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ABSTRACT

Climate change is affecting different dimensionshian life. The effect is significant for ruralrfa
households in Ethiopia. In response to this farmess different adaptation strategies. However, ghiera
gap in knowledge on the effect of different adaptastrategies on farm household’s welfare. Thiglgt
examines the effect of Crop Diversification (CD$ @ climate change adaptation strategy, on farm
household’s welfare in terms of farm income and atafor labor in Nile Basin of Ethiopia. The study
also identified the main determinants of adoptinD. Ohe study explore whether there is synergy or
tradeoff between the effect of CD on householdmecand labor demand. The relationship between Farm
household’s income and family labor demand are reodby using Endogenous Switching Regression
model (ESRM) containing household and farm charattes including a set of geo referenced climate
variables such as, temperature and growing seaaonfall. The analysis is based on farm househalé d
collected in 2015. The result indicates that, elienvariables such as, the amount and variability o
growing season rain fall and temperature are thesmimnportant factors affecting both household’s
income, demand for labour and adoption of CD. Tiuelys also shows that adopting CD is more likely in
areas characterized by low rain fall and high temgere. In addition to this the study indicates axgy

on the effect of adoption of CD, a positive anchfigant effect in enhancing farm household’s ineceind
reducing family labor demand. Adopters benefitedemio terms of reduction in labor demand than their
non adopter counter parts. The findings of thiglgtaonfirms that using crop diversification is anwiin
climate change adaptation strategy that provideslde benefit both in terms of productivity improesin
and labor reduction. Thus, the result suggestsatt@ption of CD in the Nile Basin of Ethiopia to irope

the wellbeing of farm household’s and to build silient agricultural system for the catastrophid¢eet of

climate change.
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CHAPTER ONE: INTRODUCTION
1.1. Background of the Study

Climate change is among the top serious probleriadahe world, and that is why every nation in the
world put it as its top economic and developmermnag. It is considered to be a critical global emagje
and recent events have demonstrated the worldisiggovulnerability to climate change. The impacts o
climate change range from affecting agriculturdudher endangering food security, to rising sesle
and the accelerated erosion of coastal zones asiog intensity of natural disasters, species ettin and

the spread of vector-borne diseases (UN, 2007).

Developing countries are severely affected by dienthange because many of these are heavily dagende
on agriculture as their source of income whichighly vulnerable for climate change effects. Theg a
also least equipped financially and technicalladi@apt to changing conditions (John et al, 2014Aftica,
many countries are hit hard by severe climate ohaocgnarios. The continent is also highly laggielgitd

in the adoption of improved technologies like iatign, capital and high yield varieties (WB, 2013).
Studies in the continent revealed that by 2100ryemation in Africa will experience the negativénthte
change impacts. In addition to this, the damagenfolimate change to African agriculture expected to
range from 0.13% to 2% of GDP by the same year (Mdkson, 2000).

The impact is more devastating in a country in White economy people depend up on natural resources
like agriculture and forestry for their livelihood®B, 2003). The agricultural sector is the most
vulnerable to climate change effects. Dry land caof livestock farmers are vulnerable for the inbudic
climate change with temperature elasticity’s o®-and -5.4 respectively while those with irrigatzdp

land benefits from marginal warming because irrazawvill reduce the impact of climate change to som
extent (IPCC, 2014).

Like other countries, Ethiopia is also suspectedutifre and current climate change impacts. Thenmea
temperature is projected to increase by 1.7e2ii7 the year 2050, which is very damaging and demgg.
Besides, the GDP of the nation will be 10% lowempared to the no climate change scenario. In a
uniform climate change scenario, increase in teatpeg and reduction in precipitation found both
damaging to Ethiopian agriculture; but comparativeecrease in precipitation appeared to be more
damaging than increasing temperature (Yibe#tahl 2013;Shermast al, 2012; and Deressa, 2007)



The Agriculture sector is the mainstay of Ethiopemonomy. It accounts for nearly 46% of GDP, 73% of
employment, and nearly 80% of foreign export eagsi(ATA, 2014). Despite its immense contribution to
the overall economy, this sector is challenged @anynfactors, of which climate-related disaster® lik
drought and floods (often causing famine), arerttagor ones (Deressa,2007; Elietsal, 2014). On the
contrary, taking adaptation measures will provideelgef for climate related shocks. According het
definition of IPCC(2001) adaptation to climate chamefers to — adjustment in natural and humaresyst

in response to actual or expected climate stimultheir effects, which moderates harm or exploits
beneficial opportunity (IPCC, 2001). Many adaptatioractices are mentioned in literatures. Adaptive
water management techniques including scenarionpign learning based approaches, and flexible and
low regret solutions can help to create resilietwaincertain hydrological changes and impacts due t
climate change (IPCC, 2014). Changing crop vaseteop diversification, adoption of soil and water
conservation measures, tree planting, water hamggsinigration, chemical fertilizer, shifting farng
practices from crop production to livestock herdiagd changing dates of planting are the commoséyg u
practices by farmers (Maddison, 2007; Salvatot,&2( 2;Feredet al, 2014; and Bewketdt al, 2015).

However, the practice of taking climate change tatagm measures is very low in Ethiopia. In Nilesiva

of Ethiopia, the agricultural practice is very mudditional which is highly dependent on plougl golk
(animal draught power). Labor is the major meangrotiuction during land preparation, planting aondtp
harvesting processes. Agriculture is highly raid-fer many households with only 0.6% using irrigati
water to grow their crops. 58% of farm households @ot practicing adaptation measures for climate
related shocks. The major constraints are lackfofiation, shortage of labor, land and money (&alv

et al, 2012).

Even though the impact of climate change in tha &&ery devastating and characterized by lowaesp
rate for this impact, studies to identify the apprate adaptation strategy specific to the socmemic

and agro-ecological context of the farmers in tle@aare scanty.

This highly necessitates the researcher conduetidgep investigation on the effect of adaptatioatet)y

on household’s welfare.



1.2. Statement of the Problem

Sub-Saharan African countries (SSA) have beentafidry many problems that share similar featurbs. T
government of the nations tried to alleviate thebpgms by following different policies and straegi
However, low per capita income (PCI), debt sengcamd negative BOP at the national level have dichit
the ability of the governments to invest in basiitastructure needed for markets and the privat®seto
improve operation. Apart from this, there is highrigbility of rainfall and continual increase in
temperature which makes the return on productiaedain. Due to increase in uncertainties on regunoh
outcomes of production from year to year, both fdm@ning communities and agricultural stakeholders
become reluctant enough to invest in potentiallyersustainable, productive and economically revmaydi

practices (Coopegt al, 2008).

The only panacea for this overwhelming impact ahfedl variability and increase in temperature on
production is to take effective and efficient adajoin measures. Theoretically, the rationale bellved
implementation of adaptation measures is to imprthee living standard of the poor households by
reducing the impact of climate change. Practiciiffgint adaptation strategies like, crop divecsifion
would expect to increase agricultural productidtd farm income by improving the resilience of thaps

as well as the fertility of the soil (Fered# al 2014; Bolaet al; 2012; Rockstromet al 2008).
Nonetheless, many adaptation strategies are fé&aldating the expected benefits after implementation
Most of the time adaptation strategies are impldetefollowing a blue print approach which assunies t
they are equally suitable for all parts of the ¢étegl areas. Yet, there is a big difference in teasawhere
the adaptation measures are taken. Primarily, tiserariation in land and labor resources availatléhe

farmers’ disposal as well as soil suitability (Slijaet al, 2010).

Luke et al, (2014) stated that farmer’s adaptive capacitieshaghly constrained by many factors like
education level, availability of extension servicaisout climate change, credit access, availabdity
enough family labour, family size and framing exgece. On top of others, availability of labourigreat
epidemic. This is because there are some adaptsthiategies that require an extra labour than sualu
one. Therefore, farmers that are affluent enouglemploy labor or that have self owned surplus atve
more likely to consciously use climate change aatapt strategies (Luket al ,2014). For instance, the
adoption of crop diversification in Thailand incsea labor requirement of framers. In many casegrfam
has to deploy additional labor to carry out alltsaf farming activities ranging from land prepaatto

crop cultivation until the period of harvesting ttreps (Sukallyat al, 2010). Similarly studies in Ethiopia



indicate that the adoption of sustainable agricaltpractices needs an extra labor than the coiovexdt
one. Especially, female’s labor is compromised &amiglly when a given household adopt sustainable
agricultural intensification practices. This wilivert their time from critical activities such dspusehold
food preparation, nutrition and child care (Teklédvet al, 2013). Salvatore also showed that the obl
household labor availability in the adoption demisdf farmers in Nile Basins of Ethiopia is verytical
(Salvatore, 2012). The promotion of practicing elifint climate change adaptation strategies is gnainl
aimed at increasing the productivity of poor rdeaimers. This helps to attain food security andwaditing
poverty. However, a great caution should be giwerthie appropriateness of the strategies for thstieg
socio economic context of the adopters. Some gieserequire complementary inputs that can
compromise the benefits generated from the yieltheaing capacity of the adaptation strategy, while
others boost farm productivity without bearing daaial input costs. In addition to the costs inedrfor
improved seeds, fertilizer, pesticide and herbiaide the expenditure for labor is substantial. TWosild

be exacerbated for poor farmers that have largertymty cost of labour and high credit constraiftis

is because poor farmers will work on others farmebyploying as a daily laborer to finance their gail
consumption expenses during the period of casltidatiies. Furthermore, when they adopt these labor
intensive strategies they are not only losing tdaity employment but also incur an additional labost

to finance the additional labor requirement in tlwvn farm. This implies that, a great attentiomézeded

to identify the role of adaptation strategies imre@asing agricultural productivity visa-vis theabbr

requirement (Chistiret al, 2002).

All these indicated that, in one or another wayrfdmousehold’s welfare will be affected by adoptihgse
agricultural technologies. Though they increasmfarcome and enhance production but they are raduci
the time available for leisure and other activiti@$me saving is one of the important indicatoirsvelfare
improvement albeit not considered most of the t{fe@hlin et al, 200%. For instance, in Ethiopia adoption
of sustainable agricultural practices increaseatieunt of female labor for farming activity. Theduces
the time available for women'’s for taking rest asttler activities. Thus, though farm income increase

since welfare is the total some of both income larsdire the total household welfare is decreading)

In general, while countries continue to promotdedént adaptation strategies, but utmost atterisamot
given for their implication on welfare by considegidifferent dimensions of it. This is due to thetfthat
some strategies have a potential to increase ptiodyavithout adding extra labor (they are chaeaized

by synergy) while others will be effective only dgploying a huge labour in combination with thecicee



(Tradeoffs). Thus, in areas where farmers are oatéd with a higher labor shortage practicing aalaqt

strategies that require more labor would be fifiilekallyaet al, 2010).

Crop diversification provides many ecosystem sevjiincluding N fixation and C sequestration; biegk
the life cycle of pests; improving weed suppressamd smoothing out the impacts of price fluctuagio
(Altieri, 1999; Di Falco et al., 2010; Jhamtani 201iebman and Dyck, 1993; Snapp et al., 2010; &iim
et al., 2002; Woodfine, 2009). This can save fasntke cost of fertilizer and pesticides. Minimizitige
use of these inputs also contributes to the mibgabf climate change. System diversification emabl
farmers to grow products that can be harvestedfateht times and places and that have differesdtiver
or environmental stress-response characteristiossd varied outputs and degrees of resilience heelge
against the risk of drought, extreme or unseastmperatures, rainfall variations and price flutituzs,
all of which affect the productivity and incomesrhallholder systems

In any cases Crop Diversification have a direcinodirect implication on farm income and family &b
demand however not empirically testified as to mpwledge. In order to have an effective intervamti
that takes in to account all these tradeoffs anadbwin opportunities between adaptation strategigh w
respect to different indicators of household welfa rigorous investigation on the issue are furetdaat.
Therefore, this study tried to address the impattclhmate change adaptation strategy (Crop
Diversification) on household welfare. A modeseatpt is also given to identify the synergy and ecdts

between the effect of crop diversification on thve dimensions of welfare; farm income and familyda

Generally, the study will try to answer the follawgibasic research questions.

» What factors determine the household’s decisicadofpting crop diversification and farm income?
» How the adoption of crop diversification can irdhce rural farm income?

» How the adoption of crop diversification can infhee family labor demand?

» Is there a win-win opportunity or tradeoffs betwebe joint effects of crop diversification on

household welfare (family labor and farm income)?



1.3. Objectives of the Study

The main objective of this study is to investigtte impact of adaptation strategy for climate cleaog

household’s welfare in Nile Basin of Ethiopia.
Specifically, it tries to address the following etiives.

» To examine the effect of climatic variables andeotsocioeconomic factors on the decision
of Adopting Crop Diversification.

» To examine the differential effect of climate véles and other socio economic factors on
farm income and household labor demand among adaptienon adopters of CD

» To explore the farm income and labor demand imaibos of Crop Diversification

» To show whether there is synergies and tradeoffvéen the joint effects of crop

diversification on the two dimensions of househoe#dfare (family labor and farm income).



1.4. Significance of the Study

The huge investments made by farmers in their fmenhighly weakened by climate related shocks which
implies that climate change has an important inagilan to agriculture. In countries like Ethiopiaevh the
share of agriculture in terms of GDP, employmend axport is very high, rain fall and temperature
variability in this sector would adversely affébe level of farm income in particular and the doys
economy in general. Therefore, delivering informaton the role of climate adaptation strategiebnia
with their complementary input requirements likedris vital. The identification of effective deteinants

of agricultural productivity practices and farmelscision for adoption will inform decision makensda
instruct policy on successful implementation of far# enhancement practices. Moreover, knowledge of
the factors that determine farmers’ decision tccfica adaptation strategies can augment theirtatdi
capability of climate change adaptation measuresvame them from agricultural production failure in
general.

1.5. Scope and Limitation of study

The scope of this study is confined to the NilsiBaf Ethiopia, selected because it is part ofcinentry
where agriculture is the most important economitvig. It identified the variables that determiferm
household’s welfare, factors that influence farrhadoption of crop diversification, welfare differees
among the adopters and non-adopters and spegificalised on the effect of Crop diversificationronal
farm household’'s welfare. Also the study is limiteda cross sectional data collected by ECRC incMar
2015 on a total sample of 929 households and fstuidies can consider the dynamic aspect by tadata
from the same sample on repeated time.

1.6. Organization of the Study

The remaining part of the thesis is organized #svis. Chapter two which presents a literature eewi
provides the reader with an overview on the maevipusly published papers related to adaptation to
climate change, climate change adaptation strategiel household welfare. The third chapter preséet
methodology. It describes the methodological choimade in this work and it also examines its validi
and reliability. Chapter four analyzes the emplrdata which are collected by the means of questoe.
This study ends with chapter five in which the méimdings of the study are concluded and some

important policy implications are discussed.



