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EXECUTIVE SUMMARY
Highlights

▪
▪
▪
▪
▪

The International Panel on Climate Change (IPCC)
highlights the need for transformative adaptation;that
is, actions that seek to change the fundamental
attributes of systems in response to climate impacts
at a scale and ambition greater than incremental
activities.
Climate change is already causing some natural and
human systems to enter transition states leading
to changes in their fundamental character. Some
communities have recognized the need to make
significant changes to these systems and begun to
respond.
Measures that may eventually contribute to
transformative adaptation can either occur
autonomously by communities or along intentional
transformative pathways; that is, coordinated
sequences of actions, which are backed by public and/
or private-sector support guided by strategies for
planning and implementation.
Understanding the role of communities and the
key drivers that move them toward transformative
adaptation should inform more widespread planning
and implementation of major system shifts.
This paper examines case studies of autonomous
agricultural production shifts (Costa Rica), large-scale
landscape restoration (Ethiopia), and systemic water
management (Bhutan) to identify drivers and gaps in
processes of transformative adaptation.
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Background

ABBREVIATIONS
AWLS		

automatic water level stations

CRGE		

Climate-Resilient Green Economy

EPID		
Extension, Promotion, and Implementation
Department (Ethiopia)
FGD		

focus group discussion(s)

GEF		

Global Environment Facility

GLOF		

Glacial Lake Outburst Flood(s)

GTP		

Growth and Transformation Plans

IAR		

Institute of Agricultural Research (Ethiopia)

ICAFE		

Instituto del Café de Costa Rica

IPCC		

International Panel on Climate Change

LDCs		

least developed countries

LDCF		

Least Developed Countries Fund

M&E		

monitoring and evaluation

NAP		

National Adaptation Plan

NAP-ETH		

National Adaptation Plan, Ethiopia

NAPA		

National Adaptation Programs of Action

NEC		National Environment Commission of Bhutan
REDD+		Reducing Emissions from Deforestation and
Forest Degradation and Conservation of
Forests, Sustainable Forest Management and
Enhancement
SLMP		

Sustainable Land-Management Program

SWC		

soil and water conservation

TF		 Tarayana Foundation
UNDP		

United Nations Development Programme

UNFCCC		United Nations Framework Convention
on Climate Change
WAHARA		Water Harvesting for Rainfed Africa Project

In a growing number of contexts, the severity of
climate change impacts has already resulted in
notable shifts in the fundamental characteristics
of some human or natural systems. These system
shifts occur when climate stressors are so great that the
local inhabitants can no longer rely on the continuation
of fundamental system characteristics (e.g., growing days
for economically important crops, availability of water
for household purposes, soil fertility). This can result
in drastic increases in involuntary migration and/or
decreases in well-being, productivity, or health. To avoid
these negative impacts and address new adverse climatic
conditions, adaptation interventions may need to go
beyond incremental measures (i.e., those that maintain
current system norms) and instead embrace interventions
that build new social, environmental, and/or economic
systems and lead to transformative adaptation.
With information, foresight, and funding, decision-makers
and other relevant actors can promote transformative
pathways; that is, coordinated sequences of short- and
medium-term actions or projects that help change the
fundamental characteristics of systems confronting
climate-induced tipping points. However, based on
reviews of national planning documents and consultations
with actors in the climate change adaptation space,
transformative adaptation has so far largely begun at
the local level without explicit support from regional or
national policymakers, funders, or research organizations
(Carter et al. forthcoming).
This paper looks at local-level case studies that elucidate
the drivers of transformative adaptation as well as the
gaps in their transformative pathways. This analysis aims
to contribute to a better understanding of what is needed
to support transformative pathways in these systems.
Additionally, the paper offers conclusions for what may be
important for other systems facing severe climate impacts
and related next steps for transformative adaptation
research.

Key Findings
The case studies in this paper show that some
communities have entered transition states
where the existing natural and human systems
on which they depend are changing significantly.
Current ways of managing these systems are becoming
untenable. Communities within these systems may not
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recognize the long-term, permanent changes or have the
financial or technical support to plan for shifts or even
be certain in which direction they should head. Some
communities are recognizing the challenges that they face
and are beginning to transform key systems, while they
are largely doing so without external support or guidance
or consideration of long-term impacts on financial and
natural resources.
Given available data, it is not possible to isolate
the climate impacts versus other factors (e.g.,
markets, natural-resource use, cultural shifts)
and their role in reaching tipping points and the
corresponding system shifts. However, climate
change has had an evident role in initiating significant
changes, as per the community perspective. This has
been complemented by analysis of the limited data that
are available. To promote sustainable, climate-resilient
outcomes, more scientific information on the nexus of
these factors in reaching tipping points will be required.
Transformative pathways may begin at the
community level but will require external
knowledge and support to achieve sustainable,
equitable, and resilient long-term outcomes.
Community-level shifts may address minor climate
variability, but communities facing significant climate
impacts may not have the political, financial, and
informational resources to shift systems in ways that
maintain benefits and address the needs of the poorest
and most vulnerable. External coordination and
collaboration across scales (e.g., local, regional, and
national) may be necessary to bridge gaps in finance and
technical knowledge concerning short-, medium-, and
long-term climate impacts and to address issues that
go beyond administrative boundaries (e.g., declining
transboundary water resources).
While the communities in these case studies are
very much in the middle of their transformations,
local experts and community members were able
to identify key drivers for their success thus far,
as well as existing barriers. Factors like communityowned planning processes, mobilized change agents, and
linking funding with sequenced planning are evident
drivers. Meanwhile, factors like availability of systems
data and assessments, market incentives, and monitoring
and evaluation (M&E) infrastructure were identified as
important for the sustainability of the system shift, but
ultimately limited.

Decision-makers need improved access to
decision support tools and capacity building
to better plan and implement measures that
can contribute to developing transformative
pathways. Such actors rarely have access to the types of
data or information that are essential to understanding
the long-term shifts needed to build widespread climate
resilience. Additionally, it may not be clear what the
incentives are for considering this type of data and
information in planning. Provision of this information
must be coupled with mechanisms for improving and
maintaining institutional memory as community leaders
and/or staff of government agencies can change before
transformative shifts take hold.

Case Studies Recommendations
Transforming water systems in Tsirang Toed,
Bhutan. This case study focuses on a National Adaptation
Programmes of Action (NAPA) II project addressing water
scarcity in Tsirang Toed, Bhutan. Based on findings from
community focus group discussions, expert interviews,
and project documents, WRI provides a number of
recommendations to strengthen the transformative
pathway:

▪
▪
▪

Continue climate-resilient water management
projects, focusing on longer-term, sustainable
outcomes.
Target donor and public funds at building hydrological
data infrastructure and projections, particularly in
areas dealing with chronic water shortages.
Improve coordination and collaboration between
community members, government entities, and
technical experts when planning and implementing
nature-based solutions.

Transforming degraded landscapes in Tigray,
Ethiopia. This case study investigates a transformative
pathway focusing on landscape restoration in Tigray,
Ethiopia. WRI recommends the following measures
to ensure a longer-term strategy for reaching climateresilient restoration and sustainability:

▪
▪

Improve restoration actor coordination and
collaboration to scale impacts and optimize efficient
investments.
Identify and mobilize community change agents
in areas still struggling to implement sustainable,
climate-resilient restoration.
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▪

Invest in baseline data beyond tree cover (e.g. climate,
socioeconomic, natural resources) to advise on
suitable climate-resilient restoration interventions
with equitable outcomes.

Transforming coffee agriculture to citrus
cultivation in Guanacaste, Costa Rica. This case
study illustrates the autonomous transformation from
coffee to citrus by some smallholder coffee farmers.
WRI offers the following recommendations to replace
ad-hoc incremental actions with a long-term, strategic
transformative pathway:

▪
▪
▪

Conduct a regional multi-criteria analysis and impact
assessment for the long-term economic viability of
citrus fruit production.
Earmark public and donor loans and credit for
transitioning coffee farmers facing climate-induced
tipping points.
Invest in public-private collaborations that establish
a timely, effective, transparent surveillance, and
communication platform for citrus diseases.

About This Working Paper
Transformative adaptation is defined by the IPCC as
involving changes in the fundamental attributes of
systems in response to actual or expected climate change
and its effects, often at a scale and ambition greater than
incremental activities (i.e., activities that maintain system
norms) (Noble et al. 2014). While many academic works
have looked at transformative (or transformational)
adaptation as a concept (see Appendix A, Table A2 for
a comparison of related work), few retrospective case
studies have examined the factors that helped actors
to compound incremental actions or otherwise move
beyond them to fundamental system shifts. This work
is a preliminary foray into a real-life exploration of
transformative adaptation’s conceptual theories.
This paper contributes to filling current knowledge gaps
by looking at three case studies to determine whether
localized transformative adaptation measures are already
occurring and, if so, which key drivers are enabling
change to happen. None of these case studies is a clear-cut
example of transformative adaptation because decisionmakers and community leaders have not explicitly charted
a long-term strategic sequence of actions to implement
adaptive system shifts at scale. However, each case
demonstrates complex environmental, sociocultural,
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and economic contexts and shows the initial stages of
shifting fundamental characteristics of a given system.
It is important to note that transformation is never
complete as transformative adaptation is a continuous,
ongoing process in response to uncertainties around the
continually changing climate. However, each case study
offers lessons on what drove action toward transformative
adaptation and what may still be needed to support
sustainable shifts, equitable benefits, and long-term
resilience.
Through scoping consultations, the following case studies
were selected as possible examples that would fit under
the IPCC’s definition of transformative adaptation.
However, on further investigation it became clear that in
each case study transformative adaptation has not been
planned for in a systematic, targeted way, and climate
resilience is only one type of resilience that is being
considered. Therefore, instead of attempting to fit each
case study into a transformative pathway, this paper
recognizes that each case study falls somewhere on the
spectrum of incremental-to-transformative, as well as
each being motivated by different aspects of resilience,
whether that be climate, environmental, economic, social,
or health.
Through the analysis of these case studies, this work aims
to add to and advance the understanding of funders,
researchers, practitioners, and policymakers engaged
in adaptation and mitigation regarding how changes
made at local scale can contribute to more widespread
transformative adaptation and what it takes to make
this happen in a sustainable and equitable way. To this
end, we propose an analytical checklist of key drivers of
transformative adaptation, developed based on a literature
review and extensive consultations (Figure 1). This
checklist is meant to provide a preliminary framework
for systematically analyzing the contexts of systems that
are planning or implementing adaptation action along
a transformative pathway. Each case study exemplifies
certain drivers and gaps assessed via this checklist.
The authors provide recommendations for how each
community can enhance its transformative pathway such
that building long-term climate resilience is strategically
incorporated into development. By comparing this
relatively small sample of cases, the authors then offer
recommendations for next steps in transformative
adaptation research in order to accelerate building longterm climate resilience at scale.
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INTRODUCTION
Transformative Adaptation: What Is It,
and Why Is It Needed?
Around the globe, we are witnessing evidence of an
increasing number of systems change due to the
increasing stress of climate change. When natural or
human systems can no longer maintain the fundamental
characteristics on which their inhabitants depend,
the result can be drastic increases in migration and
decreases in well-being, productivity, or health. Some
of the many examples include migration by residents of
low-lying island states because of sea level rise (Letman
2018), relocation of Himalayan mountain communities
due to water scarcity (Bernet et al. 2012), widespread
displacement and permanent ecological change due to
massive fires in Australia that followed drought and
high temperatures (Thompson 2020), and the planned
relocation of country capitals, such as Jakarta, due to
subsidence, chronic flooding, and increased frequency
of intense storms (Van de Vuurst and Escobar 2020).
Although we cannot quantify the share of climate change
in these systems relative to other environmental or
socioeconomic variables, we do know that climate will play
an increasingly important role in pushing systems toward
tipping points that may lead to systems change. The IPCC
highlights that the risks of crossing thresholds or tipping
points significantly increases as warming goes from 1.5°C
to 2°C (Hoegh-Guldberg et al. 2018).
Although it may be impossible to avoid certain tipping
points as average global temperatures increase, it is
possible to avert or mitigate the negative consequences
of system collapse. However, adaptation will have to go
beyond the types of actions that are the focus of resilience
building today. Current research and available case studies
on adaptation focus on resilience building intended to
maintain current systems (Kates et al. 2012; Vermeulen et
al. 2018). We must move beyond the current adaptation
paradigms to recognize that, in some cases, new climatic
conditions will lead to fundamentally new systems taking
the place of existing ones. These shifts will occur whether
or not we anticipate, plan for, and manage them. Instead,
we should work with system shifts to maximize social,
economic, and environmental benefits.
There is general agreement that transformative
approaches to adaptation can offer potential solutions
in managing such severe climate impacts, however,
agreeing upon what is specifically meant by this term is

critical for implementation. During the 2010s, use of the
term transformation grew rapidly in the environment
and climate change community (Vermeulen et al. 2018).
Although the term initially was used to indicate bigger,
better, or more significant, different entities have
provided their definitions for what is transformative,
transformational, or a transformation. This paper aligns
with the IPCC definition (Noble et al. 2014, 836):
. . . [T]ransformational adaptation seeks to change
the fundamental attributes of systems in response
to actual or expected climate and its effects, often
at a scale and ambition greater than incremental
activities. It includes changes in activities, such as
changing livelihoods from cropping to livestock
or by migrating to take up a livelihood elsewhere,
and also changes in our perceptions and
paradigms about the nature of climate change,
adaptation, and their relationship to other natural
and human systems.
Measures to adapt to a changing climate typically first
entail incremental changes, such as introducing climateresilient varieties of crops, planting trees that assist with
erosion control, or building sea walls along coastal areas.
However, given the scale and speed at which climate
change impacts are intensifying, such measures may not
be enough to adapt to significantly changed conditions—
unless they are strategically sequenced in the form of a
climate-resilient pathway so that their effects eventually
compound to a point where the system arrives at a
different equilibrium state (Montañez et al. 2011). The
IPCC defines climate-resilient pathways as
. . . development trajectories that combine
adaptation and mitigation to realize the goal
of sustainable development. They can be seen
as iterative, continually evolving processes for
managing change within complex systems.
(Denton et al. 2014)
This paper elaborates by defining transformative
pathways as coordinated sequences of short- and
medium-term actions or projects that shift the
fundamental characteristics of systems facing significant
climate impacts in ways that promote sustainable,
equitable resilience (Carter et al. 2018). Transformative
pathways offer options of how to provide alternative,
flexible, long-term solutions, while recognizing that
climate change is only one factor contributing to
economic, social, cultural, and political shifts (Carter et al.
forthcoming). These transformative pathways can lead to

WORKING PAPER | December 2020 | 5

food security, healthy ecologies, sustainable livelihoods,
and opportunities for collaboration and cooperation.

A comparison of the relevant literature is available in
Appendix A, Table A1.

Transformative pathways are meant to build long-term
resilience such that systems shift as the climate changes.
Without such transformative pathways, incremental
adaptation efforts that are meant to maintain current
system states may actually result in decreasing resilience, or
maladaptation, over time (Magnan et al. 2016). Given the
uncertainty of climate impacts and local variability, pathways
will need to maintain flexibility such that they are able to
actively switch adaptation approaches when necessary.

This preliminary list focuses on drivers that are
necessary to plan for and implement transformative
adaptation. Initially, this work was intended to identify
key characteristics that drove communities to undertake
transformative adaptation. However, as case studies
progressed, it became evident that many of these drivers
are also applicable to development more broadly (e.g.,
community-owned planning processes). This reflects the
growing understanding of the false dichotomy between
adaptation and development (Chan and Amerasignhe
2018). Therefore, this paper aims to avoid drawing an
unrealistic and often counter-productive line between
adaptation and development interventions and their
related drivers by recognizing that what is important
for developmental system shifts is also important for
adaptive system shifts. At the same time, it is important
to underscore that adaptive system shifts do aim to build
long-term climate resilience; use specific types of data,
information, and analyses (i.e., information related to
climate change) during planning and implementation; and
operate under conditions of uncertainty while needing to
maintain flexibility, given increasing climate variability.
The checklist in Figure 2 does not include development
baseline factors like literacy, electrification, and road
infrastructure.

As intensifying climate change pushes a growing number
of systems into fundamentally new states, leaders
and communities will need to ask difficult questions
about whether to try to maintain current systems or to
initiate the significant changes that will be needed to
transition toward greater long-term sustainability. Case
studies of communities that have begun this journey
may offer valuable insights to both strengthen existing
transformative pathways and offer lessons for other
systems that may be facing imminent tipping points.

