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ABSTRACT 

The study assesses the extent of household vulnerability to climate change by applying 

Vulnerability as Expected Poverty (fIEP) approach. The VEP approach is based on estimating 

the probability that a given shock or set of shocks moves household consumption below poverty 

line orforce them to stay there if they are already below poverty line. The data is collectedfrom 

rural farming households in Adama and Lume Woredas of East Shewa zone during 2009 

production season. The result shows that about 68 percent of farmers are vulnerable to poverty, 

while 62 percent of them are observed to be poor. A bout 52 percent of the households are 

vulnerable to poverty due to low consumption prospect and 16 percent of them are vulnerable 

due to high consumption volatility. The study also indicates that change of rainfall and 

temperature from long run averages, frequency of drought and soil characteristics are major 

reasonsforfarmers' vulnerability to poverty. On the other hand, education of head, livestock and 

land size, irrigation size, quantity offertilizer used and number of extension contacts are found to 

reduce household vulnerability to climate change. Proximity to facilities such as road and market 

also reduces farmers' vulnerability. But, higher fam ily size and exposure to non climatic shocks 

such as death of household head and input price rise increase vulnerability. On top of that, the 

estimated incidence of poverty is less than the fraction of population that is vulnerable to poverty. 

Th is calls for differential intervention for poverty reduction and poverty prevention, in addition 

to consumption stabilization and increasing measures. On the other hand expansion of extension 

services, irrigation practices, non farm income opportunities, improving farmers' access to 

fertilizer use and increasing household capacity to cope or mitigate shocks and risks are 

important intervention areas to reduce vulnerability. 

Key words: Vulnerability, climate change, vulnerability as Expected Poverty. 
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1.1 Background 

CHAPTER ONE 

INTRODUCTION 

Agr icultu re is the ma in sector of the Ethiop ian eco nomy. It co nt ributes 40% of G DP, generates 

more than 90% of fo re ign exchange earnings and employs abo ut 85% of the popu lat ion (Kumar 

and Q uisumbing, 20 I 0) . However, the agricultu ral sector is do minated by smail sca le mixed crop 

and livestock prod uctio n whic h is character ized by low productivity. T he major factors 

respo nsib le for low product ivity inc lude reliance on obso lete farmi ng techn iques, so il degradation 

ca used by over graz ing a nd deforestation, poor comp lementary services such as extens ion, credit , 

market ing, in frastructure and climat ic factors such as drought and flood (Deressa et a I. , 2008a). 

These facto rs red uce the adapti ve capac ity o r increase the vu lnerabi lity of farmers to future 

cl imate change and var iabi lity, which negat ive ly affect the performance of the already weak 

agricu Iture . 

A recent mapp ing on vulnerab ility a nd poverty in Afi' ica (lLRJ , 2006), puts Ethio pia as one of the 

countries most vulnera ble to climate change and with least capac ity to respond . Ethiopia already 

suffers from extremes of cl imate, manife sted in the for m of freq uent dro ught and flood (Difa lco 

et 01, 2007) . On the other hand, Ethiopian agriculture is large ly ra infed, w ith irr igation practices 

accounting fo r neg ligib le pOItion of the tota l cult ivated land in the country. T hus, the amount and 

tempo ra l di stri bution of ra in fa ll , temperat ure and other cli matic factors during the growing 

seaso ns has an important influence on crop yie ld s and can induce food shOItages and famine, 

hence, increase farmers' vuln erab ility to poverty. 



Mo re important ly, studies in Ethio pia show that freq uency of droughts and its spatia l coverage 

have increased over the past few decades (Deressa et a I. , 2008a). According to World Bank 

(2008) Ethiopia has experienced at least five major national droughts s ince 1980, alo ng with 

litera lly dozens of local droughts. Cyc les of dro ught create poverty traps for many ho useho lds, 

constantly thwarting effo rts to bui ld up assets and increase income. Wor ld Bank survey data 

show that between 1999 and 2004 more than half ofa ll house holds in the country experienced at 

least one major drought shock. These shocks are a major cause of transient poverty: had 

househo lds been ab le to smooth consumption, then povelty in 2004 wo uld have been at least 14% 

lower- a figure that translates into II mill ion fewer peo ple below the poverty line (World Bank, 

2008). 

On top o f that, the average annual minimum temperature over the co untry has bee n in creas ing by 

about 0.2SoC every ten years while average annua l maxi mum temperature has been increasing by 

O. loC every decade. There is a lso a decreasing precipitation over the country (NMSA, 200 I). The 

past trends of increas ing temperature, decreas ing precipitation and increasing frequency of 

droughts are predicted to sustain in the future in the tropics of whic h Ethiopia is one (IPCC, 200 I 

in Deressa et aI., 2008a). Therefore, the country's agr iculture is exposed to adverse c limate 

conditions and thus vu lnerable to c limate change . 

