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Rainfed smallholder farming is particularly vulnerable to climate change, which can greatly
exacerbate existing poverty and livelihood challenges. Understanding the complexity
of the systems that connect the environment, society and people can help us to
reduce this vulnerability and increase the resilience of communities and households to
climate perturbations. In recent years, resilience theory has proven a useful approach
for exploring the complexity of development challenges. As a result, there has been an
increase in the development of tools and frameworks for assessing resilience. Despite
this increased focus, there is no consistent use of the resilience concept in development
practice and little evidence as to the benefits of using the tools. This paper aims to
bridge theory and practice by coupling research on resilience with its application in
the international development field. The specific hypothesis we explore is if and how
rural livelihoods build resilience toward increased climatic variability in already degraded
agro-ecological landscapes? We present a resilience framework with indicators to assess
the extent of community resilience to climate change through improved local agricultural
production and natural resources management. Primary and secondary landscape and
community data, together with development of participatory watershed action plans were
used to populate 16 indicators in a resilience framework baseline for the two rainfed
dominated watersheds in Ethiopia and Ghana respectively. Given community awareness
of the challenges related to the watershed natural resources, local agriculture and
extreme weather, the communities were very willing to develop action plans to improve
their management of natural resources and build climate resilience. Nevertheless, our
analysis of the watershed action plans revealed that strengthening resilience through
local action alone, would likely not be sufficient to meet all climate -livelihood challenges
identified. To address severity and recurrence of climate change related disturbances,
such as droughts, floods and disease in poverty-affected rural communities, the capacity
to improve resilience will depend on external factors, in addition to inherent action.
New knowledge, infrastructure and social security mechanisms, including insurance and
emergency assistance need to added to build resilience for poverty-affected communities
in degraded watersheds. We conclude there are also challenges in the use of resilience
framework for development and climate-action related to rural poverty affected and
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degraded livelihood systems. Populating complex social-environmental systems will
also need further development, to understand progress in resilience building under
changing climate. Special attention to systemic indicators that describe the coupling
and interdependencies of social-ecosystem factors will be critical to take action.

Keywords: social-ecological system, agriculture, watershed development, dryland, Ghana, Ethiopia, community

participation, resilience

INTRODUCTION

Climate change, rainfall variability and water insecurity with
recurrent incidence of droughts and dryspells affecting food
security is estimated to affect 3.2 billion people, of which 1.4
billion is living in rural settings (FAO, 2020). Latest report
by IPCC (2021) re affirms that incidence and duration of
precipitation and other weather related extreme events is already
affecting multiple regions, with both more heavy precipitation
and more incidence of agricultural and ecological droughts. In
sub-Saharan Africa, smallholder farming is a main source of
income and livelihood and an intervention area for poverty
alleviation and development. Poverty persists, especially in
rural areas, where livelihoods are closely related to agricultural
production (Katsushi et al., 2018). These areas are already
affected by land degradation and soil nutrient depletion (Leakey
et al., 2009; Barrett and Bevis, 2015), making it a challenge
to increase yields at a pace commensurate with population
growth. Land degradation affects the well-being of over 3.2 billion
people in the world, with the greatest impacts felt by the most
vulnerable groups (IPBES, 2018). Furthermore, a high probability
of drought and dry spells (Hyman et al, 2008; Rockstrom
and Falkenmark, 2015; Gautier et al, 2016) make farming
systems on degraded land particularly vulnerable to pressure
from variable climates. Together these slow and fast social and
environmental changes have severe impacts on rural smallholder
farming systems, contributing to persistent poverty (e.g. Barrett
and Bevis, 2015; Enfors, 2015; Grace et al., 2017). One action to
support development is to use participatory pathways for better
managing agricultural production systems and local natural
resources. The approach are considered key to anticipating and
adapting to challenges of weather and climate degraded land and
productivity and livelihood impacts, to increase the resilience of
rural agricultural communities.

Resilience is a useful concept for capturing the complexity
and interactions of social-ecological systems (Folke et al,
2010; Cote and Nightingale, 2012). While definitions vary,
for the purposes of this study, resilience is defined as “the
ability of a system and its component parts to anticipate,
absorb, accommodate, or escape from unacceptable standards
of living due to the effects of a hazardous event, in a
timely and efficient manner (Douxchamps et al., 2017).” In
other words, resilience describes the capacity of communities
in a given context or landscape to maintain and improve
their livelihoods—despite stressors and shocks—through the
sustainable management of natural resources while maintaining
key ecological functions.

The concept of resilience is increasingly being embedded
in development policy at global, regional and national levels
(Brown, 2015). For example, resilience to climate change is
a fundamental element of several United Nations Sustainable
Development Goals, including the goals on poverty reduction,
food security, infrastructure, urbanization, climate change and
oceans (UNGA, 2015). The Paris Agreement emphasizes climate
resilience and the resilience of socio-economic and ecological
systems (UNFCCC, 2015) and the Sendai Framework for Disaster
Risk Reduction 2015-2030 calls for increased resilience to
disasters (UNISDR, 2015). At regional and national levels,
resilience is a key focus of policies that address climate change
impacts, for example, through commitments to creating climate-
resilient communities and economies in the framework of
Agenda 2063, The Africa We Want (African Union, 2015), or
to increasing agricultural production, in the framework of the
African Union’s Malabo Declaration on accelerated agricultural
growth and transformation for shared prosperity and improved
livelihoods (African Union, 2014).