Case Studies to Explore Drivers of
Transformative Adaptation
To date, there has not been a systematic investigation of
what drives communities to engage in significant shifts
that can contribute to more widespread transformative
adaptation. Funders, policymakers, planners, researchers,
and practitioners are beginning to grapple with the
idea that incremental adaptation may be too limited to
preserve existing systems and that, in some situations,
adaptation action may need to radically change systems
rather than safeguard them. Targeted guidance on
how communities and related actors can plan for and
implement transformative adaptation in ways that fit their
local contexts is crucial. Understanding which factors
enable this process is critical to empower communities
such that they can achieve systemic change. Case studies
offer an entry point for expanding this understanding.
This paper examines three case studies: a water
management project in Tsirang Toed, Bhutan, largescale landscape restoration in Tigray, Ethiopia, and crop
shifts in Guanacaste, Costa Rica. Each case study was
systematically investigated according to a preliminary
drivers checklist for transformative adaptation (Figure 1).
This checklist was generated based on available literature
that indicated key drivers for successful system shifts.
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Each case study identifies the most essential drivers and
whether they are present or absent. This information has
been used to make locally specific recommendations and
suggestions for further research. These recommendations
aim to address important gaps in the analyzed
transformative adaptation pathways and provide potential
solutions.
It is important to note two important aspects that
add nuance to the exploration of these case studies:
Transformative adaptation is a continual process, and
each community is at a different point in developing
and implementing its transformative pathway. Second,
transformative adaptation is viewed through the lens of
climate change; however, tipping points and system shifts
occur due to additional factors beyond climate change.
Each community has begun to shift local systems, yet
a clear, strategic implementation strategy or explicit
incorporation of climate data and information may be
lacking or underdeveloped. The case studies in this paper
show that some communities have entered transition
states where the existing natural and human systems
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Figure 1 | A Preliminary Checklist for Evaluating Key Drivers of System Shifts

INFORMATION
AND DATA

PLANNING
PROCESS

COORDINATION
AND
CO-CREATION

FINANCE AND
MARKETS

SOCIOPOLITICAL
FACTORS

Generation of systems
data and assessments

Community-owned
planning process

National-local
coordination

Private sector
investment in the
system shift

Political leadership
prioritizes the system
shift

Access and
transparency of data
and assessments

Strategically phased
planning with linked
funding

Authoritative
government body that
prioritizes the system
shift

Access to loans/credit
for transformative
adaptation

Community change
agent(s) are mobilized

Sustainable
monitoring and
evaluation

Integrated, multitemporal interventions
at the system level

Process for
inter-community
cooperation

Market incentives and
disincentives

Supportive policies
and laws

Consultation process
across sectoral actors
Supportive research
and development
systems

Effective behavioral
change campaigns

Community embraces
a movement to
support the direction
of system change

Note: Definitions of these components are in Appendix A, Table A2.
Source: Authors.

on which they depend are changing significantly.
Current ways of managing these systems are becoming
untenable. Communities often do not recognize longterm, permanent changes and may lack financial or
technical support to plan for shifts; as well, they may even
be uncertain about the appropriate direction of change.
And while some are recognizing the challenges they face
and are beginning to transform key systems, they are
largely doing so without external support or guidance and
without consideration of long-term impacts on financial
and natural resources. This increases the odds that these
shifts will prove politically unsustainable and maladaptive
(i.e., actually increase climate risks) and also exacerbate
inequality by leaving the poorest and most vulnerable
behind (United Nations 2019).
Additionally, although climate change is an evident factor
in these system changes, climate impacts are interacting
with changes in market dynamics, expanding infrastructure,
urban migration patterns, unsustainable natural resource
use, or sociocultural shifts. Through this case study research,

it is not possible to isolate the climate impacts and their role
in reaching tipping points and the corresponding system
shifts. However, these case studies suggest that climate
change be explicitly considered in developing transformative
pathways and therefore focus on climate while recognizing
important non-climate factors.
While there are obvious limitations in the available
climate science as well as community capacities for
designing and implementing transformative pathways,
these case studies offer important insights as to what
is currently driving these system shifts. Factors such as
community-owned planning processes, mobilized change
agents, and linking funding with sequenced planning are
evident drivers. Meanwhile, factors such as availability
of systems data and assessments, market incentives, and
M&E infrastructure were identified as important for the
sustainability of the system shift, but ultimately limited.
Iterative application of the drivers checklist has helped to
identify what is necessary, or at least extremely helpful,
for transformative adaptation. To sharpen this checklist
WORKING PAPER | December 2020 | 7

and enhance its robustness and flexibility, further case
studies will be required. Eventually, such a checklist could
be adapted to formulate decision-support tools that help
communities and relevant stakeholders to determine
what enabling conditions will be crucial for designing and
implementing transformative pathways in a manner that
promotes sustainability, equity, and long-term climate
resilience.

CASE STUDY 1. TRANSFORMING WATER
SYSTEMS IN TSIRANG TOED, BHUTAN
This case study focuses on a National Adaptation
Programmes of Action (NAPA) II project addressing water
scarcity in the gewog (group of villages) of Tsirang Toed,
Bhutan. The project targeted 309 households living in the
31.4 km2 gewog (NEC and UNDP 2019; NEC 2018). Tsirang
Toed was selected as part of the NAPA II projects by the
government of Bhutan due to its vulnerability to water
scarcity and its high level of poverty index (NEC 2018).
This case study differs from the others in that it is based
on a single, implemented adaptation project. This offers
the opportunity to see what a single project can contribute
to transformative adaptation. Comparison with other
communities that implemented similar NAPA II activities
would have been valuable; however, the scope of this work,
as well as available regional case studies, were limited.
This project is only one project as part of the NAPA II
projects in Bhutan, which consists of a series of projects
in different communities focusing on different climate
aspects whether that be drought, forest fires, or landslides.
Like the other projects in the larger NAPA II projects
portfolio, this project was explicitly designed to address
climate impacts, although formal climate assessments
were not completed until the end of the project cycle. The
lack of scientific information in the Hindu-Kush Himalaya
region is a recurring theme, although general impacts
of climate change are recognized (e.g., melting glaciers,
shifting rainfall patterns) (Mishra et al. 2019). This project
marks the beginning of a transformative pathway as this
is the foundational work for future water-management
activities in the community.
The selection of this case study was based on a series of
consultations with experts in the Hindu Kush-Himalaya
region, a region that is considered a climate change
hotspot due to rapidly changing dynamics in glacier and
snowpack melt and rising temperatures (Szabo et al.
2016). Case-study scoping interviews with regional experts
had a similar overarching response: Transformative
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Box 1 | Transforming Water Systems in Tsirang Toed,

Bhutan: Case Study Overview

Location: Tsirang Toed, Bhutan
System: Tsirang Toed watershed, 31.4 km2, 309 households
Climate Change Impacts: Increasing temperatures, droughts, and
erratic rainfall
Tipping Point: Natural hydrological flow regimes shift (e.g.,
traditional water sources disappear) leading to abandonment of
livelihoods, outmigration, and health declines
Transformative Adaptation: Relocating primary water resources,
redirecting ecological trends via implementation of systemic naturebased solutions (e.g., forest regeneration)
Outcomes of Transformative Adaptation: Regeneration of water
sources, increased human health, decreased outmigration
Scale of change: Water-management activities were limited to
this small community and did not incorporate neighboring villages
in a significant way. Strategies for adaptive water management and
identification of relevant climate impacts has been integrated from
the local to national level across coordinating institutions. A systemic
approach with diverse complementary activities was used.
Source: Authors.

adaptation has yet to occur in the Hindu-Kush Himalaya,
but if it has, look to Bhutan. When reviewing Bhutan’s
adaptation activities, the NAPA II projects appeared to
have the best potential for transformative adaptation
as they built on a series of previous projects, addressed
extreme water scarcity, and emphasized systemic
implementation of adaptation interventions.
The transformative adaptation in Tsirang Toed consisted
of developing an alternative primary water source
(i.e., accessing and using an alternative water body
for primary water use) and redirecting ecological (i.e.,
invasive to native species) and hydrological trends (i.e.,
drying to wetting trends and creating new ponds and
reservoirs) through a systemic approach. Although
creating an alternative water source alone may not be
considered transformative, it may be considered as such in
conjunction with the holistic approach to addressing the
community’s hydrological shift via nature-based solutions.
Tsirang Toed is located on the top of a ridge. There
is no higher elevation to serve as natural storage and
regulation of water resources (i.e., groundwater recharge
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is low) (Condon and Maxwell 2015). Therefore, water
availability is highly dependent on the quantity and timing
of annual rainfall. Due to increasing temperatures, erratic
rainfall, road construction and tree felling, Tsirang Toed’s
historical water sources disappeared. These changes in
water supply were coupled with the lack of a management
system for monitoring water demand. In response, the
community adjusted its water and natural resource
use-governance structure (e.g., creation of a water
management association and women’s savings group for
water infrastructure maintenance) and water distribution
infrastructure (e.g., reservoir tanks, piping, hand-dug
wells). Without these shifts, community members
would continue to leave Tsirang Toed, looking for new
opportunities, and remaining members would have
declined in overall health (e.g., hygiene and food security)
(Tsirang Toed Community Members 2019).
This case study was performed through a combination of
literature review, an expert roundtable and community
focus group discussions (FGDs). The literature review
leaned strongly on the M&E report produced at the end
of the project cycle by an external consultant (NEC and
UNDP 2019). Three community FGDs were conducted in
Figure 2 | Local community leaders and Tarayana

Foundation field placement official explain water
management strategy in Tsirang Toed

Tsirang Toed with the support of a Tarayana Foundation
field placement member and community leaders. FGDs
were guided by a semi-structured interview format
based on the categories in the drivers checklist. A postFGDs expert roundtable was conducted to fill gaps in
information made evident by the literature review and
FGDs. The roundtable included members from the
National Environment Commission (NEC) and the
Tarayana Foundation, the two main project implementers.
A full outline of the methodology is available in Appendix A.

Climate-Induced Water Scarcity in Tsirang Toed
Tsirang Toed is a small community of 2,200 people in the
southern dzongkhag (district) of Tsirang in Bhutan. Most
households depend on subsistence farming with some
limited ventures into weaving, high-value fruit sales, and
timber products. The area is restricted to tourists and is
more than two hours’ drive away from any urban area or
larger town.
In the 1980s, Tsirang Toed began to experience water
availability issues. In this humid, subtropical environment,
mountain streams, natural small ponds, and springs
appeared in well-known places. But the weather has become
less predictable, with hotter days and erratic rainfall periods.
Between 1998 and 2018, Tsirang experienced on average
nine above-average maximum temperature days per year
(NCHM 2019b).1 Streams began to disappear along with the
small ponds, marking a shift in the watershed’s fundamental
hydrological characteristics.
Women and children, the primary water-fetchers, began
to travel farther and farther for drinking, washing, and
cooking water. By the 2010s, some community members
would spend six hours a day fetching water for basic dayto-day uses. Some of the younger generation, recognizing
the hardship incurred by water scarcity, decided to
leave and find more reliable livelihoods in neighboring
villages or the capital, Thimphu. Between 2005 and
2017, approximately 12,500 persons had migrated out
of Tsirang, the district in which the Tsirang Toed geog is
located, to other dzongkhags (National Statistics Bureau
of Bhutan 2018).
Across Bhutan, rainfall has been largely variable, but
generally monsoon seasons have become wetter and
shorter while dry seasons have become drier, resulting
in an overall decrease in precipitation (NCHM 2019a). In
Tsirang Toed, there are drying trends in both the monsoon
and dry seasons. Figure 3 shows rainfall data from Damphu
Agrometeorological Station, approximately 7 km from
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Figure 3 | Total Rainfall per Year by Season and Annually Recorded at Damphu Agrometeorological Station
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Note: Trend lines indicate a slight drying trend during the monsoon season (a decrease of 3.4 mm/year on average), a drying trend during the dry season (a decrease of 10.5 mm/year on average),
and an overall annual drying trend of -13.9 mm/year on average. Years include October–December of the previous year plus January–May of the listed year for the dry season and June–September of
the listed year for the monsoon season. Therefore, annual precipitation is calculated from October of the previous year through September of the listed year.
Source: NCHM 2019b.

Tsirang Toed. The total average precipitation in this region
decreased approximately 16 percent from 1999 to 2018.
Climate change is only part of the water scarcity story. FDGs
revealed that community members believed decreased water
availability was also linked to increases in water demand and
several recent development activities. Despite considerable
out-migration, between 2005 and 2017 the population of
the Tsirang dzongkhag has grown by 22.4 percent, or by an
additional 4,183 persons (National Statistics Bureau 2018).
This growth has prompted the construction of additional
houses and public infrastructure and increased demand for
water, timber, and electricity.
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Whether water scarcity has been mostly caused by climate
change, or one of the factors just mentioned, has not
been scientifically determined because development
projects have not performed impact assessments on
water availability, and climate-hydrological models are
unavailable. However, from community and visiting
expert observations, it appears that the changes in the
watershed’s topography and natural land cover have
shifted local hydrology, including changes in stream and
pond characteristics (e.g., perennial streams to ephemeral
or nonexistent) and decreased reliability of springs due to
lowering of the water table (Tarayana Foundation 2019).
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Water Management under the NAPA II Project
In response to Tsirang Toed’s growing water scarcity, the
Royal Government of Bhutan prioritized this community
for adaptation interventions under its NAPA II project.
NAPAs are meant to aid Least Developed Countries
(LDCs) in identifying urgent and immediate needs for
climate change adaptation. Bhutan released its NAPA in
2006 and updated it in 2012. The NAPA I project mostly
focused on reducing the impacts of glacial lake outburst
floods, installing early-warning systems, and promoting
community-based awareness. The NAPA II project
(2014–2017) had the objective to “enhance national,
local and community capacity to prepare for and respond
to climate-induced multi-hazards to reduce potential
losses of human lives, national economic infrastructure,
livelihoods, and livelihood assets” (NEC 2012). Under
NAPA II, eight activities were highlighted that included
issues related to landslides, water, and fire disasters.
Part of the NAPA II work included “climate resilient water
harvesting for rural areas” (NEC 2012). This was a United
Nations Development Programme (UNDP) and Global
Environment Facility (GEF)-funded project executed by
NEC and supported by the Tarayana Foundation, a local
nongovernmental organization (NGO). The objective
of this subproject was to build community resilience to
climate-induced risks in at least four dzongkhags and
deliver climate-resilient water harvesting, storage, and
distribution systems to reduce poverty and vulnerability.
Of the four dzongkhags (Monggar, Samtse, Tsirang,
Pemagatshel), the geog of Tsirang Toed was selected
for this case study because of its larger sample size and
unique inter-community water agreements.
Major project activities in Tsirang Toed consisted of

▪
▪
▪
▪
▪
▪
▪

community awareness and training on climate change;
construction of a water reservoir, water harvesting
tanks, and distribution pipe systems;
creation of a water user association to manage water
distribution;
creation of a women’s savings group for maintenance
funds;
eradication of invasive species with introduction of
native tree species;
maintenance of hand-dug ponds; and
training on bamboo water filtration.

These activities were largely supported by Tarayana
Foundation, which included a full-time field officer
and an external consultant specializing in community
engagement and water management. The Tarayana
Foundation field officer was essential to communicating
the project strategy and co-creating implementation
plans with community members. Placement within the
community fostered trust in the process and confidence
in the Tarayana Foundation’s intentions. The external
consultant assisted with knowledge and awareness raising
around climate change and its impacts in the community.
Additionally, the consultant was critical in widening
the boundaries of the project activities to the watershed
system, rather than just the primary water source, and
promoting nature-based solutions in the co-creation
process.
In addition to training and infrastructure-related
activities, NEC performed a community-level water
resources inventory as well as climate-impact projections.
This evaluation was only completed by the end of the
project cycle and did not inform the in-community project
activities. However, based on the expert roundtable
discussions, there is potential that this information can
be used during NAPA III projects and promote longerterm sustainability of project outcomes in the face of
intensifying climate impacts.

Outcomes and Gaps from the NAPA II Project
NAPA II included a post-project M&E component. This
was also funded through UNDP and was organized by
NEC. A third-party consultant (NEC and UNDP 2019)
was hired to perform the evaluation in 2018. In addition
to the information gathered from this evaluation,
expert interviews with key project actors, as well as
an FGD, informed the case study evaluation of project
achievements and shortcomings.
Main project achievements included

▪
▪
▪
▪
▪

construction of easily accessed water points near
households;
improved sanitation and health;
lower financial and labor costs for water resource
maintenance;
increased awareness of climate change;
establishment of a systematic water management
system;
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▪
▪
▪
▪

creation of a sense of responsibility for water-resource
protection;
livelihood diversification (e.g., weaving, kitchen
gardens) due to increased free time of water
collectors;
return of migrated youth; and
reduction of invasive species as native vegetation
returned.

