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A B S T R A C T

There have been recent incidences of weather extremes in the West African Sudan Savanna and farmers have
responded through implementation of relevant adaptation strategies. For a deeper insight into farmers’
adaptation to climatic shocks, this study documents farmers’ perception of recent changes in the local climate,
and identifies factors that influence the number and choice of strategies implemented. Interdependencies
among strategies are explored and joint and marginal probabilities of adoption estimated. Upper East Ghana
and Southwest Burkina Faso are used as the case study regions. These regions were selected due to extreme
reliance of inhabitants on agriculture for sustenance, and their recent exposure to weather extremes. Through
estimation of a Poisson regression and multivariate probit model to identify the major factors that influence the
number and choice of strategies adopted, we discover that, limited access to credit, markets, and extension
services, smaller cropland area, and low level of mechanization could impede effective adaptation to weather
extremes. To enhance farmers’ adaptive capacity, policy makers and various stakeholders need to contribute
towards improving farmers’ access to credit, markets, and extension services, and implement measures to
promote mechanization.

1. Introduction

Agricultural productivity in the Sudan Savanna zone of West Africa
has in recent decades been hindered by diverse technological, institu-
tional, and infrastructural constraints. These constraints have already
taking a toll on production outcomes and is reflected by low produc-
tivity of farming systems and high yield gaps for the major crop species
cultivated in the area (Chauvin et al., 2012; MoFA, 2013). Despite
policy and research efforts made to overcome low productivity of crop
fields, there is not much evidence of success (Walker et al., 2016).
While investors, policy makers and researchers continue to battle with
production challenges posed by persisting constraints, increasing
frequency, intensity and duration of weather extremes stand further
reducing the already low observed yields and meagre farm incomes.
This could, in the medium to long-term, lead to a reduction in food
availability and access, and increased poverty. Enhancing farmers
adaptive capacity, could, to a greater extent help to minimize adverse
agricultural impacts of weather extremes. Adaptive capacity enhance-
ment, however, requires appropriate identification of barriers to
adaptation and implementation of pro-active measures to overcome
such barriers. In this study, we analyze farmers‘ adaptation to recent

weather extremes in West African Sudan Savanna, and make policy
recommendation on measures needed to build resilience in the region
and other regions that share similar attributes with the current study
area.

Farming in the study area is dominated by the rural poor, small-
scale and subsistence farmers (Terrasson and Mojaisky, 2008). These
farmers produce mostly on marginal lands with inherent terrain and
poor soil fertility constraints (Laube et al., 2012). Majority of these
farmers have limited access to input and output markets, limited access
to credit (Tambo and Abdoulaye, 2013), limited access to weather-
related information and water resources, and do face high cost of
production (Ndamani and Watanabe, 2015). Above all these, farmers
in the study area rely heavily on rain for appreciable yields (CGIAR,
2013). Given these attributes, increasing incidence of extreme weather
events, amidst low adaptive capacity of farmers (Tambo and
Abdoulaye, 2013), could at the farm-level, exacerbate production and
livelihood challenges by causing further reduction in crop yields and
current meagre farm incomes. Besides this, climatic shocks could
impact on the limited asset base of farmers and trigger distress sale
of productive assets, thereby reducing future investment capacity. Such
localized impacts could yield regional and national ramifications.
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Among the likely macro-level effects are reduced regional and national
agricultural production, increasing food prices due to reduced supply,
increasing land values due to scarcity of fertile lands, general modifica-
tion of trade and investment patterns, depletion of savings, and
increasing hunger (FAO, 2016). A number of studies have been
conducted in the study area to assess farmers’ adaptation to changing
local climatic conditions, and recommendations made towards mini-
mizing potential effects of climate change, variability and extremes at
local, regional and national levels (e.g. see Tambo and Abdoulaye,
2013; Antwi-Agyei et al., 2014). Besides being generally qualitative in
nature, majority of the studies conducted so far, have either looked at
on-farm and off-farm (coping) strategies (e.g. Antwi-Agyei et al., 2014),
or jointly documented adaptation strategies and barriers without
placing emphasis on dimensions1 (e.g. Tambo and Abdoulaye, 2013).
With the few that placed emphasis on dimensions, hardly were the
differences in resource requirements considered in formulating such
dimensions. Plausible interdependencies among strategies were as well
not explored. With the few that explored interdependencies among
adaptation strategies (e.g. Tambo, 2016), emphasis was placed on
establishing spatial differences in resilience to climate extremes using
climate resilience index, and in generally assessing determinants of
number and choice of adaptation strategies. In the global literature,
although a lot of research has been done to inform policy decision on
measures needed to enhance farmers’ adaptive capacity (e.g. see
Hassan and Nhemachena, 2008; Deressa et al., 2009; Uddin et al.,
2014; Abid et al., 2015), to the best of our knowledge, very little (if any)
has been done to identify adaptation strategies, analyze determinants,
predict joint and marginal probabilities of adoption of strategies, and
explore interdependencies along critical dimensions. Bridging of this
research gap could prove very useful for policy and investment
decisions in the study area and at the global level.

In this study, and to complement efforts made so far (e.g. Antwi-
Agyei et al., 2014; Mulwa et al., 2015; Tambo, 2016), we identify and
assess adaptation strategies, their determinants, probabilities and
interrelations under two primary headings; direct measures and
supportive measures. Conceptually, direct measures refer to varietal
and crop-related adjustments made by farmers, which generally
demand low cash outlay in the medium to long-term, but with a
probable high initial investment in required inputs and with a high
potential for preserving majority of such inputs for future use.
Supportive measures on the other hand refer to insurance based
and/or stress-reducing measures implemented by farmers, which
generally demand relatively high cash outlay in the medium to long-
term, with both low and high probability of high initial investment, and
may require repeated application both within and between seasons for
effectiveness. Given however, that adaptation involves a multistage
process of signal detection and response (Maddison, 2006), we
analyzed farmers’ perception on recent changes in climatic conditions
(and validated this with climatic data), their adaptation to such
changes, determinants of number and choice of adaptation strategies
used, joint and marginal probabilities of adoption within and between
measures, and explored prevailing within-measure and between-mea-
sures complementarities and substitutions. We analyzed the determi-
nants of adaptation strategies, probabilities, and interdependencies
using a multivariate probit model, and analyzed determinants of
number of strategies implemented using a Poisson regression model.
This study uses data obtained from 450 heads of farm households in
Upper East Ghana and Southwest Burkina Faso. These two regions
were selected due to extreme reliance of inhabitants on agriculture for
sustenance, dominance of rural population in the respective regions,
their limited use of irrigation facilities, and their recent exposure to

various extreme weather events. By analyzing determinants of, barriers
to, and joint and marginal probabilities of farmers’ adaptation across
two vulnerable regions in two countries, this study makes a vital
contribution to literature on adaptation to weather extremes in Africa.
In addition, this is the first study conducted in West Africa where
adaptation is analyzed along cost-related dimensions, interdependen-
cies among strategies explored, and joint and marginal probabilities of
adaptation estimated at the same time. We make use of both primary
data (gathered through a household survey between October 2014 and
July 2015) and historical daily climate data extracted from NASA's
Climatological database. In all, 29 communities were covered across 7
districts in the two regions. To effectively address the goals of this
research, we aimed at answering the following research questions:

1. What perceptions of recent changes in climatic conditions are held
by farmers in the study area?

2. Which direct and supportive measures of adaptation have farmers
implemented following recent exposure to weather extremes?