1.2 Statement of the Problem 

Agriculture being the mainstay of the Eth iopian economy is dominated by small sca le, mixed 

crop and livestock farmers. It accounts fo r about 40 percent ofGDP and for the vast majority of 

employment in the country. Moreover, Ethiopia is highly dependent on the agricultural secto r for 

income so urce, foreign cu rrency and food security. Crop production in the co untry is est imated to 
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contribute on average abo ut 60 percent of the tota l agricul tura l value, while livestock acco unts fo r 

about 27 percent and forest ry and other su bsectors acco unt fo r on ly 13 percent (Deressa el 01. , 

2008c) . However, the agricultural sector, part icu larly crop product ion, is do minated by sma ll­

sca le fa rmers w ho employ largely traditiona l and rainfed practi ces- a state whic h renders Ethiopia 

vulnerable to climate variabili ty and c limate change. The major prob lem in both crop and 

livestock product ion is recurrent droughts, hailstorms, floods and pest incidence (Befekadu and 

Berhanu 2000). Espec ia lly, recurrent dro ught is hi ghly preva lent in the co untry which made many 

peop le thro ughout the co untry dependent on food a id. Thu s, future effo rts sho uld emphas ize 

increas ing understanding of the co mplex interde pendence between the c limat ic conditions and 

Ethiopian agriculture, in addition to address in g the other soc ioeconomic and techno logical 

proble ms. 

Estimati ng vulnerabi lity to c limate cha nge and tracking its correlates is important because a 

capable social po licy shou ld go beyo nd poverty a lleviat ion in the present, and examine poverty 

prevention in the future. A poverty reduct ion strategy that ignores the trans ient nature of poverty 

m isses househo lds that have a hig h probabil ity of being poor and may instead devote scarce 

reso urces to ho useho ld s that are only trans iently poo r and co uld have found a way out o f poverty 

w itho ut government ass istance (S hewmake, 2008). Therefore, investigat ing the extent o f 

vulnerability to poverty and understanding its co rre lates is impoltant to formulate thri ving soc ia l 

policy. 

Vulnerab ility to c limate change is de fined as "expected poverty;" that is, the pro bability of fa lling 

be low poverty line due to c limate change. Here, the interest is to estimate househo ld leve l 

vulnerability to both gradua l climate change (c hange in temperature and prec ipitation liDln long 

run average) and fi-equency of c limatic extremes such as drought and fl ood. But there is both 
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short-run and long-run adaptat ion to cli mate change and shocks which reduce vulnerability or 

change the way households are a ffected by the change. 

Estimation o f vulnerab ility at the househo ld leve l shou ld idea lly be attempted w ith pane l data of 

suffi c ient length and rich ness (Chaud huri et aI., 2002). However, such data are rare, particularl y 

in poor, deve loping eco no mies like Ethiop ia. Instead, the best one can usuall y hope fo r are cross­

sectiona l househo ld surveys w ith detai led data on househo ld characterist ics, consumptio n 

expenditures and income. Cross sect ional data is useful to measure only variat ion in welfare at a 

point in time, but they are nonetheless an important ana lytica l too l used to identify risks and 

vu lnerable groups, assess the outco me and im pact of shocks, and ident ify ho useho lds that face a 

high r isk of fa lling into poverty due to c li mate change. This is espec ia ll y t rue if variat ion 111 

we lfare across househo lds is mainl y att ri buted to observable househo ld characterist ics . 

The main research quest ion that this study is go ing to address is " what is the extellt of household 

vulllerability 10 adverse climate challge IlIId whitt determilles il at a point ill lime?" Of course; 

the level o f vu lnerabi lity o f different soc ial groups to c limate change is determined by both 

soc ioeco nom ic and enviro nmenta l factors. T he soc ioeconomic factors most c ited in the literature 

inc lude the level of tech no log ica l deve lopment, infi'astructure, in st itutio ns, and po lit ica l setups 

(Kelly and Adger 2000; Deressa et a I. , 2008b). T he environmental att ri butes ma inly include 

c limatic co ndit io ns, quality of so il , and ava ilabi li ty of water for irrigation (Deressa et a i, 2008 b; 

O'Brien et a I. , 2004). The var iations of these socioeconomic and environmental factors across 

different socia l groups are responsible fo r the differences in their levels of vu lnerabi lity to 

c li mate change. On the other hand, farme rs' adaptat ion to climate change reduces the ir degree of 

vu lnerab il ity or change the way they are affected if their adaptation mechanisms are effective. 