Although the NAPA II project in Tsirang Toed indicated
transformative adaptation as per the IPCC definition,
upon further investigation it appears that the longterm sustainability of the changes remain in question.
During the project cycle (2014–2018), community
members reported that they had increased access to
water. However, FGDs performed for this case study
revealed that post-project water scarcity ensued. Prior
to implementation of NAPA II, only 45.5 percent of
post-project survey respondents reported that they had
adequate water supplies. Upon project completion,
about 62 percent of respondents stated that the overall
water supply situation was adequate, marking a 16.5
percent increase in improvement. However, 38 percent
of respondents were still not satisfied with water supply
(NEC and UNDP 2019).
There is already concern that the new reservoir,
powkhula, in the neighboring community, Phuentechu,
is being overused and will not be able to supply water to
both communities for the foreseeable future. Therefore,
community leaders have started setting their sights
on an even further alternative water body that would
require additional piping and other water distribution
infrastructure.
However, nature-based solutions, such as regenerating
native forest species, offer flexible long-term solutions
with benefits that might not be evident immediately or
consistently in the short term (Seddon et al. 2020). In
2018, the final year of the project, rainfall was below
the 1998–2018 average by 30 percent, and there were
13 outlier heat days (NCHM 2019b). This could indicate
that in the year following the end of the project, water
availability had decreased due to climatic causes in 2018.
Because transformative adaptation is a process and this
project marks the initialization of that process, further
efforts may be required to sustain outcomes of the system
shift. Community approaches to shifting hydrological and
ecological systems should be ongoing, which could address
gaps or shortcomings from previous activities.
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FGDs and community household survey responses from
the project evaluation report indicated the following
current community concerns:

▪
▪
▪
▪
▪
▪

The village is relying on a single water source, which
may result in continued water resource pressure.
Some households are not receiving as much water as
others due to being farther from the reservoir.
Continued road construction is affecting available
water.
Water shortages continue to occur seasonally.
There is not enough water for agricultural irrigation in
addition to what is needed for household use.
There is a lack of skilled plumbers and fitters for
maintenance of water distribution infrastructure.

Key Drivers for Transformative
Adaptation in Tsirang Toed
Tsirang Toed is still very much at the beginnings of
a system shift. As evidenced by community FGDs,
community members are still concerned about the
sustainability of their water resources and still contend
that they do not have enough water for activities like
irrigation. NAPA II is the first water-management project
in Tsirang Toed and therefore marks the initial steps in
shifting water dynamics in this community. However,
despite being in the middle of transformation, the NAPA
II project in Tsirang Toed demonstrated many of the
key drivers for transformative adaptation. Table B1 in
Appendix B applies the entire drivers checklist to the
NAPA II project. Below, we summarize three important
drivers that were identified from expert consultations and
community FGDs.
As previously noted, these drivers overlap with what
is important for development system shifts yet are
targeted at building climate resilience. For example,
strategically phased plans with linked funding are also
critical for major development projects; however, given
the uncertainty and growing variability in climate, such
planning will need to be adaptive to new climate norms
and a growing understanding of impacts. Similarly,
multitemporal interventions are also important for
development gains (e.g., delivering short-term benefits
while focusing on long-term goals), but within the context
of climate change these multitemporal interventions
would need to accommodate for intensifying climate
impacts on fluctuating time horizons.
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Strategically Phased Planning with
Linked Funding
Project activities in Tsirang Toed were the direct result of
priorities outlined in the 2012 revision of Bhutan’s NAPA
document. This document highlights the critical areas of
adaptation that require action in the coming years and was
the backbone for designing the NAPA II project portfolio.
Tsirang Toed was identified as a community that reflected
the needs outlined in the document, and therefore, public
finance, supported by donor funding, was allocated to
address climate impacts in the community.
Although this project was a direct result of the way
NAPAs were designed by the UNFCCC (i.e., the NAPA
is developed and implemented with LDC funding) and
theoretically should address short-term needs, the way
Bhutan has structured the NAPA process promotes
longer-term, sustainable shifts. Each iteration of the
NAPA directly builds upon previous NAPA priorities in an
attempt to achieve a longer-term vision that aligns with
the 2030 Agenda for Sustainable Development. Bhutan
has now moved on to designing its NAPA III project
priorities and its National Adaptation Plan (NAP) which
will highlight the medium- and long-term adaptation
priorities (UNDP 2019). Although not finalized, expert
consultations with NEC revealed that, as part of the NAPA
III project, Tsirang Toed may see continued adaptation
investment if it is yet again selected for project activities.
This method of linking national adaptation projects to
a series of NAPA-informed priorities and a longer-term
plan could promote sustainability of the NAPA II project
outcomes.

Inter-community Collaboration
and Agreements
Securing an alternative primary water source in
Tsirang Toed would not have been possible without
inter-community collaboration. As powkhula is in the
neighboring Phuentechu community, an extensive
dialogue between community leaders was initiated for
negotiating water access rights, as well as realization of
water distribution infrastructure. A verbal agreement was
made in which, as part of the NAPA II project, Tsirang
Toed community members could construct a single
reservoir that would source water from the neighboring
water body. This reservoir would then be connected to a
piping distribution network that would feed into Tsirang

Toed after traveling over 16 kilometers of mountainous
terrain. In return, 25 households in Phuentechu would
receive access to water from the water pipes laid by the
people of Tsirang Toed. It should be noted that this
verbal agreement is founded on inter-community trust
and reciprocation and not on legal documents or formal
agreements. Such forms of agreement may be difficult in
other hotspot regions that may be facing inter-community
conflict or crisis.

Integrated, Multi-temporal Interventions
at the System Level
The development of the NAPA II project emphasized the
integration of interventions at the system level as well as
sequencing interventions for short-term (e.g., immediate
access to alternative water sources) and long-term gains
(e.g., nature-based solutions for restoring local water
resources). Recognizing that constructing a reservoir
and water distribution network may not be enough to
increase resilience to climate and other environmental
impacts in the long-term, this was accompanied with
other complementary incremental activities that were
meant to address the socioecological system, including
training for understanding climate change and its impacts,
identification of non-native species, hand-dug well
maintenance, and creation of a women’s saving group for
reservoir and pipe maintenance. These and other project
activities and the systems approach that they exemplify
have been maintained by community members with
guidance from the Tarayana Foundation field placement
member, who has also been monitoring changes.

Recommendations
While the NAPA II project in Tsirang Toed proved to
demonstrate the presence of many of the components
of transformative adaptation-enabling environments as
outlined by the drivers checklist, it also highlighted some
gaps. In addition to the drivers checklist, based on findings
from community FGDs, expert interviews and project
documents, we make the following recommendations:
Continue climate-resilient water management
projects in Tsirang Toed, focusing on longerterm, sustainable outcomes. The sustainability of
the neighboring water source is in question, both due to
increasing demand and diminishing supply. Community
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members in both Tsirang Toed and Phuentechu have
started investigating another alternative water source,
dhapkhola, which is about 32 kilometers away. The
original alternative primary water source, powkhula,
was based on the best available knowledge at the time of
implementation. It is hoped that results from the NEC’s
climate modeling during the NAPA II project will inform
future projects and determine whether a different primary
water source will be necessary. However, if further
shifts are required, assessments of the sustainability of
the new options, such as dhapkhola, will be necessary.
Unfortunately, there is currently a funding gap for
further assessments and activities for improving water
management in Tsirang Toed. With further funding,
the community should consider the importance of a
demand-side analysis and explore options for optimizing
seasonal water storage, irrigation efficiency, and nonwater-dependent livelihood alternatives. This may be
critical as water supply seems to be increasingly limited,
and continually changing primary water sources in more
distant locations may not be feasible or a wise allocation of
investments.
Public and donor funds should be targeted at
building infrastructure and capacity related
to water baseline and projection data. Recent
initiatives to survey and collect water data, such as the
activities performed by the NEC, have started to fill the
preliminary gaps in understanding water baselines and
projections. However, geographic and temporal coverage
is still limited. Investment in automated climate and
water monitoring stations would improve the ability to
effectively plan and implement sustainable adaptation
interventions in the medium and long term. From a 2014
inventory assessment, Bhutan had 17 automatic water
level stations (AWLS), none of which were in Tsirang
(National Land Commission-Centre for GIS Coordination
2014).
In addition to the automated availability of key climate
and water data, local staff will need to analyze these data
to incorporate them into transformative pathway planning
and implementation. Local universities, such as The
Royal University of Bhutan, do not yet have the technical
or technological capacity to train domestic watermanagement and adaptation professionals. Therefore,
there should be consideration for developing curriculum.
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A newly designed master’s program in water management
has been launched but currently lacks funding. With
further investment, such a program should include
training relevant for addressing the climate-water nexus
and identifying hydrological tipping points, which will be
essential for identifying other communities that require
transformative adaptation in Bhutan.
Improve coordination and collaboration among
community members, government entities,
and technical experts when planning and
implementing nature-based solutions.
A main takeaway from community FGDs was that
community members recognized that forest composition
is important for water availability, yet they were unsure
which species are best suited for water conservation.
Additionally, a site visit and expert interview with the
Tarayana Foundation field officer revealed that the
community had been planting a species of pine that
secretes a toxic sap with high levels of resin that does
not allow surrounding vegetation to establish. Pines
are also well known to reduce groundwater recharge as
compared to other native species, which in turn may
reduce base flow. One Himalaya regional study showed
that the groundwater recharge rate for pine forests was
8 percent while native oak forests had a recharge rate of
23 percent (Agarwal and Rautela 2018). Beyond species,
consideration for the density of trees, according to the
optimum tree cover theory, is also critical for managing
available groundwater (Ilstedt et al. 2016). Therefore,
we recommend closer ties between forest scientists (e.g.,
those from the Royal University of Bhutan, Forestry
Department) and the Forest Resources Management
Division as well as performing a tree composition and
guidance document that is made available to community
leaders for knowledge dissemination. This guidance
should also effectively communicate the timelines of
outcomes from changing tree composition and other
nature-based solutions as they relate to water availability.
Clear communication of outcome timelines will help
community members trust the transformative pathway
process.
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CASE STUDY 2. TRANSFORMING DEGRADED
LANDSCAPES IN TIGRAY, ETHIOPIA
Land degradation can increase the vulnerability of
ecological systems to climate change impacts and reduce
the effectiveness of incremental adaptation interventions
(Webb et al. 2017). Landscape or ecological restoration
has been shown to be a promising strategy for mitigating
and adapting to climate change (Bustamante et al. 2019;
Vallejo et al. 2012). However, in a rapidly changing
climate, restoration efforts cannot be targeted at
returning to a historical norm, but rather be designed to
be sustainable under the new normal of future climate
regimes (Prober et al. 2015).
This case study offers the opportunity to investigate a
transformative pathway focusing on landscape restoration
in Tigray, Ethiopia. The study involved government
initiatives, international donor projects, and, importantly,
community-led action. Expert interviews confirmed
that, although most interventions were not originally
designed for climate change adaptation, the collective
actions have had important implications for climate
resilience. A few programs—for example, WeForest,
Water Harvesting for Rainfed Africa Project (WAHARA),
and Reducing Emissions from Deforestation and Forest
Degradation and Conservation of Forests, Sustainable
Forest Management and Enhancement (REDD+)—have
started to consider climate change impacts in restoration
activities. The Tigray Bureau of Agricultural Development
has conducted a spatial suitability assessment for various
tree species that would be climate-resilient for restoration
(TBoARD 2016). This information will be used by REDD+
interventions.
Before restoration efforts occurred, areas of Tigray
would trend toward desertification during dryer spells
(Moeyersons et al. 2003). Struggling agriculture-based
communities would lose members to outmigration. Now,
in communities with successful restoration and SWC,
native vegetation is coming back, and groundwater levels
are increasing, although across Tigray surface water and
groundwater remain relatively low (Woldearegay et al.
2017). The population in some of the most successful
communities is growing due to new opportunities for
promising livelihoods (Aba Hawi 2019).

Box 2 | Transforming Degraded Landscapes in Tigray,

Ethiopia: Case Study Overview

Location: Tigray, Ethiopia
System: Select degraded watersheds in Tigray; e.g., Abreha We
Atsbeha, population: 5,217 (WKA 2014), area: 67.7 km2 (Tadesse et al.
2016)
Climate Change: Increasing temperatures, droughts, and erratic
rainfall
Tipping Point: Local ecologies enter desertification trends leading
to abandonment of livelihoods, outmigration, and loss of biodiversity
Transformative Adaptation: Redirecting landscape trends via
large-scale soil and water conservation (SWC)
Outcomes of Transformative Adaptation: Increased agricultural
production, reverse of desertification trend (i.e., re-greening),
reversed migration trends, and increased biodiversity
Scale of Change: Landscape restoration is occurring across
Tigray although in pockets of varying success. Although national
plans and institutions highlight restoration, integrated strategies
across policies and institutions are limited. Diverse complementary
approaches to restoration are evident in several watersheds.
Source: Authors.

Tigray’s transformative pathway has been marked by
many challenges, including intense periods of drought and
civil unrest. Additionally, a lack of cohesive, collaborative
planning and a unified vision has created a landscape
of actors acting in an uncoordinated fashion promoting
redundancy, inefficiency, and a lack of sustainability.
This is not to detract from Tigray’s successes, as these
have been numerous and impressive, but it signals that
for transformative adaptation to progress, challenges
and gaps must be addressed while building off previous
accomplishments.
Much documentation exists of the success of Tigray’s
world-renowned accomplishments (Birhane et al. 2017;
Tigabu et al. 2014; Hessel et al. 2016; Woldearegay et
al. 2017), but little of it focuses on aspects related to
climate resilience; and there is no centralized repository
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Figure 4 | Landscape restoration in Tigray, Ethiopia,

showing contrast between areas with (left side)
and without (right side) restoration activities

Tigray has been subject to several intense droughts and
increasing rainfall variability, which, in conjunction with
other factors like political unrest, has led to famine and/
or migration (Figure 5). This region has high spatial
variability of rainfall, with locations that differ in average
rainfall up to 40 percent (Woldearegay et al. 2017).
Therefore, baseline water stress, as well as outcomes of
restoration, have varied from watershed to watershed.
In general, Tigray is projected to become wetter
and warmer as climate change continues. However,
precipitation during the region’s short rainy season is
expected to decrease up to 52 percent under both RCP4.5
and RCP8.5 scenarios (i.e., representative concentration
pathways for different greenhouse gas concentration
scenarios). Precipitation events are expected to come
with greater variability and intensity, risking further land
degradation in the form of soil erosion and gully formation
(Abera et al. 2018). Future projection of total water yield
in the Suluh basin, of which the Abreha We Atsbeha
watershed is a subcatchment, generally shows a decrease
from 2011 to 2040 and an increase from 2071 to 2099
(Abebe 2014).

A Mosaic of Landscape Restoration in Tigray
for easy access to data or case studies. A literature
review was conducted to inform the case study and was
complemented with in-country expert consultations and
site walk-throughs led by community leaders. There was
a focus on the community of Abreha We Atsbeha, as
it is well-documented; however, community members
in neighboring watersheds were also interviewed for
comparison. Additional methods and a stakeholder list are
available in Appendix A.