3. Are there significant within-measure and between-measures inter-
dependencies among the strategies used?

4. What are the relevant determinants of adaptation strategies used
and intensity of their use?

5. What are the chances for the average farm household to adopt each
of the revealed adaptation strategies, all adaptation strategies,
strategies deemed direct measures, and strategies deemed suppor-
tive measures?

The remaining sections of this paper are organized as follows. In
Section 2, we provide a conceptual framework on which this study is
founded. Methods are covered in Section 3. Under methods, we provide
an overview of the study area, sampling and data, analytical frame-
work, and descriptive statistics on variables. In Section 4, we present
and discuss findings on farmers’ perception of recent changes in
climatic conditions. Results and discussion of relevant findings on
determinants of the number and choice of strategies implemented,
interdependency among strategies, and probability of adoption are
covered in Section 5. In Section 6, we draw conclusion and make
relevant policy and stakeholder recommendations.

2. Conceptual framework

In a given location, farmers usually adjust to gradual changes in
climatic conditions with a mindset of either moderating harm from
such changes or exploiting beneficial opportunities. When exposed to
extreme events, adjustments made are primarily aimed at reducing the
actual adverse effects from current exposure or anticipated effects from
future exposition (Smith et al., 2000). Given the focus of this study, we
define adaptation as the implementation of measures by farmers based
on their recent exposure to weather extremes and with a purpose of
reducing actual and/or anticipated effects of future weather extremes.
Farming systems are generally exposed to two distinct climatic
challenges: challenges related to changing dynamics of weather shocks
and challenges related to long-term shifts in relevant climatic indica-
tors for a given location (temperature, rainfall patterns, etc.) (Baez
et al., 2012). Impacts of climate change, variability and extremes on
farming systems are therefore yielded either through shifts in long term
means or climatic shocks. We place emphasis however on the latter.

Depending on exposure and sensitivity of farming systems to such
shocks, low crop yields and farm incomes are usually observed, farm
lands are in some cases destroyed or degraded, access to input and
output markets becomes limited, changes in water supply for produc-
tion and for domestic use are usually observed by virtue of either
overflow (in times of intense precipitation and/or flooding) or scarcity
(in time of droughts and extreme heat), and prices of inputs and
outputs become highly volatile. Effects are usually more pronounced on
the poor rural households, who are more vulnerable to climatic shocks

1 Dimension in this context refers to analysis of adaptation and interpretation of
outcomes in a particular direction, placing emphasis either on time, place, input
requirements, or costs on a broader perspective.
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and have limited access to safety nets and other channels of relief.
Vulnerability of farming systems to recent and anticipated shocks
however depends on cropping patterns and species, innovativeness of
farming systems, and prevailing economic, demographic, production,
marketing, terrain, and institutional constraints. Based on needs of the
respective farm households, available resources, availability of institu-
tions and infrastructure, changing trends in critical climatic variables,
geographic pressures (location, elevation, etc.), and plot characteristics,
farm households make relevant adjustments in their production to help
moderate harm. As shown in Fig. 1, the main production-related
adjustments made by farmers can be categorized into direct and
supportive measures.

In contrast to the mutual exclusivity assumption held by various
researchers regarding choice of farmers’ adaptation to climatic changes
(e.g. Hassan and Nhemachena, 2008; Deressa et al., 2009), farmers
tend to implement multiple strategies that serve multiple purposes and
are strongly interrelated (Smit and Skinner, 2002; Mulwa et al., 2015).
Farmers’ sensitivity to recent weather extremes influences their
decision on whether or not to adapt and the number and choice of
strategies employed, while their sensitivity to future climatic shocks
depends on effectiveness of current measures implemented (Karfakis
et al., 2012).

3. Methods

3.1. Study area and data

Upper East region of Ghana and Southwest Burkina Faso are the
two regions covered in this study. Agriculture has been and continues
to be the major source of employment for majority of inhabitant in
these regions. A total of about 84% of the total population for Upper
East Ghana are employed by agriculture (MoFA, 2013) either through
direct farming, marketing, processing or in other areas of the sector. In
Southwest Burkina Faso, at least 80% of the populace are employed by
agriculture (EA/QUIBB, 2007). The population structure of both
regions is majorly rural. Approximately 79% of the total population
of Upper East Ghana live in rural areas (MoFA, 2013) and at least 80%
reported for Burkina Faso (Gleisberg-Gerber, 2012). As the second
smallest of the 10 administrative regions of Ghana, Upper East region
is made up of a total of 13 districts, occupies a total land area of

8842 km2, and has a population density of 118 people/km2 (GSS,
2012). Southwest Burkina Faso is made up of 4 Provinces, covers a
total land area of 16,202 Km2, and has a population density of
45 people/Km22 (thus, about 2.62 times less the population density
of Upper East Ghana). Maize, groundnut, millet, sorghum, rice,
chicken, goat, guinea fowl, sheep, cattle, pig, and donkey are the major
crop and livestock species produced across regions. Both regions are
characterized by a unimodal rainfall regime, with a rainy season that
extends from May to October, a dry period between November and
March, and a period of transition in April. During the rainy season, a
total of about 689 mm to 1060 mm of rain is usually recorded in Upper
East Ghana, with corresponding 77–110 days of rain, and a mean
temperature range of 25.5–29.9 °C. Seasonal rainfall in Southwest
Burkina Faso ranges between 795 mm and 1103 mm, with correspond-
ing 81–114 days of rain, and a mean temperature range of 25.4–
29.6 °C. The study area is prone to dry spell, heat wave and frequent
flooding. This study is based on data gathered through a household
survey between October 2014 and July 2015 across both regions, and
daily climate data (for1997-2014) extracted from NASA's Climatology
Resource for Agroclimatology based on a 1 ° latitude by 1 ° longitude
grid for each of the communities covered. For data extraction, we made
use of centroid GPS coordinates for each of the 29 communities
covered across regions. Extracted climate data was for temperature
and rainfall. Data gathered through the survey covered farmers’
perception on changes in climatic conditions over the past 10 years,
their socio-economic and demographic attributes, cropping and live-
stock production for the 2014 agricultural season, and their responses
to recent weather extremes. A multi-stage sampling technique was used
in gathering data across regions.

A total of 5 districts were randomly selected from the 13 in Upper East
Ghana and 2 out of 4 Provinces in Sud-Ouest Burkina Faso. Using pre-
tested questionnaires, heads of 300 systematically selected households in
Upper East Ghana and 150 in Southwest Burkina Faso were interviewed
by trained research assistants under supervision of the first author.
Apportioning across regions and districts was based on differences in
population density, level of engagement in agriculture and recent
exposure to extreme weather events (based on information obtained from

Fig. 1. Drivers of farmers’ adaptation to weather events.
Source: Authors construct.