CHAPTER TWO: REVIEW OF RELATED LITERATURES
2.1. Theoretical review

2.1.1. Agriculture, Climate Change and Farm Household Welare

According to IPCC (2007)climate change refers to a change in the statehefdlimate that can be
identified (e.g. using statistical tests) by chamgethe mean and/or the variability of its propest and
that persists for an extended period, typically atkgs or longét It is the variation and variability of
climatic factors like temperature, rain fall ane@pitation over time which might be caused by redtar

manmade factors.

Climate change is about the growth of green house emissions due to the burning of fossil fuels,
resulting mainly from industrial activities and raptransportation. Hence, there is a buildup ofdéudon
dioxide levels in the atmosphere. The carbon dexuild up is made worse by the increasing loss of
forests which act as “carbon sinks” that absorbegaand prevent its release into the atmosphere.
Furthermore, the increase of carbon dioxide ancerotjgses in the atmosphere also enhances the
“Greenhouse Effect” (in which more heat is genethtthus leading to temperatures rising. A sigaifit

rise in temperature can trigger several eventsh ag melting of the ice sheets, the death of some

significant marine life and other biodiversity, agffiects on agriculture and human health (UN, 2007)

Africa, horn of Africa in particular, is one of thregion’s most vulnerable to climate change becaidse
multiple stress and low adaptive capacity. Thoupk tontinent contributes less for the current
anthropogenic climate change, it is hit hard asmtgor economic sectors are vulnerable to climate
sensitivity. Since their economy is dependent oricaljure climate change poses a highly complex
challenge. In special case African agriculturerisdicted to be vulnerable to climate change asdgmn

is faced with high heat and low precipitation. Bles, large fraction of the economy is covered by
agriculture and farmers rely on traditional teclogyl (Peteret al, 2010; Declaret al, 2010; Arndtet al,
2012)

The economies of many African nations are dependergectors such as agriculture, fisheries, foyestr
and tourism that are vulnerable to climate cond#ioAgriculture and natural resources provide the
livelihood for 70% to 80% of the population, andagnt for 30% of GDP and 40% of export revenue in
Sub-Saharan Africa (Toulmin and Huq, 2006).



Ethiopia, where agriculture is the pillar of itsoeomic development and around 85% of the populason
dependent on agriculture as a means of livelihbad,been challenged by the problem of climate ahang
The country’s far reaching problem is that almd3% of its agricultural production is rained. Frone
country’s total cultivated land the irrigation agriture accounts only less than 1%. This makesitheunt
and temporal distribution of rainfall and othemdditic factors during a growing season to be cruoal
agricultural productivity (Difalceet al, 2011; Peteet al, 2010). Though agriculture is the main base of the
national economy, it is dominated by small scatentas who are dependent on low output low input rai
fed mixed farming with traditional technologies.rifng is done by much without tools, using tradiab
seeds and oxen (Temesgen, 2007; Mintweakal 2014). Given the rain fed nature of agricultune i
Ethiopia, agricultural productivity is highly affescl by recurrent climate change. The lives andheei

of many rural Ethiopians are ruled by rain. It detmes whether they have enough to eat and wh#tbgr
will be able to provide basic necessities and ediving. Indeed, the dependence on rainfall ageitatic
pattern has largely contributed to the food sh@s$aand crop crises that farmers are constaradgdfavith
(Mintwab et al, 2014).

There are many indicators for the devastating impzfc climate change on agriculture and farm
household’s welfare. For instance the country is ohthe world’s food insecure countries, with peohs
along with all the key dimensions of food security.recent decades, the horn of Africa in general a
Ethiopia in particular have become a symbol forderand starvation. The scope and intensity of ri@si
regularly hit this region have shocked the worltieif repetitive occurrence in Ethiopia is awful 729
1975, 1983-1985, 1989-1990 and 2002-2003) (Rstak 2010). In one or another way, the entire above
are the results of climate change. The absencamifgh rainfall, its erratic nature, unexpected ,réiood
and large increase in temperature leads to higbutyral production loss and intern messed upotrerall
welfare of agricultural farm households. Thusstballs a deep rotted investigation on the issukenaeds

to develop an effective adaptation mechanism fisralierwhelming impact of climate change.

In this study, household welfare is proxy by the twain dimensions of welfare. First the study coesd
net farm income as one measure. Second, totalydatibr demand is also taken as an indicator, 40 as

account the effect of the considered strategy erhthusehold time.

It is also possible to proxy welfare by agricultyseoductivity which can be measured by the farmaet
farm revenue (Feredet al 2014). All of the above indicated that there & one uniqgue measure of

household welfare and it varies based on the methgital, data and related contexts that we aredac
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Above all, welfare can be also measured in termsnoé (labor) saving for leisure and other actesti
However most of the time this dimension of welfsr@ot gets attention yet (Kohliet al, 200). As far as
we are concerned about the total wellbeing of amivousehold it is mandatory to consider its timersy.
A given farm household might not only maximize utdity by having higher farm income alone. Rather
he/she may be highly satisfied by having a discuser other social activities with its soul matpyily, or

the local community.

Kohlin et al, (2005) has used opportunity cost of time as damelmeasure. Because if we look at the
household’s decision to maximize welfare, they wkximize welfare subject to budget constraint Wwhic
takes in to account the price of outputs and pwetianputs, the time endowment of each household

member, net accumulation of wealth, and the watgethat each member can obtain in the market.

2.1.2. The idea of climate change adaptation and adaptatiostrategies

This is the reality; climate change is here ana idifficult problem that affects human life for seal
decades. The eco-system is damaged irreversiblyubyan activity and further will appear most likely.
Therefore, it is imperative to think how we willjadt not only to these specific changes but alsitiore
uncertainties about our climate. This is especiathportant for developing countries in which the
challenge of climate change is very difficult arekds to address many institutions and capacitygsssu
order to ensure sustainable adaptation to clintege (MRC, 2010).

According to the definition of IPCC, (2001), addfua to climate change refers &aljustment in natural
and human systems in response to actual or expetitedte stimuli or their effects which moderatesrh

or exploits beneficial opportunity

Large number of farmers perceived the existenceclohate change over time. They noticed that
temperatures have increased and precipitation éagdd. To curb the impact of this change, thayeh
used different adaptation mechanisms.

Adaptation to climate change can be geared atiradteircumstantial conditions or at reducing damamge
farm produce. Environmental and socio-economic otgpaf climate change can be confronted through
adaptation. Two main types of climate change adap& are autonomous and planned adaptation.
Autonomous climate change adaptation is the reacti@ farmer to changing precipitation patternghiat
he/she changes crops or uses different harvestptamting dates; whereas planned climate change

adaptation measures are conscious policy optiongsponse strategies, often multi-sectoral in eatur
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aimed at altering the adaptive capacity of thecadfural system or facilitating specific adaptati@wimi,
2014).

Two main scales of adaptation can exist in agnecalt These are at macro-level and micro-level. Blacr
level analysis is concerned all about adaptationafgricultural production at the national and regio
scales and it's interlinked with the internal asliwes external policy (Bradshawt al, 2004 and
Nhemachena and Hassan, 2007). The common types@bsrtevel or national level adaptation includes
crop adaptation measures and reuse of water antications of both. However, some measures such as
rain water harvesting can be practiced at the iddal level or may require collective actions. Istraents

at national or government level may include buiiddams and releasing new cultivars that are moterwa
efficient (Jawahar and Msangi, (2006).

On the other hand, micro-level adaptations areetlvdsich can be practiced at household level by éasm
with strategic actions in response to agricult@®uites on tactical decisions that farmers makedpanse

to cyclical differences of climatic conditions. Amtation options such as changing planting and Isaing
dates, mixed crop- livestock farming mechanismsy nmp varieties and agricultural water management
such as (irrigation, river diversion, micro-damegracing.) are examples of household level adaptati

mechanisms (Temesegenal,2008).

In the literature, many adaptation strategies demntified. For instance, Maddision, (2007) catexgdi
adaptation strategies based on the precise pesoepticlimate change. When temperature increases,
farmers’ plant different varieties; move from fangito non-farming activities, practiced and inceshs
water conservation. While varying, the plantingedappears to be an important response for changes i
precipitation and particularly in the timing of then (Ibid). Besides, irrigation water and relateputs are
taken as a successful adaptation practices in afritowever, the region is moving very slowly in
technology adoption (KUrukulasuriyet al 2006). A study conducted in Egypt revealed thraprder to
cope up with the adverse effects of climate chamgagriculture, the adaptation practice should $omu 3
areas: namely, crop management, water managemenaath management practices. In the country, the
most common adaptation practice when there is aserén temperature is irrigation. It might be picext
either by increasing frequency of irrigation oribgreasing the quantity. In addition to this, chaggcrop
panting dates, using heat tolerant varieties, @dstiand fertilizer applications, planting treesfasces
around the farm, using intercropping and fruit rhutg are also the most commonly practiced types of

adaptation strategies (Helmayal, 2007).
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A study done by Kabubet al, (2007) tried to classify adaptation strategieénya as ; adaptations to
short term climate variation and adaptations taylterm climate variation, albeit they are not mijua
exclusive. In the former case, crop diversificatior mixed cropping and tree planting are idesdifas
effective adaptation strategies. For long term tm@re changes, improved water management, which
includes, increased water conservation, crop diveson, increased use of irrigation, shading or

sheltering, crop diversification are common.

Similarly, in Ethiopia different adaptation straiteg)are identified. For instance, Temesgen (206@)ved
that investment in technologies such as irrigatiplanting drought tolerant and early maturing crop
varieties, strengthening institutional setups wogkin research, and educating farmers and encowagi
ownership of livestock as an adaptation practicechmate change. Nile basin of Ethiopia is onet jodr
the country which is highly vulnerable to shocksuteed from long term climate variability. In respe to
this, farmers have used different adaptation sirase Difalco et al, (2011) classified these sg@e as
yield related and non- yield related. The yielcatetl measures account more than 95% of the measures
while the non- yield related measures account @y From the yield related measures, adaptation
strategies like, changing crop varieties, adoptibeoil and water conservation measures, watereséing
tree planting, and changing planting and harvedtiaigs are common. Migration and a shift in farming
practices from crop production to livestock herdargl other sectors are the dominant non-yield eelat

strategies.

Crop diversification is among the climate changepation strategies which cover an increasinglyewid
range of technologies and practices availablenroving productivity and achieving food securiBrop
diversification is usually viewed as a shift fromaditionally grown, less profitable crops to neweiQre
profitable crops. It is also a strategy that isdusemaximize the use of land, water, and othesueses for
the overall agricultural development in a countity.provides farmers with feasible options to grow
different crops on their land. Diversification ises as having two main properties. First, it exgaine
production possibility set or area allocation fientfor a farmer, thereby increasing opportunities
income generation and employment creation. Sedbmdduces the risk of having all of one's egg®in

basket with one crop only or a few crops with pt#dly high covariance risk (Sichoongve al,2014).

There are some key factors that derive farmerséatel” for crop diversity: i) managing risk, ii) gutang

to heterogeneous agro-ecological production camttand iii) meeting market demands and food sigcuri
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(Rehimaet al, 2013. Crop diversification can provide many advantagexording to the study by Liat

al (2011),Pest suppression is a perennial challenge to farraad it is a very important ecosystem service.
In agricultural systems, as in natural ecosystéragyivorous insects can have significant impactplant
productivity. The challenges of pest suppressioly mgensify in the future as changes in climateseiff
pest ranges and potentially bring new pests intecalgural systems. It is expected that insect pestl
generally become more abundant as temperaturesasise result of range extensions and phonological
changes. However, a diversified crop plays an itgmdrole in pest reduction. It can be also caergd as
Climate variability buffering and mitigation. Divafied agro ecosystems have become more impormant f
agriculture as climate fluctuations have increag&skearch has shown that crop yields are quitetsens
to changes in temperature and precipitation, eafecduring flower and fruit development stages.
Temperature maximums and minimums, as well as sabsbifts, can have large effects on crop growth
and production. Disease suppression is also itetidhe other benefit of crop diversification.

It is also thought that, crop rotation provide eiffnt services that are essential for the ecosyseswice
such as, Nitrogen fixation, Carbon sequestratiorgaking the lifecycle of pests, improving weed
suppression, and smoothing out the impact of ghasuation. Diversification creates an opporturfity
farmers to grow crops that can be harvested ireifft times and places. At the same time, farmems c
able to grow crops that have different weathermwirenmental stress response characteristics (dmaymt
2011; Difalcoet al, 2010.
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2.2. Empirical Literature Review
2.2.1. Determinants of practicing climate change adaptatio strategies

A wide and detail empirical literature is availaldn the factors that affect the behavior of fagrter
practice different adaptation strategies. As noewd by Difalcoet al (2011), socio-economic and
demographic factors (including sex, age, educatfamily size, marital status), institutional facor
(information, extension service and credit accedBct the decision of farm households to use/choos

among climate change adaptation strategies whiclidimave an impact on agricultural productivity.

In the literature, there is no unanimity in the midgde and relevance of some factors in affectimg t
likelihood of farmers to take adaptation measuceslitmate change. The first disagreement arisethen
effect of gender. According to the studies madélbpikoloet al, (2012), Nhemachena and Hassan (2008),
Hiley et al, (2010), female-headed households are more likelypke up adaptation options than male-
headed households. In most rural smallholder fagnemmmunities, women do much of the agricultural
work; men in most cases based in urban areas. foher¢hey tend to have more farming experience and
information on various management practices. Fagneixperience increases the probability of uptake of
all adaptation options. However, another study byekKale and Oladel, (2012) confirmed that the
probability of taking adaptation measures to clenethange is lower for female headed households when
we compare with their male counterparts. Similattye study in Nile Basin of Ethiopia by Derestaal
(2010) showed that the propensity to practice adipt measures is higher for male headed households
than that of the female one. It is argued that womre less able to diversify income sources angtada
climate change because of other domestic resptitisdiand less control of financial resources. rBftc

(2008) have also found the same result.
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The other determining factor for adaptation is afyjhe household head. Like that of gender, tiesdso

a disparity in the effect of age on the propensftgdaptation. The studies done by Pycroft (200§gkale

and Oladel, (2012) indicated that as the age ofhthiesehold head increases the likelihood of taking
adaptation measures to climate change tends tindedlhe results of these studies showed that aged
household heads were fragile and unable to exphar@y coping alternatives. In addition to this,ah@lso

be explained by the young are more likely to embraaw ideas and having less aversion to risk.

However, Shongwest al, (2014); Hiley,et al,(2010) and Deressat al, (2008) were come up with results
that contradict with the aforementioned one. Ageth&f household head, which represents experience,
affected adaptation to climate change positivety.iRstance, a unit increases in age of the houddtead
results in a 9% increase in the probability of smhservation, a 12% increase in changing of crop
varieties, and a 10% increase in tree planting.

