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Abstract

In view of the fact that agriculture remains the largest employer of the Ghanaian workforce and
constitutes the main source of food and income, the consequences of climate change on the agricultural
sector cannot be underestimated. Considering that farmers are more likely to be highly affected by the
effects of climate change, a clear understanding of the trends of climatic variables, risk, adaptation and
farmers’ perceptions could provide useful information to assist local famers make informed adaptation
decisions in order to improve their livelihoods. This study therefore investigates historical rainfall
variability and its relationship with annual crop production. Farmers’ perceptions about long-term trends in
climatic variables, climate change risks and adaptation practices are also investigated. The study also
investigates the determinants of climate change risks and adaptation. Finally, the study proposes a set of
indicators for evaluating and choosing appropriate adaptation practice to predicted extreme climate events.

Lawra district of the Upper West Region of Ghana is selected for the study. Secondary data include
historical rainfall and crop production figures, governmental reports and literature review. Primary data is
collected based on cross-sectional surveys and focus group discussions (FGDs) conducted in four
communities. Twenty-five households were randomly selected from each community and the household’
heads were individually interviewed. A total of 100 farmer households were interviewed using
semi-structured questionnaires. The FGDs were carried out to double check the household survey data.
Also, face-to-face interviews with key stakeholders were conducted. The findings show that farmers have
perceived a decrease in rainfall and an increase in temperature over the past 10 years. Dry spell and drought
have higher rate of occurrence annually than flood. Farmers mostly attribute climate change to
human-related causes such as bush fires and deforestation. While deforestation is largely perceived as being
for the purposes of fuel wood, charcoal, and farm expansion, bush fires are believed to be caused by the
‘negligence’ of hunters and cigarette smokers. Traditional gods and ancestral spirits are also perceived to be
responsible for climate change. Others claim that climate change is caused by multiple factors.

In addition, the empirical findings show that rainfall is very erratic in the month of June, but high in
the month of August. The correlation results show that production of sorghum, millet and cowpea are
negatively affected by the rainfall situation for the period investigated. Furthermore, farmers in Lawra
district have perceived climate risk. However, resource-poor farmers perceive risk highly than
resource-moderate and resource-rich farmers. Farmers in Lawra district generally perceive climate change
risk impacts in terms of agricultural production, biodiversity and forestry, health and socio-economy, and
climatic variables. Resource-poor and resource-moderate farmers are more concerned about climate change
risk impacts on agricultural production and climatic variables, respectively while resource-rich farmers are
concerned about risks impact on health and socio-economy. The significant predictors of farmers’ climate

risk perception are age, education, perceived increase in droughts, dry spell, floods, pests and disease, cost
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of production, worsening harmattan, temperature, perceived decrease in forest area, birds and animal
species, plant and forest species, soil fertility, cropping area, yield and perceived severity of consequences
on human diseases and mortality, and food security and incomes. Additionally, farmers in the district
possess a portfolio of adaptation options to climate change. Improved crop varieties and irrigation are
ranked most important adaptation measures. However, farmers lack the capacity to implement these
adaptation practices. Majority of farmers use adaptation measures to cope with dry spell, drought, improve
soil fertility and crop production, and to cope with floods. The factors influencing farmers’ adaptation to
climate change include education, household size, annual household income, access to information, credit
and membership to farmer-based organization are the most important. Also, unpredictability of weather,
high farm input cost, lack of access to timely weather information and water resources are the main
inhibiting factors to climate change adaptation.

The key challenge for farmers lies in how to evaluate and select the most appropriate adaptation
option. This study therefore develops a set of indicators for evaluating the practices. In addition, a new
model is proposed for the development of relevant decision-making indicators. The proposed model
involves a six-step process. The finalized indicators and components are weighted by key experts. Since the
study results reveal a high rate of occurrence of drought and dry spell, the developed indicators are applied
to evaluate and select the most feasible and effective adaptation practices to drought. The AHP decision
support model is applied. The findings show that the feasibility component has higher weight than the
effectiveness component. Four indicators in the feasibility component (i.e., culture and tradition;
knowledge, skills and past experience; cost; and competence) obtained the highest weight. In effectiveness
component, resiliency, short-term response, medium-to-long term response and unintended consequences
obtained the highest weight. The results of prioritization of alternative adaptation practices to drought show
that irrigation and drought-tolerant varieties are most feasible and effective. Early maturing varieties and
mixed farming are ranked lowest in the priority set up. The findings of this study are expected to contribute
knowledge to formulating relevant climate change policies. It will also contribute to climate change risk
communication in agriculture. The findings are also expected to contribute to design, development and
promotion of appropriate adaptation options. Finally, the proposed model for evaluation of alternative
adaptation practices to climate change is expected to improve farmers’ capacity to adapt to climate change

through effective and efficient decision making.
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CHAPTER 1: INTRODUCTION

1.1 General introduction
Available evidences point to the fact that climate change will sturdily affect the African continent [1, 2, 3,
4]. This will pose a significant threat to sustainable development, especially in the drier regions. Previous
assessment has noted that climate change vulnerability is likely to intensify drought and increase potential
vulnerability to future climate change especially in the semi-arid regions [5], where crop production and
livestock keeping are critically important to food security. In Ghana, the effects of climate change are
evidenced by reduced precipitation, increased variability of rainfall, rising temperatures, floods and
desertification [6, 7]. Climate projections for the Sudan Savannah region of Ghana reveal that temperature
and precipitation trends will even worsen over the next 30 — 50 years [8]. The implication is that
agricultural production and food security will be severely affected in many African countries and regions
[9]. Considering that agriculture remains the largest employer of the Ghanaian workforce, the consequences
of climate change on the agricultural sector cannot therefore, be underestimated. Literature shows that
seasonal variability in food supply and prices as a result of climate change makes it difficult for Ghana,
especially the three northern regions, to meet their food demands throughout the year [10]. In view of the
above, the Government of Ghana through its various ministries and departments is mainstreaming climate
change into its local, regional and national policies and programmes [11] in order to help agrarian
communities better adapt to extreme weather conditions associated with climate variations [12].

Adaptations are adjustments or interventions that take place to manage the losses or take advantage
of the opportunities presented by a changing climate. Adaptive capacity has been defined as the ability of a
system to adjust to climate change (including climate variability and extremes), to moderate potential
damages, to take advantage of opportunities, or to cope with the consequences [13]. Adaptation practices
are therefore pre-emptive in nature. They are designed to mitigate potential adverse effects and take
advantage of the potential benefits of an envisaged change in climatic variables. Adaptation practices in
agriculture are generally location-specific [14] and smallholder farmers in developing countries are
generally most affected climate change [15]. In view of this, discussions of adaptation practices in
agriculture need to be informed by empirical data from farmers at local-level. To ensure farmers’ readiness
for extreme weather events and collaboratively learn about the evolution of weather patterns, efforts to
focus on farmers and their current activities, knowledge, and perceptions are essential [16,17].

It is also crucial to understand farmers’ perceptions about the risks they face. In the context of
climate change, risk equals the probability of climate hazard multiplied by a given system’s vulnerability.
Literature on adaptation and mitigation of natural hazards finds that behavioral responses to hazards depend

in large part on risk perception, or “beliefs about the existence and characteristics of a natural hazard” [18].
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Hence, appropriate risk perception can be seen as a prerequisite for choosing an effective risk-coping
strategy, because a farmer that is not aware of the risks faced is clearly not able to manage them effectively
[19].

Literature has shown that farmers have perceived climate change [20], and that, innovative
practices exist, or have been developed in different parts of the world to help facilitate adaptation to climate
change in the agriculture sector [21]. In Ghana, adaptation practices reported include crop diversification,
change of planting date, hybrid varieties, and soil moisture conservation techniques [20, 22]. In Uganda,
income diversification, digging of drainage channels, and use of drought-tolerant varieties have been
reported [23]. In addition, mixed farming, mixed cropping, tree planting, use of different crop varieties,
changing planting and harvesting dates, increased use of irrigation, increased use of water and soil
conservation techniques, and diversifying from farm to non—farm activities have also been reported in
Nigeria and in South Africa [24, 25].

In view of the foregoing, the main research challenge therefore is to clearly understand the
following: how farmers perceive climate change risk, how they perceive existing adaptation practices, what
factors influence farmers risk perception and adaptation to climate change and how they can effectively
evaluate and choose the most appropriate adaptation practice at each point in time.

1.2 Problem statement
Climate change poses numerous uncertainties on the livelihoods of farming communities that depend on
weather and climate [26, 27]. Previous research has shown that increasing rainfall variability results in
droughts, and this in tend leads to a reduction in soil moisture causing a decline in agricultural productivity
thereby affecting household incomes [28] and food security. In Lawra district where agriculture is basically
dependent on rain-fed, a good understanding of the long-term trends in climatic variables, their association
with agricultural production, and farmers perceptions about climate change are essential in formulating
appropriate climate change policies and programmes to mitigate the impacts of climate change. This
notwithstanding, farmers’ perceptions about climate change, empirical evidence of rainfall duration and the
relationship between rainfall variability and crop production have largely been uninvestigated (Figure 1.1).
Additionally, rural communities confronted with climate change risks need to use adaptation
measures to mitigate the adverse effects. The type of adaptation option to pursue depend not only on the
actual climate shocks, but also on how farmers perceive and cognitively process their experiences and
update their perceptions of climate risk [29]. Thus, a clear understanding about farmers’ perceptions of
climate risk is crucial in developing appropriate adaptation measures. Knowledge about climate change risk,
causes and impacts is relevant in producing appropriate content for climate change risk communication.

Also, since adaptation practices in agriculture are generally location-specific [14], it is important to
2



understand farmers’ perceptions about the risks they face so as to develop tailor-made adaptation options.
However, in Ghana, climate change risk identification and assessment has not been investigated in rural

areas resulting in low awareness and adaptation to climate change.
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Figure 1.1 — Schematic presentation of problem analysis (Source: Author)

Furthermore, in Ghana, research findings have shown that although several climate change
adaptation technologies and practices exist, these practices have not been comprehensively documented;
hence, farmers are not able to fully take advantage of the potential benefits of adaptation [29]. In addition,
findings of studies in Bangladesh and Nepal have shown that existing adaptation practices are different
from farmers’ perceived important practices [30, 31]. This situation has the potential to adversely affect

farm-level adaptation. To ensure farmers’ readiness for extreme climate events and collaboratively learn
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about the evolution of weather patterns, it is relevant to focus on farmers’ current activities and perceptions.
Farmers’ willingness to accept and use prescribed measures could be enhanced if their perceptions and
understanding are considered in designing such measures.

Rural farmers facing climate shocks possess a menu of potential adaptation practices. However,
the adoption process requires a series of decision-making by individuals and groups. The current approach,
which is traditional, is based on farmers’ own experiences and judgment with limited or no information on
scientifically verified indicators about feasibility and effectiveness of adaptation measures. A new and
modern technique is therefore required to assist farmers evaluate and select the most feasible and effective

adaptation practice to any predicted extreme weather event at the pre-season planning stage.

1.3 Objectives of the study
The main aim of the study is to qualitatively and quantitatively identify the long-term trends in climatic
variables and their relationship with crop production, and to propose an evaluation model to facilitate the
selection and implementation of appropriate adaptation practices for improved agricultural production.
The specific objectives are to;

1. Identify farmers’ perceptions about climate change regarding long-term trends, weather extremes, causes
and effects.

1.1. Identify farmers’ perceptions about long-term rainfall and temperature trends.

1.2. Identify the rate of occurrences of extreme weather events and reasons for adaptation.

1.3. Assess farmers’ perceived causes and effects of climate change.
2. Analyze historical annual and seasonal rainfall variability and distribution, and to examine the
relationship between rainfall and crop production.

2.1. Determine the annual and seasonal variability of rainfall in Lawra district.

2.2. Determine the distribution of seasonal and annual rainfall.

2.3. Examine the relationship between rainfall variability and crop production in Lawra district.
3. Analyze farmers’ climate change risk perceptions.

3.1 Assess existing knowledge on various climate-risk phenomena and impacts.

3.2Assess levels of perceived climate risks among different categories of farmers.

3.3 Explore determinants of climate risk perceptions.
4. Analyze farmers’ adaptation practices to climate change in agriculture.

4.1 Identify and compare farmers’ perceived important adaptation practices to actual practices being

used.
4.2. Model the determinants of adaptation practices to climate change in rural agriculture.

4.3. Determine farmers’ perceived barriers to climate change adaptation.



5. Develop an evaluation model for prioritizing and selecting adaptation practices to climate change.
5.1 Develop a set of indicators for assessing the feasibility and effectiveness of adaptation practices to
climate change in agriculture.

5.2 Prioritize drought and dry spell adaptation alternatives in agriculture.

1.4 Research outline

The study comprises four stages as shown in Figure 1.2. The findings in each stage are discussed in terms
of their contribution to improved adaptation to climate change so as to boost agriculture production at local
level.

In the first part of stage 1, farmers’ climate change perceptions are assessed and their perceived
long-term trends of climatic variable and causes of climate change are identified. Also, based on focus
group discussions, a new approach of classifying farmers’ perceived effects of climate change is proposed
(i.e., agriculture production, socio-economy, environment and psychology). The rate of occurrence of
extreme weather events (i.e. dry spell, drought and floods) is determined. To verify farmers’ perceptions
about trends of climatic variables and their effects on agriculture production, an empirical analysis is
conducted and the historical distribution and variability of rainfall is determined in the second part. Using
rainfall variability as an indicator, a correlation analysis is conducted to identify the key crops that are
negatively affected.

To generate knowledge for effective climate change risk communication, stage 2 focuses on
climate risk identification and assessment. Firstly, various climate risk phenomena are identified and
classified based on risk impacts. Based on annual average income, farmers are classified into three wealth
categories (i.e., poor-resource farmers, moderate-resource farmers and rich-resource farmers).
Subsequently, the levels of perceptions about climate change risk of each category of farmers are identified.
Climate-risk perceptions of farmers are also assessed based on impacts on agriculture production,
bio-diversity and forestry, climatic variables, and health and socio-economy. This is done in order to
identify how different farmers perceive climate change risks. Finally, the determinants of climate change
risk perception are identified. Information on demographic characteristics of farmers and risks elements
(i.e., probability, exposure and consequences) is collected and analyzed.



Stage 1 Stage 2

Scientific and perceived
trends in climatic \
variables and crop

Climate change risk
perceptions

Climate change
perceptions and
adaptation in
agriculture

Stage 4
Stage 3
- - Evaluation of adaptation
Adaptation practices to practices
climate change

Figure 1.2 — Scope of the study (Source: Author)

In stage 3, adaptation practices to climate change are identified and documented. Subsequently,
farmers’ reasons for using adaptation options were identified and ranked. Also, a ranking system is
conducted to identify farmers’ perceived most important practices. This is compared to the actual
adaptation practices being implemented currently. The problem confrontation index method is applied to
identify the constraints to use of the most relevant adaptation measures. To provide a clear understanding of
farm-level adaptation, a new method of classification of adaptation practices is proposed based on
responses from farmers. Finally, to propose strategies to facilitate the development and promotion of
appropriate adaptation options, the socio-economic determinants of adaptation is also investigated.
Information on demographic characteristics, household income, agricultural characteristics, access to field
officers, weather predictability, farmer-based organizations, subsidies and credit facilities among other
factors is collected and analyzed.

To improve stakeholders’ decision-making regarding development, production, promotion (w.r.t.
research scientists, agricultural field officers and government) and farmers’ selection of appropriate
measures, stage 4 focuses on development of evaluation model for adaptation practices. In the first step,
stakeholders and their specific roles are identified and goal set. Secondly, the key components and
indicators are developed through extensive literature review, focus group discussions and face-to-face
interviews with key experts. Thirdly the indicators are classified based on feasibility and effectiveness with
respect to farmers, society, nature and institutions. Fourthly, based on the AHP model, a weighting score is
developed for indicators using responses from agricultural experts. Finally, the indicators and adaptation
options are prioritized. Thus, at each pre-season planning stage, various adaptation practices to a predicted
climate event (i.e., drought or flood) are assessed based on the indicators and weights, and the adaptation

option with the highest score is deemed most feasible and effective for selection and implementation.
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CHAPTER 2: MATERIALS AND METHODS: THE STUDY AREA, SURVEY DESIGN, DATA
COLLECTION AND ANALYTICAL METHODS

2.1 Introduction

The first part of this chapter discusses the study area. The socio-economic characteristics and reasons for
selection of the study area are presented. The geographical location, environmental characteristics and soil
characteristics are also outlined. The second part briefly discusses the different types of data collected for
study. The various sources, scope, and methods of data collection are also presented and discussed. In

addition, the analytical methods employed to analyze the data are also presented.

2.2 The case study

The study is conducted in Lawra district of Ghana. The district is located in the Guinea Savannah
Agro-ecological zone (Figure 2.1). It lies in the north western corner of the Upper West Region of Ghana
between longitude 10°30'N and latitude 2°35'W. It has two seasons: the dry season (November—April) and
the rainy season (May—October). The mean annual temperature ranges from 27 to 36 °C while the mean
annual rainfall is between 900 and 1200 mm and concentrated in one season. The vegetation is guinea
savanna grassland characterized by shrubs and medium-sized trees, such as shea-tree, dawadawa, baobab,
and acacia. The soils are mainly laterite soils developed from birimian and granite rocks. These soils are
shallow sandy loam with medium coarse quartz stones. The relatively fertile soils in the district are
concentrated in the top 5 cm and hence, can easily be rendered infertile or washed away.

Eighty percent of the district’s total population of 100,929 is engaged in rain-fed subsistence
agriculture [1]. Other livelihood activities of the people include pito (local beer) brewing, charcoal burning,
petty trading and small-scale livestock rearing. The major crops produced include maize, sorghum, millet,
and groundnut. While the first three crops are mainly staple crops, the last two are produced as cash crops.
Sorghum is the most widely and intensively cultivated crop. Cowpea and maize are cropped on smaller
scales. Crop production activities take place within the rainy season. Production activities start between
May and June (i.e. with land preparation and crop planting activities) and ends between October and
December (i.e. harvesting) depending on the crop type (Figure 2.2).

Recurrent droughts, dry spells, and floods tend to have adverse effects on crop production. In
addition, a limited number of dams and dug-outs in the district makes it difficult for farmers to undertake
irrigation farming. Another key challenge to agriculture in the district are soil degradation which is mostly
caused by intensive livestock grazing, deforestation and extensive bush burning which usually occur within
the period of November to April. The decision to select Lawra district was based on recent incidences of

delayed onset of rains, dry spell, droughts and floods during the crop production season. Based on historical
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data from the Ghana Meteorological Agency, the district is more prone to extreme weather conditions.
Other reasons included data accessibility and recommendations of the Ministry of Food and Agriculture.

According to the [21], Lawra is the poorest district in the upper west region of Ghana.
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Figure 2.1 - Location of Lawra district on the map of Ghana (Source: Google maps, 2015)
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Figure 2.2 - Crop calendar; Guinea Savannah/Northern Ghana (Source: FAO).

2.3 Survey design and data collection

Data used in this study include both secondary and primary data. Historical rainfall and crop production
volumes were used to analyze the distribution and variability of rainfall and its relationship with annual
volume of crop production (Table 2.1). Monthly rainfall figures for the period 1980-2012 are provided by
the Ghana Meteorological Agency. Available agricultural data for the period of 1992 to 2012 (i.e. annual
crop yield), was obtained from the Regional Agricultural Development Unit (RADU). These data are
analyzed to identify long-term trend of precipitation (i.e. distribution and variability). Subsequently, both
crop production and rainfall datasets are analyzed to identify the relationship between precipitation and
annual production volumes of key crops produced in the study area (i.e., maize, sorghum, millet, cowpea
and groundnut).

In terms of primary data, cross-sectional survey data from four farming communities (i.e.,
Brifo-chaa, Methuo, Kalsagri, and Oribili) is used. A total of 100 farming households were selected
randomly. Twenty-five households were randomly chosen from each community and the household’ heads
individually interviewed. Semi-structured questionnaires were used to investigate farmers’ perceived
changes in temperature and rainfall, causes and effects of climate change, and adaptation practices being
used by farmers (Table 2.2). Four focus group discussions (FGDs) were conducted to double check the
survey data. The participants included community leaders, men, women, youth and children. The

discussions in each community focused on perceptions regarding climatic and agro-ecological changes,
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possible effects on agriculture, adaptation practices being used, barriers to adaptation and household

characteristics. The household survey and FGDs were conducted in February and November 2014 with the

assistance of three regional and four district agricultural officers. The selection of communities was based

on the accessibility and knowledge of agricultural officers.

Table 2.1 Summary of secondary data collection

(Source: Author)

Key research issues for

No. ) Data type Scope Source
data collection
1  Historical rainfall Historical rainfall 1980 - 2012 (33 years) Ministry of Food and
distribution and (mm) 1992 - 2012 (22 years  Agriculture,
variability. Crop production 1992 - 2012 (22 years) Ghana Meteorological
2  Relationship between figures (Mt) Agency
rainfall and annual crop Arable land-use data
production volumes. (Ha) Articles, reports and
3. Climate change risk, policy documents
perceptions, adaptation, Literature review

barriers, determinants and
community participatory
planning

Table 2.2 — Summary of primary data: sources and methods of collection

(Source: Author)

No. Key issues for data collection Data source  Number Method of
collection
1 Farmers' perceptions about climate change (i.e., perceived  Farmers, 100 Questionnaires
long-term trends, occurrence of extreme events, causes and  Agricultural 10 FGDs
effects) staff, 2 Face-to-face
2 Climate risks perceptions and concerns among farmers (i.e., Local 1 interviews
risk perceptions, risk concerns and determinants) government
3 Adaptation to climate change in agriculture (i.e., reasons officers,
for adaptation, ranking of adaptation practices, Research
determinants of adaptation and barriers to adaptation) scientists

4 Evaluation and prioritization of adaptation options model

FGDs = Focus group discussions
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2.4 Analytical methods

The analytical methods used in this study are presented in Table 2.3. In the first part of analysis, the

weighted average index method (WALI) is used to rank the effects of climate change on crop performance,

environment, households’ socio-economy and psychological threats. Similarly, the WAI is applied to rank

farmers-perceived rate of occurrence of weather extremes (i.e. dry spell, drought and flood) and preference

of adaptation practices to climate change.

