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ABSTRACT

Climate variability and change is affecting weatpatterns and this has serious repercussions on
food production among smallholder farmers in Kenlyaparticular, semi-arid environments
such as Machakos County are extremely vulnerablditmate variability and change because
their crop production systems are sensitive torafidnt on rainfall. This study was undertaken
in Machakos County, and sought to determine thevledge, attitudes and practices on climate
change adaptation by smallholder farmers within Mw&onstituency. Primary data was
collected through interviews with key informantsdamousehold heads. Using semi-structured
guestionnaires, farmers were assessed on theirledges and attitudes on climate change and
practices they were using to adapt to impacts. Eeg'madaptation practices were analysed in
relation to rainfall and temperature data to debeentheir strategies when faced with climatic
changes. The study also analysed maize crop ymelélation to rainfall and temperature data
between 1984 and 2014. The results show that tigeterm mean annual rainfall for Mwala was
630 = 42.22 mm and a temperature range of 15-3Bé&Gveen 1988 and 2014, the mean annual
rainfall for the area decreased at the rate ofrbt8 per year y= 705.44+5.7815%, n= 106
p<0.001). The average maize yield for the period was 1BgMa/year. Farmers in Mwala
Constituency had a high awareness of changes nfalaand temperature. Eighty one percent
(81%) believed that climate was changing as theg bhserved changes in their local
environment and had taken specific measures to withethe effects on their crops. Further, it
was established that farmers had a positive agtitod/ard the changes and had joined farmers’
groups and cooperative societies for informatioarisly. Some of the practices adopted by the
farmers towards climate variability included agoodstry, farm forestry, planting different
varieties of crops, and staggering planting timee major factors that drove farmers' investment
in adaptation practices were age, level of fornthlcation and level of awareness of climate
change issues. Factors constraining them from atlaptmeasures included poverty and lack of
information. The study findings underscore the néed policies towards farmer capacity
building that entails education, awareness, povalfgviation and increased access to more

efficient inputs.
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CHAPTER ONE: INTRODUCTION

1.1 Background to the Study

Climate change has direct, often adverse, influemrcehe quantity and quality of agricultural
production. The climate of an area affects the tagm and by extension the type of crop that
can be cultivated. Temperature, rainfall, humidignd day length are important climatic
elements that influence cropping production (Sowu&nAkintola, 2010). Various studies by
the Intergovernmental Panel on Climate Change (IRGC7) have pointed Africa to be one of
the most exposed continents to suffer the devasgta&tfects of climate variability and change,
with colossal economic impacts because of low adagiapacity. Researchers view the African
rain-fed agriculture to be the most vulnerable @etd climate variability and the potential
impacts of climate change on agriculture are higintgertain. The overall global warming is
expected to add in one way or another to the ditiies of food production and scarcity (World
Meteorological Organization, 1996). The report as¢ated that reduced availability of water
resources would pose one of the greatest probleragriculture and food production, especially
in the developing countries. According to reportsiIRCC, factors such as endemic poverty,
bureaucracy, lack of physical and financial capitaéquent social unrest and ecosystem
degradation contribute to Africa’s vulnerability thmate variability (Oseni & Masarirambi,
2011).

Agriculture is the most susceptible sector to ctenehange (IPCC, 2001). This is attributed to
the fact that climate change affects the two mmgtortant direct agricultural production inputs,
precipitation and temperature (Deschenes & Grearst®006). Climate change also indirectly
affects agriculture by influencing emergence anditrifiution of crop pests and livestock
diseases, exacerbating the frequency and diswibuwif adverse weather conditions, reducing
water supplies and irrigation and enhancing seyeiitsoil erosion (Watson et al. 1998; IPCC,
2001).

Maize and grain legumes are important food crop&emya and are common practice with
resource poor farmers in semi-arid areas such ahakas County (Rao & Mathuva, 2000). To
cope with vagaries of drought, farmers have adogtedght tolerant maize varieties and maize-

legume intercropping as a risk diversification &gy (Muthamieet al., 2001).
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Currently, there are many actions at different Ilew#esigned to respond to the challenge of
climate change in the agricultural sector. Kenyayiig signed the United Nations Framework
on Climate Change, developed a National ClimatenGéa\ction Plan that cuts across sectors to
implement Kenya'’s National Climate Change Resp&@tstegy (GOK, 2010), which was put in
place in 2010.There is also an Action Plan whidtest that Kenya is susceptible to climate-
related effects and extreme weather events poseusethreats to the socio-economic
development of the country. This comprehensivedkcilan includes subcomponents such as a
national adaptation plan, low carbon sector anglysitechnology action plan, finance, a policy
and regulatory framework, and a knowledge managerard capacity building component.
Notwithstanding these efforts, climate change aatapt and mitigation techniques remains in
practice, a marginal issue for most decision makeng links between climate change and the
other components of food security including accassjlability, stability, and utilization have
not yet been well-researched (Ziervogedl., 2010).

Kenya’'s over-dependence on rain-fed agriculturevdsathe country vulnerable to climate
variability and change. Climate variability affett®se in regions that largely depend on rain fed
farming and those highly dependent on agricultdiieese events can result in massive crop
losses, loss of stored food, and damage to infretstre and consequent increases in food prices.
Climate change is increasing the frequency and sfzsuch events (Oseni & Masarirambi,
2011).

The current national plans on agriculture do nafude a consideration of the knowledge,
attitudes, and practices on climate change adaptéily smallholder farmers to climate change
and extreme climatic events on their crops. Kenydaional Food and Nutrition Policy
emphasize broad self-sufficiency to meet basic ddimeneeds of key food items. The
adaptations measures it provides are mostly regdtivthe sense that it is triggered by past or
current events. Although the policy recognizesrbed to promote drought-tolerant food crops
such as millet, sorghum and pulses in low produacéiceas such as Machakos, it emphasizes on
reliance on food relief to alleviate hunger and maé&ition in food-deficit areas. Whereas
international food aid helps fight hunger, it compises the ability to mobilize internal

resources towards food security, which entrencimesveorsens poverty (Palma al., 2010).
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Various recommendations have been proposed to eahttwe adaptive capacities of farmers.
Mainstreaming adaptations into national developnmotesses is one such recommendation
(Boko et al, 2007), however, it is hardly put into practiceick of mainstreaming often leaves
the smallholders’ adaptive role in agriculture dveked. The disregard of local knowledge of
farmers in critical policy documents on climate pa could be interpreted as a failure of
appreciation and engagement with local knowledgkiencapacities to reduce vulnerability of
farmers in the wake of climate change. Such rehogtaurgently calls for concerted efforts that
vouch for local adaptation measures. The adaptamaaty of farmers can be enhanced if
national policies support climate change resporibas are already being implemented by

farmers.

1.2 Statement of the Problem

Climate variability and change is affecting weatlpatterns and seasonal shifts with serious
repercussions on poor rural households and comiesinin Kenya (GOK, 2010). Since
agriculture is intimately linked to climate, policgakers have expressed concerns regarding the
potential effects of climate change on agricultymadduction systems. Despite the great efforts
made to increase maize production in Kenya, theateihmas occasionally outstripped the supply
due to rapid population growth and low productiare do increasing rainfall variability hence
requiring importation to supplement the deficit.e@all, there is consensus that local knowledge
is part of the solution to effective adaptation.wdwer, there are limited studies that have
elaborated on attitudes, perceptions and knowleddesses of crops that result from climate

variability, yet these perceptions can shape tlagtation strategies of smallholders.

In Machakos County, maize is the main rain-fed ocafiivated widely. This reflects cultural

dependence on maize as a staple food. There isevMaowa scarcity of information on

agricultural adaptation strategies embraced by ftieners in Machakos County. There is
therefore an urgent need to examine and documenhdiw, when, why and what conditions
adaptation actually occurs in economic and sogwstesns (Smit & Olga, 2001), and implications
of future climatic conditions. This is crucial iresigning and implementing integrated policies
that will enable the farmers to operate sustainalgcultural production systems. To address

this gap, this study was designed to assess fdmwoavledge and attitudes of climate change and
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to establish adaptation strategies to cope withetfiects of climate change experienced by
farmers in the County. The study sought to addthssproblems facing maize farmers in
Machakos County, specifically factors leading tav lorop yield in Mwala Constituency. The

broad objective of this study is thus to assessktimsvledge, attitudes and practices on climate

change adaptation by smallholder farmers in Mwalastituency in Machakos County.

1.3 Research Questions
The main research question was:
What is the knowledge, attitudes and practicesliomate change adaptation by smallholder
farmers in Mwala constituency, Machakos County?
The sub-questions were -
1. What are the trends in maize production in Mwalagiibuency, Machakos County under
changing climate regime?
2. What are the farmer’s attitudes towards climatengeaand its impacts on crop
production in the area?
3. What is the level of awareness of the local peoplelimate change and its impacts in
the County?
4. What strategies have local farmers in the Countypteti to cope with climate change

impacts and how appropriate are they?

1.4 Objectives of the Study
The main objective of the study was to evaluate khewledge, attitudes, and practices on
climate change adaptation by smallholder farmersiwala constituency in Machakos County,
Kenya. The specific objectives of the study were to
1. Determine the trends in maize production in Mwalachakos County under changing
climate regime
2. Assess the farmers attitudes towards climate chandets impacts on crop production in
the area
3. Evaluate the level of awareness of the local fasnoer climate change and its impact on

maize production in the County



4. Determine strategies local farmers in the area laalopted to cope with climate change

impacts

1. 5 Scope and Limitations of the Study

The study was conducted in Machakos County, spadl§i Mwala constituency. It focused on
the local knowledge and relationships that exigivben attitudes and adaptations strategies
employed in the crop sector alone. It did not tonohother forms of agriculture for instance
livestock farming. The study narrowed down the srapder study to maize since it is the staple

crop grown in the area.

The research did not take into account the revémume livestock production, yet most farmers
in Kenya combine livestock and crop productiondobsistence. The localization of the study to
only Machakos County in Kenya might limit the geadmations of the findings to the rest of the
regions in Kenya under different geographical sg#i It was also expected that the respondents
might not cooperate fully in the study and somendereserved in giving the necessary
information for the study. This limited the scoddle study.

As this research sought to interrogate the effen@gs of various policy documents in achieving
food security in Kenya, some of the constraints$ Were faced included:

I.  Bureaucracy in Government Departments. This maeifegself through difficulty in
accessing public documents that are in the custbdiye Government and this in effect
hindered the smooth running of the research.

ii. Lack of adequate and up to date information: Tiseaech will only be effective if there
IS up to date statistics about food security situmain Kenya.

iii.  The area of study was too wide for a comprehengsearch to be undertaken within the
specified time period.

iv. Lack of adequate finances to effectively carry extensive research.

v. Limited existing quantitative evidence on the dabilof adaptation to improve food

security outcomes in the face of climate change.



1.6 Justification and Significance of the Study

Agricultural policies in Kenya aim to improve farmsk livelihoods. With projected climate
change, these policies are short of mechanismsptioahote farmers’ adaptation. As a result,
smallholders are confronted with a variety of atiadjes including climate change, which hinders
their agricultural production. Local knowledge dam instrumental in assisting smallholders to
cope with climate change and variability. The Goweent of Kenya and other organizations
have been undertaking various interventions togaié the impacts of climate change and
variability but little has been done to build adeptcapacity of smallholder farmers in the area.
However, it is believed that knowingly or unknowipnwdgarmers have been trying to adapt to
climate change impacts through different farmingcgices and technologies but these have not
been documented. There is need therefore to aasdsaffirm the incidence of indigenous and
innovative climate change adaptation practicesechrologies being applied by smallholder
farmers, and understand the links among appliedaté change adaptation strategies, farming
systems and livelihood security in the study alteig.very important to document the indigenous
and emerging technologies and innovations for d¢kmehange adaptation and factors that
influence adoption of various adaptation strategiesrder to come up with interventions that
can build up smallholder farmer's adaptive capaaityg resilience to climate change impacts.
Identifying both the generic and climate-specifleneents of farmers’ adaptation behavior is
vital in order to facilitate a societal responsetite changes in climate that scientists have
predicted. Tailoring adaptation practices to specbcieties may make it possible to offset the

adverse impacts of climate change (Fussel, 2007).

This study will build on other authors who havesschecked local knowledge with quantitative
climate data to ascertain its relevance for climateability. The study therefore will assist in
designing capacity-building programs for farmingneounities to adapt to climate change
impacts. This will contribute to designing programtmst would enhance behavioral change
towards climate change adaptation measures at holdsecommunity, and institutional level.
Building on the local knowledge would foster adaeptcapacity that is acceptable to farmers by
promoting and supporting locally developed adapteti The results of the study will also

inform policy makers with recommendations for buntgiclimate change adaptive capacity



1.7 Key Concepts and Definitions

1.7.1 Climate Change

The United Nations Framework Convention on Climaktange (UNFCCC) defines climate
change as “a change of climate which is attribwtigdctly or indirectly to human activity that
alters the composition of the global atmosphere wheth is in addition to natural climate
variability observed over comparable time periodisdenerally refers to longer term changes in
means or in climate variability itself, and oftepesifically to change resulting from human
activities, for example global warming due to theriing of fossil fuels (IPCC, 1997).

Climate is usually defined as the average weatbermore rigorously, as the statistical

description of the weather in terms of the mean\ardhbility of relevant quantities over periods
of several decades (typically three decades asatethy World Meteorological Organization).

These quantities are most often-surface variahleb as temperature, precipitation, and wind,
but in a wider sense, the "climate" is the desiipbf the state of the climate system (IPCC,
1997).

1.7.2 Climate Variability

The weather represents variability in the atmosphawnditions on a daily and weekly basis.
The term climate variability generally refers taia#ions of the climate system, which includes
oceans and the land surface as well as the atmespheer months, years and decades. This
encompasses predictability, i.e. the march of tkasans, but also includes an inherent
uncertainty. The rainy season is a predictable menuae, but the amount, timing and distribution
of the rains is uncertain (Hellmuth et al., 200Xlaptation - is the ability to respond and adjust
to actual or potential impacts of changing climeteditions in ways that moderate harm or take
advantage of any positive opportunities that themate may afford. It includes policies and
measures to reduce exposure to climate variabdity extremes, and the strengthening of
adaptive capacity. Adaptation can be anticipatatere systems adjust before the initial impacts
take place, or it can be reactive, where changetisduced in response to the onset of impacts
(ISD, 2003).



1.7.3 Adaptation to Climate Change

Adaptation to climate change is the process thraugich people reduce the adverse effects of
climate variability on their health and well-beirand take advantage of the opportunities that
their climatic environment provides (Burton, 1992he term adaptation means any adjustment,
whether passive, reactive or anticipatory, thaplisposed as a means for ameliorating the
anticipated adverse consequences associated watatelchange (Stakhi, 1993 quoted in Smit et
al., 2000). Adaptability refers to the degree toichhadjustments are possible in practices,
processes, or structures of systems to projectettoal change in climate. Adaptation can be
spontaneous or planned, and can be carried owsponse to or in anticipation of changes in
conditions (IPCC, 1996).