In academic literature, writing on resilience dates back at
least to the 1970 (e.g., Holling, 1973; Berkes and Folke, 1998;
Carpenter et al, 2001). Efforts to link resilience theory to
development have increased in recent years as a means to
strengthen capacities to cope with climate-related challenges
and to contribute to poverty reduction. Berbés-Blazquez et al.
(2017) identify multiple overlaps between development resilience
strategies, specifically noting the need to adopt a complex
systems perspective. To address the different interpretations of
resilience across disciplines, Xu and Kajikawa (2017) developed
an integrated framework aimed at a generalizing the concept,
outlining the principal components irrespective of disciplinary
approach. The authors considered aspects of system flexibility,
redundancy, diversity, and connectedness. They paid special
attention to external and internal slow and fast systems
components, to enhance resilience for desired systems outcomes.

The use of resilience to address climate challenges has
prompted advances in the development of practical tools for
applying resilience theory. Although there are many approaches
to measuring resilience in development practice (UNDP, 2013;
Béné et al., 2014; FAO, 2015; Quinlan et al., 2015; Douxchamps
et al., 2017; Sellberg et al, 2017), there is little evidence of
what can be achieved when different tools are applied. Key
challenges concern what to measure and how, to gauge progress
and change. Based on a review of more than fifty resilience
tools and methodologies, Douxchamps et al. (2017) found that
further studies are needed to ensure that resilience theory is
fully grounded in empirical observation, and that more attention
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TABLE 1 | List of indicator categories indicators [adopted from Douxchamps et al. (2017)] and sources of data for measuring the resilience of the agro-ecological systems

in G1, G2, E1, and E2 watersheds [adopted from Douxchamps et al. (2017)].

Categories [after
Douxchamps et al. (2017)]

Primary data
(qualitative, based on four local watershed
action plans)

Secondary data
(quantitative, 2nd tier through literature reviews and own

analyses)

Initial state and capacities:
Assets
Use of Assets

Disturbances and shocks

Contextual factors and systemic
indicators

Subsequent states and
trajectories: Assets, Use of
Assets; Capacities

Module 1: /dentifying livelihoods and their
dependencies on ecosystem services

Module 2: Mapping of land use, water sources,
and landscape components critical to the supply of
ecosystem services

Module 3: Timeline of major shocks/events and
their effects on ecosystem services

Module 4: /dentifying coping/adaptive strategies
for sustaining ecosystem services

Module 5: Understanding of social/institutional
organization in relation to natural resources
management, and mapping of networks

Module 6: Action Plan toward enhanced resilience
by improving the management of ecosystem
services

Land use and change maps, rainfall

analysis, agro-ecological systems,
yield data
Census data

Climate analysis of droughts,
dry-spells, floods

Ecological regulation; SES
connectivity; functional responses;
self-organization

See
Supplementary Section 2

See
Supplementary Section 3
See
Supplementary Section 2

For full indicator description, see Supplementary Section 1 and sources of data in Supplementary Sections 2, 3.

is paid to the systemic dimensions of social-ecological systems
(SES) for accelerated development subject to changes, such as
development and climate change.

This paper aims to bridge theory and practice by coupling
research on resilience with its application in the international
development field. The specific hypothesis we explore is:
can rural livelihoods build resilience toward increased
climatic variability in already degraded agro-ecological
landscapes? To explore this, we present results from the
implementation of community-developed watershed action
plans aimed at supporting community efforts to improve
watershed management for building resilience to climate-
related stressors and shocks. We develop baseline data for
measuring progress of community resilience related to the
agro-ecological landscape and to the dominant livelihoods. And
finally we analyse the proposed community plans of action,
with specific interest to the systemic indicators, that are key
to capture the interconnectedness between the components
of the social-ecological system. The protocol was piloted in
four watersheds dominated by smallholder farming systems in
rainfed agriculture: two in Ghana and two in Ethiopia during
2016 and 2017.

METHODOLOGY

Protocol for Assessing Resilience in Rural

Communities

The protocol applied in this paper follows the resilience
assessment components of developed by Douxchamps et al.
(2017) based on the Common Analytical Model for Resilience
Measurement (Constas et al., 2014). It involves a mix of methods
for data collection and analysis, which take into account multiple
perspectives and governance levels. The specific approach in data
collection is outlined in Table 1 and in Supplementary Section.

In summary, three main approaches were used. Firstly, desk
reviews from open access publications and public records were
used to the finest spatial resolution and most updated record.
For assessing historic watershed landuse change and rainfall data,
remote sensing products (Supplementary Section 2). Finally,
the community-developed watershed action plans, following the
IWMI (2018) “Sustainable Management of Water, Land and
Ecosystems for Resilient Communities: Community Workshop
Modules” tool were used for qualitative information and analysis
of the proposed progress toward climate resilience, in respective
location (Figure 1).

The data was then measured against an identified set
of indicators (see Table 1) derived from Douxchamps et al
(2017) to reveal the baseline level of resilience. The indicators
were grouped into three categories: (i) initial states and
capacities, which includes indicators on poverty, education,
agricultural management, water and sanitation, and livelihoods
and strategies to anticipate, absorb, accommodate, or escape
stressors and shocks; (ii) context, including indicators on agro-
ecology and climate, institutions and social networks, ecological
regulation, functional responses, and connectivity. The systemic
factors are particularly important for this indicator category
as they have been identified as a gap in many resilience
measurement frameworks (Douxchamps et al., 2017). Systemic
factors (environmental regulation, self-organization, functional
responses, and connectivity) capture the links between systems
components, both within the ecological and social systems
respectively, as well as between the ecological and social
aspects of the watershed. For example, access to inputs, such
as irrigation, fertilizers, and pesticides, can result in higher
yields, and have a positive impact on household incomes
and increase resilience. However, such management practices
can also result in the degradation of water surface and
groundwater resources, if applied inappropriately, and hence
can be considered an indicator for social-ecological system

Frontiers in Climate | www.frontiersin.org

December 2021 | Volume 3 | Article 735880


https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles

Barron et al.

