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ABSTRACT

Coffee farmers are already experiencing the impacts of climate change, yet
recommended resilience strategies are often cost-prohibitive for smallholder
producers and/or maladapted to local conditions and contexts. We collaborated
with smallholder coffee cooperatives in Latin America to assess the feasibility of
climate change resilience strategies they selected: crop diversification; rainwater
collection systems; pest monitoring and management; collective coffee seed banks
and nurseries; and solar coffee dryers. Data was collected through key actor and
cooperative leader semi-structured interviews and focus groups with cooperative
members. Our results provide criteria that can be used to determine if these five
resilience strategies are appropriate for given environmental, socioeconomic, and
political contexts. They also demonstrate the need for tailoring resilience strategies
to fit local conditions. The framework we applied serves to select appropriate,
effective and equitable resilience strategies, combining a participatory action
research approach to incorporate local knowledge, capital assets analysis for a
holistic and realistic understanding of feasibility, and access analysis for an
assessment of who will benefit and who will not. This framework can be applied to
assess the feasibility of climate change resilience strategies with smallholders in a
wide variety of geographies, contexts and agroecosystems.

KEYWORDS

Coffee; climate change;
resilience; smallholders;
participatory action research;
Latin America

Introduction

Coffee is grown in over sixty tropical countries and is

essential for ensuring both environmental and econ-

omic sustainability in those regions (Tucker, 2017).

Unfortunately, coffee agroforestry systems are particu-

larly susceptible to climate change as both pro-

ductivity and quality are highly dependent on

seasonal temperature and rainfall conditions, with

drought, excessive moisture, and wind damage

being of particular concern (Haggar & Schepp, 2012;

Ovalle-Rivera, Laderach, Bunn, Obersteiner, &

Schroth, 2015; Tucker, Eakin, & Castellanos, 2010).

Although future variations in climate across regions

remain uncertain, rising temperatures and increas-

ingly unpredictable rainfall patterns are generally

expected to have negative consequences on coffee

production in terms of quality, yield, and pest and

disease loads (Baca, Laderach, Haggar, Schroth, &

Ovalle, 2014; Haggar & Schepp, 2012; Hannah et al.,

2016).

The majority of the world’s estimated 25 million

coffee producers are smallholders, cultivating more

than 70% of global coffee production (Läderach

et al., 2017). Coffee is particularly amenable for small-

holders given its high value, ability to be grown in

steep terrain, and relatively easy processing, storage,

and transportation and, when grown in complex agro-

forestry systems, the production of vital secondary

products for sale or subsistence, including firewood,

food and medicinal plants (Jezeer, Verweij, Santos, &
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Boot, 2017; Toledo & Moguel, 2012). Disadvantaged by

significant inequities in the global political economy

of agriculture and development, smallholders gener-

ally lack access to information, financing, training,

and other resources, leaving them ill-equipped to

adapt to climate change (Baca et al., 2014; Chandra,

McNamara, & Dargusch, 2017; Chen et al., 2018).

Researchers therefore predict that even small

reductions in coffee yields and/or increases in pests

and diseases or production costs would compound

the instability of the livelihoods of smallholder coffee

producers and, subsequently, the economies of

countries heavily dependent upon coffee production

(Eakin, Tucker, & Castellanos, 2006).

Increasing the resilience of smallholder coffee pro-

ducers can enable them to adapt in anticipation of or

in response to climate change (Haggar & Schepp,

2012). However, to be successful, resilience strategies

must be tailored to meet each local context as small-

holder livelihood strategies are complex and hetero-

geneous and future climate change is both difficult

to predict and highly variable (Baca et al., 2014;

Wood, Jina, Kristjanson, & DeFries, 2014). Studies

have also shown the unpredictability of climate

change can make smallholders hesitant to invest in

resilience strategies, particularly those requiring sig-

nificant financial capital (Khatri-Chhetri, Aryal,

Sapkota, & Khurana, 2016; Moser & Ekstrom, 2010).

Despite risks and uncertainties, many coffee producers

are already implementing resilience strategies: diversi-

fying production for subsistence and market; imple-

menting best management practices for production

and post-harvest; renovating coffee and shade trees;

constructing solar dryers and rainwater collection

systems; and improving access to climate information,

among others (Fox, Furgiuele, Haider, Ramirez, &

Younis, 2015; Haggar & Schepp, 2012).