Education is also another important factor for pcamg adaptation strategies. Kassa,al, (2011) has
conducted a study in Uganda to investigate thecef® agricultural technology on crop income and
poverty alleviation. The study has used cross@saitdata of 927 households. It has used propessiire
matching for analysis purpose. The Logit estimateshe adoption propensity indicated that farm size
occupation, participation inland rental market, gpoldt number determine adoption positively and
significantly. Indeed, years of education and menstip to farmers’ group have similar effect. Acdord

to the study, education and membership to farmgrsup can be considered as proxies to access to
information. Membership in farmers’ group will ctean opportunity to share experiences and infoomat
about new agricultural technologies. Similarly, eabed farmers tend to have a potential to pradyical
implement new information and analyze the imporaaot new technologies. On the other hand, lack of
access to seeds and market distance are negatlalgd with adoption (Kassiet al 2011). Moreover,
another study by Abie@t al (2014) supports this argument. In this study,highly significant coefficient

of education of the household head shows that tbleapility of adapting to changes in climate inseEsa
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with an increase in the years of schooling. A 1%rease in the years of schooling of household head
would lead to an increase in the probability ofrajfing crop type (0.08 %), changing crop variety090.
%), changing planting dates (0.17 %), planting shiaeles (0.08 %), soil conservation (0.08 %), cirang
fertilizer (0.15 %) and irrigation (0.09 %) as atEmn measures to climate variability.

In a similar vein in Ethiopia, Education of the Heaf household increases the probability of adgptm
climate change. A unit increase in number of ye&ischooling would result in a 1 percent increiasthe
probability of soil conservation and a 0.6 perdeetease in change in planting dates to adaptitoatd
change. Moreover, almost all of the marginal valolesducation are positive across all adaptatidionp
indicating the positive relationship between edwcatind adaptation to climate change (Derestal,
2008).

There are also other studies that tried to show diiéi@rent socio-economic and institutional factaffect

the likelihood of practicing adaptation strategiesesponse to climate change. For instance, mgusogit
model Nbikolo,et al, (2012) tried to estimate the determinants of denehange adaptation strategies
among male and female headed households in edsgarmda. The Logit regression result over the entire
sample showed that land ownership, uses of purdhapat, gender of the household head, total larel s
access to credit and possession of bicycle sigmflg influenced the decision to adapt to climdtarge.

On the other hand, household size, level of edocaif the head, and possession of animals werelynain
insignificant. The probability to adapt is negalywenfluenced by land ownership and gender of the
household head. On the other hand, land size, afsegputs, access to credit and possession of leicyc

determined positively the decision to adapt.

Menberu,et al, (2014) conducted a study on the determinantsiofaté change adaptation in North West
Ethiopia by taking land management practices. Timarp Logit model result indicated that age and

education level of the head are not a significaterninants of adaptation. However, family sizepag
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ecological zone, livestock ownership and accesslitpate information affect the probability to adapt

positively and significantly.

The study made by Hilergt al, (2013), similarly had also drawn a profound resBty using Heckman
selection model, age, gender, education, familg,siarm experience, market distance, irrigatiomalo
agro-ecology, on and off farm income, access torinétion on climate change, credit access, chaimges
temperature and precipitation were found to hawggaificant effect to household’s likelihood of ta§
adaptation measures; while age, education, farrereqme, irrigation, local agro ecology, on andfafim
income, access to information on climate changed @anges in precipitation were factors that affec
positively the propensity to adapt. However, gentleusehold size, distance to the nearest marntestitc
access and changes in precipitation were foundatee megative effect on the likelihood of taking
adaptation. According to the study, the justifioati for the negative relationship between housesiakl
market distance and likelihood of adaptation wesefalows: household size is the proxy for labour
availability. Thus, large households are likelyhave a lower probability to new agricultural praes
since households with many family members are ylikel divert labor force to off farm activities ima
attempt to earn more income to ease the consumptessure imposed by the large family size. Dubéo
fact that, markets provide an important platfornfaomers to gather and share information large ptark
distance reduces the probability of adapting t;mate change. Credit access also has negative effect

adaptation behavior and the possible reason abh@eatudy is weak borrowing capacity of farmers.

Moreover, another study conducted by Pycroft (2008)/est Gojam zone was aimed at investigatireg th
factors that determine the adoption and produgtigit modern agricultural technologies like, imprdve
seed. By using a censored Tobit and Probit motdias showed that gender, education and land size

determined adoption positively and significantly.
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In the study area, Nile Basin of Ethiopia, manydes were identified as a key determinant for aalamt.
Difalco, et al, (2010) conducted a research to examine the driarges behind farmers’ decision to adapt
to climate change. As per the results of the stirdprmation access about climate change, acaess t
formal and informal institutions, and extensionvesr off farm income were found to increase the
likelihood of implementing adaptation. Furthermom#imate variables play a very important role in
determining the probability of adaptation. RainfallfBelg’ and Meher’ rainy season displays an inverted
U — shape behavior. However, in the former casectiefficient while positive not significant. Siiaily,
another study by Difalcaet al, (2011) revealed that education, household si&elg’ and Meher’ rainfall,
extension advice, and average temperature aresteenuining factors for adaptation. The study alddeal
that availability of information on climate chanigethe other important factor. This is becauserimgtion
about climate change may raise farmers’ awarenéstheo threats posed by the changing climatic
conditions. In line with this, extension servicesyide an important source of information and edoca

on choosing the best combination of strategiesdhatdeliver the highest benefit.

Deressaet al, (2010) conducted a study to analyze the two stepgss of adaptation to climate change in
Nile Basin of Ethiopia. A cross sectional data ectéd from a total of 1000 was analyzed by usimg th
Heck man sample selection model. According to toeys education, family size, gender, credit access
livestock ownership, and temperature were variathlas influence positively and significantly adapia

to climate change. However, large farm size andagee precipitation were negatively related to ctena

change.

Moreover another study by Maddison (2007) also ®wbthat farmers who have worked for a long period
of time are more likely to perceive climate chanigewever, it is educated farmers who are moreikel

respond by making at least one adaptation. By uiagHeck Man selectivity model, the study idegtifi
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that farmers with free extension advice and whosared close to the market where they sell theidpce

are more likely to adapt to climate change .

2.2.2. The Effect of Climate Change Adaptation Strategiesn Household’s Welfare

There are many studies that tried to address fieetedf different climate change adaptation strige@n
household’s welfare. Eliast al,(2014) conducted a study in Zambia to investigageetffect of minimum
tillage and crop rotation on household’s welfaree Btudy used cross sectional data collected i2/2G1
from 1231 households across six districts of Zamabia applied propensity score matching technigods a
Heckman’s selection estimators. The resubowed that the strategies improved on-farm maize
productivity by about 26% to 38% for minimum tilagnd 21% to 24% for crop rotation. Minimum tillage
also improved total household maize production. E\mv, crop rotation did not significantly improdil
maize production and gross income from the crops Tould reflect the small proportions of areas
allocated to legumes versus the areas subseqadiottated to the maize crop during crop rotation.
Similarly, the study from Canada also confirmed #ve result. According to the study, farmers are
bountifully beneficial when they implement minimuittage accompanied with diversified crop rotations
than the usual monoculture cereal rotations. Based2 (1987- 1998) years of experimental dataad h
showed that, there is 7% - 13% yield incrementlteddrom practicing the stated strategies (Zenteteal,
(2002)).

Another study by Kassiest al, (2014) had also supported the above result. Thiysisavas based on a
total of 1,925 households operating on 2,937 maipés in Malawi. The results of the Multinomial
Endogenous Regression model indicated that thetiadopf Minimum tillage and Crop rotation are
associated with significant maize yield improvernsemtdeed, the study also showed that joint adopifo
strategies could provide a higher yield than tHecotfof each practice independently. A highestdyaf
850 kg/ha is obtained when farmers jointly impletmamimum tillage and crop rotation.

Similarly, Kassieget al, (2012) had investigated the impact of adoptingrowpd ground net varieties on
crop income and poverty in rural Uganda. By usingpensity Score matching Estimation method (PSM),
the adoption of improved ground net varieties wasnfl to have a positive significant impact on crop
income and poverty alleviation. The increase irugtbnet crop income was ranged from US$ 159 to us$
180 per hectare. At the same time, due to the adof improved ground net varieties, poverty was
reduced by 6 percentage (%) points.
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Another study by Madiana (2014) in Uganda has atgeed with the results of Kass#,al, (2012). By
using a two stage least square (2SLS) estimatimigque, the study showed that strategies takeimgiur
flood have positive and significant impact on wedf§44.6% welfare gain); while strategies takenciap
pest attack leads to a welfare gain of 34.4%, th@ng strategies employing during drought are lmad f
welfare of a household (51.7% welfare loss).

The study by Asfaw (2010) has also provided an ntamb inference on the impact of improved technglog
adoption on household’s welfare. The study evalliahe potential impact of adoption of modern
agricultural technologies on rural household welfaneasured by crop income and consumption
expenditure in rural Ethiopia and Tanzania. It iesd cross-sectional farm household level dataceld

in 2007 from a randomly selected sample of 1313s&balds (700 in Ethiopia and 613 in Tanzania). By
utilizing endogenous switching regression and pmsjtg score matching methods, it tried to estimbee
causal impact of technology adoption. The modeliltagvealed that adoption of improved agricultural
technologies has a significant positive impact @aopcincome although the impact on consumption
expenditure was mixed. It was clearly showed thgeégn pea adopters mean consumption expenditure per
adult equivalent is 72% higher. When non-adopteid ddopted improved pigeon pea, their consumption
per adult-equivalent would have been increased (%p. 7/Results for the casual impact of adoption of
improved agricultural technologies on consumptiopenditure are mixed. For Ethiopia, the overall
average gain of adopting improved chickpea techgietoin consumption expenditure per adult equitalen
was 0.07. For Tanzania, adoption of improved pigpea technologies had no significance impact on
consumption expenditure per adult equivalent.

The other important adaptation strategy is usingrawved varieties. In Nigeria, the impact of imprdve
varieties on rice productivity and household’s aedf (measured by consumption expenditure) was
positive and significant. Using a cross sectional data of 481 rice farmdrs, ihstrumental variable
method was showed a significant positive impactioa productivity (358.89kg/ha) and total houselold
expenditure (N32890.82) (Awotic al, 2012).

In addition to this, investment in soil and watemservation strategies was also proved to have a
paramount impact on household’s welfare (Margtral, 2006).

In Tanzania, maize-pigeon pea intensification Im@selased both income and consumption expenditure of
households. According to the study by Mulubrieral, (2011), by using propensity score matching and
endogenous switching regression model, maize -opigea adopters mean consumption per- capita was

found to be 120% and 95%.
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By using the same methods of analysis like Mulubstaal (2011), and El-Shatet al (2015) have got the
following result. The study investigated the impatZero tillage on farm income and wheat consuampti
of 621 wheat farmers in Syria. According to thauftssof the study, adoption of the ZT technologgds to

a US$ 189/ha (33%) increase in net crop incomeaa®@d kg (34%) gain in per capita wheat consumption
per year (adult equivalent).

The only study that attempts to estimate the impaatiaptation strategies on farmer’s net revenae thve
work of Difalcoet al, (2012). Difalcoet al (2012) investigated the welfare impact of adaptastrategies
by considering -3 adaptation strategies like, chrangrop varieties, implementing water strategeas
implementing soil conservation. By including 1000ukeholds a plot level analysis was undertaken by
Multinomial Endogenous Switching Regression Modéie results of the study indicated that, though
practicing strategies individually don’t have arsfgant effect, the joint adoption of strategiesllw
increase farmer’s net revenue by 1552.9 ETB/ hectar similar vein Teklewolet al (2013) have also
found the effectiveness of adaptation strategiesnwhey implement in group than individually.

Though, Difalco,et al, (2012) try to address the impact of different @edaon strategies on farm net
revenue, it considered adaptation strategies ierg general way. But this approach fails to indictite
specific importance of different adaptation stragsgwhich needs further study to identify specific
relevance of adaptation strategies that can beopppte with the agro-ecological and socio economic
contexts.

From the brief review of previous theoretical armdp&ical literatures, this study identifies importa
research gaps. First, empirical works addressiagltrect impact of climate change adaptation sjiate
like crop diversification, on household welfaressanty. The existed ones are concentrated thelysisma
by considering a single product like wheat and maizcept Difalceet al (2012).

Second, no study was attempted to investigate rdaedff and synergies between crop diversification
effect on household welfare and labor demand. Thandpirical studies investigating the effectivenets
micro-level adaptation strategies to climate chabgeonsidering growing season rainfall along with

variability are almost non-existent. Therefore, tuerent study attempts to fill each of the aboesearch
gaps.
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CHAPTER THREE: METHODOLOGY
3.1. Description of the study area

The study is conducted in the Nile basin of EthaopNile basin of Ethiopia is a very large ared tuvers
about 34% of the total geographical region and atm0% of the population of the entire country &=a

et al, 2009). This area is equivalent with 358,888, on which 40% of the country’s populations lives i
The basin covers six different regional states thiidpia with different proportions which is 38%, %4
15%, 11%, 7% and, 5% of the total land areas of &m@hOromiya, Benishangul-Gumz, Tigray, Gambella
and Southern Nations Nationalities and Peopleemsely (MOWR 1998). Moreover, three major rivers
specifically: the Abay River, originating from tigentral highlands; the Tekeze River, originatiranirthe
north-western parts of the country and the Barob&kRiver, which originates from the southwesterrt pa

of the country are included in the basin.

Farming in the study area is characterized by snmallder subsistence farmers. The size of farm per
household which is less than one hectare on avasgeite small. Farmers use plough and animals’
draught power which makes production very tradalonThe major input in the production processdlan
preparation, planting, and post-harvest) is lalbyat tihe use of other inputs is very limited (Derestal

2009).
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Figure 1. Map of woredas selected for sample in Nile Basin
of Ethiopia .
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SIN Woreda
1 | Hawzien
Atsbi
2 | Wonberta
3 | Endamehoni
4 | Debark
5 | Chilga
6 | Wogera
7 | Libo Kemkem
8 | Bichena
9 | Quarit
10 | Gimbi
11 | Haru
12 | Limu
13 | Nunu Kumba
14 | Bereh Aleltu
15 | Hidabu Abote
16 | Wonbera
17 | Bambasi
18 | Sirba Abay
19 | Kersa
20 | Gesha Daka




3.2. Nature and Sources of data

The study have used primary data which has bedactedl using structured questionnaire on 929 farm
households within the Nile basin of Ethiopia in 2(5. The collected data comprises household

characteristics, land characteristics, credit,aampital, and perceptions on climate change.