Table 2.3 Empirical approaches and statistical methods applied in data analysis (Source: Author)

S/N  Analytical methods Application

a Empirical approaches

1 Multiple regression model Identify the determinants of climate risk perceptions and concerns

2 Logistic regression model Identify the determinants of adaptation to climate change

3 Precipitation concentration Determine the historical distribution of seasonal and annual rainfall

index

4 Analytical Hierarchical Process Evaluate indicators and prioritized adaptation practices to climate
change in agriculture.

5 Weighted average index Assess the rate of occurrence of climate extremes, ranking of
adaptation practices, climate change effects, climate change risks and
impacts.

6 Problem confrontation index Assess the barriers to use of adaptation practices

7 Climate change risk perception Assess the degree of climate change risks concerns and

index apprehensions by farmers.

b. Statistical methods

8  Means, percentages and Farmers' demographic features, perceived long-term trends in
frequencies climatic variables, farmers' adaptation proportions, causes of climate
change, reasons for adaptation
9  Correlation Determine the relation between rainfall and annual crop production
10 Coefficient of variation Determine the seasonal and annual variability of rainfall
C. New model
11 New approach for developing Develop indicators for prioritizing and selecting adaptation

decision-making indicators

alternatives to climate change.

Means, percentages and frequencies are used to represent farmers’ perceived long-term changes in

temperature and rainfall, causes of climate change and reasons for use of adaptation options. In the second
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part, the precipitation concentration index (PCI), coefficient of variation (CV) and correlation methods are
used. The PCI is used to determine seasonal and annual rainfall distribution, while CV is applied to assess
the historical variability of rainfall. Correlation analysis is conducted to verify the influence of rainfall
variability on crop production using the two datasets (i.e., Crop production (Mt) and rainfall volume (mm)).

The third part applies the multiple regression method to evaluate and identify the factors
influencing farmers’ climate change risk perceptions. A climate change risk perception index (CRPI) is also
developed and applied to assess the level of risk concerns and apprehensions held by farmers. The fourth
part of analysis applies the logistic regression model to evaluate the determinants of adaptation to climate
change in agriculture. Also, the problem confrontation index method is applied to determine the constraints
to use of adaptation practices by farmers. In the final part, a new model is proposed for the development of
indicators to assist in the evaluation and selection of adaptation practices to extreme climate events.
Subsequently, the analytical hierarchical process (AHP) decision support model is applied to evaluate the

indicators and the alternative adaptation practices to drought.

References:
1. Ghana Statistical Service (GSS). Population and Housing Census. 2012.
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CHAPTER 3: FARMERS’ PERCEPTIONS ABOUT CLIMATE CHANGE: LONG-TERM
TRENDS, WEATHER EXTREMES, CAUSES AND EFFECTS

3.1 Introduction

In this chapter, farmers’ perceptions about long-term changes in climatic variables are outlined and
discussed in relation to the global context. Farmers’ perspective on rate of occurrence of climatic effects
(i.e., drought, dry spell and floods) is also investigated and elaborated. Furthermore, the chapter outlines the
causes of climate change based on farmers’ perspective. Finally, unlike the conventional understanding of
climate change effects, this study introduces new elements of climate change effects based on results of
focus group discussions and survey data (i.e., crop performance, environment, households’ socio-economy

and psychological threats)..

3.2 Literature review

Climate change prediction models have indicated that the Sudan and Guinea Savanna zones of Ghana will
continue to experience increasing temperature and decreasing precipitation trends [1]. This confirms
previous findings that between 2030 and 2039 the rainy season might start in June or even later in Northern
Ghana [2]. It is also projected that the standard deviation for the onset of the rainy season will increase [3],
which suggests that not only will it shift but also it will become even more “erratic” [4]. The implications
are that Northern Ghana would witness more extreme weather conditions such as droughts, dry spells, and
floods. This situation will eventually affect agriculture, the environment, and human livelihoods. In
particular, it is anticipated that adverse impacts on the agricultural sector will exacerbate the incidence of
rural poverty [5].

Globally, many studies have been used to understand farmers’ perceptions about climate change
and its associated effects on agriculture. Although perceptions are not necessarily consistent with reality,
they must be considered to address socioeconomic challenges [6]. Perception has been defined as the
process by which organisms interpret and organize sensation to produce a meaningful experience of the
world [7]; and that a person’s perceptions are based on experiences with natural and other environmental
factors that vary in the extent to which such perceptions are enabled [8]. Previous studies have shown that
the way in which people experience climate shocks varies across different social groups, geographic
locations, and seasons of the year, with men, women, and children all experiencing different levels of
hardship and opportunity in the face of climate change [9].

Discussions of agriculture, climate change and adaptation processes need to be informed by
empirical data from farmers. Adaptation practices in agriculture are generally location-specific [10]; hence,

it is crucial to understand farmers’ perceptions about the risks they face. To ensure farmers’ readiness for
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extreme weather events and collaboratively learn about the evolution of weather patterns, efforts to focus
on farmers and their current activities, knowledge, and perceptions are essential [11,12]. Farmers’
willingness to accept and use prescribed measures could be enhanced if their perceptions and understanding
are considered in designing such measures. By contrast, current models used in predictions of climate
change and adaptation practices are at a global scale and need to be downscaled to accommodate realities at
the community level [13]

In the Lawra district of Ghana, agriculture production is the dominant source of food and
household incomes for the vast majority of rural households. Agriculture production is largely rain-fed.
Farmers’ dependence on an annual mono-modal rainfall pattern coupled with farm resource constraints
make agriculture very vulnerable to the impacts of climate change. Results of previous studies have
revealed a negative correlation between seasonal rainfall and volume of staple crops (i.e., sorghum, millet,
and groundnut) produced annually in the Lawra district over the past 20 years [14]. This study explored
farmers’ perceptions regarding long-term changes in climatic variables and the associated effects on
farming. It also identified perceived rate of occurrence of extreme climatic events and causes of climate

change in rural agriculture.

3.3 Materials and methods

3.3.1 Survey design and data collection

This study is based on a cross-sectional survey data from farming households across four communities. A
total of 100 farming households were randomly selected for the interviews. Semi-structured questionnaires
were used to investigate farmers’ perceived changes in temperature and rainfall, causes and effects of
climate change, and rate of occurrence of extreme climatic events. Four focus group discussions (FGDSs)
were conducted to double check the survey data. The household survey and FGDs were conducted between
February and November 2014 with the assistance of three regional and four district agricultural officers.

The selection of communities was based on the accessibility and knowledge of agricultural officers.

3.3.2 Analytical methods

Percentages and frequencies are used to represent farmers’ perceived long-term changes in temperature and
rainfall and causes of climate change. Mean and standard deviation were used to represent farmers’
socio-economic and demographic characteristics (Table 3.1). The weighted average index (WAI) analysis
has previously been applied to assess farmers-perceived important adaptation strategies in Bangladesh and
barriers of adaptation to climatic change in Nepal [15, 16]. In this study, the WAL is used to rank the effects
of climate change on crop performance, environment, households’ socio-economy and psychological

threats. Similarly, the WAL is applied to rank farmers-perceived rate of occurrence of weather extremes (i.e.
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dry spell, drought and flood). Respondents were asked to score the weather extremes based on a 0-2 Likert

scale (i.e ‘high’, ‘moderate’ and ‘low’). The WAI was then estimated using the formula below:

FW +F W +F W
2z 2 1 oo

22 1
WAI = F +F +F (3.1)
2771 0

where: F = frequency; W = weight of each scale; i = weight (2 = high occurrence; 1 = moderate occurrence

and 0 = low occurrence)

In the case of climate change effects, the weight (i) is given as 3=high effects; 2=moderate effects;

1=low effects and 0=no effects.

Table 3.1 - Description of data variables. (Source: Author)
Variables Mean Standard Deviation
Age (15-34 years = 1; 35-54 years = 2; above 55 years=3)  2.26 0.73
Education level (literate = 1; illiterate = 0) 0.21 0.41
Farm size (Hectares) (continuous) 4.95 1.70
Household size (continuous) 8.20 5.12
Family labor (continuous) 4.65 3.04
Annual farm income—Ghana cedi (continuous) 1909.55 949.42
Annual off-farm income—Ghana cedi (continuous) 2459.92 797.20
Farmer’s adaptation (adapted = 1; not adapted = 0) 0.67 0.47

3.4 Findings and discussion

3.4.1 Farmers’ perceptions of long-term temperature and rainfall changes

The majority of farmers (82%) perceived an increase in temperature over the past 10 years (Table 3.2).
About 9% of respondents perceived no change, 6% perceived a decreasing change in temperature, and 3%
did not know if there was a long-term change in temperature. Similar results are obtained from the focus
group discussion. Generally, farmers believe that the increasing temperature trend was associated with the
changes in precipitation. A total of 87% of respondents claimed that the rainfall amount has been
decreasing over the past 10 years, 6% perceived no change in precipitation, and 7% gave other responses.
Results obtained from FGDs proved that this perception was unanimous among farmers. Farmers attributed

the perceived increasing temperature trend to decreasing precipitation.
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Table 3.2 — Farmers' perception on long-term changes in climatic variables in Lawra district of Ghana

(N=100). (Source: Author)
Variables % of Respondents
Temperature
Don't know 3
Decreasing 6
Stable 9
Increasing 82

Precipitation

Don't know 2
Increasing 5
Stable 6
Decreasing 87

To verify farmers’ perceptions regarding the precipitation trend, available historical annual rainfall data
from 1980 to 2012 were obtained from the upper west regional weather station of the Ghana Meteorological
Agency. The results indicate high variability rather than a clear decreasing trend in precipitation (Figure 3.1).
This notwithstanding, the results of farmers’ perceptions are in line with findings of previous studies reported in
Southern Ghana, Nigeria, Senegal and Southern Africa that showed that majority of farmers have perceived
long-term changes in climatic variables [17, 18, 19, 20]. Other studies have also shown that, in the last 100

years, there has been an average global temperature increase of 0.74 °C [21].
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Figure 3.1 - Annual and seasonal rainfall (mm) in the Lawra district of Ghana (The rainfall data was collected

directly from the office of the meteorological agency: Ghana Meteorological Agency, 2014). (Source: Author)
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In addition, the results of discussions with the district agricultural officers confirmed the results of
statistical analysis on the long-term trend in precipitation. Thus, the difference between farmers’
perceptions and statistical results is due to the fact that farmers’ responses are based solely on recall. The
high illiteracy rate among farmers in Lawra district hinders their ability to keep formal records, and so

accurately recalling long-term trends of rainfall could be difficult.

3.4.2 Perceived occurrence of weather extremes

The results of farmers’ perceptions regarding occurrences of weather extremes are presented in Table 3.3.
Farmers generally perceive weather extremes in terms of dry spell, drought and floods. The rate of
occurrence of dry spell is ranked highest by respondents (WAI = 1.88). Drought and flood occurrences are
ranked 2" and 3", respectively (WAI = 0.53 and WAI = 0.30). Same results were obtained during the focus
group discussions. Farmers claimed that unlike floods, dry spells occur every year during the crop
production season. The respondents claimed that the frequency and severity of floods is decreasing due to
decreasing rainfall trend. On the other hand, farmers indicated that the frequency and severity of drought is
beginning to increase in recent times. Similar findings were reported in Wa West district of Ghana where
farmers perceived higher frequency and severity of drought than floods [6]. In Uganda however, farmers

were reported to have perceived higher rate of occurrence of flood than drought [22].

Table 3.3 — Rate of occurrence of weather extremes (N=100) in Lawra district of Ghana. (Source: Author)

Ranking of weather extremes

Variables WAI Rank
High Moderate Low
Dry spell 88 12 0 1.88 1
Drought 10 33 57 0.53 2
Flood 5 20 75 0.30 3

3.4.3. Farmers’ Perceived Causes of Climate change on Agriculture

Most farmers attribute climate change to human-related causes such as bush fires (51%) and deforestation
(14%). While deforestation is largely perceived as being for the purposes of fuel wood, charcoal, and farm
expansion, bush fires are believed to be caused by the ‘negligence’ of hunters and cigarette smokers. About
9.3% of respondents also claimed that traditional gods and ancestral spirits are responsible for the perceived
changes in rainfall and temperature trends. During the FGDs, farmers indicated that the gods and ancestral
spirits were angry because many taboos have been broken by people (e.g., destroying sacred groves or

woods, catching of sacred fish, etc.). Additionally, 23.3% of respondents claimed that climate change is caused

20



by many factors, while 2.4% could not give any cause (Table 3.4). Similar findings have been reported in the
Wa West district of Ghana [6] and in Northern Nigeria [5].

Table 3.4 - Farmers’ perceptions about the causes of climate change in the Lawra district of Ghana (Number of

respondents = 100). (Source: Author)
Cause Variable Percentage of respondents
Deforestation 14.0
Bush fires 51.0
More than one cause 23.3
Gods/ancestral spirits 9.3
Do not know 2.4
Total 100

3.4.4 Farmers-perceived effects of climate change on agriculture

Unlike the conventional understanding of climate change effects, farmers in Lawra district generally
perceive effects of climatic change on agriculture in terms of poor crop performance, environmental
degradation, socio-economic challenges and psychological threats. With a WAI value of 2, poor crop
performance is perceived to be the highest effect of climate change on rural agriculture (Table 3.5).
Socio-economic threats and environmental degradation are ranked 2™ and 3" with WA\ values of 1.45 and
1.39, respectively. The respondents also perceived and ranked psychological threats as effects of climatic
change (WAI = 1.30).

Results of the focus group discussions showed that dry spells and droughts generally cause wilting
and drying up of crop plants. These culminate into poor crop development and low yields. The farmers
claimed that socio-economic effects of climate change include out-migration, indebtedness, food shortage
and low household incomes. The psychological effects of climate change identified by farmers included
stress, depression and suicides. This is likely the case because farmers’ inability to pay back farm resources
borrowed from colleague farmers and relatives in the event of a climate-related crop failure can cause
psychological trauma. Low incomes and food shortages can also lead to depression, sicknesses and deaths
in farm households. The observation in this study that farmers link psychological threats to climate change

is intriguing since it appears no studies as yet have reported similar findings.
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Table 3.5 — Farmer-perceived effects of climate change on agriculture (N=100) in Lawra district of Ghana.
(Source: Author)

Ranking of effects

Effect variable : WAI Rank
High Moderate Low No

Poor crop performance 100 0 0 0 2.00 1
Socio-economic

54 37 9 0 1.45 2
challenges
Environmental degradation 45 49 6 0 1.39 3
Psychological threats 50 30 12 8 1.30 4

3.5 Conclusion and Recommendation

Farmers generally, have perceived a decrease in annual rainfall volumes and an increase in temperature
over the past 10 years. Furthermore, this study revealed that the rate of occurrence of dry spell and drought
is higher than flood. Government should therefore boost the capacity of research scientists and agricultural
staff to develop and promote appropriate and effective technologies (e.g. drought-tolerant and early
maturing crop varieties) to help farmers adapt to these extreme weather events. The study showed that
farmers’ perceptions about the causes of climate change are mostly centered on human factors (i.e.,
deforestation and bushfires) and gods and ancestral curses. However, the perception that climate change is
caused by traditional gods and ancestral curses implies that scientists and development experts should
consider the cultural and traditional beliefs of farmers when designing adaptation practices. As such, a
bottom-up approach must be used to ensure that farmers’ beliefs and understanding are a crucial part of the
design and dissemination of adaptation practices. Also, considering that perceptions are not necessarily
congruent with reality, it is essential to objectively verify the results of farmers’ perceptions by conducting

an empirical analysis of historical rainfall trend and its relationship with annual crop production.
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CHAPTER 4: EMPERICAL ANALYSIS OF RAINFALL VARIABILITY AND CROP
PRODUCTION: DISTRIBUTION, VARIABILITY AND CORRELATION.

4.1 Introduction

In recent years, rainfall anomalies have led to numerous incidences of droughts in the Lawra district of
the Upper West Region of Ghana. These anomalies have the potential to cause undesirable effects on
crop production and food security. This chapter therefore discusses the results of an empirical analysis of
the historical distribution and variability of rainfall in the Lawra district. The precipitation concentration
index (PCI) and coefficient of variation methods are used in the analysis. Subsequently, the results of
correlation analysis of the influences of rainfall variability on crop production are also presented and

discussed.

4.2 Literature review

Rainfall uncertainty remains a critical challenge confronting smallholder farmers in Sub-Sahara Africa. In
the Upper West Region of Ghana, where crop production is solely dependent on highly unpredictable and
sporadic seasonal rainfall [1], the volume, timeliness, distribution and duration of rainfall in each season are
major concerns to farmers. The practice of irrigation is still minimal due to inadequate or absence of
irrigation facilities in many locations in the area. This notwithstanding, the agricultural sector remains the
single largest employer in the region. Majority of people in the area depend on crop and livestock
production for their food needs and household incomes. Agriculture production in the region is
characterized by low use of modern agricultural inputs and low productivity.

Earlier studies have observed that in Sub-Sahara Africa, rainfall is the most important climatic
factor influencing the growth characteristics of crops [2, 3, 4]. Rainfall provides the water that serves as a
medium through which nutrients are transported for crop development. In view of this significant role,
clearly, inadequate water supply has adverse effects on efficient crop growth, resulting in low productivity.
Previous findings have shown that food shortages and famines in sub-Saharan Africa are mostly result of
rainfall uncertainties and associated drought [5, 6]. This is corroborated by subsequent studies that revealed
that a 10% decrease in seasonal rainfall from the long-term average generally translates into a 4.4%
decrease in food production [7].

Considering that the farmers in the Upper West Region rely solely on rain-fed agriculture, crop
production is vulnerable to rainfall variability. Extreme variations to agro-climatic conditions, such as
droughts and floods could directly affect the livelihood of the people in the region. However, the
relationship between rainfall variability and crop production appears not to have been adequately

investigated in the region. Although data on crop vyield, production and rainfall are collected and
25



documented on regular basis, statistical analysis has not been conducted to ascertain the influences of
rainfall on crop production. Also, till now, it appears that conscious efforts have not been made to identify
and document adaptation techniques required in addressing the effects of rainfall uncertainties; droughts
and floods. In view of the critical importance of rainfall, a comprehensive understanding of its trends,

patterns, duration and volumes is crucial for efficient crop production planning and management.

4.3 Materials and methods

The study uses thirty-three years of rainfall data (1980 -2012) obtained from the Babile weather station of
the Ghana Meteorological Agency in Lawra district. Available agricultural data on annual crop production
volumes and yield (i.e. maize, sorghum, millet, cowpea and groundnut) is obtained from the Regional
Agricultural Development Unit (RADU). Only twenty-two years of data (1992-2012) was available (Table
4.1). These two datasets are compared to determine the relationship between rainfall variability and annual

crop production.

Table 4.1 - Crop production (Mt) and cropped area (Ha) of main crops; (1992 —2012) (Source: Author)

Indicator Maize Sorghum Millet Groundnut Cowpea
Area

Mean 2,933 21,658 8,766 5,942 2,922
Min. 856 4,645 2,495 187 0
Max. 5,380 54,300 12,800 15,790 61,359
CV (%) 36 88 32 96 74
Production

Mean 2,421 21,065 7,281 8,337 2,034
Min. 282 4,180 1,747 155 0

Max. 6,411 59,730 17,920 24,288 6,797
CV (%) 58 87 53 97 94
Yield

Mean 0.83 0.97 0.83 1.40 0.70
Min. 0.33 0.90 0.70 0.83 0

Max. 1.19 1.10 1.40 1.54 0.11
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CV (%) 161 99 164 101 126

Per standard procedure, the mean and standard deviation of monthly, seasonal and annual rainfall
are calculated. The precipitation concentration index (PCI) and the coefficient of variation (CV) are
employed as statistical measures of rainfall variability. Precipitation Concentration Index was proposed by
Oliver [8] as an indicator of rainfall concentration and rainfall erosivity. Subsequently, other researchers [9]
evaluated the PCI and calculated its values on seasonal and annual scales through the following formulae;

PClannua= 100*[SPi%/ (Y Pi)?] (4.1)
PCIsupra seasonal— 50*[2Pi2/ (2P1) 2] (4.2)

Pi = rainfall amount of the i" month and

> = summation over the number of months being assessed.