This study applied an innovative, holistic frame-

work for accessing the feasibility of climate change

resilience strategies that combined the method-

ologies of participatory action research (PAR)

(Lacombe, Couix, & Hazard, 2018; Mendez, Caswell,

Gliessman, & Cohen, 2017), capital asset and livelihood

strategy analysis (Pretty, 2008; Scoones, 2015) and

access analysis (Chandra et al., 2017; Speranza, Wies-

mann, & Rist, 2014). We partnered with smallholder

coffee cooperatives in Guatemala and Peru, applying

this framework to conduct feasibility assessments of

five common climate change resilience strategies the

members identified as being most relevant and

likely to be feasible: crop diversification; rainwater

collection systems; pest monitoring and management;

collective coffee seed banks and nurseries; and solar

coffee dryers. Our specific results describe the environ-

mental conditions and levels of various types of capital

necessary for successful implementation of each of

the five strategies. However, drawing on lessons

learned from the study, we also provide a strong fra-

mework for developing participatory assessments of

the feasibility of climate change resilience strategies

with smallholders from a wide variety of geographies,

contexts and agroecosystems.

Framework and methodology

Our framework to assess the feasibility of climate

change resilience strategies built upon a number of

approaches and concepts common in rural develop-

ment, but which are not often combined. The intent

of this framework is to account for the fact that: (1)

smallholder livelihood strategies tend to be complex

and to vary even within fairly small spatial scales; (2)

incorporating local knowledge into planning is the

best means of adapting interventions to local con-

ditions (Pretty, 2008; Scoones, 2015); and, (3) account-

ing for differential access to resources among

communities is key to understanding what is feasible

in each, and, within communities, to analyze who

will likely benefit and who will not (Chandra et al.,

2017; Ribot & Peluso, 2003).

Dynamics of ‘inequality, unequal power relations

and social injustice’ (Chandra et al., 2017, p. 823) at

multiple scales leave smallholders with lesser access

to resources (i.e. land, credit and other financing, infor-

mation, etc.) than larger agriculturalists, but inequal-

ities also exist within communities and should be

accounted for (Ribot & Peluso, 2003). This differential

access means smallholders are generally more vulner-

able, with less capacity to adapt to unexpected shocks

or to absorb the risks posed by climate change, as well

as other forces (e.g. market fluctuations, political

unrest, etc.) (Chandra et al., 2017). The concept of resi-

lience, ‘the factors that enable functioning under

adverse conditions’ (Speranza et al., 2014, p. 111), pro-

vides a framework for understanding the ways in

which smallholders can absorb such shocks and

adapt. More recent approaches have combined the

concept of livelihoods, the suite of strategies

adopted by smallholders to employ their various

capacities and utilize available resources to make a

living, with that of resilience (Scoones, 2015; Speranza

et al., 2014). Chambers and Conway provide an early,

2 E. SHAPIRO-GARZA ET AL.



but still relevant definition, ‘A livelihood is sustainable

when it can cope with and recover from stresses and

shocks, maintain or enhance its capabilities and

assets, while not undermining the natural resource

base’ (1992, p. 5).

Our methodology for assessing the feasibility of

climate change resilience strategies combined three

distinct approaches: participatory action research;
capital asset analysis; and access analysis. Participatory
action research (PAR) incorporates the ‘subjects’ of

research into an iterative process of determining

which questions will be asked, incorporating their

knowledge and ways of knowing into the analysis,

and in applying the results to decision-making and

action (Lacombe et al., 2018; Mendez et al., 2017).

Capital assets analysis is a particularly useful and hol-

istic approach for analyzing the resilience of small-

holder livelihood strategies, including assessments of

the need for and availability of five types of capital

as related to specific strategies: financial (monetary

assets which facilitate economic production); human

(knowledge and productive capacities of the commu-

nity); natural (environmental resources and ecological

services); physical (manufactured assets); and social

(social networks of trust, norms, and shared values)

(Pretty, 2008; Scoones, 2015). Access analysis builds

on the data collected for the capital assets analysis,

asking further questions about both whether house-

holds or communities can access the required types

and amounts of capital for each climate change resili-

ence strategy and who within the community is likely

to benefit from implementation and who will not

(Chandra et al., 2017; Speranza et al., 2014).

This framework and methodology provide an

approach for conducting participatory assessments

of the feasibility of climate change resilience strategies

with smallholders in a wide variety of geographies,

contexts and agroecosystems. Figures 1 and 2

provide further details about how the framework

was iteratively applied in the context of our research

with coffee smallholders in Latin America and

Table 3 demonstrates how the results can be applied

to assess the feasibility of specific strategies.

Materials and methods

Site descriptions

We partnered with two coffee cooperatives to conduct

this research: CODECH (Coordinadora de Organiza-
ciones de Desarrollo de Concepción Huista) in

Guatemala and CenfroCafé in Peru. In both coopera-

tives, members produce and sell conventional and

organic coffee. These two second-level cooperatives

were selected because, while they represent a

common organizational structure for smallholders,

their political, economic, organizational, and environ-

mental contexts differed considerably, allowing us to

test the ways in which resilience strategies could be

tailored to meet varying capacities and conditions.

Guatemala

CODECH was founded in 1999, in Huehuetenango,

Guatemala. CODECH provides members with technical

assistance, inclusion in development projects, and

access to credit and export markets. While CODECH

has only four full time employees serving 1250

members, each base or first-level cooperative also

has an accountant, director, and technician.