3.3. Sampling Frame and Techniques

The sampling frame considered traditional typoladyagro-ecological zones in the country (namely,
Dega,Woina-Dega, Kolla and Berha). Percent of waiiéid land, degree of irrigation activity, average
annual rainfall, rainfall variability, and vulnersty (number of food aid dependent population) a/é¢he

set of characteristics by which the frame was dgea to select sample districts purposely. The 8agp
frame selected woredam such a way that each class in the sample mathéhe proportions for each
class in the entire Nile basin of Ethiopia. Havihgse, twenty woredas were selected purposelyiames
random sampling was then used in selecting onagélfrom each woreda and fifty households from each
village. . One of the survey instruments was intipalar designed to capture farmers’ perceptiond an

understanding on climate change, and their appesaftit adaptation

3.4. Model Specification and Statistical Analysis

3.4.1. Conceptual Framework
The conceptual frame work of this study is datecklia the study of Roy (1951). In his study, Rogg to
show how individual’'s self selects themselves betwévo different occupations, hunting and fishing
based on their comparative advantage. The dectsigrarticipate in either of the two occupations is

conditional on the benefit that will be generateahf the occupations (Maddala, 1986).

Similarly farm households will practice a given ptiion strategy by their own will. Households|gilf
select in their decision to adopt a given strategdowever, the decision to practice a given adaptat
strategy will depend on the expected utility of piitlon. The farmer will practice a given adaptation

strategy if the utility from that strategy is grelathan the remaining strategies. Thus, the detifo
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taking adaptation strategies can be modeled imdora utility framework (Difalco, 2011; Solomon, 201
Kassie et al, 2011).

Let difference in utility from adoption {A) and non adoption N) is denoted by T*. But the utilities are

unobservable. To do so let we represent by thewiatlg latent variable model (observable function).
To* =B +tn,Thn=1 if Th*>0————————— — — — — (1)

Where T = Uyy — Unn

T=1 if afarmer practice at least one of theeg adaptation strategies

T= o0 otherwise

B = vector of parameters

Z = vector of explanatory variables

u =is the error term

Now if we assume the relationship between agricaltproductivity and adaptation strategies is Imea

T- The indicator of the adoption decision
y & 6 - are vectors of parameters to be estimatedsaadhe error term.

If we run the above regression the coefficient @é@ion i$y, which measures the impact of practicing a
given adaptation strategy/ies on the outcome vigriddet, this measurement is not accurate. To kentas

an appropriate measure the decision to practicptatilan strategies should be random. In other wdras
groups of adopters and non adopters should be magdassigned. But in the case of practicing climate
change adaptation measures farmers will decidedactipe each adaptation strategy by their own aqunse
There is the problem of self selection which le&nlsselection bias. The decision for taking a given
adaptation measure is likely to be affected by seoable characteristics like, managerial skilgrage

land fertility, motivation etc that may be corr@dtwith the outcome of interest.
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When we look from the regression perspective ginsilar with saying that is correlated with T or. If

this is the case, the specified equation aboveddd account self selection, ending up with addagsult.

Therefore, the appropriate approach is to follomadel that takes in to account selection bias ctoe.

In the literature of selection model different beaasrection methods had been flourished. Mainlywoeks

of Lee (1983), Dubin and Mc Fadden (1984), and smmametric alternatives proposed by Dahl (2002) ar
noticeable. However, the method given by Dubin ledFadden are highly preferable to other methods as

shown by Borguignon et al (2007).

In this study an Endogenous Switching RegressiodeM(ESR) with the Dubin and Mc Fadden method,
which is improved by Borguignon et al (2007 implemented. This is to be in line with recadivances

in the area and to lend the outcomes of this sfedycomparison with previous studies. Recently the
approach is used by many researchers (Difalco 24dsie et al, 2014; Teklwold et al, 2013; Difaétaal
2010).

3.4.2. The empirical model

In this section we specify a model of climate cheadaptation strategy (Considering crop diverdificg

and household welfare. Different approaches caunsed to estimate the impact of adaptation strategy
household welfare. The first simple method is tdude dummy variable by classifying farm households
as adopters and non adopters and using OLS toagstiime parameters. However, this will yield a &ths
result. Because it assumes that the decision tptasi@xogenously determined. But adaptation deassi
are different based on the characteristics of faomsehold’s. Therefore, using this technique witlds to
inconsistent result. As adoption decision is po#digt endogenous. Endogineity of such nature can be
addressed by explicitly modeling the simultaneiagune of the equations (Heckman, 1977). Yet , mbole
data estimation of both participants and non-pigsditts assumes that the list of explanatory vesmbhve
the same impact on both groups of farmers and @sphat adaptation has an average effect on theewho
sample which may not be necessarily true due trgeh problems as the effect of adaptation stresegn
household’s welfare is not similar for the two goseu(Heckman, 1979). Based on this fact, we used
simultaneous model to account endogienety and sasgbéction problem. To account for the differdntia
impact of covariates on the welfare outcome ofedédht groups, a separate welfare outcome funcson i

specified and estimated simultaneously through adogenous switching regression (ESR) model

! See Bourguignon et al (2007) for detail derivasiaii the specifications and the comparisons betwiéerent selection bias
correction methods
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(Maddala and Nelson, 1983). The model is specifidldwing recent works by using ESR in order to
account for endogeneity, sample selection andaotem between adaptation and other covariates that
affect outcome equation.(Solomon,2010; Martha,2@iflco et al, 2011; Salvatore et al,2012 ;Tekl&vo

et al,2014). This model is highly preferable iarmp aspects. First, it has an advantage of eshgabth

the selection and outcome equations at a time samebusly. It also allows to construct the couaistfal
expected outcome of the treatment effect undeedifft regimes (i.e. adopt or not adopt). The fonel

form of the model is specified following Difale al(2011) and Teklewolét al (2013).

3.4.2.1. Endogenous switching regression model (EBIR

A representative farm household will chooses topadiD if the expected utility from adopting is grea
than the expected utility of not adopting. Now ket be the latent variable that captures the expected
benefits from CD practice choice with respect to practicing. Finally the criterion (selection) edn is
described as follows:

1if AT >0

A= Xip + & with A; = {O other wise

Farm household will choose to practice CDA{=1) in response to long term changes in mean teatyrer
and rainfall iAf > 0, and will not practice otherwise. The vectérrepresents variables that affect the
likelihood to practice such as the characteristitshe operating farm; farm head and farm housésold
characteristics; the presence of assets; past t@dirfactors; the experience of previous extrementsje
whether farmers received information on CD; goveentrand farmer-to-farmer extensions, which can be
used as measures of access to information aboptadida strategies and other institutional facsush as
credit and land tenure.

In overcoming the standard econometric method aigus pooled sample of CD adopters and non-
adopters, endogenous switching regression modeiefrerk for household net farm income which is
peroxied by the net revenue per hectare is emplddecbunting for endogienety and selection biakés t
measure can then be elicited in to two estimahietfans where farmers face two regimes. (1) Totmac

CD, (2) not to practice and is defined as follows;
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Regime 1: Y3 = Qo+ p, fA=1---—-—-—-—————— (4)

Regime 2 : Y,; = Q05 + Ko fA=2 — - - ——— —— (5)

WhereY; is the outcome variable which is farm househotws farm income in the two regimes aQg
andQ,; represents a vector of exogenous variables sutheapast climatic factors, inputs, assets, farm
households and plot characteristics includeH.in;; anday,; are vectors of population parameters that will
be estimated in the model using the survey datah&uour model relies on the assumption that ther e

terms in equations (3), (4) and (5) have a trivari@ormal distribution, with zero mean and covar@n

612 618 525
matrix of: | 8;, 87  *
6 * OF

Wheres? anddz are variances of the stochastic disturbance tamrtise regime functions in equation (4)
and (5).62 Is the variance of the stochastic disturbance fierthe selection equation shown as equation
(3). * represents the covariance of the stochastic dstwe terms in equation (4) and (5) while it is not
determined a¥;; andY,;cannot be observed simultaneously, is the covariance of the error term of
selection equatiore{) and the outcome equation of regime ang( Likewise,d,. represent the covariance
of the stochastic disturbance terms in the sele@puation and the outcome equation of regime twg.(
The variance for the error term in the selectionatipn ¢?2) is assumed to be 1, since the coefficients are
estimable only up to a scale factor (Maddala, 1983)

An important implication of the error structuretlist, because the error term of the selection emuét)e;

is correlated with the error terms of the regimaatpns (5) and (6) which are

u,;And p,, the expected values of these two error terms tiondi on the sample selection are nonzero.

o (Xip)

Mathematically{p. ;|Ai=1]= 618@ =6, A4; and
AT — ¢Xip)  _ - N
[1,,;|AI=0] = _62£T(X) = 0,¢ Ax;whered () Is the standard normal probability densitydiion,
—o(Xip
: o 9Xip) o $Xip) '
®(.) the standard normal cumulative functidy; = @ (Xip) and A4,; = =005y If §';.and

6',s (estimated co variances) are statistically sigaificthe decision to practice CD and household’s
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welfare are correlated which becomes an evidencesridogenous switching and in turn indicates the
existence of sample selection bias. The above nueribed by equations (3) through (5) is knowa as
“switching regression model with endogenous switgh{Maddala and Nelson, 1975).

The commonly used approach to estimate modeldrthalves self selection is by following the two gta
procedure. However, this method is in appropriatel highly criticized. Because it requires some
adjustment to derive consistent standard errors iarghows poor performance when there is high
multicollienarity between the covariates of thecéten equation and the covariates of the outconuatsan
(Maddala, 1983). The appropriate and efficient médtho estimate endogenous switching regression
models isfull information maximum likelihood (FIML) estimation. This method is very preferable to
other approaches in many instances. First it isilid&a with available software, it provides efficien
estimate, in addition it allow restrictions to bgphed and permit construction of likelihood ratests on
the restriction (Lee and Trost, 1978; Winship ef 4088). When similar variables affect the adapti
decision (X) and the subsequent outcome equati)s léck of identification of the model will be a
problem. Because, even though non linear corredgoms are included, this may not be enough and
resulting in to the problem of multicollienarity fidnna, 2001; Wu and Babcock, 1998). To overconge thi
problem finding an instrumental variable is verditeis and impossible (if not). Therefore, in order
assure the admissibility of the model, we have @s@tlision restrictions. These variables are hygsied

to affect directly the selection variable but nbe toutcome variable. Variables related to infororati
sources like, government extension, farmer to fareéension, and information from radio, and input
market distances are used in the welfare functibime admissibility of these instruments is be dithbd

by performing a simple falsification test. i.d.aivariable is valid selection instrument themvili affect

the decision of choosing an adaptation strategytlwitl not affect the net revenue per hectare aghtarm
households that did not adopt. The logarithmic lillked function given the previous assumptions

regarding the distribution of the error terms is:

L= B, A; [Ingp (2—11)] - Ing; + O(Yy) + (1—4)|In¢ (%) —In8, +1In (1 —
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(Xiﬁpji/sl )

WhereYij = ] = 1, 2 withp; = the correlation coefficient betweep (the error term of the

selection equation) and the error terypof the outcome equations (5) and (6), accordingly.

3.4.2.2. Counterfactual analysis and treatment eftgs

ESR mode is very important model to compare theeetgal welfare of farm households that practice CD
(7a) to farm households that did not adopt (7b)adidition to this, it is also possible to investeyéhe
expected farm household welfare in the countertdctase. That is, when farm households who have
practiced CD did not practice (8a), and when faroudeholds that had not adopted did adopt (8b).
Following this approach not only solves selectitasltlue to unobserved heterogeneity, it also ctantoo

selection bias due to observed heterogeneity.
The conditional expectations for household welfarthe four cases can be expressed as:

Adopters with adoption (actual adoption observed irthe sample):

The expected values derived above helps to cakulatiased estimates of TT. We can define the

treatment effects as the difference betwggr) and(8a) or (7b) and(9b) i.e,

TT =E(Y1i/Ai=1) — E(Y2i/4i=1)
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By following similar procedure we can also calcaltte effect of adoption on the non adopters (TU)

which is the difference betwee®(b) and(b). i.e.,

TU =E(Y1i/Ai = 0) — E(Y2i/Ai = 0)

The difference between (TT) and (TU) in equatiof)(and (11) represents the so called “transitional
heterogeneity” (TH) which indicates whether theeeffof practicing CD is larger or smaller for the
adopters than for the non-adopters.

3.4.3. Variable description and priori expectation

A set of socioeconomic and environmental factoesiacluded in the empirical models. Household head
characteristics such as age, sex, literacy, fasmy and marital status, plot characteristics ss;Hertility
index, slope index, distance of the plot from hatead, and farm size are among the explanatorghlias

of this study. Moreover, household off-farm jobpitance from relatives, access to credit, clingteck,
livestock, productive farm asset, crop varietiesnfall, temperature, and Land tenure are alscuded.
The dependent variables of this study are Croprsifigation, household welfare (proxied by net farm
revenue per hectare), and total family labor. Téscdption, type, value and expected sign (dependm

previous literatures) on adoption of crop divecsifion and household welfare are given in the Valhg
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Table. 1 Description and Expected Effect of Varialgs

Variable name Type and Value Expected sign
description
Adoption | Income Labor
Household
characteristics
Family size Family size Adult Equivalent + +
(AE)
Age Age of thel Years - - -
household head
Education Education level ofYears of education+ + -
the head
Off farm Off farm| 1 if any of the| - - +
employment household
member IS
employed, 0
otherwise
Marital Marital status of the 1 if married, + + -
head 0 otherwise
Remittance Remittance 1 if remittance + -
was received 0
otherwise
Gender Gender of the head 1 if the head +s + -
male 0 for female
Asset holding
Farm size Total farm size Hectare + +
Farm asset Value of productiyeirr + + +
farm asset
TLU Livestock holding | TLU - + +
Input
Organic Organic fertilizer Kilogram - + +
Plot characteristics
Fertility fertility of the plot | Number - + -
Slope slope of the plot Number - -
Shock index Index of shockdNumber + - +
faced the household
Institutional factors
Tenure Ownership of thel if self owned,Q + + +

respective plot

if not owned for
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self

Credit Credit access 1 if yes, O other +
wise
Information Dummy for medial if yes, O othel +
information wise
Extension Dummy for 1 if yes, O other +
government wise
extension
Market Distance of inputMinutes -
and output market
from residence
Climatic factors
TEMP 0013 Average -
temperature  (Oc
2000-2013
Rain fall 0013 Average growing +
season rainfall
(mm) 2000-2013
CV rain Rain fall variability -
CV temp Temperature -
variability
Crop types
TEFF Dummy forTeff 1 if the farmen (=
grows Teff in his
plot O otherwise
MAIZE Dummy for maize | 1 if the farmer+ (=
grows Maize in
his plot 0
otherwise
WHEAT Dummy for wheat | 1 if the farmer+ (=
grows wheat in his
plot O otherwise
BARLEY Dummy for barley | 1 if the farmer+ (=
grows barley in
his plot 0
otherwise
SORGHUM Dummy forr 1 if the farmer
sorghum grows sorghum in

his plot 0

otherwise
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CHAPTER FOUR: RESULTS AND DISCUSSIONS

In this part of the study both descriptive and egoatric results of the research are presentedt, Firs
descriptive statistics is discussed. In the secsaction, detail econometric results of the model ar

presented and discussed.