While PClanua denotes twelve months, PClsypra seasonal denotes six months of rainfall. In this study, supra

seasonal is defined as seasonal (May-October). The interpretation of PCI values is given in Table 4.2

Table 4.2 - Interpretation of the precipitation concentration index (PCI) values. (Source: Oliver,1980)

PCI Value Interpretation

> 10 Uniform precipitation distribution

11to 16 Moderate precipitation distribution

16to 20 Irregular distribution

>20 Strong irregularity of precipitation distribution

To verify the influence of rainfall variability on crop production, correlation analysis was
conducted. Previous studies have also applied rainfall variability as a predictor to determine similar
relations [10, 11, 12]. Rainfall (X) is used as an independent variable and crop production (Y) as a
dependent variable. Previous studies have shown that in investigating the influences of rainfall variability, it
is more significant to consider crop production than yield. That is because a focus on yield tends to gloss
over impact of extreme climatic conditions involving severe droughts that could result in abandonment of
planted areas prior to harvest [2]. That is to say, total crop production combines the impact of climate on

harvested area, yield and production and hence has greater economic significance than yield.
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4.4 Findings and discussion

5.4.1 Seasonal and annual rainfall patterns

The results show a total rainfall volume of 33,799mm recorded on 2,420 rain days within the 33 years
studied. Annual rainfall ranges from 463mm to 1,643mm. Seasonal rainfall accounts for approximately
90% of total annual rainfall (see Table 4.3). Total annual rainfall volumes exceed 1,200mm in 1980 and
2000 and fall below 1,000mm in 1990 and 2010.
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——Seasonal Rainfall - Median (931.80)

Figure 4.1 - Seasonal rainfall compared with the median (1992 - 2012). (Source: Author)

The seasonal rainfall ranges from 436mm to 1,583mm per year. A separate view of the average
monthly rainfall totals over the 33 year period reveals that rainfall is generally highest in the month of
August (see Table 4.3). Most of the seasonal rainfall occurs between July and September. This situation has
the potential of causing water logging of fields. The rainfall distribution in the month of June is very erratic
and could pose dangers of dry spells. Using seasonal precipitation median of 931.80mm, the results reveal a
highly erratic rainfall pattern from year to year. In no particular order, ten years of below median, one year

(1999) of within median and another ten years of above median precipitation is observed (see Figure 4.1).

Table 4.3 - Statistics of annual and seasonal rainfall (mm), coefficient of variation (CV) and precipitation

concentration index (PCI); (1980 — 2012) (Source: Author)
Time/Indicator Annual Seasonal
Mean 1,080 914
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Standard Deviation 187 175

Minimum 463 436
Maximum 1,644 1,583
CVv 0.18 0.19
PCI (%) 19 11

It can be observed from Table 4.3 that rainfall variability in June is high (CV=53%). The
production season starts with land preparation and crop planting activities in May and June. It can therefore
be inferred that the erratic rainfall pattern in June could affect crop development at the early stages if
farmers attempt to delay crop planting. Thus, it is important that farmers adjust their land preparation and
crop planting dates to avoid periods of dry spell and drought in the production season. Previous findings
suggest that when physically based seasonal forecasts are not available, crop management strategies and
planning should be based on statistical assessment of historical rainfall records [13].

4.4.2 Annual and seasonal rainfall distribution and variability

The calculated coefficients of variation for annual and seasonal rainfall are 0.18 and 0.19, respectively (see
Table 4.3).These results suggest that rainfall variability across the years and seasons is generally moderate.
Nonetheless, the computed PCI annual value of 19% indicates that, on yearly basis, rainfall
concentration/distribution across months is irregular. The results also suggest that monthly rainfall
concentration in years of low annual rainfall volume is generally erratic. On the other hand, the PCI
seasonal value of 11 suggests moderate monthly rainfall concentration. It must be stated that the period of
production of the crops investigated generally coincides with the yearly rainfall season of May to October.
Thus, seasonal rainfall distribution is more important than annual rainfall in respect of crop production in

Lawra district.

Table 4.4 - Statistics of seasonal rainfall; 1980-2012 (Source: Author)

Indicator/Month May June July August September October

Rainfall volume (mm)

Mean 111.10 117.95 181.25 245.10 190.97 73.79
Minimum 34.80 0.00 10.20 72.70 78.20 0.00
Maximum 204.20 257.50 380.50 369.90 396.00 763.80
Cv 0.40 0.49 0.37 0.27 0.33 1.76

Rainfall (no. of days)
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Mean 8.36 9.63 12.52 15.12 14.36 5.36

Minimum 3 5 7 10 9 0
Maximum 18 14 18 23 22 17
CcVv 0.35 0.26 0.21 0.19 0.21 0.68

It can be observed from the results in Table 4.4 that rainfall volume and rain days tend to decrease in
June which may result in dry spells. July and August are observed to have higher volumes of rainfall and
this has high possibility of causing water logging of farm lands. According to previous findings on rainfall,
variability and its relationship with crop production should provide the basis on which agricultural policy
makers can plan for irrigation facilities to respond to the incidence of recurring droughts [12]. The findings
of this study point to the need for farmers to adopt water harvesting technologies in order to deal with

incidences of dry spells during the production season.

4.4.3 Relationship between rainfall and annual crop production

The results of correlation analysis show that Maize, sorghum, millet, cowpea and groundnut are negatively
related with annual rainfall. However, with seasonal rainfall, sorghum, millet and groundnut show negative
relationships. Only maize and cowpea show positive relationships with seasonal rainfall (see Table 4.5).
Duration of seasonal rainfall is generally same for all crops and covers the period from land preparation in
May-June to the crop harvesting in October-December. While the correlation coefficients for sorghum and
groundnut are statistically significant, those for maize, millet and cowpea are not. These results reveal the
importance of other factors (e.g. labor, fertilizer, insecticides) influencing annual crop production volumes
of maize, millet and cowpea. Results of the coefficients of variation of cropped area in Table 1 appear to be
closely related to total annual rainfall volumes. For instance, in 1992, cropped area of maize, groundnut and
cowpea reached a lowest level at 856 ha, 187 ha and 63 ha, respectively. Similarly, the 970mm total annual
rainfall volume observed that same year is the lowest recorded within the 33 years investigated.
Consequently, the crop production volumes for same year (i.e. 1992) are lowest. The results also reveal that
the large area of cropped land and high production volumes of crops recorded in 1995, 2000 and 2005 are

directly related to the annual rainfall volumes recorded in those same years.
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Table 4.5 - Correlation between crop production and annual and seasonal rainfall; 1992-2012

(Source: Author)

Crop/Season Annual Seasonal
Maize -0.056 0.097
Sorghum -0.046 -0.149*
Millet -0.304 -0.130
Cowpea -0.100 0.021
Groundnut -0.138 -0.156*

*Significant at 0.1 level

More specifically, the correlation between May and June rainfall is found to be strongly negative
(Correlation coefficient = -0.5). This implies that the rainfall pattern of these months tend to move in
opposite direction. Similar observation could be made from Figure 4.2. Also, as shown in Table 4.6, while
annual volume of production of all the crops investigated is positively correlated with May rainfall, the
relationship with June rainfall was negative. Despite the high rainfall volumes in August, all the crops
except sorghum and cowpea show positive correlation. While the relationship is negative for sorghum,
cowpea shows no correlation at all. Sorghum, millet and groundnut are mostly long-cycle crops planted at
the beginning of the rainy season in May. Compared to other crops, sorghum [2] and groundnuts are noted
to be tolerant to end of season dry spells in September. They are rather more sensitive to early dry spells in
June.
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Figure 4.2 May, June and August rainfall pattern and crop production (1992-2006) (Source:
Author)
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Table 4.6 - Correlation between May, June and August rainfall (mm) and crop production (Mt); 192-2012

Crop/ Month Correlation coefficients

May June August
Maize 0.47 -0.47 0.03
Sorghum 0.22 -0.09 -0.02
Millet 0.24 -0.48 0.10
Groundnut 0.15 -0.20 0.05
Cowpea 0.05 -0.17 0.00

Although the estimated correlation coefficients were not statistically significant, studies have
indicated that, notwithstanding statistical significance, any form of correlation between rainfall and crop
production is indicative of the fact that farmers are vulnerable [2]. Farmers therefore have to adopt the best
possible mechanisms to mitigate the effects of rainfall variability. However, results of previous
investigations show that some uncertainties will still arise if farmers decide to change crop production

strategies in response to rainfall variability by adopting techniques such as using short duration crops [14].

4.5 Conclusion and Recommendation

The study observed a moderate inter-annual and seasonal rainfall variability over the thirty-three year
period investigated. Inter-annual rainfall distribution is irregular while the seasonal rainfall is moderately
distributed. Annual rainfall totals exceeded 1,200 mm and fell below 1,000 mm within every ten year
period. The mean seasonal and annual rainfall was 914 mm and 1,018 mm, respectively. Seasonal rainfall
variability has a direct influence on production volume of the main crops cultivated in the area. There is a
negative correlation between crop production and seasonal rainfall for sorghum, millet and groundnut. The
correlation for maize and cowpea was observed to be positive. The inter-annual variability of production
volume of the crops investigated is high, largely as a result of the irregular/erratic inter-annual rainfall
distribution. Sorghum and millet exhibited the highest variability because their cultivation period is of
longer duration (June to December). Within this period, rainfall variability is high.

The findings of this study show that under any given agricultural production year, two types of
rainfall situations may occur in Lawra district; (1) less than median rainfall, (2) more than median rainfall.
As shown in Table 3, lower rainfall volumes may occur in June (CV=53%) as a result of lower number of
rain days. On the other hand, higher rainfall volumes may also occur in August due to high volumes of
rainfall. As such, the study recommends effective collaboration of stakeholders to identify, develop and
implement appropriate adaptation practices to minimize the effects of rainfall variability on crop production.
Figure 4.3 show the different effects of rainfall variability, adaptation practices and stakeholders in
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agricultural production and climate change adaptation. Adaptation practices identified in previous studies
include crop diversification, change in crop, change in planting date and planting short duration

crops, improved soil tillage practices, soil fertility improvement and mixed cropping [15, 16].
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Figure 4.3 Representation of rainfall anomalies, adaptation measures and stakeholder respon3|b|I|ty

More specifically, drought or dry spell periods require farmers to implement measures such as
altering cropping system (e.g. mix cropping), planting dates, crop varieties (drought-resistant species) or
change crop type. Based on farmers’ level of awareness and access to irrigation and water harvesting
facilities, they could water crops during periods of less rain. As a long term measure, government, policy
makers and NGOs should develop irrigation facilities and water harvesting technologies. While research
institutions and universities should develop drought-resistant and early maturing crop varieties, agriculture
staff on the other hand should educate farmers on improved and modern technologies and practices. In the
case of floods, medium-to-long term measures are required. Government and policy makers should design
and implement effective drainage systems. Farmers on the other hand should shift their crop production
activities to less flood-prone arable lands.

The findings clearly indicate the need for effective adaptation to climate change. However, since
adaptation practices in agriculture are generally location-specific, it is important to adequately understand

the risk faced by farmers so as to develop tailor-made adaptation options to mitigate the risks. Knowledge
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about climate change risk and impacts is also relevant in producing appropriate content for climate change

risk communication. In view of the above, a further investigation on farmers’ climate change risk

perceptions is crucial.
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CHAPTER 5: ASSESSMENT OF CLIMATE CHANGE RISKS IN AGRICULTURE: RISK
PERCEPTIONS AND DETERMINANTS

5.1 Introduction

In this chapter, farmers’ perceptions about climate risk phenomena and impacts are outlined and
discussed. Also, based on annual average income, farmers are classified into three wealth categories (i.e.,
resource-poor, resource-moderate and resource-rich farmers). Subsequently, the levels of perceptions
about climate change risk of each category of farmers are identified and discussed. This is done in order
to determine how different farmers perceive climate change risks. Finally, the determinants of climate
risk perception are evaluated and discussed based on demographic characteristics, climatic variables,
biodiversity and forestry factors, agricultural production related variables, health and socio-economic and

psychological factors.

5.2 Literature review

5.2.1 Risk analysis in climate change adaptation

The agriculture sector is highly sensitive to climate change. In Africa for instance, studies have shown
that climate change embodies a significant threat to current production systems, infrastructures, and
markets, and therefore farmers’ livelihoods [1]. Furthermore, in semi-arid Africa where many people
subsist on rain-fed agriculture with limited access to safety nets, climate change can exacerbate food
shortage and low income conditions of the already visibly poor in society. In Ghana, studies have shown
that climate change effects (e.g. rainfall variability) have led to decrease in volume of annual production
of staple crops [2]. The recognition that climate change related threats to agriculture also represent threats
to quality of life on a global scale has led to an increasing amount of attention to adaptation and
mitigation strategies for agriculture [3, 4]

Adaptations are adjustments or interventions, which take place in order to manage the losses or
take advantage of the opportunities presented by changing climate. Adaptation practices are pre-emptive
in nature and are meant to lessen adverse effects and take advantage of potential benefits of an envisaged
change in climatic variables. Several studies have reported various adaptation practices in agriculture [5,
6]. Notwithstanding the significant efforts that have been made in the development and dissemination of
climate change adaptation options, these measures have not been utilized adequately and not integrated
effectively into the agricultural development. Studies in Ghana have shown that though majority of
farmers are aware of climate change, a significant number of them still do not use adaptation practices [5,

7]. This is largely due to the fact that the proposed adaptation processes have failed to adequately
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addressed farmers’ awareness, perceptions and concerns of climate-risks.

Previous studies on agricultural conservation practice adoption have reported positive correlation
between awareness of environmental problems, attitudes toward potential solutions, and willingness to
adopt those solutions [8]. Furthermore, it is when situations come to be perceived as problems that
attitudes regarding potential ameliorative actions are more predictive of behavior change [9]. Farmer
concerns about the impacts of climate change are key to successful adaptation and mitigation [3].
Farmers’ willingness to implement adaptation and mitigation policies supported by public authorities and
governments also depend upon their beliefs regarding climate change and their perceptions of climate
change related risks [10].

Literature has shown that appropriate risk perception can be seen as a prerequisite for choosing
an effective risk-coping strategy, because a farmer that is not aware of the risks faced is clearly unable to
manage them effectively [11]. Knowledge on the factors that influence farmers’ perceptions of climate
change related risks is critical in developing and promoting appropriate adaptation practices in agriculture
thereby boosting the tempo of adaptation among farmers. This notwithstanding, climate risks perception
in agriculture has not been adequately investigated in Ghana. This study therefore identified various
climate-risk phenomena and explored the degree of risks perceptions among different categories of
farmers in Lawra district of Ghana. The factors that influence farmers’ risk perception are investigated.
This study is essential for creating policy instruments to boost farmers’ climate risk concern, and for the

development of training programmes tailored to meet the adaptation needs of farmers.

5.2.2 The concept of risk and climate risk assessment

Risk has been defined as the result of physically distinct hazards interacting with exposed systems —
taking into consideration the properties of the systems, such as their sensitivity or social vulnerability.
Risk also has been described as the combination of an event, its likelihood and its consequences [12].
The perceptive approach considers risk as a set of all destructive consequences that are believed to be
possible by a person who has evidence about the frequency, severity, and variability of the effects [13].
An effective climate change risk analysis in agriculture is fundamental to developing viable adaptation
options to manage future anticipated risks. Literature has shown that the two important steps in climate
change risk analysis include identification and assessment of current climate variability and future climate
change risks and associated societal vulnerabilities [12]. These two steps form the basis for successful
implementation of adaptation practices. Researchers are getting increasingly interested in risk perception
largely due to the fact that findings of scientific risk assessment are sometimes at variance with the

inherent way people perceive risk [14]. Previous findings have revealed that if farmers do not believe in
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the occurrence of climate change and/or do not perceive it to be a threat to their livelihoods, they will not

likely act to adapt to or mitigate climate change [3]

5.2.3 Climate change risk perceptions and concerns among farmers

A growing body of literature exists on farmers’ beliefs about the existence of climate change, their
concerns, the relationship between climate change beliefs and risk perceptions, and their relationship with
farmers' willingness to adapt or to support adaptation policies. Literature on adaptation to natural hazards
finds that behavioral responses to hazards depend in large part on risk perception, or “beliefs about the
existence and characteristics of a natural hazard” [15]. As such, behavior change is influenced by
perceptions of the risks associated with a given natural hazard, which are mediated by beliefs about (1)
the existence of the hazard and (2) its characteristics [16]. Studies have revealed that farmer concerns
about the impacts of climate change are essential to successful adaptation and mitigation [3]. As such,
appropriate risk perception can be seen as a prerequisite for choosing an effective risk-coping strategy,
because a farmer that is not aware of the risks faced is clearly unable to manage them effectively [17].
Findings of studies conducted in the United States reveal that while perceptions of climate risk are central
to farmer attitudes toward adaptation, concern about the potential negative impacts of climate change is
an important predictor of both support for additional protective action and investment in agricultural
drainage to adapt to increases in precipitation [10]. In this study, farmers are categorized into different

wealth groups and their perceptions are identified and assessed.

5.2.4 Factors influencing farmers’ risk perceptions

The proper perception of risk factors is the first step towards creating an effective risk management
system. Literature shows that knowledge on farmers’ perception of risk is essential for creating policy
instruments to support agricultural risk management, and for the development of training programmes
tailored to the needs of farmers [17]. Previous research studies focusing on factors determining
differences in the level of risk perception have shown that farmers’ perceptions are largely determined by
socio-economic features of the farmers and the characteristics of their farms [18]. Previous findings have
also suggested that since farmers from various countries live within different climatic and institutional
conditions, differences in risk perception can be a result of either different probabilities of certain risk
factors, or different farmers’ mentality and awareness, or a mixture of both. [17]. Other climate risk
perception predictors identified in previous studies include drought [19], yield risk and price risk for
agricultural products [20, 21, 22, 23] and weather and natural disasters [23].

It must be noted that, in the conversional approach to assessing factors influencing climate risk
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perception in agriculture, most investigations have used mainly demographic factors (e.g., age, education,
gender, household size, farming experience and income) and climatic variables (i.e., precipitation and
temperature). It appears no study as yet, has applied variables pertaining to probability of perceived risk
impacts on agricultural production, biodiversity and forestry, psychological, and health and
socio-economy. This study therefore conducts a combined regression of the aforementioned risk impacts

variables together with the psychological and demographic factors.

5.3 Materials and methods
5.3.1 Survey design and data collection
A representative sample size of 100 farmers was randomly selected. Data is collected through the use of
semi-structured questionnaires and focus group discussion. For the majority of illiterate farmers,
questions are translated into their local language and the responses recorded. The questions are focused on
factors and variables related to agricultural activities, climate change and climate-risk perceptions and
demographic features. Based on literature, two main approaches have been used to assess determinants of
farmers’ climate risks perceptions. The first approach is qualitative, where a Likert scale type questions or
risk assessment scales are used to elicit responses from respondents [10]. The second approach uses
quantitative scales where respondents are asked to indicate how climate change will affect the mean and
variability of their yields [24]. This study applies the former approach because it is most ideal method to
elicit respondents concerns and views on an issue based on a range of options. In the first stage of data
collection, farmers are asked to respond one broad question: (1) have you perceived any form of risks on
your agricultural activities due to climate change? (2) In the second stage, respondents are asked to score
their level of climate risk perception based on a 1-4 Likert scale (i.e., ‘highly perceived’, ‘moderately
perceived’ and ‘less perceived’ and ‘not sure’) (Table 5.1). Subsequently, the degree of risk perception
among different categories of farmers (i.e., resource-poor farmers, resource-moderate farmers and
resource-rich farmers) was estimated by developing a climate risk perception index (CRPI). Respondents
are asked to score their level of climate risk perception based on a 1-4 Likert scale (i.e., ‘highly perceived’,
‘moderately perceived’ and ‘less perceived’ and ‘not sure’). Climate risk perception index (CRPI) is
estimated as follows:

CPRI=ZRy x4 +Ry x3+Ryx2+Ryx 1 (5.1)

Rp = frequency of respondents who graded highly perceived risk; Ry, = frequency of respondents who
graded moderately perceived risk; R, = frequency of respondents who graded less perceived risk;

Ry = frequency of respondents who graded not sure.
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Table 5.1 — Description of variables and measurements used in data collection

(Source: Author)

Variables

Measurement

Demographic Age
Gender
Education
Marital status

Average annual farm income

Climate change Risk perception

risk perception Degree of risk perception

Climatic Perceived probability of droughts, floods and dry spell
variables Perceived probability of increased temperature

Perceived probability of worsening harmattan conditions

Health and Perceived severity of consequences on human diseases and

socio-economic mortality

Perceived severity of consequences on migration

Perceived severity consequences on food security and incomes

Biodiversity Perceived probability of reduction in plant and forest species

and forestry Perceived probability of reduction in birds and animal species
Perceived probability of decrease in forest area

Agricultural Perceived probability of decreased crop yield

production Perceived probability of decreased in cropping area
Perceived probability of increase in pests and diseases
Perceived probability of increase in cost of production
Perceived probability of decrease in soil fertility

Psychological ~ Perceived ability to control risk

1=15-34; 2=35-54; 3=above 54
1=Female; 0=Male
1=Educated; O=Illiterate
1=Married; 0=Single
1=<1,300;

2=1,300 - 30,000 Gh Cedi
3=More than 30,000

1=yes; 0=no
4=highly perceived;
3=moderately perceived;

2=less perceived; 1= not

sure

4=high; 3=moderate; 2=Low;

1=not at all

The criterion for categorization of farmers into different wealth groups is developed based on

discussions with farmers and agricultural officers. Findings of the discussions showed that farmers with
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annual average household income of less than one thousand three hundred Ghana cedi (i.e., GHC 1,300 =
US Dollar 342) are generally considered as resource-poor farmers. Also, farmers whose annual average
household income range between one thousand three and thirty thousand Ghana cedi (i.e., GHC 1,300 —
30,000) are classified as resource-moderate farmers. The resource-rich farmers are claimed to have annual
average household income of more than thirty thousand Ghana cedi. In addition to the conversional
approach to climate change risk perception analysis, this study asked farmers to score their level of risk
perception with respect to four categories of climate change risk impacts. These are, agricultural
production, biodiversity and forestry, health, socio-economy and climatic variables (Table 5.1). These

factors are obtained from farmers, agricultural staff and literature [25].