But we have to note that househo ld adaptat ion dec is io ns depend o n its adaptive capacity and 
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percept ion about climate change. Adapt ive capacity and perception on climate change are, in 

turn, shaped by soc ioeconomic and environmental factors. 

There are several studies conducted to in vest igate the vulnerab ili ty of Eth iopian farmers to 

poverty and cl imate change (Dercon, et ai. , 2005 ; Skoufias and Quisumbing, 2003; Dercon and 

Krishnan, 2000, Di Falco el al., 2008 and Deressa et ai. , 2008a) and suggested policy options to 

reduce vulnerab ility. Many o f these studies analyzed vulnerabil ity of fanners to climat ic extremes 

and non-c limatic shocks. Of particular importance is a study by Deressa el ai., (2008a) which 

adopted an ex ante vulnerab il ity assessment approach to assess the vulnerability of Ethiop ian 

farmers to climate extremes. They ana lysed sensitivity of households to poverty lines due to 

c limatic extremes and concluded that farmers in the kolla areas of the country are highl y 

vulnerab le to poverty. However, the study fa il s to address wh ich types of househo lds are 

vulnerable and why they are vu lnerable in addit ion to overlooking the impact of gradual climate 

change. In another study Deressa el ai. , (2008b) assessed the vulnerability of Ethiopian farmers to 

c limate change using integrated vu lnerab ility assessment approach that rely on construct ing 

vulnerability indicators for seven agriculture-based regional states. Different socioeconom ic and 

biophys ica l indicators are given arb itrary weights to construct the vulnerab ility indices. But th is 

study will estimate vul nerab il ity of farmers to climate change at househo ld leve l and examine 

factors that are responsible for their vu lnerab ility, including change in climat ic elements such as 

average temperature and prec ipitat ion. Moreover, it takes adaptation by fa rmers as an explanatory 

variab le. 
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1.3 Objectives of the Study 

T he genera l object ive of this stud y is to assess househo ld vulnerab ility to climate change and 

outline factors that acco unt fo r the ir vu lnerab ili ty. 

The specific objectives are:-

I. To ana lyse the extent of househo ld vulnerabi lity to c limate change and extremes; 

2. To identify and explain factors behind household vu lnerab ility to climate change; 

3. To investigate adaptation strateg ies of households and their ro le in reduc ing vulnerability 

to cl imate change. 

1.4 Scope and Significance of the Study 

This study focuses on the impl ication of c li mate change fo r household susceptibility to poverty 

tlu-ough its impact on household income/co nsumption. It relies on househo lds in Adama and 

Lume Woreda dist ricts of East Shewa Zone that are depende nt on agriculture as the ir main source 

of liveli hood. It invest igated the impact of climat ic extremes and change on househo ld 

vulnerabi lity to fall be low poverty line and the role ofadaptat ion in red uc in g vulnerabil ity. Given 

the importance of the agr icu ltura l sector in the Ethiop ian economy, the find ings of the study wi ll 

provide an impOltant link on how to des ign policy and integrate househo lds in reduc ing 

vulnerab ility to poverty due to c li mate change. In add it ion, such stud y provides a good basis for 

further research on the impact of c limate change and extremes on tota l GDP and the genera l price 

leve l in the co untry, as we ll as in other co untries that are re liant on agricultu re. 
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1.5 Organization of the Thesis 

The rest of th is thes is is o rgan ized as fo llows. Chapter two treats both theoretical and empirica l 

literature rev iews . The thu·d chapter discusses conceptual framework and method ology of the 

study. Chapter fOllr presents results and find ing of the study whereas chapter five co ncludes and 

forward policy impli cat ions. 
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CHAPTER TWO 

REVIEW OF LITERATURE 

2.1 Climate change and Agriculture 

Agricu lture is one of the most vulnerab le sectors to climate change because of its seasonality, the 

narrow range of weather conditions over which crop and livestock product ion can occur, the 

presence of significant non climatic stressors that influence sensit ivity to changes in climatic 

conditions. Ri sing temperatures, increased frequency and severity of extreme climatic events, and 

changes in the di stribution, quantity, and timing of rainfall- projected over the co urse of this 

century-- <:ou ld have strong negative impacts on crop and li vestock production (Padgham, 2009). 

These impacts will further co mpound the already substantial challenges faci ng agriculture, 

including increas ing population pressure on the resource base, land degradation, loss of 

agricu ltural biodiversity, and damage fro m pests and diseases. Although there wi ll be ga ins in 

some crops in some reg ions of the world, the over- all impacts of climate change on agricu lture 

are expected to be negat ive, threatening global food security (IFPRJ, 2009). 