4.1. Descriptive Statistics

There are several factors that affect the exterfianfsehold’s welfare and adoption decision of clena
change adaptations strategies (Menhetral, 2014). Household and socio economic charactesistiche
sample farm household’'s like, age of the houseleldd, level of education, Sex, family size, credit
access, land tenure, off farm employment and démtors are included in the study. In the conseeut
tables below the summary of descriptive statistighjch includes mean and standard deviations of

variables for different categories of respondestpresented.

As we can see in table (2) below the average agalgpter's non adopter's households is 52.3 and 50.
respectively. Number of years of education alsse ha important implication in adoption of crop
diversification. On average years of educatiorefdopters is 1.6 year and 2 for non adopters. Fhisnate

can understand that the education level of adopéosver than the non adopters.

Though farm household’s take farming as their pnjr@abase for livelihood, they are expected to grga
in different off farm activities to finance theirap as well as cash short falls during non progecti
seasons. In line with this, 22 percent of non aglopbuseholds have participated in off farm empleym

while, 18 percent of adopters have off farm emplegtn

The statistic also shows that the average housedimddfor adopters and non adopters is 7.9, anddué
equivalents (AE)respectively. The total family size for the samptisehold is actually higher than that
of the national average 5.5 of 2009 data (CSA, 2009

2 Note: AE (Adult Equivalent ) is a common unit tesgribe family size of different age and sex catiegas a single figure that
expresses the total amount of family labor irretipe of the age and sex compositions
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Table 2 descriptive statistics for household charaeristics

Adopter Non adopter
Variable Mean Std.Dev. Mean Std.Dev.
Household Characteristics
Age 52.34 12.81 50.59 12.69
Marital Status 0.83 0.87
Household size 790 031 7.60 0.3
Remittance 0.12 0.81
Off farm employment 0.18 0.22
Gender 0.88 0.87
Education 1.65 2.85 2.06 3.13
Assets
Farm size 1.80 0.63 1.60 0.68
VPFA 12456.53 0.63 11849 1.43
TLU 4.92 3.5 4.63 3.69
Institutional
factors
Credit 0.43 0.44
Farm support 0.07 0.08
Government extension 0.43 0.57
Media information 0.19 0.59 0.26 0.67
Input market distance 50.00 0.12 50.02 0.12
Land tenure 0.87 0.8
Inputs
Pesticide 0.12 0.65 0.1 0.69
organic fertilizer 0.29 0.3
Regional Decomposition
Tigray 0.17 0.11
Amhara 0.42 0.35
SNNP 0.06 0.04
Benishangul Gumuz 0.11 0.12
Oromia 0.21 0.35

Source: own calculation from (2015) survey

The average landholding of adopters is slightlgéar(1.8hectare) than the non adopters (1.6hegtares
average landholding of farm households at natiteel is almost less than this result (1.18hectéC&A,
2007)
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There is a difference in the average amount ofig@dst application between the categories of sample
households. For adopters the average amount atipestise is 0.12liter. For non adopters it is JiG5s.
Furthermore, the difference in the pesticide apgilbi;n between adopters and non adopters might be

accompanied to the weed suppression, disease anhdgoerol potential of crop diversification. .

Owning productive farm assets (VPFA) is a key faéto being successful in farming activity (Coopr

al, 2008). Households are asked if they own diffettgpes of household and farm assets. Then their
respective value in monetary terms is used to nmmedbe value of all productive farm assets. Therage
VPFA for adopters is 12456.53 Birr, while it is #B8Birr for non adopters.

In this study credit is defined as credit consitrah dummy variable which takes 1 if the househwdeds
credit but not available and 0 other wise is usedhe study area, 43 percent of adopters and reepeof
non adopters are credit constraint. Credit aceesse instrument to protect household welfare [ddsen
there is climate change credit can support farnmsébalds to buffer non productive seasons in maryswa
First, it will allow farm households to participaite nonfarm business by acting as a source of ppid
capital. Second it will help to finance the purahad agricultural technologies. On average 8 grarof
non adopters and 7 percent of adopters have getdapport. The average of farm households whovecei

remittance from their relatives is found 12 perdénd is the same for adopters’ non adopters.

Livestock ownership, measured by Tropical Livestadhit (TLU)? is one of wealth indicator factors.
Farm households who adopt crop diversification h&@TLU. But who don't adopt crop diversification
have 4.6TLU amounts of livestock. The average tives ownership for the total sample is 4.8 TLU. The
implication of higher livestock ownership for aderst can be attributed to its effect on wealth. Wheb
increase it adds to the wealth of the householakvimplies wealthier households are more likelpdopt

crop diversification.

Access to information from different sources aboutp diversification is a crucial factor for theoper
implementation of the practice. Farmers are ask#wey have got information about crop diversifioa
from different Medias like radio, television newppa and other sources. Similarly the provision of
extension service is also asked. Both frequenaxt#nsion contact and the personal valuation ohéra
about the qualification of the agents are askedeBan this, information from different types ofdiseis

% Note: TLU (Tropical livestock unit) is a commoniuto describe livestock numbers of various speas single figure that
expresses the total amount of livestock presemespective of the specific composition

36



larger for non adopters than adopters. Howevegtvernment extension coverage is equal for eatheof

two groups accounting 16 percent.

Application of organic fertilizer is the other factthat affects adoption of crop diversification. this
study, organic fertilizer is a dummy variable.dkés 1 if the household used manure in that speulidit
and 0 other wise. The result indicates that, 2@emrof adopters and 30 percent of the non adopsas

organic fertilizer.

As well, 87 percent and 80 percent of adoptersrenmdadopters respectively are using their own |aihds
implies, tenure security is a crucial covariatedgricultural technology adoption like, crop diviécstion.
Tenure security can develop sense of ownershipegradble farmers to exert their maximum effort to
safeguard their land. However, if there is no temsecurity farmers will frustrate loss of the faamd fail

to implement different land management practices.

Access to the nearest input market will help famudeholds to get different farm inputs like, imprdv
seeds, chemical fertilizer, herbicides and pestgidasily. The time (minutes) needed to reach ¢aeest
market (by walking) is used to measure market degtaFor adopters and non adopters the averagddime

reach the nearest input market is found around i50tes

As far as the proportion of adopting crop divecsifion by region is concerned, Amahara region téfkes
highest share (42 percent) followed by Oromia (fcent) and Tigray(17 percent) regions . Furtheemor
11 percent and 6 percent of farm households fromsBangul-Gumuz and SNNP regions are practicing

crop diversification as a climate change adaptattomtegy.
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Plot characteristics

In order to fully capture heterogeneity among défe plots, this study tries to incorporate diffarelot
level characteristics. Mainly the following factasse included i.e., slope of the plot, fertility tfe plot,
shock index and plot distance to the home steadota of 4778 plots size are included in the stutlye
slope of the plot is an ordinal variable which talke 3 different values 1 for flat slope, 2 for recately
steep slope and 3 for steep slope. Similar to thislity of the plot is an ordinal variable whi¢hkes 1 for
low fertility, 2 for moderate fertility and 3 forighly fertile plot. And then farmers are asked abie

perception of their plot characteristics.

The results of the descriptive statistics revedlet, the average slope for adopters and non adapte
found 0.47 and 0.48 respectively. Similarly, thetiliey adopter is 0.83, while it is 0.82 for theom
adopters. The slight difference in fertility indéetween adopters and non adopters can be taken as a

indicator for the soil fertility enhancing potentat crop diversification.

Shock index is calculated by dividing shocks hagpem a plot to the seven shocks which are given to
farmers as alternative to answer whether they appdned or not. These shocks are drought, flooakier
rainfall, pattern animal attack, landslide, haitste, and other shock specified by the respondémid
shock index is calculated by dividing the total rmu@mn of shocks faced by that farm household at the
considered specific plot by seven. As the shoclexndoes to 1 it indicates that the considered lot

affected by many shocks. The shock index for aefs@nd non adopters is found equal value (10pgrcen
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Table 3 descriptive statistics for plot level variales

Adopter Non adopter Total sample
Variable Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.
Plot

characteristics
Slope Flat =1 0.61 0.60 0.60

Medium = 2 0.34 0.39 0..36

Steep =3 0.05 0.01 0.04
Fertility Low=1 0.11 0.14 0.13

Medium =2 0.49 0.53 0.50

High =3 0.39 0.33 0.37
Shock index 0.30 0.04 0.10 0.06 0.60 0.06
Plot distance 1.92 1.43 1.74 1.43 1.87 1.43
Crop Type
Wheat 0.16 0.09 0.14
Barley 0.13 0.09 0.12
Teff 0.59 0.72 0.63
Sorghum 0.05 0.03 0.04
Maize 0.45 0.63 0.50

Source: own calculation from (2015) survey

The effect of crop diversification on farm incomélwary based on the type of the planted cropaSdo

account this heterogeneity cereal crops like, Whiett, Sorghum and Barley are included in the study. On

average 59 percent and 72 percent et growing for adopters and non adopters respectivetys is
followed by maize (45% and 62%), Wheat (16% and,Bayley (13% and 9%), and Sorghum (5% and

3%), for plots adopters and non adopters accorgingl

Climatic factors

Agro ecological and local climatic conditions ales thasic determining factors for the decision teta

climate change adaptation measures (Ginbo, 2018 .study incorporated different climate variables i

the empirical model. The average monthly tempeeafie) and the average growing season rainfall (mm)

from2000 -2013 are included as a prime factor. Miyntainfall and temperature data were collectenfr
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all the meteorological stations in the country. MhiaeThin Plate Splinémethod of spatial interpolation
was used to impute the household specific rairgial temperature values using latitude, longitude, a
elevation information of each househalthis method is one of the most commonly used taterspatial
climate data sets. Its strengths are that it idiga@vailable, relatively easy to apply, and icaants for
spatially varying elevation relationships (Difalet al, 2012). In addition, to account rain fall and

temperature variability the coefficients of vamats for both of the two are also included.

The average monthly temperature is found aroun@ °t9and 26c for adopter’s non adopters respectively.

The average of growing season rainfall is foundiado681.89 mm and 753.45mm for adopter’s and non
adopters respectively. Adopters of CD have loweowam of growing season rainfall than non adopters.
This is an indicator for the appropriateness ofgsirop diversification as a climate change adaptat

strategy in low rain fall area

Table 4 descriptive statistics for climate variable

Adoptr Non adopter Total sample
Variable Mean  Std.Dev. Mean Std.Dev. Mean Std.Dev.

Climate variables
Average growing season rainfall 681.89 230.79 4%3. 233.75 701.37 233.76

Average monthly temperature 19.92 2.58 20.02 2559958 258
CV Temperature 0.1 0.02 0.09 0.02 0.1 0.02
CV rainfall 0.56 0.23 0.48 0.23 0.54 0.23

Source: own calculation from (2015) survey

4.1.1. Crop diversification and family labour

Family labor is one of the basic inputs neededréatice different climate change adaptation stiesegnd
easily adopt agricultural technologies (Cooptml, 2008). Theoretically some adaptation strategres
expected to increase agricultural productivity aaducing the amount of family labor requirement for

farming activity, while others bear an additionabdr cost higher than the convectional one. Thidyst

* By definition, Thin Plate Splinds a physically based two-dimensional interpolatsmmeme for arbitrarily spaced tabulated
data. The Spline surface represents a thin metdtghat is constrained not to move at the griahgpiwhich ensures that the
generated rainfall and temperature data at thehseatations are exactly the same as data at ththarestation sites that were
used for the interpolation. In our case, the rdindmd temperature data at the weather stationsrepeoduced by the
interpolation for those stations, which ensuresctieglibility of the method (see Wahba 1990)
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tries to look at the family labor implication ofgmticing crop diversification as an adaptationtetya for
climate change. Total Family labor requirementakulated by summing up the amount of labor needed
for each farming activity and then adult equivalgkiE) is used as a measurement tool. So as to gtew
gender biased effect of the considered adaptatiategy, labor requirement is disaggregated by €ead
male labor and female labor.

The average per hectare total amount of labor feding and the whole farming activities for bothiena

and female household members is presented in ke lialow

Table 5 descriptive statistics for family labor reqiirements (number of person days /hectare)

Male Labor (Mean) Female labour (Mean)

Adopters Non adopters Total sample Adopters Non adopters Total sample

Weeding 18.4 20.7 19 15.6 22.9 17.6
Labor
Total Labor 28.5 33.9 30 18.8 24.7 20

Source: own calculation from (2015) survey

According to the results of the descriptive statssthere is a big difference between adopters reomd
adopters in their family labor need for farmingiaty. The average total number of male labors for
adopters and non adopters is 28.5 and 33.9 peesanper hectare respectively. The average fembde la
requirement for the whole farming operation is 188l 24.7 person days per hectare for adopters@md
adopters. Similar trend is also observed in thedivep

We can make an easy comparison between total taeljairements across adoption and gender. The total
labor for adopters is lower than the non adoptersbbth male and female adopters. Indeed, the labor
requirement for female adopters is lower than tinesle counterparts. The above results supports the
argument that crop diversification has an advantdgeducing family labor requirement especiallynéde
labor.
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4.2. Empirical Results

In the following section the econometric resultshed Endogenous Switching Regression model estdnate
by the FIML using STATA 13 are presented. Mainlg thodel is estimated for farm net income and
family labor functions by including different tediise, instrument validity test for the selectiorodel and
treatment effects. The Wald test for overall sigaifice of the model shows that the model is sizaibt

overall significant and best fit.

4.2.1. Parameter estimates of crop diversification and fam income

Estimation results of the endogenous switchingaggjon model for farm income are presented below in

three tables (table 6, table 7, and table 8). Col{iy of the three tables report OLS regressioultgsvith

a dummy variable of CD adoption which equals hé& smallholder farm household adopted, and equals O
if the smallholder farm household did not adoptGblumn (2) of the three tables shows estimated

coefficients of the selection equation while colun8) and (4) of these tables state results obtiteome

equations for CD adopters and non-adopters respécti

4.2.1.1.Determinants of adopting crop diversificabn

The selection model estimate result on the adoptfamop diversification is presented in tablegh{@®ugh
8). Many variables are found significant determisasf using crop diversification. Emphasis is gifen
those significant variables. The goodness of fithef model is shown by the Wald test, which is lyigh
significant indicating best model fit.

