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Approaches that aim to identify and prioritize locally appropriate climate smart agriculture (CSA) technologies
will need to address the context-specific multi-dimensional complexity in agricultural systems. The climate
smart agriculture rapid appraisal (CSA-RA) is a mixed method approach that draws on participatory bottom-
up, qualitative, and quantitative tools to assess the heterogeneity of local contexts, and prioritize context-specific
CSA options. This is an imperative if countries are to respond to the COP21 agreement and meet their intended
nationally determined contributions (INDCs). The CSA-RA is designed to assess biophysical including climatic,
socio-cultural, economic and technological characteristics at the household, farm and community/regional
level. The CSA-RA employs gender-disaggregated methods, including gender differences in perceptions of cli-
mate change and its impacts. The CSA-RA combines common participatory rural appraisal (PRA) and rapid
rural appraisal (RRA) tools into one methodology, that disaggregates the gender dimension, and includes re-
source mapping; climate calendars; historical calendars; cropping calendars; organization mapping; transect
walks; key informant interviews; farmer interviews; and pairwise ranking matrix. The tool collects qualitative
and quantitative data from various stakeholders (farmers, local leaders, researchers, local-level agricultural ex-
perts, private sector actors, donor organizations, and policy implementers), allowing expansive analysis, triangu-
lation and validation. Application of the CSA-RA in Tanzania and Uganda reveals heterogeneity across the sites in
terms of vulnerability, constraints and CSA priorities among different social groups (gender) and agro-ecological
zones. Thus, the CSA-RA allows stakeholders to simultaneously take into account biophysical and socio-economic
aspects to target and implement CSA.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Global challenges facing society, including demand for increased ag-
riculture production, population increase, urbanization, land degrada-
tion, and shifts to animal-based diets, are further exacerbated by
progressive climate change (DeFries and Rosenzweig, 2010; FAO,
2009; Foley et al., 2011). The recent adoption of the Paris Agreement
at COP21 demonstrates the global acknowledgement of not only the
negative impacts of climate change to human populations and the
environment but also the urgency with which countries need to re-
spond through intended nationally determined contributions (INDCs)
).

. This is an open access article under

., Climate smart agriculture ra
Systems (2016), http://dx.do
(UNFCCC, 2015). At the same time, developing countries are designing
nationally appropriate mitigation actions (NAMAs) and national adap-
tation programs of action (NAPA), that highlight the need for agricultur-
al systems that are adaptive and resilient to the threats posed by climate
change. NAMAs represent an important tool in implementing a Paris
agreement and to mobilize climate finance and investment (Cameron
et al., 2015). Another Africa-led initiative, the Accra Consensus on the
development of the Science Agenda for Agriculture in Africa acknowl-
edge the important role of science in delivering agricultural productivity
and economic growth (FARA, 2013).

In response, the concept of Climate Smart Agriculture (CSA), has
been developed to address three pillars: food security, adaptation
and mitigation (FAO, 2013). CSA has gained considerable attention,
especially in developing countries, due to its potential to increase
food security and farming system resilience while decreasing green-
house gas emissions (FAO, 2013, 2010; Grainger-Jones, 2011). This is
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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especially pertinent to Africa, where economic development de-
pends on agricultural growth, which is also the most vulnerable sec-
tor to climate change (Rosenzweig and Parry, 1994; Vermeulen et al.,
2012). International attention has led to the development of several
CSA initiatives, including the Global Alliance for CSA (GACSA) and
the Africa CSA Alliance, among others. Despite this, there is still a
growing need for methodologies and approaches that comprehen-
sively combine socio-economic and biophysical realities across
scales in order to prioritize, implement, and out-scale CSA technolo-
gies on the ground in response to current agro-climatic conditions
(Cooper et al., 2009).

Adopting CSA at field or farm scalemay be influenced by institution-
al mechanisms, landscape governance, resource tenure, economic, so-
cial, ecological and climate conditions (Scherr et al., 2012). The
context-specific nature of CSA (Beuchelt and Badstue, 2013; FAO,
2013; Neufeldt et al., 2013; Scherr et al., 2012) requires that a diversity
of options are developed for the various contexts across scales. This in-
cludes between socially differentiated groups (i.e. by gender, age, etc.).
As part of this process, the assessment of synergies and priorities across
different social groups and trade-offs among the CSA pillars across the
landscape (e.g., different agro-ecological zones, climate regimes, social
groups and land-uses) are assessed. For example, in low-input small-
holder farming systems in least developed countries, practices that in-
crease carbon sequestration and reduce emissions are least likely to be
prioritized over those that offer immediate benefits related to produc-
tivity and adaptive capacity (Campbell et al., 2014). However, reaching
a triple-win is not impossible as mitigation and adaptation are comple-
mentary rather thanmutually exclusive alternatives and can sometimes
be mutually reinforcing (Füssel, 2007). For example, increasing soil or-
ganic matter improves adaptive capacity of the soil by increasing soil
water holding capacity and soil fertility, while also sequestering carbon
(Metz et al., 2007).

Given the complexity of farming systems in Africa, there is an urgent
need for research and development to support adaptation decision
making, including identifying priority thematic areas to support agricul-
ture transformation. Ensuringmaximum gains from agricultural invest-
ments requires that the limited resources are targeted in a systematic
way in order to optimize the triple wins of CSA. Therefore, there is de-
mand for the development and application of simple and reliable tools
that can provide comprehensive information to identify and prioritize
locally appropriate CSA practices across different scales (e.g., farm, com-
munity, watershed, districts, national, etc.) and the enabling environ-
ment required to sustain the uptake.