1.7.4 Adaptive Capacity

This is the ability of a system to adjust to climathange (including climate variability and
extremes) to moderate potential damage, to takeradge of opportunities, or to cope with the
consequences (IPCC, 2001). Thus, the adaptive itgmda system or a community describes
its ability to modify its characteristics or behang to cope better with changes in external
conditions. Adaptation to climate change is verycal in order to reduce the impacts of climate
change that are happening at present time andasereesilience to future impacts. Climate
change mitigation - An anthropogenic interventionréduce the anthropogenic forcing of the
climate system; it includes strategies to reduceemnouse gas sources and emissions and

enhancing greenhouse gas sinks (IPCC, 2007).

1.7.5 Climate change perception

Perception is the process of attaining awarenessderstanding of sensory information. The
word "perception” comes from the Latin words petmeppercipio, and means "receiving,
collecting, and action of taking possession, apgmsion with the mind or senses”. Farmers learn
and adopt innovations in many ways. Based on tpeirception and observations from
neighbors, success stories and practices, farrapdsto update and try to adapt to the adverse
effects of weather changes. However, this dependb@resources available in their hands and

opportunities in accessing extension serves, &editvell as inputs.



Two steps are involved in climate change adaptaficst perceiving change and then deciding
whether or not to adopt a particular measure (Mei2007). Whenever they have the
opportunity, farmers tend to adopt new variety @asures or technologies in response to the
perceived changes of weather conditions. The stpgoym extension workers, information
gained and technologies available to them will highfluence their adaptation and response
capacity. For instance, farmers use water conservéchniques whenever the rainfall patterns
are changed and amounts of rain are reduced. Emelytd plant different crop varieties and use
short-term crops with adjustment of planting daf€sese adjustments are done when they

perceive reduction in rainfall and changes in theed and offset of rainy seasons.



CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

In this chapter, relevant past studies on the stilyere reviewed with a view to identifying the
various gaps which the study will endeavor to filhe review will also be useful in terms of the
theoretical framework of the study from which thenceptual frameworks of the study were

derived.

2.2 Review of Past Studies

Although climate change is expected to have advienpacts on socio economic development
globally, the degree of the impact will vary acrosstions. The IPCC findings indicate that
developing countries, such as Kenya, will be marmerable to climate change. This may have
far reaching implications to Kenya for various @as mainly as its economy largely depends
on agriculture. A large part of the country is aadd semiarid, and is highly prone to
desertification and drought. Climate change andhitsacts are, therefore, a case for concern to

Kenya.

As Kenya’s population continues to grow, produceampugh food for all remains a challenge.
Unpredictable weather patterns, poor planning, la@ adoption of modern farming methods
negatively influence food security. The Kenya EcqoimReport (KIPPRA, 2009) indicates that
about half of Kenya'’s population is poor, and abo million people live in extreme poverty.
Over 10 million suffer from chronic food insecurignd poor nutrition. The Millennium
Development Goals (MDGSs), to which Kenya is a signa place elimination of hunger at the
top of the list of international goals. It is essitad that about 34.8 percent of the rural populatio
and 7.6 percent of the urban live in extreme pgyesd much that they cannot meet their food
needs even when they use all their resources iat¢bess to food. This is evident of a serious
food problem in the country (Oluoko-Odingo, 201Ayriculture remains the backbone of the
Kenyan economy. It is the single most importantt@edn the economy, contributing
approximately 25% of the GDP, and employing 75%haf national labor force (Republic of
Kenya, 2005).
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There are four ways that climate would have a mayseffect on crops (Kurukulasuriya &
Rosenthal, 2003). Changes in temperature and jieap directly affect crop production and
can even alter the distribution of agro-ecologwahes. Secondly, increased carbon dioxide is
expected to have a positive effect on agricultpraduction due to greater water use efficiency
and higher rates of plant photosynthesis. Thirdlyoff or water availability is critical in
determining the impact of climate change on cropdpction, especially in Africa. Finally,
agricultural losses can result from climate vatigband the increased frequency of changes in
temperatures and precipitation (including drougimd floods). Kurukulasuriya and Rosenthal
(2003) state that in middle and higher latitudeghér temperature will lengthen growing
seasons and expand crop producing areas pole-tiasi benefiting countries in these regions.
In contrast, in lower latitudes, it is expectedttimgher temperature will adversely affect
growing conditions, especially in areas where tepee close to or at optimal level for crop
growth to begin with. A study of the economic impadé climate change on Kenyan crop
agriculture by (Kabubo-Mariara & Karanja 2006) slealthat climate change affects agricultural
productivity. The result further showed that in@ea winter temperature associated with higher
crop revenue, but increased summer temperaturea heeggative impact (Kabubo- Mariara &
Karanja, 2006).

African smallholders use complex adaptation praegsk agriculture adaptation is evolutionary
and occurs in the context of climatic, economichtelogical, social, and political forces that
are difficult to isolate, and most adaptation paEst serve multiple purposes and are strongly
interrelated (Smit and Skinner 2002; Adgeal., 2007). Furthermore, adaptation is an iterative,
dynamic, multiscale, and multi-actor process, nohechanical adjustment to a current state
(Osbahret al., 2008). The dynamic nature of adaptation make#fitualt to determine when, for
example, the decision of a farmer to grow one crapety instead of another is an adaptive
response to short-term drought (climate variabiléywd when it is a planned adaptation to
climate change (increased climate variability oradyal long-term changes in climate
parameters). The multi-actor character of adaptaneeans that it involves a variety of
stakeholders, such as rural households, privatendsses, NGOs, and governments at local,
regional, national, and international levels. Aeglistic assessment of adaptation practices needs

to take into account the linkages between acto lamels (Smit and Skinner 2002). In
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summary, adaptation is highly context sensitivel determining when the climate is the driving

force behind adaptation behavior is difficult.

According to Nelsonet al., (2010) since food production is critically degent on local
temperature and precipitation conditions, amanges require farmers to adapt their practices
and this adaptation requires resources that caulagsbd for other purposes. Farmers everywhere
will need to adapt to climate change. They advanted for a few of the farmers, the
adaptations might be beneficial, but for many fasnthere might be major challenges to
productivity and more difficulties in managing riskhe agricultural system as a whole will have
difficulty supplying adequate quantities of foodrintain constant real prices. The challenges
extend further: to national governments to provide supporting policy and infrastructure

environment.

Farmers have a long history of responding to ckmaariability. Traditional and newly
introduced adaptation practices can help farmecgp@ with both current climate variability and
future climate change. However, the debate aba@uattaptation of small-scale farmers in Africa
to climate change has occurred in the absence ofvlkedlge about existing and potential
adaptation practices. Because prevailing ideas tadbdaptation are vague, conducting focused
research on potential adaptation practices anduiating appropriate advice for implementing
new practices is difficult. Adaptation generallykéa place at the micro- and macro-levels:
Farmers introduce practices at the local level,thedmain factors influencing their diffusion are
seasonal climatic variations, the agricultural prctébn system, and other socioeconomic factors;
the government, NGOs, or private companies intredpractices nationally, and long-term
changes in climatic, market, and other conditiorilsiénce their establishment (Nhemachena and
Hassan, 2007).

Often, the most binding constraints in smallholtleming occur at the adaptation stage, with
several factors potentially impeding smallholdernfar’'s access to and use of emerging
adaptation strategies. These include static, polmhgtioning or poorly integrated input and
output markets; poor infrastructure; inadequate iagtfective public extension systems; lack of

credit and insurance markets. Burton (1997), erplaihat in recent years, the climate
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implications of agricultural production and praeschave broadened the agricultural agenda to
include responses to climate change issues. Agurall adaptation to climate change is a
complex, multidimensional and multi scale procésg takes a number of forms which identifies
four main components of adaptation: characteristithe climatic stress, characteristic of the

system, multiple scale, and adaptive response.

Over the years, farmers have adapted differentlglitnate change. Timely seasonal forecasts
have the potential to help both governments andat& people cope with climate variability.
Smallholder farmers could greatly benefit from se@b forecasts in a number of ways. For
example, knowing in advance whether the rainfall be@ normal, below or above average could
help them chose the right crops varieties, adhest icropping practices or take other necessary
measures like soil and water conservation stragetgignaximize benefits or minimize losses as
explained by Raet al. ( 2005). As farmers and other stakeholder deals ghianges in climate
and more variability in weather, history becomesdess reliable guide. There is need for
improvement to weather forecasts and interpretatitdcCarthyet al. (2001) argues that long-
term climate change is likely to exacerbate both fltequency and magnitude of extreme
climatic events in Africa. This means that seascrimhate forecasts should have a more

important role to play in the future.

2.3 Legal and Policy Framework Governing Climate Chnge and Crop Production in

Kenya

2.3.1 Crops Act, 2013

The objective of the Crops Act, 2013 is to acceéethe growth and development of agriculture
in general, enhance productivity and incomes ah&as and the rural population. In addition, it
is to improve investment climate and efficiencyagfibusiness and develop agricultural crops as
export crops that will augment the foreign exchaegmings of the country, through promotion
of the production, processing, marketing, and iistion of crops in suitable areas of the
country. The Act seeks tonter alia, conduct farmers’ training programs aimed at iasheg
their knowledge on production technologies and @amket potentials and prospects for various

types of crops, through farmer training instituson
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2.3.2 Climate Change Bill, 2014

The Climate Change Bill was gazetted in January42®lseeks to provide for the legal and
institutional framework for the mitigation and atiap to the effects of climate change; to
facilitate and enhance response to climate chaiegerovide for the guidance and measures to
achieve low carbon climate resilient developmertt or connected purposes. The Bill defines
adaptation as adjustment in natural or human systemesponse to actual or expected climatic
stimuli or their effects which moderates harm oplei beneficial opportunities. The main
objective of the Bill is to provide a framework famitigating and adapting to the effects of
climate change on all sectors of the economy aveldeof governance; and further, to provide a

mechanism for coordination and governance of nmeattdating to climate change.

It also seeks to advance coordination mechanism&fomulation of programmes and plans to
enhance the resilience of human and ecologicaésystgainst the impacts of climate change

The bill proposes the establishment of the Natidbiahate Change Council whose functions
will be to advise the national and county governtmeon legislative and other measures
necessary for mitigating and adapting to the edfeat climate change; and to provide
coordination between and amongst various goverrahemd non-governmental stakeholders

dealing with matters related to climate change.

2.3.3 National Climate Change Framework Policy

This Policy was developed to facilitate a coordedatcoherent and effective response to the
local, national and global challenges and oppotiemithat climate change presents. This will
be achieved through the adoption of a maasting approach that ensures integration of
climate change considerations into the developmplainning process, budgeting, and

implementation in all sectors and at all levels government. This Policy therefore aims
to enhance adaptive capacity and build regibeto climate variability and change, while

promoting low carbon development pathways. Tolecl? underscores the need for sustainable
development of Kenya and therefore significantadvocates for the design and

implementation of mechanisms that trigger agwhance climate change resilience and
adaptive capacity. The plan proposes the mainstngaof climate change into the planning

process. This is necessary to equip various coatidgy and sectoral agencies of the Kenyan
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national and county governments with the toolsftecéively respond to the complex challenges
of climate change. In this context, mainstreamim@lies the integration of climate change
policy responses into national, county, and setfgemning and management processes. This
requires explicitly linking climate change iacs to core planning processes through
cross-sectoral policy integration that operateshdutrizontally by providing an overarching
guide for all sectors; and vertically, requirind) s¢ctors and levels of government to implement
climate change responses in their core functiohss i done, for instance, through the Medium
Term Expenditure Framework for budget makingd atonverting policies and plans into
expenditure and action. The Policy acknowledded tnainstreaming is a process that
encourages cooperation across government degad in planning for a longer-term
period; rather than fragmented, short-term aedctive budgeting. County governments
are required by law to prepare andplement County Integrated Development

Plans, through which climate change actioas be main

2.3.4 Agricultural Policy

The Agricultural Policy undertakes to address tlentified challenges in the Agricultural Sector
by providing guidelines to the national and Cou@gvernments towards ensuring household
and national food and nutrition security. It alsms at increasing agricultural production and
productivity through the use of appropriate goodliy and affordable inputs; facilitating access
to premium domestic, regional and international ket and reducing post-harvest losses while
promoting agribusiness, value addition and prodiestelopment. The policy recognizes that
agricultural production declined in 2013 becausdegressed performance of the long and short
rains. Apart from rice and wheat, most cereal cn@a®rded significant declines in production
during the period. Maize production declined to73million bags in 2012 from 38.9 million
bags in 2013. The Agricultural policy seeks to ioy@w and intensify agricultural production and
productivity to meet market requirements while potimg conservation, development, and
sustainable utilization of resources in agriculflireestock and fisheries. It provides that the two
levels of governments will develop strategies foing early warning systems for unforeseen

disasters and control of weeds, diseases, and pests
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2.3.5 Agricultural Sector Development Strategy 20122020

The Agricultural Sector Development Strategy 201@020 is the overall national policy
document for the agricultural sector ministries atidstakeholders in Kenya. The vision of the
strategy is to establish a food-secure and prosgenation. Since the agricultural sector is the
backbone of Kenya’s economy and the means of liwelil for most of the rural population, it is
inevitably the key to food security and povertyuetibn. The plan therefore aims at ensuring

food security through sustainable agricultural pcas.

2.3.6 National Food Policies

Arising from the shortages of essential staple fgrns in 1980; in June 1981 Kenya launched
the sessional paper No. 4 of 1981 on National Fealcty. The overall objects of the policy are

three fold. Achieve a calculated degree of foodpbufor each area of the country. Maintain a
position of broad self-sufficiency in the main fostliffs in order to enable the nation to be fed
without using scarce foreign exchange on food ingpoEnsure that these foodstuffs are
distributed in such a manner that every membehefpopulation has a nutritionally adequate
diet. The National Food Policy addresses spe@faes of price policy, agricultural trade policy,

agricultural inputs policy, research and extengioticy, food security policy, processing and

marketing policy, nutrition policy, resource devaieent policy and, employment policy. The

Policy emphasizes preventing land degradation aodweaging use of drought-resistant crops in
marginal areas. Further, it recommends the utibmaimarketing and conservation of indigenous
food crops and the use of indigenous food plantigtd poverty and improve household food

security. The Kenyan food policy document was neeig in sessional papers No. 1 of 1986 and
No. 2 of 1994 to improve focus and response to gingndemand. However, key elements of the
policy remained the same and continue to revoheeirad food availability, accessibility and

nutritional adequacy.

The Government policy as stipulated in a numbegyabty papers emphasizes self-sufficiency in
domestic production of the food crops as well &ganeration of foreign exchange as a means
of achieving food security. It has been establistieat given adequate support and non-
interference in the production and marketing ofithgous crops, Kenya is capable of increasing

both production and productivity in agriculture laas been demonstrated in the remarkable
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success in tea, horticulture and dairy sub-secidrs.success in these sub-sectors is attributable
to a combination of a number of factors includiraydrable weather conditions, emerging
market opportunities, government sponsored creditermes, research, extension services,
training and monitoring among others. Kenya isttiied major tea producer in the world after
India and Sri-Lanka while her horticultural and rgasub-sectors expansions have created both

employment and income in the rural areas.