Members cultivate traditional coffee varieties from

1000 to 2032 m in elevation.

Coffee has been Guatemala’s leading export for the

last 150 years, with 90,000 small and medium farmers

(<10 hectares of land) currently cultivating coffee

(Fischer & Victor, 2014). Based on predicted extreme

weather events, Guatemala is classified as highly vul-

nerable to climate change, which is exacerbated by

the predominance of rain-fed agriculture and high

dependency on agricultural employment (Bouroncle

et al., 2015; Haggar & Schepp, 2012). The spread of

coffee leaf rust (or roya in Spanish), perceived as

attributable to changing climatic conditions, has had

an early impact on coffee communities in Guatemala,

damaging 25% of the coffee harvest in 2011/2012 and

posing a considerable threat to production (Avelino

et al., 2015). The National Coffee Association

(Anacafé) provides significant support to coffee pro-

ducers, and a growing number of international and

non-profit organizations are active throughout the

country (Fox et al., 2015).

Peru

Founded in 1999, CenfroCafé is currently the largest

coffee cooperative in Peru with 2,600 member families

across 84 smaller, local associations organized into 12

mid-level cooperatives. It is a multi-service coopera-

tive that provides aggregation markets for coffee

and other goods, such as rice and cacao. In contrast

to CODECH, CenfroCafé has significant capacity to

support its members, with 64 full-time and seasonal

INTERNATIONAL JOURNAL OF AGRICULTURAL SUSTAINABILITY 3



Figure 1. Schematic summary of the participatory framework for feasiblity assessments of climate change resilience strategies with smallholder producers.
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employees and a well-developed system to access

credit.

Peru is also considered highly vulnerable to climate

change, predicted to experience some of the greatest

regional temperature elevations (Ovalle-Rivera et al.,

2015). Researchers estimate that an increase of 2°C

in temperature and 20% in rainfall variability by

2050 will generate a loss of over 20% in Peru’s poten-

tial GDP (Vargas, 2009). Peru has also suffered from

increasing roya infestations, which affected nearly

40% of the coffee crop in recent years (Avelino et al.,

2015). As a relatively recent player in the coffee indus-

try as compared to Guatemala, Peru lacks a powerful

national coffee organization and, while growing, the

support provided by national and international non-

governmental organizations is limited.

Methods and sample design

This research built upon a previous study conducted in

2014–2015 with CODECH, CenfroCafé and La Orgánica

cooperative in Colombia that examined smallholder

coffee producers’ perceptions of climate change and

existing strategies to increase resilience (see

Figure 1) (Fox et al., 2015). Results of the study show

that the great majority (89%) of producers in all

three countries perceived significant changes to

climate that were already affecting the sustainability

of their livelihood strategies (Ibid.). Members of

these three cooperatives detailed sixteen climate

change resilience strategies they were either already

employing on small scales or were interested in

exploring (Table 1).

We conducted field research for the current study

from 2015 to 2016. Our research protocol was

reviewed and approved by Duke University’s Insti-

tutional Review Board before recruitment or data col-

lection began.

First, through semi-structured interviews with an

intentionally broad range of leaders within CODECH

and CenfroCafé, we determined which of the sixteen

previously identified strategies were perceived to be

of greatest interest, feasibility (i.e. able to be

implemented successfully) and viability (i.e. achieve

Figure 2. Application of the framework: the succession of foci, methods and actions applied in our research on climate change resilience strat-
egies in cooperation with coffee cooperatives in Latin America.

INTERNATIONAL JOURNAL OF AGRICULTURAL SUSTAINABILITY 5



sustainable benefits). We next collected data related

to the feasibility and viability of the top three selected

strategies through focus groups with cooperative

members and semi-structured interviews with coop-

erative leaders and members. We held focus groups

with 8–16 cooperative members selected via purpo-

sive sampling to represent a range of gender, age,

and experience. In one case, where focus groups

were not possible, we conducted individual member

interviews. Lastly, to understand the resources, bar-

riers and general context of coffee and climate

change resilience in each country, we conducted

semi-structured interviews with key actors represent-

ing government, for-profit, and non-profit organiz-

ations at multiple scales (Figure 1 and Table 2). We

primarily conducted interviews and focus groups in

Spanish, although some in Guatemala were con-

ducted in local languages via a Spanish interpreter

where that was indicated.

We analyzed our primarily qualitative data using

NVivo software (QSR-International, 2012). We coded

interview and focus group transcripts to nodes orga-

nized under three broad themes: (1) context under

which smallholder coffee farmers are operating,

including in-country context and perceived changes

in production; (2) previous experience in implemen-

tation of resilience projects, including current efforts,

producer experience, level of implementation, and

stakeholders involved; and (3) feasibility of the

strategy, including capital necessary and available

for implementation, level of implementation, potential

support, differential access to necessary capital, and

expected impacts (Box 1).