The impact of climate change on agriculture can be summarized as direct and indirect impacts. 

The direct impacIs are the biological effects on crop yield that stems from rising temperature, 

change in the magn itude, intensity and spatial variat ion of rainfall and occurrence of extreme 

climatic events. The indirecI impacts are impacts fi'o m climate change, such as increased rates of 

runoff and so il eros ion and increased crop losses fi'om insects, diseases, and weeds that could 

magn ify production losses (l FPRJ, 2009 and Wor ld Bank, 2009). In fact, increased flood and 

landslide risks fi'om heavy storms and observat ions that higher temperat ures are causing 

expansion of the over-winter range of some crop pathogens prov ide early evidence that climate 
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change is a lready intensifyi ng these indirect effects (Padgham, 2009). Mo reover, climate change 

wi ll ha ve a d irect impact on water ava ilability for irrigated crops. With c limate change the water 

available for prec ipitation, ca lled Interna l Renewa l Water (tRW), will be reduced . In add itio n to 

precip itat ion changes, c limate change-indu ced higher temperatures increase the water 

requirements o f crops. 

Temperature rise induced by c limate change affects crop yield in severa l ways. For instance, 

max imum dayt ime temperature acce lerates crop maturity, resulting in reduced gra in fi lling, while 

higher minimum nighttime temperatures increase respiration losses. In addit ion to mean 

temperature rise, episodic heat waves also have a strong negat ive impact on yie ld s, particularly 

when they occur during sens it ive pheno log ic stages, such as during reproductive growth caus ing 

increased sterility or during seedling emergence, which affects crop stand establishment 

(Padgham, 2009). 

Hig her temperature can a lso affect agriculture through impacts on agricu ltural water supplies. 

Even in the abse nce of reduced mean prec ipitation, increased water stress cou ld occur where 

higher temperatures in warm reg ions increase mo isture losses fi'om evapotranspiratio n. Warming 

of the atmosphere, changes in rainfall abundance, and frequency and severity of extreme events 

will exert s ignificant pressures on agricultu ra l water use, with several reg ions currently 

experiencing water defic its like ly to face further shortages. In dry land areas, marg inal cropland 

could convert to rangeland , and some crop- and range lands co uld no longer be suitab le for food 

production (Padgham, 2009). 

C limate change impacts on agriculture wi ll , however, vary by reg io n. Climate change impacts on 

subtropica l and tropical reg io ns wi ll be predominate ly negati ve, espec ia ll y where agriculture is 
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currently marg inal w ith respect to hig h-temperature and mo isture-defi cit conditio ns. The most 

vulnerab le agricultura l syste ms occur in arid, se mi -arid , and dry sub humid reg ions in the 

deve lop ing wo rld, home to ha lf of the world 's malnourished populat ions, where high ra in fall 

variability and recurrent droughts and floods regularly disrupt food production and where poverty 

is pervas ive. For examp le, acco rding to IFPRI' s projection, in developing countries predicted 

c limate for 2050 will reduce production o f rice, wheat, ma ize, millet and sorghum by 11.9 , 29.2, 

10, 8.5 and 2.5 perce nt respect ively und er the CS IRO sce nario . Und er the NCA R sce nario these 

fi gures are 13.6% for rice, 33.5% fo r wheat, 2.3% for maize, 7% for millet and 1.5% for 

so rghum. But for de ve loped co untries, yie lds are affected less than those in deve loping co untries. 

For a few crops, c limate change act ua lly in creases deve loped co untry yie lds (IFPRl , 2009). 

World Bank a lso projects large negative yie ld impacts as hi gh as 50% in areas that are highl y 

dependent on agricu lture. 

Deve loping co untries are more exposed and less resi li ent to climate hazards. Warming of 2°C 

co uld result in a 4 to 5 percent permanent reduct ion in annua l inco me per cap ita in Afr ica and 

South Asia, as opposed to mini mal losses in high-inco me co untries and a g lo bal average GDP 

loss of about I percent (World Bank, 2009). These losses would be dr iven by impacts in 

agriculture, a sector important to the eco nomies of both Afi'ica and South As ia. Developing 

co untries are expected to be more adversely affected due to the ir geographica l location , the 

greater share of agr icu ltu re in their eco no mies, re li ance on ecosystem serv ices and natural capital 

for production in c limate-se ns it ive secto rs, much o f the ir population li ves in phys ically exposed 

locations a nd eco no mica lly precarious conditions and their limited ability to adapt to c limate 

change (Fanzha i et aI. , 2009, World Bank, 2009). Accordi ng to the recent globa l co mprehensive 

estimate for over 100 co untries by Cli ne (2007), g loba l agr icultu ra l productivity w ill be reduced 
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by 15.9 percent by the 2080s, with deve loping co unt ries experienc ing a d isproportionate ly large 

decline o f 19.7 percent, should measures to abate globa l warmin g fa il to be carried o ut. 