Recently, other tools and frameworks have been developed and ap-
plied for targeting and prioritizing agricultural investments and inter-
ventions (World Bank, 2012). However, most of them focus on the
national level, providing a top-down approach. The CSA-RA is a partic-
ipatory, bottom-up approach (that can be applied across multiple
scales and actors) used to understand CSA priorities, synergies and
trade-offs important in the local context, that can then be used to in-
form regional, national, and international public and private sector in-
vestments. Key operational staff in development agencies and national
governments who design lending and climate finance projects as well
as practitioners who implement CSA, need access to these tools. The
CSA-RA was developed to address and fill these gaps by identifying
the key challenges in smallholder agricultural systems within different
contexts, and develop a participatory prioritization of a set of CSA prac-
tices that can respond to such challenges for targeted implementation.
The CSA-RA is rigorous but easy to use by various stakeholders, and can
be adapted to fit any agricultural system. As such, the CSA-RA (i) jus-
tifies the need for context specific CSA targeting that operationalizes
the CSA plans and other development strategies and (ii) provides
criteria and process that guide identification of appropriate CSA options
for local contexts.

Case study examples from Tanzania and Uganda demonstrate the
applicability of this tool in context-specific CSA prioritization.
Please cite this article as: Mwongera, C., et al., Climate smart agriculture ra
smart agriculture technologie..., Agricultural Systems (2016), http://dx.do
2. Methodological framework of the CSA-RA

2.1. The CSA-RA

The CSA-RA is a mixed methods approach, with a suite of tools from
rapid rural appraisals (RRA) and participatory rural appraisals (PRA).
For example, we utilize RRAmethods that aim for rapid extraction of in-
formation with farmers and experts, in order to gather information
about household economic resources and assets as well as basic social
information including education, household size, and farm attributes
(Conway and McCracken, 1990).The CSA-RA also utilizes PRA methods
which aim to engage with community members through participatory
exercises in a focus group setting that empower the stakeholders to as-
sess and communicate their perceptions of various issues including nat-
ural resource status, impacts of climate change on agricultural systems
and livelihoods and farmmanagement practices with a gender differen-
tiated perspective (Chambers, 1994). The CSA-RA utilizes six different
PRA tools: resource mapping; climate calendars; historical calendars;
cropping calendars; organization/institutional mapping; and pairwise
ranking and three RRA tools: transect walks; key informant interviews;
and farmer interviews. The CSA-RA uses gender-disaggregated ap-
proaches in order to assess not only the differences in perceptions of
the existing challenges between genders but also to understand the po-
tential constraints and opportunities of each CSA option for the different
groups. The CSA-RA also extends across multiple scales, from the farm-,
household- and community levels and scales up to the landscape and
sub-regional levels. The selected combination of the nine tools are
able to capture indicators directly linked to the three CSA pillars while
also integrating the three dimensions of sustainable development (eco-
nomic, social and environmental). The methodological framework is
summarized in Table 1.
2.1.1. Cropping calendar
The cropping calendar has two main objectives. First, it is used to

identify main crops, crop sequences, and when associated production
activities take place. And, second it is used to identify the gender divi-
sion of labour and how access to and control of resources varies for
men, women and children. This is important for assessing, for example,
labour requirements of different management practices and how gen-
dered time use may impact their uptake.
2.1.2. Organizational mapping
Venn diagrams are used in mapping the rural organizations utilized

by farmers. The participants rank each in terms of its relative impor-
tance and illustrate linkages between different organizations, such as:
no linkages with other organizations, some linkages and a lot of co-op-
eration. This is important to identify capacity building needs, key actors
that may influence the agricultural practices of the households and for
outscaling CSA.
2.1.3. Resource mapping
The objective of the resource mapping is for communities to delin-

eate agroecological zones and show the distribution of resources in
the community, for example forests, pasture, rivers, water sources,
human settlement and infrastructure. This exercise is conducted by
first having a general discussion of the different agro-ecological zones
in the community, then the participants are self-organized into the
groups by agroecological zone and then each group is further disaggre-
gated into groups based on social identity as appropriate in the context
(for example by gender, ethnicity, age, etc.)`. This exercise is followed by
a discussion to provide insights on changes in the resources over time,
and can then be used to develop community action plans and identify
future investments.
pid appraisal (CSA-RA): A tool for prioritizing context-specific climate
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Table 1
Methodological framework showing how the different CSA-RA tools correspond to climate smartness blended with the social, economic and environmental indicators.

Indicators Climate smartness Social Economic Environmental

Carbon
smart

Water
smart

Nitrogen
smart

Energy
smart

Knowledge
smart

Weather
smart

Gender Networks Assets Income Risk NRM status

Key
informants
interviews

Farmers
interviews

Village
resource
mapping

Climate
calendar

Historical
calendar

Cropping
calendar

Organization
mapping

Transect
walk

Pairwise
ranking
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2.1.4. Climate calendar
The climate calendar is used to identify typical and abnormalweath-

er patterns (e.g., extreme wet and dry years), periods of particular
stresses and vulnerability and to discuss farmer perceptions of the over-
all impact of climate variability on agricultural production. In small
groups organized by gender, participants first discuss a typical year
and identify the rainy months and dry months. Months are written
across the top of a piece of paper (starting with the first month of the
year as recognized in the region/by the participants). Rainy months
are identified with strips of blue paper and dry months with red
paper. Then participants are asked to identify an abnormally wet year.
This year is written down and the process of identifying in which
months it rained and which it did not is repeated. And, finally partici-
pants repeat this process for an abnormally dry year. This provides an
opportunity to analyse and understand the impacts of normal and ex-
treme conditions, and how farmers have coped with such variability
in rainfall.
2.1.5. Historical calendar
The historical calendar is used to show how the community per-

ceives changes in climate (rain, temperature); natural resources (soil,
water, trees); and agricultural activities (crop production, cultivated
area, livestock) over time, and what might have been the driver for
these changes. Participants organized by gender, are asked to rank the
different aspects over the last several years (depending on maximum
age of participants). A scale of 1-to-5 is used, where 1 is very low and
5 is very high.
2.1.6. Transect walks
Transect walks are conducted to identify the community's land-

marks, soil and vegetation patterns, socio-economic indicators, agricul-
ture practices, biodiversity and resource endowments. The route to
follow on the walk is selected randomly within the study site. The
walk also includes visits to randomly selected farms and discussions
with farmers. The transect walks provide a basis for validating informa-
tion received through individual interviews and/or group discussions.
Please cite this article as: Mwongera, C., et al., Climate smart agriculture ra
smart agriculture technologie..., Agricultural Systems (2016), http://dx.do
2.1.7. Key informant and farmer interviews
Key informant and farmer interviews are conducted using semi-

structured interviews and include modules on farming systems, local
organizations and their roles, gender dynamics, household characteris-
tics, agriculture practices, land tenure, climate risks, agricultural pro-
duction challenges, market access, credit access, input use, pest and
diseases, and seed supply. Each interview takes approximately 1 h.