Climate Resilience in Rainfed Landscapes

Resilience components
and Indicator categories

Initial state and
capacities

Assets

Use of Assets
Capacities (T1)

v

Disturbance

Contextual factors

Social, ecological and

systemic factors Stability and Shocks

v

Subsequent states
and trajectories

Time and event sensitive measurement

@---ccccccccccccccccccccccccccccccscsccccaaaanan

Assets

Use of Assets
Capacities (T2, T3...)

the analysis of the community-developed watershed action plans.

FIGURE 1 | Schematic figure outlining data collection related resilience framework components [after Douxchamps et al. (2017)] in the research study, using a mixed
method approach to assess resilience which included landscape assessment using remotes sensing, climate data, desk study of census data and policy review, and

Multiple methods / Outputs
Multiple scales
* Action Plans for
improved natural
Policy review resources
management
N7
+ * Data for measuring
resilience
Climatic variations
Land use change
Census data
Yield data
v
YN
Facilitated dialogues
000000 J N

(SES) connectivity indicator. The final indicator category is
iii) disturbance, which includes indicators on type, frequency,
intensity and effects of shocks and stressors. For the purposes of
this study, shocks and stressors were measured at community and
district levels based on primary and secondary sources, to provide
both objective and subjective understanding of the timing, length
and effects of events over the past 25 years. This category also
includes the recognition of undesirable stable states.

The indicators are listed in Tablel and in
Supplementary Section 1 section for full description and
in Supplementary Section 2 with references to primary and
secondary data sources for indicators.

Case Studies in Ethiopia and Ghana

Ethiopia, despite sustained economic growth, remains one of
the world’s least developed places, ranking 173 out of 186
countries in the 2020 Human Development Index (UNDP,
2020). Weather related extremes are frequent, both as droughts
and floods, that affect the largely agriculturally dominated
livelihoods and economy. In Ghana, despite increasing growth
at the national level and in the south of the country, there
are still regions where poverty remains high and infrastructure
is poorly developed (Ghana Statistical Service, 2015). In these
regions, addressing climate change and other development
challenges is vital to reducing poverty and to responding to
the vulnerability of rainfed farming systems to climate and
temperature variations. The national policy environments in
Ghana and Ethiopia provide space for actions to increase
resilience to climate change. In Ghana, a review of policies
on climate change, environmental resources management and
agricultural production found that resilience has featured in
policy and strategy documents since 2012 (IWMI, 2018a,b).
For example, the MESTT (2013) includes resilience among its
objectives for agriculture, infrastructure, water land systems

and vulnerable communities (MESTI, 2013) and the Ghana
Shared Growth and Development Agenda (GSGDA) II (2014-
2017) promotes crop varieties that are resilient to climate
change (Giordano and Cofie, 2017). In Ethiopia, strengthening
resilience is an explicit policy commitment at the national
level (Barron and Debevec, 2016). The Federal Democratic
Republic of Ethiopia (2011), FDRE (2012) identifies the sectors
that are most vulnerable to climate change and calls for the
development of adaptation plans targeting agriculture, health,
water and energy, and the building and transport sectors (Federal
Democratic Republic of Ethiopia, 2011). There is also a Desta
et al. (2005) aimed at strengthening resilience to climate-related
shocks through proposed measures to increase incomes (Federal
Democratic Republic of Ethiopia, 2005).

The community developed watershed action plan process was
applied in four agricultural watersheds in the Southern Nations,
Nationalities and Peoples’ Region (SNNP) and Tigray regions
in Ethiopia; and in the Upper East and the Northern regions
in Ghana. The locations were selected based on the current
livelihood systems being dominated by rainfed agriculture,
with marginal options for alternative income sources whilst
being subject to current or future water resource limitations in
landscapes. The four watersheds (Table 2) will be referred to as
El, E2, G1, and G2. In Ethiopia, one of the selected sites had links
to ongoing rural development projects (E1), while the second
one—selected for comparative purposes—did not (E2).

Between 70-80% of the population in Gl and G2 live
in rural areas (Ghana Statistical Service, 2015). In Ethiopia,
90% of all rural households rely primarily on agricultural
activities. In the watersheds, communities depended almost
completely on rainfed farming. Longterm average annual rainfall
ranges from 749mm y~! in El to 1,300mm y ! in E2
(Adimassu, 2016), and 1,000 mm y~! for G1 and G2, respectively
(Kadyampakeni et al., 2017).
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TABLE 2 | Characteristics of the selected watersheds (Oguntunde et al., 2006;
Ghana Statistical Service, 2015; Mul et al., 2015; Adimassu, 2016; Kadyampakeni
etal., 2017).