2.2Measuring Vulnerability to Climate Change 

There are various approaches to measure vu lnerability depending o n the purpose, field and 

thresho ld used fo r assessment of vulnerability. For examp le, acco rding to IPCC Vulnerability to 

c limate change is the degree to which geo phys ica l, bio log ica l and soc io-economic systems are 

susceptible to and unable to cope with ad verse impacts o f climate change (IPCC, 200 I) . Based on 

TPCC's de fi nitio n vu lnerabi lity is measured as the probability o f fa lling be low so me spec ified 

thresho ld, usuall y poverty line. The most common methods emp loyed in vulnerability assessment 

are the Econometric Method and the Indicator Method, which are d iscussed as fo llows. 

2.2.1 Econometric Method 

The econometric method has its roots in the poverty and development lit erature. This method 

uses househo ld- leve l socioeconomic survey data to ana lyze the leve l o f vuln erabi lity of different 

soc ia l groups (Deressa et a I. , 2008a). The method is divided into three catego ries: (a) 

Vulnerability as Expected Poverty (VEP), (b) Vulnerability as Low Expected Utility (VEU) and 

(c) Vu lnerability as Un insured Exposure to Risk (V ER) (Hoddinott and Quisumbin g, 2003) . All 

three share commo n characterist ics in that they construct a measure 0 f we lfare loss attributed to 

shocks. 

2.2.1.1 Vulnerability as Expected Poverty (VEP) 

In the expected poverty fi'amewo rk, vulnerability o fa perso n is co nce ived as the prospect of that 

person beco ming poo r in the future if current ly not poor or the prospect o f that perso n co ntinuing 

to be poo r if currently poor (Deressa et aI. , 2008a) . Thus, vulnerability is seen as expected 
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poverty, and consumpt ion (income) is used as a proxy for we Jl -being. Thi s method is based on 

estimat ing the probab ility that a given shock, or set of shocks, moves consumption by households 

below a given minimum leve l (e.g. , consumption poverty line) or fo rces the consumpt ion level to 

stay below the given minimum req uirement if it is already below that leve l (Chaudhu ri el al. , 

2002)' . 

The mer it of this vulnerabili ty measure is that it can be est imated with a single cross sectio n data. 

However, the measure correct ly refl ects a household's vulnerability only if the distribution of 

consum pt ion across househo lds, given the household characteristi cs at one time, represents the 

time-series variation of consumption of the ho usehold (Gaihai and Imai, 2008). Hence this 

measure requires a large sample in which some households experience a good period and others 

suffer fi'o m negat ive shocks. Also, the measure is unlikely to refl ect unexpected large negati ve 

shocks if we use the cross sect ion data fo r a norma l year. Moreover, if estimations are made us ing 

a single cross sect ion, one must make a strong assumption that cross-sectiona l variab ility captures 

tempora l var iabil ity (Hoddinott and Quisumb ing, 2003). 

2.2.1.2 Vulnerability as a Low Expected Utility (VEU) 

Ligon and Schechter (2003) defi ned vulnerabi li ty as the difference between the ut il ity derived 

Ii'om some level of certainty-equiva lent consumption,ZeE' at and above which the househo ld is 

not considered vulnerable and the expected uti lity of consumption. This certainty-equ ivalent 

consumption is analogous to a poverty li ne. Consum ption of a household, Ci , has a distribution in 

diffe rent states of the world , so this measure takes the fo rm : 

Vi~ Ui(ZCE) - EUi(Ci), Where Ui is a (weak ly) concave, strictly increas ing function. 

I This method is discussed in detai l in sections 3.2 and 3.4 below 
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However, measuring vulnerabi lity as low expected ut ility requires spec ification of a part icul ar 

ut il ity function which will affect the magnitudes ca lculated. Moreover, Hoddinott and 

Qu isumb ing (2003) added, while the magnitudes are affected by changes in fu nctional form, it 

appears that the relat ive magnitudes of the individual components are not so affected. A more 

problematic concern here is that the units o f measurement are units of uti lity (e.g., utils) ; for 

examp le a fi nding that Vh =0.25 means that the ut ility of househo ld h is 25 percent less than 

wou ld be the case if all inequa lity of consumption and risks in consumption were eliminated. Fo r 

many policymakers this expression of magnitude may be diffic ult to understand. Deressa et al. 