5.3.2 Empirical approach of determinants of climate risk perception

The multiple regression analysis is used to evaluate the factors that influence farmers’ climate change risk
perceptions. Climate change risk perception is the dependent dummy variable in this study. To determine
the dummy, a value of ‘1’ was assigned to a farmer who has perceived any form of climate related risks
and ‘0’ if he has not perceived any risks. Farmers’ climate change risk perceptions are influenced by a
number of factors. Most quantitative analyses use the mono-disciplinary approach and therefore any
mechanisms that affect agricultural productivity other than direct climate change effects are disregarded.
However, this study uses a different approach that includes indirect effects. In this study, the independent
variables for climate change risk perception are classified into five categories: demographic factors (age,
gender, education and farming experience), perceived impacts on agriculture production (e.g. crop yield,
cropping area, cost of production, etc.), perceived impacts on biodiversity and forestry (e.g., plant and
tree species, bird and animal species, forest area, etc.), perceived impacts on health and socio-economy
(household incomes, food security, migration, mortality and human disease), perceived impacts on
climate variables (i.e. drought, flood, dry spell, harmattan winds) and perceived psychological impacts
(e.g., ability to control risk). Respondents are asked to score their responses with respect to each of the
variables using a four-point scale (i.e., ‘high’, ‘moderate’, ‘low’ and ‘not at all’). Prior to running the
multiple regression model, the mean scores and correlations of the independent variables were calculated
to assess their relation with the dependent variable (e.g., risk perception) and with each other (Tables 5.2
& 5.3)

Definition of climate change risk perception: This study defines climate change risk perception as the
concerns or anxieties demonstrated by farmers about past, current and future occurrence of negative
impacts on climatic variables, agricultural production, biodiversity and forestry and health and
socio-economy due to climate change.
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Table 5.2 — Correlations of climate change risk perception variables in Lawra district of Ghana

(Source: Author)

. Climatic impact Health and socio-economy Elodlversny and forestry Agricultural production impact P§ycholo

Variables impact gical
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Perceived probability of droughts,
1.00

floods and dry spell
Perceived probability of increased 0.178 1.00
temperature
Perceived probgpllltyofworsenlng 4737 0074 1.00
harmattan conditions
Percelvedsgverltyofconsequt_ences 0.065 0.049 0138 1.00
on human diseases and mortality
Percglved_severltyofconsequences 57 50 0.037 3165 1.00
on migration
Percelvedsev.erltyco_nsequences 576% 0135 0.049 220*  659%*  1.00
on food security and incomes
Perceived probability of reduction 76 pgpux  (0ag  a72%* 39 0142 100
in plant and forest species
Perceived probability of reduction 79 5304 055 g7ox  3eaxr 200 g38** 100
in birds and animal species
Perceived probability Of decrease  17q  sgpwx  azzxx  3eErx  42p%*  261%* 573V 398%% 1.0
in forest area
Perceived probability of decreased  joo, 155 gs1ex 0132 413 322%% 0104 260%  426% 100
crop yield
Perceived probability of decreased 15y (514 gemex  3o7e* 019 0017 0122 0114  414%  219%  1.00
in cropping area
Percei ility of i .

erceived probability ofincrease in ) o 501x 142 B37TA* 0106 0137 229%  273%%  240%  355%%  556%  1.00
pests and diseases
Perceived probability of increase in

. 376** 0.074 .344**  0.108 .392** .338** 0.079 0.117 270%*  266**  .228* 0.129 1.00

cost of production
Perceived probability of decrease ) 196 0076 52o%* 197 206% 2734 0152  314%* 01 431%* 7200 0041 1.00
in soil fertility
Perceived ability to control risk 0.097 .250* 0.138 A484**  383**  0.034 .358** 498**  365**  .349**  695**  501** 0.05 .393** 1.00
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Table 5.3 — Descriptive statistics of predictors and mean score of climate change risk perception.
(Source: Author)

_ Correlation
Elements Variables Mean SD )
with CRP
Climate risk perception (CRP) 0.93 0.26 1
Factors related to Perceived probability of droughts, floods and
o _ 2.87 0.34 0.106
climatic variables  dry spell
Perceived  probability  of  increased
2.74 0.44 0.163
temperature
Perceived probability of worsening harmattan
N 2.60 0.49 0.336
conditions.
Health and Perceived severity of consequences on
] _ ] _ 2.15 0.89 0.263
socio-economic human diseases and mortality.
factors Perceived severity of consequences on
o 2.13 0.75 -0.074
migration.
Perceived severity consequences on food
_ _ 2.46 0.67 0.221
security and incomes.
Biodiversity and Perceived probability of reduction in plant
) 2.25 0.61 0.273
forestry factors and forest species.
Perceived probability of reduction in birds
) ) 2.15 0.86 0.269
and animal species.
Perceived probability of decrease in forest
2.29 0.67 0.119
area.
Factors related to Perceived probability of decreased crop yield 2.58 0.71 0.162
agricultural Perceived probability of decreased in
) ) 1.68 1.14 0.408
production cropping area
Perceived probability of increase in pests and
_ 2.12 1.04 0.234
diseases
Perceived probability of increase in cost of
) 2.22 0.71 0.086
production
Perceived probability of decrease in soil
- 2.35 0.81 0.222
fertility
Psychological Perceived ability to control risk
1.64 1.13 0.156

factors
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5.4 Findings and discussion

5.4.1. General demographic characteristics of respondents

The results of respondents’ demographic features are presented in Table 5.4. Majority of farmers
interviewed are above thirty-five years (i.e., resource-poor=76.4%; resource-moderate=90.9% and
resource-rich=81.8%). Similarly, most of the respondents have more than eleven years of farming
experience (i.e., resource-poor =76.5%; resource-moderate =78.6% and resource-rich =81.8%.). In all the
wealth categories of farmers, male respondents are dominant (i.e., 82.4%, 75.8% and 87.9%, respectively).
The findings also showed that illiteracy rate is very high among farmers in Lawra district irrespective of
wealth status (ie., 85.3%, 63.6% and 87.9%, respectively).

Table 5.4 — Demographic features of respondents in Lawra district (N=100) (Source: Author)
Resource-poor d Resource-rich
farmers Risource-r(nNo g;?te farmers Test
Features armers (N=
(N=34) (N=33) statistic
n % n % n %
Age 15-34 8 235 3 9.1 6 18.2
distribution ~ 35-54 13 38.2 17 51.5 10 30.3 X?=4.826
55 and above 13 38.2 13 394 17 51.5
Marital status Married 31 91.2 33 100.0 27 81.8 )
_ X°=6.662
Single 3 8.8 0 0.0 6 18.2
Gender Male 28 82.4 25 75.8 29 87.9 )
. X°=1.647
distribution Female 6 17.6 8 24.2 4 12.1
Education Iliterate 29 85.3 21 63.6 29 87.9 )
_ X°=7.075
level Literate 5 14.7 12 36.4 4 12.1
Farming Less than 10 years 8 23.5 3 9.1 7 21.2
experience 11-25 years 11 324 16 48.5 8 24.2 X?=5.702
More than 25 years 15 441 14 42.4 18 54.5
Annual Ghana Cedi (GHC) <1,300 1,300 to 30,000 >30,000
average
) US Dollar (USD) <342 342 10 4,300 >4,300
income

5.4.2 Farmers’ climate change risk perceptions

The results of farmers’ climate change risk perceptions show that 93% of respondents have perceived risk
while 7% are not sure if they have perceived. While 66% of the respondents have highly perceived
climate change risk, 4% has less perceived. Also, 23% of farmers have moderately perceived climate

change risk in their farming activities (Figure 5.1).
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Figure 5.1 — Levels of climate change risk perceptions of farmers in Lawra district (Source: Author)

Results obtained from the focus group discussions showed that farmers have perceived decreasing
precipitation, rising temperatures and rainfall variability. Respondents claim that the aforementioned
incidences of climate change effects have culminated in low crop production. The obtained results are in
line with previous findings that a significant number of farmers believed that temperature had already
increased and precipitation had declined for eleven African countries [26]. The results of focus group
discussion also showed that there was increase in out-migration for greener pastures in Southern Ghana
due to increasing climate change risks on agriculture which is their main source of livelihood. Similar
results were obtained in India where migration and poverty were identified as perceived farmers’ climate
change risks [25]. Other climate change risks perceived by farmers include increase in human diseases
(e.g. fever), decrease in cropping area, worsening harmattan winds, increase in cost of production,
decrease in food security and incomes, decrease in forest area (i.e. due to deforestation), reduction in
plant, tree, birds and animal species and decrease in soil fertility

The results in Table 5.5 show that farmers in different wealth categories have different levels of
climate change risk perceptions. Generally, 91% of resource-poor farmers have perceived risk highly,
while 58% and 48% of resource-moderate and resource-rich farmers have highly perceived risk,
respectively. In addition, 9% of resource-poor farmers perceive moderate risk while 27% and 30% of
resource-moderate and resource-resource farmers perceive moderate risk respectively. Also intriguing is
that 2% of resource-moderate and 5% of resource-rich farmers are not sure if they have perceived climate
change risks or not. This finding is likely the case because results of the FGDs showed that moderate and
rich-resource farmers have alternative sources of income (e.g. trading, artisan jobs, etc.) as such some of
them were unlikely to pay attention to climate change risk impacts. Since rain-fed agriculture is the main
source of livelihood of resource-poor farmers they are more likely to observe and feel the impacts of

extreme climate change events. Findings of similar studies have also show that poor farmers are more
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concerned about climate change risks [27].

Table 5.5 — Level of climate change risk among different farmer wealth groups in Lawra district (N=100)

(Source: Author)

Farmers’ wealth groups

Variables Resource poor Resource Resource rich
farmers moderate farmers farmers

Highly perceived 91 58 48

Moderately perceived 9 27 30

Less perceived 0 13 17

Not sure 0 2 5

Total 100 100 100

X? 14.611

5.4.3 Farmers’ perceived climate change risk impacts and phenomena

The findings show that farmers in Lawra district generally perceived climate change risk impacts in terms
of agricultural production, biodiversity and forestry, health and socio-economy and climatic variables
(Table 5.6). The results show that farmers have inherent concerns and apprehensions about the occurrence
and consequences of climate change. Results of the FDGs reveal that perceived occurrence of drought, dry
spell, floods, rising temperatures and worsening harmattan winds are risks impacts on climatic variables.
Perceived increase in human diseases, mortality, migration and decrease in food security and incomes

were classified under the health and socio-economic risk impact domain.

Table 5.6 - Climate change risk impacts and phenomena (Source: Author)

Climate change risk impacts Climate risk phenomena

Low crop yield, increase in crop diseases, increase in crop pests and insects,
Agricultural production decrease in cropping area, increase in production cost reduction in water

quality, hardening of seed bed and reduction in soil fertility.

Reduction in plant and forest species, reduction in birds and animal species
Biodiversity and forestry decrease in forest area, extinction of certain plant and forest species and

extinction of certain bird and animal species

Increase in disease infection, increase in mortality, increase in poverty,
Health, socio-economy and

reduction in household incomes, increase in migration, increase or decrease

culture o o ]
belief in God and widening of gap between rich and poor.

Climatic variables Increase in drought, increase in dry spell, increase in floods, worsening of
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harmattan conditions and rainfall variability, rising temperature

The respondents identified decreasing crop yield, cropping area, soil fertility, and increasing pests and
diseases and cost of production as risk impacts on agricultural production. In addition, decreasing forest
area, and reduction in plant, trees, birds and animal species are classified under biodiversity and forestry
risk impacts. Previous studies have also identified similar risk phenomena perceived by farmers [19, 20,
21, 22, 23].

The results of climate change risk impacts perceived by different wealth categories of farmers
are presented in Table 5.7. The findings show that resource-poor farmers are much concerned about
climate change risk impacts on agricultural production (i.e., CRP1=130), while resource-moderate and
resource-rich farmers are concerned about risks on climatic variables (i.e., CRP1=129) and health and
socio-economy (i.e., CRPI=132), respectively. For resource-poor farmers, climate change risks impacts
on climatic variables, biodiversity and forestry, and health and socio economy are ranked second, third
and fourth respectively (i.e., CRPI=124, 115 and 111). In the case of resource-moderate farmers, risk
impacts on agricultural production, health and socio-economy and biodiversity and forestry are ranked
second, third and fourth, respectively. (i.e., CRPI=123, 107, 101). Regarding resource-rich, farmers
perceived climate change risk impacts on climatic variables was ranked second (i.e., CRP1=120) while
impacts on biodiversity and forestry (i.e., CRPI=113) and agricultural production (i.e., CRPI1=99) are
ranked third and fourth, respectively. The findings obtained from the FGDs confirmed the results of
analysis. Resource-moderate and rich farmers are more able to meet the financial demands of adaptation
to climate change and are therefore unlikely to perceive the full impacts on climate change risks on the

farming activities.

Table 5.7— Risk perception on impact variables by different category of farmers in Lawra district (N=100)
(Source: Author)

Climate change risk perception index (CRPI)

Variables Resource-poor  Resource-moderate Resource-rich
farmers farmers farmers
Agricultural production 1301 1232 99(4)
Biodiversity and forestry 115@3) 101 1133
Health, socio-economy and culture 111 1073) 132()
Climatic variables 124¢2) 129 1202
Chi-Square 21.852 24.953 25.704
DF 3 3 3
Pr > Chi-square 0.036 0.002 0.001
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5.4 Determinants of climate change risk perception

Results of the regression model of determinants of climate change risk perception are presented in Table
5.8. Two demographic variables are significant predictors of climate change risk perception. The positive
coefficient for Age indicates that older farmers are more concerned about climate change risk on
agriculture than their younger counterparts. Also, the findings show that education is positive and
significantly related to farmers’ perceptions about climate change risk. This implies that educated farmers
are more likely to be concerned about climate change risk because they are more knowledgeable due to
their ability to access global, regional and country-level information and discussions about the risks and
impacts of climate change. Gender, income and marital status are not predictors of climate change risk
perception in agriculture. The results are consistent with findings of farmers’ climate change risk
perceptions in Mexico and India that showed that age, farming experience and education were significant
determinants of risk perception [27, 28].

The perceived probability of increased droughts, dry spell and floods is also a significant
predictor of farmers’ climate change risk perceptions. Similarly, perceived likelihood of increasing
temperatures and worsening harmattan winds are supported by the analytical results as significant
determinants of climate change risk perception. These findings are in line with results obtained from the
focus group discussions. Farmers claim that they have apprehensions and concern about abnormal
variability in precipitation and temperatures trends because these factors constitute the most immediate
and noticeable effects of climate change.

In the case of variables relating to risk impacts on agricultural production, perceived probability
of increased in pests and disease is found to be a significant determinant of climate risk perception. This
result is consistent with previous findings in Mexico which showed that farmers’ experience with coffee
pests is a significant predictor of climate risk perception [28]. In addition, perceived probability of
decrease in crop yield, cropping area, soil fertility and increase in cost of production are all found to be
predictors of farmers’ climate risk perception. Results of the FGDs confirmed that farmers have perceived
a decrease in crop yields and soil fertility and are concerned about the severity of future consequences of
climate risk on their farm activities.

The variables pertaining to climate risk impacts on biodiversity and forestry (i.e., Perceived
probability of decrease in forest area, reduction in birds and animal species and reduction in plant and
forest species) were all found to be predictors of farmers’ risk perceptions, but not statistically significant.
These results are likely the case taking cognizance of the level of deforestation and desertification in the
district. Further probe during the FGDs show that farmers relied on deforestation as alternative income
source (e.g., from firewood or charcoal) since recurrent droughts and dry spell constantly cause a low
crop yields. Also, the farmers claimed they are worried and concerned about a decrease in plant species

and migration of certain birds and animal species due to adverse climatic effects.
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With regards to health and socio-economic factors, perceived severity of consequences on human
diseases and mortality, and on food security and incomes are significant predictors of farmers’ climate
risk perception. Perceived severity of increased migration is found not to be a predictor of risk
perceptions in Lawra district. These results are quite intriguing considering the level of out-migration
occurring in the district. Further probe during the FGDs show that farmers believed out-migration for
greener pasture in urban towns was purely for brighter economic opportunities rather than a climate
change.

Under psychological factors, farmers’ perceived probability to control risk was found not to be a
predictor of climate risk perception. This finding is consistent with results obtained from the FGDs.
Farmers’ concerns and apprehensions climate change effects turn to decrease with increased ability and
skills to control or adapt to the risk. Similar findings that the long experience accumulated for generations
by winegrowers in fighting powdery mildew under varying weather conditions provides a sense of
confidence (controllability and manageability) that managerial skills, tend to reduce risk perceptions [29].
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Table 5.8 Estimated results of determinants of climate risk perception of farmers in Lawra district (N=100)

(Source: Author)

Variables B SEB B VIF
Demographic features Age distribution 0.086 0.155 0.388**  1.708
Gender distribution -0.022 0.207 -0.054  5.094
Marital status -0.042 0.187 -0.220  2.306
Education level 0.072 0.205 0.015**  4.294
Income 1.221 0.084 0.458**  5.442
Factors related to climatic  Perceived probability of droughts, floods and dry spell 0.015 0.217 0.185**  0.024
variables Perceived probability of increased temperature 0.096 0.112 0.113*  0.255
Perceived probability of worsening harmattan conditions 0.016 0.072 0.011*  0.039
Health and Perceived severity of consequences on human diseases and mortality 0.268 0.104 0.056* 0.524
socio-economic factors Perceived severity of consequences on migration -0.125 0.069 -0.042  0.469
Perceived severity consequences on food security and incomes 0.125 0.069 0.188*  0.469
Biodiversity and forestry ~ Perceived probability of reduction in plant and forest species 0.221 0.095 0.144  0.645
factors Perceived probability of reduction in birds and animal species 0.433 0.169 0.199*  0.665
Perceived probability of decrease in forest area 0.046 0.079 0.213*  0.129
Factors related to Perceived probability of decreased crop yield 0.155 0.447 0.413* 1.123
agricultural production Perceived probability of decreased in cropping area 0.265 0.096 0.131*  1.608
Perceived probability of increase in pests and diseases 0.128 0.036 0.100*  0.688
Perceived probability of increase in cost of production 0.081 0.045 0.204**  0.434
Perceived probability of decrease in soil fertility 0.281 0.077 0.132*  0.799
Psychological factors Perceived ability to control risk -0.262 0.055 -0.017  0.736
R square 0.832
F for change in R square 7.702
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5.5 Conclusion and Recommendation

Generally, farmers have perceived climate change risk. It is observed that farmers in Lawra
district generally perceive climate risk impacts in terms of agricultural production,
biodiversity and forestry, health and socio-economy, and climatic variables. Resource-poor
farmers are concerned about climate risk on agricultural production, while resource-moderate
and resource-rich farmers are concerned about risk impacts on climatic variables, and health
and socio-economy, respectively. Factors related to impacts on climatic variables and
agricultural production are significant determinants of farmers’ climate change risk
perception. The psychological factor (i.e., perceived ability to control risk) is not a predictor
of risk perception. Biodiversity and forestry related factors are also found to be predictors of
climate change risk perception. In terms of impact on health and socio-economy, probability
of increase in human disease and mortality, and decrease in food security and incomes are
predictors of risk perception. Finally, demographic features such as education and age are
significant predictors of risk perception while gender, marital status and income status are
not.

Based on the results, it is essential for governments and policy makers to make

climate risk communication and awareness an integral part of climate change policy. The risk
impacts of climate change on human health, migration and other socio-economic factors need
to be adequately identified and mainstream into climate risk communication policy. This will
improve farmers’ concern about, and ensure enhanced adaptation to climate change.
The findings are worth further investigation to identify how perceptions of the different
wealth category of farmers are influenced by the various climate risk phenomena and impacts
identified in this study. The outcome of such an investigation will further enhance the
formulation of appropriate climate risk communication models and policy to meet different
target groups.

In view of the fact that most farmers are already aware of climate change risks, it is
crucial to identify the adaptation options required to mitigate the risks. Thus, a critical
analysis of the reasons for adaptation, portfolio of adaptation practices, and determinants and

barriers to adaptation to climate change in agriculture is needed.
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CHAPTER 6: ADAPTATION TO CLIMATE CHANGE IN AGRICULTURE:
REASONS, RANKING, DETERMINANTS AND BARRIERS TO
ADAPTATION

6.1 Introduction

This chapter outlines the proportion of farmers using adaptation practices against climate
change. The specific reasons accounting for usage of adaptation options are also identified
and elaborated. More importantly, farmers most preferred adaptation options are compared to
the actual measures being used. To provide a clear understanding of farm-level adaptation, a
new method of classification of adaptation practices is proposed based on responses from
farmers (i.e., crop production improvement practices, soil management, irrigation water
conservation and environmental improvement practices). Subsequently, the socio-economic
factors influencing farmers’ climate change adaptation decisions are outlined and discussed.
In addition, this chapter discusses the critical barriers impeding the use of climate change
adaptation practices. It is expected that the findings and recommendations of this study will
prompt governments to mainstream barriers and choice factors of adaptation practices into

climate change related policies, projects and programmes.