G1 G2 E1 E2
Size of the 542 km? 349 km? 12 km? 128 km?
watershed
Population >100,000 >200,000 >7,000 >50,000
Mean annual ~ 1,000mmy~" 1,000mmy~" 749mmy~’ 1,300mm y~"
rainfall
Agricultural 98% rainfed 99% rainfed 95 % rainfed 100 % rainfed
water
management
Main crops Maize, Groundnut, Wheat, barley, Wheat, barley,
groundnut, soya, cowpea, faba bean, faba bean,
sorghum, millet, maize, rainfed maize, enset maize, enset

cowpea rice, irrigated

rice, sorghum

The community developed watershed action plan (section
Protocol for Assessing Resilience in Rural Communities) was
piloted in the two watersheds E1 and E2 in Ethiopia in May-June
2016. It was further refined and contextualized with a second trial
in the two watersheds in G1 and G2, Ghana in June-July 2017.
Facilitated dialogues in local language were organized in the four
watersheds to develop the local action plans to build resilience.
Results were shared back to communities, 6 months after
respective workshop. All participants at all events were informed
and consented to the information generated during workshops
to be used for research purposes, following IRB standards. The
facilitated dialogues to develop local for resilience building action
plans followed the protocol described by TWMI (2018). The
workshop was divided into modules corresponding to the Table 1
indicators, where participants were guided through the modules
and jointly developed consensus on current state and proposed
action plans to build climate resilience in respective watershed.
These action plans were analyzed by the research team, and used
as primary data to inform on the state and capacity of social-
ecological resilience of the four communities in the watersheds.
The dialogues included communities from down-, mid, and
upstream locations in each watershed, and 20-40 participants per
workshop included elderly, young, male and female community
members, local government agencies, and representatives from
NGOs and watershed experts working with the respective
communities. Secondary data was derived from official sources
on census, climate and rainfall, land use change, and through
policy analyses to triangulate and /or quantitate qualitative
statements developed during the workshops by participants.

Scoring System for Resilience Indicators

We applied a 3- grade scoring system to all indicators of the
resilience framework, populated with data according to Table 1
and Supplementary Sections 2, 3. The 3-grade indicator scale
provide a course indicator to guide the baseline of resilience of
the agro-ecological systems in E1, E2, G1, and G2 watersheds
[indicators adopted from Douxchamps et al. (2017)]. The level
of resilience was interpreted through the indicators in order

to compare different contexts and understand whether and
how resilience changes (Hills et al, 2015). The groups of
indicators were scored as to the effect on the community’s
resilience to climate change, where (+) indicates that the
state of the measured indicator is positive; (0) indicates no
effect, and (—) indicates a negative effect. The indicators for
resilience framework categories “contextual factors and systemic
indicators” and “Disturbances” are detailed in Table 3. For full list
of indicators, see Supplementary Section 1.

Each indicator category was then weighted to provide a
relative value per category per overall watershed, in terms
of resilience for climate disturbances, taking into account the
livelihood and community network.

RESULTS

Initial States and Capacities

Initial State and Assets of Livelihood Systems

When assessing indicators describing initial state of the four
watershed and communities, we found Ethiopian sites E1 and E2
being in a relatively less developed state, with higher incidence
of poverty, smaller farm sizes, lesser degree of literacy and less
developed drinking water and sanitation facilities (Table 4). The
major difference was the level of access to improved sanitation,
with 10-15% of households lacked improved sanitation in G2 and
G1, and 94% lacked improved sanitation in E1 and E2. Access
to improved water sources also differ widely, with nearly 80%
access in G2 and just above 40% in E2. Notably, all four watershed
community consultation reported practices of soil and water
conservation (SWC) management to enhance rainfall infiltration
and reduce rainfall runoff and sediment losses from crop fields.
However, the lack of developed water storage could have negative
implications for broader water insecurity and climate resilience
in the rainfed-dominated agriculture systems of E1 and E2.

Capacity to Cope With Stressors and Shocks

The capacity to deal with risk and/or stress is an important
indicator of resilience building. When consulted in the
development of action plans, there were an inherent challenge
of seasonal migratory labor out of communities, especially
younger male, but also female. Internal remittances therefore
played a role in all four watersheds. The communities in all
four watersheds relied on a mix of agricultural activities for
their livelihoods, ranging from beekeeping, livestock, shea butter
production, aquaculture, and crop production. This diversity was
often adding important albeit small incomes.

The results of analyzing the community developed watershed
action plans showed that there was a willingness to improve
natural resources management. Communities identified and
proposed a range of actions to cope with various climate
and natural resources-related challenges, in order to improve
livelihoods and natural resources in the watershed (Table 5).
Proposed action included both behavioral change for community
or individuals, such as dietary change, awareness raising
and regulatory efforts, and pro-active measures to adapt,
and re-inforce natural habitats and ecosystems functions (i.e.,
tree planting, more SWC practices). Most of the proposed
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TABLE 3 | Extract indicator category “Contextual and systemic indicators” and “Disturbances” and relative scoring.

Indicators

Definition

Description

Scoring (+/0/-)

INDICATOR CATEGORY: CONTEXTUAL FACTORS AND SYSTEMIC INDICATORS

Capacities
Livelihoods

Coping strategies

Social factors

Social networks

Institutions

Ecological factors
Agro-ecological data

Climate

Systemic factors
Ecological regulation

Self-organization

Functional responses

Connectivity

Potential for diversity;
dependence on natural
resources

Strategies for addressing
climate related challenges

Community member
participation in networks

Available safety-nets

Land use and water quality
changes

Rainfall patterns, including
seasonal variations

Agro-ecological activities that
affect the regulating services of
the landscape

Ability to self-organize in
response to disturbance

Social and ecological responses
of the system components to
environmental changes

Connectivity between
social-ecological components

INDICATOR CATEGORY: DISTURBANCE

Stability and shocks
Stressors and shocks

Type and incidence of natural or
societal events

Livelihood diversity, including non-farm income
generating activities, and low dependence on
natural resources for livelihoods providing cash
crops: > positive impact

Coping strategies/proposed actions in community
action plans include activities to address
climate-related challenges (both slow and fast
variables) -> positive impact.