(2008a) added that in thi s method it is diffi cult to account for an ind ividual 's risk preference, 

given that ind ividua ls are ill in for med about their preferences, espec ially those related to 

uncertain events. 

2.2.1.3 Vulnerability as Uninsured Exposure to Risk (VER) 

The VER method is based on ex post facto assessment of the extent to wh ich a negative shock 

causes welfare loss (Hodd inott and Quisumbing 2003). In this method, the impact of shocks is 

assessed by using pane l data to quantify the change in induced consumption. In the abse nce of 

risk-management too ls, shocks impose a welfare loss that mater ializes through reduct ion in 

consumption. The amount of loss incurred due to shocks equals the amo unt pa id as insurance to 

keep a household as we ll off as before any shock occurs. The disadvantage of this method is that 

in the absence of panel data sets, estimates of impacts-especially from cross-sectional data-are 

often biased and thus inconclusive (Deressa et a I. , 2008a). Therefore, it is difficult to apply this 

approach with single round cross sect ion data. 
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2.2.2 Indicator Method 

The indicator method of quanti fyi ng vu lnerabil ity is based on se lecting so me indicators fro m the 

who le set of potent ia l indicators and then systematica lly co mbining the se lected indicators to 

indicate the leve ls of vu lnerabi lity. These levels of vulnerabi lity may be analyzed at loca l, 

nat iona l, reg ional, and g loba l sca les (Deressa et a I. , 2008 b). 

Two options are ava ilable for ca lculating the leve l of vulnerabi lity us ing this method at any scale. 

The first is assumin g that all indicators of vu lnerab ili ty have equa l importance and th us giv ing 

them equa l we ights (Deressa et a I. , 2008 b) . The second method is ass igni ng differe nt we ights to 

avo id the uncerta inty of eq ua l weight ing g ive n the d iversity of indicators used . In line w ith the 

seco nd method, many methodological approaches have bee n suggested to make up for the weight 

differences of ind icators. Even though there are attempts in g iv ing we ights, the ir appropriateness 

is still dubiou s; because there is no standard we ighting method aga inst wh ich each method is 

tested for prec is ion. Luers et al. . (2003) exp la ined the weakn ess of the indicator approach as 

follows: 

While the indicator approach is valuable for monitoring trends and exploring conceptual 

frameworks. indices are limited in their application by considerable subjectivity in the 

selection of variables and their relative weights, by the availability of data at various 

scales, and by the difficulty of testing or validating the different metrics. Perhaps 1/10st 

importantly. the indicator approach often leads to a lack of correspondence between the 

conceptual definition of vulnerability and the metrics. 

On the other hand, the eco nometric approaches are co nsistent w ith the de finiti on of vulnerab ility 

and estimate vulnerab ility from house hold leve l data without such strong assumption. 
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Speci fi ca ll y, YEP approach produces a number analogous to a measure of the incidence or 

severity of poverty, since it gives an ex ante probability of becoming poor. Moreover, the 

approach can be implemented using a single round of cross section data which is not poss ible in 

other econometric methods, Therefore, th is particular study used YEP fi'amework among the 

econometric approaches di scussed above, 

2.3Empirical Literature 

Studies on impact of c limate change on agriculture at househo ld level are very scanty, Most of 

them focused on the effect of climatic extremes on fa rmers and the determinants of farmers' 

adaptation techniques , For instance Yesuf et al. (2008) conducted an empirical anal ys is of the 

impact of climate change and adaptation on food production in the Nile Bas in of Ethiopia, They 

have used cross section data Ii'om 1000 fa rms produc ing cerea l crops in the bas in and monthly 

rain fa ll and temperature data that were interpolated to get household spec ific va lues, They 

estimated production fu nction into which adaptatio n entered as a binary varia ble. Finally, they 

concluded that climate change and climate change adaptation has significant impact on farm 

productivity, Extension services, both formal and fa rmer to farmer, as well as access to credit and 

in formation on future climate change affect adaptat ion dec ision pos it ively and significantly. They 

also found that farm households with larger access to social capital are more likely to adopt yield 

related adaptation strateg ies , From this stud y we can get in formation on the important role of 

adaptation to climate change in stabi lizing farm productivity, factors that dictate the use of 

adaptation options, But we get litt le info rmation on how climate change affects household 

we lfare in the coming periods and the ro le of adaptat ion in reducing household vu lnerability to 

future climate change, 
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Another study cond ucted in the same area by Deressa et a l. (2008c) has tried to identify the major 

methods used by farmers to adapt to climate change, the factors that affect their cho ice of 

methods and perception on c limate change and barriers to adaptat ion. They applied the genera l 

fi'amework of utility max imiz ing far mers to ana lyse the choice of different adaptat ion method s. 