Based on our results and further consultations with

cooperative leaders and members, one of our insti-

tutional partners in this research, Counter Culture

Coffee, supported the development of solar coffee

dryers in Cenfrocafe in Peru and rainwater catchment

systems for CODECH in Guatemala. Building on the

framework and methodology we applied in this

research, we also collaborated with Counter Culture

Coffee to develop a shorter term participatory

Table 1. Strategies for climate change resilience identified by
smallholder coffee producers in Guatemala, Colombia and Peru as
having the greatest relevance and predicted feasibility (adapted
from Fox et al., 2015).

External partnerships Internal organization

. Eco-certifications . Landscape level resource
mapping

. Partnerships with NGOs or
other stakeholders

. Research on links between
management practices, crop
resilience & coffee quality

. Partnership with other
cooperatives

. Promote women and youth
participation

Agronomic innovations Knowledge exchange

. Monitoring & reporting
pests and diseases

. Farmer-to-farmer training

. Trials of pest resistant
coffee varieties

. Branding and marketing training

. Collective coffee seed
banks & nurseries

. Cross-regional knowledge
exchange workshops and
conferences

. Solar coffee dryers . Coffee quality testing training

. Rainwater collection
systems

. Crop diversification

Table 2. Summary of methods employed and sample size in our
participatory feasibility analysis by country and coffee cooperative.

Type of interview

Country

Total
Guatemala
(CODECH)

Peru
(CenfroCafé)

Cooperative leader
interviews

19 10 29

Focus groups 5 8 13
Individual member
interviews

8 0 8

Key actor interviews 24 16 40
Total 56 34 90

Box 1. The core themes addressed in interviews and focus groups and
later coded for in our analysis of the resulting qualitative data.

1) Contextual Factors Affecting Smallholder Coffee Farmers:

. The political, economic, social, historical, and/or environmental
drivers affecting coffee production and/or livelihood strategies;

. Changes in coffee production and livelihood strategies as linked to
the impacts of climate change.

2) Experience with Previous Projects Requiring Collective Action:

. Previous efforts by producers to improve and/or secure the quality
and quantity of coffee production or improvements to livelihoods;

. The dynamics and outcomes (negative or positive) of these
projects;

. The perceived reasons for the success or failure of these projects

3) Feasibility of Proposed Climate Change Resilience Strategies:

. Types and amounts of each of the five types of capital participants
required for implementing each of the selected strategies;

. Current availability of each type of capital that could be utilized to
execute the selected strategies;

. Sources from which further capital could be solicited and the
likelihood of being able to access and secure them;

. The level/scale at which these strategies could or should be
implemented;

. The partners and/or stakeholders who would need to be involved
in implementation;

. Expected outcomes of implementing each adaptation strategy and
who would likely reap the benefits or bear the costs

6 E. SHAPIRO-GARZA ET AL.



workshop protocol for participatory assessment of

climate change resilience strategies to implement

with smallholder coffee producers. The workshop pro-

tocol has now been tested with producers from

around the world and in a variety of contexts and is

freely available to others interested in working in

this field (Counter Culture Coffee, 2018).

Recognizing the complexity of the methods we

applied, generated, in part, by the iterative steps of

during which we presented preliminary results and

received feedback and guidance from the coopera-

tives on how they would be most interested in pro-

ceeding, we have created a schematic to illustrate

the succession of steps (Figure 2).

Results

The resilience strategies participants from CODECH

and Cenfrocafé selected for further evaluation were:

income diversification (Guatemala), rainwater collec-

tion systems (Guatemala), pest monitoring and man-

agement (Peru), seed banks and nurseries (Peru),

and solar dryers (Guatemala and Peru). We present

below short descriptions of each strategy and the

results of our capital asset and access analyses to

determine the resources necessary to implement

each strategy, the availability of those resources at

the cooperative level, and the barriers to implemen-

tation that might exist, particularly for subgroups

within the cooperative.

Crop diversification

Cooperative leaders and members in Guatemala

selected crop diversification based on the historical

prevalence of highly diverse agricultural systems

(Makate, Wang, Makate, & Mango, 2016; Morales &

Perfecto, 2000), the potential for value-added pro-

ducts, the benefits of shade-grown coffee, and the

fact that many members already produce additional

goods for subsistence or market (Mendez, Shapiro, &

Gilbert, 2009). Participants in this study saw crop diver-

sification as a means to diversify their income sources

and increase resilience (Shikuku et al., 2012). Our

results show that financial and human capital for

crop diversification strategies and social and physical

capital to access markets are the primary assets

required for this strategy.