Climate variables

Farm households are expected to take differenttatiap strategies for persistent and long term a&ien
shocks. Therefore, it is thought that, climataalales like average temperature and rainfall caem@lly

determine adoption of crop diversification.

However many studies take average annual raintfadl,most important one is to take average growing
season rain fall. In addition to this, other thae total amount of rain, the variability acrossfetiént
seasons is vital. The result of the study indic#ttes, average temperature and rain fall have alinear
effect to adopt crop diversification (CD).
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An increase in mean temperature decreases thehbkel of adopting CD, which implies at lower
temperature there is lower rate of adopting CD. E\mv, this effect will be wiped out after some #ield

level. This is indicated by the positive sign okeage temperature square.

When the average temperature increases adopti@Dodvill be lower till some point and latter on the
likelihood of adoption will increase with temperagu This shows that, CD will be effective at higher

temperature and lowland areas. This could be eradrisdm the moisture conservation potential of CD.

In similar vein, the relationship between averagamng season rainfall and its square with adoptén
CD is found non linear. When average rainfall iases the probability of adopting CD will increase
continuously, but after some optimal level thisateinship will become reversal. This is also evidethat
supports the effectiveness of CD in low rainfaltas. Since CD conserves huge moisture adoptiorbwiill
fruitful when the areas are drearier. The resulTeklewold et al (2013) also states that adoptiborop

system diversification is high in areas where falhis favorable in its timing, distribution andn@unt.

Furthermore, the variability of rain fall and temaieire are also found the significant determinaht€D
adoption. According to the model results rainfaliveell as temperature variability increases theliltood

of adopting CD. When there is high rainfall varlapifarmers will need a way to avoid its negative
consequence. By using CD they can be benefite@ enod smooth their farm productivity; as CD provide
enough moisture and boost soil fertility.

Household Characteristics

In the literature it is thought that, educatioraisignificant determinant for technology adopti&olpmon,
2010). However, in this study it is found insigodnt. But the sign of the coefficient shows thaeleof
education and CD adoption are positively relatelnis Ts due to the fact that, educated households ca
easily accept new technologies and can undershaiditportance quickly. This result is in line Wwithe
works of Akaakohott al (2014); Rahimat al(2013).

Similarly, household size, gender and age of thesébold head are also found insignificant. Age and
family size negatively influence adoption of CD,ilelgender affects it positively. The justificatiéor the
negative sign of age could be related to the narctent behavior of young farmers for new technidseg

Indeed, old farmers are highly rigid for change &ntlto accept new agricultural technologies ratiey
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think that as their own way is the best one. Suepative relationship between age and CD adoption is
found in the study by Ldowt al(2014) in Nigeria.

Due to the problem of dependency burden increadanmly size will reduce the probability of adomgin
CD. On the contrary, employment in off farm actjvéffects adoption of CD positively and significignt
Off farm employment creates an opportunity for farsto diversify their income sources. And thisum
assists them to buy different complementary inp8isiilar to this, remittance also affect adoptidrC®
positively and significantly. The study by Solom@®10) is also in line with this result. Comparedarm
households who haven't receive remittance fronr tietatives have lower chance of adopting CD tlinen t
receivers. Marital status of the household heaalsgs the other significant determinant of adopi@D.

Relative to married household heads the probatlafigdopting CD is higher for the non married one.

Plot characteristics

In order to account the plot level heterogeneities study incorporated different plot level chagaistics

including, slope of the plot, soil fertility of th@ot, shock index, plot distance and Organic liegr.

Shock index is found the significant determinanawsdver, slope and fertility are found insignificant
When the shock index of the plot increases thdili@ed to adopt CD will also increase. This is hesg
higher shock index shows the incidence of many lshae the plot. Therefore, in order to protect the
negative effect of the shocks farmers will adopt CD

Though it is in significant the sign of the fettjliis found as per the expectation of the studyelvplot
fertility increases the probability of adopting Gidll decline. Because, CD might appropriate for ppo
fertile plots to augment the productivity of th@pby increasing its moisture content and theliriof the
soil. Similar study in SNNP of Ethiopia by Rahirea al (2013) has found the same result. The study
indicates that, the positive relationship mightdese fertile plot is promising to increase productand
yield.

For Farm households that apply organic fertilizethieir plot the probability of adopting CD is highhis
may probably due to the complementarily nature Df &\d organic fertilizer. CD coupled with organic
fertilizer can easily boost agricultural produdivi Thus, farm households will benefit from this by

implementing the two activities jointly.
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The distance of the plot from the home stead is &sind the other determining factor for adoption.

Accordingly, the further the farm plot from the heratead the probability of adoption is higher amal t

reverse is true for nearly home stead plots.

Table 6 Climatic Factors, Household and Plot Characteristics

Model

OLS

Endogenous Switching Regress

Dependant variable

F (41, 4717) =10.<
prob >f = 0.0000

R- squared = 0.093
Root MSE= 2.824

Wald chi2 (41) = 364..

Log pseudo likelihood = -14166.533

Prob >chi2 = 0.0000

HouseholcFarm
incomefor pooled data

Adoption of CL

Householcincome
for adopters of CD

Householcincome for
non adopters of CD

Column ! Column ¢ Column { Column ¢

Explanatory variable | coefficien | Robust Coefficient Robust | coefficien | Robust | coefficien | Robust
Std.Err Std.Err Std.Err Std.Err

Adoption of CL 0.24** 0.0¢
Climate variables
Average rainfa -0.01*** 0.0z 0.01*** 0.001 | -0.009* 0.00: -0.01** 0.007
Average temperatu | 4.77*** 1.0z -3.46*** 0.4¢ 6.65** 2.7¢ 5.33%** 1.12
Rain fall squar 0.0C 0.0C -0.001*** 0.001 | 0.00¢ 0.00¢ 0.000: 0.00¢
Temperatursquar: -0.17*** 0.0z 0.09*** 0.01 -0.16** 0.07 -0.13*** 0.0z
CV temperatur -56.02*** | 12.3: 18.27*** 6.84 25.23*** | 13.4¢ -70.22** | 33.3¢
CV rain fall -5.81*** 1.7¢ 6.15%** 0.9z -6.44*** 1.9¢ -8.25* 4.3¢
Household
Characteristics
Age 0.07** 0.0z -0.005’ 0.01 0.06** 0.0z 0.0¢ 0.0t
Age square 007+ | 0.0z [01)32[0) 0.00¢ | -0.006** | 0.00Z -0.008’ 0.00¢
Marital statu -0.08** 0.04 -0.03** 0.01 -0.10** 0.04 -0.0: 0.07
Educatiol -0.01 0.01 0.00¢ 0.00¢ | -0.0Z 0.01 0.01 0.0z
Log household si: -0.50*** 0.14 -0.0: 0.07 -0.36** 0.1¢ -0.87*** 0.3C
Remittanc -0.1: 0.1z 0.14** 0.0¢ -0.17 0.14 0.0z 0.27
Off farm employmer | -0.1¢€ 0.1 0.11* 0.0t -0.1¢ 0.1z -0.2¢ 0.21
Gender -0.2: 0.1¢ 0.00¢ 0.07 -0.2C 0.1¢ -0.1¢€ 0.2¢
Plot Characteristics
Fertility inde> 0.0¢ 0.2t -0.0z 0.12 -0.1¢ 0.2¢ 0.90* 0.51
Slope inde -0.12 0.2¢ 0.22 0.1t -0.1: 0.3 -0.4: 0.57
Shock inde 0.1¢ 0.7¢ 0.55* 0.3z 0.2¢ 0.7¢ -0.2¢ 1.4¢
Log plot distanc -0.04 0.0 0.08*** 0.01 -0.0¢t 0.0 -0.0¢t 0.07
Organicfertilizer 0.1f 0.1 0.09* 0.0t 0.0¢ 0.11 0.17 0.21
Sample size 4778 4778 3477 1301
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Note: Estimation by OLS (first column) and full amfnation maximum likelihood for the remaining
columns at the plot-level with zonal dummy, robstsindard errors in parenthesis. Sample size: 4618 p
***Significant at 1% level; **Significant at 5% lesl; *Significant at 10% level.

Assets

Assets of farm households including TLU, VPFA, dadn size are also included in this study as a
determining factor. When VPFA is found a signifitaleterminant of adoption, the remaining two are
insignificant. When the amount of available prodwetfarm asset increases the probability of adopiso
found higher. Mesfiret al (2011) also found the same result with this studyever in contradict with the
study by Beniret al (2004). Similarly having more livestock ownerslglso increases adoption. This is
due to the fact that, the two elements of househsket, TLU and VPFA are indicators of wealth and
wealthier households have higher chance of adoptingp diversification, which implies crop

diversification is not pro poor.

On the other hand, larger farm size contributesatregly for adoption of CD. This has actually an
important implication. It indicates that, the begay to increase productivity is intensification rtha
extensive farming. Probably farmers tend to inceefasm income and household welfare by intensifying
production. Farmers will increase their crop yigltbugh intensification by using different yieldremcing
strategies like, crop diversification at lower fasime. A similar result was found by Teklewatal (2013)

in Ethiopia.
Institutional Factors

The institutional factors considered in this stumhg credit constraint, land tenure, and farm suppor
Compared to farm households with credit accesstaredstrained households have found a higher ahanc
of adoption. This is because credit is knowleddenisive and used mainly to control pest, crop disga
and increasing soil fertility. Since it provide dimce to buy pesticide, herbicides and fertilizeut Brop
diversification can be a substitute for credit lmnirolling pest and weeds as well as by increasumif
fertility through increasing organic content of teeil (Lin, 2011). This reduces farmers cost of ihgy
inputs and fertilizer. Due to this credit consttaiarmers are highly exposed for adoption of CDeTh

results of Solomon (2010); Teklewadtl al (2013) also support this argument.
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The remaining institutional factor which determiregtoption significantly and positively is land teau
Those farm households with tenure security havé ltigance of adopting CD. Tenure security is the
guaranty for farmers to develop sense of ownerghipeir plot. This motivates them to better safagu
the quality and wellbeing of the plot by using drént activities. On the contrary if they are netsed
with their land ownership, they will become carsl@s protecting their land. Due to this, farmershwout
tenure security will have lower likelihood of adatwn. The study of Mariarat al (2002) shows the

importance of tenure security for technology admptoo.
Crop types

The effect of agricultural technology adoption @ ©rop neutral. In line with this, crop diversditon is
expected to inflict a differential effect based the planted crop type. Compared to wheat, adopsion
negatively related with Teff, Maize, and Barely gsoat a sizeable level of significance. Howeveg, th
probability is higher for sorghum planted plotsatele to wheat. This is might be because, exceghsmn
the considered crops are expected to grow in taghfall areas and CD is appropriate for low rait &nd
high temperature areas. Thus, if the plot is plhei¢her of these crops the likelihood of adoptiemds to

be lower.

Table 7 Assets, Institutional Factors and Crop Dumm

Model OLS Endogenous Switching Regression

Dependent Household income for Adoption of CD Household incomeHousehold income fo

variable pooled data for adopters of CD | non adopters of CD
Column 1 Column 2 Column 3 Column 4

Explanatory Coefficient | Robust | Coefficient | Robust | Coefficient | Robust | Coefficient | Robust

variables Std.Err Std.Err Std.Err Std.Err

Assets

Log VPFA -0.02 0.03 0.03** 0.01 -0.03 0.03 -0.05 0®.

TLU -0.08*** 0.01 0.006 0.007 -0.07*** 0.02 -0.09* | 0.03

Log farm size -0.40*** 0.08 -0.007 0.04 -0.42%* | 1) -0.42* 0.16

Institutional

factors

Credit 0.25** -0.03 0.04 0.20** 0.09 0.35** 0.18

Farm support -0.16 0.16 -0.11 0.07 -0.27 0.19 0.03 |0.30

Land Tenure 0.28** 0.13 0.33*** 0.06 0.36** 0.16 | .13 0.24

Crop type

Barley -0.77*** 0.13 -0.18** 0.077 -0.84*** 0.15 -89 0.31

Teff 0.43*** 0.19 -0.18** 0.09 0.56*** 0.21 0.06 a2
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Maize -0.75*** 0.10 -0.35*** 0.05 -0.73*** 0.11 -B6*** 0.25

Sorghum -1.16%** 0.20 0.24** 0.11 -1.20%** 0.22 -A5** 0.55

Sample size 4778 4778 3477 1301

Note: Estimation by OLS (first column) and full amfnation maximum likelihood for the remaining colsnat the
plot-level with zonal dummy, robust standard erriorparenthesis. Sample size: 4778 plots. ***Sigaifit at 1%
level; **Significant at 5% level; *Significant at0® level.

Selection instruments

Information from different sources (Radio, Tv, Nepaper), government extension service and distemce
input market are the selection instruments usedhis study. The regression results of the selection

instruments with admissibility tests are preseimetdble 8 below.

Information from different Medias and governmentession service about CD has a negative effect on
adoption and they are significant. Even thoughréseilt is not expected a priori, it will be accomieal to
either of the following reasons. First the extensworkers in the rural area might luck knowledge of
agricultural farming. Second the farmers might georant of such services. Rather than accepting the
advice of extension workers they will depend orirtbesn knowledge and farming experience. In additio
farmers also fail to rehearse and implement apptgly the information provided through different
Medias. Similarly, Fetinet al (2009) also showed that crop diversification igatevely affected by
extension service. However our result indicates itifarmation from different Medias affect the likeood

of adoption negatively, the results of Solomon @Qdre in contradict to our study.

Moreover, distance to input market affect adoptnmgatively and significantly. When the distance the
nearest input market is large the possibility obg@tebn is will decline, because input markets dex@s
where relevant complementary inputs for the fartivitg are available. If there is no easy accestatm

inputs the task of adoption will become difficult.
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Table 8Selection instruments and Joint tests

Model

OLS

Endogenous Switching Regression

Dependent variable

Household income
for pooled data

> Adoption of CD

Household income
for adopters of CD

Household income
for non adopters of
CD

Column 1 Column 2 Column 3 Column 4

Explanatory Coefficint | Robust | Coefficient Robust| Coefficient | Robust | Coefficient | Robust
variables Std.Err Std.Err Std.Err Std.Err
Selection
instruments
Media information -0.12%** 0.03
Government -0.02 0.01
extension
Log input market -0.27* 0.16
distance
Constant -24.08*** 8.54 22.25%** 3.82

o; 0.05*** 0.03 -0.15%** 0.14

D; 2.73 0.01 2.96 0.02
WTIE(x2 ) 3.69**
JTI(x2, F-test) 15.89%**( 0.82

%x2)

Sample size 4778 4778 3477 1301

Note: Estimation by OLS (first column) and full amfnation maximum likelihood for the remaining
columns at the plot-level with zonal dummy, robstsindard errors in parenthesis. Sample size: 4618 p
***Significant at 1% level; **Significant at 5% lesl; *Significant at 10% level: JTI= joint test on
selection instruments, WTIE= Wald test of independsguations.
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4.2.1.2. Determinants of net farm household’s incoen

Comparing the farm income differential between aepand non adopters of CD is one of the prime
objectives of this study. Thus, income functionstfe two groups are estimated. This enables uada

if farm households are benefited from adopting CD.