By estimating a multino mial log it mode l they in dicated that the leve l of ed ucation, gender, age 

and wea lth of ho useho ld head; access to credit; info rmation on future c limate, soc ial cap ital, 

agroecological sett ings and temperature all in fluence fa rmers' cho ice. Recogniz in g the role of 

percept ion on c limate change, for adoption they showed that ages of househo ld head, wealth, 

informat ion on c limate change etc. have impac t on farme rs' percept ion on c limate change. 

However, this stud y does not te ll us who are exposed to cl imate change and the extent of impact 

of climate change. 

Deressa et a l. (2008b) assessed the vulnerabil ity of Ethiopian farmers to c limate change based on 

integrated vu ln erabi lity assessment approach using vulnerabil ity indicato rs constructed by 

principa l component ana lys is. The vulnerabil ity ind ictors co nsist of the d ifferent biophys ical and 

socioeconomic attributes of seven agricultural based reg io nal states. T hey fo und that the 

re lat ive ly least deve loped ar id and semi arid reg io ns of Afar and Somali are the most vulnerab le 

to climate change. Tigray and Orom ia regions are al so vulnerabl e to c limate change. Therefore, 

investing in the relative ly least deve loped reg io ns o f Afar and Somali, in irrigat ion, early warning 

systems a nd product ion of drought to lerant var ieties of crops and livestock can all reduce 

vulnerab ility of Ethiopian farmers to climate change . In construction of vulnerability indicator, 

the different socio economic and biophysical indicators of vulnerability of eac h region are 

c lassified accord ing to IPCC's defi nitio n of vul nerabi lit y, whic h co nsists of adaptive capac ity, 

sens itivity and exposure. But, arbitrary a nd subject ive we ights are attached to different ind icators, 
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which threat the reliability of the indices. Moreover, the sca le of analys is was region which 

makes the indices too crude to launch po lic ies that are useful to reduce vul nerability at local or 

househo ld level. 

A study by Sharon Shewmake (2008) uses farmers ' responses to exogenous weather shocks in 

South Afi'ica's Limpopo River Bas in to gauge how farmers opt to respond to future climate 

change-induced shocks, in particular drought. Droughts are expected to increase in both 

frequency and intens ity as a result of climate change. This stud y examined the costs of drought 

today and who it affects the most, in an effo rt to guide pol icy opt ions in the futu re. The study 

used a combination of descriptive stat istics and econometr ic analys is to approximate the potential 

impact of droughts on rural South Afi'ican households. The stud y also est imated ho usehold 

vulnerability to climate change. After controlling for household heterogeneity using propensity 

score matching, he noted that there is no statistically sign ificant impact of droughts on income, 

thus suggesting households have already adapted to living in a drought-prone environment. The 

types of households that were more vu lnerable to climate shocks are analyzed using two 

measures of vulnerabil ity: the probability of fa lling below income of 7,800 South AIi'ican Rand 

(R), and the probability of income fa lling below 16,000 R. Residents of the Limpopo province 

were the least vulnerable under both metrics. Setswana and SeSwati households were more 

vulnerab le than other ethnic gro ups. Households that do not own livestock and househo lds that 

rely on rain fed agriculture were al so more vulnerable than other households. [n this stud y climate 

change is proxied by occurrence of drought, which hardly captures al l components of cl imate 

change. Change in temperature, rainfall, wi nd and relative humidity are all components of 

c limate change, therefore, ignoring them will lead to biased conclusions about impact of climate 

change on agricu ltural households. 
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A study by Deressa (2007) applied the Ricardian approach that captures far mer adaptations to 

varying environmental factors to analyse the impact of climate change on Ethiopian agricultu re. 

He used a cross sectiona l survey of 1000 farmers from 50 di stricts in II of 18 Ethiopian agro 

eco logica l Zones. Net farm revenue was regressed on climate, household and so il variab les. 

Climate change was captured by change in temperature and prec ipitation. Marg inal impact 

analysis showed that increasing temperature wo uld reduce net revenue by $177.62 and $464.71 

during summer and winter respectively, whereas increas ing precip itation during spring wo uld 

increase net revenue by $225.09. The study also examined the impact of uniform climate 

scenarios o f increas ing temperature by 2.5 0C and 5°C; and decreasing prec ipitation by 7% and 

14%. The result indicated that increas ing temperature and decreasing precipitation are both 

damaging to Eth iop ian agriculture, where decreas ing precipitation appeared to be more damaging 

than increas ing temperatu re. This stud y is cruc ial in that it clearly indicated the impact of cl imatic 

var iables on farm revenue that takes in to account difference in agro-ecology and seasonal 

variation; adaptation and net revenue impact of predicted climate scenar ios. However, the study 

did not incorporate the carbon fertilization effect and the role of change in futu re price and 

techno logy. Moreover, in thi s stud y the cost of cl imate change was imputed from farm net 

revenue used as a proxy for capitalized land va lue, since land market is miss ing in Ethiop ia. In 

interpret ing the result care must be taken as the Ricardian Approach is based on bo ld assumptions 

common with neoclassical economists such as constant returns to scale, perfect compet ition, etc. 