2 https://fr.wikipedia.org/wiki/Sud-Ouest_(Burkina_Faso).
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the local Ministry of Agriculture). As shown in Fig. 2, the 5 districts
covered in Upper East Ghana are Bolgatanga Municipal (90 households),
Kassena Nankana East (70 households), Kassena Nankana West (60
households), Nabdam district (40 households) and Talensi district (40
households). The two Provinces covered in Southwest Burkina Faso are

the Ioba Province (105 households across Dano, Dissin, Ouessa and
Koper departments) and Bougouriba Province (45 households across
Diébougou, Bondigui and Iolonioro departments). This survey was
conducted for a study on agricultural impacts of weather extremes and
farmers’ adaptation by the first author.

Fig. 2. Map of study area.
Source: Authors construct

D. Boansi et al. Weather and Climate Extremes xxx (xxxx) xxx–xxx

4



3.2. Analytical framework

Given recent rise and anticipated changes in frequency and
intensity of extreme weather events in the study area, adaptation to
climatic shocks becomes a necessity (should farmers aim for high yields
and income or moderation of harm from future exposition). In
responding to dynamics in manifestation of weather extremes, farmers
adopt a mix of strategies due to the usual joint occurrence of weather
extremes. For example, farming systems could be exposed to both dry
and hot spells at the same time, or to interspersion of successive dry
periods by high intensity rain. Similarly, crop fields could be exposed to
drought, extreme heat and flooding within the same season, causing
major yield, income and consumption losses. The joint occurrence of
such events necessitates the adoption of diverse strategies to help
minimize losses to the poor rural households who strongly depend on
agriculture. In identifying major determinants of the number of
strategies implemented by the respective farm households, we em-
ployed a Poisson regression model to account for the count dependent
variable. The model used is expressed as follows (Tambo, 2016):

A βX ε= +Ni i i (1)

Where ANi is the number (N) of adaptation strategies implemented by
household i, Xi is a vector of socio-economic, plot level, institutional
and infrastructural, climatic, and location variables, and εi represents
the corresponding random errors. The variables considered in this
study are gender, age and education of household head, percent of
household income from non-farm sources, potential labor capacity of
household, group membership, number of family members (18–65
years) living within 5 km from main residence, number of family
members abroad, land ownership, access to credit, access to crop-
related extension services, distance to nearest market, total cropland
area, perceived fertility of crop fields, units of livestock owned at the
beginning of the year 2014, total value of farm implements, average
seasonal rain-days, average seasonal days with maximum temperature
of at least 32 °C, and a regional dummy. In contrast to the use of
rainfall in other studies (e.g. see Deressa et al., 2009; Asfaw et al.,
2015), we made use of rain-days as indirect measure of persistence of
dry spell. Increasing rain-days indirectly mean decreasing dry days and
consequent decrease in persistence of dry spell. Farmers are usually

Table 1
Descriptive statistics (n=450 across all variables, except Livuby which has n=439).
Source: computed by authors with data from household survey

Variable Units Mean Std Dev

Dependent variables
Number of strategies implemented (Numb. strategies) Count of strategies 7.273 2.094
Direct measures
Crop diversification (Crop Diver) Dummy=1 if yes, 0 otherwise 0.838 0.369
Planting of drought tolerant varieties (Drought TV) Dummy=1 if yes, 0 otherwise 0.596 0.491
Planting of flood tolerant varieties (Flood TV) Dummy=1 if yes, 0 otherwise 0.413 0.493
Planting of heat tolerant varieties (Heat TV) Dummy=1 if yes, 0 otherwise 0.369 0.483
Planting early maturing varieties (Early MV) Dummy=1 if yes, 0 otherwise 0.831 0.375
Changing planting dates (Change PD) Dummy=1 if yes, 0 otherwise 0.918 0.275
Supportive measures
Crop-livestock mix (C-L Mix) Dummy=1 if yes, 0 otherwise 0.904 0.294
Crop and livestock insurance (C-L Insurance) Dummy=1 if yes, 0 otherwise 0.176 0.381
Use of water conservation techniques (Water Con) Dummy=1 if yes, 0 otherwise 0.531 0.500
Use of water drainage techniques (Water Drain) Dummy=1 if yes, 0 otherwise 0.580 0.494
Use of soil conservation techniques (Soil Con) Dummy=1 if yes, 0 otherwise 0.940 0.238
Practice of irrigation (Irrigation) Dummy=1 if yes, 0 otherwise 0.180 0.385
Explanatory variables
Household characteristics
Gender of household head Dummy 1=male, 0 otherwise 0.876 0.330
Age of household head Years 50.03 13.76
Education of household head Years 3.022 3.969
Percent of income from non-farm sources (%) 30.81 21.01
Potential labor capacity of household Man-Equivalenta 4.549 2.655
Social capital
Group membership (Agricultural union/cooperative) Dummy=1 if yes, 0 otherwise 0.407 0.492
Family members 18–65 years living within 5 km from resid. Count 1.513 2.818
Number of family members abroad Count 1.640 4.080
Institutional and infrastructural variables
Land ownership Dummy=1 if full/part ownership, 0 otherwise 0.938 0.242
Access to credit Dummy=1 if yes, 0 otherwise 0.313 0.464
Access to crop-related extension services Dummy=1 if yes, 0 otherwise 0.804 0.397
Distance to market Km 6.189 6.813
Plot characteristics
Soil fertility Dummy=1 if fertile to very fertile, 0 otherwise 0.651 0.477
Cropland area Hectares 2.846 2.628
Physical and financial Assets
Livestock holding at the beginning of year 2014 Tropical Livestock Unitb 4.629 4.619
Total value of farm implement (after depreciation) US$/Household 52.84 174.21
Climatic variables
Average seasonal rain days (2013–2014) (Rain days) Count of seasonal days with daily rain ≥ 1 mm 76.42 4.475
Average seasonal days with Tmax ≥32 °C (2013–2014) (Hot days) Count of seasonal days with Tmax ≥32 °C 137.47 9.040
Location variables
Region Dummy=1 if Upper East Ghana, 0 otherwise 0.667 0.472

a Computed using the following conversion factors; for Females: 0-5years (0.00), 6–10 years (0.05), 11-17years (0.40), 18–65 years (0.50), > 65 years (0.10); for males 0-5years
(0.00), 6–10 years (0.10), 11-17years (0.80), 18–65 years (1.00), > 65years (0.70); (modified version of age range proposed by Runge-Metzger and Diehl, 1993).

b Computed using the following conversion factors (Runge-Metzger and Diehl, 1993; Ghirotti, 1993); Cattle (Bullock (0.80), Bull (0.70), Cow (0.70), Calf (0.35)), Sheep (Ram (0.10),
Ewe (0.10), Lamb (0.05)), Goat (Billy goat (0.10), Nanny goat (0.10), Kid (0.05)), Pig (Boar (0.20), Sow (0.20), Piglet (0.10)), Chicken (0.01), Guinea fowl (0.01) Duck (0.01), Turkey
(0.02), Horse (0.80), Donkey (0.50).