6.2 Literature review

Based on the scope of observed impacts of climatic variability over the last three or four
decades, the West Africa sub-region is generally acknowledged to be the most vulnerable to
the vagaries of climatic change [1]. Empirical studies have shown that high temperatures
have resulted in reduced crop yield in Ghana [2, 3]. In recent times, the increasing incidences
of droughts, late rains, floods, decreasing annual precipitation and increasing temperatures in
northern Ghana [4, 5] have become a major concern. In view of this, farmers need to use
adaptation practices in order to cope with the effects of climatic change. Studies have shown
that without adaptation to climatic change, farmers will become more vulnerable and
agricultural production will be severely affected [6]. Adaptation lessens adverse effects and
takes advantage of benefits of changes in climatic variables. Earlier studies show that
irrigation, improved crop varieties, crop diversification, farm diversification, change of
planting dates and income generating activities are among the adaptation practices mostly
used by farmers [7, 8]. Although smallholder farmers are likely to be highly affected by the

effects of climate change due to their lack of capacity to adequately adapt, research shows
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that just a few of them use adaptation options [9]. Hence, a clear understanding of the factors
that influence farmers’ adaptation decision is essential in designing appropriate policies to
promote effective adaptation in the agricultural sector [10].

Previous studies have reported that farmers’ adaptation to climate change is
determined by factors such as education, age, farming experience, gender, access to extension,
credit, markets, farm income and farm size [11, 12, 13]. This study therefore hypothesized
that household size, gender, education, farm size, access to credit, and membership to
farmer-based organizations have significant influence on adaptation to climate change farmer
level. Based on that, the objective of this study is to identify socio-economic factors

influencing farmers’ adaptation to climatic change in Lawra district of Ghana.

6.3 Materials and methods

6.3.1 Survey design and data collection

Data used in this study is collected from four communities. Socio-economic household
surveys and focus group discussions (FGDs) were conducted in all four communities in
November, 2014. Also, face-to-face interviews with key stakeholders were conducted. A total
of 100 farmer households were interviewed using semi-structured questionnaires.
Twenty-five households were randomly selected from each community and the household’
heads individually interviewed. The FGDs were carried out to double check the household
survey data. The participants included community leaders, men, women, youth and children.
The discussions in each community focused on adaptation practices being used by farmers,
reasons for adaptation, factors influencing adaptation and barriers to adaptation to climate

change. Summary statistics of the collected data is shown in Table 6.1
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Table 6.1 — Definition of variables used in the study in Lwara district of Ghana (N=100).
(Source: Author)

Variable Measurement

Adaptation 1=adapted; 2=not adapted (dummy variables)

Age 1=15-34; 2=35-54; 3=55 and above

Education 1=literate; O=illiterate

Gender 1=Female; 0=Male

Farming experience Number

Household size Number

Family labor Number

Farm size Hectares

Annual household income Amount

Rainfall pattern O=decreasing; 1=increasing; 2=stable; 3=don't
know

Temperature pattern O=decreasing; 1=increasing; 2=stable; 3=don't
know

Drought 1=Yes; 0=No

Flood 1=Yes; 0=No

Dry spell 1=Yes; 0=No

Access to weather information 1=Yes; 0=No

Market access 1=Yes; 0=No

Access to loan/credit facilities 1=Yes; 0=No

Access to agricultural subsidies 1=Yes; 0=No

Access to agric. Extension services 0=4 days; 1= less than 4 days; 2= more than 4
days

(FFagg(;r-based organization membership 1=Yes: 0=No

Use of adaptation practices 1=Yes; 0=No

Improved crop varieties 1=Yes; 0=No

Crop diversification 1=Yes; 0=No

Farm diversification 1=Yes; 0=No

Change of planting date 1=Yes; 0=No

Income generating activities 1=Yes; 0=No

Agroforestry practice 1=Yes; 0=No

Irrigation 1=Yes; 0=No

6.3.2 Analytical methods

Frequencies, percentages, and means are the basic descriptive statistical tools used to
represent farmers’ adaptation proportions, reasons for adaptation and actual adaptations
options being implemented. In determining farmers’ perceived importance of adaptation
practices, respondents are requested to score selected practices based on a 0—3 scale, where 0

is the least important practice and 3 is the most important practice. The adaptation practices
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were then ranked using the weighted average index (WAI):

WAI = LFiWL 6.1
where F = frequency of response; W = weight of each score; and i = score (3 = highly

important; 2 = moderately important; 1 = less important; 0 = not important).
Previous studies have also applied the weighted average index (WAI) to assess farmers’
perceived important adaptation strategies in Bangladesh and barriers of adaptation to climate
change in Nepal [14,8]. To identify the critical constraints that hinder farmers from using
adaptation practices, a ranking was conducted using the Problem Confrontation Index (PCI).
Respondents were asked to grade their perceived barriers based on a 0-3 Likert scale. The
PCI value was estimated using the formula below:

PCI=P,x0+P; x 1+ Py x2+Py x3 (6.2

where:

PCI = Problem Confrontation Index;

Pn = Number of respondents who graded the constraint as no problem;
P = Number of respondents who graded the constraint as low;

Pm = Number of respondents who graded the constraint as moderate;

Pr = Number of respondents who graded the constraint as high.

6.3.3 Empirical model of adaptation determinants

The dependent variable in this study is whether a household has ‘adapted’ or ‘not-adapted’
any adaptation practices to climatic change. Based on discussions with MOFA staff, literature
review and field observations, the adaptation practices identified included improved crop
varieties (drought-tolerant and early maturing crops), crop diversification (mixed cropping
and crop rotation), farm diversification (mulching, composting, ridging and terracing),
change in planting date, income generating activities, irrigation practice (dry season
gardening) and agroforestry. Adaptation is the dependent dummy variable. To determine the
dummy, a value of ‘1’ is assigned to household that has adopted at least one of the adaptation
options and ‘0’ if it has not adopted. Independent variables included gender, education,

farming experience, household size, farm size, annual household income, access to credit,
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access to information, access to subsidies, membership to farmer-based organizations (FBOSs),
access to markets and access to extension services (Table 1).

The logistic regression model is used to identify the factors that determine farmers’
adaptation to climatic change. Previous research findings have shown that logit models are
the most appropriate econometric models to apply in evaluating qualitative dependent
variables that have dichotomous groups (i.e. ‘adapted’ and ‘not adapted’) while the
independent variables are categorical, continuous and dummy [15]. These models are
commonly and widely used since they guarantee that the estimated probability increases lie
within the range of 0 to 1 and displays a sigmoid curve conforming to the theory of adoption.
This study used the functional form of the logistic regression model, presented by Agresti
[16]. In this model, the dependent variable becomes the natural logarithm of the odds when a
positive choice is made:

IN{P,/(1- Px)} =By + By Xqj+ Py Xoj +....+ B Xy (6.3)

where: P, = probability of adaption; (1-Py) = probability of non-adaption; i = i" observation in
the sample; P, B,...A= regression coefficients of the explanatory variables; Xi, Xs....... Xk =

explanatory variables; #, = Constant term.

6.4 Findings and discussion

6.4.1. Farmers’ Adaptation to Climate Change

Although an overwhelming majority of farmers recognized climate change, 33% of
respondents still do not use any adaptation practices (Table 6.2). The FGDs revealed that
increased access to agricultural extension officers has impacted positively (67%) on farmers’
implementation of adaptation options. Similar findings were reported in Bangladesh, where
more than 75% of respondents were using adaptation practices [14]. However, a previous
study conducted in the Sekyedumase district of Ghana showed that less than 44% of farmers

use adaptation measures due to lack of funds [9].

Table 6.2 - Proportion of farmers by adaptation classification and reasons for adaptation in

the Lawra district of Ghana (Number of respondents= 100). (Source: Author)
Adaptation classification Percentage of respondents
Adapted 67
Not adapted 33
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6.4.2 Reasons for adaptation

Farmers’ reasons for using adaptation practices are presented in Table 6.2. Majority (95 %) of
respondents use adaptation measures to cope with dry spell effects on crop plants (Table 6.3).
Also, 94 % and 75 % of farm households adapted to cope with drought effects and improve
crop production, respectively. The results also showed that 74 % of respondents used
adaptation practices to improve soil fertility while 34 % adapted to cope with effects of
floods. Results of the FGDs showed that farmers use drought-tolerant and early maturing
varieties and change of planting date to adapt to dry spells, droughts and floods. Farmers also
use crop rotation and mixed cropping strategies to reduce effects of dry spell on crop plants.
Some of the farmers claimed that they used composting and mulching to conserve soil
moisture and improve soil fertility in order to increase their crop production. The FGDs also
showed that farmers adopted terracing and ridging methods to reduce the effects of floods.

Table 6.3 — Reasons for adaptation to climatic change (N=67) in Lawra district of Ghana.

(Source: Author)

Reasons for adaptation % of respondents Mean Std. Dev.
Cope with flood 34 0.59 0.494
Improve soil fertility 74 0.84 0.367
Improve crop production 75 0.64 0.483
Cope with drought 94 0.99 0.103
Cope with dry spell 95 0.96 0.202

6.4.3. Farmer-perceived importance of adaptation practices

The ranking of adaptation practices based on farmers’ perceived importance is presented in
Table 6.4. Among the seven adaptation practices, improved crop varieties and irrigation
practice rank first and second with WAI of 2.15 and 2.09, respectively. The increasing
incidence of drought and dry spells makes drought-tolerant crop varieties and irrigation
preferable to farmers. On the other hand, income-generating activities and agroforestry
practice are ranked the least important with WAI of 0.77 and 0.74, respectively. Results of
FGDs showed that farmers considered trading and agroforestry as capital-intensive activities.
Crop diversification, farm diversification, and change of planting date are ranked as

moderately important.
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Table 6.4 - Farmers’ ranking of adaptation practices in Lawra district, Ghana (N= 100).

Frequency by Each Level of Importance

Adaptation Practice Highly  Moderately Less Not WAI Rank
Important Important Important Important

Improved crop varieties 35 48 14 3 2.15 1
Irrigation 30 51 17 8 2.09 2
Crop diversification 14 76 8 2 2.02 3
Farm diversification 7 67 23 3 1.78 4
Change of planting date 10 44 26 20 1.44 5
Income generating

o 3 20 28 49 0.77 6
activities
Agroforestry practice 0 9 56 35 0.74 7

The results of actual adaptation measures being implemented by farmers are
presented in Table 6.5. Majority of the respondents (51%) use crop diversification strategies
in response to climatic variability. Changing planting date is chosen by 22 % while 12 %
chose improved crop varieties. Farmers also use farm diversification measures (6 %), income
generating activities (6 %) and irrigation (2 %) to mitigate the effects of climate change on
their farming activities. About 1% of the respondents also undertake agroforestry.

Table 6.5 — Actual adaptation practices being used by farmers in Lawra district of Ghana

(N=67). (Source: Author)
Adaptation practices % of respondents Actual adaptation measures
Crop diversification 51 Crop rotation and mixed cropping
Change planting date 22
o Drought-tolerant and early maturing
Improved crop varieties 12 o
varieties
S Reduce farm size and
Farm diversification 6 ) ]
composting/mulching
Income generating activities 6 Petty trading and ‘pito’ brewing
Irrigation 2 Dry season gardening
Agroforestry 1 Tree planting

It can be inferred from Tables 6.4 and 6.5 that although farmers rank improved crop
varieties (e.g., drought-tolerant and early maturing crops) and irrigation as the most important
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adaptation strategies, only 14% actually implemented measures in these categories. The
majority of respondents (51%) use crop diversification activities (i.e., mixed cropping and
crop rotation). Similar findings were reported in Northern Nigeria [17]. Feedback from the
group discussions showed that most farmers did not have access to improved crop varieties;
hence, they could not implement their most preferred measure. Results of the group
discussion showed that farmers are generally aware of the annual recurrent dry spells and
droughts. Also, although they view irrigation as the most important solution to these extreme
climatic events, they failed to rank it as such. This is because, according to farmers, water
resources such as dams and dugouts are very limited in the district. Field observation showed

that most of the available water bodies for irrigation are broken down.

6.4.4 Farmers’ perceived classification of adaptation practices
Generally, farmers in Lawra district categorize climate change adaptation options in terms of
crop production improvement, soil management, infrastructure improvement and

development, and environmental improvement practices (Table 6.6).

Table 6.6: Farmers’ perceived classification of adaptation practices in Lawra district.
(Source: Author)

Category Adaptation practice Specific practices

Improved crop varieties | Use of drought-tolerant varieties

Use of early maturing varieties

Crop production improvement o )
) Crop diversification Crop rotation
practices

Mixed cropping

Change of planting date

Farm diversification Mulching
Composting
Soil improvement practices
Mixed farming Reduce land size

Increase land size
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Environment improvement | Agroforestry Tree planting

practices

Irrigation Dry season gardening

Infrastructure improvement and
_ Dams and dug-outs
development practices

Terracing and ridging

Results of the FGDs show that an overwhelming majority of respondents classified
drought-tolerant varieties, early maturing varieties, crop rotation, mixed cropping, mixed
faming and change of planting dates as strategies meant to directly improve crop production
under climatic variability. They also claimed that mulching, composting, reduction of farm

and increasing of farm size are adaptation strategies related to soil improvement.

6.4.5 Determinants of adaptation to climate change

Results of the logistic regression model of determinants of adaptation to climate change are
presented in Table 6.7. Prior to the analysis, the contingency coefficient test was applied to
identify and omit independent variables that are strongly correlated to each other. Thus, age
of household head, and agricultural subsidies were removed due to their strong co-linearity
with farming experience and agricultural credit, respectively. Access to agricultural extension
services was also removed because of its weak correlation with adaptation. The study results
showed that education was positive and significantly related to farmers’ decision to adapt to
climate change. Previous studies have shown that there is a positive relationship between
educational level of the household head and adoption of improved technologies [18]. This
implies that, farmers with higher levels of education are more likely to use improved
technologies in order to adapt to climate change. This is particularly so because educated
farmers are more knowledgeable due to their ability to access information pertaining to
climate change and adaptation options.

The results also showed that the probability of adaptation increases with increase
access to information. This implies that farmers with access to timely weather information
and other extension services are more likely to adapt to climatic change. Similar findings
have been reported in Nepal and Southern Africa [19, 13]. In addition, results of the study

showed that the likelihood of adaptation to climatic change was higher with large household
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size than with small households. Similarly, earlier investigations have shown that the
tendency of larger households to adapt to climatic change is higher probably due to their
higher endowment of labor [20]. Furthermore, the study results showed that the probability of
adaptation to climatic change increases with increase access to credit facilities. This result is
consistent with previous findings that access to credit is an important variable which
commonly has a positive effect on adaptation behavior [21], hence adaptation to climatic
change [9]. Household income was also positively related to adaptation. This result is in line
with previous findings that showed that wealthier farmers are more likely to use adaptation
practices in response to climate change than poor farmers [12]. It is also been reported that

per capita income has a positive influence on farmers’ adaptation decisions [13].

Table 6.7 - Estimated results of logistic regression model (N=100) in Lawra district of Ghana.
(Source: Author)

Variable Coefficient Std. Error p Value
Intercept 8.419 2.561 0.001
GEND -0.316 1.73 0.855
FRMINEXP -1.829 1.196 0.126
EDU 7.363* 2.765 0.008
HHSZ 5.48* 2.134 0.010
FRMSZ -3.221* 1.625 0.047
HHINC 1.627 1.289 0.207
WINFOACC 4.572* 1.612 0.005
MRKTACC 0.635 151 0.674
CREDACC 3.405* 1.568 0.030
FBOMEMB 1.672 1.405 0.234
Pseudo R 0.754

*indicates significant level at 5 %; GEND = Gender; FRMINEXP = Farming experience; EDU = Education;
HHSZ = Household size; FRMSZ = Farm size; HHINC = Household income; WINFOACC = Weather
information access; MRKTACC = Market access; CREDACC = Access to credit facilities; FBOMEMB =

Membership to farmer-based organization.

Results of the study also revealed a positive relationship between membership to
farmer-based organization (FBOs) and adaptation to climate change. This is consistent with

earlier research findings in Nepal and Bangladesh that showed that farmers belonging to
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cooperative organizations have higher likelihood of using adaptation practices due to their
capacity to share information - discuss problems, share ideas and take collaborative decisions
[8, 19]. Also, the results revealed that access to market is positively related to adaptation.
Results of the focus group discussions showed that farmers’ decision to adopt crop
diversification was based on availability of market. This result is consistent with findings
reported in Southern Africa [13].

On the other hand, the probability of adaptation decreases with farming experience.
The FGDs revealed that farmers with longer farming experience are older persons. This
implies that the likelihood of adaptation to climate change decreases with older farmers. This
finding is confirmed by results of previous studies that showed that older farmers generally
lack interest and incentive to adapt to climatic change [8, 22]. However, studies in Ethiopia
have also shown a positive relationship between the number of years of experience in
agriculture and the adoption of improved agricultural technologies [23]. Also, the estimated
results showed that the probability of adaptation is higher with small farm sizes and lower
with large farm sizes. The FGDs results showed that the adaptation investment (i.e. irrigation
facilities, improved seeds and fertilizer) for large farm sizes was huge. Some previous studies
have also reported similar findings [24]. The results also showed that male farmers are more
likely to use adaptation measures against climatic change than female farmers. This finding is
confirmed by results of previous studies that showed that in Sub-Saharan Africa, women
household heads have lower levels of education, less access to markets and credit and other
inputs [25], hence, they are less likely to meet the investment demands of climatic change
adaptation. Similar studies have also revealed that women are less able to diversify income
sources and adapt to climate change because of other domestic responsibilities and less
control of financial resources [26].

6.4.6. Perceived constraints to adaptation to climate change

Results of the problem confrontation index are presented in Table 6.8. With a PCI value of
215, unpredictable weather is ranked the most critical impediment to use of adaptation
options. High cost of farm inputs, lack of access to timely weather information, and lack of
water resources are ranked the second, third, and fourth most pressing problems, respectively.
This is likely the case, because in Ghana, the main sources of weather information are
television and radio broadcasts and from colleagues who visited peri-urban towns during

market days. The majority of farmers surveyed did not have electronic gadgets and hence
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could not readily access weather information. Also, the FGDs showed that farmers in the
Lawra district operate under limited resources due to limited agricultural credit and subsidies.
Field observations showed that the limited number of irrigation facilities (i.e., dams and
dugouts) are either broken down or dried out. Similar barriers to adoption have been reported
in South Africa [13] and Nigeria [27].

Table 6.8 - Estimated results of problem confrontation index (Number of respondents = 100).
(Source: Author)

Degree of Constraint

Constraints to Adoption High Moderate Low No PCl Rank
Problem
Unpredictable weather 35 48 14 3 215 1
High cost of farm inputs 14 76 8 2 202 2
Lack of access to timely weather information 7 67 23 3 178 3
Lack of access to water resources 10 44 26 20 144 4
Lack of access to credit facilities 2 32 11 55 81 5
Lack of access to agricultural subsidies 3 20 28 49 77 6
Poor soil fertility 0 9 56 35 74 7
Limited access to agricultural extension officers 3 19 7 71 54 8
Limited access to agricultural markets 0 0 24 76 24 9
Inadequate farm labor 0 1 19 80 21 10
Limited farm size 0 0 13 87 13 11

6.5 Conclusion and Recommendation

This study showed that some farmers are already adjusting their farming activities in
response to droughts, dry spells, and floods. The FGDs showed that increased access to
agricultural extension officers has impacted positively on farmers’ implementation of
adaptation options. This study identified a number of factors that determine farmers’
adaptation to climatic change. These factors include education, household size, household
income, access to information, access to credit, access to markets and membership to FBOs.
Also, the study identified unpredictability of weather, high farm input cost, lack of access to
timely weather information and limited access to water resources as the most critical barriers
to adaptation. Considering the above, this study recommends that governments and

development partners should mainstream the determining factors of adaptation and barriers to
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adaptation into climate change related policies, projects and programmes. There is also the
need for construction of dams and dug-outs so that farmers can undertake dry season
gardening and irrigation farming.

Farmers’ access to timely weather information also needs to be prioritized to help
farmers in their production decision-making processes (e.g., selection of adaptation options).
The Ghana Meteorological Agency and agricultural staff need to be properly trained and
resourced to collect, collate, and disseminate accurate weather information timely and widely.
Also, the government should boost the capacity of scientists and agricultural staff to develop and
promote appropriate and effective technologies to help farmers adapt to climate change. In
addition, the prevailing high cost of farm inputs and lack of credit facilities and subsidies require
the government to ensure that agricultural loans with flexible terms are made available to farmers
to boost their capacity to adapt to the changing climate.

Considering that farmers already possess a portfolio of adaptation practices to
climate change, the key challenge then, is how to evaluate and select the most appropriate
adaptation option. A new model is required to assist farmers to prioritize and select most
feasible and effective adaptation practice to predicted extreme climate events. Such a model
will help governments, researchers, non-governmental organizations (NGOs), and farmers to

develop and implement adaptation measures that are feasible and effective.
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CHAPTER 7: INDICATORS FOR ADAPTATION DECISION-MAKING UNDER
CLIMATE CHANGE: THE EVALUATION MODEL

7.1 Introduction

This chapter presents a new approach to the development of a set of indicators for selection
of adaptation practices against climate change. The six-step process of the approach is
discussed in detail. Seventeen indicators are proposed for use in prioritizing and selecting
appropriate adaptation measures to extreme climate event. The weighting criteria of the
seventeen indicators and components is presented and discussed. The final part of this chapter
outlines a simulation process where the AHP model is applied to the components and

indicators to prioritize and select the most ideal adaptation practice to drought in agriculture.