Water Stress in Tigray
Land degradation in Tigray has changed the fundamentals
of regional watersheds, including shifting topographical
formations (e.g., gully formation), water bodies (e.g.,
streams and ponds), and soil characteristics (e.g., loss of
fertility and severe soil moisture stress). Land degradation
can be defined as “a reduction in the capacity of the land
to provide ecosystem goods and services, over a period of
time, for its beneficiaries” (UNCCD 1994).
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During the 1970s, agriculture in Tigray consisted of
cultivation of excessively steep slopes, terracing in
disrepair, a lack of check dams in torrent beds, absence
of reservoirs, free grazing, and uncontrolled tree felling.
Farmers were stuck in a consistent state of poverty
and food insecurity. It was at this time that a variety of
landscape restoration initiatives began. A U.S. Agency
for International Development (USAID)–Peace Corps
terracing program started in Mekelle, Adigrat, and other
sites with the support of the Institute of Agricultural
Research’s Mekelle drylands station (Figure 5). With
community support, the Tigrai Rural Development Study
established 12 range exclosure plots (i.e., areas from which
livestock is purposely excluded) in Aba’ala (in Afar), Giba
Valley, and the lowlands west of Degu’a Tembien and also
installed check dams and stone terraces (Munro et al.
2019).
However, the beginning of the Ethiopian Civil War
in September 1974 caused organized SWC activities
to temporarily halt. USAID left the region, and other
initiatives were put on pause. It was not until the early
1980s that the federal government and the Tigray
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Figure 5 |

Timeline of Droughts and Restoration Activities in Tigray from 1960 to 2019
1960
1964–1966
1970
1973–1974
1974

No SWC programs present
Drought in Tigray and Wollo (1.5 million people affected)
USAID – Peace Corps start terracing projects
Drought in Tigray and Wollo (0.2 million people affected)
USAID leaves due to Ethiopian Civil War

1974–1975

Tigray in desertification trend

1974–1976

TRDS, IAR, and EPID introduce SWC programs

1975

Irobland starts using indigenous land rehabilitation techniques

1976

Quiha Catchment Stabilisation Demonstration Project

1978

REST is founded

1982

Drought in northern Ethiopia (2 million people affected)

1982–1988

Ministry of Agriculture constructs terracing, bunds, and check dams

1983–1984

Drought across Ethiopia (7 million people affected)

1987–1988

Drought across Ethiopia (7 million people affected)

1991

Abreha we Atsbeha begins SWC; the BoARD is formed

1993–1994

Drought in Tigray and Wollo (7.6 million people affected)

2000

Restoration projects transition to community-led action

2000–2001

Drought across Ethiopa (10.5 million people affected)

2002–2003

Drought across Ethiopia (13 million people affected)

2007
2009–2010

Great Green Wall initiative launched
Drought across Ethiopa (5.2 million people affected)

2012

Abreha we Atsbeha receives the “Equator Prize Award”

2016

WeForest starts work in Tigray

2019

Ethiopia releases its NAP-ETH

Notes:
SWC = soil and water conservation; TRDS = Tigray Rural Development Study; IAR = Institute of Agricultural Research; EPID = Extension, Promotion and Implementation Department; REST = Relief
Society of Tigray; BoARD = Bureau of Agriculture and Rural Development; NAP-ETH = National Adaptation Plan, Ethiopia.
Sources: Boven and Morohashi 2002; Munro et al. 2019; Mahoo et al. 2013.
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Peoples’ Liberation Front recommenced restoration
work via construction of terraces, check dams, and stone
bunds. The Relief Society of Tigray was formed to enact
programs related to emergency relief, rehabilitation,
and environmental protection. The Ethiopian Civil War
continued until 1991, but foreign NGOs continued to
work on restoration activities under the radar (Munro et
al. 2019; Nigussie Haregeweyn et al. 2015; Nyssen et al.
2007).
Post–civil war, Tigray was still faced with widespread
landscape degradation, poverty, and food insecurity
despite the scattered restoration efforts. At that time,
the community of Abreha We Atsbeha was experiencing
recurrent crop failures and was reliant on emergency relief
aid. Community members were faced with the choice of
leaving and resettling elsewhere or staying and restoring
their land. With the strong leadership and persistent
efforts of Aba Hawi (“Father of Fire”), the leader of Abreha
We Atsbeha, community members began implementing
SWC, exclosures, afforestation and reforestation, water
harvesting, and planting of community woodlots practices
(Van Blerk 2017).
Before the 2000s, SWC programs were largely top-down
efforts that lacked participatory approaches to planning,
implementation, and monitoring (Table 1). An exception

Table 1 |

to this was the indigenous land rehabilitation techniques
used in Irobland of eastern Tigray starting around 1975
(Boven and Morohashi 2002). However, a marked
transition to more participatory and community-led
approaches to restoration did not occur until SWC began
in Abreha We Atsbeha and neighboring communities.
Grassroots mobilization (social, physical labor, and
financial) has been critical for the success of interventions
as communities assume ownership over project activities
and remain invested in maintenance and monitoring postactivity completion (Balehegn et al. 2019). Community
leaders in Abreha We Atsbeha and neighboring
watersheds indicated that projects that are only externally
funded and implemented tend not to be successful, and
infrastructure is not maintained as community members
are not as invested due to a lack of involvement.
In recent years, restoration efforts have started to
recognize climate change and its long-term impacts.
Because of increasing drought, initiatives like REDD+
have invested in water harvesting structures, water tanks,
and manufactured seedling care packages (Demissew et
al. 2017). WeForest, an international NGO, has begun
to mandate baseline data collection and incorporate
climate projections into community restoration planning
(Gebreyohannes and Etay 2019) as well as introduce
drought-resilient practices like water-retaining gel

Watershed Management: Shifting from Top-Down Soil Erosion Control to an Integrated and Participatory Approach
1970-1999

2000 ONWARDS

Management

Top-down

Community-based integrated watershed development

Community participation

Incentive-driven/forced

Full participation at various levels (planning implementation - M&E)

Scale

Large scale 30,000 to 40,000 ha

Small scale (micro-watershed) around 500–750 ha

Policy support

Limited

Important

Technology

Dominated by physically engineered structures

Physical and biological measures + agricultural
intensification + income-generating activities

Investment costs

High

Moderate

Monitoring and follow-up

Poor implementation and follow-up of maintenance by
beneficiaries

Improved monitoring and evaluation mechanism

Outcome

Low survival of plants and revegetation; low ecological and
livelihood benefits

Natural resources conservation; increased ecological
benefits and farmers' incomes

Source: Gebregziabher et al. 2016.
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applications around native seedlings (Hagos 2020). The
European Union (EU) project, WAHARA, applies a transdisciplinary approach to implementing climate-resilient
water harvesting technologies, complementing restoration
efforts (Hessel et al. 2016).
However, in general, restoration has not been data-driven
nor has it explicitly considered climate risks, threatening
long-term sustainability. Activities have been based on
traditional or local knowledge, which has shown incredible
results. But with growing severity and frequency of
droughts and floods, data will be needed to anticipate
conditions that will be new to communities. A hybrid
approach (i.e., internal knowledge systems complemented
by external science and data) would help to fill knowledge
gaps and accelerate climate-resilient restoration
interventions. This will help both project-based and
community-based interventions.

Outcomes of Thirty Years of Transformation
Outcomes of the transformative pathway in Tigray
via landscape restoration have been mixed and made
apparent on different timescales. Some outcomes of the
restoration and water management efforts have yet to
be seen. Overall, the information on what has actually
changed in terms of available water, ecological diversity,
household incomes, resilience to climate shocks, and
other outcomes is largely anecdotal, and recorded data
are extremely limited, typically consisting of disconnected
studies that evaluate different variables under different
contexts without established baselines (Gebremeskel et
al. 2017). However, Tigray’s successful interventions have
been recognized by international organizations (e.g., the
2012 Equator Prize Award and the 2017 World Future
Policy Gold Award) and the watershed’s biophysical
transformation is evident from satellite imagery. Between
1984 and 2010, Tigray decreased its degraded area 92
percent (Biedemariam et al. 2017). Most of the previously
degraded land has been converted into bushland or area
exclosures.
In Abreha We Atsbeha, based on consultations with
community leaders and experts, as well as a review of
the available literature, the following outcomes from
restoration and changed grazing practices were evident:

▪

Increased soil moisture leading to increased crop yield
(Adimassu et al. 2016)

▪
▪
▪
▪
▪
▪

Decrease in risk of extreme flooding due to increased
water retention of soil and gully reductions (Birhane
et aI. 2017)
Improved livelihoods for women and youth (e.g., use
of rehabilitated landscape for income-generating
activities like beekeeping) (Haile and Gebregziabher
2020)
Less extreme and cooler temperatures due to the
creation of a vegetated microclimate (Aba Hawi 2019)
Diversification of crops leading to increased nutrition
and food security (Beyene et al. 2001; Aba Hawi 2019;
Tewolde-Berhan 2019)
Improved livestock health due to increased number
of livestock watering points and grass available in
exclosures from cut-and-carry methods (Aba Hawi
2019; Moti and Boelee 2013)
Increase in biodiversity, including in restored wetland
biomes (Asefa et al. 2002; Tewolde-Berhan 2019)

Due to restoration measures, within a period of 15 years,
groundwater levels went from almost 45 meters below
the surface to less than 5 meters (Figure 6). The increase
in stored groundwater was not a deliberate outcome of
restoration; however, this is important for future drought
resilience. Groundwater provides not only water reserves
for extraction, but also enhances soil moisture, which
improves soil structure and microbial activity (Borowik
and Wyszkowska 2016; Chen and Hu 2004). Eighty
percent of the community is now able to irrigate crops
during the dry season from 650 hand-dug wells that retain
water that collects behind check dams (Fenta et al. 2019).
Despite the success of restoration efforts and related
increased infiltration rates, irrigation demand has
surpassed the rate of groundwater recharge (Woldearegay
2019). Demand, combined with mounting water stress
due to climate change, means that restoration and SWC
efforts must urgently become more innovative to sustain
benefits and scale to new regions. Due to lack of strategic
or formalized M&E, sustainability and magnitude of
outcomes across the landscape have not been recorded,
hindering future planning. Due to the complexity of
monitoring ecological processes and assigning causality,
practitioners and researchers may need to rely on using
proxy indicators, such as groundwater table levels
or agricultural yields, and apply advanced modeling
technologies like AI and machine learning (Woldemariam
2020; World Economic Forum 2018). Simultaneously,
relevant institutions must prioritize coordinating
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restoration efforts and promoting policies that strengthen
water rights and regulations.
Impacts from restoration on soil and water have improved
farmers’ vegetable production, increasing average income
per hectare per year from US$908 per hectare in 2004
to $2,016 per hectare in 2011—a 122 percent increase
(Haileselassie 2013). Irrigable area has increased nine-fold
(from 32 hectares in 2004 to 285 hectares in 2011), and
total crop production has increased twelve-fold (from 328
tons in 2004 to 3,965 tons in 2011). This is critical for food
and livelihood security as well as significantly enhancing
climate resilience (Hagazi et al. 2019).

Key Drivers of Transformative
Adaptation in Tigray
Restoration in Tigray was initially undertaken largely
in response to poor land management, but now it has
become important for assuring communities’ climate
resilience. The success of restoration initiatives has varied
from place to place with varying consideration of climate
variables. Therefore, whether transformative adaptation
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applies to Tigray cannot be a conclusive statement across
the region; rather, adaptive shifts in the landscape have
occurred at the community level. The key drivers that were
considered only reflect the watersheds that were visited
during in-country consultations (i.e., Abreha We Atsbeha,
Gergera, and Gerebshelela) in order to give a general
idea of how these shifts have occurred in the region.
Table B2 in Appendix B provides full details of how the
transformation in Tigray aligns with the drivers outlined
in the key drivers checklist, noting that this is not an
exhaustive analysis.
As the transformation in Tigray started more because of
environmental (e.g., erosion due to land mismanagement)
and socioeconomic (e.g., increased migration due to lack
of livelihood opportunities) factors, rather than climate
concerns, it is not surprising that the highlighted drivers
are also important for the development gains in the
region. However, as time has proceeded, temperatures
have increased, and droughts have become more frequent.
Therefore, there has been a shift toward thinking about
restoration not only in environmental and socioeconomic
terms, but also in terms of climate resilience. Actors like
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Aba Hawi and WeForest, now recognize that previous
restoration activities aiming to support development
gains now must simultaneously incorporate climate
resilience. This means that both community leaders and
members are operating under new levels of uncertainty,
and previous restoration efforts will need to adjust
accordingly.

Mobilization of Community Change Leaders
The story of Aba Hawi, the community leader of Abreha
We Atsbeha, is well known in the region and among
restoration experts. Recognizing that the degraded
landscape was negatively affecting food security and
livelihoods, Aba Hawi pushed community members to
forfeit extensive felling of trees, plant native species,
practice farmer-managed natural regeneration (i.e.
planting of evergreen trees like F. albida to combat
desertification and climate change), practice zero grazing
(i.e. areas where grazing animals is not allowed but
community members may cut grasses by hand to be fed
to animals in stalls), and contribute 40 days a year of free
labor to SWC activities. Initially disregarded, after years
of influencing community members by slowly showing the
results of his own restoration efforts, Aba Hawi became
a respected leader and was a key reason why restoration
reached scale in Abreha We Atsbeha. Aba Hawi’s guidance
was not only important for technical expertise but also in
building social capital through establishing trust between
the farmers and the collective and between the collective
and local leadership over a period of 31 years (Van Blerk
2017).
An important aspect of the effectiveness of community
leaders is also the governance conditions under which
they are working. In Tigray, every village contains peasant
associations (around 500 households), which carry out
annual planning. This is where the grassroots mobilization
occurs and decisions are made around which restoration
activities to implement and how to distribute benefits.
This local level governance ensures ownership as well as
personal, trusted relationships with leadership. Therefore,
the overall success of restoration in Tigray consists of the
aggregated successes at the micro-peasant association
level. (Hagos et al. 1999)
Community leadership making or breaking landscape
transformation is not just the story of Abreha We Atsbeha.
Interviews with regional experts and neighboring
community leaders indicated that sustainable landscape
changes were associated with long-term, trusted leaders.
In the Gerebshelela watershed, a newly reappointed

community leader explained how during his lapse in
being in a leadership position, the community returned
to a free-grazing policy as the new leader felt pressure
from community members to reopen the lands. The
land resumed a degraded state, losing all the co-benefits
related to increased water availability. Yet again in a
position of power, this community leader has successfully
reconvinced community elders and other members to
respect zero-grazing and stall-feeding policies that have,
yet again, put the watershed on a path of regeneration.

Effective Behavioral Change Campaign
When Aba Hawi provides consultations to communities
requesting assistance for restoration activities, the first
thing he focuses on is changing community paradigms.
First, community members must accept that women can
and should contribute to the planning and implementation
of restoration efforts, including physical labor. Second, he
promotes a free-labor policy in which every community
member is required to contribute 20–60 days a year of
free labor to restoration and SWC activities, a practice
that has been replicated in other communities throughout
Tigray. These factors help to foster a community member’s
sense of ownership over restoration activities as well as
investment in maintenance of related structures such as
check dams. Restoration must be a movement, rather than
a project solely based on deliverables.
In Gule catchment, a neighboring watershed, an
externally funded and implemented check dam was
established. The positive effect of this check dam structure
was not as evident as in Abreha we Atsbeha, possibly
for several reasons: there was not full community
involvement; implementers were not dedicated to shift
local SWC paradigms; the project phase-over did not
adequately transfer responsibility to local entities; and/
or topography, soil, and microclimate created drier
conditions than in Abreha we Atsbeha. Similar issues have
occurred across Tigray with hand-dug wells and rainwater
harvesting installations. However, the Gule catchment
has been collecting baseline data and monitoring change.
Such information will be important for future SWC
interventions.

Integrated, Multi-temporal Interventions
at the Systems Level
The process of landscape restoration often takes time,
limited by ecological processes such as vegetation and soil
regeneration. However, in situations such as in Tigray
during the 1980s and 1990s, circumstances may be so dire
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that immediate action with immediate relief is required.
Part of Tigray’s success and growing scale in restoration is
due to the provision of short-term gains while maintaining
a perspective on longer-term outcomes. These short-term
gains (e.g., increased access to water from check dam
construction, inclusion in safety net programs, provision
of biofuel) have also been critical for building community
members’ trust in the longer-term shift of restoring the
land. Additionally, income-generating projects with
co-ops and/or through microloan schemes have helped
to free land from extractive, damaging practices by
providing short-term alternatives (Hagos et al. 1999). As
the long-term adaptation action is founded on naturebased solutions such as exclosures and tree planting, the
outcomes remain flexible—that is, restoration activities
can be adjusted, and course-corrected if need be (e.g.,
switching the type of tree that is planted). Recognizing the
interconnectedness of the hydrological system, Aba Hawi
and other community leaders emphasized implementation
of interventions at the watershed level, (Gebregziabher et
al. 2016).