D. Boansi et al. Weather and Climate Extremes xxx (xxxx) xxx–xxx

5



more concerned with the number of days on which they receive rain
and in the distribution of seasonal rainfall. Having high seasonal
rainfall and intensity, but with poor distribution yields no major benefit
to farmers. All the explanatory variables are grouped into seven broad
categories, namely: household characteristics; social capital; institu-
tional and infrastructural variables; plot characteristics; physical and
financial assets; climatic variables; and location variables.

For a deeper insight into farmers’ adaptation to extreme weather
events, we also assessed determinants of the specific strategies
employed by the respective households. Based on the presumed
interdependencies among strategies employed, we used a multivariate
probit model. The model can be specified as follows:

⎧⎨⎩

A βX ε s S

A ifA
otherwise

* = + , =1, …. . ,

= 1 *>0
0

is s is is

is
is

(2)

From Eq. (2) Ais is the adoption of strategy s by household i, while
A *is represents the latent propensity for the respective households to
adopt strategy s (Tambo, 2016). Through the use of multivariate probit
model, we estimate influence of the explanatory variables on each of
the adaptation strategies, and at the same time account for systematic
correlations of unobserved and unmeasured factors across identified
strategies. Failure to account for this as noted in univariate probit and
multinomial logit models could lead to biased and inefficient estimates
whenever significant correlations exist (Lin et al., 2005). From Eq. (2),
positive correlations between the εis over adaptation strategies indicate
complementarity between strategies, while negative correlations reveal
substitutability. The error term, εis, has a multivariate normal distribu-
tion, with zero means, unitary variance and an n×n correlation matrix
(Mulwa et al., 2015). In analyzing the determinants of adaptation
strategies, we estimated three models; one for direct measures, one for
supportive measures, and a joint model for both measures. The latter
was however used as the primary model for this study, as it facilitated
exploration of both within- and between-measures complementarities
and substitutions. Estimation of three different models facilitated the
prediction of joint and marginal probabilities for adoption of direct
measures or supportive measures or both.

3.3. Descriptive statistics on variables

In this section, we provide a brief description of both the explana-
tory and explained variables covered in this study. As shown in Table 1,
12 adaptation strategies were reported by farmers across the two
regions; 6 direct measures and 6 supportive measures. The reported
direct measures are crop diversification, planting of drought tolerant
varieties, flood tolerant varieties, heat tolerant varieties, and early
maturing varieties, and changing planting dates. The reported suppor-
tive measures are practice of crop-livestock mix, purchase of crop and
livestock insurance, use of water conservation techniques, water
drainage techniques, soil conservation techniques, and practice of
irrigation. Across the 12 strategies however, soil conservation techni-
ques, changing planting dates, crop-livestock mix, crop diversification
and planting of early maturing varieties are the major adaptation
strategies used by farmers. For the number of strategies implemented
by a representative household, a mean of 7.27 strategies (with standard
deviation of 2.09) is estimated for the two regions: 6.80 (std. dev 1.80)
and 8.22 (std. dev 2.31) for Upper East Ghana and Southwest Burkina
Faso respectively.

Approximately 88% of the interviewed heads of the respective
households were males. A representative household head in the study
area is about 50 years old, with 3 years of schooling, and earns about
31% of household income from non-farm sources. Composition of the
average household is equivalent to 5 men. Farmers have weak social
capital/network on which they can rely in times of shock. As shown in
Table 1, the average number of relatives between 18 and 65 years old

living within 5 km from main residence on whom a farmer can depend
for cash and/or in-kind support when need arises is estimated at
approximately 2 persons, with similar approximate value estimated for
the number of family members abroad from whom household receives
remittances. In this study, family members living abroad refers to the
number of relatives living either outside the country or in a city in the
country from whom household receives remittances. Beside these,
approximately 41% of the interviewed persons claimed membership in
farmer organizations. Of the 450 households interviewed, only 31.3%
have access to credit. The average farm household is about 6.19 km
from the nearest market. These reveal limited access to both credit and
markets across the two regions. Majority of the households cultivate on
own or partially-owned land, but with low scale of cropland cultivation.
The average household cultivates approximately 2.85 ha of cropland
and majorly use rudimentary techniques (as indicated by the low mean
value of farm implement used by a representative household). An
average of 4.63 tropical livestock units was held by households in the
study area at the beginning of the year 2014. For the period 2013–
2014, we estimate a total of 76 seasonal rain-days across the two
regions, with 137 seasonal hot days. Definition of a hot day is based on
a daily maximum temperature threshold of 32 °C. This threshold was
used based on advice by crop and livestock scientists in the study area,
extensive literature review on critical temperature thresholds for the
major crop and livestock species produced in the area (e.g. see
Thornton and Cramer, 2012; Hawkins et al., 2013; Thornton and
Lipper, 2014) and based on suggestions from discussions held with
extension officers of the Ministry of Agriculture in the respective
districts covered in this study.

4. Farmers’ perception and empirical validation of recent
trends in climatic conditions

Farmers’ across the two regions were generally unanimous in their
perception on predictability of climatic conditions over the past 10
years. A total of 97.5% of households either agreed or strongly agreed
that the weather has become more unpredictable in recent years.
Approximately 72% held a perception that average seasonal tempera-
ture has either increased or increased and with high temperature
extremes. With about 57% reporting of an increase in average seasonal
temperature without stressing on an increase in frequency of high (day
or night) temperature extremes, a total of about 15% stressed that
recent increments observed in seasonal temperature are driven by
increasing frequency of high temperature extremes. Majority of the
respondents who perceived an increase in temperature however
revealed their observance of extreme seasonal temperatures and low
rainfall over the 2013 and 2014 agricultural seasons. As shown in
Table 2, a total of about 87% of households in the study area perceived
either a decrease in seasonal rainfall or a decrease and with more dry
days (reflecting a decrease in rain-days or increasing persistence of dry
spell). Across both regions however, a general decrease in incidence of
seasonal flooding is perceived. These results are in conformity with
earlier discovery by Antwi-Agyei et al. (2014) in the Upper East region
of Ghana, where approximately 86% of the respondents perceived
decreasing rainfall and about 81% perceived increasing temperature in
recent years. Based on the revealed perceptions of farm households, we
deduce that farming systems in the study area have plausibly been
exposed over the past 10 years to erratic climatic conditions, steered by
increasing seasonal temperature and decreasing seasonal rainfall and
rain-days. These changes in the local climate have the potential to
adversely affect farming through increasing evaporative losses, de-
creasing water supply for crop and livestock production, and wilting of
plants whenever extreme temperatures and dry days coincide with
critical growth stages. These perceived conditions could also lead to a
decrease in crop yields, livestock productivity, agricultural income and
consumption.