2.3.7 Economic Review of Agriculture (2010)

According to the most recent economic review ofiéwgjture, the sector registered mixed results

in 2009. The long rains of March to April were tlyirspread and the short rains expected
between October and December were generally ematicuneven; some areas received above
normal rains and others lower than average rainee$ of most agricultural commodities rose

on average during the year because of supply @ntdr This is evidence of climate change

impacts on agriculture in the country.

2.3.8 National Climate Change Response Strategy

In line with global talks on climate change, Kengaveloped a National Climate Change
Response Strategy (NCCRS) in order to put in pladd®ist and thorough adaptation and
mitigation measures to minimize risks and maximgg@ortunities. The strategy states that
climate change in Kenya has been evidenced bygri@mperatures throughout the country,
irregular and unpredictable, rainfalls making exteeand harsh weather a norm in Kenya. Major
rivers show severe reduced volumes during drougind, many seasonal ones completely dry
up. The consequent crop failures in 2009 for instaplaced an estimated 10 million Kenyans or
one fourth of the entire population at risk of maitition, hunger and starvation. Droughts
reduce the production of not only staple food crepsh as maize but also other major crops
such as tea, sugarcane, and wheat. This increapests (maize, wheat and sugar) and reduces
exports (tea), weakening the country’s balance ayfiments. As a response to the challenges
posed by climate change to Kenya, the Strategyph@sosed a number of measures meant to
curb the adverse impacts of climate change on thtcy (adaptation measures) and to tame
global warming (mitigation measures). These incluggiculture: provision of downscaled

weather information and farm inputs; water harvest.g. building of sand dams for irrigation;
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protection of natural resource base (soil and webeiservation techniques); and research and

dissemination of superior (drought tolerant, salietant, pest and disease resistant) crops.

2.3.9 National Climate Change Action Plan

Kenya launched its National Climate Change Actitan®n March 2013. The Plan addresses the
options for a low-carbon climate resilient devel@nh pathway as Kenya adapts to climate
impacts and mitigates growing emissions. The plmo addresses the enabling aspects of
finance, policy and legislation, knowledge managemeapacity development, technology
requirements, monitoring, and reporting. The Planognizes that drought is a widespread
phenomenon across large areas of sub Saharan AWita an estimated 22% of mid-
altitude/subtropical and 25% of lowland trgdianaize growing regions affected annually
inadequate water supply during the growingsee (Heisey and Edmeades, 1999).

The Plan not only considers a series of individadaptation and mitigation measures, it
considers the enabling conditions that will endasting, sustainable and integrated adaptation
and low-carbon benefits for the Country. The Plaoppses that Kenya moves towards a low
carbon climate resilient economy. It advocatespia@moting economic growth while limiting
pollution and greenhouse gas emissions, minimiaveste and inefficient use of natural
resources, and maintaining biodiversity are opputies presented by actions to implement
green growth — related strategies.

This analysis has shown that existing policies lagdslation are relatively weak and inadequate
to deal with climate change issues. Very few sastiaddress climate change and mitigation, and
they are not exclusively devoted to climate charagiaptation. Knowledge of climatic
perceptions and adaptations are vital for decisiakers and policy makers to learn how and
where to enhance the adaptive capacity of smakindlarmers in semi-arid areas. The existing
legislation and policies have produced limited Wigémeto smallholders because proposed
responses in agriculture at national levels arelgrenantly solutions often unfavorable to the
locals and government focus does not necessatiygiate climate change and variability into
their strategies. Agricultural improvement can lbhiaved if smallholders are targeted. As part

of targeting smallholders and solutions for climak@ange and variability, local knowledge of
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farmers becomes very important to enhancing thaaptve capacity. Local knowledge is based
on practice and assists farmers to make informedsidas about how to respond to
environmental changes and how to improve the amoltiteir yield. The adaptive capacity of
farmers can be enhanced if national legislation polities support climate change responses
that are already being implemented by farmers. Hewethere is limited information on
adoption of strategies and other adaptive mechanibat farmers use to deal with the impact of
climate change in Kenya. Hence, this study wasgdesi to make a contribution towards
bridging the gap.

2.4 Theoretical Framework

This study was underpinned by two theories, nantbly, action theory of adaptation and the
integral theory of adaptation. These theoriesna way or another offer insight into why people
chose one option or another and capture the extefdarmers’ awareness and perceptions of
climate variability and change, and the types glistthents they have made in their farming
practices in response to these changes. Theseehaoe useful in explaining and understanding
the practices that smallholder farmers in Mwala,cha&kos County adopt while taking into

account their knowledge and attitudes while deahity the effects of climate change.

2.4.1 Integral Theory of Adaptation

This study sought to apply and advance the intetirabry of adaptation as propounded by
O’brien et al., (2010). Integral is defined as coemensive, inclusive, non-marginalizing,
embracing. Integral approaches to any field attetopbe exactly that: to include as many
perspectives, styles, and methodologies as poswiitien a coherent view of the topic. In a
certain sense, integral approaches are “meta-gpnadi or ways to draw together an already
existing number of separate paradigms into an releed network of approaches that are

mutually enriching (Visser, 2003).

According to O’bien et al, (2010), some of theical issues facing the field of adaptation
include: 1) the need for a rigorous integrativemfeavork that brings together multiple
perspectives and approaches to adaptation; 2) ébd to integrate individual and collective

interiority with biophysical, scientific, and teabliogical approaches involved in climate change
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adaptation; and 3) the need for capacity buildingiag leaders and practitioners to carry this

forward.

O’brien et al, (2010) suggest that integral theoifers a framework that takes into account the
bigger picture in which climate change is occurriagd thus it can offer insights on the types of
responses and strategies that are necessary toombrihe challenges of climate change
responses that address all four quadrants, liesgld, and types i.e. (I, we, it, its). All four
guadrants are closely related, and cannot be sesolated or independent from each other. The
links between the systemic processes associatdd clihate change are linked to human
development: The impacts of climate change cameénmite human development, just as human

development can influence the future climate system

An integral approach to adaptation recognizesdbdaptation cannot be solely conceptualized or
engaged as behavioral and systemic changes. It alsst include interior changes, both
personally and culturally. Adaptation involves afed sense of self, not as a passive subject to
shifts in the climate system that are outside @'®ontrol, but as an active player in the future
of the community and world, all of which relate weorldviews, values, beliefs, and self-
definitions. This includes individuals’ personalpeaities to be creative and innovative by
thinking outside the box, to be reflective yet actoriented as leaders, and to be internally
resilient in the face of disruptive change. Invakimultiple scales, an integral approach also
includes the cultural dimension of adaptation, sashthe capacity of groups to peacefully
negotiate responses in turbulent times (e.qg., tirqueriods of unpredictable weather events and
financial instability), to undertake collaboratiaetion in spite of conflicting values and beliefs,
and to take into consideration the ethics of greesh gas emissions reductions (e.g., cultures
with the smallest carbon-emission footprints areerofthe most vulnerable to the impacts of
climate change). This has been applied by the fermeMwala in that the strategies adopted by
the farmers were based on individual experiencgstree number of years of experience the
farmers had, the sizes of their land and the iddi@i knowledge they had on the occurrence of
changes in the climate. The farmers also appliedtagral approach by not only relying on their
individual knowledge but applying information frotheir surrounding environments into their

strategies. For instance, the farmers not onlgdetin information from extension officers even
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though the visits were not frequent but were algmnimers of groups where information on best

strategies to adopt to climate change was shared.

Integral theory recognizes a diversity of needs motivations, hence responses. The proponents
of this theory, O’brien et al, (2010) suggest tinatre is no single solution to climate change, and
it is unlikely that one single solution will be fod. What is needed is a multitude of measures
that transform energy systems, social systems, omeimn systems, and institutions at an
unprecedented rate and scale. The most importdntists to climate change already exist.
While there is still a need to focus research akebpment on, for example, plant-breeding and
improved renewable energy technologies, there arenaendous number of changes that can be
enacted immediately, and which may have positivaseffects regardless of climate change.
This theory recognizes that the depth of the humiamensions of climate change may be

essential to responding to the enormous challewgbsegard to climate change.

The integral approach was very effective in Mwatm§&lituency as it showed the multiple actors
required to come together to build the resilient¢he farmers when faced with the effects of

climate variability and change.

2.4.2 Action Theory of Adaptation to Climate Change

Adaptations are defined as processes of entitidssgstems, or adjustments of human systems.
The action theory refers only to human systemsiyviddals and collective actors. The theory
defines a stimulus as a change of biophysicalamiqular meteorological, variables triggered by
climate change (IPCC 2010).

Action theory proposes a way to think about adagtathat emphasizes the interconnectedness
of complex activities that address societal coneeqges of climate change along means-end
chains, and considers multiple actors in differeiés (Eisenhack et al., 2011). Based on the
theory one could define adaptations as individuatallective actions that are explicitly or

implicitly intended to affect exposure units ofrchte change.
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Adaptations are processes of entities and systenagjustments of human systems. The action
theory refers only to human systems, individuals ewllective actors. Action requires actors and
an intention. The intention is directed towards iarpact of climate change. Furthermore,

adaptations require the use of resources as meaashteve the intended ends. (Smit et al.,
2000)

The action theory of adaptation proposes a new twagnalyze adaptations from an action-
oriented perspective. It emphasizes the intercdedeess of complex activities that address
societal consequences of climate change along meFaisschains. It is crucial for analysis to
spell out the purpose of adaptations, and to cengltht operators and receptors of adaptation
may be different from the exposure units. Basedtlos theory, adaptations are defined as
individual or collective actions that are expligitir implicitly intended to affect exposure units
of climate change, or that indirectly achieve tlisd. This framework makes it easier to
determine key variables for understanding the goinaed governance of decisions leading to
adaptation (Eisenack et al., 2011). These theavikguide the study as it seeks to investigate
actual adaptations at the farm level, as well asféictors that appear to be driving them. The
action theory will be useful in Mwala as it will eth light on the farmers’ actions towards

adaptation while faced with unpredictable climatiables.

2.5 Conceptual Framework

The conceptual model below depicts the linkage betwclimatic variables with livelihood
outcomes such as agricultural production and famiigty. Climate change affects the type of
policy measures that governments take and the aitapistrategies that farmers adopt. Mwala
Constituency is characterized by low, erratic andrly distributed bimodal rainfall that makes
crop production difficult under rain fed conditiorighe long rains commence in mid March and
end in May while short rains start in mid Octobad and in late November. The mean annual
rainfall for Mwala Constituency is 630 mm (Ngugiat, 2011). The knowledge, attitudes and
practices of farmers determine the adaptationegji@s adopted by farmers and these in turn
determine the productivity and the food securigitiss of a household. An integral approach, in
addition to actions taken by different actors ire thgricultural sector will influence the

adaptation strategies taken up by farmers in tle@.afhis includes capacity building by the
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government and non-governmental organisations,tingeawareness through education and
sharing climate data and knowledge on various atiapt strategies Adaptation strategies
through policy responses will result into positigatcomes of increased food production in
Mwala Constituency. Effective adaptation couplethvgolicy responses will lead to outcome of
higher crop yield, drought resistant crops, incedagarm income, increased awareness, and
climate smart agriculture in Mwala ConstituencyeMalue of this study will be in incorporating
the knowledge and practices of the smallholder émsmin Mwala into national agricultural
policies and ensuring policy-makers involved in &gigg the public in the issue of climate
change develop workable adaptation policies. Thguires an understanding of the multiple

social realities and responses to climate changtiasated below.
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Figure 2.1: Conceptual Framework

Climate Variability Sodio-economicfactors Institutional Factors
-Rainfall -Age -Access to credit
-Temperature -Sex -Access to information
-Education etc -Group Membership

Knowledge Attitude

Policy
Intervention

(

VL Adaptation Strategies P
- Integral and Action Oriented Approach

Figure 2.1: Conceptual Framework showing the interation on climate variability,

institutional factors and socio-economic factors othe adaptation practices of farmers
Source: (Modified from DFID Livelihoods, 2004)
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CHAPTER THREE: STUDY AREA AND METHODS

3.1 Introduction
This chapter outlines in detail the methodologyduseanswering each of the research questions.
It discusses the issues relating to both primary setondary data collection, their sources and

outlines in detail the empirical models used toy#ethe data.

3.2 Study Area

The study was undertaken in Mwala Constituency, M&os County (Fig 3.1). Machakos

County stretches from latitudes 0° 45’ south t@1°South and longitudes 36° 45’ East to 37°
45 East; and covers an area of 6,208 square Kmal®IvConstituency is one of the six

Constituencies in Machakos County. It comprises fmministrative divisions, namely Masii,

Mwala, Yathui and Kibauni. It borders Kathianonstituency to the west, Kangundo to the
North West, Yatta to the East and Mboonih® South. Mwala constituency covers an
area of 1,017 sg. Km most of which is sanmdk The constituency receives low,
unevenly distributed and unreliable rainfall gang between 250mm-1300mm per year .
(District Development Plan, 2008-2012). The totapylation of the Constituency stands
at163,032 and a density at 160 per square kiloniét€y.K, 2009).

Mwala constituency covers an area of 1,017 sq. Kastnof which is semi-arid: only 40%

supports agricultural activities and water massupms 15sq. km, mostly perennial rivers and
dams. The constituency receives low, unevenly iigied and unreliable rainfall ranging

between 250mm-1300mm per year. The area experieinegqaent crop failure and water

shortage. The fertile and high rainfall areas @sMand Mwala have higher population density.
The constituency is predominately rural with mosttiee population engaged in agricultural
activities especially in high potential areas.
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Figure 3.1: Map showing the location of Mwala Constuency in Kenya (GOK 2005)

The rationale for the choice of Mwala in Machakasug@ty for the study was based on the fact
that due to the unreliability of rain, there ha®ibdow production of maize leading to food

insecurity and famine. Despite the fact that rdirdenounts and distribution rarely meet crop

water requirements, rain-fed agriculture constgui®% of rural employment and economic
activities. The greatest challenge to sustainahaleles crop production in the area remains how to
cope with recurrent droughts and prolonged drylspslwala has been experiencing dry spells
for a long period and therefore forcing many resideto depend on food relief due to the
unpredictable rainfall for the better part of theay (ROK, 2013).
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3.3 Research Design

A mixed method research design for both quantia#ind qualitative data was employed in the
study. The study also used descriptive survey de3ig address the objectives of the study, both
primary and secondary data was used specificallgsgess the relationship between climate
change and maize production in Mwala and to deteenthe adaptation strategies of maize
farmers. The information collected by this methodluded: maize production figures, and

climatic data (temperature and rainfall).