Participants identified financial capital as necessary

to purchase agricultural inputs, hire technical assist-

ance, and transport crops to market, with the

primary financial barrier being lack of access to

credit. Many perennial crops, including coffee,

require several years of growth before bearing fruit,

requiring that farmers find a substitute income

during the lag in production. Another top barrier

identified was sufficient training for cooperative

extensionists to provide the consistent technical

support perceived as necessary to ensure high

quality across a diverse set of crops. Access to

markets for new crops and the physical capital of ade-

quate roads and transport are vital for the success of

diversification projects and were perceived as a signifi-

cant barrier, particularly for more remote cooperative

members. Natural capital was not directly mentioned

as a significant barrier. However, cooperative

members mentioned if they were to introduce an

additional crop, they needed to find ways to increase

the volume of production, which would require the

need for additional land, water, and other resources

for cultivation are higher for some crops, potentially

limiting participation by more resource-constrained

members.

Rainwater collection systems

Cooperative leaders and members in Guatemala

selected rainwater collection systems (Oweis, 2017)

as a potential resilience strategy because changes to

the seasonality of rainfall have already been noted

(Fox et al., 2015). Moreover, many cooperative

members process their coffee in the field, which

Table 3. Summary of our analysis of the capital assets required for implementation of each of the five selected climate change resilience
strategies.

Human Financial Natural Physical Social

Crop diversification 3 2 3 4 3

Seed banks & nurseries 4 3 3 3 3

Solar dryers 3 4 3 4 3

Pest monitoring & management 4 1 1 1 3

Rainwater collection systems 3 3 2 3 2

Level of capital required: High Med-High Med-Low Low
4 3 2 1
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requires reliable, on-site access to clean water. Based

on participant preference, we focused on systems

built within coffee plots to collect rainwater predomi-

nantly, if not exclusively, for irrigation and/or coffee

processing. Participants identified human, natural,

and social capital as the assets essential for rainwater

collection systems.

Participants identified financial capital as the asset

most required for implementing rainwater collection

systems. Despite the availability of models that are

relatively easy to design at any price point and with

a range of material and installation costs, most

members in Guatemala would still require cooperative

or external loans to complement individual savings.

Human capital in terms of knowledge to ensure

proper installation and labour to build and maintain

the structure was perceived as crucial. Participants

also identified the natural assets of land and water

as necessary for successful implementation given

many smallholders cultivate on small, steep plots,

making installation difficult, and because reductions

in precipitation levels mean that some areas would

not be able to capture enough water. Cooperative

members also identified social capital as key to on-

site rainwater collection systems as some producers

feared that materials, and even the water itself,

could be stolen.

Pest monitoring & management

Cooperative leaders and members in Peru selected

the introduction of integrated pest management

(IPM) practices for coffee and other crops (Bottrell &

Schoenly, 2018). Participants perceived IPM to poten-

tially increase productivity, and to effectively combat

perceived increased pest and disease loads.

The asset identified as most necessary for

implementation was human capital in the form of lit-

eracy and knowledge of IPM practices. Participants

focused on uneven levels of knowledge amongst pro-

ducers as a significant barrier to properly diagnose

and treat pests and diseases. IPM strategies require

producers to keep a written record of observations

compiled periodically at the cooperative level, so par-

ticipants perceived low literacy, required behavioural

shifts, and time for monitoring and documentation

to be barriers. Producers also identified smaller scale

financial and physical assets as necessary to increase

technical assistance and provide record keeping

materials.

Collective coffee seed banks & nurseries

Participants perceived both the implementation of

seed banks or seed nurseries as two different

approaches to achieving the same outcome: increas-

ing access to and cultivation of more diverse varieties

of coffee to improve farmers’ resilience to shocks

from such climate change scenarios as increased

pest loads, drought, excess rainfall, and higher temp-

eratures. Cooperative leaders in Peru selected the

implementation of large-scale collective seed banks

and nurseries due to the perceived potential for

increasing quality and/or resilience of future coffee

production (Li & Pritchard, 2009). Seed banks and nur-

series were frequently discussed as if they were inter-

changeable, as the coop leaders were focused on the

outcome of providing many cultivars to the farmers

as opposed to the method used to obtain varietal

diversity.

Participants identified social and human capitals as

the assets most necessary for implementing this strat-

egy. Participants perceived strong social capital as

necessary for implementation, as operating collective

seed banks and nurseries requires high participation

rates to achieve economies of scale and significant

cooperation levels to succeed. This presented a

barrier in Peru, as some producers felt they could

obtain high quality varietals from their own farms

without relying on a collective effort. Human capital,

in terms of knowledge about new and existing varie-

tals and their cultivation and proper seed bank or

nursery management at a large scale was also seen

as key. Natural capital and, to a lesser extent, physical

capital were also identified as necessary. Nurseries

require sufficient, collectively owned or leased land,

in a centralized location and with access to a water

source and a means of transport for seeds or seedlings

to and from the facility, factors that could limit the

ability of more remote producers to benefit. Seed

banks require a secure, centralized facility for

storage. Financial capital, in terms of access to credit

or alternative income sources, was also considered

important: while crop renovation can yield higher

profits, many farmers cannot afford to lose the

income from harvest for the 3–4 years required for

new coffee plants to produce.