In ascertaining the magnitude of change in seasonal temperature
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and rainfall, regional estimates were computed from the extracted
climate data for the respective communities and districts. Based on the
number of districts covered in each of the regions, observed seasonal
values were averaged across districts and used as a representation of
regional values. For example, in Upper East Ghana where a total of 5
districts were covered, seasonal estimates for each of the districts were
averaged across all 5 districts and used as a representation of regional
values. Same was done for Southwest Burkina Faso. In line with the
perceptions held by farmers in the study area, we detect an increase in
both normal temperature indicators (maximum, minimum, mean and
diurnal temperature range) and indicators of hot-days ( CTmx ≥ 32° )
and hot nights (Tmn ≥ 24°C). Increments in each of these seasonal
temperature indicators over the last 10 years were however majorly
driven by extreme rise in each of the indicators over the period 2013–
2014. For example, compared to the 18-year (1997–2014) mean
estimates of 43.5 seasonal hot-days and 28.64 seasonal hot-nights, a
total of 90.07 extra seasonal hot-days and 63.06 extra seasonal hot-
nights were observed over the period 2013–2014 in Upper East Ghana.
Compared to the mean estimates of 44.8 seasonal hot-days and 20.53
seasonal hot-nights for Southwest Burkina Faso, a total of 95.10 extra
seasonal hot-days and 66.72 extra seasonal hot-nights were observed
over the aforementioned period. For both regions, besides a consis-
tently increasing trend for minimum seasonal temperature, the other
three normal temperature indicators remained generally stable be-
tween the years 1997 and 2012, but all four indicators rose sharply
over the period 2013–2014.

In Upper East Ghana for example, deviations of 4.08 °C, 1.55 °C,
2.81 °C, and 2.53 °C from the 18-year mean estimates for seasonal
maximum temperature (30.53 °C), minimum temperature (22.95 °C),
mean temperature (26.74 °C) and diurnal temperature range (7.58 °C)
were observed over the period 2013–2014. In Southwest Burkina Faso,
respective deviations of 4.44 °C, 1.48 °C, 2.96 °C, and 2.95 °C from the
18-year mean for maximum temperature (30.48 °C), minimum tem-
perature (22.54 °C), mean temperature (26.51 °C) and diurnal tem-

perature range (7.94 °C) were observed. From this, we note relatively
higher increments in daily maximum temperature than in the other
indicators. Given the fact that farmers undertake most of their farming
operations during day-time, their adaptation to recent extremes in
temperature could generally be towards changes in daily maximum
temperature extremes. From Fig. 3, we observe a decreasing trend in
rainfall since the year 2007 and rain-days since the year 2009 in Upper
East Ghana, but a generally increasing trend in both rainfall and rain-
days for Southwest Burkina Faso until the period 2013–2014, where
both regions observed declines in rainfall and rain-days. During this
period, rainfall and rain-days decreased respectively by 164.29 mm
and 12.11 days compared to the 18-year averages (893.85 mm and
92.11 days) for Upper East Ghana. In Southwest Burkina Faso,
respective deviations of −40.53 mm and −6.22 days were observed
(compared to averages of 937.24 mm and 101.22 days). Increment in
days with extreme temperatures, and decreasing rainfall and rain-days
reveals exposure of farming systems to both heat and drought stress
over the 2013 and 2014 agricultural seasons, and farmers’ adjustment
to recent weather extremes could have been towards moderating harm
from these changes.

5. Results and discussion

5.1. Determinants of number of strategies adopted bY FARMERS

From estimation of Eq. (1), we find institutional and infrastructural
variables to be the major determinants of the number of adaptation
strategies used by farmers. Besides this, the variables for the number of
family members abroad, total value of farm implements (a measure of
mechanization), seasonal days with extreme temperatures and the
regional dummy have significant effects on the number of strategies
used by farmers.

Farmers with access to credit are likely to use 0.655 additional
adaptation strategies. Having access to credit reduces financial burden
of farmers, but increases their capacity to meet relevant transaction
costs in adoption of improved and beneficial technologies. Access to
credit enables farmers to purchase improved varieties and other
relevant inputs on time and as well invest in more capital intensive
technologies. Farmers with access to crop-related extension services
are likely to use 1.238 additional adaptation strategies (see Table 3).
Adaptation requires awareness and application of relevant skills.
Awareness is founded on access to information, while application of
various strategies requires at least some level of knowledge and skills in
their implementation. Through extension services, farmers are updated
on changing climatic conditions and accompanying risks, improved
production techniques, and are trained on how to efficiently and
effectively implement various technologies. This promotes adoption
of diverse strategies in a changing local climate. The observed positive
effect of extension services on the number of adaptation strategies
implemented by farmers is in conformity with earlier report by Tambo
(2016) for Upper East Ghana. Farmers in Upper East Region of Ghana
are likely to use approximately 1 strategy less the number used by their
counterparts in Southwest Burkina Faso.

5.2. Determinants of choice of adaptation strategies

In this section, we present results and discussion on determinants
of choice of adaptation strategies under the seven broad categories of
explanatory variables. Due to limitation in estimation of high number
of equations with multivariate probit, we were able to include only 11
of the 12 adaptation strategies in the joint model, (dependent variable
for use of soil conservation techniques was dropped). We therefore
analyzed 11 strategies in the joint model, 6 strategies in the equation
for direct measures, and 5 strategies in the equation for supportive
measures. In conformity with previous study by Tambo (2016) in
Upper East Ghana, we discover that, the major determinants of the

Table 2
Farmers’ perception on climate variability and extremes.
Source: computed by authors with data from household survey

Indicator Perception Region surveyed

Upper East Southwest Total
[n=300] [n=150] [n=450]

The weather becomes
more unpredictable
from year to year

Strongly agree 70.3 72.7 71.1
Agree 26.3 26.7 26.4
Not sure 3.3 0.0 2.2
Disagree 0.0 0.7 0.2
Strongly
disagree

0.0 0.0 0.0

Changes observed in
seasonal
temperature over
the past 10

Decreased 17.0 28.7 20.9
Increased 57.0 57.3 57.1
No change 8.3 0.0 5.6
Increased and
with (high
temp.) extremes

17.0 11.3 15.1

Decreased and
with (low temp.)
extremes

0.7 2.7 1.3

Changes observed in
seasonal rainfall
over the past 10
years

Decreased 79.0 66.0 74.7
Increased 2.7 19.3 8.2
No change 4.7 0.0 3.1
Increased and
with extremes

2.3 0.0 1.6

Decreased and
with more dry
days

11.3 14.7 12.4

Changes observed in
seasonal flooding
over the past 10
years

Decreased 74.3 56.0 68.2
Increased 7.3 18.0 10.9
No change 18.3 26.0 20.9
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number of strategies implemented by farmers’ also have significant
effects on majority of the direct and supportive measures. Besides this,
we observe differences in magnitude and direction of effects for the
respective explanatory variables on each of the 11 strategies. This
indicates a need to investigate effects on individual strategies rather
than resort to assessment of determinants of adoption or non-adoption
behavior as observed in Maddison (2006). Prior to presenting and
discussing implications of estimated coefficients as shown in Table 4,
we first assess (non-) appropriateness in the use of multivariate probit
model instead of single equation binary models or multinomial logit
model. The likelihood ratio test results (χ2=434.10, P < 0.0000; as
shown beneath Table 5) indicate a significant correlation between error
terms of the 11 equations estimated in the joint model and affirms
appropriateness in the use of multivariate probit model. We hereby
proceed with presentation and discussion of results.