Obtaining data from different sources, such as mbsens, documentations and interviews
helped to harnesses diverse ideas about the kngeyleadtitudes and practices employed by
maize farmers in the study area and assisted issaroecking the results, and consequently
helped to increase the validity, reliability of tfiedings and eases data analysis. The study
involved the collecting of data from primary sowc€field observation, interviews with
households, government officials and local admiaists) and secondary sources (government
documents, meteorological data and crop produdain). Questionnaires were administered to
randomly selected households in Mwala Constituembg. Key Informants included agricultural
officers from the Ministry of Agriculture in Machak County, representatives of the Food and

Agricultural organization, and village and churdtiezs in Mwala Constituency.

3. 4 Study Sample

The sample design for the household survey wasastage stratified random sample design in
which the first stage was selection of Primary SamgpUnit (PSU), i.e. Mwala Constituency.
Smallholder farmers in the wards were selected angsponsible member of the selected
household of 15 years or more asked to answeruéstignnaire. Random sampling was used to
select respondents from a list of farmers that whtsined from the Ministry of Agriculture,

Machakos County.
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3.5 Sample Size
Determination of the sample size was based ondihmeula given by Kothari, (2004) as shown
below:

pqZ*
EZ

Where; n is the sample size, Z is confidence levak(0.05), p is the proportion of the
population of interest, smallholder farmers in ¢edy area. Variable q is the weighting variable
and this is computed as (1 — p) and E is an adolepéaror (precision). P will be set to 0.5 since
statistically, a proportion of 0.5 results in afsuént and reliable size particularly when the
population proportion is not known with certainfyhis led to of Q of 0.5 (1- 0.5). An error of
less than 10% is usually acceptable according thdg 2004. The study had an expectation of
an error of 0.08 to approximate a sample size @ BBuseholds. However, not all the
households in Mwala are small holder farmers. Almioalf the number of households are
engaged in formal or informal employment and thoisralevant to the study. Based on this, and
due to financial constraints, the questionnairesewadministered to a sample of 106

respondents, who were representative of the hoigebpulation in Mwala Constituency.

3.6 Sampling Procedure

This research involved gathering data from MwalaMachakos County. Interviews and

guestionnaires were administered to maize farnretee County who were randomly selected,
based on the information on the number of farmethé region from the agricultural officers, to

find out the effects of climate change on theirpacrop production and their knowledge
attitudes and practices that drive their adaptatod coping strategies to deal with these

impacts.
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3.7 Data Collection

3.7.1 Primary data

Key Informant and Personal Interviews

The Key Informant interviews involved interviewirggbroad variety of stakeholders including
both private and public agencies. This includedriiewing agricultural officers, and local Non-

Governmental Organizations dealing with maize fase the study area. The interviews were
aimed at getting insights into various policies drehds in the County and their capacity to
respond to different climate scenarios. Questiaesawere administered to maize farmers in
Mwala Constituency with the objective of gettingommation about the impacts of climate

change on maize production and what methods farmeise area are employing to cope with

these impacts.

The study made use of interviews as it enabledtdllecting of reliable information since there
was personal contact with the people holding tHerimation and hence the possibility for
clarifications and follow-up questions. In order the required information to be collected, a
guestionnaire with open-ended questions was udeslgliestions were asked in a way that their
responses would answer the objectives of the relsedihe questionnaires also sought to get

maize production figures from Machakos County.

3.7.2 Secondary Data

Secondary data information was obtained througdimgaof different literature from libraries
and Internet. From both sources, the major masene¢ére books and articles that have
information on maize production in Mwala Constitagin Machakos for the past twenty years,
climatic conditions and how it is affecting agrituke and different theories on the adaptation

measures that can be implemented by different grofipeople.

Maize yield data was sourced from the Ministry afrigulture and the climate data detailing
trends in temperature and rainfall in the Countgrahe last twenty years from the. Climate data
for the study was obtained for the Katumani statidrich covers the larger Machakos area. The

data was obtained from the Ministry of Agricultdoe the years 1984 to 2014. The increase or
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decrease in the Maize yield data for the period thas used to analyze association between

climate change and maize production in the County.

Time was also spent reading policy documents, legps, and other action plans that are in
place dealing with climate change and agricultuidis method helped have deeper
understanding of the issue of how climate chande affiect maize production in the county
through different documents that are available @oahd check whether the issues discussed

through interviews are documented.

3.8 Validity and reliability of Research Instruments

3.8.1 Validity

The quality of the research will depend to a laegeend on the accuracy of the data collection
procedures which in turn rely on the validity oktimstruments used. Mugenda & Mugenda
(1999) defined validity as the degree to which lssobtained from analysis of the data actually
represents the phenomenon under the study. If dkee id true reflection of the variables, then
inferences based on the data will be accurate aahimgful.

3.8.2 Reliability

It is the measure of the degree to which a reseasttument yields consistent results (Mugenda
& Mugenda, 1999). To maintain the consistent resulte researcher will employ the test- reset
technique and the split- half technique to ensheeibhstruments used will be free of random

errors.

3.9 Data Analysis

To determine the actual meteorological status, &d-yainfall data was analysed for trends and
anomalies. The data was subjected to a correlatiatysis to determine any association between
rainfall and maize crop yields during that periédirend analysis was carried out on the rainfall
and temperature data to examine the long-termathitrends in the County and how this has
affected maize production. Regression analysis wvatertaken to show attribution of climatic
changes to crop production. Data from householdesuwill subjected to descriptive analysis to

give frequencies and proportions.
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Research questions were classified by coding eadstigpn separately to determine the
frequency of the responses. The study used freguiites and charts to present the findings.
The data collected was edited to ensure its commpdsts, accuracy and uniformity of the
completed questionnaires.

A regression analysis was performed to establishaisociation between independent variables
(Amount of rainfall, Farmers’ level of income, Fam’ years of experience, Farm size and
Visits by extension agents) with the dependantbée (Maize production).

The regression model was as follows:

Y = Bot BrX1 + P2Xz + BaX3 + PaXy PsXste

Where :-

Y = Maize Production (Dependent variable)

Bot B1X1 + PB2X2 + B3X3 + BaX4 PsXst+e = Explained Variations of the Model.

Bo=constant. It defines the amount of maize prodweaabut inclusion of predictor variables

E = Unexplained Variation i.e. error term, it regets all the factors that affect the dependent
variable but are not included in the model eithecause they are not known or difficult to
measure.

X1= Amount of rainfall

Xz = Farmers’ Level of income

X3 = Farmers’ years of experience

X4 = Farm Size

Xs= Visits by extension agents
Bl, B2, B3, p4, p5, = Regression Co-efficient. Define the amount byiclhY is changed for

every unit change of predictor variables. The digance of each of the co-efficient will be

tested at 95 percent level of confidence to explagnvariable that explains most of the problem.
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CHAPTER FOUR: RESULTS

4.0 Introduction
This chapter presents the results of the datawaat collected and analyzed in the study that
explored the effects of climate change on maizéyerbon. Pie chart and graphical presentations

are used to present analyzed data.

Between 1990 and 2014, the mean annual rainfdllviiala was 630 mm with a standard error of
+ 42.22 at 95% confidence interval. Despite annaaktions, the mean rainfall declined by 5.8
mm/year Y= 705.44+5.7815x, n= 106 p<0.001) during this period (Figure 4.1).The mean
annual short rains were recorded at 228.52 mm avgtandard error c£37.72 while the mean

annual long rains were recorded at 401.76 mm s#tandard error 0£19.55 (Fig 4.2)
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Figure 4.1 Long and Short seasonal rains for Mwal&onstituency

Data Source: Kenya Meteorological Department
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Trend of Maximum and Minimum temperatures
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Figure 4.2 Trend of Maximum and Minimum Temperatures

Data Source: Kenya Meteorological Department

The maximum and minimum temperatures in the studg &ave been on the increase between
1984 and 2014 (Fig 4.2). The mean maximum temperatereased by 0.03C while the mean
minimum temperature increased by 0.8@2 The perception of the farmers that the tempezatu

were changing was true as occasioned by the irereas
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4.1 Effects of Rainfall and Temperature on Maize Cop Yield
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Figure 4.3: Mean Annual Rainfall 1984-2014
Data Source: Kenya Meteorological Department
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Data Sources: Kenya Meteorological Department & Mimstry of Agriculture
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Graph on Yield and Temperature trends
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Figure 4.5 Temperature and Yield Trends
Data Source: Kenya Meteorological Department & Minstry of Agriculture

The mean total annual rainfall per year was 630nith & standard error of + 42.22with 1997
having the highest rainfall of 1340mm. The avertgeperature was 19.% while the average
yield per year was about 0.559 tonnes per hecerrggar. Further regression analysis generated
the following result:

(y = 5.147 - 0.003x1+0.2881X2, r 2 = 0.524, P < 0.001), where vy is the Yield measured in bags
per hectare,x1 is the total annual rainfall in iméter’s while x2 is the average temperature in

degrees Celsius.

From this analysis, it is clear that a unit inceeas rainfall increased the yield by 0.003 units
while unit increase in temperature increases yi®yd0.2881 units. This was statistically
significant at p<0.001. , R= 0.524 clearly shows that 52% of the change jveddent variable

i.e. yield can be explained by the independentdes (Rainfall and temperature).
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4.2 Characteristics of the Respondents
4.2.1Demographic Information of the farmers

Gender Distribution

W Female

m Male

Figure 4.6: Household Heads’ Gender Distribution

Gender is an important factor that affects adopstmategies to climate change. Out of the
respondents interviewed, 57% were male while 43%ewemale implying that there was

adequate gender representation in the research (§tigiire 4.6).
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Figure 4.7: Marital Status of the respondents
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Out of the households interviewed, 64% indicateat they were married, 12% were single,3%
divorced, 4% separated while 17% were widowed. fifdings imply that a greater proportion
of the respondents were in family settings andetfoge farming was a major subsistence activity

to sustain livelihoods.

Table 4.1: Respondents Family Sizes

Number of Children F %

0-3 14 14

4-7 39 39

8-11 27 27

12 and above 20 10

Total 100 100%

Family size has a significant impact on adoptigatsgjies taken by households. A large family
size is associated with higher labour endowmenichwvould enable a household to accomplish
various agricultural functions, such as tilling amarvesting. It was established that out of the
respondents, 39% had 4-7 children 27% had 8-1drehi, 14% had 0-3 children while 20% had

12 children and above. The findings imply that ¢hesas a high dependency rate in Mwala and

therefore farming was a vital activity to sustaamily livelihoods (Table 4.1).
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Figure 4.8: Respondents’ Level of education
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With regard to the highest level of education atdi by the respondents, a greater proportion of
the respondents (38%) had no formal education, 2@% primary education, and 30% had
secondary education while only 12% had tertiarycatlan (Figure 4.9). The findings implies
that that a greater proportion of the respondert® wWnowledgeable on issues relating to climate
change and mitigation strategies to enhance mainduption in Mwala as 62% of the
household heads interviewed had some formal edurcgtrigure 4.8)

Farming Experience

W Less than 5 years
m 5-10Years
m 10-15years

m Over 15 years

Figure 4.9: Farming Experience

Years of farming experience had a significant impat the adoption decisions taken by the
farmers. 55% of the respondents had more than a'yexperience in farming, 28% had 10-15
years’ experience, and 12% had 5-10 years’ expzziemhile 5% had less than 5 years’
experience (Figure 4.9). The farmers in this arad been practicing farming for a while and
were able to identify changes in the rainfall, temgpure and yield. This highly influenced the

steps they took to deal with climate variabilitydaheir farming.
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Land Ownership

mOwn
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Figure 4.10: Land Ownership

On land ownership by the respondents, it was astedal that, 86% of the respondents owned the
land they were using for farming either throughvateé owership with title deeds or ancestral
land, 7% rented land from land owners for a shertga of time while 6% had leased the land
over long term lease-hold agreements as provideteruthe Land Registration Act. Land
ownership determined the kind of decisions the &srcould make in order to cope with the

effects of climate variability on crop production.
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Figure 4.11: Land Use
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It was established that 71% of the land owned Bpardents was used for crop cultivation, 24%
for livestock rearing, 3% for homestead and only ®&s covered by forest. This implies that a
greater proportion (95%) of the land owned by #spondents was being used for the purposes

of crop production (Figure 4.11).

Table 4.2: Sources of Income

Sources F %
Livestock and Livestock products 39 39
Crops 28 28
Home Industries 4 4
Agro-forestry products 7 7
Off farm employment 22 22
Total 100 100%

Thirty nine percent of the respondents reported their main source of income was from
livestock and livestock products, 28% made theiome from crops while 22% obtained income
from off farm employment. This implies that a gexgbromotion of the respondents were highly

dependent on farming as a principal source of ircom

Income from off- farm employment
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Figure 4.12: Income from off-farm employment
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A greater proportion of the respondents who haefafh employment reported an income of
between Kshs. 11,000-20,000. Twenty eight percgminted an income of between Kshs. 5,000-
10,000 while only 8% reported an income of aboveK20,000. (Figure 4.12)

Table 4.3: Total monthly income for the household éads

Level of Income F %
Less than Kshs. 2,000 4 4
Kshs. 3,000-5,000 13 13
Kshs. 6,000-10,000 22 22
Kshs. 11,000-20,0000 43 43
Above Kshs. 20,000 18 18
Total 100 100%

Crop production is the major source of livelihoadthe study area. Most of the households
depended on crop farming as the principal sourcaaime 43% of the respondents had their
average income ranging between Kshs. 11,000-2022% had an income ranging between
Kshs.6,000-10,000 while only 4% had an income Wwefshs.2,000 (Table 4.3). The findings
imply that the respondents were not gaining muclnme from crop production, which could be

attributed to changes in rainfall and temperatwer ¢the years because of climate change.
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4.3 Level of Awareness on Climate Change Adaptation

Table 4.4: Service Providers for crop and LivestoclkProduction

Service Provider Crop Livestock Production

Production

F % F %
Public Extension agent 18 18 19 19
NGO 7 7 8 8
Neighbour/Farmer 31 31 36 36
Private Extension 11 11 9 9
Radio/Television 5 5 8 8
Mobile Phone 2 2 - -
Farmer organization 24 24 19 19
Private Engineer 3 3 1 1
Total 100 100.0 100 100.0

With regard to the service providers for crop amddtock production for the farmers in Mwala,
it was established that a greater proportion of rdgpondents (31% and 36% respectively)
obtained services from the neighbours’ for crop ebstock production.18% and 19% obtained
information from public extension agents on cropoduction and livestock production

respectively (Table 4.4). The findings imply théetgovernment has not put up efficient
mechanisms to ensure that the level of awareness@nfarmers on crop and livestock

production through the public extension agentsrtmadeen sufficient.
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Manmade Act of God Both Don’t Know