Solar coffee dryers

The traditional method of drying coffee is to spread

the coffee beans over cement plots or plastic
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squares in the open air. The coffee beans are rotated

and moved periodically to ensure even exposure to

sun during daylight hours for as little as three days

up to one week or more (Martinez Sosa & Aguilar,

2011; Weiss & Buchinger, 2004). The length of the

coffee drying process with this method is highly vari-

able, depending on the availability of sunlight and

winds. Furthermore, coffee farmers have to continu-

ally protect the coffee beans from rain, dust and

small animals, and collect all grains at dusk to avoid

the risk of rain and dew overnight. This method for

drying is highly labour-intensive, time-consuming,

and unpredictable. Some individual producers in

both Guatemala and Peru had developed solar

dryers co-funded by cooperatives or other external

sources on a small-scale, pilot project basis. Solar

dryers are similar in concept and design the green-

houses: they are covered by transparent plastic or cor-

rugated, transparent fiberglass sheets, with a raised

bed constructed inside to maximize air circulation to

shorten drying times, obtain a more hygienic drying

process and reduce labour needed for coffee bean

selection (Martinez Sosa & Aguilar, 2011; Prakash &

Kumar, 2014). Leaders from both cooperatives were

interested in evaluating the performance of existing

dryers and exploring the feasibility of expanding

their use for several reasons: potential for increasing

coffee quality; ability to decrease manual labour

inputs; and because external funders in both

countries were interested in supporting these pro-

jects. Participants identified financial, human, and

natural capitals as the primary assets required for

solar dryers.

Solar dryers require a high initial financial invest-

ment to purchase and transport supplies, though

costs vary according to the types of materials used

(Martinez Sosa & Aguilar, 2011; Prakash & Kumar,

2014). Human capital is required for both knowledge

of solar dryer construction and design and labour for

construction and maintenance. Solar dryers can also

require significant and regular care, including cleaning

plastic’s surface periodically, re-stabilizing the framing

structure, and other practices that guarantee longer

duration, with the quality of initial material determin-

ing the frequency of maintenance. The need for

natural capital was also identified as a limiting factor,

as solar dryers require a relatively large area of flat

land, often in short supply in the sloped landscapes

of coffee-growing regions and for smallholders who,

by definition, have limited access to land (Prakash &

Kumar, 2014). Solar dryers are permanent structures

and take up considerable space, so the opportunity

costs of occupying that land were also considered.

Sufficient sunshine and temperatures are required

for solar dryers to function, making this option unvi-

able for some producers at higher elevations. We

found significant differences between the coopera-

tives in Peru and Guatemala in the availability of the

necessary types of capital, with the producers of

CODECH in Guatemala lacking both sufficient

financing and land area to successfully implement

solar dryers.

Discussion

While we found that all five strategies had the poten-

tial to support the development of climate change

resilience for smallholder coffee producers, the levels

and types of capital required varied considerably

(Table 3). By applying this analysis to the levels and

types of capital available in each cooperative, and

for subgroups among cooperative members, the feasi-

bility, equitability and sustainability of each could be

matched to the context.

We provide below an assessment of the implications

of the results of our capital asset and access analyses for

each of the five resilience strategies. We draw on both

our own results and the findings of other studies to

discuss the social and environmental conditions

necessary for these strategies to be feasible and the

subgroups within communities which will likely

benefit and those which will not.

Crop diversification

Rural smallholders dependent on a single income

source have been shown to generally earn a lower,

less consistent income than those with a higher

degree of diversification (Bigsten & Tengstam, 2011;

Makate et al., 2016). Diversification with alternative

subsistence or income-generating activities, including

crop diversification, can make rural smallholders more

resilient to changes to markets and to various shocks,

including severe weather events related to climate

change (Läderach, 2012; Makate et al., 2016). Coffee

agroforestry systems lend themselves to diversified

production as multiple trees and other crops can be

introduced to provide shade (e.g. bananas, macada-

mia nuts, etc.), intercropped (e.g. maize, beans, etc.)

or produced in conjunction (e.g. bee keeping,

poultry, etc.) (Famaye, 2009; Jassogne, Laderach, &

van Asten, 2013).
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We found that the financial and human capital

required for crop diversification and the social and

physical capital for accessing markets were the

primary assets required for this resilience strategy.