5.2.1. Household characteristics
Older farmers are less likely to adapt through crop diversification,

but more likely to adapt through changing planting dates. Based on
accumulated farming and climatic-risk experiences, older farmers
usually know periods within the season where planting could be safer
and usually adjust their decisions in a changing climate to minimize
risk. Relatively low use of crop diversification by older farmers could be
attributed to the labor-intensive nature of the practice. Potential labor
capacity has significant effect on adoption of both direct and supportive
measures. For direct measures, it leads to increased planting of flood
tolerant varieties through income effect, but leads to a decrease in
adoption of changing planting dates. Increased potential for the
energetic men/women of the household to generate income for upkeep

of the household reduces the likelihood of engaging in crop-livestock
mix and water conservation techniques, but stimulates practice of
irrigation through both income and labor effects.

5.2.2. Social capital
Group membership increases adoption of flood tolerant varieties,

crop-livestock mix and practice of irrigation, the latter of which is
usually enhanced through joint investment by group members in
irrigation facilities to help minimize drought risk. It however reduces
adoption of heat tolerant varieties and changing planting dates.
Farmers with higher number of energetic relatives around (on whom
they can rely in times of shock) are less likely to adopt the use of flood
tolerant varieties, purchase crop and livestock insurance or practice
irrigation. They are however more likely to engage in changing planting
dates to assist neighboring relatives (with hope of them returning the
favor in due time-principle of reciprocity) during planting, and to
engage in crop-livestock mix to shield both the immediate household
and neighboring relatives in times of shock. Farmers with increased
access to remittances are less likely to adapt through crop diversifica-
tion, use of improved varieties, or practice irrigation, but are more
likely to change planting dates to suit their seasonal schedule of
operation.

5.2.3. Institutional and infrastructural variables
Ownership of land incites adoption of changing planting dates and

the practice of crop-livestock mix. Having right to the land on which a
farmer cultivates, puts less pressure on the farmer on when to plant,
and adjusting the timing of planting is less costly to such a farmer than
one cultivating on a rented/leased land. The farmer can equally

Fig. 3. Recent trends in seasonal rain and temperature indicators. NB: UERG- Upper East Region of Ghana, SwB – Southwest Burkina Faso; SeaRF- seasonal rainfall; SeaRD- seasonal
rain days; STmax – seasonal maximum temperature; STmin – seasonal minimum temperature; STmean -seasonal mean temperature; SeaDTR- seasonal diurnal temperature range;
SeTmx32 -seasonal hot days (Tmax≥32 °C); SeTmn24 -seasonal hot nights (Tmin≥24 °C).
Source: Authors construct
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produce some species of livestock alongside his/her cropping activities.
This however may be forbidden in situations where a farmer crops on a
rented/leased land. Increased access to credit stimulates planting of
drought, flood and heat tolerant varieties, changing planting dates,
adoption of crop-livestock mix, purchase of crop and livestock insur-
ance, and practice of irrigation. Having access to low interest credit
reduces financial burden of farmers, but increases their capacity to
explore diverse adaptation options. Through provision of information
and advisory services, increasing access to extension services stimu-
lates adoption of all 6 direct measures, and the practice of irrigation. It
however reduces adoption of water drainage techniques. Farmers living
farther from market centers are less likely to plant drought, flood and
heat tolerant varieties, and practice irrigation. They are however, more
likely to practice crop-livestock mix, and to use water drainage
techniques as precautionary measures. The observed negative effects
are attributed to limited access to input markets for timely purchase of
inputs. These effects of institutional and infrastructural variables are in
conformity with findings from previous studies (e.g. see Deressa et al.,
2009; Nhemachena et al., 2014; Mulwa et al., 2015).

5.2.4. Plot characteristics
With a more market oriented focus, large scale producers are more

likely to plant early maturing varieties and to invest in all five
supportive measures (effect on purchase of crop and livestock insur-
ance is however not significant). Farmers with positive perception
about fertility status of their crop fields are likely to adopt more direct
measures and less supportive measures. Fertile croplands usually
require less investment in capital-intensive practices (Mulwa et al.,
2015), since such lands could achieve similar yields as less fertile lands
with much investment. This is the likely notion held by farmers with
affirmative perception about fertility of their crop fields and this

reduces incentive for them to invest in capital intensive technologies.
They are rather, more likely to plant improved crop varieties for higher
yields.

5.2.5. Physical and financial assets
More mechanized farms are likely to adopt planting of drought

tolerant varieties, changing planting dates to suit their schedule of
operation, and use of water conservation techniques to ensure avail-
ability of water throughout the season. Interestingly, we find a negative
effect of mechanization on practice of irrigation, which contradicts
expectation and documented evidence in literature (e.g. see
Nhemachena et al., 2014). Farmers with higher livestock holding are
less likely to adopt drought tolerant varieties, water drainage techni-
ques and practice of irrigation.

5.2.6. Climatic variables
In locations with higher seasonal rain-days, farmers are less likely

to plant drought tolerant varieties, but more likely to engage in crop-
livestock mix, and to use water conservation and water drainage
techniques. In times of increasing rain-days, farmers try to store/
harvest rain water for use during dry spell. Increasing rain-days
however makes systems also vulnerable to flooding, and as farmers’
store water for future use, they also use water drainage techniques to
divert excess water from their fields to minimize chances of water-
logging and flooding. Crop-livestock mix is a system that demands high
availability of water for both crops and livestock. Although this system
is usually practiced as insurance against unexpected shocks, increasing
availability of water enhances its adoption. Farmers located in areas
with higher seasonal hot days are more likely to practice irrigation, and
adopt water conservation and water drainage techniques, but are less
likely to invest in drought tolerant varieties and/or purchase crop and
livestock insurance. Farmers have come to a realization that the use of
improved varieties alone may not be enough to shield them from
adverse effects of extreme temperatures, and when exposed to such
extremes, they generally invest in supportive measures to minimize
evaporative losses and heat stress. Their adoption of water drainage
techniques may however be related to incidences of high intensity rains
and flooding usually observed after prolonged periods of hot days.

5.2.7. Location variables
Effect of the regional dummy on choice of adaptation strategies is

found significant across 8 of the 11 strategies. This is an indication that
strategies adopted and the magnitude of their use depends on regional
conditions. Farmers in Southwest Burkina Faso however appear to
have adapted better to recent manifestations of weather extremes than
those in Upper East Ghana.

5.3. Interdependencies among strategies

Besides a significant negative correlation observed between plant-
ing of early maturing varieties and changing planting dates, and a non-
significant positive correlation between planting of heat tolerant
varieties and changing planting dates, all other correlations among
the direct measures are positive and significant. This indicates a
general complementary use of these low cost measures by farmers in
the study area. This is in conformity with findings by Mulwa et al.
(2015) on correlations among strategies covered under direct measures
in this study. Among the supportive measures, we find no significant
correlation between practice of crop-livestock mix and adoption of any
of the other supportive measures. This indicates that the practice of
crop-livestock mix is generally adopted as an isolated supportive
measure. We find a complementary association between purchase of
crop and livestock insurance and use of water conservation techniques,
while water drainage techniques and purchase of crop and livestock
insurance are adopted as substitutes. We also observe complementary
use of water conservation techniques, water drainage techniques, and

Table 3
Determinants of number of adaptation strategies.