2.1.8. Pair-wise ranking
Pairwise ranking combines both the ability to compare and to rank

categories. The group is divided by gender and by agro-ecological
zone (from the resource mapping exercise). Group participants then
list all agriculture practices that they are aware about. Facilitators retain
practices from the group list that qualify as CSA practices, based on liter-
ature sources (such as the FAO CSA source book; FAO, 2013). Re-
searchers can also complement this list with other CSA practices that
have been identified as particularly relevant for the site (i.e. during
key informant interviews or practices that are being promoted by gov-
ernment or non-governmental organizations in the region). The partic-
ipants are asked to consider one pair of practices at a time and for each
pair of practices, consensus-oriented discussion is used to determine
which of the two practices is preferred until the matrix is completed.
A count is taken of the number of times each practice appears in thema-
trix. Practices are ranked by the total number of times they appear in the
matrix.

2.2. Engaging with stakeholders

The CSA-RA engages with multiple stakeholders, (e.g., farmers, local
leaders, researchers, local-level agricultural experts, district-level ex-
tension agents, private sector, donor organizations, and policy imple-
menters) both individually, and in socially differentiated groups.

Full day farmer workshops are held in each site, in which the six dif-
ferent PRA and three RRA tools are applied. Invitations to participate in
the workshops are sent out in appropriate ways depending on the local
context and should be inclusive of different social groups (i.e. ethnic,
gender, age, etc.). In the cases of Uganda and Tanzania, invitations
pid appraisal (CSA-RA): A tool for prioritizing context-specific climate
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were sent through to local farmer organizations and local leaders with
specific targets to be representative of the local population (i.e. with re-
spect to gender, age, income, agriculture enterprise, ethnic groups and
agro-ecological zones). A minimum of 3 workshop sessions is recom-
mended across the study site to limit bias (Krueger and Casey, 2009;
Stewart et al., 2007). It is ideal to maximize farmer participation and
be inclusive of different social groups. During the workshop, small
focus groups will be formed based on gender, age, and/or other group-
ings that may impact responses. Ideal focus group size is 8 to 10 partic-
ipants (Fern, 1982; Sandelowski, 2000).

Key informant interviews are conducted individually with those
knowledgeable about agriculture and/or climate in the region. This in-
cludes agriculture and livestock officials; district-level, ward-level, and
village-level authorities; rural organizations; and farmer organizations.
Farmer interviews are held with the principal decision maker(s) at a
household.

Combining different types of PRA tools and data collection tech-
niques provides an opportunity to triangulate and validate data
Fig. 1. Infographic highlighting the Climate Smart Agricultu

Please cite this article as: Mwongera, C., et al., Climate smart agriculture ra
smart agriculture technologie..., Agricultural Systems (2016), http://dx.do
(Defoer and Budelman, 2000). Fig. 1 is an infographic that shows the
CSA-RA tools that comprise the CSA-RA.

2.3. Quantitative data collection and analysis

Data collectedduring farmer interviews is used to performeconomic
analysis to understand returns to major farm enterprises and to con-
struct a wellbeing and asset index. The economic analysis we consid-
ered in this paper was a simple gross margin analysis (GMA) of the
major crop enterprises.

Grossmarginswere calculated as a difference between total revenue
from a crop and the variable cost of producing the crop. Revenue was
defined as the product of output price and quantity produced. Variable
cost was calculated as a sum of the cost of hired labour, fertilizer, herbi-
cides, pesticides, and seed, for an enterprise. Fertilizer, herbicides, and
pesticides cost was calculated as a product of the amount used to pro-
duce a given crop and summed over the number of seasons in a year.
Cost of hired labour was based on total person days that worked in
re Rapid Appraisal (CSA-RA) data collection approach.
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each season to produce a given crop and by activity (e.g. land prepara-
tion, weeding etc.).

Principal component analysis (PCA)was used to constructwellbeing
and asset indices. The wellbeing index comprised type of roofing, wall
and floor material, source of drinking water, cooking fuel, light source
and type of toilet. Two assets indices were constructed. The first index,
which was termed an “agricultural” asset index comprised farm imple-
ments, for example mill, maize sheller, ox-plough, had hoes, oxen, ox-
cart and tractor. The second index, “non-agricultural” asset index com-
prised household assets such as radio, television set, sewing machine,
refrigerator, bicycle, motorbike and car.

Ii ¼
Xm
k¼1

ωi
hk‐hk
sk

 !
ð1Þ

The estimation of wellbeing and assets indices using PCA was based
on the first principal component. Following Filmer and Pritchett (2001),
the index for household i is the linear combination where, hk and sk are
the mean and standard deviation of asset hk, and ω represents the
weight for each asset or wellbeing variable obtained from the first prin-
cipal component. The first principal component yields an index that as-
signs a larger weight to assets that vary the most across households, so
that an asset found in all households is given a weight of Zero
(McKenzie, 2005). As suggested in the literature, all variables were
first dichotomized (1 = yes, 0 = no) to indicate the ownership of an
asset or possession of a wellbeing item (Vyass and Kumaranayake,
2006). We further conducted a a simple test of difference in means (t-
test) t-test of difference inmeans to compare themagnitude of these in-
dices and other socioeconomic characteristics between adopters and
non-adopters of prioritized practices.