Important components of ensuring project success

include access to financial resources for changing

strategies and securing access to markets for new pro-

ducts (Bigsten & Tengstam, 2011; Osbahr, Twyman,

Adger, & Thomas, 2008). Depending on producers’

familiarity with the new crops, this strategy can also

be reliant on coordinated, sustained technical assist-

ance and logistical support. As opposed to diversifying

for subsistence, moving to national or international

markets most often requires new cultivation and pro-

cessing requirements, transportation costs and logis-

tics, not to mention connection to markets. In

general, crop diversification is a strong adaptation

mechanism for those with access to credit for purchas-

ing initial agricultural inputs, continued technical

assistance for the additional crop(s), and navigation

of markets. However, significant and sustained invest-

ment is normally required to develop these new

capacities. The ability to participate in this strategy

can therefore vary widely amongst producers in the

same region depending on access to financial capital

and technical services as well as quality of roads and

transportation systems.

Nevertheless, even if the investment in and

improvement of human capital is not feasible for indi-

vidual producers to undertake themselves, coopera-

tives already have experience in organization,

management, and knowledge distribution. As with

coffee production, to implement this strategy it will

be necessary to partner with other cooperatives,

international aid agencies, domestic government

agencies or NGOs, and/or private buyers or exporters,

for initial investment, training, and identifying

markets.

Rainwater collection systems

Increased unpredictability in precipitation levels and

patterns across many coffee-growing regions will

impact the availability of the water critical for irriga-

tion, fumigation, wet milling, and mucilage removal

of coffee beans (Bigsten & Tengstam, 2011). For small-

holder coffee farmers, depending on rainwater for

their coffee crop can be a potential risk, since water

is especially scarce during the dry season when most

of the coffee washing and processing takes place

(Fox et al., 2015). It is also worth noting that there

are competing efforts in terms of water usage: dom-

estic household use versus agricultural use. A stable

water source can therefore help smallholders adapt.

We identified financial, natural and social capital as

the primary assets required for rainwater collection

systems.

Key strengths are that these systems can be built in

various sizes with a range of materials customized to

fit the capacity and needs of producers, from small

open-air tarps to massive subterranean concrete

systems, and can be located throughout the coffee

plantation (Mekdaschi Studer & Liniger, 2013; Solu-

ciones-Prácticas, 2008). These systems also generally

require little labour to install and have relatively few

maintenance costs. However, they all require

financial and natural capital as some initial investment

and sufficient land are essential. While normally

implemented on individual plots, social capital, in

terms of trust within the community and/or collective

action to monitor and impose sanctions, is key as par-

ticipants raised concerns about materials being stolen.

Even given these potential barriers, this resilience

strategy has the potential to offer significant benefits

in areas with changing amounts or seasonality of rain-

fall. A steady water supply can allow producers to

adapt harvest schedules to changing precipitation

patterns, increase efficiency through onsite proces-

sing, and provide a water source for additional

coffee or other crops (Mekdaschi Studer & Liniger,

2013). Potential co-benefits include: reduced

demand on existing water sources; greater flexibility

in the timing of water use; improved quality of the

water for coffee processing, and potential for dom-

estic use (Mekdaschi Studer & Liniger, 2013). Given

the ability to design low-cost systems and associated

co-benefits, this strategy tends to be a relatively

high benefit, low-risk approach that is potentially

accessible to most smallholders (Mekdaschi Studer &

Liniger, 2013).

Pest monitoring & management

Research suggests that the predicted rise in tempera-

ture will expand the ranges of certain coffee pests and

diseases (Läderach et al., 2017). In particular, coffee

leaf rust and American leaf spot are predicted to

affect plants in increasingly higher geographic and

altitudinal ranges (Avelino et al., 2015). Education

and knowledge sharing about emerging pests and dis-

eases plus proactive monitoring and treatment

through integrated pest management (IPM)
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approaches can be a crucial component of ensuring

the resilience of both coffee production and subsis-

tence crops (Aristizabal, Lara, & Arthurs, 2012; Isoto,

Kraybill, & Erbaugh, 2014).

Participants identified human capital, in terms of

knowledge of pests and diseases and literacy, as the

primary asset required for this resilience strategy. In

cases in which smallholders lack sufficient knowledge

of pest and disease identification and management,

intensive and long-term technical assistance and facili-

tation of knowledge sharing is required (Morales & Per-

fecto, 2000; Pretty, 2018). Social capital is also required

as, given economies of scale and the increased effec-

tiveness of implementing pest and disease control

across landscapes, this strategy is best done at a collec-

tive level. Cooperatives, where present, are well posi-

tioned to provide these services, but will likely require

additional financial capital to hire new or train existing

extensionists (Parsa et al., 2014). Given the require-

ments for record keeping, this strategy can be

difficult to implement for producers with low literacy,

though these barriers may be overcome with innova-

tive means of tracking through images or graphics.

This strategy can be particularly complementary for

producers already implementing the intense record

keeping required for organic or other certifications.

Collective coffee seed banks & nurseries

While smallholders tend to cultivate diverse varietals,

plantations are often old, making them less resilient

to increased pests and disease loads or other potential

impacts of climate change (Blundo Canto, Perez,

Zuluaga Gonzalez, & Läderach, 2015). Seed banks

and nurseries to introduce or locally select and propa-

gate varietals that are more pest and disease tolerant

can address the probable increase of pest and disease

loads under climate change (Läderach et al., 2017).