Peer-to-peer learning and exchange through
participation in networks such as cooperatives,
women’s groups, producers’ organizations ->
positive impact on community resilience

Safety nets, such as insurance, emergency support,
extension and advisory services and religious
organizations, make communities less vulnerable to
shocks and stressors: > positive impact.

Specifically, tree cover/more permanent vegetation
and changes in water quality

Changes indicating more extreme rain events,
and/or reduced precipitation, and longer dry periods
-> negative impact

Actions that affect the nutrient cycle, climate
regulation, air quality, erosion control, water
purification, such as input use (pesticides and
fertilizers), nitrogen fixing plants, soil and water
conservation or rainwater harvesting. Actions to
assist ecological regulation -> positive.

Development of grassroots networks and initiatives
(cooperation, farmers networks) -> higher level of
self-organization is a sign of adaptive capacity, and
less dependency on external support.

Diversification in income sources and agriculture
(livestock, crops, trees, bee keeping, aquaculture):
> positive for resilience as it buffers against
disturbances.

Connectivity within the watershed: > positive

Recurring severe events that affect natural
resources and well-being, such as floods, drought,
pests, disease outbreak or political conflict that
have a negative impact on resilience

(+) Non-farm income generating activities year round
(0) Non-farm income generating activities seasonally
(=) No/occasional non-farm income

generating activities

(+) Proposed actions are sufficient to address all
challenges

(0) Proposed actions are sufficient to partly address
challenges

(—) Proposed actions are insufficient

(+) Active participation in more than one network
(0) Part of one network
(=) Not part of any networks/inactive

(+) Available safety nets in times of crisis
(0) Safety net support in short term
(=) No/limited access to safety nets

+) Positive trend in tree cover and water quality
0) No change
—) Negative

0) No significant changes in rainfall
—) Significant changes in rainfall increasing dry
periods/extreme rainfall

(
(
(
(+) Changes with positive impact
(
(

(+) Actions with positive impact on ecological
regulation

(0) Mixed actions with positive and negative impact
(=) Actions with negative impact

(+) Participation in active networks and cooperation
(0) Informal support networks and cooperation
(—) High dependency on external support

(+) Diversification in income sources and in agriculture
(0) Diversification in income sources or in agriculture
(=) No/limited diversification

(+) High connectivity between SES components
(0) Average connectivity
(=) Limited connectivity

(+) No events

(0) Recurring events with small impact on well-being or
rare occurrence of severe events

(=) Recurring severe events

For full resilience framework indicator scoring, see details in Supplementary Section 1.

actions were actions already undertaken or well-known in
the community, as actions undertaken in the past, to address
watershed degradation (ie., SWC, tree planting) or when
disturbances occurred (i.e., migrate, change diet when crops

fail, sell livestock). Most communities explicitly recognized the
importance of capacity building and awareness raising as an
important component to build an action plan for resilience
in the watershed. Only one location (G2) explicitly mentioned
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TABLE 4 | Indicator scoring on assets and use of assets for the four watersheds G1, G2, E1 and E2 [data derived from primary and secondary sources from: WFP (2012,
2014), Ghana Statistical Service (2013), Debevec et al. (2016a,b), IWMI (2016b), Amoah and Appoh (2017a,b), Central Statistical Agency (2017)].

Watershed / G1 G2 E1 E2
indicator

Poverty? 50% (—) < 9% (+) 35% (0) 63% (-)
Education? <50% (=) >60% (0) 75% (0) 68% (0)

Water and sanitation® Drinking water: 50%;
sanitation: <15% lack

improved sanitation. (+)

sanitation: 10% lack

Drinking water: >80%

improved sanitation. (+)

Drinking water: 69% have
access to improved water;
sanitation: 94% lack improved
sanitation in rural areas (0)

Drinking water: 42% have access to
improved water in rural areas;
sanitation: 94% lack improved
sanitation in rural areas (—)
Chemical fertilizers and
irrigation; SWC practices;
rainfed. (+)

Chemical fertilizers and irrigation;
SWC practices; rainfed (+)

Agricultural Water for irrigation and Fertilizers. Irrigation Dec-Jun

management livestock from reservoir from small reservoir (<6
(0.025 Mm2); SWC Mm2); SWC practices;
practices; intercropping and intercropping and crop
crop rotation; rainfed (=) rotation; rainfed. (+)

Farm size® 94% / <2 ha (=) 67% /<2 ha (=)

55% / <1 ha (=) <1ha(=)

See Supplement Sections 1, 2 for indicator grading criteria of +/0/—.
a% of population.
b9 of HH with farm area (ha).

TABLE 5 | Summary of proposed natural resource management actions to build
resilience in respective watershed (E1,E2, G1,G2).

Proposed activities in community G1 G2 E1 E2
action plans

Information and support from external X

actors

Capacity building and awareness raising X X X
Spiritual efforts X

Regulations/ by-laws and behavioral X X

change to reduce practices that degrade
natural resources (inc. water withdrawal)

Watershed-mapping exercises X
Infrastructure for water collection X X

SWC practices X X
Tree planting X X X X
Protection and rehabilitation of natural X
areas

Sale of livestock X

Seasonal migration X

Change of diet X

Data extracted from community watershed action plans. Debevec et al. (2016a,b) and
Amoah and Appoh (2017a,b).

alternative coping strategies to diversify income generation
through e.g., sale of livestock, or through migration for seeking
alternative labor opportunities.