In order to assure the identification of the mosi@ne selected instrumental variables are used.todke
government extension, media information about CB iaput market distance as selection instruments of
our study. These variables are expected to fudfilnain conditions to be considered as a validumsent.
First they should not be directly related with fanousehold’s net farm income. They should direatfgct

the adoption of CD. For instance, if we take inmdrket distance it directly affects the willingnesfs
adopting CD however; it doesn’t have a direct @ftecfarm household’s income. Because farm inprgs a
crucial elements for increasing agricultural praduty, farmers without easy access to farm input

fail to adopt CD and vice versa.

Other than the above theoretical justification vh&édity of the instruments is approved by using twain
tests. By using robust probit regression the eftécinstruments on CD (the dependent variable & th
selection equation) is jointly significant at 5%eé¢ of significance. The second test is conductgdising
OLS regression on the outcome equation of non adeptith selection instruments and other covariates
The result of this test indicates that, the instnta joint effect on the non adopter’s net farnome is in

significant.

As we can see in thé'tolumn of tables 6, 7, and 8 above we have estinidgie farm income function for
the polled sample using OLS estimation techniquecdaysidering CD as an explanatory variable. The
result shows that, adoption of CD has a positigaiBcant effect on the income function. Column ¢f)
OLS regression in table (6) indicates that, othetdrs remain constant; farm households who addpied
can get a 24% farm income increment than theiradwopter counterparts. By adopting CD the income of
farm households will increase by 24 percent. Howeaecepting this result as a correct measurehier t
effect of CD on farm income is not appropriate. &ese in this regression it is assumed that thes&ict
exogeniety in adoption of CD. But it is the peralotecision of farmers and potentially endogendiists,

the estimated results of this model are biasediacohsistent since it fails to account the problefm
selection bias and unobservable heterogeneityethdefails to identify the structural differenoéincome

between adopters and non adopters.
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To do so, the Endogenous Switching Regression (Efsétlel for household farm income functions for
adopters and non adopters is estimated. The lasttumns of table 6, 7, and 8 indicate the deteamts

of net farm income for adopters and non adoptess.pér the result, climatic variables, crop dummy,
livestock ownership (TLU), and credit access amntbthe key determinants of the income functions of

both adopters and non adopters.

The Wald test of independence is significantlyefiént from zero, which indicates that in additiorthe
problem of selection bias, there is slope hetereggtetween adopters and non adopters. Therelsoe a
some factors which affect adopters and non adopléierently. Thus estimating two separate income

functions is mandatory.
Climatic factors

Both average rain fall and temperature are exgdot@dave a non linear effect on farm income ofpeis

and non adopters. Therefore, average temperatdreaarfall with their respective squares are inefdicgh
this study. As per the expectation, the effecteofiperature is found non linear and significantrautfall
square is insignificant for both adopters and nabopéers.

When there is a unit increase in temperature thene of both adopters and non adopters will tends t
increase. However the income of adopters is inexkay larger amount than the non adopters. Thisiés

to the fact that, the non adopter’s farm incomeaspromised by the effect of high temperature. n t
contrary adopters of CD are become beneficiaryesib reduce the effect of high temperature on crop

yield by conserving moisture and increasing saiilfty.

After some point parallel increase in income wémperature, it tends o decline for both adoptedsreom
adopters and this is shown by the negative sigeraperature square. Despite this result also cosfthe
advantage of adopting CD. Because when we lookuttmeng point for the inverted u- shape relatiopshi
of temperature and farm income, the inflection péam adopters is found 10 percent larger thannbie
adopters. In other words, the farm household incofredopters increase for 10 percent amount even af
the non adopter’s income is declined. This implaggption of CD can help farm households to redbee
effect of climate change on their farm net reven@n the other hand, increase in average temperatur
reduces income of farm households for both adotedsnon adopters. This indicates that, CD is mostl

effective in low rain fall or drier areas.
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Apart from this, rain fall and temperature varighilare the most crucial factors that affect farm
household’s income. Because though he total amafuratin during a given production year is enougs, i
timing and distribution is vital. If all of the talt rain needed for one production season rainshén t
beginning of the production period it will be hathffor farmers. Thus giving attention for rainfall

variability is very important.

The results of the study shows that, both rainéald temperature variability are found significant
determinants of household farm income for both &stspand non adopters. When the variability offedin
increases the income of both adopters and non adopill decline. But the reduction has very sigmint
difference between adopters (-6.4) and non adop®). Similarly an increase in rainfall variatyilhas a
negative effect on household’s income. The incofrfaron households without adoption decreases by 70.
and that of the non adopters by 52.2.

Form this it is worth mentioning two main implicatis. First in addition to the average rain fall and
temperature attention is needed for their varighisecond, CD has not only an advantage of inorgas
farm household’s income when there is change ima@eetemperature and rain fall, but it can be a bes

buffer strategy during the time of high temperatame rainfall variability.
Household Characteristics

Family size is found one of the negative significdeterminants of net farm income for both adopéers
non adopters. Though the effect on non adopter87}@s large relative to adopters (-0.36), it regkifarm
household’s welfare for both groups. Probably #iisbe due to the case when the household menarers
dependent and not contribute to the income podtfofithe household. Similar results are also fobpd
Akaakoholet al(2014). However, the slight difference can be laditied to the revenue increasing effect of

adopting CD.

The effect of age on income is expected to be imwat. The result shows both age and its squarthare
significant determinants with and without CD. Ev@wough farm household’s can increase their income
with an increase in age this effect will be revdraéier some years. This can be explained by tleetedf
productivity. Youngsters are more productive anakabolic than aged people. When the age of the head
increases above some level, he/she will join the productive dependent labor force group. Thusy the

will become dependent and farm household’s incomigemd to decline (Sichoongnet al, 2014.
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Education, remittance, off farm employment and geraf the household head are the other insignifican
variables that affect household net farm incomebimth adopters and non adopters. From these factors
education, off farm employment, and gender f thadh&re found with negative coefficient for bothtlod
groups. On the other hand, remittance is found thegand positive determinant for adopters and non

adopters respectively.
Crop types

The other profound result of this study is the teeneity of CD effect on net farm income for both
adopters and non adopters based on the type ceghtrvest. Compared to wheat producer’s production
of maze, sorghum, and barley reduces income fdr &dobpters and non adopters. All the three crops ar
found significant determinants except the insiguwifice of barley for non adopters. On the other hafid
production increases farm income for both adopdes non adopters relative to wheat production thoug

in significant for non adopters.
Institutional factors

From the considered institutional factors in thiady, credit constraint is found the only factoatth
determines farm income of adopters and non adopt&isively and significantly. This is probably dtee
the same benefit generated from CD that could bergéed form credit. But it is difficult to explawhy it

has positive effect on non adopters.
Assets

In this study size of cultivated land livestock awship found negative significant determinants arfrf
household’s income for adopters as well as non tedepFor the matter of fact, both of the two have
important implications. The negative effect of lamolding is related to intensification. Farmers|voié
benefited more if they build up their production ansmall plot. Having large farm size will be very
difficult to manage and will also increase costngfuts. Thus, agricultural farm income will be maided
by being productive in a small farm size. In theneaaken, high livestock ownership will reduce tinee
for agricultural work and farmers may not work beit farm appropriately. Thus, productivity willdece
and the incidence of crop failure will be very higProductive farm asset holding also found a non

significant determinant for both groups.
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Plot characteristics

From the plot related variables incorporated irs 8tudy land tenure and fertility are found positand
significant determinants for wellbeing of adoptarsl non adopters accordingly. However, other factor
like, slope of the plot, shock index, plot distaraze organic fertilizer application are found imsfggant
for both groups. In line with this, the study by fidaa et al (2009) stressed the importance of tenure

security to increase productivity of framers.

4.2.1.3. Average Expected Net farm income

From our previous result we have found that praicCD has a positive significant effect on netnfar
income. However, this simple measurement is ingppate as both observed and unobserved factors

which may have an effect on the outcome variablg mod be considered.

Therefore, the value of the outcome variable shbeldompared with the actual and counterfactuasas
In table 9 below the result on the expected faroomme in the actual and counterfactual cases i£pred.
The result indicates that adoption of CD do notehtlne same effect on adopters had they been ngeado

and non adopters had they been adopter.

The number in the first row first cell of table ®the average income value (3715.63) for adopte@Do

The number in the second cell (3137.23) indicates dverage net farm revenue for adopters in the
counterfactual case. Then the adoption effect apteds can be found by subtracting the second tham
first (578.54***). The result is positive and sifioantly different from zero. This suggests thatrnh
household’s income for those who adopted CD isifsogmtly higher than if they did not adopt.

By using similar procedure the adoption effect @ Gn non adopters can be calculated from the same
table. In the second row first cell of the folloginable we get the value of net farm income for non
adopters in the counterfactual case, while therggcell in the same row represents the same valtieei
actual case. Then by taking the difference betwvikerfirst and the second cell we can get farm ireo
non adopters (1566.55***). The result indicatest tfiarm income will increase significantly if theylopt

CD than the actual case of non adoption. Similadiss by Difalco (2011); Kuntashukt al (2014);
Bhattacharyya (2008); Bradshatal (2004) also reported the same result with our study
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Table 9 Adoption Effects of CD on Net Farm Income

Decision stage

Adopters Non adopters Adoption effect
Adopters 3715.63 3137.23 TT=578.54***
(59.92) (93.47) (113.45)
Non Adopters 2966.75 1400.20 TU = 1566.55***
(80.9) (23.46) (62.62)
Heterogeneity TH =-988.01

Effect

Note: TT=Adoption effect for adopters, TU= Adoptiefiect for non-adopters, TH (TT-TU) = transitional
heterogeneity. ***Significant at 1% level; **Signdant at 5% level; *Significant at 10% level.

4.3. Parameter estimates of crop diversification and fam household Labor

An estimation result of the endogenous switchirggession model for household labor is presenteovbel
in table 10. Column (2) and (3) of this table shastimated coefficients of the outcome equationniFa

household’s labor) for CD adopters and non-adopesgectively.

4.3.1. Determinants of Farm Household Labor

The other objective of this study is investigatthg effect of CD on farm household’s labor use aSdo
address this objective an Endogenous Switchingdsgmn model is estimated for farm household’d tota
labor by using FIML estimation technique. In thdéldwing table (10) determinants of farm household
labor are presented and discussed. For the sak@efand space the discussion is focused on signifi
factors only.

Age of the household head, livestock ownershigjlitgrof the plot, and pesticide application a@hd
positive and significant determinants of houselalbr for both adopters and non adopters. As adleof
household head increases the family labor useiatsease however, after some point labor requirémen
will tends to decline. When farmers are on the afggoungsters they will cultivate many farms by rgha
cropping, renting in and by using any other meamsaddition to their own farm. This in turn put extra

burden on family labor.
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In similar way, livestock ownership increases thmily labor use. This is actually self evident, d&ese
livestock need its own labor for shepherding angrowed food preparation. Therefore, as the farm

household increases its livestock ownership itedaemand also increases.

Fertility is also the other positive and signifitateterminant of family labor use. High fertilityg i
associated with high family labor use. Becauseelargefficient of fertility is an indicator of goagualot
quality, its productivity will be high and this ireases the family labor in general and labor fovésting

and threshing in particular.

Climate variables are also found important deteamis of family labor allocation. The effect of
temperature on family labor is found non linear amghificant for both adopters and non adopteiisialty
farm household’s labor increases with an increagemperature but after some point it exhibitsrareise
relationship. This is because, when temperaturee@ses farmers will take different measures to éedg
from the effect of high temperature like, water ssnvation activities. However, when the effect of
temperature becomes overwhelming, other than keamydn their own farm, farmers will search for
another nonfarm and off farm employment. Thus, éheill be reduction in family labor use for the
farming activity. Though it is not significant faron adopters an increase in rain fall reduces farm
household’s labor use for both of the two grougssTs due to the fact that, enough rainfall cateptally

reduce crop failure and enable farmers to savérteespent on water conservation activities.

Family labor use is also determined by the typerop grown. Compared to wheat crops like, barley,
sorghum and maize determine family labor allocatiegatively and significantly. Bukeff is found the

only positive and significant determinant for batfopters and non adopters.

In addition to the above factors family labor use fdopters is affected by family size, off farm
employment, ownership of productive farm assetsl, @pplication of organic fertilizer. Except off far
employment, the three factors become positive agmnifeant determinants. Off farm employment has a
decreasing effect on family labor significantly.l&eely farm households with off farm employmeraivie
a lower family labor requirement than their coupgets. This is because, farmers with off farm
employment will share crop or rent their plot andus on the off farm activity. Indeed, the uncetias in
the agricultural productivity coupled with the fim@al benefits that will be generated from off farm

employment encourage farmers to do less on their &d they will allocate low level of labor.
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For non adopters plot distance and shock indefoared the positive and negative significant deteamis

of family labor respectively. As the distance ok tplot from the home stead increases the labor
requirement also increases since farmers lost ro&tlyeir time on going to the plot and getting back
their home. Thus, more labor is needed to comperibat big time loss. On the other hand, large remb
of shocks out break will reduce the family laboe.uBecause many number of shocks will be harmful fo

the harvest and it needs lower labor for collecting
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Table 10 Determinants of Farm Household’s Labor demnd

Model Endogenous Switching Regression

Wald chi2 (42) = 1054.:
Log pseudo likelihood = -8533.74
Prob> chi2 =0.0000

Dependent Variable Household labor for adopters of ¢ Household labor for non adopters
CD

Explanatory variables Coefficient Robust coefficien Robust Std.Er
Std.Er.