7.2 Literature review

Under the prevailing effects of climate change on agriculture, choosing the most feasible and
effective adaptation practice in any given season is crucial to boosting agricultural production.
While choosing an appropriate climate adaptation strategy is pivotal to increasing crop
production, selecting a wrong strategy can be detrimental to crop production and food
security.

The adoption process requires a series of decision-making by individuals. Before a
technology is adopted, the individual must first be aware of it. After awareness, the
technology may be rejected immediately or the adoption process may continue with the
individual developing interest in the technology. The technology may be rejected after the
initial interest or the individual may proceed to the next stage of comparing the technology
with other existing practices. If the outcome is favorable, the technology would be not
rejected but tested on a small scale to see if it works for them. The technology is then adopted
if it passes the test [1].

The traditional approach of selecting adaptation strategies is based on farmers’ own
experiences and judgment with limited or no information on empirical weather forecast and
scientifically verified and available adaptation options. Recent reports of increased variability
in crop production due to climate change [2] imply that the traditional method is not effective.
Thus, a technique is needed for assessment of adaptation practices based on indicators
including availability and accessibility, cost-effectiveness, weather forecast, adaptive

capacity to the ecology, compatibility with societal norms and traditions, flexibility, and
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institutional capacity.

Indicators are measures used to quantify or qualitatively describe phenomena that
are not easily measured directly, but which society considers valuable to monitor over time.
For many decades, indicators have been used to communicate information about complex
systems or phenomena in a way that is relatively simple to understand. Indicators are useful
for sharing the results of technical analysis or for monitoring characteristics of systems, such
as fisheries, to inform public decisions [3]. In particular, indicators have become very useful
in monitoring ‘sustainable development’ [4] —a complex and often ambiguous concept that
cannot be measured directly

Also, a set of indicators have the potential to serve as a powerful decision-making
tool for communities, businesses, policy makers, organizations and governments to reduce
vulnerability and resource waste by assessing and identifying most feasible strategies based
on stakeholders’ perceptions. Standard of judgments, opinions and choices of people vary
from one individual to the other. Peoples’ preferences at any point in time are dependent on
‘state of mind’, current perceptions, past experiences, future expectations, environmental
lifestyle, ecosystem ethic, the context of observation and tradeoffs. The most important issue
therefore is how to use the large and varied perceived individual information [5] to
determined feasible and effective strategies.

Considering the current conditions of increasing environmental and economic
vulnerability due to climate change, and the availability of various adaptation practices, the
key question being constantly asked is; how can we determine the most feasible and effective
adaptation practice to a predicted extreme weather event? By developing relevant indicators
of feasibility and effectiveness, a decision making model could be applied to assess and select
the most appropriate adaptation option.

Literature shows that many methods exist for setting priorities in agricultural
research. These include Mathematical Models, Scoring, Checklist, Rule of Thumb, Domestic
Resource Cost, economic Surplus, Cost-Benefit, and Simulation [6]. Previous studies have
found the ‘scoring method’ more useful to the complicated requirements related to the
agricultural decision making process [7]. Other findings have deemed a combination of the
scoring method with others methods to be relevant in decision making [8, 9, 10]. To avoid the
limitations of the scoring method, the ‘Analytical Hierarchy Process’ (AHP) was suggested
[11] as a way to avoid the deficiencies of the scoring method while ensuring participation and

transparency in line with a standard procedure. The AHP model is a powerful and flexible
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tool for decision-making. It allows decision makers to systematically evaluate various
elements based on decision hierarchy tree by comparing them to one another in pairs. The
decision makers can use concrete data about the elements, or they can use their judgments
about the elements’ relative meaning and importance [11].

The AHP model has previously been applied to investigate management decisions in
administrations; transportation planning, planning, energy resource allocation, urban planning,
setting priority for energy and environmental research projects, prioritization of electricity
industries, design of renewable energy systems, identification of favorable fuels in
transportation industries, evaluating machine tool alternatives and technology assessment [12,
13, 14, 15, 16, 17, 18, 19, 20]. The model has also been used to investigate decisions in the
agriculture sector [21]. Literature has shown that the AHP model can help the farmer set
priorities and make the best decision when both qualitative and quantitative aspects of a
decision need to be considered [22].

This study therefore proposes a new approach to developing indicators for
evaluation of agricultural adaptation practices to climate change. The study also applies the
AHP decision support model to determine the relative importance of the developed
components and indicators. Further, the adaptation practices to drought in agriculture are also

evaluated and prioritized for easy selection.

7.3 Materials and methods

Focus group discussions (FGDs), face-to-face interviews, field observations and literature
review were the main tools used in gathering information for the study. In the first stage of
data collection, four FGDs were conducted in four communities; one in each community. The
participants in each community included community leaders, men, women, youth and
children. The purpose of the discussions was to brainstorm the status of agricultural
production, impacts of climatic change, verify and select most applicable indicators for
assessment of adaptation practices. The field observations were conducted to obtain a clear
view of the adaptation practices being used. In the second stage, face-to-face interviews were
conducted with stakeholders and experts from different organizations (i.e., Ministry of Food
and Agriculture, Savanna Agriculture Research Institute, Ghana Meteorological Agency,
National Disaster Management Organization and the local government). In the final stage,
the developed indicators were sent to key experts for evaluation and validation. A total of six

FGDs were conducted; one each with the regional and district agricultural staff in Wa and
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Lawra respectively and four in the aforementioned communities.

After validation of the developed components and indicators of adaptation selection,
the AHP decision support model was applied to a specific case study. Since drought and dry
spell has higher rate of occurrence, the indicators and AHP model are applied to prioritized

and select the most appropriate adaptation practices against drought in agriculture.

7.4 The proposed model

In developing indicators for evaluating sustainability and effectiveness, a two-step process is
often used. The first step involves determining the scope and identifying the measured criteria
while the second step focuses on developing and applying the indicators [23]. Based on this
approach, the important criteria should include understandability, ease of measurement,
accuracy, reasonableness and practicability, acceptability, and emphasis at the policy level
[23, 24, 3, 25]. This approach has largely been used in previous studies to develop indicators
to evaluate sustainability of the ecological system, agro-biodiversity and the fisheries
ecosystem.

Based on the above approach, this current study proposes a new approach for
developing indicators. The new approach is particularly important because agriculture and
climate change are diverse and complex in nature. The knowledge, skills, resources and
logistics needed for farm-level adaptation to climate change are equally diverse, and under
the control of different stakeholders. Thus, the current study proposes a six-step process for
creating a set of indicators at community-level. The steps are: identifying stakeholders,
setting the goal, setting the components, developing the indicators, setting alternative
practices, and calculating, integrating results and making a decision (Figure 7.1).
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Figure 7.1: Outline of indicators development process (Source: Author)

7.4.1 ldentification of stakeholders

Based on literature

and discussions with farmers and key experts, the under-listed

stakeholders are identified for development and implementation of the indicators (Table 7.1).

Table 7.1 - Summary of stakeholders and responsibilities (Source: Author)

Stakeholders

Responsibilities

Farmers
Field officers

Research scientists

& Engineers

Meteorologist

Local government

Evaluate, select and Implement of adaptation practices
Provide technical back-stopping to farmers and collaborate with other

players to develop and promote adaptation
Develop and produce adaptation options

Provide weather information to guide the development, selection and
implementation of adaptation options
Provide the policy framework and resources for promotion of effective

farm-level adaption to climate change
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Farmers are the core beneficiaries of the indicators. Since the indicators are designed
to improve farmers’ decision making under climate change, their responses to questions
regarding commitment, cost, knowledge and skills, cultural compatibility, ecological
compatibility, ease of use and accessibility are relevant in determining the effectiveness and
sustainability of adaptation practices for any extreme weather events are relevant.
Agricultural field officers are the principal change agents in agricultural development. They
serve as a medium through which knowledge and skills are passed down to farmers from
research scientists and government. The role of field officers in climate change adaptation
decision making is critical in the sense that they serve as the core providers of technical
back-stopping to agricultural producers. Their responses to issues surrounding technical and
environmental compatibility ease of use, inter-generational equity and fairness, affordability,
knowledge and skills, reproducibility, comparative effectiveness and accessibility are
essential to deciding the most appropriate adaptation strategy for any extreme climate event.

Research scientists and engineers play a crucial role in undertaking activities aimed
at developing effective and sustainable adaptation measures and supporting implementation
of the adaptation process. The research-extension-farmer linkage committee (RELC)
collaborates to highlight knowledge gaps and develop technologies to address climate change
effects. Meteorologists are responsible in providing accurate and timely climate projections
needed for effective planning and decision making under climatic change. Researchers,
engineers, government and field officers need clear and reliable weather forecast information
so as to plan, develop and promote appropriate adaptation strategies. Therefore, the
Meteorological agency plays a critical role in climate change adaptation decision making.
Policy formulation and financing of climate change adaptation is crucial to increasing
agricultural production. The main roles for government therefore is to provide policy
framework, finances, information and raise awareness needed for timely action for improved
farmer adaptation to climate change. Therefore, government’s strong commitment, political
leadership, effective administration and co-ordination and clear targets and objectives are
central for effective decision making and adaptation.
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7.4.2. Development of components and indicators

Face-to-face interviews and focus group discussions with stakeholders and experts suggested
that indicators for decision making and selection of adaptation practices should measure
feasibility and effectiveness. Hence, they should pertain to availability, accessibility, cost,
compatibility with societal norms and traditions, adaptive capacity to the ecology and
inter-generational equity, consistency with meteorological predictions, and institutional
capacity and willingness to support and/or develop the identified practices within a given
time. Furthermore, the indicators should be simple, understandable, precise, applicable, and
relevant in terms of effectiveness and sustainability. Results of the FGDs with farmers
confirmed these criteria for development and verification of the indicators. The developed

components and indicators are presented in Table 7.2

A. Feasibility of the adaptation practice at farmer-level is evaluated by indicators such as

cultural and traditional compatibility, cost, knowledge, skills and past experience.

1. Culture and tradition: This represents the degree to which an adaptation measure
conforms to the cultural beliefs and traditions of the locality. The decision of a
community to accept and use an adaptation option is influenced by the degree to which it
fits into the cultural setting. Hence, to foster farmers’ acceptance and commitment, the
proposed adaptation practices should address the beliefs and traditions of the local people.

2. Knowledge, skills, & past experience: This represents individual’s adaptability and
maintenance ability of the measure. Principally, the decision to use a recommended
adaptation measure is motivated by self-interest and undertaken voluntarily by the farmer.
Factors that could influence farmers’ decision to choose and commit to a particular
measure include knowledge and skills, past experience and resource availability. The
inherent simplicity of the adaptation practice is essential to avoid an incompatibility and
complications in integrating into the farming operations. Previous studies have shown that,
in the farming context where operations are characterized by a high degree of routine
work and the use of expensive machine equipment, the introduction of a technology that
is not compatible with existing practices and infrastructure is likely to be difficult [26].
The adaptation strategy to be chosen should therefore exhibit high flexibility and
compatibility with other measures. Farmers should have the requisite skills to conduct the

maintenance and repair works. Field observations revealed a number of broken dams and
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dug-outs that were constructed several years ago. Discussions with the agricultural field
officers and farmers revealed that the maintenance cost involved was huge. Also, the
farmers and officers lacked the requisite skills to carry out the repairs by themselves.
Terraces that were constructed for water conservation have also been destroyed.
Afforestation projects were also in a bad state. Thus, for an adaptation strategy to be
effective and sustainable, its future maintenance; repair of unexpected breakdowns,
replacement of lost or faulty parts should be relatively easier, cost effective and simple.
Thus, for an adaptation strategy to be effective and sustainable, its future maintenance;
repair of unexpected breakdowns, replacement of lost or faulty parts should be relatively

easier, cost effective and simple.

Cost: This refers to farmers’ economic ability and accessibility to the adaptation option.
The transaction cost of adaptation strategies is usually of critical importance to farmers.
To choose an adaptation practices, a farmer needs to, as a matter of priority, assess his
financial conditions to ascertain whether he can meet the monetary demands of the
strategy. Accessibility of the strategy (e.g. materials and logistics) is also very critical in
forming a firm adaptation decision. As such, farmers must have ready information on
which measures are readily accessible. In the case of improved crop varieties,
stakeholders need to be sure that the seeds are with the seed marketing companies or the
agricultural development unit. For drip and sprinkle irrigation, farmers need to be certain
that the materials and logistics are readily accessible and affordable in the market so as to

take an informed decision.
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Table 7.2 Components and indicators for evaluation adaptation alternatives to climate change in agriculture

(Source: Author)

Components Players Key indicators Sub-indicators
Culture & tradition 1. Communal or group adaptability
. . 2 Individual adaptabilit
Knowledge, skills, & past experience . p y .
Farmer 2. Individual maintenance ability
3. Individual affordability
Cost I
4. Labor availability
- Competence 5. Technical ability of non-farmers
Feasibility . L
I Finance 6. Economic ability of non-farmers
Institutions . . . . e
Scientific basis 7. Weather information availability and accuracy
Timeliness 8. Timely provision and assistance by non-farmers
Land 9. Land availability
Nature Water 10. Water resource availability
Soil 11. Nature of soil
Resiliency 12. Recovery from climatic shocks:
Short-term response 13. Short term effectiveness
Farmer Medium-long term response 14. Medium-long term effectiveness
Frequency of unintended consequences 15-1. Unintended consequences
Effectiveness Criticality of unintended consequences 15-2. Unintended consequences
Current society 16-1. Equity
Society Future generation 16-2. Equity
Vulnerable group 17. Equality
Nature Robustness 18. Coping ability
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B. Feasibility at institutional level is evaluated by competence, finance, scientific basis and

timeliness.

4. Competence: Demonstrable skills and knowledge of researchers and engineers to develop
adaptation technologies is crucial. The development of new or improved adaptation practices
such as new crop varieties and irrigation facilities require specialized skills. In addition,
agricultural information is necessary for effective farm management and adaptation to climatic
change. Therefore, it is essential for field officers to have the requisite information, skills and
knowledge to guide farmers in the implementation of the identified adaptation measure. Also,
considering the increasing frequency of extreme weather events being reported globally,
development and dissemination of reliable and accurate climate prediction information is critical
to effective agricultural decision-making. Agricultural stakeholders need to be certain about the
reliability and accuracy of weather forecast information so as to choose the most appropriate
adaptation measure. Thus, the meteorological agency should provide accurate, reliable and timely
weather predictions.

5. Finance: This represents availability, sufficiency and timeliness of funds to researchers,
engineers and field officers to develop and promote the required climate change adaptation
technique. Researchers and engineers need funding to purchase the logistics and resources
required to develop an identified technology. Similarly, field officers require funds to carry out
their guidance and supervisory duties so as to ensure farmers effectively implement the
adaptation technique. Meteorologists also require timely and adequate funding to undertake their
weather forecast and dissemination activities. Availability of an adaptation technique for an
identified extreme weather event is therefore contingent on government’s willingness to make
funds available and timely.

6. Scientific basis: This pertains to the presence of sufficient scientific and conceptual basis for
developing the adaptation practice. It also denotes the presence of a fundamental process
covering key aspects, components and procedure. It must also be consistent with weather forecast
predictions.

7. Timeliness: This denotes availability and accessibility of the adaptation practice within the
required season or time. In the case of provision of improved crop varieties, this indicator is
largely dependent on the availability of skilled and adequate number of research scientist to
develop the adaptation strategies. It is also partly contingent on the timely release and sufficiency

of funds. This indicator is also important in the provision of irrigation facilities where a farmer’s
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decision to use drip or splash irrigation against a predicted drought or dry spell depends on

whether the resources and logistics will be available at the right time.

C. Feasibility of the adaptation option with respect to nature is evaluated by resource availability.

8.

Resource availability: Access to water, land, soil and labor are important determinants of a
farmer’s decision to use adaptation measures. Water resource availability is a critical factor for a
farmer who needs to take a decision regarding using irrigation as a measure against drought and
dry spell. The absence of dams, dug-outs and water harvesting materials makes irrigation and dry
season gardening impossible. Additionally, a farmer who is planning to use crop rotation, mixed
farming or agroforestry need to be sure of the size of land available to him. Soil quality is also of
critical importance for implementation of certain climate change adaptation measures in
agriculture. To change crop type, use improved crop varieties or to engage in agro-forestry, it is
essential to consider the soil suitability of the farm area so as to take the most appropriate
decision. Also, some adaptation practices are labor intensive; hence farmers with smaller
household sizes and limited financial resources to pay for hired-labor may not be able to
implement them. Responses on land and labor availability will help farmers to make wise
decisions. They will also assist researchers, field officers and government to develop and promote

appropriate adaptation practices to meet the needs of different categories of farmers.

D. Effectiveness of adaptation practices with respect farmers is evaluated with indicators such as

resiliency, short-term response, medium-to-long-term response, unintended consequences (e.g.,

frequency and criticality)

10.

Resiliency: This indicator measures the capacity of the adaptation option to recover from climate
change related stress such as drought, dry spell or flood. The measures must not be susceptible to
irreversible damage from climatic change. Research scientists, engineers and agricultural officers
are generally technically capable to provide accurate information on the rate of recovery of
adaptation practices

Short-term responses: This measures the effectiveness of the adaptation option in the short-run.
It pertains to the adaptive capacity of the measure within a given production season. To be
considered for selection, the proposed measure (e.g. improved crop varieties, irrigation and

agroforestry) should have the ability to adjust and respond successfully to the effects of climate
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11.

12.

change. The presence of adaptive capacity has been shown to be a necessary condition for the
design and implementation of effective adaptation strategies so as to reduce the likelihood and
the magnitude of harmful outcomes resulting from climate change [27]. To be considered for
selection, proposed adaptation measures such as improved crop varieties, irrigation and
agroforestry should have the ability to adjust and respond successfully to the effects of climatic
change.

Medium-to-long term response: Making informed decision on adaptation choices also require
information on reproducibility of the available adaptation options. Also, for purposes of
sustainability, farmers need to know if the resources and material for the identified adaptation
practices are reproducible locally and in different context. Water harvesting technologies and
improved crop varieties need to be reproducible. For purposes of sustainability, farmers need to
know if the resources and material for the identified adaptation practices are reproducible locally
and in different context. Water harvesting technologies and improved crop varieties need to be
reproducible.

Unintended consequences: The development and implementation of new and improved
technology could result in unintended consequences on the society and agro-ecological system
thereby affecting effectiveness and sustainability. For instance, it is known that introducing
irrigation to arid locations leads to an increase in malaria risk. The original thought was that
malaria risk subsided rather quickly as families improved thanks to better farming conditions.
Therefore, in taking decision on which adaptation strategy to implement, farmers need to know

about the presence of any adverse effects and the frequency and criticality of such consequences.

E. Effectiveness of adaptation practices with respect society is assessed by such as equity (w.r.t.

current and future regenerations) and equality (w.r.t. vulnerable groups)

13.

14.

Equity: This indictor assesses issues of fairness and sustainability for current and future
generations. The inter-generational equity and fairness indicator therefore describes the extent to
which an adaptation strategy is likely to affect the opportunities, livelihoods and adaptation
capacity of future generations. Thus, for adaptation option to be selected, stakeholders must be
certain that it has no/or has minimal adverse effects on future generations.

Equality: This pertains to issues of usability by women and physically-challenged farmers.
Studies have shown that the poor, the majority of whom are women living in developing

countries, are disproportionately affected by climate change [28]. Yet, the FGDs revealed that
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15.

women turn to be left out during development, trial and implementation of improved
technologies in agriculture. Thus, the design of afforestation and reforestation projects,
development of irrigation infrastructure and improved varieties and implementation of farm and
crop diversification strategies need to address the concerns of women farmers who are generally
vulnerable and resource constrained. In particular, prioritizing the needs of vulnerable groups in
both development and climate policy processes is critical [29]. Thus, in developing adaptation
strategy such as irrigation, there is need to consider the special needs of the physically challenged
farmers in the community.

Robustness: This indicator assesses the ability of the measure to cope with climate risk. For
informed decision-making, it is important for farmers to know whether or not the adaptation

practice has a proven track record.

7.5. The simulation process: Application of the indicators and the AHP decision support model

Required data is collected through a paired comparison questionnaire. The questionnaire is

developed based on the hierarchy tree (Figure 7.2). Using a rating scale (Table 7.3), the pair-wise

comparison process elicits qualitative judgments that show the strength of decision makers’

preference in a specific comparison. The comparisons are then transformed into a set of numbers that

denote the relative priority of indicators and alternatives in a consistent manner. For the purposes of

this simulation, agricultural officers are requested to respond to several pairwise comparisons. The

result of the survey questionnaire technique is then used as input for the AHP. Microsoft excel is

used to analyze the data. In this study, the first task in the development of the AHP decision model is

to determine the alternatives. The alternatives pertain to adaptation practices to drought conditions in

agriculture. Six drought adaptation practices are analyzed in the model.

Alternative 1: Drought-tolerant varieties;

Alternative 2: Early maturing varieties

Alternative 3: Mixed farming;

Alternative 4: Irrigation

Alternative 5: Mulching/composting;

Alternative 6: Agroforestry
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The second task is to develop the decision hierarchy tree. In AHP approach, every decision

making subjects can be explained within a hierarchical structure. Thus, the prioritization of

adaptation practices to drought in Lawra district is structured into a hierarchical form so that the

problem will appear more systemic (Figure 7.2). The determination hierarchy is made up of four

tiers; goal, components, indicators and alternative adaptation practices. The goal is to prioritize and

select the most ideal adaptation practice to drought in agriculture. The components are feasibility and

effectiveness. The indicators used comprise eight feasibility and nine effectiveness indicators.