Recommendations
Improve relevant actor (e.g., communities,
government agencies, project practitioners,
and research organizations) coordination
and collaboration to scale impacts and make
efficient use of investments. One expert at Mekelle
University suggested that the biggest gains in watershed
resilience would be through continuous implementation
in catchments without gaps or lags between projects
(Meaza 2019). Restoration in watersheds was compared
to building a dam: If the entire structure is not finished in
compounding succession, disasters can occur (e.g., dam
collapse), or it will have less positive impact than it would
have had with seamless implementation. Coordinated,
compounding restoration efforts that integrate climate
resilience will be essential for sustainable outcomes
and nonredundant investments. Piecemeal restoration
does not adequately shift water and soil dynamics to
achieve climate resilience, which discourages community
trust in project implementers (WeForest 2018). A
local organization or third-party platform could track
restoration and watershed management efforts to promote
organization, collaboration, and efficient use of funds.
This could contribute to creating a longer-term strategy
and/or investment blueprint for reaching climateresilient restoration at scale while sustaining outcomes.
Landscape restoration should not be regarded as a project
with a finish date, but rather an indefinite endeavor as
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restoration efforts will need to continually adjust with a
changing climate (van Blerk 2017).
Identify and mobilize change agents in
communities that have yet to implement climateresilient restoration. The single most important factor
for successful restoration has been quality community
leadership. Leaders who recognize the importance of
landscape restoration at the watershed level and can
gain the community’s trust by illustrating benefits
have demonstrated the most substantial outcomes
(Gebregziabher et al. 2016). However, not all communities
have this type of leader. Aba Hawi from Abreha We
Atsbeha has started to share his lessons learned and
foster new leaders in different communities, but a lone
individual cannot provide the support required to enhance
the resilience of an entire region. A forum or coalition
that gathers community change agents, accompanied by
an online information platform, could provide training
and support to current or apprenticing leaders while
leveraging skills and knowledge that already exist
in communities. This platform could also encourage
practices of restoration and watershed management that
are planned in full consideration of future climate impacts.
Mekelle University’s College of Dryland Agriculture and
Natural Resources and the Participatory Ecological Land
Use Management consortium would be good launching
points as they have previously organized a one-off learning
event called “Learning from Farmers to Shape Our
Research Agenda.”
Invest in development and application of
baseline data (climate and non-climate) to
advise on suitable climate-resilient restoration
interventions. As with much of the world, there is
currently a large gap in available baseline data in Tigray,
especially related to water availability and use. Very
few restoration projects include collection of baseline
data and ongoing data monitoring (e.g., Gule watershed
management). This should be included in project plans
and funding. Information that does already exist, such
as low-resolution soil maps, climate data, and land-use
maps, is often not readily available and can take a lot
of time to access, clean, and verify for accuracy. Local
universities (e.g., Mekelle University) require targeted
investment to create research curriculums that improve
or generate this type of information in a format that can
inform climate-resilient restoration efforts. Additionally,
improving national meteorological and hydrological
station coverage would enhance data resolution and
accuracy, which is essential for planning for adaptive
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shifts. Currently, the National Meteorological Agency uses
approximately eight meteorological stations for Tigray’s
monthly hydrometeorological bulletin (NMA 2020).
This baseline information will be important for generating
projections and climate-impact assessments that will help
to inform restoration actors about how to successfully
implement activities based on a new normal rather than a
goal to return to an impossible historical normal (Pramova
et al. 2019). A potential starting point for assessing data
needs and gaps is the restoration diagnostic as part of
the Restoration Opportunities Assessment Methodology.
This diagnostic lays out key questions for planning and
implementing climate-resilient restoration interventions,
as well as considerations for sustainable and equitable
outcomes (Hanson et al. 2015).
M&E of climate, environmental, and social data will also
be essential for informing the transformative pathway
and relevant course correction, if needed. Collaboration
among academic and research organizations and relevant
implementing ministries, NGOs and community leaders
will be critical for translating these data and analyses
such that it is possible to make evidence-informed
decisions about project, program, and policy design and
implementation.

CASE STUDY 3. TRANSFORMING COFFEE
AGRICULTURE IN GUANACASTE, COSTA RICA
This case study illustrates an ongoing transformation that
includes coffee farmers and cooperatives in Guanacaste,
Costa Rica. The marked shift from coffee growing to
citrus (e.g., orange) cultivation has been an autonomous
transition with very limited public support or national
initiatives, no donor support, and limited private-sector
intervention. Therefore, a long-term transformative
pathway is not being implemented; rather, ad hoc
incremental actions and some cooperative-level
organizing have spontaneously compounded for a
significant regional shift in production systems. This
agricultural transformation is just beginning. It is in
large part driven by climate impacts, which have been
negatively affecting coffee production yields and quality,
and by the global decline in coffee prices. Citrus fruits
are perceived as more climate-resilient and profitable, as
proved by early adopters, than coffee, leading to more
and more farmers converting their production
system. However, without analysis that combines climate
change projections and crop modeling, uncertainties about
the long-term sustainability of citrus production remain.

Box 3 | Transforming Coffee Agriculture in Guanacaste,

Costa Rica: Case Study Overview

Location: Guanacaste, Costa Rica
System: Coffee agriculture mostly via cooperatives; there are two in
Nicoya, Guanacaste (e.g., Coopepilangosta, 184 members, 261 km2).
Climate Change: Increasing temperatures and droughts, among
others.
Tipping Point: Coffee production is becoming economically
non-viable, leading to impoverishment, decreased well-being, and
outmigration.
Transformative Adaptation: Converting from coffee to citrus
production.
Outcomes of Transformative Adaptation: Increased incomes,
greater income stability, improved nutritional security.
Scale of change: Regional citrus production is now occurring, yet
integration of the transformation into institutions and policies is
limited, and organized systemic activities are largely nonexistent.
Source: Authors.

One large juice company has grown citrus fruits in
Guancaste since 1995, but only in the last decade
has citrus production been more widely adopted by
smallholder farmers. Not all farmers have had equal
access to this opportunity. Anecdotally, those with more
land, resources, and access to information are more
likely to shift to citrus, with poorer or indebted farms
unable to afford the time, inputs, or capital to invest
in production shifts. A broader, more sustainable, and
equitable transition to alternative crops like citrus is
needed, and it will require both private and public-sector
support.
In March 2019, WRI staff spent two weeks
in Guanacaste speaking with various ministry
officials, extension agents, coffee cooperative staff,
and coffee farmers (including those who had and
had not switched to citrus or were in the process of
switching). WRI also developed a survey that was
distributed to farmers during the annual assembly
of Coopepilangosta, one of the region’s two
coffee cooperatives. The 47 respondents (26 percent
of the total cooperative membership) represent 218
people who depend on revenue from farms. This survey
contributed information relevant to farmers who have
introduced citrus production, including how the desire to
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Figure 7 | A local farmer and WRI researcher in

Guanacaste, Costa Rica, surveying citrus
orchard production in a region where coffee is
becoming more difficult to farm due to climate
change

suitable for coffee cultivation are projected to decrease
in the country, ranging from -21 percent to -50 percent
by 2050 and 2080, across four different trajectories for
greenhouse gas concentrations (see Figure 8, Ovalle
Rivera 2018). Projections make it clear that in all
trajectories, coffee will no longer be a viable crop in
several regions.
Areas such as the dry northern coffee-growing region
of Guanacaste are more climatically vulnerable than
others. Guanacaste is the driest and hottest province of
the country and has increasingly suffered from
rising temperatures, more frequent and intense
El Niños (now every three years instead of the
historical six), erratic rainfall patterns, increases in
pests and diseases, and other climate change
impacts. Simultaneously, volatile global coffee prices
over the last decades have led to a general decrease in
profitability. These conditions have made diversifying out
of coffee production an economic imperative for many
farmers.

increase incomes is the most frequent reason why coffee
farmers begin to produce non-coffee crops. Additional
methods and a stakeholder list are available in Appendix A.

A Drier, Hotter Guanacaste
Costa Rica is highly vulnerable to climate change due to
its geographic location and socioeconomic conditions
(Government of Costa Rica 2018). By the year 2050,
annual temperatures in Costa Rica are projected to
increase between 1.2oC under a low emissions scenario
and 2.23oC under a high emissions scenario (Ovalle
Rivera 2018). Warming temperatures, greater rainfall and
temperature variability, an increase in coffee diseases and
pests (especially coffee rust), drought, and extreme heat
are some of the main ways that climate change is affecting
Costa Rica’s coffee sector (ICAFE 201). Overall, areas
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Drought and high temperatures are the two climate
impacts most frequently mentioned by coffee farmers in
the Nicoya Peninsula of Guanacaste province. These are
closely followed by irregular rains, variability of season
length, and increased solar intensity. A representative
from the local Ministry of Agriculture (MAG) extension
agency shared that El Niño is now more intense and
brings with it more pests. Surveyed farmers recognize
that the climate is changing, but implementing needed
adaptation measures is not possible for most or is
very limited due to inadequate technical and financial
capacities. Some farmers have been able t0 introduce
adaptive measures like shade trees or windbreaker
trees or have replaced coffee trees with hardier coffee
varieties. Farmers with more resources have managed
to create water reservoirs for timed irrigation to induce
coffee flowering and avoid harvest loss. While these
measures may be suitable for building resilience in some
farms, others have reached a tipping point where coffee
production is no longer economically viable. Therefore,
farmers have decided to try more transformative
approaches like introducing citrus production.
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Figure 8 | Subset of a Climate Suitability Map for Coffee, Showcasing Nicoya Peninsula in Guanacaste
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Note: Pinpoints indicate the locations of relevant study sites in northwestern Costa Rica, including Coopepilangosta, Coopecerroazul, and Del Oro. As shown by the map on the left, coffee is
currently grown in various parts of Guanacaste, despite being a difficult region for coffee. On the map to the right, yellow and orange areas reflect decreases in future coffee suitability. RCP stands
for Representative Concentration Pathway, a projection trajectory adopted by the United Nations of the atmospheric concentration of greenhouse gases given a certain level of effort to reduce
emissions. This figure shows a low emissions scenario (RCP 2.6) with low climate impacts; that is, optimistic estimations of future emissions reductions. To explore and interact with these data and
other climate scenarios, please visit the online platform PREPdata.org.
Source: Ovalle Rivera 2018.

The Introduction of Citrus Production
In 1992, the global coffee price crisis caused prices
to plummet well below what was profitable for many
farmers in Costa Rica. It became essential for farmers
in Guanacaste to seek other economic alternatives. On a
small scale, some farmers started to plant citrus, with the
aim of selling to Del Oro, a juice processing company in
the same region, or town markets. Since then, coffee prices
have continued to be irregular, yields have suffered, and
more farmers have started to introduce citrus. From
2000 onward, monocropping of citrus (no longer mixing
it in with coffee trees) began to appear. Farmers began
to grow and sell their citrus fruits to expatriates or local
grocery stores independently, buying seedlings from
one of the few neighbors with small citrus nurseries.
This scene is changing, as coffee cooperatives’ interest in
citrus strengthens and they seek to provide production
and commercialization support. For example, in 2019 the

Coopecerroazul cooperative managed to procure a deal to
sell a citrus harvest to the American company Walmart,
which has a store located in the region.
According to farmers in the Coopepilongsta cooperative,
citrus became a major component of the agricultural
landscape starting around 2010. Because of the
culmination of the climate and market conditions, some
farmers recognized that coffee production as they knew
it would no longer be able to continue. Urban migration
of youth was steadily increasing, partially due to a
recognition that a life of coffee production meant a life
of battling unpredictable market and climate conditions
with little reward. Unless farmers shifted their agricultural
practices, they would need to seek out alternative
livelihoods, most likely in other places than their local
communities. With the proof of concept from the 1990s
and 2000s, citrus started to become a critical solution in
maintaining their agricultural livelihoods. Farmers have
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learned about converting to citrus via other farmers and
cooperative meetings highlighting the opportunities of
citrus production.
Technical guidance from the MAG and the Instituto
del Café de Costa Rica (ICAFE) indicate that climatic
conditions for growing arabica coffee include median
annual temperatures between 17 oC and 23 oC, or even
more optimally, between 18.3 oC and 21.1 oC. Ideal
annual precipitation is between 1,600 and 1,800 mm,
with minimum precipitation close to 1,000 mm deemed
unsuitable for the crop to be profitable (Mora 2008;
ICAFE 2011). Subtropical orange trees, on the other
hand, thrive in temperatures ranging from 13 oC to
37 oC, and their water requirements are lower than those
of coffee. For example, orange trees don’t usually require
irrigation in the spring (Morton 1987). During droughts,
oranges may shrink, but the fruit can recuperate and
reabsorb water when it becomes available again. An entire
coffee crop, on the other hand, can be lost if rain fails to
fall at specific points in the reproduction cycle. Water
requirements to process coffee to the point of being ready
to be roasted (i.e., green coffee) are approximately 8,424
m3/ton in Costa Rica (Chapagain and Hoekstra 2003).
Meanwhile, processed citrus requires approximately 1 m3/
ton of water (figure based on citrus wastewater production
estimated by Zema et al. 2019).
In addition to the greater climatic resilience of orange
cultivation compared with coffee, interviews with
Coopepilangosta cooperative staff affirmed that the
structure of orange markets is more desirable for the
following reasons:

▪
▪
▪
▪
▪

Citrus is conducive to selling directly while coffee
typically has sales intermediaries.
Unlike coffee, citrus fruits do not require intensive
processing (i.e., can be eaten raw).
Citrus can be harvested multiple times a year while
coffee is harvested once per year.
Citrus is less costly to cultivate and less inputintensive, including labor.
Citrus has more consistent pricing and demand.

A MAG official shared that, on average, a smallholder
citrus farmer in Nicoya can expect a gross annual
income of $4,300 and net income ranging between $860
and $1,200, depending on operating costs. A
cooperative manager shared that, in some cases,
one hectare of oranges can be extremely profitable,
producing an annual gross income of about
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$9,050 (or 5,250,000 colones). These figures are higher
than the annual gross average income of smallholder
coffee farmers: $2,400 (approximately $500–$700 net
income), with better-off farms attaining $4,000–$5,000.
Therefore, citrus production can be around 58 percent
more profitable than coffee production.
Although there is a climate resilience and market incentive
to introduce and produce citrus, there is limited support
to help farmers enter and sustain this new production
system. Public programs and financial support exist to
assist farmers in adding crops to diversify their farms, but
these are not geared toward citrus or replacing coffee with
more resilient crops. Most surveyed farmers are aware of
such programs, which tend to be in the form of extension
services and technical assistance provided by the MAG,
the cooperative, or other institutions. About 55 percent of
farmers surveyed had used these services, which include
workshops, free saplings, and demonstrations of best
practices and neighbors’ model farms. Access to financial
services, however, is more limited. Sixty-eight percent
of farmers who responded to the survey do not have
access to and were unable to use loans or credit to fund
the introduction of new, non-coffee crops. These farmers
were unwilling to take on debt or the high interest
rates and also lack financial support for citrus production
(compared with the options available for coffee). However,
a few farmers were able to secure loans or credit. One
farmer in Nicoya received support to build a small citrus
nursery, while another was able to construct a processing
plant that now buys oranges from neighboring farms.
While citrus seemingly provides opportunities to build
resilience to climate change, increase profits, and maintain
agricultural livelihoods, many farmers are still more
passionate about growing coffee, given its cultural
significance and intergenerational legacy. Conversations
with farmers reveal that the cultural attachment to coffee
cultivation has created considerable reluctance to diversify
into citrus. Farmers also acknowledge a preference
for growing coffee due to its long-term positive impact
on biodiversity and ecosystems. Additionally, reluctance
to shift into citrus exists due to a lack of government and
market support. Farmers may also be disincentivized
by having to wait several years for citrus seedlings to
mature. However, as climate impacts intensify, coffee
farmers may not have the option to continue investing in
a wilting coffee production system and will start turning
toward alternatives like citrus if they have the information,
tools, and finance to do so. (Surveyed farmers cited high
costs as the top barrier to introducing new crops.)
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Outcomes of Autonomous Adaptation
in Guanacaste
The outcomes of the transition to citrus by smallholder
farmers in Guanacaste have been mixed. Approximately
70 percent of surveyed farmers said that introducing
new crops like citrus fruits has improved their
annual income. This has allowed them to fund their
children’s education as well as improve household
nutrition. Additionally, it has enhanced their resilience to
market and climate shocks, especially drought.
Citrus production is not without its challenges,
however. Overall, surveyed producers who grow coffee
as their primary crop feel more optimistic about their
future, compared with coffee producers who grow
oranges as their primary crop (42 percent versus
24 percent). This may be due to a lack of support
for citrus production, the uncertainty surrounding
citrus, and/or the fact that farmers who have switched
to citrus have done so because they have been suffering
economic hardship. Some farmers growing oranges
mentioned that producing oranges pays poorly; that they
lack adequate networks to reach larger markets if
they increase production; and that smaller, local markets
are nearing saturation. This indicates that new citrus
farmers are just beginning their transformative pathway
and will require more support.