Climate Variable:

Average rainfall -0.003* 0.001 -0.0¢ 0.00z

Average temperature 3.45%** 0.47 2.58*** 0.8z

Rain fall square 0.00z 0.00z 0.0003: 0.00z

Temperature square -0.08*** 0.01 -0.06*** 0.0z

CV temperature 3.91 4.9¢ 10.8: 9.9¢

CV rain fall -6.29*** 0.8t -7.14%* 1.4¢€

Household Characteristi

Age 0.01* 0.01 0.03** 0.01
Age square -0.001 0.000: -0.002* 0.001"
Log household size 0.10** 0.0t -0.1C 0.1C
Off farm employment -0.17%%* 0.0 -0.0¢ 0.07
Log VPFA 0.05*** 0.01 0.01 0.0z
TLU 0.03*** 0.00¢ 0.02*** 0.00¢
Plot Characteristit

Fertility index 0.17* 0.1¢ 0.30* 0.1¢
Shock index -0.12 0.2t -0.79* 0.4:
Log plot distance -0.01 0.01 0.04* 0.0z
Organic fertilizer 0.10** 0.02 0.0¢ 0.0¢
Pesticide 0.09*** 0.0z 0.07*** 0.01
Maize -0.30** 0.04 -0.31%** 0.07
Barley -0.47%+* 0.0t -0.53%** 0.1C
Teff 0.04 0.07 0.0z 0.1:
Sorghum -0.22%+* 0.0¢ -0.56*** 0.1¢€
Sample siz 347 1301
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4.3.2. Average Expected Farm Household’s Labor

By following a similar procedure like the farm omoe analysis the average expected farm household’s
labor in the actual and counterfactual case isnegéid for both adopters and non adopters. Thisastin
helps to know specifically the treatment effectamlopters (TT), treatment effect on non adopter$ é&hd

also the transitional heterogeneity (TH).

The number in the first row first cell of table Elthe average family labor (32.85) for adopter€bf The
number in the second cell (90.67) indicates theames household labor for adopters had they been non
adopter. Then the adoption effect on adopters eafobnd by subtracting the second from the first (-
57.82***). The result is negative and significantlyifferent from zero. This indicates that, farm

household’s can save 57.82 number of person dayafieeby adopting CD.

By using similar procedure the adoption effect @ Gh non adopters family labor use can be calcdlate
from the same table. In the second row first cethble (11) we get the value of farm householdtsolr for

non adopters in the counterfactual case, whilesdo®nd cell in the same row represents the same vral
the actual case. Then by taking the difference éetwthe first and the second cell we can get farm
household labor use of non adopters (-14.29***)e Tésult shows that, Non adopter farm householis ¢
get an advantage of family labor reduction amoud#@9 person days per hectare if they adopt Chis T

is in line with the works of Teklewoldt al (2013)Finally the last cell in the second column gives vhlue

for transitional heterogeneity (TH). This valuenisgative and significantly different from zero (-83)
implying by adopting CD adopters are more benefitexh the non adopters albeit both are benefigarie

from adoption.
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Table 11 Adoption Effects of CD on family labor derand

Decision stage

Adopters Non adopters Adoption effect
Adopters 32.85 90.67 TT=-57.82***
(0.30) (1.43) (1.00)
Non Adopters 17.76 32.05 TU = -14.29***
(0.15) (0.51) (0.40)
Heterogeneity TH =-43.53

Effect

Note: TT=Adoption effect for adopters, TU= Adoptiefiect for non-adopters, TH (TT-TU) = transitional
heterogeneity. ***Significant at 1% level; **Signdant at 5% level; *Significant at 10% level

4.4. Is There Synergy Or Tradeoff?

In the preceding sections of the study we havd toediscuss two main issues. First we have estidnagét
farm income function and discuss the effect of ficarg CD as an adaptation strategy for climatengea
on net farm income for both adopters and non adeptedeed the factors that determine farm housihol
welfare along with the decision to adopt CD wemgbresented and discussed. Second by following the
same procedure the effect of the considered adaptatrategy on family labor use was estimated. By
using the estimated results of the family laborction, the effect of adoption on adopters and raopgers
have been generated. Even though the discussiim tried to answer some of the research qussbion
this study, the study is also concerned about ity&mg the occurrence of synergy or tradeoff. Eithe
synergy or tradeoff is expected to happen betweeneasing farm household’s welfare by boosting
productivity and the extra labor burden on the lebotd labor use which is resulted from the adoptibn
Crop diversification. Therefore, in this sectioe tiesults that indicate whether there is synergyaoleoffs
are discussed. In this study synergy and trademm#sdefined as follows. Synergy will occur if crop
diversification increase net farm income withoudiag extra labor demand on the household. On ther ot

hand tradeoff is when crop diversification increbséh farm income and family labor use.
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Based up on the above common understandings, tiy sévealed that crop diversification not only
reduces the total per hectare family labor usealsd it increases net farm income. Therefore, rit loa
taken as a best strategy to maximize householdifamgeboth in terms of leisure (measured by the

reduction in family labor) and net farm income.

As we can see the results in table 9 and 11, aatopfiCD increase farm income by 578.54 birr pertdre

for adopters and 1566.55 birr per hectare for rdwpters had they been adopters. By the same thken
reduction in family labor due to adoption of CDfeaind 57.82 number of person days for adopters and
14.29 for non adopters had they been adoptersotim &f the two cases the result indicates the aoubl

benefit of adopting crop diversification and theg atatistically significant.

Therefore, the bottom line is using crop diversifion as an adaptation strategy can rescue thet effe
climate change. Indeed it better improves farmskbold’'s welfare by increasing their farm produtfiv
and minimizing the total family labor use. This @ians that, crop diversification has a synergeffe by
increasing farm household’s welfare through indreaset farm income and reducing family labor tter

provide extra time for leisure.
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS
5.1. Conclusion
The general objective of this study is to examime effect of crop diversification on farm houselwlId
welfare. Specifically, it addresses the determisafitadopting CD, family labor use and net farnome.
Synergies and trade offs are also explored. Foattanment of these objectives, the study use@@id
survey database on 929 farm households collectédilenBasin of Ethiopia by ECRE/EDRI. Our final
analysis includes 4778 plots. In order to estinthte adoption effect on farm income along with the
determinants of household net farm income and doptson decision, simultaneous equation model which
can capture the unobservable heterogeneity andtieelebias was estimated. The following main
conclusions can be drawn from the results of thdyst

First, it was found that climate variables, houdeéloharacteristics, and input market distance lagentain
determinants of adopting CD. The effect of bothrage growing season rainfall and temperature anedo
non linear. When temperature increases the liketihof adoption declines up to some point but after
maximum temperature the probability of adoption| wliécline. Off farm employment, remittance and
marital status are also the key household charstitsrthat determine likelihood of adoption sigrantly.
The results in crop dummy shows that, CD is mopticticed in sorghum growing plots compared to
wheat.

Second, Crop diversification is found to be adopteglots which are located in further distancentome
stead and have tenure security. Plots that arediar the home stead fails to get manure and otlzestes
that can serve as an organic fertilizer. Indeednéss cannot visit continuously due to their diseanc
problem. In the same vein, the uncertainties ahtpglot in the mean time discourage farmer’s aiopt
behavior.

Third, climate variables and institutional fact@er® the major determinants of net farm income fathb
adopters and non adopters. An increase in aveesgpeerature increases the income of both adopters an
non adopters up to some point. But it will declwleen temperature further increases above the maximu
level. What is important here is the rate of inceatnand the optimal point by which the relationstims

to negative from positive is higher for adoptersnpared to non adopters. This is an indication ffer t
importance of CD. In similarly words rain fall vahility also highly affect negatively net farm imme for

both adopters and non adopters despite the esteetastating for non adopters.
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Credit constraint and land tenure are also fourathemn positive determinants of farm income. Morepve
livestock ownership, household size and farm sigeerthine farm household’s welfare negatively and
significantly for both groups. Excepieffall other crops are negative and significant deiteants, while

Teffis not significant fonmon adopters.

Fourth, for both adopters and non adopters diwengjfcrop can spur farm households welfare hady the
decided to adopt than they would if they had natpadt. In addition, non adopters can get a largasoff
relative to adopters if both of the two groups dedito adopt.

Fifth, farm household’s labor use is determinednigny factors. Age of the household head, livestock
ownership, and fertility of the plot are some o #ey determinants and they have an increasingtdtie
both adopters and non adopters. Climate varialbéealao found positive and significant determinaitse
effect of average temperature on family labor gsgoin linear. First labor requirement increasesgiwith

an increase in temperature up to some optimal p8iuat it will have a negative effect after maximum
temperature. Though it is not significant for adwptan increase in average growing season rainfall
reduces the total family labor use. This is becaygnal amount of rain can reduce crop failure ataw
farmers to save a sizable time spent on water ceatsen activities. Concerning the type of cropwnoin

the plot, Teffis the only crop that determines farm householab®it use positively and significantly.

Sixth, the average treatment effect of adoptingddOamily labor use is also significant for bottopters
and non adopters had they been adopters. By addflitiersification of crop, farmers reduce work |aad
their family and allowed to get extra time for lais and other activities. In relative terms, theger’s

labor reduction is larger than the non adopters.

Finally, adoption of crop diversification has proed a double benefit for both adopters and nontadap
For both groups it can reduce family work load amteases the wellbeing of farm households at a.tim
More importantly, by adopting CD there is synerigart tradeoffs.
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5.2. Recommendations

The findings of this study are highly essential hoe effective development of policies and straedhat

are aimed at the promotion and dispersal of creprdification so as to improve the wellbeing ofnfiar

households in Nile Basin of Ethiopia. Motivated the positive and significant results recognized by

adopters, practicing CD should be advanced andueaged for further implementation. Therefore, this

study draws the following main policy implications.

/7
0.0

Institutional factors like, land tenure are fourige tmost important factors which increase the
likelihood of adoption. Thus, at most attention dlddoe given by policy makers for the provision
of tenure security for rural farm households. Tdnsables them to develop confidence and sense of
ownership in their land which motivates to takefetdnt sustainable land management activities
and yield enhancing practices like crop diverstima Furthermore, distance to input market
negatively affects the probability of adoption. ldenpalternative ways of accessing complementary
inputs which are necessary for effective agriceltsimould be in place.

Other than the annual total rainfall the averagemgrg season rainfall along with its variability is
the other significant factor that affects the adwoptiecision of farmers. Therefore, polices aimed a
lessening the effect of climate change should gimphasis on the average growing season rainfall
and rain fall variability.

Farm size affects both household’s welfare anddiesion to adopt negatively. As farm size
increases the likelihood of adoption and farmer&fare will decline. This implies that, farm
households are better productive and highly maivato practice CD at lower farm size.
Therefore, agricultural policies should invest moremechanisms that enable farmers to be more
productive in small land size. So as to augmenitalgural productivity and to break the yolk of
rural poverty it is binding to focus on intensifilcan than depending on extensive farming.

Rural farm household’s welfare is highly affectgddoedit constraint. Even without enough access
to credit, by using crop diversification farmersndanprove their welfare substantially both in
terms of labor reduction and farm income incremé&herefore, it is very advantageous to promote
the adoption of CD in credit constrained farm hdwdes.

Crop diversification can provide double benefit foral farm households. On one hand, it enlarges
net farm income on the other hand it reduces thalyalabor demand. Therefore, the current
agricultural extension program should focus on phemotion and back-up of adopting CD to

rescue rural farmers from the destructive effeatliohate change.
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« Even though both adopters and non adopters arditeenffom adoption of CD, the extent of the
treatment effect is not same and similar. Thisnigralication of the existed discrepancy between
the two groups. So policy makers should take indwsideration this heterogeneity when they are

attempting to advance the relevance of CD so asleEash the full potential benefit of the practice.
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Al Descriptive Statistics

APPENDICES

Non Total Sample
Adopters Adopters
Variable
Mean Std.Dev. Mean Std. Dev. Mean Std.Dev.
Gender 0.88 0.31 0.87 0.33 0.65 0.47
Age 52.34 12.81 50.59 12.69 51.87 12.8
Marital status 0.83 0.36 0.81 0.38 0.61 0.48
Education 1.65 2.85 2.06 3.13 1.76 2.93
Remittance 0.12 0.32 0.12 0.33 0.09 0.29
Off farm employment 0.18 0.39 0.22 0.41 0.14 0.35
household size 2.07 0.31 2.03 0.3 2.06 0.31
Age square 2904 1414 2721 1381 2854 1407
log Farm size 0.49 0.63 0.5 0.68 0.49 0.64
Pesticide 0.12 0.65 0.1 0.69 0.11 0.66
log (Productive farm 9.43 1.37 9.38 1.43 9.42 1.38
asset)
Tropical Livestock Unit 4.92 3.5 4.63 3.69 4.84 3.55
Credit 0.43 0.49 0.44 0.49 0.44 0.49
Support 0.07 0.26 0.08 0.28 0.08 0.27
Organic fertilizer 0.29 0.45 0.3 0.46 0.29 0.45
Media Information 0.19 0.59 0.26 0.67 0.21 0.61
Government extension 1.65 1.49 1.65 149 1.65 1.49
Slope Flat 0.60 0.61 0.60
Medium 0.36 0.34 0.39
Steep 0.04 0.05 0.01
Fertility Low 0.12 0.11 0.14
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Medium
High
Shock index

Log (Plot Distance)
Log (Input market
distance)

Land Tenure

Maize

Barley

Sorghum

Teff

Wheat

Average monthly

temperature (oc)

Average growing season
rainfall (mm)

Average Monthly
Temperature square
Average growing season
rainfall (mm)

Rain fall coefficient of
variation

Temperature coefficient of
variation

Tigray

Amhara

SNNP

Benshangul-Gumuz

0.50
0.37
0.1

1.92
2.33

0.87
0.45

0.13
0.05
0.59
0.16
19.92

19232

403

681

0.56

0.1

0.17

0.42

0.06
0.11

0.06

1.43
0.12

0.33
0.49

0.33
0.22
0.49
0.36
2.58

9596

108.5

230

0.23

0.02

0.38

0.49

0.24
0.31

0.49
0.39
0.1

1.74
2.33

0.8
0.62

0.09
0.03
0.72
0.09
20.02

22352

407

753

0.48

0.09

0.11

0.35

0.04
0.12

0.06

1.43
0.12

0.39
0.48

0.28
0.17
0.44
0.29
2.55

0.53
0.33
0.1

1.87
2.33

0.85
0.5

0.12
0.04
0.63
0.14
19.95

10507 20081

108

233

0.23

404

701

0.54

0.02

0.32
0.47
0.21
0.32

0.1
0.16
0.4
0.06
0.11

0.06

1.43
0.12

0.35
0.5

0.32
0.21
0.48
0.35
2.58

9949

108

233

0.23

0.02

0.36

0.49

0.23
0.32
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Oromia 0.21 0.41 0.35 0.48 0.25 0.43

A2 Instruments Test

Instrumental Model 1 Model 2

variables
Adoption of CD 1/0 Net Farm income for Adopters
Coefficie Robust Coefficien Robust Std.Err
nt Std.Err. t

Media -0.13**  0.03 -0.01 0.03

Information

Government  -0.02 0.01 0.01 0.15

extension

Log input -0.29** 0.01 0.03 0.16

market

distance

Test on Chi2 (3)*** = 15.89 F(3,1249) = 0.82

instruments

Sample size 3477 4778

Note: Model 1: Probit model; Model 2: ordinary leaguares. Estimation at the plot level with zahahmy. *
Significant at the 10% level; ** Significant at 5e8tel; *** Significant at 1% level.
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