Variable Dependent variable: Numb. strategies

Coefficient Robust SE Marginal
Effects

Household characteristics
Gender −0.0021 0.0374 −0.0155
Age −0.0006 0.0009 −0.0041
Education 0.0019 0.0033 0.0139
Per Inc. non-farm 0.0006 0.0006 0.0042
Pot. Labor cap −0.0022 0.0047 −0.0163
Social capital
Group membership. 0.0029 0.0260 0.0210
Fam mem 18,655 K −0.0001 0.0041 −0.0006
Fam mem Abroad −0.0077** 0.0030 −0.0563
Institutional and infrastructural

variables
Land ownership 0.0572 0.0492 0.4177
Credit 0.0898*** 0.0262 0.6552
Extension 0.1696*** 0.0369 1.2376
Distance to market −0.0046** 0.0019 −0.0337
Plot characteristics
Soil fertility 0.0112 0.0266 0.0819
Cropland area 0.0199*** 0.0050 0.1451
Physical and financial assets
Livestock holding −0.0038 0.0027 −0.0275
Value of farm implement 0.00006* 0.00004 0.0004
Climatic variables
Rain days 0.0047 0.0039 0.0343
Hot days 0.0038* 0.0020 0.0280
Location variables
Region −0.1320** 0.0536 −0.9636
Constant 0.9668* 0.5632
Wald Chi2 (19) 228.07 Num of obs 439
Prob > Chi 2 0.0000 Pseudo R2 0.0368
Log pseudolikelihood −929.38

NB- Significance level: ***1%, **5%, *10%.

D. Boansi et al. Weather and Climate Extremes xxx (xxxx) xxx–xxx

9



practice of irrigation. In exploring correlations between measures, we
find a positive correlation between adoption of crop diversification as a
direct measure and adoption of crop-livestock mix, water conservation
and water drainage techniques as supportive measures. Farmers who
plant drought tolerant varieties also tend to adopt water conservation
techniques and practice irrigation. Farmers who plant flood tolerant
varieties tend to adopt water conservation and water drainage techni-
ques, and also practice irrigation. We find a significant negative
correlation between planting of heat tolerant varieties and adoption
of water drainage techniques. Farmers who plant early maturing crops
tend to adopt water conservation techniques to minimize drought
stress in the early stages of the season. As shown in Table 5, Changing
planting dates, water conservation techniques, water drainage techni-
ques, and irrigation are used as complementary strategies.

5.4. Probability of marginal and joint adoption of strategies

From Table 6, the joint probability of adoption of all 11 strategies
by a farmer in the study area is estimated at 1.17%.

We estimate a probability of 17.22% for adoption of all 6 direct
measures, and 2.62% for adoption of all 5 supportive measures. From
these estimates, we deduce that the probability for farmers in the study
area to use all 6 direct measures to moderate harm from changing

climatic conditions is about 6.57 times higher than their probability to
resort to the use of all 5 supportive measures. This indicates that
differences in input requirements and in the purpose of use of the
respective measures play a crucial role in informing farmers decision
on resorting either to the sole use of direct measures, or supportive
measures, or in using a mix of both. The relatively low probability
estimates (less than 50%) for joint adoption of all strategies, direct
measures or supportive measures, indicates that instead of resorting to
the use of either direct or supportive measures, farmers are more likely
to select beneficial mix of strategies between measures. Marginal
predictions for the respective strategies by the joint and individual
models are shown in Table 6.

6. Conclusion

There have been recent incidences of weather extremes in the West
African Sudan Savanna and farmers have responded through imple-
mentation of relevant adaptation strategies. For a deeper insight into
farmers’ adaptation to climatic shocks, this study documented farmers’
perception of recent changes in the local climate, and identified factors
that influence the number and choice of strategies implemented.
Interdependencies among strategies were explored and joint and
marginal probabilities of adoption estimated. Upper East Ghana and

Table 4
Determinants of farmers’ choice of adaptation strategies.

Direct measures Supportive measures

Variable Crop Diver Drought TV Flood TV Heat TV Early MV Change PD C-L Mix C-L Insurance Water Con Water Drain Irrigation

Gender 0.0144 0.0184 −0.2103 −0.0307 −0.1216 0.0209 −0.5010 −0.2030 −0.2001 0.2939 0.5804
(0.2360) (0.1994) (0.1839) (0.2346) (0.2170) (0.3495) (0.5442) (0.2302) (0.2216) (0.2035) (0.3715)

Age −0.0129** −0.0028 −−0.0007 0.0050 −0.0010 0.0187** −0.0090 0.0023 0.0031 −0.0058 0.0018
(0.0062) (0.0052) (0.0052) (0.0061) (0.0060) (0.0073) (0.0076) (0.0052) (0.0058) (0.0053) (0.0078)

Education −0.0098 0.0365* 0.0260 −0.0165 0.0107 0.0057 −0.0700*** 0.0090 0.0285 −−0.0104 0.0127
(0.0214) (0.0192) (0.0177) (0.0201) (0.0215) (0.0290) (0.0237) (0.0217) (0.0191) (0.0182) (0.0236)

Per Inc. non−−farm 0.0007 0.0061* 0.0047 0.0047 0.0016 0.0035 −0.0071 0.0082** −0.0029 −−0.0031 0.0052
(0.0043) (0.0036) (0.0034) (0.0038) (0.0043) (0.0053) (0.0051) (0.0036) (0.0036) (0.0034) (0.0054)

Pot. Labor cap 0.0364 −0.0154 0.0453* −0.0158 −−0.0080 −0.1635*** −−0.1122*** −0.0461 −0.0469* 0.0192 0.0989***
(0.0346) (0.0273) (0.0264) (0.0285) (0.0331) (0.0404) (0.0334) (0.0294) (0.0284) (0.0260) (0.0311)

Group membership 0.0971 −0.1052 0.2370* −0.4838*** 0.0306 −0.5528*** 0.3739* −−0.0576 0.2315 0.0370 0.4220**
(0.1730) (0.1449) (0.1345) (0.1584) (0.1643) (0.2017) (0.2223) (0.1644) (0.1504) (0.1390) (0.1815)

Fam mem 18,655 K 0.0549 0.0051 −0.0400* 0.0155 0.0458 0.1414** 0.1095*** −0.1191*** 0.0156 −0.0047 −−0.0646*
(0.0378) (0.0291) (0.0235) (0.0272) (0.0286) (0.0614) (0.0419) (0.0390) (0.0338) (0.0251) (0.0349)

Fam mem Abroad −0.0570*** −0.0495*** 0.0217 −0.0420** −0.0406* 0.1328* 0.0411 −0.0051 −0.0021 0.0202 −0.0690**
(0.0156) (0.0189) (0.0159) (0.0204) (0.0218) (0.0738) (0.0332) (0.0271) (0.0259) (0.0155) (0.0338)