Definition of abbreviations is shown in Table 7.4.

Table 7.3 - Pair-wise comparison

Level of o )
Definition Explanation
Importance
_ Both criteria contribute equally to the level
1 Equal importance ) _
intermediately above
) Judgment slightly favors criteria i than criteria
3 Moderate importance )
J
) Judgment strongly favors element i than
5 Strong importance )
element |
) Criteria i is favored very strongly than criteria
7 Very strong importance .
J
_ There is evidence affirming that criteria i is
9 Extreme importance o
favored than criteria j
2,4,6,8 Intermediate value between above Absolute judgment cannot be given and a
scale values compromise is required
Reciprocal If criteria i has one of the above

non-zeros numbers assigned on it
when compared with criteria j, j has
the reciprocal value when compared to

Criteria i inverse each other with criteria j

Source: [11]
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Component Feasibility Effectiveness
P—
CT | RS
KSP — STR
CST L MLTR
Indicators —— CP — FUC
EN — CcucC
SB — S
™ - FG
RA L VRG
—
RB
Alternatives DTV EMV M-F IRG MC AGF

Figure 7.2 - Prioritization hierarchy tree of adaptation practices to drought

Table 7.4 — Variables and abbreviations used

(Source: Author)

(Source: Author)

Variable Abbreviati  No Variable Abbreviati
. on . on
1  Culture & tradition CT 13  Criticality of unintended CUC
consequences
2  Knowledge, skills, & past KPS 14  Current society CS
experience
3  Cost CST 15 Future generation FG
4 competence CP 16 Vulnerable groups VRG
5  Finance FN 17  Robustness RB
6  Scientific basis SB 18 Drought-tolerant varieties DTV
7 Timeliness ™ 19 Early maturing varieties EMV
8  Resource availability RA 20 Mixed farming M-F
9  Resiliency RS 21 Irrigation IRG
10  Short-term response STR 22 Mulching/composting MC
11  Medium-long term response MLTR 23 Agroforestry AGF

12 Frequency of unintended FUC

consequences
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The third task is calculation of paired comparisons, weight coefficients of matrixes and
consistency rate. Since the assessment is based on quality, a square matrix is formed corresponding
to the number of components which are placed in rows and columns. Then, these options are
compared with each other in a binary manner by respondents and numerically scored according to
standardized table, and presented in the matrix columns. Data matrix, A, is generally positive and
reverse; and its components are indicated by a;;. So, considering the reversibility property of a;; =1/ajj,
simply the comparisons by a number of n(n-1)/2 times are needed in a matrix of n.n. On the other
hand, when the assessment is based on quantity, the assessed components are measured by the same
basis [30].

@11 @2 " Q1 e gy
Q1 Qpp T Bz e Gy
A: . . e avn _— . (71)
- - . ﬂ'i_;l'
Q1 D,z . ﬂ.m}- v Eonm

Where; a; is the element of matrix A in the i row and the j™ column

To obtain the weighting factor (eigenvector) of matrix A above, three steps were used.

1. Multiplication of matrix A by using equation 1 below to obtain A

T

af}- = Z Qg e (7.2)
k=1
Where; ajy is the element of matrix A in the i row and the k™ column and ay; is the element of matrix

A in the K" row and the j™ column.

2. Summation of elements of each row in matrix A% by using equation 2 below to obtain matrix B

(]
bi:Zﬂ-U‘:ﬂil"' ﬂ-iz+"'+ﬂ-i}'+"'+ ﬂ'?‘!_;l' (?.3}
=1
Where bj is the i elements in matrix B which is expressed as:

by
b,

B = b} (7.4)
b
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By adding up all the elements in matrix B, equation 3 is obtained

(]
be=b1+b2+.'.+b?‘! (?.5:}
i=1

3. To obtain the eigenvector of matrix B, the results from equation 3 are further nominalized to

obtain matrix C by using equation 4.

c=| (7.6)

i=1

The final stage involves the calculation of the consistency rate. Since the comparisons of
indicators and alternatives were done in a paired series by decision makers, inconsistency will
generally occur. Therefore, studies have recommended the use of consistency index (Cl) and
consistency ration (CR) to check for the consistency associated with the comparison matrix [31]. A
matrix is assumed to be consistent if and only if ajj=ay.ai (with i, j, k=1,2,3...n). If all components

of matrix A are consistent, then

ajj = % (7.7)

Finally, the consistency ratio (CR) is determined:

CR=2 (7.8)

T ORI

Where ClI is consistency index and RI is the random index which represents average consistency

index over a number of random entries of same order reciprocal matrices shown in Table 7.5. CR is
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acceptable if it is not greater than 0.10. If it is greater than 0.10, the judgment matrix will be
considered inconsistent. To rectify an inconsistent judgment matrix, the judgments of

decision-makers must be reviewed.

Table.7.5 - Reference values of RI (Alonso and Lamata's values)

N 3 4 5 6 7 8 9 10
RI 100000 05245 0.8815 1.1086 12479 13417 14056 1.4499 1.4854

7.6. Findings and discussion

The results of pair-wise comparison by experts on the components and indicators are shown in Table
7.6. Feasibility component has the highest weight of 0.667 while the effectiveness component has a
weight value of 0.333. Four indicators in the feasibility component (i.e., culture and tradition;
knowledge, skills and past experience; cost; and competence) obtained the highest weight. In
effectiveness component, resiliency, short-term response, medium-to-long term response and
unintended consequences obtained the highest weight. These results are in line with previous
research findings that suggest that values, perceptions and customs, traditions affect the capability of
communities to adapt to risks related to climate change [32]. Other studies have highlighted cost as a

determinant of adaptation [33].

Table 7.6 — Estimated value of components and indicators (Source: Author)

Component Estimated value Indicators Estimated value

Feasibility 0.667 Culture & tradition 0.390
Knowledge, skills, & past experience 0.227
Cost 0.124
competence 0.098
Finance 0.048
Scientific basis 0.031
Timeliness 0.048
Resource availability 0.035

Effectiveness 0.333 Resiliency 0.423
Short-term response 0.218
Robustness 0.126
Current society 0.067
Criticality of unintended consequences 0.046
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Frequency of unintended consequences 0.034

Future generation 0.029
Vulnerable group 0.029
Medium-long term response 0.390

The results of prioritization of alternative adaptation practices to drought are presented in Table 7.7.
Irrigation and drought-tolerant varieties are observed to be most feasible and effective (i.e., 7.02 and
6.88, respectively). Early maturing varieties and mixed farming are ranked lowest in the priority set
up (i.e., 5.54 and 4.85, respectively). The outcome of the results and discussions in this chapter is
expected to improve farmers’ capacity to adapt to climate change through effective and efficient
decision making.

Table 7.7 — Estimated weights of alternative adaptation practices (Source: Author)

Indicators/alternative practices
DTV EMV M-F IRG MC AGF

Culture & tradition compatibility 1.56 1.17 0.78 1.17 1.17 1.17
Knowledge, skills, & past experience 0.91 0.68 0.68 0.91 0.68 0.45
Cost to famer 0.37 025 0.25 0.50 0.25 0.50
Competence of field officer 0.39 039 0.29 0.29 0.39 0.20
Finance to develop 0.10 0.10 0.10 0.19 0.10 0.10
Scientific basis 0.12 0.00 0.00 0.00 0.00 0.00
Timeliness 0.14 019 0.14 0.14 0.14 0.14
Resource availability 0.14 0.10 0.10 0.10 0.10 0.07
Resiliency to climate shock 1.69 1.27  1.27 1.69 1.27 1.27
Short-term response 0.44 044 044 0.87 0.65 0.65
Medium-long term response 0.38 025 0.25 0.50 0.38 0.50
Frequency of unintended consequences 0.13 020 0.20 0.13 0.20 0.20
Criticality of unintended consequences 0.09 0.14 0.14 0.09 0.00 0.14
Impact on current society 0.10 0.10 0.07 0.10 0.07 0.10
Impact on future generation 0.11 0.09 0.00 0.11 0.09 0.11
Vulnerable group 0.09 0.09 0.06 0.09 0.06 0.06
Robustness 0.11 0.09 0.09 0.11 0.09 0.09
TOTAL 6.88 554 4.85 7.02 5.63 5.75

Drought-tolerant varieties =DTV; Early maturing varieties=EMV; Mixed farming=M-F; Mulching
and composting=MC; Irrigation=IRG; Agroforestry=AGF
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CHAPTER 8: CONCLUSION AND RECOMMENDATION

Generally, farmers are aware of climate change. Majority of them have perceived a long-term
decrease in precipitation and increase in temperature. The rate of occurrence of dry spell and drought
is higher than flood in Lawra district. Farmers believe that the causes of climate change are mostly
centered on human factors (i.e., deforestation and bushfires) and gods and ancestral curses. Farmers
in the district generally classify climate change effects in terms of crop performance, socio-economy,
environment and psychology.

Empirically, the district has experienced moderate inter-annual and seasonal rainfall
variability over the past thirty-three years. Generally, the inter-annual rainfall distribution has been
irregular. Seasonal rainfall variability has a negative influence on annual production volumes of
sorghum, millet and groundnut. Also, there is high seasonal variability of production volume of the
crops investigated. This is due to the observed irregular seasonal rainfall variability. Sorghum and
millet exhibit the highest variability because their cultivation period is of longer duration (June to
December). It is also observed that under any given agricultural production season, two types of
extreme climate conditions may occur in Lawra district; (1) less than median rainfall in the month of
June (2) more than median rainfall in the month of August. This implies that, while drought or dry
spell may occur in June, floods could occur in August.

Farmers are also aware of the different climate risk phenomena and impacts on their
livelihoods. Resource-poor farmers are concerned about climate risk on agricultural production,
while resource-moderate and resource-rich farmers are concerned about risk impacts on climatic
variables, and health and socio-economy, respectively. Climate risk impacts are generally perceived
in terms of agricultural production, biodiversity and forestry, health and socio-economy, and climatic
variables. The significant predictors of farmers’ climate risk perception are age, education, perceived
increase in droughts, dry spell, floods, pests and disease, cost of production, worsening harmattan,
temperature, perceived decrease in forest area, birds and animal species, plant and forest species, soil
fertility, and perceived severity of consequences on human diseases and mortality, and food security
and incomes.

Farmers in Lawra district are already adjusting their farming activities in response to
droughts, dry spells, and floods. Increased access to agricultural extension officers in certain parts of
the district has impacted positively on farmers’ use of adaptation options. Generally, adaptation is
used in response dry spell and drought. However, other farmers use adaptation as a means to improve

soil fertility and crop production. Farmers classify climate change adaptation options in terms of crop
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production improvement, soil management, irrigation and water conservation and environmental
improvement practices. Farmers’ perceived most important adaptation practices are different from
the practices being implemented. The most critical constraints to use of most preferred adaptation
options include unpredictability of weather, high farm input cost, lack of access to timely weather
information and limited access to water resources. The factors influencing farmers’ adaptation to
climate change are education, household size, household income, access to information, access to
credit, access to markets and membership to FBOs.

The proposed approach for evaluation of the adaptation practices is based on relevant
indicators derived through focus group discussions, literature review and face-to-face interviews with
key experts. The indicators are developed based on a six-step process (i.e., identifying stakeholders,
setting the goal, setting the components, developing the indicators, setting alternative practices, and
calculating, integrating results and making a decision). A total of seventeen indicators are developed
and classified into two broad components (i.e. feasibility and effectiveness). The components and
indicators are ranked for easy prioritization and application. It is expected that at each pre-season
planning stage, various adaptation practices to a predicted climate event (i.e., dry spell, drought or
flood) are identified and prioritized based on the components and indicators. Since earlier findings in
this study suggested a high rate of occurrence of drought and dry spell in Lawra district, the
developed indicators are applied to evaluate and select the most feasible and effective adaptation
practices to drought. The AHP decision support model is applied. The simulation results of AHP
show that the feasibility component has higher weight than the effectiveness component. The results
of prioritization of alternative adaptation practices to drought show that irrigation and
drought-tolerant are most feasible and effective. Irrigation and agroforestry are ranked lowest in the

priority set up.

8.2 Recommendations

Findings of the study clearly point to the need for government to boost the capacity of research
scientists and agricultural staff to develop and promote appropriate and effective adaptation practices
to help farmers adapt to extreme climatic events. Agriculture staff on the other hand should educate
farmers on the improved and/or modern technologies and practices to climate change. As a long term
measure, government, policy makers and NGOs should develop irrigation facilities and water
harvesting technologies. More specifically, there is the need for construction of dams and dug-outs so
that farmers can undertake dry season gardening and irrigation farming. In the case of floods,

medium-to-long term measures are required. Government and policy makers should design and
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implement effective drainage systems. Farmers on the other hand should shift their crop production
activities to less flood-prone arable lands. Also, the perception that climate change is caused by
traditional gods and ancestral curses implies that scientists and development experts should consider
cultural and traditional beliefs of farmers when designing adaptation practices. As such, a bottom-up
approach must be used to ensure that farmers’ beliefs and understanding are a crucial part of the
design and dissemination of adaptation practices.

In addition, it is essential for governments and policy makers to make climate risk
communication and awareness an integral part of climate change policy. The risk impacts of climate
change on human health, migration and other socio-economic factors need to be adequately
identified and mainstream into climate risk communication policy. This will improve farmers’
concern about, and ensure enhanced adaptation to climate change.

Furthermore, governments and development partners should mainstream the determining
factors of adaptation and barriers to adaptation into climate change related policies, projects and
programmes. The Ghana Meteorological Agency should be adequately trained and resourced to
collect and disseminate accurate and timely weather information. Additionally, government should
ensure that flexible terms of agricultural credits are made accessible to farmers so that they can meet
the financial demands of adaptation.

Farmers and field officers need to further understand and apply the proposed model at every
pre-season planning stage to select the most feasible and effective adaptation option based on their
individual situations. Empirical results of the adaptation practices prioritization and selection model
should guide government, researchers and agricultural field officers to develop and promote practices
that are deemed most feasible and effective based on the indicators.

In this study, the results of AHP are based on data from agricultural officer. However, since
farmers are the key players in the implementation of adaptation alternatives, future studies should

consider expert judgments from the farmers themselves.

8.3 Further studies

The current study applies a static model to investigate the factors influencing adaptation to
climatic change in agriculture. As such, the model, for example, does not explain how different
wealth categories of farmers take decisions on adaptation. Therefore, to make it clearer on whether
wealthier farmers or poorer farmers are more likely to adapt to climatic change, a dynamic model
should be applied in future investigations.

Additionally, the findings of the climate change risk perception assessment worth further
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investigation to identify how perceptions of the different wealth category of farmers are influenced
by the various climate risk phenomena and impacts identified in this study. The outcome of such an
investigation will further enhance the formulation appropriate climate risk communication models

and policy to meet different target groups.
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APPENDIX 1: ROAD MAP AND TRAVEL DISTANCES
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Map of Ghana Map of Upper West Region
No. | From To Distance (km)
1. Accra Wa 712
2. Wa Lawra 85
3. Wa Brifo-cha 55
4. Brifo-cha Lawra 30
5. Lawra Kalsagri 20




APPENDIX 2: FIELD SURVEY QUESTIONNAIRES

A. Summary of questionnaire used to elicit data on farmers’ perceptions about

climate change and adaptation.

Name of respondent........................ Questionnaire Number.............

Part I: Basic information

1. Age: (1) 15-34(2) 35—54 (3) 55 and above

2. Sex: (0) Male (1) Female

3. Marital status: (0) Married (1) Single

4. Educational status: (1) Literate (0) Illiterate

5. Years of experience in farming: (1) less than 10 years (2) 10-25 year (2) More than 25
years

6. Secondary occupation (Main):  (0) None (1) Livestock (2) business/trade (3) rural

artisan

Part 11: Household information

Size of farm (acres)

Number of members in household

Number of household members who work on the farm
Average number of man- days on the farm

Main source of household income: (1) Agriculture (0) Others

What is the total amount of annual income from farm?  (Gh Cedis)

N o g bk~ w D RE

Secondary sources of household income: (0) None (1) Livestock (2) business/trade (3)
rural artisan  (4) remittances

8. What is the total amount of annual off-farm income? (Gh Cedis)

Part 111: Experiences about patterns and effects of climate change

1. What is the pattern of rainfall over the past 10 years: (0) decreasing (1) increasing (2)
stable

2. Inaparticular season, how long do the rains last: (1) 3-4 months (2) less than 3-months
(3) more than 4-months

3. Do you normally experience drought during the production season? (1) Yes (0) No



6.

If YES, which month?

Do you normally experience flood during the production season? (1) Yes (0) No

If YES, which month?

Do you normally experience dry spell during the production season? (1) Yes (0) No

If YES, which month and for how many days?

What is the pattern of temperature over the past 10 years? (0) decreasing (1) increasing
(2) stable

Part 1V: Effects of prevailing rainfall and temperature patterns

1.

Do the prevailing rainfall and temperature patterns affect crop production? (1)Yes(0)No
If YES, how?

Do the prevailing rainfall and temperature patterns affect the environment? (1)Yes(0)
No. If YES, how?

Do the prevailing rainfall and temperature patterns affect you psychologically? (1)Yes
(0) No. If yes, how?

Do the prevailing rainfall and temperature patterns affect the socio-economy? (1)Yes
(0) No. If YES, how?

Part V: Access to weather information, markets, extension services and pre-season

planning

1.

o ~ N

Do you get information on rainfall and other weather events? (1) Yes (0) No

If yes, from where? (1) Meteorological staff (2) Agric. Extension officer (3) Radio/
television

Do you have access to market for your farm produce? (1) Yes (0) No

Do you have ready access to agricultural loans/credit facilities? (1) Yes (0) No

Do you have access to agricultural subsidies? (1) Yes (0) No

Do you have access to Agric. Extension officers? (1) Yes (0) No

If yes, how many visits per month? (0) 4 (1) Less than 4 (2) More than 4
Do you share farming and weather information with colleague farmers? (1) Yes (0) No
Do you have collaborative pre-season planning meetings with colleague farmers?

(1) Yes (0)No

Do you have collaborative pre-season planning meetings with Agric. Staff, NGOs,
Meteorological agency, research scientists, EPA, local government, etc? (1) Yes (0) No



9. Do you belong to any farmer-based organization? (1) Yes (0) No. If NO,why?
10. Following from question 10, if YES, how many meetings do you hold in a month?

11. Do you normally experience pest outbreak in the production season? (1) Yes (0) No

Part VI: Adaptation to climate change
1. Do you adopt any strategies or measures to reduce the effects climate change on your
farming activities? (1) Yes (0) No
If yes, where do get the modern strategies or measures from? (0) Colleague farmers
(1) Agriculture officer (2) NGO (3) Others

3. Preference of adaptation practices; (1) highly (2) moderately (3) Less (4) Not at all

Adaptation practices Response

Improved crop varieties

Irrigation

Crop diversification

Farm diversification

Change of planting date

Income generating activities

Agroforestry practice

Improved crop varieties

4. Actual adaptation practices being used (1) Yes (2) No

Adaptation practices Response Specific practices

Improved crop varieties

Irrigation

Crop diversification

Farm diversification

Change of planting date

Income generating activities

Agroforestry practice




Improved crop varieties

5. Which of the following is your main reason for using adaptation strategies to climate
change? (1) Reduce effects of drought (2) Reduce effects of floods (3) Reduce effects of
dry spell  (4) Increase production (5)

B. Summary of questionnaire used for assessment of climate risk perception among

farmers

Part 11: Climate risk perception

1. Do you think some forms of risks exist due to climate change? (1) Yes  (2) No

2. What is the level of your climate risk perception? (3) High (2) Moderate (1) Low
(0) No

3. Do you think climate risk on agriculture will increase? (1) Yes  (2) No

Part 111: Determinants of climate risk perception.

4. How do the factors in Table 1 below influence your risk perception about climate
change?

Table 1: Fill the right-column with the appropriate number ---- (3) High ~ (2) Moderate

(1) Low (0) Not at all

No. Factors Response
1 Decrease soil fertility
2 High cost of production
3 Increase pest and disease attack
4 Decrease crop yield
5 Early drying up of dams and dug-out in off-season
6 Decrease in area under crop cultivation
7 Decrease in forest area
8 Increase desertification
9 Decrease in number of certain plant and tree species
10 Extinction of certain bird and animal species
12 Increase in human disease infection and mortality
14 Increase in poverty
15 Increase in out-migration
16 Decrease in household food security and incomes
17 Increase belief in God or ancestral spirits
18 Increased temperatures
Ability to control risk
19 Increased drought, dry spell and flood




20

Increased rainfall variability

21

Increased severity of hamattan winds

5. What is the level of your climate risk perceptions regarding the following variables in

Table 2 below
Table 3: Fill the right-column with the appropriate number ---- (3) High (2) Moderate (1)
Less (0) Not at all

No. Variables Response
1 Agriculture
2 Biodiversity and forestry
3 Human health, cultural and socio-economic
4 Climatic variables

C. Summary of questionnaire used for developing indicators to assess adaptation

practices to climate change

Main objective: To develop a set of indicators that can evaluate feasibility and effectiveness

of adaptation practices to climate change in agriculture at the pre-season planning stage.

1. In Table 1 below, please indicate if the sub-indicators aptly describe the corresponding

key indicators and hence, can measure the main components. Kindly fill in the right
column using (1) if you AGREE or (0) if you DON’T AGREE.

