livestock assets as well as the heterogeneity of the
production systems of breeders and their families constitutes
a first and unmissable step in the elaboration of compatible
development options to improve the livelihood conditions of
pastoral and agropastoral systems living in these arid and
uncultivable areas.The proposed framework allowed us to
capture the bi-directional dependence between resilience profiles
and livelihood outcomes. Notably, our case study highlighted
the fact that livelihood outcomes are both a product and a
determinant of resilience profiles. This holistic approach based
on factorial analysis also highlighted the structural barriers
to livelihood diversification of some pastoral and agropastoral
systems. These barriers are related tothe degree of ability
to exploit opportunities for further income generation either
through crop production or off-farm activities. Furthermore,
this ability is also conditioned by livestock composition and,
consequently, the potential accumulation process in and out of
agriculture. However, one of the main bases of this dynamic is
firmly embedded in the long-term management of rangelands
that condition pastoral livelihood security over time.

From a methodological point of view, our work allowed to
develop an operational framework for addressing and assessing
living conditions of farming household whose livelihoods
depend on livestock incomes in dryland areas. This approach
underlines the multiple roles that livestock can play in relation
to animal assets and their management and the role of
complementary activities such as crop cultivation or off-farm
activities. However, this approach also highlights heterogeneities
due to the context that conditions different opportunities of
diversification (capacity of action), also involving different needs
and development options. This context-specific factor reinforces
the need to employ a solid database collection system, enabling
the capture of both general and specific components of resilience
profiles based on a holistic approach. In this line, RHoMIS
constitutes a sound basis for data collection, allowing to some
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local adaptation. The new version of the livestock modules
developed within this work and the performance indicators
developed within this current framework presented in the
paper could be an excellent basis to define resilience profiles
considering the organization and functioning of household
systems based on mobile livestock activity. Moreover, this
approach could constitute a valuable contribution to help fill
the knowledge gaps that limit policy makers in developing
contextualized rural development policies and instruments in
these very vulnerable environments where livelihood outcomes
are mainly based on livestock asset.
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