3. Results: case study examples in context specific CSA prioritization
using the CSA-RA

3.1. Study sites

The CSA-RA was applied in two study sites: Acholi sub-region in
Uganda, and the Southern Agricultural Growth Corridor of Tanzania
Fig. 2. Crop management activities by month as detailed by the male (n = 22) and female p
Logograms indicate whether men or woman undertake the activity.

Please cite this article as: Mwongera, C., et al., Climate smart agriculture ra
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(SAGCOT). Both of these sites are strategic areas receiving national
and international agricultural investments. The study was carried out
between March and October 2014. For this paper, we present data
from one Gulu district in Uganda and Kilolo district, Tanzania. We se-
lected sub-counties/wards within each district to be representative of
the climate, topography and socio-economic variability. Selection of
households for farmer interviews followed probability sampling. A list
of all farming households was obtained for each village and a simple
random sampling technique applied. Farmer interviews were conduct-
ed at twenty two households in Gulu district, and twenty six in Kilolo
district. Twenty eight individuals participated in the key informant in-
terviews in Uganda and 14 in Tanzania. Full day farmer workshops
were held with 35 participants in Gulu, and 38 in Kilolo. In Gulu, the
proportion of male and female respondents was 63% and 37%, respec-
tively. In Kilolo, 43% of the participants werewomen. Four farmerwork-
shop sessionswere held in Uganda and five in Tanzania. The rationale of
working out the number of groups was guided by the homogeneity of
the potential population (i.e. agro-ecological zones, ethnicity, farming
systems) and the notion of saturation where having more interviews
could not lead to additional new information being collected.
3.2. Cropping calendars

The cropping calendars for the two case study sites, summarized in
Figs. 2 and 3 were important in highlighting the most important crops
and associated activities across the sites by gender. Groundnut (Arachis
hypogaea), cassava (Manihot esculenta), sesame (Sesamum indicum) and
beans (Phaseolus vulgaris) were listed as the most important crops in
Gulu. In Kilolo, themain cropsweremaize (Zeamays), tomato (Solanum
lycopersicum), beans and garlic (Allium sativum).As shown in Figs. 2 and
3, there were some differences between the three main crops selected
by either male or female groups at each site. In Gulu, the men ranked
groundnuts as most important, whereas women selected beans. In
Kilolo, tomato and maize featured as important for both men and
women. The differences were explained as resulting from gendered
roles, where women are mainly responsible for the household food
and men for activities that require cash such as paying for children ed-
ucation. The calendars highlight that both men and women have
articipants (n = 13) in the farmer workshop in March 2014 in Gulu district of Uganda.

pid appraisal (CSA-RA): A tool for prioritizing context-specific climate
i.org/10.1016/j.agsy.2016.05.009

http://dx.doi.org/10.1016/j.agsy.2016.05.009


Fig. 3. Crop management activities by month as detailed by the male (n = 22) and female participants (n = 16) in the farmer workshop in October 2014 in Kilolo district of Tanzania
Logograms indicate whether men or woman undertake the activity.
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responsibility for key agronomic activities at the two sites (including
land preparation, planting, weeding, harvesting, drying and storage).
Children also participated in some activities (mainly at planting,
weeding and processing), with greater participation in Gulu than Kilolo.
When it came to marketing there was clear gender differentiation. In
Gulu for example, womenmarketed cassava andmaize, crops primarily
for home consumption. In both districts menmarketed the commercial
crops, in Kilolo garlic and tomato, and in Gulu groundnuts and sesame.
The calendars imply a higher agricultural labour demand for women
Gulu. Responsibility was assigned towomen in 45%more cropmanage-
ment activities compared tomen (Fig. 2). In Kilolo, men engage in about
20% more cropping activities than women. The most common land
clearing method at both sites is slash and burn, followed by overall till-
age usinghandhoes or oxen.Weeding in both locationswasundertaken
manually with a hand hoe, typically by then women and children of the
household. Herbicides were rarely used. In Gulu, the annual cassava
crop was weeded at least three times, adding to the labour burden of
the women and children. Discussions highlighted that livestock rearing
is a secondary livelihood option at both sites.
Fig. 4.Organizationmapping and linkages as detailed by themale participants (n=22; left pan
Gulu district of Uganda. Blue circles denote those ranked as of high importance, yellow circl
organization.

Please cite this article as: Mwongera, C., et al., Climate smart agriculture ra
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3.3. Organizational mapping

There were major differences between the two districts with regard
to key organizations operating in the region. For example, more organi-
zations (n = 21) were operating in Gulu compared to Kilolo district
(n = 15) (Figs. 4 and 5). In both study sites, organizations range from
community service organizations, non-governmental, government,
media, universities, financial institutions and international agencies.
Typically, 50% of the organizations are non-governmental (NGO),
complemented by few government agencies (GA). In Uganda the GAs
included the now defunct national agricultural advisory services
(NAADS) and national research organization (NARO), whilst in Tanza-
nia Sokoine University (SUA) and Tanzania Social Action Fund
(TASAF) were active. The organization mapping exercise carried out
by male and female groups for Kilolo district highlighted very little in-
teractions between key organizations (Fig. 4) compared to Gulu district
(Fig. 5). As Fig. 4 shows, in Gulu the farmers indicated that there were
much stronger linkages/interactions between organizations. The orga-
nization mapping also indicates gendered differences in the ranking of
el) and female participants (n=13; right panel) in the farmerworkshop inMarch 2014 in
es of medium importance, and pink circles of low importance. Acronyms represent the

pid appraisal (CSA-RA): A tool for prioritizing context-specific climate
i.org/10.1016/j.agsy.2016.05.009

http://dx.doi.org/10.1016/j.agsy.2016.05.009


Fig. 5. Organization mapping and linkages as detailed by the male participants (n = 22; left panel) and female participants (n = 16; right panel) in the farmer workshop in September
2014 in Kilolo district of Tanzania. Blue circles denote those ranked as of high importance, yellow circles of medium importance, and pink circles of low importance. Acronyms represent
the organizations.
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key organizations and interactions between them. In Gulu, womenmap
10 important organizations and men seven, with only three being sim-
ilar between the two groups. Similarly, in Tanzania the female group in-
dicate a higher number of important organizations than themale group
(six as opposed to five), with only two identical institutions between
the genders (Figs. 4 and 5). Within the same site, men describe more
linkages between institutions than the women. Organizations focusing
on production dominated the men's lists and those dealing with food
security and family issues were more prevalent among women's lists.