Components | Players Key indicators

Sub-indicators

Response

Feasibility

Culture & tradition

Communal or group adaptability

Knowledge, skills,

&

Individual adaptability

Farmer past experience Individual maintenance ability
Individual affordability
Cost _
Labor availability
Competence Technical ability of non-farmers
o Finance Economic ability of non-farmers
Institutions

Scientific basis

Weather information availability

and accuracy




o Timely provision and assistance
Timeliness
by non-farmers
Land Land availability
Nature Water Water resource availability
Soil Nature of soil
Resiliency Recovery from climatic shocks:
Short-term response Short term effectiveness
Medium-long term ] )
Medium-long term effectiveness
response
Farmer Frequency of
unintended Unintended consequences
Effectiveness consequences
Criticality of unintended )
Unintended consequences
consequences
Current society Equity
Society Future generation Equity
Vulnerable group Equality
Nature Robustness Coping ability

2. Using the scores in Table 2 below, kindly complete the pairwise comparisons of the
indicators in Tables 3 & 4

Level of Definition Explanation
Importance
: Both criteria contribute equally to the
1 Equal importance . .
level intermediately above
3 Moderate importance Ju_dgme_nt slightly favors criteria i than
criteria J
5 Strong importance Judgmen_t strongly favors element i than
element |
v Very strong importance Cr_lter_la_l is favored very strongly than
criteria J
. There is evidence affirming that criteria i
9 Extreme importance . .
is favored than criteria j
If criteria i has one of the above non-zeros
Reciprocal numbers assigned on it when compared Criteria i inverse each other with criteria j

with criteria j, j has the reciprocal value
when compared to i




Table 3: Pairwise comparison of indicators for measuring feasibility of adaptation practices
to climate change

Same indicators in left
Feasibility Indicators Code column

A|B|C|D|E|F|G|H

Feasibility of adaptation | Culture & tradition

practice in the context of Knowledge, skills, &
farmers past experience

Cost

Feasibility of adaptation | Competence

practice in the context | Finance

scientists, engineers, AEAS, Scientific basis

OQMMmMoO| @™ |[>

overnment —
g Timeliness

Feasibility of adaptation
practice in the context | Land, water and soil H
nature

Others: Kindly suggest any other indicators needed to determine the feasibility of
adaptation practices to climate change in a farmer’s pre-season planning stage

Table 4: Pairwise comparison of indicators for measuring effectiveness of adaptation
practices to climate change

Same indicators in left column

Effectiveness indicators Code ABICIDIEIEIGIHI
Effectiveness of | Resiliency A
adaptation practice in [ ghort-term response B
the context of farmers Medium-long term

response ¢
Frequency of unintended D
consequences
Criticality of unintended E
consequences
Effectiveness of | Current society F
adaptation practice in | Fyture generation G
the context of society Vulnerable group H
Effectiveness of
adaptation practice in | Robustness I
the context nature

Others: Kindly suggest any other indicators needed to determine the effectiveness of
adaptation practices to climate change in a farmer’s pre-season planning stage.
Comments: Freely comment on suitability or otherwise of any of the indicators in Tables 2
and 3

Thank you for your kind co-operation




APPENDIX 3: FIELD SURVEY PHOTOS

Meeting with the District Chief Executive and Administrative director, Lawra district

\l '
gl

Training of agricultural field officers on field questionnaires, Lawra
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Field observations
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Dry season gardening
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APPENDIX 4: SIMULATION RESULTS OF PROPOSED EVALUATION MODEL

4.1 Steps in calculating priority weights of the AHP model using Microsoft Excel

1. Create Matrix A using expert judgments

2. Create Matrix B by squaring Matrix A (This involves the algebra)

3. Create Matrix C by squaring Matrix B
Continue creating the Matrices in this form until the ‘normalized eigenvalues do not
change

Hint:

To create a Matrix, taking note that Matrix B is Matrix A squared,

1. Highlight the area where the ‘data values’ of Matrix B should be.

2. Enter “=MMULT(G6:N13,G6:N13)” without the quotes in the top formula box above
the worksheet.

3. Press SHIFT+CTRL+ENTER.

4. In a Matrix, ‘Eigenvector’ of row is the sum total of all the values in the cells of that
row; SUM(D15:115)

5. Normalized eigenvalue of a row is the eigenvector of that row divided by sum of the

range of eigenvectors; J15/(SUM(J$15:J20)
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4.2 Results of weights of indicators and adaptation alternatives using the AHP model

A. Calculation of weights of the feasibility indicators

Stage 1: Formation of matrix A using expert judgments

Matrix A: Pairwise comparison for feasibility indicators of adaptation practices

Same indicators in left column

Feasibility Indicators Code A B C D E F G H
Feasibility of adaptation Culture & tradition A 1 3 4 5 7 9 6 8
practice in the context of Knowledge, skills, & past experience B 1/3 1 3 3 5 7 4
farmers Cost cC U4 U3 1 2 5 2 4
Feasibility of adaptation competence D 1/5 13 12 1 5 2 3
practice in the context Finance E /7 15 13 1/3 2 1 2
scientists, engineers, AEAs, Scientific basis F 9 17 15 15 12 1 1 1
government Timeliness G U w4 12 12 1 1 1 1
Feasibility of adaptation
practice in the context Resource availability
nature H 1/8 16 14 13 12 1 1 1
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Stage 2: Calculation of priorities

Matrix B: normalized eigenvector Eigvec
Culture & tradition 8.00 1452 28.63 36.80 70.50 112.00 66.00 94.00 430.45
Knowledge, skills, & past experience 493 800 1540 20.73 40.83 67.00 40.00 56.67 253.56
Cost 283 456 8.00 1058 2192 36.58 2283 31.00 138.31
competence 233 3.75 6.55 8.00 16.57 27.63 1853 24.60 107.96
Finance 1.14 192 3.40 4.21 8.00 13.02 899 11.68 52.37
Scientific basis 072 127 229 2.78 5.19 8.00 554 715 32.94
Timeliness 1.02 184 345 4.45 842 1325 8.00 11.33 51.76
Resource availability 0.78 140 253 3.16 5.96 921 6.08 8.00 37.12
Matrix C: normalized eigenvector Eigvec
Culture & tradition 604.67 1031.21 1885.08 2392.38 4655.16 7487.11 4798.51 6491.19 29345.3
Knowledge, skills, & past experience 350.93 599.72 1097.23 139156 2703.75 4343.38 2783.85 3765.99 17036.4
Cost 19145 327.60 600.30 761.79 1478.62 2373.73 1518.96 2056.99 9309.4
competence 151.33  259.03  475.13 603.63 1171.85 188142 1201.31 1628.85 73725
Finance 7490 128.01 234.73 298.40 580.13 93241 59494 807.04 3650.6
Scientific basis 47.96 81.83  150.00 190.79 37136 59747 38112 517.06 2337.6
Timeliness 73.60 12552  229.66 29163 567.53 91290 58432 791.08 3576.2
Resource availability 53.60 91.45 167.52 21295 41445 666.77 425.84 577.32  2609.9

Normalized
0.390
0.230
0.125
0.098
0.047
0.030
0.047
0.034
1.000

Normalized
0.390
0.226
0.124
0.098
0.049
0.031
0.048
0.035
1.000
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Matrix D: normalized eigenvector

Culture & tradition

Knowledge, skills, & past experience
Cost

competence

Finance

Scientific basis

Timeliness

Resource availability

2859282.9
1660866.3
907575.4
718437.2
355520.5
227538.6
348347.7

254105.4

4883721.4

2836802.8

1550164.6

1227111.8

607238.7

388641.6

594986.1

434018.3

8944804.6

5195762.7

2839216.3

2247528.8

1112194.1

711820.3

1089750.5

794929.9

11360992.0

6599247.6

3606149.4

2854636.8

1412623.8

904100.2

1384116.7

1009659.3

22088304.2

12830392.7

7011143.1

5550037.6

2746452.5

1757772.2

2691031.7

1963002.7

35504476.7

20623397.9

11269607.3

8921047.5

4414610.7

2825421.7

4325532.2

3155306.9

22700711.3

13186112.8

7205511.9

5703889.7

2822586.5

1806499.5

2765638.3

2017421.4

30754679.6

17864399.1

9761954.7

7727580.7

3824018.1

2447432.2

3746859.8

2733186.0

Eigvec

139096972.8
80796982.0
44151322.7
34950270.0
17295245.0
11069226.2
16946262.9

12361630.1

Normalized
0.390
0.227
0.124
0.098
0.048
0.031
0.048
0.035

1.000

- Eigenvalues in matrix D are pretty much the same as those in matrix C. So, it is reasonable to believe that any additional matrices won't

create any eigenvalues substantially different from these.

- Priority values are the "normalized eigenvalues” in the last matrix of stages 2 on the last column in the right-side of Matrix D.
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Stage 3: Calculation of consistency index (ClI)

3.a. Weighted rating for each row
Row 1:
Row 2:
Row 3:
Row 4:
Row 5:
Row 6:
Row 7:
Row 8:

3.24
1.88
1.03
0.81
0.40
0.26
0.39
0.29

Matrix A
Code A B C D E F G H
A 1 3 4 5 7 9 6 8
B 1/3 1 3 3 5 7 4 6
C 1/4 1/3 1 2 3 5 2 4
D 1/5 1/3 1/2 1 3 5 2 3
E 1/7 1/5 1/3 1/3 1 2 1 2
F 1/9 1/7 1/5 1/5 12 1 1 1
G 1/6 1/4 1/2 1/2 1 1 1 1
H 1/8 1/6 1/4 1/3 12 1 1 1
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3.b. Approximation of lambda (max)

Row 1: 8.297
Row 2: 8.297
Row 3: 8.297
Row 4: 8.297
Row 5: 8.297
Row 6: 8.297
Row 7: 8.297
Row 8: 8.297
Average 8.297

Each row produces an approximation of lambda (max), which should be closeton  (n=
total number of indicators in the comparison). In this case, n is 8 because there are 8
indicators are being compared. If any row lambda (max) is less than n, then, there may
be a problem of inconsistent ratings in the pairwise comparison matrix (i.e., matrix A).

3.c. Calculate consistency index (ClI)

Cl = (Lambda (max) - n)/ (n-1), where n is the number of elements that are
compared in matrix A
Cl=  0.0424
RI= 1.4056 (Alonso and Lamata's value)
Stage :4 Calculation of consistency ratio (CR)
CR= 0.0302
CR is calculated as CI divided by RI, where Rl is the average CI from random matrices. RI
values may be difference across research studies. Here we use Alonso and Lamata's value
(0.5245) for 3 elements in the pair-comparison matrix (i.e., matrix A).
CR > 0.10 indicates that there is a concern of inconsistency in pairwise comparison.
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B. Calculation of weights of the effectiveness indicators

Matrix A:
Cod Same indicators in left column
Effectiveness indicators e A B C D E F G H I

Effectiveness of adaptation  Resiliency A 1 5 5 7 7 8 9 9 9
?;?r%téfs in the context of Short-term response B 1/5 1 3 5 5 6 7 7 7

Robustness C /5 173 1 3 3 4 5 5 5

Current society D 1/7  1/5 1/3 1 2 2 3 3 3

Criticality of unintended consequences E 1/7  1/5 1/3 12 1 1 2 2 2
Effectiveness of adaptation  Freq. of unintended consequences F g 16 u4 12 11 1 1 1
Egif;'t;e in the contextof e generation G o u7 U5 w3 12 1 1 1 1

Vulnerable group H 19 17 1/5 13 1/2 1 1 1 1
Effectiveness of adaptation I 1/9 1/7 1/5 1/3 1/2 1 1 1 1
practice in the context Medium-long term response
nature
Matrix B: Calculation of priority (i.e., normalized eigenvector) Eigvec Normalize
Resiliency 9.00 19.66 37.07 70.50 89.50 114.00 139.00 139.00 139.00 617.72 0.424
Short-term response 551 9.00 16.03 3290 46.90 61.60 7580 75.80 75.80 323.55 0.222
Robustness 349 568 9.00 17.57 26.57 35.60 43.13 43.13 43.13 184.17 0.127
Current society 311 193 324 495 9.00 1350 18.68 2235 2235 2235 96.00
Criticality of unintended consequences 261 126 235 360 6.50 9.00 1268 1485 1485 1485 65.08
Frequency of unintended consequences 088 177 273 496 6.96 9.00 11.04 1104 11.04 48.38 0.033
Future generation 076 153 231 418 576 771 900 9.00 9.00 4024 0.028
Vulnerable group 076 153 231 418 576 771 900 9.00 9.00 4024 0.028
Medium-long term response 0.76 153 231 418 576 7.71 9.00 9.00 9.00 40.24 0.028

1.000
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Matrix C Eigvec  Normalize
Resiliency 983.1 18418  2927.9 54550  7664.0 10249.8 122567 122567 122567  53635.1 0.423
Short-term response 503.9 9536 15180 28222 39458 52708  6298.7  6298.7  6298.7 27611.6 0.218
Robustness 290.7 5508  880.0 16385 22869 30512 36485 36485 36485 15995.2 0.126
Current society 399.9 1540 2916  467.0 8709 12153 16203 19388 19388 1938.8 8496.6
Criticality of unintended 338.2 1055 1990 3187 5949 8317 11091 13277 13277 1327.7 5814.3
consequences
Frequency of unintended 78.5 1477 2362 4410 6172 8238 9859 9859 9859 4316.1 0.034
consequences
Future generation 65.8 1237 1982 3702 5181 6913 8277 8277 8277 3622.8 0.029
Vulnerable group 65.8 1237 1982 3702 5181 6913 8277 8277 8277 3622.8 0.029
Medium-long term 65.8 123.7 1982 3702 5181 6913 8277 8277 8277 3622.8 0.029
response

1.000
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Matrix D Eigvec Normalize
ReSi | ienCy 7619425.9 14357028.2 22948974.9 42801506.9 59879549.8 79920460.4 95624977.3 95624977.3 95624977.3 418776900.7 0.423
Short-tel’m I’eSponse 3925697.2 7397168.7 11823992.1 22052514.1 30851395.5 41176909.2 49268177.9 49268177.9 49268177.9 215764032.5 0.218
RObuStneSS 2272764.2 4282571.4 6845502.7 12767325.9 17861394.3 23839302.6 28523749.2 28523749.2 28523749.2 124916359.4 0.126
Current SOCiety 7541005.9 1206498.0 2273403.9 3633950.7 6777577.9 9481772.2 12655148.2 15141910.5 15141910.5 15141910.5 66312171.8
Criticality of unintended
Consequences 6372702.9 825259.4 1555027.0 2485654.2 4635931.8 6485643.0 8656271.7 10357253.8 10357253.8 10357253.8 45358294.6
Frequency of
unintended
Consequences 612637.4 1154381.8 1845234.8 3441502.4 4814652.0 6426034.4 7688768.7 7688768.7 7688768.7 33671980.1 0.034
Future generation 514046.9 968608.8 1548287.0 2887675.6 4039848.7 5391914.7 6451444.6 6451444.6 6451444.6 28253271.0 0.029
VU|nerab|e group 514046.9 968608.8 1548287.0 2887675.6 4039848.7 5391914.7 6451444.6 6451444.6 6451444.6 28253271.0 0.029
Medium-long term
response 514046.9 968608.8 1548287.0 2887675.6 4039848.7 5391914.7 6451444.6 6451444.6 6451444.6 28253271.0 0.029

1.000

- Eigenvalues in matrix D are pretty much the same as those in matrix C. So, it is reasonable to believe that any additional matrices won't

create any eigenvalues substantially different from these.
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Calculation of consistency index (ClI)

a. Weighted rating for each row
Row 1:
Row 2:
Row 3:
Row 4:
Row 5:
Row 6:
Row 7:
Row 8:
Row 9:

3.98
2.05
1.19
0.63
0.43
0.32
0.27
0.27
0.27

Code Same indicators in left column

A B C D E F G H I
A 1 5 5 7 7 8 9 9 9
B 1/5 1 3 5 5 6 7 7 7
C 1/5 1/3 1 3 3 4 5 5 5
D 1/7 1/5 1/3 1 2 2 3 3 3
E 17 1/5 1/3 1/2 1 1 2 2 2
F 1/8 1/6 1/4 1/2 1 1 1 1 1
G 1/9 1/7 1/5 1/3 1/2 1 1 1 1
H 1/9 1/7 1/5 1/3 1/2 1 1 1 1
| 1/9 17 1/5 1/3 1/2 1 1 1
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b. Approximation of lambda (max)

Row 1: 9.399
Row 2: 9.399
Row 3: 9.399
Row 4: 9.399
Row 5: 9.399
Row 6: 9.399
Row 7: 9.399
Row 8: 9.399
Row 9: 9.399
Average 9.399

(3) Calculate consistency index (CI)

CI = (Lambda(max) - n)/ (n-1), where n is the number of elements that we compared in matrix
A.

C1=0.04988
R1=1.4499 (Alonso and Lamata's value)

Calculation of consistency ratio (CR)
CR =0.034
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C. Results of priority weights of adaptation alternatives

C.1 Scoring data by agricultural officer

Indicators

DTV

EMV

IRG

<
0

AGF

Culture & tradition compatibility
Knowledge, skills, & past experience
Cost to famer

Competence of field officer

Finance to develop

Scientific basis

Timeliness

Resource availability

Resiliency to climate shock
Short-term response

Medium-long term response
Frequency of unintended consequences
Criticality of unintended consequences
Impact on current society

Impact on future generation
Vulnerable group

Robustness

A W B~ WO NN DN OODN BB O BN PO PSP

W W W W W W NN W W O DN PN WW

W N O N W W NN W W W o NN WD wDNDmTm

A W A~ ONNMNDN DDA P OLOWWO P~ W PSS MW

W N W N O W W W W w womNND BB DD ww

W N A W W W & W WN W ODNMNDN B DN W
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C.2 Calculating priorities by using the weights of indicators and scores of the adaptation alternatives

_ _ _ Weigh DTV EMV M-F IRG MC AGF

Indicators/alternative practices ts Scor Estima Scor Estima Scor Estima Scor Estima Scor Estima Scor Estima
e te e te e te e te e te e te

Culture & tradition compatibility 0.390 4 156 3 117 2 078 3 117 3 117 3 1.17
Knowledge, skills, & past experience 0.227 4 091 3 068 3 068 4 091 3 068 2 0.45
Cost to famer 0.124 3 037 2 025 2 025 4 050 2 025 4 0.50
Competence of field officer 0.098 4 039 4 039 3 029 3 029 4 039 2 0.20
Finance to develop 0.048 2 010 2 0.10 2 0.10 4 019 2 010 2 0.10
Scientific basis 0.031 4 012 0 000 O 000 O 000 O 000 O 0.00
Timeliness 0.048 3 014 4 019 3 014 3 014 3 014 3 0.14
Resource availability 0.035 4 014 3 010 3 010 3 010 3 010 2 0.07
Resiliency to climate shock 0.423 4 169 3 1.27 3 1.27 4 1.69 3 1.27 3 1.27
Short-term response 0.218 2 044 2 044 2 044 4 087 3 065 3 0.65
Medium-long term response 0.126 3 038 2 025 2 025 4 050 3 038 4 0.50
Frequency of unintended consequences 0.067 2 013 3 020 3 020 2 013 3 020 3 0.20
Criticality of unintended consequences 0.046 2 009 3 014 3 014 2 009 0 0.00 3 0.14
Impact on current society 0.034 3 010 3 010 2 007 3 010 2 007 3 0.10
Impact on future generation 0.029 4 011 3 009 O 0.00 4 011 3 009 4 0.11
Vulnerable group 0.029 3 009 3 009 2 006 3 009 2 006 2 0.06
Robustness 0.029 4 011 3 0.09 3 0.09 4 011 3 0.09 3 0.09

TOTAL 55 6.88

N
o

5.54

w
e}

4.85

(@3]
&

7.02

TN
N

5.63

o
(o))

5.75
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C.3 — Estimated priorities of adaptation alternatives

Indicators/alternative practices

DTV EMV M-F IRG MC AGF
Culture & tradition compatibility 1.56 1.17 0.78 1.17 1.17 1.17
Knowledge, skills, & past experience 0.91 0.68 0.68 0.91 0.68 0.45
Cost to famer 0.37 0.25 0.25 0.50 0.25 0.50
Competence of field officer 0.39 0.39 0.29 0.29 0.39 0.20
Finance to develop 0.10 0.10 0.10 0.19 0.10 0.10
Scientific basis 0.12 0.00 0.00 0.00 0.00 0.00
Timeliness 0.14 0.19 0.14 0.14 0.14 0.14
Resource availability 0.14 0.10 0.10 0.10 0.10 0.07
Resiliency to climate shock 1.69 1.27 1.27 1.69 1.27 1.27
Short-term response 0.44 0.44 0.44 0.87 0.65 0.65
Medium-long term response 0.38 0.25 0.25 0.50 0.38 0.50
Frequency of unintended consequences 0.13 0.20 0.20 0.13 0.20 0.20
Criticality of unintended consequences 0.09 0.14 0.14 0.09 0.00 0.14
Impact on current society 0.10 0.10 0.07 0.10 0.07 0.10
Impact on future generation 0.11 0.09 0.00 0.11 0.09 0.11
Vulnerable group 0.09 0.09 0.06 0.09 0.06 0.06
Robustness 0.11 0.09 0.09 0.11 0.09 0.09
TOTAL 6.88 5.54 4.85 7.02 5.63 5.75

Drought-tolerant varieties =DTV; Early maturing varieties=EMV; Mixed farming=M-F; Mulching and

composting=MC; Irrigation=IRG; Agroforestry=AGF
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