While individual smallholders will often save and

trade seed stock of high-quality varieties, or maintain

their own small-scale nurseries, larger scale, collective

endeavours can benefit from economies of scale and

more systematic and controlled management (Li &

Pritchard, 2009).

Social and human capital are the assets most essen-

tial for collective seed banks and nurseries, although

natural and physical capitals are also key for creating

the necessary infrastructure. Collective efforts can

require significant social capital, sufficient land or

storage space and some upfront financial inputs. Nur-

series and seed banks also both benefit from specialized

knowledge, particularly as related to climate change-

resistant varieties and the trade-offs between resilience

and quality. However, the benefits of implementing col-

lective seedbanks or nurseries are potentially significant

as increased access to cultivars bred for resistance could

greatly improve the resilience of smallholder farmers to

climate change. This strategy should be relatively acces-

sible to most producers, especially those already associ-

ated as cooperatives.

Solar coffee dryers

Proper drying of coffee beans is essential post-harvest

to ensure quality. With the traditional open air-drying

of beans, grains can get wet andmould. Unpredictable

rains and cloudy conditions during the coffee drying

period are expected to increase with climate change

in many regions, increasing conditions for mould

growth. Greenhouse-like wooden structures known

as ‘solar dryers’ can increase resilience to such con-

ditions (Martinez Sosa & Aguilar, 2011; Prakash &

Kumar, 2014). Since most producers harvest at the

same time, sharing dryers is not practical, necessitat-

ing implementation on an individual basis.

We found that financial, human, and natural capi-

tals are the primary assets required for the implemen-

tation of solar dryers, with feasibility highly correlated

to land availability, suitability of terrain, and accessible

sources of co-financing. Required materials are not

always readily available and costs can be significant.

Depending on local conditions and the quality of the

materials, they may need to be replaced frequently.

While the construction of solar dryers is not difficult

or complex, some training is required to ensure ade-

quate exposure to the sun, air circulation and internal

temperature control (Martinez Sosa & Aguilar, 2011).

National government agencies and development

organizations have heavily promoted solar dryers,

and, for producers with access to the right resources,

as was the case with CenfroCafe in Peru, solar dryers

may provide great benefits in reduced labour inputs

and improved quality. However, for producers with

limited financial resources and/or small or sloped

plots, as was the case for CODECH in Guatemala, this

strategy may not be feasible or may lead to greater

costs than benefits.

Conclusions

Climate change is already impacting the livelihoods of

smallholders and other actors along the coffee supply
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chain (Fox et al., 2015; Läderach et al., 2017). Variability

in precipitation and shifting seasonality are predicted

to increase which, as with agriculture around the

world, will interrupt many of the essential processes

involved in coffee production (Baca et al., 2014;

Haggar & Schepp, 2012). While it is crucial that action

be taken to increase the resilience of smallholder pro-

ducers to the impacts of climate change, our results

demonstrate there are no ‘cookie cutter’ solutions

appropriate for all contexts. While some strategies

may generally be more feasible for smallholders than

others, whether they are able to be successfully and

sustainably implemented is dependent upon a

complex set of specific, context-dependent variables.

Even amongst similar agroecosystems and within a

relatively small geographic scope, the risks presented

by climate change and the needs and types of capital

available to producers to respond can vary greatly.

In order to determine the feasibility of various strat-

egies for climate change resilience, it is therefore

necessary to evaluate a range of complex environ-

mental, cultural, economic, and political conditions

through holistic, participatory assessment methods.

Our framework, which combines PAR methodology

with capital asset and access analyses, responds to

those needs. Applying PAR methodology, collaborat-

ing with producers to define research questions and

methods and to assess the validity and implications

of results, provides a means to ground feasibility

assessments of climate change resilience strategies

in the perceptions and knowledge of those with a

nuanced understanding of the context, their direct

experience of the issues at hand, and of the resources

available to address them. The framework of capital

asset analysis pushes the evaluation of the feasibility

of each resilience strategy beyond a simple financial

cost–benefit analysis, providing a holistic assessment

of the resources required, those that producers hold

and can build upon, and the barriers that exist to

securing those that are lacking. This type of analysis

provides a framework through which it is possible to

extrapolate from locally specific results to form

broader, generalizable conclusions about the types

and levels of capital required for each resilience strat-

egy. The addition of access analysis ensures that differ-

ences in the ability of subgroups within producer

communities to successfully adopt each resilience

strategy is considered. The adaptation of this frame-

work to a participatory workshop format makes it

even more accessible to contexts in which time and

resources are limited (Counter Culture Coffee, 2018).

We encourage further research and feasibility

studies of this type to explore other resilience strat-

egies, increasing smallholders’ ability to adapt to

climate change and to secure the sustainability of

these and other vital agroecosystems.
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