Land ownership 0.5220 0.3815 0.3066 −0.2696 0.0219 1.1496*** 0.9557*** 0.0123 −−0.1450 −0.3473 0.3148
(0.3844) (0.2942) (0.2652) (0.3526) (0.3345) (0.3861) (0.3490) (0.3207) (0.3256) (0.2819) (0.3299)

Credit 0.2376 0.3023* 0.2787* 0.3464** 0.0348 0.9193*** 0.7401** 0.5059*** 0.2330 −0.1892 0.4058**
(0.2087) (0.1623) (0.1441) (0.1651) (0.1696) (0.3174) (0.3062) (0.1666) (0.1784) (0.1547) (0.1845)

Extension 0.5020** 1.0163*** 0.8267*** 0.6647*** 0.5367*** 0.7297*** 0.1133 0.1149 −0.0546 −0.4795** 1.0707***
(0.2042) (0.1899) (0.2005) (0.2106) (0.2067) (0.2731) (0.2496) (0.2042) (0.2090) (0.1854) (0.2861)

Distance to market 0.0144 −0.0387*** −0.0352*** −0.0801*** −0.0143 0.0288 0.0297** −0.0194 0.0016 0.0258** −0.0294**
(0.0214) (0.0138) (0.0134) (0.0154) (0.0138) (0.0185) (0.0143) (0.0140) (0.0121) (0.0123) (0.0126)

Soil fertility 0.2733 0.4778*** 0.1439 0.6731*** 0.5539*** −0.6190** 0.0053 −0.5531*** −0.6906*** −0.0621 −0.0671
(0.1791) (0.1533) (0.1468) (0.1913) (0.1626) (0.2556) (0.2690) (0.1752) (0.1710) (0.1432) (0.1874)

Cropland area 0.0455 −0.0267 0.0092 0.0363 0.1494** −0.0018 0.2989*** 0.0198 0.1091** 0.1111*** 0.1583***
(0.0562) (0.0397) (0.0384) (0.0418) (0.0598) (0.0607) (0.0919) (0.0427) (0.0489) (0.0388) (0.0426)

Livestock holding 0.0222 −0.0017 −0.0275* −0.0111 −0.0039 −0.0083 0.0308 0.0210 −0.0083 −0.0386** −0.0411*
(0.0217) (0.0157) (0.0155) (0.0168) (0.0210) (0.0245) (0.0307) (0.0191) (0.0197) (0.0160) (0.0247)

Value of farm
implement

0.0003 0.0017** 0.0002 0.0009 0.0007 0.0033* −0.0003 −0.0001 0.0037** 0.0008 −0.0029***

(0.0005) (0.0008) (0.0003) (0.0009) (0.0011) (0.0017) (0.0003) (0.0004) (0.0016) (0.0008) (0.0010)
Rain days 0.0202 −0.0633** −0.0229 −0.0115 0.0456 0.0546 0.0717** −0.0076 0.2049*** 0.0703*** 0.0373

(0.0419) (0.0259) (0.0240) (0.0276) (0.0315) (0.0455) (0.0350) (0.0260) (0.0384) (0.0245) (0.0275)
Hot days 0.0191 −0.0194* 0.0146 −0.0106 0.0107 0.0355 0.0184 −0.0510*** 0.0356** 0.0529*** 0.0396**

(0.0179) (0.0117) (0.0113) (0.0129) (0.0142) (0.0222) (0.0200) (0.0148) (0.0146) (0.0124) (0.0166)
Region −0.7768 −0.8753*** −0.5199* −1.8055*** 0.0320 1.0129* 2.0335*** −0.6062* 0.1627 0.6124** −0.7286*

(0.4861) (0.3225) (0.3104) (0.3597) (0.3778) (0.5686) (0.5322) (0.3426) (0.3540) (0.2807) (0.3846)
Constant −3.4754 7.0156** −1.2579 2.6937 −4.9254 −10.123 −8.3894 7.1858* −20.094*** −12.264*** −11.556**

(5.4446) (3.4858) (3.3525) (3.8646) (4.2492) (6.3635) (5.4974) (3.8122) (4.6958) (3.5452) (4.6176)

Log pseudolikelihood =−1788.25; Number of obs =439; Wald chi2 (209) =1882.44, Prob > chi2=0.0000; (*) – robust standard error.
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Southwest Burkina Faso were used as case study regions due to their
recent exposure to climatic shocks and extreme reliance of inhabitants
on agriculture. Under two primary headings of ‘Direct measures’ and
‘Supportive measures’, we documented a total of 12 adaptation
strategies implemented by farmers. Under these headings, strategies
were grouped based on cost-dimensions, where direct measures refer
to low-cost measures covering varietal and crop-related adjustments,
while supportive measures refer to high-cost measures covering
insurance and other stress-reducing measure that help to minimize
risk on farm. Based on results for the perception analyses, we found
that perceptions held by farmers on local climatic conditions are in
conformity with climatic trends. This indicates that farmers have a
good knowledge of their working environment and are likely to devise
seasonal plans based on the knowledge they have. Given their percep-
tion and experience of climatic shocks, farmers adopted crop diversi-
fication, planting of drought tolerant, heat tolerant, flood tolerant, and
early maturing varieties, and changing planting dates under direct
measures. Under supportive measures, farmers purchased crop and
livestock insurance, adopted soil conservation, water conservation and
water drainage techniques, and practiced crop-livestock mix and
irrigation.

We identified significant determinants of the number and choice of
strategies implemented through estimation of a Poisson regression and
multivariate probit model. Institutional measures like access to credit,
extension services and distance to markets were found the major
determinants of adaptation. This indicates that farmers’ adaptation to
weather extremes depends on functioning institutions that could
improve farmers access to cash, information and skills, and timely
purchase of vital inputs for production through improved access to
market. Increasing farmers access to credit could reduce financial
burden, enhance timely purchase of inputs and incite appropriate
investment in improved technologies. Increasing farmers’ access to
information on climatic conditions, input and output prices, and skills
via extension services could keep farmers updated on yield enhancing
techniques, impending risk and on appropriate risk management
practices. Improving farmers access to markets enables timely pur-
chase of relevant inputs for production, sales of output at appreciable
prices, and draws farmers closer to new developments in the local
markets. Larger farm size and mechanization were as well found to
significantly enhance farmers’ adaptation. Producing on larger crop-
land area has the potential to instill economies of scale, while
increasing mechanization of production facilitates smooth incorpora-
tion of adaptive mechanisms into local farming systems. We found that,
farmers are more likely to adopt a mix of direct and supportive
measures to moderate harm from weather extremes, although their
preference is more towards adoption of direct measures, due to the
plausibly low cost incurred in implementing such measures. Direct

measures implemented by farmers were generally adopted as comple-
mentary strategies. The degree of complementarity between adoption
of supportive measures was relatively low. To enhance farmers’
adaptive capacity, policy makers and various stakeholders need to
contribute towards improving farmers’ access to credit, markets, and
extension services, and implement measures to promote large scale
production and mechanization.
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