Key Drivers of Transformative Adaptation
in Guanacaste
The transformation from coffee to oranges in the
Nicoya Peninsula is an active shift in its initial stages.
Although drivers such as a high level of knowledge
sharing and the existence of public institutions
may support the shift, additional interventions are
needed to promote sustainable, equitable, climateresilient production systems. Based on application of
the drivers checklist developed by the authors (see Table
B3, Appendix B), consultations, and farmer surveys, the
drivers explored below have been the most important for
promoting the shift thus far.
Of the three case studies, the transformation in Costa Rica
is in the earliest stages. New citrus producers have yet to
have significant support beyond their local cooperatives.
What has been accomplished thus far has been largely due
to existing development factors, such as the cooperative
governance structure, a business-friendly enabling

environment, and a government and research system that
promotes active collection and open access to climate,
agriculture, and environmental data. This system is at
the point where the existing drivers can now be geared
toward transformative adaptation by explicitly considering
the longer-term resilience goals and the climate-specific
information and data that will be required.

Community-Owned Planning Processes
The local coffee cooperatives provide important venues for
sharing guidance and resources on adjusting production
practices, accessing funding and inputs, and coordinating
efforts. Membership in the region’s coffee cooperative
provides producers with opportunities to regularly assemble,
exchange the latest information, and participate in decisions
and investments that affect all members. Members discuss
potential initiatives with neighboring cooperatives and
evaluate options and what the cooperative should prioritize
next. In March 2019, for example, WRI heard members
discuss the need to develop a strategy to enter but not
saturate the regional citrus market. However, organization
around the citrus transition is only just beginning. The
already strong coffee cooperative system may provide a good
foundation for organizing future community learning and
action around citrus.

Private-Sector Investment in a New System
The presence of a large non-coffee private
firm in Guanacaste made citrus production (and
commercialization) in the region both possible and
profitable. The juice company Del Oro was the first
to introduce citrus in Guanacaste and show that the
climate and environmental conditions are conducive
toward its cultivation. They were followed by a few
smallholder farmers who demonstrated that this crop
could be profitable even for smallholders and that citrus
could be both more climate-resilient and easier to grow
than coffee. Additionally, companies like Del Oro and
Tico Fruit have started providing some initial M&E for
citrus diseases and pests. While the private sector has
shown that citrus production can work and initially
sourced a small amount from Guanacaste farmers,
the juice companies have started to source almost
100 percent of their citrus from their own large-scale
production instead. Nonetheless, up-front investment was
critical for sparking the shift because it proved to coffee
farmers the viability and profitability of citrus production
in this region.
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System Data and Assessments
Coffee cooperatives have access to key data for decisionmaking. Costa Rica benefits from a substantial amount
of baseline data, such as coffee production trends, pest
and disease rates, and farm management methods. The
Coopepilangosta cooperative has the additional benefit
of having gathered data on all the citrus planted by each
member and what the projected harvest (and resulting
profits) from these hectares could be in the coming
years. This information provides hopeful data for citrus
production at the same time that coffee’s market value
and climate-induced yield declines. However, citrus
information and data, especially for future viability, are
not yet as robust as that available for coffee.

Recommendations for Transformative
Adaptation in Guanacaste
Based on the findings from community surveys, expert
interviews, and literature review, as well as the case for
transformation made in WRI’s Transforming Agriculture
for Climate Resilience synthesis report (Carter et al.
forthcoming), we make the following recommendations
for the Guanacaste region. These recommendations focus
on how to further enable a sustainable, equitable, climateresilient transition to citrus. Most require an increase
in financing. These recommendations target topics that
were mentioned as significant concerns during in-country
consultations or highlight major gaps. As the transition
to citrus has been largely autonomous, public and private
support across the citrus value chain will be required to
effectively implement these recommendations.
A joint effort between the cooperatives and
the agricultural technical experts should focus
on conducting a regional multifaceted strategy
and impact assessment for the longterm economic viability of citrus
fruit production. Although shifting to citrus seems
profitable thus far, experts voiced concerns that the
domestic market will become saturated. Faced with
such uncertainty, market impact assessments could be
used to verify these claims and potentially highlight the
opportunities and barriers for entering regional and
international export markets. For example, such a plan
could consider processing citrus fruits into less perishable
products that could be sold elsewhere or target less
saturated aspects of the market. To sufficiently plan for
the long-term resilience of a new citrus system, these
types of assessments should be conducted in coordination
with the local cooperatives and technical experts in the
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MAG or national agricultural research organizations like
ICAFE. Stakeholders can also explore whether there are
other regions in Costa Rica or Central America that have
entered these markets, thus taking advantage of peer
exchanges.
Government or donor transition funds, including
loans and credit, should be made available to
coffee farmers facing tipping points induced by
climate impacts. A majority of survey respondents
stated that one barrier was the inability to access loans or
credit to introduce new, non-coffee crops. Additionally,
coffee cooperative Coopepilangosta reported that
insufficient or untimely loan availability from the
Consortium of Coffee Cooperatives and the National
Institute for Cooperative Development has
made financing coffee harvests difficult, giving little hope
that credit would be available for citrus as processes for
providing credit for citrus growers are less developed than
those for coffee. It is essential that cooperatives manage
their scarce funds well and take steps toward financial
sustainability, to avoid having to depend so significantly
on external sources and further deepen existing debts (as
global coffee prices continue to decline while operating
costs in Costa Rica rise). This financial stability would
help with making investments in necessary adaptation
measures and providing subsidies to their members—for
example, for crop diversification. Pooled savings could
also serve as an economic buffer during climate shocks
and help the hardest hit get back on their feet again.
Similarly, developing community-driven public or donor
transition funds for the poorest and most vulnerable
smallholder farmers will be critical for promoting
climate-resilient system shifts. The Global Commission
on Adaptation’s flagship report highlights the need for
such types of transition funds to help those farmers
who are most affected by climate change shifts toward
more climate-resilient livelihoods, crops, or locations
(Searchinger et al. 2019). These funds may exist as a
separate entity or could build upon existing portfolios and
funding mechanisms.
A public-private collaboration should invest
in establishing a timely, effective, and
transparent surveillance and communication
platform for citrus diseases to promote
upscaling of the transformative adaptation. The
two large private-sector citrus juice companies in
Costa Rica currently have intensive monitoring and
surveillance systems for their private orchards, as well
as a scattered surveillance network within smallholder
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communities (as a way to reduce contagion in the
company’s orchards). However, there is no systematic
platform for gathering and distributing disease and
pest data for those vulnerable farmers who need it the
most, nor is there an incentive mechanism for farmers
to take the necessary treatment measures (e.g., sufficient
compensation for forced felling of infected orange
trees). Lessons can be learned from existing disease
surveillance networks that are available for coffee. Since
this case study began, MAG and the State Phytosanitary
Service have started a dialogue with cooperatives and
smallholder farmers to reduce the yellow dragon citrus
disease’s impact. This collaboration could be expanded
to include other actors in the private sector, like juice
companies, to determine how a disease-monitoring
system could be implemented with their support without
compromising inter-company competition. This will be
particularly important as climate change influences future
disease patterns that are difficult to model and project.

CASE STUDIES COMPARISON
Each case study is at a different stage in its transformative
journey. While Costa Rica is just beginning to realize the
potential for a switch from coffee to citrus, Bhutan is in
the middle of a series of NAPA projects that are sequenced
over the long term to build climate resilience. Landscape
restoration in Tigray, Ethiopia, has been occurring for
decades but only recently has started to incorporate
climate impacts in planning and implementation. Each
is operating in a different environmental, socioeconomic,
and cultural context with varying development conditions.
The drivers checklist has aimed to systematically assess
transformative adaptation enabling factors across
these contexts. These drivers also have implications for
development shifts, as system shift dynamics, whether for
adaptation or development, often overlap. What is critical
for transformative adaptation is how these drivers are
being leveraged to ensure sustainable, equitable climate
resilience in the long term.
Table 2 highlights the common drivers across the selected
case studies as well as components that were missing or
lacking. Lacking elements were consistently mentioned
across case studies during consultations as important for
sustaining changes into the long term and/or promoting
equitable benefits. The evaluation of drivers was based
on expert and community interviews, as well as a related
literature review. This information is representative and
by no means exhaustive.

Common Drivers for Changes Undertaken in the
Three Case Studies
In all case studies community members and leaders
recognized that something needed to radically change,
or their livelihoods and communities would no longer
be viable given the tipping point induced by climate,
environmental, social, and/or economic change. For Costa
Rica, this meant that drought and market prices were
making coffee unviable, and traditional coffee farmers
and cooperative managers realized that they needed to
diversify crops. In Tigray, Ethiopia, landscape degradation
was so severe that community members were faced with
either leaving or beginning to rehabilitate their land. In
Tsirang Toed, Bhutan, faced with less and less available
water, community members, leaders, and implementing
actors involved with the NAPA II projects realized that
substantial shifts in water management were required to
maintain the community. This recognition was critical for
spurring action and, importantly, started a community
movement, rather than one-off interventions.
Community leadership, especially leaders that were
motivated and committed to change fundamental
characteristics of their communities, were key in setting
the first steps along a transformative pathway. Aba
Hawi’s persistence in changing mindsets and practices
in Abreha We Atsbeha catalyzed a transformative shift in
how community members engaged with their landscape.
Continued dedication ensured the sustainability and
progress in rehabilitation and conservation gains. The
Tarayana Foundation field placement provided a critical
communication channel from project implementers
and funders to community members and oversaw the
continued engagement in project activities in Tsirang
Toed. This was critical for establishing a trusted channel
between the community and noncommunity actors that
were invested in shifting water dynamics. Although a
single actor was not identified in Costa Rica, cooperative
managers played a key role in eliciting ideas and concerns
from community members regarding the citrus shift.
Community leaders promoted community-owned and
community-led planning and implementation. The
co-creation processes and the resultant ownership of
intervention outcomes fostered a community movement
that supported the new direction of change. Food or
livelihood security would be at extreme risk without
shifting systems and the changes provided by new
opportunities (e.g., diversification of livelihoods, water
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Table 2 | Cross Comparison of the Present Drivers in the Three Case Studies
No evidence

Some evidence

Evidence present

TRANSFORMATIVE ADAPTATION DRIVER

TSIRANG TOED,
BHUTAN

TIGRAY,
ETHIOPIA

GUANACASTE,
COSTA RICA

Information and Data
Generation of systems data and assessments
Access and transparency of data and assessments
Sustainable monitoring and evaluation
Supportive research and development system
Planning Process
Community-owned planning process
Strategically phased planning with linked funding
Integrated, multi-temporal interventions at the system level
Coordination and Co-Creation
National-local coordination
Authoritative government body that prioritizes the system shift
Process for inter-community cooperation
Consultation process across sectoral actors
Effective behavioral change campaigns
Finance and Markets
Private-sector investment in the system shift
Access to loans/credit for transformative adaptation
Market incentives and disincentives
Sociopolitical Factors
Political leadership prioritizes the system shift
Community change agent(s) are mobilized
Supportive policies and laws are in place
Community embraces a movement to support the
direction of system change
Notes: “No evidence” refers to no available evidence whether that be recorded data or anecdotal. “Some evidence” refers to the experts or literature referring to minimal or limited evidence.
“Evidence present” refers to an availability of multiple sources or expert observations.
Source: Authors.
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for household use, livestock feed). In some circumstances,
community support was built by providing climate change
awareness and training sessions (e.g., Tsirang Toed),
years of proof of concept (e.g., Abreha We Atsbeha), or
farmer-to-farmer communication about the benefits of
diversification (e.g., Guanacaste).
Critical to the success and scaling of these transformative
shifts was inter-community cooperation. In Costa Rica,
cooperative communication allowed for the sharing of
lessons learned about citrus production but also planted
the seed for potential development of a joint cooperative
initiative for constructing a citrus processing plant. In
Tigray, exclosures and zero-grazing areas succeeded
where cultural norms and community bylaws incentivized
neighboring communities to respect grazing boundaries.
Finally, Tsirang Toed would not have had access to
an alternative water source if it were not for a verbal
agreement made with the neighboring community and
reciprocal water rights.

Common Gaps in Potential Drivers
In all three cases, system data and system assessments
were lacking. There was limited to no baseline data—
climate, water, demographic, market, or otherwise—that
could have been used to inform project planning and
implementation. Partially because of this, projected
information related to climate impacts, crop suitability,
water availability or market dynamics was also lacking
to similarly inform project design and implementation.
Gaps in research and development systems, such as
robust climate change and related research departments
that are able to identify tipping points and promote
adaptive shifts, are part of the root cause of this missing
information. Experts in each case study repeatedly
referenced the lack of data and information that would be
needed to strategically plan for transformative pathways
such that they could successfully build climate resilience
in a sustainable and equitable way. These research and
development systems and the transformative adaptation
relevant data and analyses they generate will be essential
for moving these communities along their transformative
pathway in a non-maladaptive way.

Market incentives and disincentives can be useful in
eliciting system shifts as they can encourage forfeiting
maladaptive behaviors and taking up adaptive ones.
Unfortunately, in all case studies there was a missing
market component, or there were maladaptive market
aspects. For example, subsidies in Costa Rica have
encouraged coffee farmers to stay in a business that
sometimes has net negative returns (LeBrun et al. 2019).
In Tigray, exclosures have barred access to critical
biomass for cooking without a viable market alternative
(Mekuria et al. 2018). Experts and community members
in both case studies referenced options related to payment
for ecosystem services (Tigray) or adjusting market
support mechanisms to promote citrus’s export potential
(Costa Rica). Tsirang Toed water is still a free public good,
and there is no disincentive or incentive structure to
manage water demand. Water market infrastructure could
be explored, such as mandatory contributions (or tax) to
the water user association or women’s savings group for
access to the new distribution network.
Although in Tigray, some projects like WeForest and
REDD+ have just started incorporating M&E, and in
Tsirang Toed a project outcomes report was produced,
in all case studies there was no sustainable mechanism
for M&E (i.e., sustainable funding beyond the project or
program implementation to collect key indicator data).
Data and analyses derived from M&E will be critical for
assessing the transformative pathway and determining
what changes must be made to sustain system shifts
and provide equitable benefits to community members.
Additionally, M&E will be important for building
institutional memory and bridging information gaps
between initiatives or changes in staff. Examples of types
of information that could be monitored could be water
levels in both Tsirang Toed and Tigray and citrus disease
in Guanacaste. Disaggregated outcomes indicators,
such as those related to migration, livelihood type, crop
production, and income generation, for example, will also
be important for measuring the magnitude and equitable
distribution of change.
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CONCLUSIONS AND FURTHER RESEARCH
Transformative adaptation is happening as climate change
impacts intensify and ecozones shift. But the systemic
shifts that transformative adaptation implies are rarely
planned for or implemented differently than incremental
adaptation measures, creating a missed opportunity to
guide transformation in ways that promote long-term
resilience, social equity, and sustainability. Adaptation
must be reconceptualized in these circumstances, where
systems facing significant climate change impacts must
fundamentally adjust to reach a new equilibrium state.
The three case studies outlined in this paper provide
examples of shifts that are already occurring, in vastly
different geographies and sectors. By analyzing these
narratives of change and applying a preliminary drivers
checklist for transformative adaptation, we have a
better idea of what drivers are important for successful,
sustainable system shifts. In the face of intensifying
climate impacts, communities are beginning to realize the
need for fundamental shifts and are acting accordingly.
However, there are evident gaps in the tools and resources
for aiding in the planning and implementation of these
transformative pathways. For sustainable, equitable,
long-term shifts, actors external to the community
(e.g., subnational policymakers, national research
organizations, and others) will need to provide support in
the form of technical assistance, finance, and policies.
From this work, it is evident that transformative
adaptation does not occur in a vacuum, and instead
simultaneous shifts are occurring in tandem with those
related to climate impacts. These pathways may take
many shapes and forms given that transformation is
an extremely context-specific process. To promote
sustainability and equity, these pathways will need to
adjust not only to unprecedented climate impacts, but
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also to drastic changes in populations, markets, natural
resource use, and sociocultural norms. Resilience,
therefore, goes beyond climate resilience and instead
takes the form of a revolutionary resilience that is
multidisciplinary, intersectional, and urgent.
This work only marks the beginning of analyzing
transformative adaptation through the lens of drivers
and extracting commonalities that may be essential for
transformation writ large. In order to move climateresilient transformative action forward, the following next
steps in research will be necessary:

▪

▪

These case studies are only a small handful of
what is currently occurring in transformative
adaptation across the globe and only brushes the
surface of analyzing adaptive system shifts. More
case studies in different contexts are needed with
counterfactuals. These would be implemented
with additional consideration for socioeconomic
differences in community members (e.g., gender, age,
income status) to evaluate equity of outcomes. New
case studies that incorporate comparisons among
contextually similar communities with and without
transformative pathways would help to develop a
more robust framework for analyzing climate-resilient
system shifts. Development of such a framework
would be essential for monitoring and evaluating
transformative pathways and would aid in tracking
indicators related to sustainability, equity, and
resilience. M&E of transformative pathways will be
crucial for course correction as well as replicating and
scaling effective approaches in analogous contexts.
There remains an expansive data gap in both baseline
and projection data that limits the ability to effectively
identify and plan for transformative adaptation.
Additionally, the types of analyses that will be crucial
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▪