Figure 4.13: Awareness on the Causes of Climate Chge

While 38% of the respondents felt that climate,ngeawas both man-made and an act of God,
more farmers reported that that it was an act of GB9%) than of man (25%). The findings
imply that the respondents were fully aware of tlseurrence of climate change and that there
was an external factor causing it (Figure 4.13)wekheer, there seemed to be lack of knowledge
on the actual causes of climate change.
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Figure 4.14: Knowledge of Climate change and its lpacts on Maize Production
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The study determined that farmers had differen¢llewf knowledge and awareness of climate
change and its impacts. Male farmers with poor ll®feeducation/knowledge reported to be
aware of climate change unlike their female coywads. Female farmers with middle level
knowledge reported to have information on climdtange unlike the ones with poor knowledge.
Farmers with high-level knowledge reported to hawaibstantial knowledge on climate change
and its overall impact on maize production in Mw@lanstituency and Kenya at large.(Figure
4.14)

Table 4.5: Relationship between education level arldvel of awareness on climate change

Education Level
Level of Awareness No Primary | Secondary| Tertiary
Education
Not Aware 19.6% 18.3% 14.6% 14.5%
Somewhat Aware 33.4% 37.2% 47.4% 50.7%
Aware 47.0% 44.4% 38.0% 34.8%
Total 100.0% 100.0% | 100.0% 100.0%

A cross-tabulation of household respondents’ edocaevel and preparedness for climate-
related hazards revealed that there is a statlgtisignificant difference 2 (4) = 12.845, p =

.012) among persons of different education levelselation to how prepared they were for
climate-related hazards. Persons educated at it@rye50.7%) and secondary (47.4%) levels

were more prepared when compared to persons edusiaiiee primary levels (Table 4.5).
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Table 4.6: Relationship between gender and climathange awareness

Gender

Level of Awareness Male Female
Don’t Know/Not sure 11.5% 15.4%
Hardly Anything 18.1% 21.7%
Not Much 38.8% 35.9%
A fair Amount 23.6% 18.4%
A great deal 8.0% 8.8%
Total 100.0% 100.0%

Regarding their community’s risk associated witimelte change, a majority of the respondents

(37.3%) indicated they did not know much aboutrtltemmunity’s risk (table 4.9). A similar

percentage knew either a fair amount (21.1%) ordlgaanything (20.0%) about their

community’s risk. There was also a significant eliéince 2 (4)=11.071, p = .026) between

males and females in relation to how much they kabaut their community’s risk associated

with climate change. The study established thaienalusehold heads were more likely to be

knowledgeable about climate change due to theielle¥ education and the fact that they

participated more in information sharing sessionghwother farmers through group

memberships.

4.4 Attitudes to Climate Change
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Figure 4.15: Concern about Climate Change
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Smallholder farmers in the study area had varicregptions on climate. While they found it
hard to explain climate change phenomenon they wabfte to understand changing regular
weather parameters like rainfall and temperatuigiods changes have been witnessed in the
weather patterns in Mwala over the past 20 yedns Was actually a cause of concern for the
farmers as half of the respondents were very coedeabout climate change. Specifically, 50%
of the respondents were very concerned about dintdiange with another 31% being

moderately concerned; 14% were not concerned.d&%llhowever were not sure. (Figure 4.15)

Table 4.7: Attitudes towards Mitigating Climate Change

Statement Strongly| Agree | Neutral | Disagree| Strongly
Agree Disagree

The government should take a strongéd% 42% 7% 2% 5%

role in addressing impacts of climate

change

| am prepared to pay a little or put up wjth7% 46% 8% 15% 14%

some inconvenience to help preserve |the

environment

There is nothing small scale farmers c¢d©% 13% 10% 37% 30%
do about climate change
Small scale farmers have little or p&5% 14% 5% 37% 29%

control over climate change because |it's

an act of God

Small scale farmers should play a leadir&9% 46% 12% 20% 2%
role in addressing climate change in their

communities

In terms of the role that farmer and the Governnsioiuld play in addressing climate change,
the respondents were asked their levels of agrelewigéim some statements. Over 80% of the
respondents agreed (42.1%) or strongly agreed ¥é)4tBat the government should a take a
stronger role in addressing the impacts of clincdteange on communities. In terms of paying

more or tolerating some inconvenience to help pvesthe environment, only 16.5% strongly
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agreed to this, while another 45.5% agreed. Maspgieed (37.2%) and strongly disagreed
(29.5%) that there is nothing a small-scale farncerdd do about climate change. In fact, many
agreed (46.1%) and strongly agreed (20.4%) thatllsstale should play a lead role in
addressing climate change issues in the area.(#lable

4.5 Strategies to Cope with Climate Change
Table 4.8: Service Climate Change and Marketing Irdrmation

Service Provider Climate Change Markeétg

F % F %
Public Extension agent 16 16 14 14
NGO 10 10 7 7
Neighbour/Farmer 33 33 29 29
Private Extension 13 13 18 18
Radio/Television 7 7 4 4
Mobile Phone - - - -
Farmer organization 31 31 27 27
Private Engineer 3 3 1 1
Total 100 100.0 100 100.0

Based on the data presented on table 4.8, 31%edfatimers obtained information on climate
change from farmer organization, 29% obtained m&ttion on marketing from neighboring
farmers while only 14% were given information onrk&ing by public extension agents. The
findings imply that farmer organizations in Mwalaeme playing a critical role in raising

awareness among farmers on both climate changessunes relating to farm produce marketing.
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Figure 4.16: Farm Visits

Sixty three percent of the respondents reporteikiiey had not been visited in the last one year,
only 37% reported having been visited. The findisgew that the level of awareness being
raised among farmers on climate change adaptalimugh farm visits is very low and this
influenced the level of farm production. This hassiped farmers to seek extension service from
NGOs and other private sources.

Persons who visited in the last one
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[
o090
(= NeNe)
Attt
i

Figure 4.17: Persons who visited in the last one ge

48



Access to extension services usually has signifieganpact on crop production. The study

established that 44% of the respondents had bésdvityy neighbouring farmers, 22% had been
visted by CBOs/NGOs, 24% had been visited by pultiension officers while only 10% had

been visted by private extension. The findings shinat there was lack of government

commitment in visiting farmers and raising awarsnas climate change and crop production in
Mwala Constituency through public extension offic€rhis forced farmers to seek other ways of
getting the services offered by extension officespecially through groups run by Non

Governmental organisations. (Figure 4.17)

Group Membership

mYes

mNo

Figure 4.18: Group membership

Informal institutions and private group membershlpy major roles in adaptation to climate
change strategies as they act as conduit for irdbom about new strategies. It was established
that 56% of the respondents indicated that thegrggd to a group while 44% indicated that
they did not belong to a group (Figure 4.18). Mersbg to social group increases the
likelihood of learning different strategies to atlayth climate change and ways to diversify

agricultural production.
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Table 4.9: Group Type

Group Type F %
Self-help Group 4 4
Welfare Group 13 13
Cooperative Society 22 22
Farmers Group 43 43
Climate change group 18 18
Total 100 100%

For the respondents who reported that they belongeal group, a greater proportion (43%)
belonged to farmers groups, 22% belonged to cotiperaocieties, and 13% belonged to
welfare groups while 18% belonged to climate chaggeups. The findings imply that the
farmers were getting information on climate chaaged crop production through the groups in
which they belonged.

Benefits derived from Group
Membership
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Figure 4.19: Benefits Derived From Group Membership
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Regarding the benefits derived from group membprshi greater proportion (41%) of the
respondents derived welfare benefits, 36% derivddrimation on credit while 23% received
advice on farming from the groups. The findings lynfhat most of the groups in which the
farmers were members only focused on the membesiéare and therefore they were not raising

the needed awareness on climate change and crdpgiian among farmers in Machakos.

Table 4.10: Group Activities

Activities F %
Farming 14 14
Business 23 23
HIV/AIDS Awareness 20 20
Advocacy 43 43
Total 100 100%

Forty three percent of the farmers reported theit troups were involved in advocacy activities,
23% reported business activities 14% reported fagnactivities while 20% reported HIV/AIDS
awareness activities (Table 4.10). The findingglynthat the groups were not primarily focused
on raising awareness among farmers on climate ehand crop production.

Table 4.11: Farming Objectives

Objectives F %
Making Profits 24 4
Support family 36 13
Reduce risk of hunger 22 22
A way of life 10 10
Have no other option 8 8
Total 100 100%
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One of the questions of the study was to deterrtheeobjectives for which the farmers were
engaged in farming. Based on the findings presentetdble 4.14, 36% of the respondents were
engaged in farming with an objective of supportingir families, 24% were engaged in farming
to make profits, 22% were engaged in farming taicedthe risk of hunger while only 8% were
engaged in farming because they had no other offiable 4.11). The findings imply that most
farmers in Mwala are focused on subsistence farnorgupport their families and they are not
engaged in commercial farming of crops such as en&diecause of the adverse climatic

conditions in the area.

Training on Climate Change
Adaptation
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Figure 4.20: Attendance of Training on Climate Chage Adaptation

Training on appropriate adaptation strategies keyafactor on the practices farmers employ to
deal with the effects of climate change. Figuréd4dsRBows that only 12% of the respondents had
attended training on climate change, the remaiBbfg had not attended any training on climate
change. The findings imply that the government a &as local institutions has not reached out
to farmers to train them on climate change adaptafilost farmers resorted to joining groups
such as welfare groups, sacco societies and clgraips where they shared information on

improving their welfare, including farming.
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Figure 4.21: Type of Training

For the respondents who had attended training, Bd&obeen trained through field days, 30%
through group training and 26% through workshopsisars.

Table 4.12: Activities undertaken during training

Activity Yes No

F % F %
Sought advice on climate 53 53 47 47
adaptation
Implemented the advice 59 59 41 41
Applied for credit 23 23 77 77
Credit Availed 12 12 88 88

Training on crop production and information on @il represent access to information required
to make the decision to adapt to climate changmeSaf the activities the respondents undertook
during the trainings are seeking advice on clintdt@nge (53%) and applying for credit. 59% of
the respondents implemented the advice. While 1Btimed credit. (Table 4.12). The 88% who
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failed to obtained credit did not have securitiegood financial records implying that majority
of farmers in Mwala cannot access credit to imprenag production.

Frequency of meeting extension
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Figure 4.22: Frequency of Meeting Extension Agents

As expected, access to extension services hadfisanti impact on adaptation.A greater
proportion of the respondnets(38%) reported medtiegextension once a year while only 6%
reported meeting the extension agenst weekly (Eigu22). The findings show that there was
low level of awareness among farmers on climatengbaadaptation and maize production in
Mwala since the extension agents in the regionrmdut up effecient mechanisims to ensure

frequent meetings with the farmers.
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Figure 4.23: Mode of Meetings

Regarding the mode of meetings with the extenagents, 39% reported that they had attended
group meetings, 23% reported attending farm vidi®b6 reported attending field visits while
13% reported attending barazas. The findings intpbt there was low level of individual
arwarenes and knowledge on climate change adapanbmaize production since the extension
agents were not giving individualized attentioriite farmers during meetings.

Airing of views during meetings
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Figure 4.24: Airing of views
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Based on the data on figure 4.24, 79% of the re$pus reported that they aired their views
during the meeting while only 21% did not air theiews. This shows that the farmers had

initiative and share their experiences in orddeton from other farmers and the experts on how

to adapt to the effects of climate change.

4.6 Practices

Table 4.13: Strategies to Adapt to Climate Change

Strategies Mean Standard N
Deviation
Planting Different Varieties of crops 4.765 0.943 100
Different (staggering)time of planting 4.604 0.831 100
Rearing different breeds of livestock 4.234 0.954 001
Soil fertility and water management 4.125 1.945 10¢
Feed preservation 3.442 1.053 100
Agro-forestry 4.784 0.564 100
Use of seed banks 2.561 0.763 100
Intensification of production 3.432 0.673 100
Changing from farming to non-farming activities 3A 0.645 100
Irrigation 2.417 0.784 100

The respondents were asked to give the practiegsitave adopted to deal with the effects of
the changing climate. Planting different varietias crops (M=4.765; SD=0.943), different
(staggering) time of planting (M=4.604; SD=0.8034)nd rearing different breeds of livestock
(M=4.234; SD=0.954), were ranked highly. The farsnalso practiced soil fertility and water
management (M=4.125; SD=1.945) and agro-forestry4M84; SD=0.564). Strategies that
were not highly favored were use of seed banksraigdtion as access to these services requires

funds which most farmers did not have (table 4.13).
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Table 4.14: Challenges Faced by Farmers in Adaptgto Climate Change

Hindrances Mean Standard Deviation | N

Lack of improved seeds/breeds 4.642 0.785 100
Lack of access to water for irrigation farming 493 | 0.563 100
Lack of current knowledge on adaptation methods 631.4 | 0.784 100
Lack of information on weather incidence 2.641 5.04 100
Lack of money to acquired modern techniques 4.732 .24 100
There is no hindrance to adaptation 2.678 0.831 0 10

Some of the constraints faced by farmers in adgptm climate change included lack of
improved seeds/breeds (M=4.642; SD=0.785); laclaatfess to water for irrigation farming
(M=4.931;SD=4.931) and lack of current knowledge n o adaptation
methods(M=4.463;SD=0.784). Another major constramdluded lack of funds to acquire
modern techniques (M=4.732;SD=0.243). Lack of infation on weather incidence (M=2.641;
SD=1.045) was reported as having a moderate hindrgmable 4.14)

Effects of climate change

m High cost of farming
m Change in farming season
® Low production and poor

yields

W Poor weather patterns

Figure 4.25: Effects of Climate Change in Mwala Costituency
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The analysis above summarizes the effect of clinch@Enge on maize production in Mwala

Constituency. At 35%, high cost of farming was tjneatest effect with most farmers incurring

cost on insurance, new farming technology, new iagnknowledge and other hidden cost

related to farming. At 27.4%, change in farmingsegawas the other effect of climate change

with most farmers reporting a speculative seasart and season end which also leads to low

and poor maize being harvested.

Table 4.15: Factors Affecting Maize Production

Factors Mean | Standard N
Deviation
The environment in this area is changing due todruactivities.| 4.452 | 0.674 100
The Climate is changing 4.870 | 1.245 100
Temperature is rising. 4542 | 0.973 100
Rainfall is decreasing every year 4785 1.872 100
There is rainfall variability 4.945| 0.892 100
The weather is becoming drier every year. 4.484 69.5 100
The yearly rains are not supporting crop producsismefore 4.456| 0.784 100
Climate change has led to crop pest infestationdiswhses 4.892| 0.685 100
Food production has been affected by climate change 4.874 | 1.234 100
The cost of food is increasing because of climatnge. 4.630| 1.345 100
The Environment suffers from decreased vegetatimnatimate | 4.756 | 0.564 100
change.
There is now Fuel wood scarcity. 3.542  0.973 100
Climate change has led to rural-urban migration 88.4 1.872 100
Climate change has led to the decline of foresiueses 4.845| 0.892 100
Climate change has led to the change of livelinegsdem 3.584 | 0.565 100
There have been increase incidences off loadsglthieraining | 4.456 | 0.784 100
season
There have been increase incidences of droughitsgdiie dry | 4.599 | 0.584 100
season
The incidence of climate change will affect the t8umability of | 4.573 | 1.021 100
our environment.
There is serious awareness on climate Change 3.68®45 100
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The respondents felt that some of the major fadffiecting maize production in the area were
decreasing rainfall, changes in the environment tudwuman activities and incidences of
drought during the dry season. The farmers didview fuel wood scarcity, change of livelihood
and lack of awareness of climate change as maporfa affecting maize production. The
following factors affected maize production in MwaConstituency moderately, fuel wood

scarcity; changes of livelihood systems and a gsraavareness on climate Change.