The organizational mapping helps to identify key organizations to
reach the maximum number of people (or to help scale-out programs),
and which are better placed to reach women and men. For example,
NAADS was identified as a particularly well connected organization by
both the men and women farmers in Gulu (Fig. 4). Thus, targeting
such an organization can directly contribute in multi-stakeholder col-
laboration with several other actors/organizations.
Fig. 6. Normal, wet (2008) and dry (2013) years, as perceived bymale (n = 22; top panel) and
Gulu district of Uganda.

Please cite this article as: Mwongera, C., et al., Climate smart agriculture ra
smart agriculture technologie..., Agricultural Systems (2016), http://dx.do
3.4. Climate calendars

Climate calendars show that Gulu has two rainy seasons (April to
June and August to November) and two dry seasons, a short one in
July, and a longer one from December to February (Fig. 6). In contrast,
Kilolo has a single rainy season (December–April) and one dry season
(May to November) (Fig. 7). As a consequence, nomination of a year
as wet (above normal rainfall) or dry (below normal rainfall) varied be-
tween the two study sites, with strong gender differences in the percep-
tion of climate impacts on crop production and livelihoods. Despite a
common agreement between genders that 2013 was a drier than nor-
mal year in Gulu (Fig. 6), the male group described a longer dry period
that impacted livelihoods, while women perceived a shorter more in-
tense dry period that resulted in crop failure. We also observed that
women in Gulu district, indicated longer and more continuous rainfall
patterns in the wet year (2008), compared to their male counterparts.
female (n= 13; bottom panel) participants in the farmer workshops in February 2014 in
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Fig. 7.Normal, wet (1998) and dry (2012) years, as perceived bymale (n= 22; top panel) and female (n=16; bottom panel) participants in the farmerworkshops in September 2014 in
Kilolo district of Tanzania.
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In Kilolo, selection of the dry year differed between male and female
farmers. For example, the female farmers identified 2006 as a dry
year, whilst their male counterparts identified 2012 (Fig. 7). In contrast,
both male and female farmers rated 1998 as a wet year. Designation of
dry year provides useful insights into farmer experience with intra sea-
sonal rainfall, with one gender group (male in 2006, female in 2012)
reporting it as an abnormally dry year while for the opposite gender it
was a typical year in Kilolo. In the dry years in Kilolo, farmers reported
that those who had access to irrigation water via rivers were able to re-
duce the impact of the dry spell on crop and livestock losses. The climate
calendars can be linked to the cropping calendars, to provide important
agro-climatic information such as the start and length of the growing
season and the frequency of occurrence of dry spells. Besides providing
Fig. 8.Representation of rainfall, temperature, soil fertility status, tree cover, livestock and cropp
and women (n = 16;right panel) in farmer workshops in September 2014. Scale of 1-to-5, wh
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information aboutweather and cropping patterns, this activity provides
data about how farmers cope with different weather patterns; thus,
what they are already trying in terms of potential adaptation strategies.
Such background information is critical for planning development inter-
ventions and the capacity building required both at the farmer level to
increase household resilience and at the public and private institutional
levels to provide the necessary enabling environments.

3.5. Historical calendar

Fig. 8 summarises the timeline developed over a 20 year period from
the historical calendar exercise in Kilolo district. The exercise highlight-
ed a perceived decline in rainfall, increases in temperature and
roduction inKilolo district of Tanzania over a period of 20 years bymen (n=22;left panel)
ere 1 is very low and 5 is very high.
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Table 2
Study site specific top-5 constraints to overall development in order of priority as identified
by participants during workshops in October 2014 in Gulu district, Uganda (n = 35) and
Kilolo district, Tanzania (n = 38).

Gulu district, Uganda Kilolo district, Tanzania

1. Poor road network 1. Poor markets
2. Poor markets 2. Inadequate storage facilities
3.Pests and diseases 3. Pests and disease
4. Low seed quality and access 4. High cost of inputs
5. Climate variability 5. Poor extension services

Fig. 9. Percentage of farmers aware and currently using the prioritized climate smart
agriculture practices among surveyed households (n = 22) in Gulu district, Uganda.
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concomitant declines in tree cover and crop production,whilst livestock
numbers remainedmore or less constant. Such observations are impor-
tant, but do require further triangulation with available metrics/records
that might be available at district or national levels (Defoer and
Budelman, 2000). Farmers reported that their soil fertility had been de-
clining, and indicated that yields had fallen by over 50% from 5 to 2 t per
hectare for rice, and from 4 to 1.4 t per hectare for maize. Results on
rainfall and temperature changes over the same period were consistent
with discussions during the climate calendar activity, highlighting the
increasing occurrence of climate variability in the study region. Histori-
cal calendars also provided insight into gendered differences in percep-
tions of changes in agricultural practices over time. For example, while
men across the district reported a gradual increase in livestocknumbers,
the women described an increase in livestock density, as recent as the
year of the survey (2014). Discussions during the exercise attributed
the decline in crop production, decrease in rainfall and rising tempera-
tures to deforestation. Use of poor agricultural technologies was linked
to a decline in soil fertility and crop production. For Kilolo District, the
shared insights from the farmers highlight a need to prioritize agronom-
ic practices that will reverse the negative trend in soil and agricultural
productivity.
3.6. Key informant and farmer interviews