Contextual Factors and Systemic Factors

Contextual factors included indicators on climate and
ecosystems, social and systemic factors and the change of
these factors (Tables6, 7). In this protocol, focus was in
particular on rainfall patterns and landuse changes of the four
cases studies. Overall, only weak signals of rainfall change could
be identified, with potential serious implication for the rainfed

agricultural production systems. In G1 and G2, the incidence of
dry spells of more than 7 days was likely to occur in more than
80% of seasons, with potential implication of yield reductions
(Kadyampakeni et al., 2017). In E1 and E2, rainfall analyses
over the last 20 years showed a re-distribution of rainfall with
decrease in annual wet days, as well as a decrease in heavy
rainfall (Gummadi et al., 2018). In EI there short rains (Belg)
had significantly reduced and were no longer considered for
crop production (Supplementary Section 3) Unexpectedly, the
landuse change analyses showed that the permanent vegetation
(tree cover) had increased in E1 and E2, and remained largely
unchanged between 1987 and 2017 in G1 and G2, but spatially
redistributed (Supplementary Section 3).

Regarding social factors “institutions” and “social networks,”
consultations with local communities in development of action
plans showed that there are formal and informal social networks
in place in the event of a crisis for most of the communities in
the four watersheds. In response to drought, support included
receiving seedlings and awareness efforts around bush burning
from the Ministry of Forestry and Agriculture (G1); technical
expertise for improved farming practices from agriculture
extension officers (G2); and food aid from the government
(all watersheds).

A range of institutions were identified for various roles
in managing natural resources in the different watersheds.
The communities in G2, E1, and E2 identified themselves as
having a key role, but this was limited to labor rather than
decision-making. All of the communities relied mainly on their
district assemblies to address issues around natural resources
management. Public service agricultural extension officers were
identified as having great influence on farming activity through
information sharing and training. Local and international NGOs
also provided such services as well as funding.

The systemic factors (environmental regulation, self-
organization, functional responses, and connectivity) capture
the links between systems components, both within the
ecological and social systems respectively, as well as between
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TABLE 6 | Indicator scoring results on contextual factors for the four watersheds G1, G2, E1, E2.

Watershed / G1
indicator

G2

E1

E2

Dominated by cultivated
savannah woodlands. Low
soil fertility. Marginal
changes of landuse over the
past 40 years. Reduction in
water quality. (=)

Agro-ecological data

Climate No significant trend in the
average annual rainfall. Dry
spells > 7 days occurring in

4 out of 5 seasons. (0)

Social networks No networks mentioned. ()

Institutions Support in response to
crisis, e.g. from local and
national government.

Informal safety nets. (0)

Use of SWC practices. Bush
burning, keeping livestock
and farming have negative
impacts on water quality (0)

Ecological regulation

Dominated by cultivated
woodlands - reduction of tree
cover over the past 40 years.
Reduction in water quality. (—)

No significant trend observed. (0)

Informal sharing e.g. of food in
response to crisis. (=)

Safety nets mentioned, e.g. crisis
response from local leaders,
national government. (+)

Organic and inorganic fertilizers;
SWC practices. Bush burning,
keeping livestock and farming
have negative impacts on water
quality (0)

Increase in tree cover and other
permanent vegetation during the
past 30 years. The level of
degraded land is high. (-=)

Significant reduction in total
annual rainfall, and in short rainy
season. Dry spell length >10
days is frequent. Decrease in
annual total wet days and in
heavy and very heavy rainfall. (=)
Establishment of cooperatives to
regulate prices. (+)

Crisis response and safety nets
include food aid and
food-for-work/cash-for-work.
Support from government. (—)

Organic and inorganic fertilizers;
SWC practices. (0)

Increase in tree cover and other
permanent vegetation during
the past 30 years. The level of
degraded land is intermediate
to high. (=)

No significant trend in rainfall
amounts. Decline in the
frequency of heavy rains and an
increase in the frequency of dry
extremes. (=)

Informal sharing e.g. of food in
response to crisis. (=)
Emergency support in crisis,.
Safety nets program available
for some. (=)

Organic and inorganic fertilizers;
SWC practices. (0)

Data drawn from Oguntunde et al. (2006), Mul et al. (2015), Debevec et al. (2016a,b), IWMI (2016a,b), Amoah and Appoh (2017a,b), Central Statistical Agency (2017), Kadyampakeni
et al. (2017), Gummadi et al. (2018); details in Supplement Section 3.

TABLE 7 | Indicator scoring results on contextual systemic factors for the four watersheds G1, G2, E1 and E2.

Watershed / G1
indicator

G2

E1

E2

Informal sharing e.g., communal
internal support (=)

Self-organization

Mixed income sources and
agriculture. (+)

Functional responses

Connectivity Limited connectivity (—)

Informal sharing e.g. of food in
response to crisis. (+)

Mixed income sources and
agriculture. (+)

Lack of connectivity. Proximity to
larger city provides access to
infrastructure such as health,
education, market and
information. (+)

Relocation and migration;

establishment of cooperatives to

regulate prices. (0)
Mixed income sources and
agriculture. (+)

Limited connectivity to key

infrastructure and information (=)

Local fundraising; changing
diets; relocation and migration.
(0)

Mixed income sources and
agriculture. (+)

Limited connectivity and
accessibility across SES
dimensions in the watershed.

(=)

Data drawn from Debevec et al. (2016a,b) and Amoah and Appoh (2017a,b).

the ecological and social aspects of a community and the
watershed (Table 7). Land degradation was perceived as high
across all four watersheds, and in Gl and G2, changes in
water quality were linked to activities such as farming and
keeping livestock. Communities only connected downstream
water resource issues (water quality, water quantity) with
community use upstream in the action plan development.
We interpreted this as there was marginal awareness of the
respective communities and the use of natural resources actual
and potential effects in the watersheds (G1, G2, and E2). This
unawareness of connectivity between use and emerging effects
suggested a limited capacity to address challenges related to
the dynamics, such as upstream-downstream water pollution.