4.7 Regression Analysis

Table 4.16: Model Summary

ANOVAP®
Model Sum of
Squares df Mean Squarg F Sig.
1 Regression 93.144 4 23.286 79.730 .000°
Residual 53.739 96 292
Total 146.883 100

a. Predictors: (Constant), Amount of rainfall, Farsi level of income, Farmers’ years of
experience, Farm size and Visits by extensiantsy

b. Dependent Variable: Maize Production

The results on table 4.16 shows a significant (8®), this implies that there is correlation
between the predictor’'s variables (Amount of rdipfaarmers’ level of income, farmers’ years
of experience, farm size and visits by extensiomn&) and response variable (Maize
Production). An F ratio is calculated which reprasehe variance between the groups, divided
by the variance within the groups. A large F ratidicates that there is more variability between
the groups (caused by the independent variable) tiiere is within each group, referred to as

the error term.
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Table 4.17: Coefficients of Regression Equation

Coefficients’
Model Unstandardized |Standardized
Coefficients Coefficients
B Std. Error Beta T Sig.

1 (Constant) .061 .258 .930 .354
Amount of rainfall 775 077 297 3.798 .002
Farmers’ level of income 430 .070 188  3.290 .001
Farmers’ years of experien| 413 .062 .013 215 .001
Farm size 514 077 406 5.445 .000
Visits by extension agents 124 .034 .002 .345 .001

a. Dependent Variable: Maize Production
The established multiple linear regression equdiEcomes:
Y = 0.061 + 0.775X; + 0.430X; + 0.413X3 + 0.514X,4 +0.124X5

Based on the regression coefficients of the vaeght can be concluded that Amount of rainfall,
Farmers’ level of income, Farmers’ years of exparée Amount of land owned and visits by
extension agents all had a significant influencer@ize production in Mwala, with a P-Value
was 0.000 which is less than the confidence le¥€l.@05 The constant = 0.061, implied that
with the other variable (that Amount of rainfallafmers’ level of income, Farmers’ years of
experience, Farm size and visits by extension ayentize production in Mwala would be
would be at a rate of 6.1%.The amount of rainfalll the highest value of coefficient of 0.775,
implying that a unit change in rainfall resulted @077.5% increase in the amount of maize
produced. Amount of land owned by farmers had dficoent of 0.514 implying that a unit
increase in the farm size contributed to 51.4%a@aase in the amount of maize produced. Visits
by extension had the lowest value of coefficientOdf24 implying that a unit change in the
number of visits by the extension agents contridbute12.4% increase in maize production in

Mwala Constituency.
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CHAPTER FIVE: DISCUSSIONS

5.1 Introduction
This chapter presents summary of findings as dssuig chapter four and interpretations of the

data analysis, conclusions, and recommendatiorelb@sthe findings.

5.2 Climatic trend and maize production in Mwala

The analysis of meteorological data indicated angkan climatic variables between 1984 and
2014. During this period, the mean daily minimuna amaximum temperatures increased at the
rate of 0.03 and 0.04€, respectively (Figure 4.2) while the long termameannual rainfall for
Mwala declined at the rate 5.8 mm per year (Figu83. These contributed to a decline in maize
production at the rate of 0.559 tons/ha/yr (Figutgs& 4.5). Similar findings were recorded in
Ghana (Klutse et al, 2013), and Mozambique (Osbthl, 2008).

The respondents explained that they used to re¢keséirst rains in November or late October
but all this had changed as they could no longedipt when the rains would be expected. The
farmers indicated that they used to plant cropaté October or early November but now have
to wait till January or February in order to plamtize. The respondents also said that the change
of climate has also led to the widespread of past diseases on crops due to an increase in
temperature. The respondents reported an incredseguency of drought. In addition to that all
the respondents highlighted that there was anaseren temperature in the area.

5.3 Impact of climate variability on maize yield

Farmers in Mwala are exposed to climate variab#itgl change. The increasing temperatures
and fluctuation in rainfall have serious implicai$o for maize production in Mwala
Constituency. An important finding of this study tise attribution of climate variability and
change to crop production. Maize crop yield fluttobbetween 1984 and 2014. During the same
period, rainfall had declined from 1062 to 318 nifig(4.4). The two traditional crop growing
period in Mwala coincides with long and short raiRainfall distribution in Mwala Constituency
is moderate and is received in the short rainy@eédctober/November—January/February) and

the long rainy season (March—August/September).riidan rainfall for each of the two seasons
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had a range from 200 to 350 mm (half of the anmu&cipitation). The mean monthly
temperature varied between 18°C and 25°C; the dtatienths being February and October, and
the coolest being July. Because of the fluctuatihgnatic conditions in the area, the maize
production is low and farmers are continuously lngkor strategies to adapt to this.

Farmer perceptions of long-term changes in preatipit were consistent with rainfall data. This
was done by comparing the recorded meteorologiat dith climate change as perceived by
farmers in the region. The results of the analgsiswed that the factors that highly affected
maize production in Mwala included decrease infadlinincreased incidences of drought during
the dry season and a changing environment due riahuactivities such as charcoal burning.
Similar findings were recorded in a study conductedKenya by Kabubo et al, (2006),

indicating that climate change affected agricultupaoductivity. While adverse climatic

conditions has hindered maize production in Mw#i@ government and non-governmental
institutions in the area have not put in place me@m to educate farmers and raise their
awareness on climate adaption strategies as dsesaize production continues to decline with

time since only a few farmers are reached by thension agents in the region.

5.4 Demographic and Socio-Economic Characteristiay the Respondents

This study underscore the importance of educatiet@inment, membership to social and
economic group, household size, access to extersgonce, access to water, farm size and
proximity to markets on household adoption decisiddousehold and farm characteristics and
institutional factors had differential influence aptake of adaptation options. Farmers who had
attained some sort of formal education were likelyperceive and adapt to climate change. The
household size of farmers has a positive coefftaxenthe likelihood to increase the size of land
under cultivation. Large household were found tonbere likely to adopt labour-intensive
technologies. In western Kenya (Marenya & Bar2®)7) and Uganda (Nkonya et al., 2008), it
was observed that family rather than hired labawvided most farm operations. Therefore,
large households are more likely to overcome laboomstraints and adopt new farming

practices.
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Membership to social and economic groups influenttess adoption of farm management
practices and diversification of livelihoods. Thssggests that government support to social
groups is crucial in enhancing livelihood diversdfiion and adoption of sustainable agricultural
technologies.

5.5 Level of Awareness

The results of the study suggest that a majoritiaohers in Mwala Constituency were aware of
methods for combating climate change and mostefdalhmers many had begun practicing these
methods to improve the level of maize productiothiea County. The farmers were however not
sure of what exactly the causes of climate vaiitghitere and most of them attributed it to acts
of God. The farmers did not show high level knowledn the technical matters of climate
change but they have shown several evidences, vdeigionstrate that they have perceived, felt
and experienced about its effects. The amount atidrps of rainfall, the frequency and extent
of droughts, the trends of crop failure due to eyaace of new crop diseases, etc were some of
the visible impacts. This underscores the importeed for capacity building and training of
smallholder farmers in Mwala by the government eind society on what climate change is and

its impacts on crop production.

5.6 Attitudes toward Climate Change

There were strong feelings and attitudes with @gajust how willing the farmers would be to
become prepared for climate change. Several cult@tt#udes especially with regard to
traditional role of women in decision making needé changed to ensure women play a role in
making informed decisions with regard to climatamfpe. Social status is a major hindrance in
the culture that needs to be addressed. A changelture is needed so that people will see the
value of climate friendly activities. A further @étidinal change cited by the respondents was the
need to foster community spirit and collaborationniitigating the adverse effects of climate
change. The respondents felt that climate chargjkerge require greater community spirit and
cooperation.
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There was a strong perception among the respontiaaitshe government should play a major
role in climate change mitigation and assist fasndnterestingly, although many of the
respondents felt that they were at risk from clengtange, they did not think others took the risk
seriously enough, unless a disaster happened aydsthffered directly from the effects of
climate change. They did not feel that other memar the community were adequately

sensitized to the risks involved.

This study has shown that there is a significargo@istion between smallholder farmers’

perceptions of extreme climatic events and adoptiomaditional methods to cope with climate

change. Similar findings were recorded by Nhemaah&nHaassan, (2007) in Sub Saharan
Africa generally. Farmers often digressed duringcdssions and interviews to talk about their
problems regarding poor access to reliable marogtsheir produce, limited access to hybrid

seeds, chemical fertiliser, veterinary services animal draft power. Immediate need for

household food security was also among farmersbomayncerns. These sentiments imply that
the problem of climate change is not the most jpngssne among smallholder farmers. Mertz et
al (2009) asserts that change in land use andHo@d strategies is driven by a range of factors
of which climate change appears not to be the nmopbrtant. This therefore shows that an
action theory approach needs to be taken by tmeeiar initially to adapt in their own way and

then have the government and other actors comedier @o effectively deal with the adverse

effects of climate change.

The findings also indicated that most farmers waaticing farming to support their families

while only a few practiced farming for commercialrposes this is due to the fact that the
climate in Mwala does not favour commercial productof crops such as maize, and the farm
sizes were too small to support commercial cropdpecton. This underscores the need for
farmer education on the best crops to be growrhénarea to enhance productivity and food

security.
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5.7 Strategies to adapt to Climate Change

Faced with unpredictable climatic variables, farsner Mwala have adopted an action-oriented
perspective to adopt different responses to climbhtage. Much of this response is reactive, in
the sense that it is triggered by past or curreents (e.g., decreased rainfall) but it is also
anticipatory in the sense that it is based on sassessment of conditions in the future (e.g.,
rainfall occurrences). Many farmers were part abugs that shared information on climate
change and best practices in farming and this highfluenced their choice of adaptation

strategies. The farmers sought advice on climaa@@h applied for credit to develop their farms
and attended trainings to gain more knowledge om aed efficient farming methods. The

practices adopted by smallholder farmers in Mwdlaye shown that multiple actors play

different roles to influence strategies adoptedi¢al with the effects of climate variability and

change.

In order to escape from continuous crop failurenfrenusual rain and frequent droughts, farmers
in Mwala are forced to seek some alternatives. Thisonsistent with Boko et al. (2007) who
highlight the critical importance of new strategesd technologies for adaptation to climate
change. Some of the strategies used by the fartmexdapt to climate change include planting
different varieties of crops, staggering plantinge, rearing different breeds of livestock, Soll
fertility and water management and farm forestrge Wf seed banks and irrigation were ranked
low by the farmers. The farmers explained that éheBategies were labour intensive and
required resources which were not readily availabléhe farmers to be put in practice. The
climate change research community has identifiéféreéint adaptation methods. The adaptation
methods mostly commonly cited in literature as akmd by Kurukulasuriya et al. (2008),
includes the use of crop varieties and livestockcsgs that are more suited to drier conditions,
irrigation, migration, crop use of water and sahservation techniques, change use of capital

and labour, time of planting, feed preservation ancdaptation
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Finally, the results indicated that the major hamdres faced by farmers in adapting to climate
change included lack of improved seeds/breed arkddhaccess to water for irrigation farming.

In addition, lack of current knowledge on adaptatroethods and lack of money to acquired
modern techniques hindered the farmers from takimgdaptation strategies. This shows that
there is need for farmers in the area to receiseuees in terms of funding to be able to acquire
the appropriate techniques for adaptation. Furthere is need for collaborative efforts amongst
players in the agricultural sector to build the aafy of farmers in Mwala and increase their
knowledge on the best adaptation methods to empiotheir farms. Adger et al., (2003)

advocate for this by providing that the adaptivamdty is influenced by factors such as
knowledge about climate change, assets, acceggptopiate technology, institutions, policies

and perceptions.
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

Climate change was a not new phenomenon in theyséwda and smallholder farmers’
perception of climate change was that temperatweze rising while level of precipitation was
declining. Most of the farmers considered lackrdbimation on adaptation methods and lack of
money as major constraints to adaptation. The boldiér farmers in the study area were
predominantly crop growers. Climate change had @& affected production of maize in
Mwala Constituency, and it is very probable thatnekic conditions will continue to approach
new extremes to which farmers in the area haverrimen forced to adapt. The farmers have not
effectively adapted to climate changes and theeefomize production continues to decline

drastically.

Based on the analysis, it can be concluded thatuataf rainfall, farmers’ level of income,

farmers’ years of experience, amount of land owaed visits by extension agents had a
significant influence on maize production in Mwalonstituency. The p-Value was 0.001,
which is less than the confidence level of 0.00&8hg that the variables had positive influence

on the level of maize production.

6.2 Recommendations

Community based adaptation is capable of redudiag/tiinerability as well as improving on the

resilience of the local people to climatic varidgliland change. Although smallholder farming
have a long history of coping and adapting to sahéhese changes, effective adaptation
strategies and actions should therefore be aimexta@aitring the well-being of the subsistence
farmers in the face of climatic changes. Howevearstradaptation efforts have been top-down,
and little attention has been paid to communitegieriences of climatic variability and their

efforts to cope with their changing environmentdte&ive adaptation strategies aimed at
securing the well-being of smallholder farmers isggithe involvement of multiple stakeholders
ranging from policy makers, extension agents, Nawé&snmental Organizations (NGOSs),

researchers, communities and to a greater extensltbsistence farmers
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The current strategies in used by the stéwie farmers should be considered in the
countries national adaptation plan of action. leaal and indigenous knowledge serve as a sink

and could act a springboard in the formation stjiatethat could aid local farmers.

Through research, new crop varieties and itlgbrthat are able to withstand severe
droughts, tolerate higher temperatures andumaatarly, could enable the farmers to be
ready to meet the challenges of climatic variapibind change Mwala Constituency. New
technologies, such as irrigation techniques, eadsning systems could be developed. Education
of the farmers in the areais very much imgegaif they need to adapt to climate change
Successful agricultural adaptation requires betted clearer information combined with

investments and advisory services to dissemina@enfiormation to the local farmers. Adequate
extension information services are essential taurenshat farmers receive up-to date
information about climatic patterns in thertfioming season so that they can make well
informed decisions about their planting dat&sey could also play a role in land use
changes and crop-farm management practicesibsistence farmers that could play a role
in adaptation and concomitantly mitigation ohwite change.