The five most critical constraints to overall development identified
for each district is summarized in Table 2. For Gulu poor road networks
was the priority constraint, followed by poormarkets, whilst it was poor
markets and post-harvest infrastructure for Kilolo. According to the in-
terviewees in the two countries key marketing constraints included a
lack of access to market information, inadequate market infrastructure,
non-standardized weights and measures, exploitation by farm-level
brokers, and high transportation costs. This poor market development
can be associated with the low quality seed available in Gulu and the
high costs of inputs in Kilolo. Although climate variability was only
highlighted directly as a constraint by Gulu farmers, the farmer in Kilolo
Table 3
Prioritized practices by farmers in Uganda (n = 35) and Tanzania (n = 38) gathered through

Gulu, Uganda

Highlands

Rank Men Women

1 Improved livestock breeds Seed selection
2 Agroforestry Timely harvesting
3 Pesticides application Correct spacing
4 Minimum tillage Improved varieties
5 Seed selection Row planting

Kilolo, Tanzania
Highlands
Rank Men Women
1 Improved varieties Improved livestock
2 Pesticides Improved varieties
3 Mulching Fallowing
4 Crop rotation Contour ploughing
5 Fertilizer Agroforestry
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implied that climate change was the cause of increasing pest and dis-
ease prevalence.

3.7. Pair-wise ranking

A pairwise ranking of practices reported in Table 3 for the two dis-
tricts revealed that both the gender of the respondent and agro-ecolog-
ical zone (highland vs lowland) influenced responses. Participants at
the highland zone of Gulu had one commonpracticewhichwas seed se-
lection. At the lowlands, row planting, timely planting and
intercropping were identical among the female and male respondents.
In the highlands of Kilolo, men ranked improved varieties, pesticides,
mulching, crop rotation and fertilizer as the top five priorities. The
women in this zone preferred improved livestock breeds, improved va-
rieties, fallowing, contour ploughing and agroforestry (Table 3). The
only similar practice was the uptake of improved varieties. In the low-
land zone of Kilolo, male and female participants had a greater number
of similar practices - selecting improved varieties, irrigation and
pesticides.

3.8. Farmer interviews

In depth farmer interviews provided insights on the current aware-
ness and use of the prioritized practices across the two districts (Figs. 9
and 10). For both districts there exists a large gap between awareness
and current use of a single practice, with the percentage of farmers
who have actually adopted a practice being much lower. In Gulu, the
current use of prioritized practices was higher than in Kilolo, ranging
from 5 to 88%, whilst in Kilolo, it ranged from 2 to 32%. Agroforestry
ranked highest and this could be a response to the perception of the de-
clining tree cover as recorded in the historical calendar in Kilolo. Discus-
sions on reasons for the low adoption rates of prioritized technologies
pairwise ranking matrix.

Lowlands

Men Women

Row planting Timely planting
Improved varieties Crop rotation
Timely planting Seed selection
Mulching Intercropping
Intercropping Row planting

Lowlands
Men Women

breeds Improved varieties Improved varieties
Irrigation Irrigation
Early planting Fertilizers
Pesticides Pesticides
Correct spacing Herbicides
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Fig. 10. Percentage of farmers aware and currently using the prioritized climate smart
agriculture practices among surveyed households (n = 26) in Kilolo district, Tanzania.
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across the two sites revealed a number of constraints to CSA adoption.
For example, lack of skills, high costs of implementing the practice, un-
availability of labour, unavailability of inputs and climatic constraints.
Results also showed that prioritized practices may not be fully related
to the observed trends in the sites in relation to agriculture production
and resources. For example in Kilolo, farmers reported declining soil fer-
tility but they did not rank soil improvement technologies high. Prac-
tices that currently exhibit low adoption rates, present opportunities
for increasing the overall climate smartness of the site, if the farmers
perceived constraints to the uptake can be addressed.

3.9. Economic analysis

. The economic analysis focuses on the main crops cultivated and
sold in a particular district. It is important to note that the analysis
does not imply a cause-effect relationship. Results show positive net
returns from crop production in both Gulu and Kilolo (Table 4). Al-
though farmers in Gulu, identified pests and diseases as a major chal-
lenge to farming, expenditure was mainly incurred for labour, which
was very high compared to Kilolo. Variable cost for Uganda, therefore,
only included cost of labour. We are aware that excluding other factors
of production potentially underestimates the variable cost of produc-
tion. However, our analysis reflects the reality for themajor crop enter-
prises in the district. The higher crop returns in Kilolo are attributed to
horticultural crops which have a higher value than basic subsistence
crops. In Kilolo, expenses incurred by farmers were mainly related to
purchase of chemical fertilizers, agrochemicals, labour, and renting land.

Table 5 shows that farm households that adopted improved varie-
ties had a higher dependency ratio. Access to information on crop pro-
duction was higher for adopters than non-adopters of improved
varieties. With regards to minimum tillage, access to information on
postharvest handling and short climatic forecast information was
higher for the adopters group. Adopters also had more endowment of
Table 4
Grossmargin analysis in United States Dollars (USD), gathered through farmer interviews
in 2014 at the household for Gulu district Uganda (n= 22) and Kilolo district in Tanzania
(n = 26).

Gulu, Uganda Kilolo, Tanzania

Crop incomea 207 672

Variable costs
Input cost: fertilizer, herbicides, and pesticides 0 28
Labour cost 82 16
Cost of renting land 0 39
Total variable cost 82 83
Gross margins: crop income less variable costs 125 589

a Crop income is computed for maize, tomato and garlic in Kilolo district, and ground-
nut, cassava and sesame inGulu district. 1 USDwas equivalent to 2025 Tanzanian Shillings
in September 2014 and 2520 Uganda Shillings in March 2014.
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non-agricultural assets. The adopters groups for agroforestry had rela-
tively older household heads, had higher literacy rates, and were
more endowed with non-agricultural assets compared with non-
adopters. Access to information on postharvest handling was higher
among adopters of seed selection compared with non-adopters.