▪

for designing such projects and programs are limited
in design or use. A mapping of available tools and
platforms would help to determine what to expand
upon and what is missing for identifying systems
in transition states and informing transformative
pathways. Applications in machine learning and
other forms of advanced modeling could be used to
map interconnectedness of different system factors,
as well as identify suitability thresholds. This type
of information may help reduce uncertainty when
charting transformative pathways.
While the need for transformative adaptation at scale
and the shape it may take is relative to context, given
the increasing urgency and geographical spread of
severe climate impacts, the importance of reaching
scale is paramount. This will require a systemic
analysis of the need for upscaling in terms of ecologies
and populations that have undergone or will undergo
fundamental changes, institutional and policy gaps
impeding designing and implementing transformative
pathways, and existing and emerging best practices in
terms of complementary adaptation approaches for
system shifts.
Beyond guidance and analytical tools, adaptation
funders, policymakers, and practitioners require a
decision-support tool that helps to translate complex
data and analyses to determine whether a system

▪

tipping point is likely and what type of intervention
would be best. This decision-support tool should
be intuitively designed such that it is accessible to
nontechnical experts and informs the where, when,
and what of adaptation action. The tool would also
explicitly incorporate methods for evaluating the
social implications of system shifts, such as changing
intrahousehold and intracommunity relations
and tradeoffs in rights and access to resources. An
assessment of the decision-makers’ information needs
regarding transformative adaptation would inform
the development of such a tool. A meta-analysis of
an existing 77 decision support systems for natural
hazard risk reduction found limited evidence for
successful use (Newman et al. 2017). Current tools in
the adaptation space may not be fit for purpose nor
specifically target systems that require transformative
action.
The adaptation research community should evaluate
methods for identifying, empowering, and fostering
the knowledge and communication channels of
community change agents for accelerating the
identification of vulnerable systems and implementing
transformative pathways. Lessons can be learned from
existing regional initiatives, such as the Yukon First
Nations Climate Change Adaptation Network, which
trains and mobilizes indigenous youth leaders for
climate change adaptation in the Yukon, a region that
is already facing fundamental climate shifts (AICBR
2019).
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APPENDIX A. DRIVERS CHECKLIST FORMULATION AND CASE STUDY RESEARCH METHODS
Drivers Checklist Formulation
Development of the drivers checklist began with a literature review of known documents that addressed transformative or transformational adaptation and/
or systemic change. Reviewed documents were selected based on their relevance to the IPCC definition of transformational adaptation and whether they were
published in the last five years (i.e., 2015–2020). Table A1 provides a breakdown of the reviewed documents, as well as the key drivers that they highlighted,
which were important for transformative adaptation or systemic change. The showcased list is a consolidated version. Drivers that were not shared between at
least two different documents were discarded. However, drivers were maintained or added if they were identified in the case study investigations as important
for transformative adaptation (e.g., private-sector investment). Table A2 provides definitions for each of the drivers.
Table A1 | Comparison of Presence or Absence of Driver Checklist Components According to Other Transformation and/or

Adaptation Frameworks

ABBREVIATIONS
National Adaptive Capacity (NAC), Transforming Agriculture (TACR), The Transformative Adaptation Research Alliance (TARA), The CGIAR Research Program on Climate (CCAFS)
Change, Agriculture and Food Security, Readiness for Agricultural Transformation (RfAT), Transforming Environmental Water Management (TEWM), Action on Climate Today (ACT)

NAC
FRAMEWORK
(DIXIT ET AL. 2012)

TACR
FRAMEWORK
(CARTER ET AL.
2018)

TARA
(COLLOFF ET AL.
2016)

CCFAS CASE
STUDIES

RfAT
FRAMEWORK

(VERMEULEN ET AL.
2018)

(BOETTIGER ET AL.
2017)

TEWM
(CAPON ET AL.
2018)

ACT FRAMEWORK
ON ADAPTATION
MAINSTREAMING
(PAL ET AL. 2019)

INFORMATION AND DATA
Recognition of a
tipping point by
relevant actors

✓

System data and
assessments

✓

Information access
and transparency

✓

✓
✓

✓

✓

✓

✓

✓

Monitoring and
evaluation mechanism

✓

Supportive research
and development
systems

✓

✓

✓

✓

✓

✓

✓
✓

PLANNING PROCESS
Community owned
planning process

✓

✓

Mechanism for
facilitating planning
with linked funding
Integrated, multitemporal interventions
at the system level
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✓

✓

✓

✓

Driving System Shifts for Climate Resilience: Case Studies of Transformative Adaptation in Bhutan, Ethiopia, and Costa Rica

Table A1 | Comparison of Presence or Absence of Driver Checklist Components According to Other Transformation and/or

Adaptation Frameworks Currently Available (Cont’d)
NAC
FRAMEWORK
(DIXIT ET AL. 2012)

TACR
FRAMEWORK
(CARTER ET AL.
2018)

TARA
(COLLOFF ET AL.
2016)

CCFAS CASE
STUDIES

RfAT
FRAMEWORK

(VERMEULEN ET AL.
2018)

(BOETTIGER ET AL.
2017)

TEWM
(CAPON ET AL.
2018)

ACT FRAMEWORK
ON ADAPTATION
MAINSTREAMING
(PAL ET AL. 2019)

COORDINATION AND ENGAGEMENT
National – local
coordination

✓

Authoritative body
that prioritizes the
system shift

✓

✓

✓
✓

✓

Process for
inter-community
cooperation
Consultation process
across sectoral actors

✓
✓

✓

Effective behavioral
change campaigns

✓

✓

✓

✓
✓

FINANCE AND MARKETS
Private sector
investment in the
system shift

✓

Access to loans/credit
for transformative
adaptation

✓

Market incentives and
disincentives

✓

✓

SOCIOPOLTICAL FACTORS
System shift is a
priority by political
leadership

✓

✓

Mobilized change
agent(s)
Supportive policies
and laws

✓

Overall community
support of system
change

✓

✓

✓

Sources: Boettiger et al. 2017; Capon et al. 2018; Carter et al. 2018; Colloff et al. 2016; Dixit et al. 2012; Pal et al. 2019; Vermeulen et al. 2018.
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Table A2 | Definitions of the Drivers Identified in the Drivers Checklist

COMPONENT

SIGNIFICANCE

INFORMATION AND DATA

Generation of systems data and
assessments

Data that adequately represent the fundamental characteristics of the system prior to transformation. For
example, this could include land-use maps, climate data, natural resource data, or demographic data. Also
includes data that adequately represent with reasonable certainty the future fundamental characteristics of
the system, given no transformative adaptation action. For example, this could be information related to future
available water or crop suitability. Assessments refers to environmental impact assessments, cost-benefit
analyses, risk assessments, and vulnerability assessments.

Access and transparency of
data and assessments

A concrete policy or cultural norm of information sharing such that accurate information is readily and openly
available to those who may need it for system shift planning.

Sustainable monitoring and
evaluation mechanisms

Mechanism that collects information during and after system shift to determine the sustainability, efficiency, or
beneficial nature of the system shift.

Supportive research and
development system

This includes research organizations, universities, and research programs within ministries that address
climate change and provide information that may be required for planning and implementing system shifts.

PLANNING PROCESSES
Community-owned
planning processes

The community or communities within the system are fully integrated into the planning process and have
significant power to make final calls on the direction of change.

Strategically phased planning
with linked funding

This may be a long-term (>15 years) national strategy that has a finance component, a series of shorter-term
plans (<5 years) with cycles of national funding or other forms of national, subnational, or local plans that have
linked earmarked funding or iterative funding cycles.

Integrated, multi-temporal, flexible
interventions at the system level

Short-, medium- and long-term adaptation options are strategically sequenced such that they effectively
build off each other. While the system shift may operate on longer-term timescales, short-term gains are still
planned for and implemented such that community members trust the process and are provided necessary
immediate relief (e.g., food aid). The proposed or implemented system shift is flexible in case there is need
for course correction and provides sustainable outcomes into the long term. During the planning process a
holistic systems approach is applied considering environmental, climatic, social, and economic variables at the
appropriate level (e.g., watershed).

COORDINATION AND CO-CREATION
National-local coordination

Relevant national and local level entities keep each other updated and collaborate on planning and
implementation of the system shift.

Authoritative body that
prioritizes system shift

A designated body (e.g., Ministry of Climate Change) is assigned to oversee and/or monitor adaptation
initiatives and promotes required transformative adaptation.

Process for inter-community
collaboration and agreements

Formal or informal process for inter-community collaboration (e.g., quarterly meetings) that address the
planning, implementation, and outcomes of a given adaptive system shift. Collaboration can provide the
opportunity to establish community bylaws or verbal agreements.

Consultation process across
sectoral actors

At the national or subnational level, there are timely meetings of sectoral actors to assess intersectoral needs
and risks. This information should be fed into the system shift planning process.

Effective behavioral
change campaigns

Formal (e.g., government media campaigns) or informal (e.g., community leadership pushes) actions that
promote shifts in behavior that support the adaptive system shift. This may also occur as training relevant to
the system shift (e.g., how to grow a new crop). Training is planned for and provided on a recurrent basis to
ensure knowledge transfer even beyond a project or program cycle.
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Table A2 | Definitions of the Drivers Identified in the Drivers Checklist (Cont’d)
COMPONENT

SIGNIFICANCE

FINANCE AND MARKETS
Private-sector investment
in system shift

Private-sector actors provide tangible or nontangible assets (e.g., infrastructure, jobs, technical support) such
that it promotes and/or sustains the system shift.

Access to loans/credit for
transformative adaptation

Loans or credit is available to community members such that they can engage in the transformative pathway.
These should be made available in an equitable manner.

Market (dis)incentives for
transformative adaptation

Market mechanisms (e.g., water trading policy, subsidies, taxes) are implemented such that they disincentivize
maladaptive behavior or maintenance of an unsustainable system and incentivize the initiation and/or
continuation of an adaptive system shift.

SOCIOPOLITICAL FACTORS
Political leadership prioritizes
the system shift

Local, subnational and/or national leaders have prioritized the adaptive system shift in terms of planning,
funding, or implementation.

Community change agent(s)
are mobilized

A person or people in position of power or influence have the resources that they need to effectively engage
and guide community members through a system shift.

Supportive policies and laws

There are laws, policies, and/or regulations (e.g., land protection acts) that support the adaptive system shift.

Community embraces a movement to
support the direction of
system change

There is a general understanding that without significant action food security and/or livelihoods are at extreme
risk. The system changes become part of community identity, rather than a one-off project or program.

Case Study Methods

Case Study 1: Tsirang Toed, Bhutan

The drivers checklist was used to develop semi-structured interviews for
expert consultations, FGDs, and stakeholder roundtables. For each case
study, a different series of interviews was used, dependent upon context
and availability. This was complemented by on-site walk-throughs with
community members and/or community leaders and accompanied by
informal conversational Q&A, based on what was showcased by the
community members or community leader. Information was compiled and
screened to ascertain if a particular driver was absent, present, or somewhat
present in the given case study. Tables B1 through B3 in Appendix B provide
information on each case study and their drivers. Below, we provide
additional methodological details for each case study.

Research methodology for Tsirang Toed largely relied on expert
consultations, community FGDs, and a review of the project review
document. The focus group discussion include three sets of about 40
community members in Tsirang Toed. A semi-structured group interview
was conducted, based on the categories within the drivers checklist. Expert
consultations included the following organizations:

▪
▪
▪
▪

National Environment Commission
School of Practical Sustainability
Royal University of Bhutan
Tarayana Foundation (TF)
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Case Study 2: Tigray, Ethiopia

Case Study 3: Guanacaste, Costa Rica

Unlike the other two case studies, the landscape restoration in Tigray has
been decently documented. The WRI project team performed a literature
review of content relevant to restoration, watershed management, and
climate change in Tigray to inform in-country consultations and describing
the narrative of change. Additionally, Abreha We Atsbeha has had several
previous case study write-ups, although most of them were not approached
through the climate lens. These case studies were also reviewed.

To better understand the transformation taking place in the Nicoya
Peninsula, the WRI team developed a two-page formal survey to distribute to
farmers during the region’s two cooperatives’ annual assemblies, scheduled
for March 23 and April 6, 2019. The questions asked farmers for demographic
data (size of their farms, dependents, age of the farmer, role of women),
information about coffee production and how that has changed over the
years (including whether climate change has been a factor and, if so,
how), and if and how they have introduced new crops on their farms and
what type of barriers, support, and access to credit and markets they’ve
experienced. Each survey represents a farm and everyone working on that
farm.

During field work, experts involved in the landscape restoration were
interviewed in a nonstructured open-answer format, given the diverse roles
of different actors. Additionally, community leaders from Abreha We Atsbeha,
Gergera, and Gerebshelela were also interviewed and provided the project
team with site walk-throughs to provide context. Experts from the following
entities were interviewed and/or surveyed:

▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
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Institute of Climate and Society, Mekelle University
Department of Earth Sciences, Mekelle University
Department of Food Science and Post-harvest Technology, Mekelle University
Department of Geoinformation and Earth Observation Sciences for Natural
Resource Management, Mekelle University
Department of Geography and Environmental Studies, Mekelle University
Department of Land Resource Management and Environmental Protection,
Mekelle University
Environmental Protection and Land Use Agency, Mekelle
Mekelle Environment and Forest Research Center
REDD+ Ethiopia, Mekelle Branch
Relief Society of Tigray, Mekelle
WeForest, Mekelle Branch

WRI staff attended the Coopepilangosta assembly and collected 47
responses (25 percent of the total cooperative membership), which
were entered into an Excel document. These were then translated to English,
and the results were synthesized and analyzed for the case study write-up.
The second assembly was unfortunately rescheduled to May 4, so WRI relied
upon the cooperative staff to hand out the surveys and scan and send the
responses back to WRI. At the time of writing, WRI had not yet received
those responses. In the days after the survey, WRI met with various experts,
belonging to the institutions outlined below.

▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪

Coffee Institute of Costa Rica (ICAFE)
Consortium of Guanacaste and Montes de
Oro R.L. Coffee Growers Union
Coopecerroazul (Coffee Farmers and
Multiple Services of Cerro Azul Cooperative)
Coopepilangosta (Pilangosta Agro-industrial
and Multiple Services Cooperative)
Del Oro
Ministry of Agriculture and Livestock (MAG)
Ministry of the Environment and Energy
National Institute for Cooperative Development
National Institute of Innovation and
Transfer in Agricultural Technology
National Institute of Learning
Rural Development Institute
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APPENDIX B. APPLICATION OF THE DRIVERS CHECKLIST TO CASE STUDIES
Table B1 | Application of the Drivers Checklist to the NAPA II Project in Tsirang Toed, Bhutan
No evidence

Some evidence

CATEGORY

EVIDENCE

Evidence present
CONTEXT

SOURCE

INFORMATION AND DATA

Generation of systems data and
assessments

Baseline data for water and related variables was absent prior to
project design and implementation. However, a baseline assessment
was made available at the end of the project cycle. A variety of landuse maps are available from different entities, but these were not used NEC and TF expert
during project design or implementation. Water and climate projects
interviews; NEC and UNDP
were not available for project design and implementation. The Climate 2019
Change Coordination Committee (C4) is mandated to screen all climate
change related projects to ensure alignment with national adaptation
strategies. However, impact assessments are not mandated.

Access and transparency of data
and assessments

All project information is made available on an open-source Web site
and is provided back to the community.

NEC and TF expert
interviews; community FG

Sustainable monitoring and
evaluation mechanisms

A pre- and post-project M&E subcomponent of the project was
performed, and there are intentions to continue it with NAPA III.
However, some water and climate data are not consistently monitored.

NEC and TF expert interviews

Supportive research and
development system

Regional climate change research is in a nascent phase with
limited academic or research organization channels to directly feed
into project planning or programming. There are plans for future
investment.

Expert interviews

Community-owned planning
processes

Community was actively responsible for project design and
implementation.

NEC and TF expert
interviews; community FG

Strategically phased planning with
linked funding

Project implementation was designed such that the community first
changed its paradigm around climate change and water resource
use. Then short-term hard activities were implemented (e.g. pipe
laying). Long-term activities related to ecological restoration where
simultaneously started. NAPA II is the first project with a potential
follow-on with NAPA III. The NAPA II project directly aligns with
Bhutan’s revised NAPA.