The identified indigenous adaptation strategies elgmcrop diversification, mixed crop and
livestock farming agro-forestry, planting differerdrieties of crops and staggering the planting
time should be promoted by the Government, the doammunity as well as the Civil Society
organizations in order to give an integrated apghmda fighting the adverse effects of climate
change and come up with the most appropriate ati@ptpolices. This will go a long way if
smallholder households are to build resilience dapsive capacity against climate change
impacts.

In order for maize production in the country togistr and thrive sustainably, it is necessary for
agriculturists to take real action to mitigate Huberse effects of climate change, and to exploit
any potential advantages. In order to do so, set@rays are required: First, maize farmers in
Mwala need to be continuously informed. Without Wiexilge, no successful, sustainable
adaptation can take place. Therefore, dedicateccdgpbuilding and expansive outreach

initiatives regarding adaptation are necessaryrderoto achieve total, large scale success in
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adaptation in the region. The most effective mdanshe dissemination of adaptation strategies
should be utilized widely to maintain an ideal legtlocal awareness on climate-related issues
and appropriate measures for adaptation. Thesegonshon channels for outreach, as observed
by this study, included radio broadcasts, baradzasier group meetings and field days, as well

as farmer-to-farmer conversations.

Continuation of agricultural research is an absohdcessity for adaptation. As climate changes
continue to effect farms, research can continueetof vital importance especially considering

the rising global population, and the resultantease in demand for agricultural goods.

The development of infrastructure must precede angcessful, sustainable protocol for
adaptation on the long term. In Mwala, where foargethe road network has been of very poor
quality, the lack of basic infrastructure has dethythe development of resources such as

agricultural extension offices and agriculturale@sh centers.

6.3 Suggested areas of future studies

Future study should be undertaken to compare thferpence of the strategies undertaken to
adapt to climate changes and the extent to whicmdes have implemented the strategies.
Despite awareness and increasing concern of theib@sadverse impacts of climate change,
little quantitative evidence is available on thestconplications from the impacts of climate

change on households. Future research should spdlgiffocus on the cost implications of

climate change on household in other parts of Kehghexperience adverse climate.
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APPENDICES

Appendix I: Household Questionnaire

Questionnaire No

You are one among several smallholder farmers ig1alea who have been selected for this
study. The study seeks to evaluate the knowledtjeydees and practices on climate change
adaptation by small holder farmers in Mwala coostiicy. The information you will give will

be strictly confidential.

AGENERAL INFORMATION (A1)

Geographical Location

(DIST) District......ccoceviiieii e (DIV) DIVISION.....ivi i e
(LOC) Location.....cc.cevvueeunaeniannns (SLOC) Sub-Location..........ccceoviviiiiniinnennnn
(VIL)Village.......cv coveiieie e, (AEZ) Agro-ecological zone.......................

(A2) Respondent

i) Respondent Name...........c.coovevveieennnn. 1= Male 2=Female

i) Are you originally from this Village 1. Yes 0o 2. No
0]

iiN). Were you raised in this village? 1. Yes[![] 2. No

L10]
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(A3) Profile of the Head

Name Sex [Yr.of Marital Education [Experience in

Divtlh Ctatiir 1~ Carvmainea

HHM  NAME SEX |YBTH |[MRTS EDUL EGHTD

1

CODES for ------

Sex

1=male

2=female

Marital Status,
1= Married,
2= Single

3= Divorced
4= Separated,
5= Widowed;

Education Level,1=No formal education
2=Primary level

3=Secondary level 4=Tertiary level

Experience in farming
1=<5

2=5-10

3=10-15

4=>15

Number of children (if any) .....................
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(A4)Land Ownership

Size in Acres

Rental Price (Ksh.) |Approximate Value

Per acre

(Ksh.) Per acre

1. Own

?2.Rented

3. Leased

4.0thers (specify)

(A5) Land Use

1. Land use, (specify

Size in

A ~nvne

Years in Rank : 1 for

Carmniicr maine

2. Homestead

3. Forest

4. Crops

5. Livestock

6. Others (specify)

(A6) Sources of income (Jan- Dec 2010)

Rank Tick

a) Livestock and livestock Products
b) Crops

c) Home industries

d) Agro forestry products

e) Off-farm employment

f) Others, Specify.......cccccovviiinini.

g
g
mn
N
N

g

1

gd
g
mn
0o
0o
mn




A7. Ask the following questions for all crops pragd in the last seasg¢dan- Dec 2010)

Crop Land Seed cosfeertilizer [HarvestirgTotal Total Total Gross
prep costs costs labour  yvariabl [revenue margin
Crop codes 15 =Avocado
1= beans 16= Local vegetables
2= bananas 17=onions
3=Watermelon 18= cassava

4= Soya beans

5= Green peas

6= pigeon peas

7= sugarcane

8= cowpea leaves

9 = maize(Dry)

10 = Maize (Green)

11 = sorghum

12= finger millet

13=Tomatoes

14 = mangoes

19= sweet potatoes

20= kales

21= groundnuts

22=0ranges

23=passion fruit

24=0ther(specify)
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A8. Ask the following questions for all livestockared in the last season

Livestock Input Vet TreatmenfTotal Other  [Total Total Gross

costs drugcosts labour  [costs variabl revenue |margin

Livestock codes

1. Dairy cattle 2. Beef cattle 3. Goats 4 $heé&. Poultry 6. Pigs 7. Bees 8.
Other (Specify) .....ccvvmviiiiiiiiiiiians
A9. Do you have any off-farm employment? 1 = Yef | 2=No|

] A10. If yes, what is the range of income per nnt............ccc.ee...

(1) =Less than 5,000.00 2 = 5,000 — 10,000.00 =(3),000 —
20,000.00 (4) = More than 20,000.00

All. What is the total income of the head of threnféamily per month?

Less than Ksh 2,000.00 [ ] Ksh. 2,000.00 - 5,000 ]| Ksh. 5,000.00 —
10,000.00 [] Ksh. 10,000.00 — 20,000.00[ ] Mthran Ksh. 20,000.00
[ ]

Al12. Does the family receive any remittances? 1s|yé 2=No []

Al3. If yes, what is the average amount per month?

SECTION B. INSTITUTIONAL FACTORS
(B1) Who is the main service Provider of?

a) Crop production extension U0 b)
Livestock production extension [0 c)
Climate change information 0 d)
Marketing information 00

Code: 1=Public extension agent 2= NGO 3=Neighbour/Fadmd?rivate extension
5=CBO 6=radio/Television 7=Mobile phone 8=Farmeagamization/Cooperative 9=

Private Engineer
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(B2)For the last one year have you been visited by:

1. Yes 2. No

a) Public extension agent 0o oo

b) NGO 00 [0 ¢)

Neighbour/Farmer 0o 00 d)

Private extension 00 de)

CBO L10] L10]

I. Farmer organization/Cooperative 0o 0o

(C1) Do you belong to any group in your area?

1. Yes 00 2. No 00

C2 If yes, fills the details in the table

Group No. of [No. of |Year Group activities Meetings [Savings

type female male started per per
members |members month month

Group types. 1=Self Help group 2= Welfare group 3=Cooperadeeiety 4= Farmers group

5= Climate change CIG 6= Others (Specify)

Group activities: 1=Farming 2=Business 3=HIV/AIDS 4=Advocacy 5= otfsrecify)
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C3. What benefits do you derive from membershimn the groups?

1. Information on credit [ 1] 2.Welfare[ ] 3Advice on farming [ ]
Others (specify)

C4. What are your farming objectives?

1= Making Profits [ ] 2 = Support the family][ 3 = Reduce risk of hunger [ ]

4 = As away of life[ ] 5 = Have no other optitcould abandon farming) [ ]

6 = Others QUECITY) .uvrie i

(D1) For the last one year have you attended anydining on climate change

adaptation?

1.Yes[I[] 2.No OO

(D2) If yes, which of the following

1. Workshop/seminar (] 2. Field day [} 3. Group trainm
L10]

(D3) Who normally attend such training? (Tick)

Head o0 Spouse 00 Daughter/son( ][] Worker
0]

(D4) Did you seek advice on climate change adaptati?
1. Yes 0o 2. No aod

81



(D5) Did you implement the advice? 1. Yes 00 2. No 00
(D6) If no, why didn’t you succeed? 1Yes 0o 2. No 00
E.CREDIT

(E1) Did any member of the household apply for cretlin the last season?

1. Yes 00 2. No 00

(E2) Was the credit availed? 1.Yes 00 2. No 00

(E3) If yes, what was the purpose of the credit?1l. Crops production[] 2.
Livestock Production 1113. Others, specCify.........cccoevvvineiinvnen e 10

(E4) If No, what was the reason for not being givearedit?

1. Had outstanding loan ~ [1[] 2. Did notneed [1[]

3. No security 111 4. Others, specify.............. 00

(E5) Which is the main source of credit?

1. Commercial Bank [ 2. NGO [J[1  3.Sacco N

4. Relative O 5. Group ‘111 6.0thers, Specify 00
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F ROADS INFRASTRUCTURE
(F1). Distance from homestead to:

Distance Road type

1. The nearest farm inputs stockist 00 OO0

2. The nearest Extension service provider

3. The nearest crop production service provider
4. The nearest livestock service provider

5. The nearest agriculture produces market

6. The nearest climate change service provider

Code Road type:1=tarmac 2= murraB¥ no road o0 00

G EXTENSION SERVICES

G1l.Have you ever received any form of extensiouises on climate change? Yes [] No []
G2. How often do you meet with extension agents®/dekly [ ] 2. Fortnightly [ ] 3.0Once a
month [ ] 4.0nce in three months [ ] 5.0ncesik months [ ] 6.0nceayear|[ | 7.
Others (Specify) ....covvvviiiiiiiiin.

G3. What is the mode of meetingg?ck appropriately)

1. Farm visitq ] 2. Groupijis 3.Field da 4. Officd v 5.
Barazas

6. Others gpecify) [ ]

G4. Do you air your views to the extension provfeYes [ | No [ ]

Gb5. To what level do the information providers ddes your views? [ ]

(Code: 1- Always, 2- Often, 3- when | offer it, very little, 5- Never)
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G8. Rank indigenous coping strategies that areentlyr being used to deal with climate

change:
Crop Livestock
1. 1.
2 2
3 3
4 4
5 5

G8. Rank emerging adaptation strategies that ang lised to deal with climate change:

Crop Livestock
1. 1.
2 2
3 3
4 4
o o

G9. a) Have there been any diversification in cloestock as a strategy in dealing with

climate

change? Yes[ ] No[ ]

b) If yes, name the diversifications c)

If No, Why?

G10. a) Have there been any diversification inllhads as a strategy in dealing with

climate change?

b) If yes, name the diversifications

¢) If No, Why?
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G11. a) Do you have any crops/livestock introdudee to climate change?

Crop Livestock
1. 1.
2 2
3 3
4 4
5 5

b) If yes, who introduced the crop/livestock? [ ]

Code: 1=Public extension agent 2=NGO 3=Neighbour/FadkmdPrivate extension
5=CBO 6=radio/Television 7=Farmer organization/Caragive

SECTION C: KNOWLEDGE, ATTITUDE AND PRACTICES ON CLI MATE CHANGE.
H1. Kindly use the options below to answer the fadwing Questions according to your
level of agreement or disagreement:

1-Strongly Agree, 2-Somewhat Agree, 3—I Rdnow 4-Somewhat Disagree, 5-Strongly

Disagree

Issue Select

The environment in this area is changing dueuman activities.

The Climate is changing

Temperature is rising.

Rainfall is decreasing every year

There is rainfall variability

The weather is becoming drier every year.

The yearly rains are not supporting crop produncts before

Climate change has led to crop pest infestatimhdiseases

Food production has been affected by climate ghan

The cost of food is increasing because of climhtage.

The Environment suffers from decreased vegetationclimate change.

There is now Fuel wood scarcity.

Climate change has led to rural-urban migration

Climate change has led to the decline of foresbueces

Climate change has led to the change of liveheystem

There have been increase incidences of floodsdltire raining season

There have been increase incidences of drouginitsgithe dry season

DO[T[OIZIZ[F A< IT[OMMmMO[O[®@[>

The incidence of climate change will affect the t3umability of our
environment.

w

There is serious awareness on climate Change
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H2) Who are the people seriously affected by climatchange? A. The poor

rich

H3) The threat of climate change is more on;
1. Health T 2. Food production /[ 3. Fuel wood availability 117

4. Businesses | [ 5. Prevention of disasters []

H4). Before this interview, had you heard about cinate change?
(explain in case the terms are unfamiliar)

[]yes []no [ ] don’t know

B. The

What have you ALREADY heard about the possible FUTRE effects of climate change in

Kenya?
[7.1] Increased rainfall [7.2] increased erosion

[7.3drought

[7.4] more storms [7.5] more rain [7.6] less rain/]] hotter temperatures
[7.8] more disease [7.9] trees may die

[7.15] don’t know [7.16] other

What are your thoughts or attitudes about the follaving statements about Climate

Change? | will read a sentence, theplease tell me whether you agree, disagree or are unsure

Agree Disagree

unsure

Climate CHANGE s happening

Every individual can do something to adapt to ctena

change

Living for today is more important than worrying

about the effects of Climate Change in 50 yeanséti

Climate Change will reduce the quality of life ofym
children & grandchildren

In the future
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H5). FEELINGS/ATTITUDES ABOUT CLIMATE CHANGE
How do you feel about climate change?

[a] fearful/afraid [b] disbelief  [c] confused

[d] Angry [e] powerless e.g. | can’t do anything
[f] Hopeful i.e. we can do some things to adapt

[g] Sad i.e. we might lose our culture & lands

[h] Don’t know

] o181

H6) HOW THE FARMERS LEARN ABOUT CLIMATE CHANGE
Through which media have you heard about climatagh

[a] radio [b] radio [c] newspaper
[d] TV [e] computer/internet
[f] Government [g]None

H7: What are the strategies to adapting to climatehange?  Tick

a. Planting Different Varieties of crops []

b. Different (staggering) time of planting []
c. Rearing different breeds of livestock []
d. Soll fertility and water management [
e. Feed preservation []

f. Agrofoestry []

g. Use of seedbanks []

h. Intensification of production [

i. Changing from farming to non-farming activities []

J. Irrigation []
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H8: What are the perceived hindrances to adaptatiof emerging techniques of combating

climate change?

Tick
a. Lack of improved seeds/breeds [
b. Lack of access to water for irrigation farming |
c. . Lack of current knowledge on adaptation meshod []
d. Lack of information on weather incidence []
e. Lack of money to acquired modern techniques []
f. There is no hindrance to adaptation [

H9: List the challenges that you have been facingtven adapting to climate change?

H7: How have you been dealing with challenges namexbove?

H8: What do you recommend to be done that will enhancéé fight towards climate

change? Comment freely.
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Appendix II: Informed Consent

(The following statement must be read to everyoadpnt)

CONSENT FORM

Hello Sir/Madam,

My name is Linda Awuor Ochieng. | am a graduatedsitt of Environmental Policy at the
University of Nairobi doing a research on determiine knowledge, attitudes and practices on
climate change adaptation by smallholder farmerhiwiMwala Constituency in Machakos
County, Kenya. In order to meet this objectiveisiimportant to obtain information from the

Mwala residents such as you.