Table 6 presents differences in socioeconomic characteristics, access
to information, wellbeing, and assets indices between adopters and
non-adopters of farmer prioritized CSA practices in Kilolo. Adopters of
improved varieties differed from non-adopters with respect to literacy,
access to information, and assets ownership. Specifically, farm house-
holds that adopted improved varieties had a higher proportion ofmem-
bers with post-primary level education. Access to information on crop
and livestock production as well as postharvest handling was higher
among adopters than non-adopters. Adopters were alsomore endowed
with non-agricultural and agricultural assets. The wellbeing index was
however lower among adopters of improved varieties compared with
non-adopters. Farm households that adopted mulching had relatively
younger household heads, had higher literacy rates, and a lower depen-
dency ratio. Similar to those that adopted improved varieties, adopters
ofmulchingwere better endowedwith agricultural and non-agricultur-
al assets but had a lower well-being index. Access to information on
crop production and postharvest handling was higher among adopters
of irrigation and agroforestry compared with non-adopters. Similarly,
adopters of improved breeds had more access to information on live-
stock production.

4. Discussion

The CSA-RA offers insights to livelihood and agricultural options at
the respective sites where food crop production is the primary occupa-
tion of a household. In Gulu district, low livestock numbers are attribut-
ed to loss of cattle and goats when the Northern Uganda region suffered
from civil unrest since the 1980s (Ikwap et al., 2014). Farming house-
holds in Kilolo district focus on the cultivation of vegetables, agreeing
with other surveys in the area (URT, 2012). The agricultural challenges
noted across the two study sites, are also identified across Africa by the
New Partnership for Africa's Development (NEPAD) (NEPAD, 2003;
NEPAD, UN-OSAA, UNECA, 2012), and are exacerbated by increasingly
unpredictable rainfall patterns, as also expressed by the farmers during
the CSA-RA.

Information on gender-specific agricultural responsibilities is vital in
designing CSA interventions that are tailored to the realities of the ev-
eryday agricultural life of bothmen andwomen. Interventions designed
without considering gender may exacerbate existing inequalities, in-
creasing the burden of women's roles and responsibilities within the
household. It also supports taking appropriate decisions on crops and
their sowing period, and to determine current agronomic activities as-
sociated with the crop to plan for CSA intervention. This in depth anal-
yses also highlights the entrenched gender-specific roles that often
determine availability for and commitment of men andwomen farmers
for R4D initiatives. Ignoring these roles will inevitably have major im-
pacts on both adoption and dis-adoption of CSA practices.

Organizational mapping, provides an opportunity to identify entry
points in CSA implementation for different stakeholder groups and
across different levels. This has been identified as a critical factor for ad-
dressing complex agricultural problems (Giller et al., 2011). It has been
shown that organizations that people are affiliated with have an ability
to enhance or limit their participation (Hermans et al., 2013). Such iden-
tification could increase potential ties between actors, which would
contribute to faster spread of information and technologies (Valente,
1995).

The spatial variability of rainfall patterns across the two East African
sites highlights different agro-ecological contexts. Although recorded
data is often used to assess climate variability, farmer reports allow us
to translate it not only to climate events but also how they are experi-
enced by different groups. Leclerc et al. (2013) have shown that farmer
pid appraisal (CSA-RA): A tool for prioritizing context-specific climate
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Table 5
Difference in socioeconomic characteristics, access to information, andwealth between adopters and non-adopters of farmer prioritized climate smart agriculture practices in Gulu, Ugan-
da (n = 22).

Variable Mean values

Improved varieties Minimum tillage Intercropping Agroforestry Seed selection

Age of the household head 40.77 (39.99) 39.61 (0.46) 40.17 (40.17) 46.07⁎⁎⁎ (40.07) 41.78 (40.21)
Literacy 0.12 (0.10) 0.13 (0.11) 0.11 (0.11) 0.22⁎⁎⁎ (0.10) 0.11 (0.11)
Dependency ratio 0.55⁎ (0.53) 0.55 (0.54) 0.54 (0.53) 0.46 (0.55) 0.54 (0.53)
Information on crop production 0.83⁎⁎ (0.77) 0.85 (0.79) 0.80 (0.78) 0.80 (0.80) 0.81 (0.68)
Information on postharvest handling 0.80 (0.75) 0.94⁎⁎⁎ (0.76) 0.78 (0.72) 0.80 (0.78) 0.80⁎⁎⁎ (0.61)
Short forecast information 0.78 (0.73) 0.92⁎⁎⁎ (0.74) 0.74 (0.80) 0.78 (0.75) 0.76 (0.72)
Wellbeing index −1.31⁎⁎⁎ (−1.24) −1.23 (−1.28) −1.29⁎⁎⁎ (−1.13) −1.06 (−1.29) −1.29 (−1.16)
Non-agricultural assets index 0.44 (0.41) 0.55⁎⁎ (0.42) 0.43 (0.43) 0.68⁎⁎⁎ (0.41) 0.42 (0.46)
Agricultural assets index 0.07 (0.07) 0.09 (0.07) 0.06⁎⁎⁎ (0.15) 0.37⁎⁎⁎ (0.05) 0.07 (0.11)

Note: Figures in parentheses are mean values for non-adopter category for each practice. A test of difference in means compares mean values for adopters and non-adopters.
⁎⁎⁎ Statistically significant at 1% level.
⁎⁎ Statistically significant at 5% level.
⁎ Statistically significant at 10% level.
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knowledge of past extreme climatic events is in agreement with climat-
ic records. Assessment of climate vulnerability and impacts on liveli-
hoods is integral, as CSA aims to improve the adaptive capacity of
agricultural systems to climate stress, while decreasing GHG-emissions
from agricultural practices contributing to climate change (Campbell et
al., 2014; Harvey et al., 2014). Regarding climate change, it is becoming
increasingly acknowledged that the perceptions of men and women
and their roles in addressing climate change impacts differ
(Meinzen-Dick et al., 1997; Twyman et al., 2014).