Other natural resources that may be implicated were the
use of communal land (E1, E2), and abstraction of surface
water upstream.

Disturbance

Stability and Shocks

The data on stability and shocks focus on events with both slow
and fast incidence of change, including drought, floods, storms,
erosion and landslides, fires, pest and disease outbreaks, market
(price structure) collapse and political conflicts, as mentioned
by the communities in the action plan development process.
Figure 2 shows the type and frequency of events over a 25-
year period that the participants recalled as a community in
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FIGURE 2 | Frequency and type of shocks and disturbances during the past 25 years (1990-2015) as recalled by the communities in the four watersheds during the
consultative development of watershed action plans. Data drawn from Oguntunde et al. (2006), Debevec et al. (2016a,b), IWMI (2016b), and Amoah and Appoh

respective watershed. The events present the perspective of the
communities, although not always possible to triangulate with
independent verification, such as rainfall analyses. The data
suggest that stressors and shocks were multiple and frequently
recurring, which exacerbated the impacts of natural climatic
variability on communities and watersheds. Most locations
experienced either too little or too much rainfall every 3-5
years. E2 was particularly exposed to frequent floods, droughts
and erosion events, -a significant challenge since these types
of events require different responses. G2, on the other hand,
only experienced a few events and listed none after year 2000.
Interestingly, all of the watersheds listed fewer shocks during
the period 2005-2015 than before 2000. It is unclear if this
an indication of improved coping strategies, or a reflection
of methodological weakness (i.e., workshop participant age
distribution, and/or with impaired memories).

Summary of Resilience Indicator Status
To compare the four case watershed baseline of resilience, the 16
indicators were average into the resilience framework indicator
categories “Initial state and capacities,” “Contextual and systemic
factors,” and “Disturbances” (Figure 1). Figure 3 summarizes the
results from the three categories of indicators as presented in
Tables 4-7 and Figure 2. The results indicate the relative level
of resilience in the different watersheds, specifying weaker and
stronger components in each watershed.

The G2 watershed stands out, since its average score was
highest across the indicator categories. The ability of G2 to
anticipate, absorb, accommodate the impacts of shocks and

Initial states and capacities
A
G2
E1
+) & E2

(0)

Disturbance Contextual factors

FIGURE 3 | Summary result for baseline resilience based on resilience
framework indicator categories for four cases E1, E2 G1, G2. (—) decreases
the resilience of the system; (0) does not impact the resilience of the system,
negatively or positively; (+) positively impacts the resilience of the system.

stressors exceeded that in the other watersheds, as indicated
in the proposed actions in the community action plans. A key
factor could be the community’s proximity to a large city, which
provides access to health, education, markets and information,
which exceeds any other watershed.

In terms of disturbances, here related primarily to drought
and flood events, E1, E2, and G1 are already having a historic
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and current high exposure to extreme weather events. Due to
the contextual and systemic category also scoring negative, we
interpret this as an inherent weak capacity to build resilience, and
therefore also two concurring set of indicator categories further
act to set back this capacity.

E2 consistently scored slightly lower than the other
watersheds. Poverty levels were higher and access to water
and sanitation services were lower. Despite greater rainfall
levels, land degradation was a challenge and there was an
increasing trend in dry extreme events. A key aspect was also low
connectivity and access to key infrastructure, which is important
for external support in the event of disturbances.

DISCUSSION

Capacity to Increase Resilience in Ghana
and Ethiopia Case Studies

We explored the capacity to build resilience in four rural
communities of smallholder rainfed dominated agriculture,
highly dependent on past and current weather and local
natural resource base in watersheds. Data for a baseline in
resilience was established, using a mixed method approach
combining primary evidence through a consultation process
and secondary complementary data on climate, landuse,
and statistical livelihood context from multiple sources. We
acknowledge it does not reflect individual perspectives on well-
being, or differences in well-being among different groups
and individuals. Nevertheless, the data enables a baseline
understanding of the communities’ potential to respond to
climatic events or other external or internal stressors and
disturbances, such as extreme weather events expected to be
on the increase (e.g., IPCC, 2021). The capacity to respond to
shocks and stressors varied between the communities. While all
of the communities were eager to reduce the impact of climate
change and current landscape degradation through watershed
management with additional natural resources management
efforts, the proposed action plans were unlikely to be sufficient
to address slow variables or severe shocks, such as prolonged
or more recurring drought events, severe floods, or soil fertility
decline. In a recent study, Findlater et al. (2018) confirmed that
even well-resourced farmers struggle to adopt climate change
management approaches, despite incentive and willingness
to adapt.

Drought is a particular challenge. Historically, the
response to severe droughts included external food aid
from government agencies and NGOs. The community
response to such events included migration (E1, E2), selling
livestock (G2), or change of diet (E2)—actions that can help
temporarily (e.g., seasonal dry periods), but which can lead to
decreased resilience in the long term. Labor migration tends
to age the rural populations, and undermine willingness
to invest in longterm interventions. Change in climate
parameters have been shown to negatively affect child early
year development (e.g., Randell et al., 2020) and the most
likely pathways were proposed to be change in diets due to

limited food supply by agriculture. Furthermore, recurring
severe shocks can act as a disincentive to investment in
agriculture (Hansen et al.,, 2019) and thus undermine necessary
climate adaptation.