This information is being collected for academiapgmses only, and there are no personal
benefits or risks to your participation. It is pids that some of the questions asked, are of a
sensitive nature, but please note that your naniienat be recorded in the questionnaire, and
any details related to your privacy will be keptnfidential. The interview will take
approximately 30 minutes, but with your cooperatibncan be done quicker. For more

information about this study, please contact tlseaecher on ..., or email...
May | have your permission to undertake this intam?

Yes . (proceed with interview)

No (thank the person and look for next respondent).
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Appendix IlI: Climatic Data
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Station_N Element YEAR a1 2 3 a s =3 7 s o 10 131
MACHAKC Precipitation 1984 24.2 o.o0 3.4 51.4 0o.6 o.0 7.0 6.4 15.7 154.4 211.2 3-
MACHAKC Precipitation 1985 5.3 110.5 78.7 278.3 84.6 o.o 1.4 1.9 0.2 56.0 75.1 1
MACHAKC Precipitation 1986 59.0 0.0 59.4 192.4 72.7 5.7 0.4 0.3 o.o 2.6 180.8 1
MACHAKC Precipitation 1987 31.7 o.o0 23.3 56.7 39.4 61.9 3.6 11.6 o.0 0.3 93.5
MACHAKC Precipitation 19o8s 93.7 13.8 109.3 203.7 23.6 10.1 o.o 3.0 15.4 33.5 120.8
MACHAKC Precipitation 1989 133.2 4.0 51.1 193.7 37.0 o.0 3.8 14.6 0.3 96.9 106.0
MACHAKC Precipitation 1990 a2.8 23.2 217.3 251.5 64.9 5.1 o.o 3.4 o.o as8.8 208.5
MACHAKC Precipitation 1991 29.3 13.3 43.5 80.5 57.5 3.1 1.4 8.9 3.4 46.5 119.9
MACHAKC Precipitation 1992 12.0 6.1 5.0 192.9 32.0 1.1 6.8 0o.0 0.7 31.0 141.2
MACHAKC Precipitation 1993 256.5 84.9 60.9 20.8 13.7 6.3 o.5 3.1 o.e 26.0 150.8 1
MACHAKC Precipitation 1994 o.0 103.5 75.3 82.4 29.8 8.2 3.3 9.9 4.3 110.9 406.3
MACHAKC Precipitation 199s 28.5 83.3 150.1 a9.6 33.1 0.9 4.1 3.2 5.1 103.7 a46.0
MACHAKC Precipitation 1996 22.4 56.5 73.7 96.4 42.8 19.3 2.2 2.2 0.7 0.0 187.7
MACHAKC Precipitation 1997 3.8 0.0 46.0 208.5 21.2 0.5 1.2 4.3 o.o 83.2 270.3 1
MACHAKC Precipitation 199= 290.8 219.4 118.0 123.0 162.6 38.7 15.4 2.9 1.8 3.2 113.9
MACHAKC Precipitation 1999 16.1 2.2 121.0 113.8 9.8 5.0 2.4 4.9 o.0 20.6 257.0 ik
MACHAKC Precipitation 2000 7.0 0.0 52.5 68.5 15.6 6.2 0.3 1.8 2.3 41.0 189.8 1
MACHAKC Precipitation 2001 244.8 o.0o 113.0 88.9 15.3 4.3 4.3 2.5 o.0 7.3 169.0 -
MACHAKC Precipitation 2002 79.5 7.5 98.9 120.4 126.6 1.4 o.o 0.2 8.8 21.2 144.3
MACHAKC Precipitation 2003 31.6 17.2 115.2 153.2 133.8 o.0 o.o0 26.3 21.5 31.8 121.1
MACHAKC Precipitation 2004 48.0 47.9 83.1 121.5 59.8 0.7 0.0 0o.0 1.0 47.6 161.3 :
MACHAKC Precipitation 2005 12.2 19.2 101.7 165.1 100.5 o.o 0.5 1.5 o.o 8.4 93.4
MACHAKC Precipitation 2006 30.9 53.1 105.0 175.9 107.5 2.4 0.6 17.5 2.1 10.7 328.4
MACHAKC Precipitation 2007 61.4 44.8 20.5 143.9 41.7 2.7 26.8 5.0 4.3 18.3 128.2
MACHAKC Precipitation 2008 117.4 7.3 73.0 129.3 4.5 0.3 1.3 0.2 9.1 23.9 122.8
MACHAKC Precipitation 2009 74.2 26.3 3.2 145.4 29.7 5.2 o.o o.o 1.2 41.3 34.4
MACHAKC Precipitation 2010 57.1 64.1 232.0 107.9 120.9 1.4 2.7 1.3 o.e 29.3 116.0
MACHAKC Precipitation 2011 9.1 71.8 209.8 1.0 37.8 o.0 3.4 0.7 5.9 50.2 180.2
MACHAKC Precipitation 2012 o 4.6 1.6 286.7 113.5 36.9 0.2 11.8 o.e 22.3 119.7
MACHAKC Precipitation 2013 50.4 (e Ne] 117.1 184.1 20.1 0.3 3.0 o.6 2. &. 4 106.7 15
MACHAKC Precipitation 2014 o.o 31.8 206.8 aa.o0 1a.8 .7 o.o 33.5 13.6 az2.s 105.6 a
MACHAKC Temperature; daily maximur 1988 26.7 28.7 27.8 25.0 23.7 23.0 22.6 22.7 24a.2 27.1 23.7
MACHAKC Temperature; daily maximur 1989 2a.6 2s.8 27.2 23.8 23.7 22.6 21.3 21.3 2a.7 25.5 23.6
MACHAKC Temperature; daily maximur 1990 24a4.7 27.5 25.8 2a.4a 24.0 22.5 22.1 21.7 25.2 26.6 24a4.3
MACHAKC Temperature; daily maximur 1991 25.9 28 28.4a 26.2 2a.6 2a.2 22 22.a 25.a 27.3 2a.6
MACHAKC Temperature; daily maximur 1992 25 28.7 28.8 26.5 24a4.3 22.9 21.9 21.7 25 26.3 24a.2
MACHAKC Temperature; daily maximur 1993 23.5 2a.a 26.a 26.3 26.2 23.3 21.8 23.a 25.6 26.9 25.3
MACHAKC Temperature; daily maximur 1994 27.1 27.9 27.5 26.6 24.9 23.8 22.8 22.7 25. 4 26.6 23.9
MACHAKC Temperature; daily maximur 1995 2s5.8 27.1 25.6 25.7 2a.0 2a.a 22.a 23.a 2s5.8 26.a 24a.5
MACHAKC Temperature; daily maximur 1996 26.6 28.3 28.2 25.7 24a4.7 22. 6 22.2 23.6 26.1 27.1 24a.4a
MACHAKC Temperature; daily maximur 1997 27.5 29o.5 28.7 25.3 23.9 23.3 23 24a.5 26.6 25.3 23.3
MACHAKC Temperature; daily maximur 1998 24a.1 26 26.1 26 24.6 23.2 20.9 21.3 24a4.5 27 24.6
MACHAKC Temperature; daily maximur 1999 27.9 28.9 27.2 25 24a.8 23.7 2249 23.1 25.7 26.6 24a.4a
MACHAKC Temperature; daily maximur 2000 2s5.8 28.7 28.8 26.5 25.2 23.2 22.a 23.7 25.a 27.2 25.1
MACHAKC Temperature; daily maximur 2001 24a.6 26.4 26.9 24a4.9 25 23.6 21.9 24a.5 26.7 27.1 2a
MACHAKC Temperature; daily maximur 2002 25.9 28.1 26.a 2s5.8 2a.5 23.5 23.8 22.2 25.7 26.7 2a.9
MACHAKC Temperature; da maximur 2003 25.3 28.8 28.6 26.8 23.9 23.2 22.3 22.8 25.1 26.4 24a.5
MACHAKC Temperature; daily maximur 2004 25.9 26.7 27.3 25.a 25.1 23.5 2a.2 23.6 26.a 25.9 2a.7
MACHAKC Temperature; da 2005 26.7 28.4 28.4a 26 25.1 23.5 2249 23.0 25.7 26.6 24a.5
MACHAKC Temperature; da 2006 2s5.8 27.7 27.6 25.9 2a.8 23.5 21.7 24a.2 25.1 27.1 23.8
MACHAKC Temperature; da 2007 24a4.7 27.2 27.4 26.2 24.6 24a4.2 22.8 23.1 25.8 26.5 24a.4a
MACHAKC Temperature; da 2008 25.6 26.6 27.3 2a.7 2a.7 23 22.2 23.6 26.7 27.2 25.3
NMACHAKC Temperature; 2009 26.4 27 29.1 27.1 25.1 25.4 23.6 23.6 26.6 25.7 25.9
MACHAKC Temperature; 2010 25.7 27.a 25.2 25.a 2a.6 23.3 22.7 23.3 25.5 27.5 2a
NMACHAKC Temperature; 2011 27.9 28.2 27.7 26.3 25.8 25. 4 25.1 23.3 25.7 25.6 24a.5
MACHAKC Temperature; 2012 28.4a 20.1 20.a 25.9 2a.6 23.2 22.2 24a.5 26.7 27.a 25.7
NMACHAKC Temperature; 2013 27.5 29.1 28.6 27.1 24.7 22.3 23.5 23.0 26.6 27.5 25.3
MACHAKC Temperature; 2014 2a.0 27.1 26.5 25.6 25.2 2a.a 23.5 24a.5 25.2 27.2 25.a
NMACHAKC Temperature; 1988 14.0 14.3 14.1 14a4.7 13.1 12.0 11.0 11.2 11.3 1=2.4a 13.4a
MACHAKC Temperature; 1989 12.6 11.5 12.0 13.3 12.a 10.5 o.8 10.3 11,1 13.0 15.1
NMACHAKC Temperature; 1990 13.6 14a4.7 15.5 15.3 14a.4a 11.5 10.3 11.9 11.0 14.1 15.0
MACHAKC Temperature; 1991 12.3 12.4a 1a.2 14a.6 15.1 i3 11.e 10.6 1o.8 13.6 14a.6
NMACHAKC Temperature; 1992 13.3 13.2 i1s 15.5 13.6 12.5 131.1 ju B 11.4a 13.5 14.6
MACHAKC Temperature; 19093 1a.2 1z2.8 13.2 15.2 13.9 13.5 10.e 11.5 10.6 13.6 1a.8
NMACHAKC Temperature; 1994 13.3 13.4a 14a4.7 1s 14a.2 11.6 11.2 12 1=2.1 14a.2 14a4.5
MACHAKC Temperature; 1995 128 12.9 14a.a 1a.7 13.9 10.9 10.3 10.5 11.5 13.5 13.6
NMACHAKC Temperature; 1996 12.5 13.3 14.6 14.3 13.7 12 10.6 10 10.8 12.5 14a.2
MACHAKC Temperature; 1997 13.4a 13.2 1a.8 14a.0 13.1 12.3 11.2 11.3 121 13.6 1a.8
NMACHAKC Temperature; 1998 14.9 14.3 14.6 15.3 14 11.6 10.2 11.2 11.4a 12.5 14.3
MACHAKC Temperature; 1999 14 13.7 1s5.5 1a.8 13.6 12.a 1z 12.6 12.5 13.3 1a.7
NMACHAKC Temperature; 2000 12.6 1=2.1 i1s 14.5 13.5 12.4a 11.8 11.8 11.7 13.4a 1s5.4a
MACHAKC Temperature; 2001 14 14.3 14.3 15.2 1a 12 10.9 11 12.5 13.6 14a.6
NMACHAKC Temperature; 2002 14.1 13.9 15.3 1s5.8 14a.2 12.2 10.9 12.3 12.2 14.1 1s.1
MACHAKC Temperature; 2003 12.0 12.4a 13.3 14a.a1 14a.a 11.9 10.1 10.4a 12 12.3 13.8
NMACHAKC Temperature; 2004 13.9 14a.4a 14a4.7 15.2 13.3 11.2 9.4 10.7 1=2.1 13.7 14.6
MACHAKC Temperature; 2005 13 13.6 15.3 14a.7 14a.1 12.a 10.9 11.2 11.7 13.5 14a.s
NMACHAKC Temperature; 2006 13. 49 13.3 14.6 14.9 13.9 1=2.1 11.s 11.7 12.3 14 14.9
MACHAKC Temperature; 2007 13.5 13.2 1a is 13.8 11.a 1o.8 12.2 11.5 13.5 1a.a
NMACHAKC Temperature; 2008 12.8 13.4a 15.2 14.6 13.3 12 11.4a 11.9 1=2.1 14a.8 14.9
MACHAKC Temperature; 2009 13.7 1a.a 1s5.1 15.7 14a.7 1iz.8 10.e 11.8 12.7 1a.5 15.5
NMACHAKC Temperature; 2010 14.8 15.7 1s5.4a 1s5.8 14a.4a 12.5 10.9 1=2.1 12.2 13.8 15.3
MACHAKC Temperature; 2011 13.5 13.5 14a.0 1e is 13.5 11.2 12.8 13.4a 1s5.4a 15.4a
NMACHAKC Temperature; 2012 13. 49 14.7 14a4.8 15.7 14.3 12.9 11.s5 12 12.5 14a.8 15.5
MACHAKC Temperature; 2013 13.7 13.1 is.8 16.4a 13.8 12.a 11.4a 11.9 13.0 14a.0 15.6
NMACHAKC Temperature; 2014 14.6 1s.1 1s5.4a 15.2 14a4.5 13.6 124 12.8 13.0 14a.8 15.5
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Appendix IV: Maize Yield Data

Year Area (ha) yield (tons) Tons/ha
1975 110017 48712 0.44
1976 137815 58557 0.42
1977 136019 141081 1.04
1979 158000 142200 0.9
1980 150000 16650 0.11
1981 137552 173355 1.26
1982 158000 180698 1.14
1983 135491 121942 0.9
1984 106000 38375 0.36
1985 230000 174000 0.76
1986 178873 178783 1
1987 173000 182010 1.05
1988 172000 111100 0.65
1992 133216 53952 0.4
1993 123000 110700 0.9
1994 148981 33521 0.23
1995 142443 84228 0.59
1996 158890 35750 0.22
1997 165000 118800 0.72
1998 165170 59461 0.36
1999 166000 5976 0.04
2000 162000 58320 0.36
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2001 163880 78034 0.48
2002 153580 87645 0.57
2003 145000 59850 0.41
2004 152000 27765 0.18
2005 170000 15300 0.09
2006 167225 119330 0.71
2007 145500 71295 0.49
2008 138750 78578 0.57
2009 170000 142800 0.84
2010 133540 120330 0.90
2011 150899 143700 0.95
2012 130470 134365 1.03
2013 133408 99566 0.74
2014 139089 67542 0.48
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