All of the prioritized practices at the two sites can be linked to in-
creasing food production and adaptation, while only agroforestry,
mulching, improved livestock breeds and have the potential to also
offer mitigation co-benefits. Results corroborate reports that smallhold-
er farmers in developing countries are less likely to prioritizemitigation
options over adaptation and productivity (Campbell et al., 2014).

Different interests are common causes of dissent inmulti-stakehold-
er decision-making applications (Nordströmet al., 2010). Relying on the
majority could be a proper principle when all stakeholders have similar
influence on decisions. In cases such as this study, where preference of
practice differed with gender and agro-ecology, selecting practices in
each categorymay bemore suitable. In addition, the communities social
and historical factors impact their adaptation to environmental changes
(Mwongera et al., 2014), as well as differences relating to access to and
control over resources or decision making power for adoption of
agriculture technologies and CSA. Involvement ofmultiple stakeholders,
reveals context-specific indicators of the agricultural system vulnerabil-
ity to develop a list of locally appropriate CSA practices (Scherr et al.,
2012), and generate legitimate and sustainable solutions (Conway and
Mustelin, 2014).
Table 6
Difference in socioeconomic characteristics, access to information, and wealth between adopter
zania (n = 26).

Variable Mean values

Improved varieties Mulching

Age of the household head 46.64 (47.73) 42.01⁎ (47
Literacy 0.13⁎⁎⁎ (0.09) 0.17⁎ (0.1
Dependency ratio 0.48 (0.50) 0.41⁎⁎ (0.5
Information on crop production 0.60⁎⁎⁎ (0.44) 0.55 (0.4
Information on livestock production 0.26⁎⁎⁎ (0.14) 0.25 (0.1
Information on postharvest handling 0.59⁎⁎⁎ (0.42) 0.45 (0.4
Short forecast information 0.65 (0.58) 0.65 (0.6
Wellbeing index −1.48⁎⁎⁎ (0.86) −0.38⁎⁎⁎ (0.7
Non-agricultural assets index 1.55⁎⁎⁎ (0.88) 1.62⁎⁎⁎ (1.0
Agricultural assets index 0.75⁎⁎⁎ (0.36) 0.92⁎⁎⁎ (0.4

Note: Figures in parentheses are mean values for non-adopter category for each practice. A tes
⁎ Statistically significant at 1% level.
⁎ Statistically significant at 5% level.
⁎ Statistically significant at 10% level.
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The CSA-RA helps us to understand men and women's roles in the
CSA arena, and the implied power dynamics, based on such differences
(Kaijser and Kronsell, 2014). For example, gender differences are iden-
tified regarding (1) roles in farming (2) priority livelihood options (3)
access to and control over productive resources (4) perceptions of cli-
matic changes and impacts (5) preferred CSA practices and (6) organi-
zations that support service delivery.

In a top-down approach, CSA practices from the global compendium
are scaled down to regions and countries solely by specialized re-
searchers and experts (Schwilch et al., 2012). The CSA-RA employs par-
ticipatory prioritization of practices based on farmer's indicators and
appropriate to the biophysical and socio-economic context.

5. Conclusion

In this article we have presented the Climate Smart Agriculture
Rapid Appraisal (CSA-RA) and demonstrated its implementation in
identifying and prioritizing locally appropriate CSA investments. The in-
novativeness of this tool lies in the combination of mixed-methods ap-
proaches, linking PRA tools that focus on gender and climate analysis,
and RRA tools that extract household and economic variable to capture
indicators linked to all the three CSA pillars. The CSA-RA employs a
multi-stakeholder participatory approach and is rapid yet comprehen-
sive in assessing context specific CSA priorities.

The triangulation of data resulting from the different methods en-
abled us to validate findings, and to verify communication and informa-
tion. The CSA-RA also provided critical information on pathways for out-
scaling CSA within the district and across the sub-region, e.g. key orga-
nizations and needed capacity building to support investments for
s and non-adopters of farmer prioritized climate smart agriculture practices in Kilolo, Tan-

Irrigation Agroforestry Improved breeds

.60) 46.21 (47.62) 50.00 (47.30) 47.25 (47.38)
0) 0.10 (0.0.11) 0.13 (0.10) 0.12 (0.10)
0) 0.47 (0.50) 0.51 (0.50) 0.62 (0.50)
9) 0.70⁎⁎⁎ (0.45) 0.79⁎⁎ (0.48) 0.63 (0.49)
8) 0.20 (0.18) 0.29 (0.18) 0.63⁎⁎⁎ (0.17)
7) 0.74⁎⁎⁎ (0.42) 0.79⁎⁎ (0.46) 0.50 (0.47)
0) 0.70⁎⁎ (0.58) 0.79 (0.60) 0.75 (0.60)
5) −0.76⁎⁎ (−0.73) −0.76 (−0.74) −0.45 (−0.74)
7) 1.09 (1.10) 1.34 (1.09) 1.34 (1.09)
7) 0.50 (0.42) 0.74 (0.48) 0.70 (0.48)

t of difference in means compares mean values for adopters and non-adopters.
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creating enabling environments at farm, community, district and region
level. The CSA-RA is not an end in itself. Rather, it is a process that aggre-
gates outputs that can be fed into the next cycle of project or program
implementation. The list of follow on activities could include fostering
strategic partnerships with important organizations, design of on-farm
experiments for testing CSA practices, among others. The information
collected is useful for planning CSA interventions, guiding investments,
offering opportunities for gender targeting and stakeholder involve-
ment in project/program activities. None of the tools work indepen-
dently but rather reinforce each other to both broaden and triangulate
the information being collected. In addition, the tools are not a final
product in themselves but provide a framework that is used to probe
deeper into causal relationships between variables and situations and
ultimately drive agricultural innovation and transformation. The tool
makes a contribution to ensure that agricultural development priorities
now underway in the world ensure benefits too socially as well as
biophysically differentiated groups.

Improvement of the tool could include for example collecting data to
better understand gender roles in agriculture andhow they change over
time and in response to new opportunities such as CSA and understand-
ing adoption of practices and benefits across scales.
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