Royal Government of Bhutan
2012; NEC and TF expert
interviews

Integrated, multi-temporal
interventions at the system level

Long-term outcomes were related to shifting local ecological
conditions to promote water infiltration and conservation. Shortterm gains were provided in the form of accessible water from new
water distribution piping. The majority of activities were naturebased solutions (e.g., tree planting) while the hard infrastructure
(i.e., piping) was implemented such that it could be extended if
needed. Tarayana Foundation’s lead consultant emphasized system
thinking and implementation when previously being faced with a
hard infrastructure solution. This is why there was a socioecological
approach, as well as mapping of system boundaries and resources.

TF expert interviews

PLANNING PROCESS
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Table B1 | Application of the Drivers Checklist to the NAPA II Project in Tsirang Toed, Bhutan (Cont’d)
CATEGORY

EVIDENCE

CONTEXT

SOURCE

National-local coordination

The organizations involved in the NAPA II project included statelevel departments and TF, an NGO that specialized in community
engagement. This TF placed a local field officer in Tsirang who was
charged with coordinating with all relevant project entities, from
national to local.

TF expert interviews

Authoritative government body
that prioritizes system shift

The NEC functions as the high-level National Climate Change
Committee (NCCC). It considers all policy and regulatory matters on
climate change and provides overall guidance on the climate change
policy and ensures that the policy is implemented by all sectors. NEC
was deeply involved in NAPA II.

Palden 2018

Process for inter-community
cooperation

Quarterly inter-community meetings were organized under the NAPA II
project to share updates, lessons learned, and difficulties. Additionally,
Tsirang Toed and the neighboring geog established an agreement for
sharing a water source in the neighboring geog.

TF expert interviews

Consultation process across
sectoral actors

NEC pushed UNDP to include several departments or ministries
in project design and implementation. Collaborative sessions
were subsequently held to voice concerns and coordinate on
implementation.

NEC expert interview

Effective behavioral change
campaigns

Climate change adaptation awareness and training was performed,
including information related to tree planting, invasive species
eradication, and pond maintenance. A TF field officer continues to
provide information and training as needed.

Community FGD; NEC and
UNDP 2019; NEC and TF
expert interviews

Private-sector investment in
system shift

Private sector was not involved in the NAPA II project.

NEC and TF expert interviews

Access to loans/credit

A water user group was established which included a women-led
savings group, which was initiated with almost $150 of seed money.
Community FGD; NEC and
This group provides community member loans at 1% interest rate while UNDP 2019
external loans offer 4% interest rates.

Market (dis)incentives

There were no apparent market (dis)incentives for water resource use.

COORDINATION AND CO-CREATION

FINANCE AND MARKETS
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Table B1 | Application of the Drivers Checklist to the NAPA II Project in Tsirang Toed, Bhutan (Cont’d)
CATEGORY

EVIDENCE

CONTEXT

SOURCE

Political leadership prioritizes the
system shift

Water management activities in Tsirang Toed were dictated by a
government-led prioritization process housed in NEC. Community
leaders also prioritize the system shift.

NEC expert interview

Community change agent(s) are
mobilized

The presence of a Tarayana Foundation field placement that was
involved in the planning and implementation of the project was
critical in garnering community support as well as maintaining project
outcomes post-project.

TF expert interviews,
Community FGD

Supportive policies and laws

The NAPA II project is directly aligned with the priorities outlined
in Bhutan’s NAPA (2012 revision). A number of relevant laws have
been enacted to safeguard the environment. Some of the prominent
ones include the Water Act of Bhutan 2011, Waste Prevention and
Management Act 2009, National Environment Protection Act 2007, the
Biodiversity Act of Bhutan 2003, the Environmental Assessment Act of
2000, and the Forest and Nature Conservation Act 1995.

Royal Government of Bhutan
2012; NEC 2016

Community embraces a movement
to support the direction of system
change

Approximately 86.4% of post-project survey respondents were
either very satisfied or satisfied with project activities. Community
NEC and UNDP 2019;
members in Tsirang Toed indicated they were supportive of project
Community FGD
implementation. FGDs indicated that community members have shifted
their perspectives on ecological preservation and water management.

SOCIOPOLITICAL FACTORS
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Table B2 | Application of the Drivers Checklist to Landscape Restoration in Tigray, Ethiopia
No evidence

Some evidence

CATEGORY

Evidence present

PRESENCE

CONTEXT

SOURCE

Generation of systems data and
assessments

By and large, not present. Starting to collect ad hoc. Land-use maps are
available, but there are several in different formats produced with different
methodologies and no conclusive consensus. Project design can hinge
on which maps are used. Ethiopia’s Productivity Safety Net Program’s
climate-smart initiative has developed a national baseline database, but
experts did not reference this in the field. Climate projection data are
limited and not specific to restoration or watershed management.

WRI expert interviews;
Solomon et al. 2015

Access and transparency of data
and assessments

Climate data and other environmental information are difficult to obtain
and often require cleaning. Accuracy of data is questionable.

WRI expert interviews

Sustainable monitoring and
evaluation mechanisms

Effective monitoring and evaluation is rarely included in restoration
projects; however, some initiatives have been explicit about including this
aspect (e.g., WeForest). Community-led initiatives have inherent M&E due
to community commitment to project outcomes but lack systematic data
recording.

WRI expert interviews

Supportive research and
development system

The climate change–landscape restoration/watershed management
nexus is lacking R&D programs. Some climate modeling exists but with
limited applications. Innovation is required, given intensifying climate
impacts.

WRI expert interviews

Community-owned planning
processes

In the case of Abreha We Atsbeha, community-led planning and
implementation was strong. However, participatory planning has varied
from place to place and project to project with some being completely
planned and implemented by an external entity, resulting in limited
positive outcomes.

WRI community leader
interviews; WRI expert
interviews; Van Blerk
2017; Hadgu et al. 2019;
Hagazi et al. 2019

Strategically phased planning
with linked funding

Donor projects often have short-term activities that do not continue
beyond the project cycle. Community-led initiatives focus on short-term
gains while keeping in mind long-term goals. Various restoration activities
have compounded over time but without an apparent strategic sequence.
There are four important national policy documents or programs that
promote national support of local restoration initiatives. These include
the Sustainable Land Management Program, Growth and Transformation
Plans, Climate Resilient Green Economy, and Ethiopia’s National
Adaptation Plan. However, local actors are not typically directly following
these policy documents although they help with obtaining funding. There
is not a formal process for identifying short-, medium-, and long-term
solutions with sustainable funding.

WRI expert interviews,
WRI community leader
interviews, Munro et
al. 2019

INFORMATION AND DATA

PLANNING PROCESS
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Table B2 | Application of the Drivers Checklist to Landscape Restoration in Tigray, Ethiopia

CATEGORY

CONTEXT

SOURCE

Often long-term restoration efforts have been paired with short-term
outcomes, such as constructing hand-dug wells or diversifying crop
production. However, some externally led projects do not have adequate
follow-up to achieve long-term gains. Most restoration activities are
formed around nature-based solutions that allow for flexible change.
However, long-term sustainability of outcomes has not been evaluated.
Additionally, sometimes restoration interventions are implemented
piecemeal and not at the watershed level.

WRI community leader
interviews; WRI expert
interviews; Van Blerk
2017; Hadgu et al. 2019

National-local coordination

National-level ministries coordinate with local ministries as well as local
acting NGOs.

WRI expert interviews

Authoritative government body
that prioritizes system shift

There are several government bodies that oversee restoration (e.g., REST
and Ministry of Agriculture).

WRI expert interviews

Process for inter-community
cooperation

Community leaders often communicate and share lessons learned. There
is typically a respected understanding of where zero-grazing zones
start and end. Aba Hawi has started acting as a consultant for other
communities on water-harvesting activities.

WRI community leader
interviews; WRI expert
interviews; Van Blerk
2017

Consultation process across
sectoral actors

Not present. Limited consideration for multisectoral impacts (e.g., forestry,
energy, agriculture, etc.) beyond some academic papers.

WRI expert interviews

Effective behavioral change
campaigns

Donor-funded projects often have had one-off training and do not offer
continual training programs. Community-led landscape restoration
will have a leader or change agent that provides training or support
to community members. Several community leaders have aimed to
change community paradigms related to female labor, free grazing,
and tree felling with variable success. Aba Hawi has started acting as
a community consultant to help other community leaders shift local
paradigms for restoration.

WRI community
leaders interviews; WRI
expert interviews; Van
Blerk 2017

Private-sector investment in
system shift

Some project funders (e.g., Shell) are from the private sector.

WRI expert interviews

Access to loans/credit for
transformative adaptation

Community members do not have access to loans or credit for watermanagement activities and infrastructure. This is instead either
accomplished from donor and/or government funds or free labor.

WRI community leader
interviews; WRI expert
interviews

Integrated, multi-temporal
interventions at the system level

PRESENCE

COORDINATION AND CO-CREATION

FINANCE AND MARKETS
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Table B2 | Application of the Drivers Checklist to Landscape Restoration in Tigray, Ethiopia

CATEGORY

CONTEXT

SOURCE

There is not yet any form of payment for ecosystem services although
WeForest is investigating implementing such a model.

WRI expert interviews

Political leadership prioritizes the
system shift

Under the Bonn Challenge and AFR100, the Ethiopian government pledged
to restore 15 million hectares of degraded lands by 2020, in particular,
through sustainable watershed management. Over the years several
political leaders have visited to show support.

AFR100 2019, Munro et
al. 2019

Community change agent(s) are
mobilized

Aba Hawi, leader in Abreha We Atsbeha, has been essential for building
community action in restoration and SWC activities. Communities with
similarly motivated leaders have shown success dependent upon other
factors such as basin hydrology. Aba Hawi has started to share his
lessons learned and train other community leaders in other regions.

WRI community leader
interviews, WRI expert
interviews

Supportive policies and laws

Community bylaws related to tree felling and grazing have been critical
for creation of exclosures and rehabilitation areas.

WRI community
leaders interviews; WRI
expert interviews; Van
Blerk 2017

Community embraces a
movement to support the
direction of system change

Support of restoration activities has depended on how much the
community is involved with planning and implementation and how much
long-term initiatives have been paired with short-term gains. In Abreha
We Atsbeha, there is strong community support. Some community
leaders recognized that without radical change, community members
would migrate because livelihoods would no longer be viable, given the
degraded environment and climate impacts.

WRI community
leaders interviews;
WRI expert interviews;
Van Blerk 2017; Hadgu
et al. 2019

Market (dis)incentives

PRESENCE

SOCIOPOLITICAL FACTORS
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Table B3 | Application of the Drivers Checklist to Autonomous Adaptation by Coffee Farmers in Guanacaste, Costa Rica
No evidence

Some evidence

DRIVER

Evidence present
EVIDENCE

CONTEXT

SOURCE

Generation of systems data and
assessments

Coffee farmers and technical staff have access to regularly updated
baseline climate, topographical, crop, and physiological data for the
region. Real-time weather data are available thanks to local weather
stations. However, historical data are not widely available. ICAFE uses
baseline data to inform communities where coffee is suitable and not
suitable for cultivation. A variety of national and regional land-use maps
exist, but they are not being used to inform decisions on crop switching.
National and international studies exist projecting the change in coffee
suitability under different emissions scenarios. However, projection data
are only available with certain permissions and are not being used to
inform decisions on this crop switch.

WRI expert interviews,
ICAFE, MAG, other
government
institutions. Ovalle
Rivera et al. 2018 and
Bunn et al. 2015 for
projection studies.

Access and transparency of data
and assessments

Most government information is publicly and freely available (certain
data, such as climate projections, are only available through special
permissions).

WRI expert interviews

Sustainable monitoring and
evaluation mechanisms

No M&E mechanisms are in place to assess changes in coffee suitability
or introduction of new crops. Nevertheless, the juice company in
the region is conducting such mechanisms but is not sharing it with
smallholder farmers.

WRI expert interviews

Supportive research and
development system

Research and development processes are in place for coffee, including
testing new climate-resilient varieties, but not for introducing new crops
like oranges.

WRI expert interviews

Community-owned planning
processes

Coffee farmers are involved in current and near-term planning and
decision-making processes via participation in local cooperatives, but
this generally does not include consideration of climate change.

WRI expert interviews

Strategically phased planning
with linked funding

The Nicoya Peninsula coffee community’s adaptation efforts
unintentionally align with the country’s NAP, which references the need
for transformative shifts in the face of climate impacts, and the Coffee
NAMA, which promotes the integration of agroforestry systems. However,
citrus shifts in Guanacaste have not been strategically phased, nor are
they linked with funding.

NAP, ICAFE, Costa Rica
Coffee NAMA

Integrated, multi-temporal
interventions at the system level

Adaptation activities are not being strategically identified nor sequenced
but are, rather, being implemented as needed due to the system
shift being autonomous. There have been short-term gains by some
farmers switching to oranges, with the hope for long-term outcomes.
However, these have not been planned for nor evaluated for long-term
sustainability.

WRI expert interviews

INFORMATION AND DATA

PLANNING PROCESS
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Table B3 | Application of the Drivers Checklist to Autonomous Adaptation by Coffee Farmers in Guanacaste, Costa Rica (Cont’d)

DRIVER

EVIDENCE

CONTEXT

SOURCE

National-local coordination

Does not presently exist for helping farmers shift from coffee to oranges
but does exist to provide support for coffee and other agricultural
activities.

Periodico Guanacaste,
WRI expert interviews

Authoritative government body
that prioritizes system shift

The system shift is not prioritized by relevant climate change or
agricultural bodies.

WRI expert interviews

Process for inter-community
cooperation

Communities engage regularly via inter- and intra-cooperative assemblies
and receive specific technical and project support from government
institutions like MAG.

WRI survey to farmers

Consultation process across
sectoral actors

Consultation with actors in other sectors is not taking place; interministerial coordination is not taking place for this system shift.

WRI expert interviews

Effective behavioral change
campaigns

Although there has been some one-off training on introducing new crops,
including one initiative by MAG for oranges in 2017, continual training
programs on adaptation or system shifts in the coffee sector are not
currently taking place.

WRI survey of farmers,
WRI expert interviews

Private-sector investment in
system shift

The coffee farmers’ cooperatives invest some time and resources into
helping farmers diversify their farms, including adopting new crops like
oranges. Private-sector juice companies purchase very small quantities
of smallholder farmers’ citrus crops. (Companies primarily grow citrus on
site).

WRI expert interviews

Access to loans/credit

Although agricultural credits or loans exist, there are none specific to
citrus or to system shifts. Moreover, credits or loans are not favored by
farmers due to the high interest rates, complicated paperwork, and risk of
taking on additional debt.

WRI survey to farmers,
WRI expert interviews

COORDINATION AND CO-CREATION

FINANCE AND MARKETS
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Table B3 | Application of the Drivers Checklist to Autonomous Adaptation by Coffee Farmers in Guanacaste, Costa Rica (Cont’d)
DRIVER

CONTEXT

SOURCE

Oranges are perceived as more profitable than coffee because the
market is seen as more stable, and farmers may fetch better prices; but
farmers in Guanacaste are being incentivized to stay in coffee through
maladaptive subsidies.

WRI survey to farmers,
WRI expert interviews

Political leadership prioritizes the
system shift

Mitigation, rather than adaptation, continues to be the main priority at the
national level. Similarly, transformative adaptation is not a high political
priority at the regional ministry level. However, the NAP discusses the
high cost of adaptation inaction and the need for transformative and
systemic shifts.

NAP, WRI expert
interviews

Community change agent(s) are
mobilized

Cooperative managers have recognized the need to diversify into citrus;
however, they don’t have the resources to effectively promote this shift.

WRI expert interviews

Supportive policies and laws

Not present for citrus. Although MAG promotes farm diversification and
agroforestry, policy documents around systemic shifts are not yet present.

WRI expert interviews,
WRI literature review

Community embraces a
movement to support the
direction of system change

The community views switching to citrus fruits and incorporating more
alternative crops on its farms favorably and as a promising economic
opportunity. There is an expressed desire to expand markets regionally
and internationally and create processing plants. However, some
community members are reluctant as they are culturally attached to
coffee production and/or view citrus production as too risky.

WRI expert interviews

Market (dis)incentives for shift

EVIDENCE

SOCIOPOLITICAL FACTORS
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ENDNOTE
1. Above average maximum temperature outliers were identified if the
temperature was higher than the third quartile annual temperature (23.5⁰C)
by 50 percent of the interquartile range (2.25⁰C).
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