Other measures that can support resilience but were not
mentioned by the communities, include strengthening market
access, (micro) loan facilities, savings or insurance mechanisms.
In a review of climate risk interventions, Hansen et al
(2019) found that institutional interventions, such as insurance
and social-protection programs, alongside improved farming
practices, can increase the ability of smallholders to cope in the
event of a severe shock, including climate and extreme-weather
related shocks. Notably, whereas all action plans included
elements on information access, awareness making and capacity
(knowledge) strengthening, these are generally not possible to
address within communities themselves. Identifying solutions to
new and complex challenges, such as livelihood- environmental
development, sustainability and climate adaptation, tend to
require innovation and knowledge often sourced externally,
merged with local knowledge.

The systemic factors revealed that the communities had
practices that could increase resilience by increasing yields,
such as the use of organic and inorganic fertilizers, or
keeping livestock, which increase livelihood benefits, but can
simultaneously result in water quality changes. Other practices
such as SWC practices often proposed to reduce climate
change impacts are already in place. Hence, it is doubtful if
“more of the same” will strengthen resilience further, especially
as the main variable of rainfall is increasing in variability
or even declining in seasonal amounts (Table6). Chemura
et al. (2020) suggest that current rainfed crops of maize,
sorghum, cassava and groundnut in Ghana, is already cultivated
under suboptimal agro-ecological conditions, and these will be
increased by >12% under expected climate change. Appropriate
and diversified agricultural management practices can support
stable production and have a positive impact on resilience
(Hansen et al., 2019). However, management practices can also
result in the degradation of natural resources if, for example,
they lead to water pollution into surface and groundwater
sources, unsustainable water withdrawals or soil degradation.
These aspects need to be managed at an integrated landscape—
watershed scale to balance opportunity with potential negative
impacts within other resource users or downstream area
of practice.

Challenges in Application of the Protocol in
Ghana and Ethiopia

This paper provides a snapshot of the current state of resilience
in the four watersheds. Understanding the relative change
in resilience over time will require tracking changes over
time. The timing of the measurements, taking into account
seasonality, will be important for enabling comparisons (Barrett
and Constas, 2014). Data gathering and verification is a
continuous problem, which calls for mixed methods approaches
including participatory consultation, to ensure the precision
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of resilience measuring. A careful selection of indicators will
allow a more detailed analysis, but add cost and analyses to
be executed. We used a pragmatic 3-level scale relative scale
for indicators to compare the four livelihood- watershed cases
identified in Ethiopia and Ghana for the similarities in terms
of rainfed agricultural dependencies and a perceived degree of
land—oil degradation. We acknowledge the oversimplification
to describe complex social —ecological systems with quantitative
and qualitative data with such relative scale. Yet, the selection
of key indicators indicator categories based on the resilience
framework, with a consistent approach in data collection across
cases, provided results to compare and rank the four cases into
more or less resilient baseline state. And further, this protocol
provided guidance on which category or even specific indicator,
may be critical to action to build social—ecological resilience in
respective watershed to build climate resileince.

Systemic indicators do not receive much attention in
existing resilience measurement and assessment frameworks
(Douxchamps et al., 2017) despite their importance (Xu and
Kajikawa, 2017). This study advance the discussion on systemic
indicators, the metrics and the ways to enhance them for building
resilience and balance development and sustainability under
added challenge of climate change. A number of questions
remain. For example, does measuring systemic factors add to the
understanding of resilience in a system, or are there other ways
to approach the question? The indicators used for measuring
the systemic factors in this study largely overlapped with other
indicators and, to a great extent, focused on either social or
ecological aspects of the system (Table 1). Constas et al. (2014)
observed that measuring resilience should involve a systems
perspective, with measures that are sensitive to interconnected
sets of relationships. Grafton et al. (2019) emphasized a pragmatic
approach to guide context specific progress to resilience for
environmentally focused SES. However, by explicitly consider
systemic indicators, the systems lens is applied throughout the
measurement process.

A transformation to more resilient and improved livelihoods
is the aim of most development projects and should be
explicit in resilience measurement frameworks. This analysis
shows that external inputs, regarding technical assistance,
new knowledge, and (public service) support, such as social
support as well as coordinated and adaptive management of
emerging environmental impacts, will be needed to support
a transformation. The need for these support actions will
only increase, as climate change offset greater challenges for
smallholder rural farming systems dependent on variable rainfall,
and already affected by degraded landscapes.

CONCLUSION

The key finding of the study is that the capacity of communities
to improve their resilience may not be adequate to deal with
emerging climate change, despite a high level of willingness
to improve their natural resources management to better
cope with stressors and shocks. The community action plans

developed through facilitated dialogues were largely informed
by agricultural “best practices,” including water and soil-land
conservation practices and revegetation efforts at household-
individual scale. The proposed action plans lacked innovation,
nor did they always adequately respond to the challenges
of climatic change and extreme weather. Furthermore, the
plans did not include poverty alleviation efforts such as
strengthening market access, loan facilities or safety nets. To
achieve greater resilience, these communities will thus have
to depend on external factors and actors, to progress under
current development challenges, and further under added burden
of increased temperatures and rainfall variability. Differences
among communities will also impact their opportunities and
abilities to increase resilience and find pathways out of poverty.

The concept of resilience can help capture the complexity
of well-being challenges by addressing social and ecological
interconnectedness, and the slow and fast drivers that shape
SES systems. A better balance is needed to ensure that
application of resilience frameworks and resilience measurement
is anchored in research as well as in practical actions. For
example, in selecting indicators and including key aspects
of resilience, such as systemic factors and transformation,
data availability will continue to pose a challenge for context-
specific analyses. This requires collaboration by practitioners in
development and academic expertise, to accelerate evidenced-
based development under increasing challenges such as
climate change.
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