Antle et al. (2003), deve loped economic measures of vulnerabi lity to climate change with and 

without adaptation in the agricultural production systems of the N0I1hern Pla ins Region of United 

States. They ha ve implemented these measu res us ing coupled, s ite specific ecosystem and 

economic simulat ion models. According to them this mode ling approach has two key features 
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needed to study the response of agricu ltu ral production systems to cl imate change: it represents 
adaptation as an endogenous, non marginal response to c limate change; and it provides the 
capabi lity to represent the spatia l variability in bio-phys ica l and econom ic co nditions that interact 
with adaptive responses. T he resu lt showed that the most adverse impact of cl imate change on net 
returns d istribution are fe lt in the reg ions with poorest reso urce endowments and when mitigating 
e ffects of CO2 fet1ilizatio n and adaptation are absent. They also found that re lat ive and absol ute 
measures of vulnerab ility depend on co mplex interactions between c limate change, CO, le ve l, 
ada ptation and economic cond itions such as relative output prices. Vulnerabi lity measured with 
respect to an absolute thresho ld is inverse ly re lated to reso urce endowments in a ll cases they 
investigated. 

A paper by Di Falco et a l. (2008) presents an empirica l analysis of the determinants of adaptat ion 
strateg ies to cl imate change and their implications on fa rm productivity and fa rmers' spatial risk 
exposure. The ana lysis was based on primary data on 740 limns produc ing tel! in the N ile Basin, 
Ethio pia. They used the Th in Plate Sp line method of spatial interpo lation to impute the ho useho ld 
spec ific rainfa ll and temperature values us in g latitude, longitude, and e levatio n information of 
each househo ld. The rainfall data was disaggregated at season leve l (mehel'e and belg). They 
conducted the econometric ana lys is in three steps. In the fir st step, a farm leve l yield function 
was est imated. Then, the error term from the first stage was used to measure risk exposure in 
terms of cro p variabi lity and crop fai lure. The ro le of adaptation was included in the model via a 
binary var iable that captures the adoption o f y ie ld-re lated adaptation strategies. A Heckman 
select ion procedure was used to cont ro l for the obse rvab le factors that affect adoption so as to 
iso late the productivity ga in. Spatial specific fixed effects were also in serted. 
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Finall y, they fo und that changes in rainfa ll patterns in both seasons increase the probability of 

adoption of yield-related adaptat ion strategies. And th is adoption, in turn, is positively co rrelated 

with product ivity. Extension serv ices (both external and farmer to farmer) and access to cred it 

affect adaptation posit ively and significantl y. Farm households with larger access to soc ial cap ital 

are more likely to adopt yield-related adaptat ion strateg ies. To them, this adoption seems also 

very important for risk management at the fa rm leve l. They fo und, indeed, that adopt ing 

adaptat ion strategies reduces crop variabi lity and the risk of crop fa ilure. But they did not show 

how climate change and adaptation affect household probability to fa ll in to povelty in the future. 

Chaudhuri et a l. (2002) noted the importance of cross sectional data in est imating househo ld 

vulnerabil ity to poverty and gave detai led methodo logical description and estimates fi·om 

Indonesia. They stressed that despite the obv ious lim itations of pu rely cross-sect ional data, a 

detailed analysis of these data can potentially be informat ive about the future. If most of the 

observed cross sect ional variation in consumption levels across households stems from 

unobserved (to us) differences across households, say because of unobserved househo ld-speci fi c 

determinants of consumption levels that are persistent over time, then, cl ear ly, we wo uld not be 

ab le to assess househo ld vu lnerability to poverty with any degree of confidence. If, on the other 

hand, much of the var iation can be attributed to the d ifferences in the observable characterist ics 

of households, then even a single cross-section can be quite helpful in answering quest ions about 

household vulnerabil ity. 

In their paper, starting with a defi nit ion of vulnerab ility at the household level as the probability 

that a household, regardless ofwhether it is poor today, will be consumption poor tomorrow, they 

provided a conceptual framework for thinking abo ut the different dimensions of vulnerabi lity to 

poverty, and then propose a simple method for empi rica lly estimating househo ld -level 
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vu lnerab ility using cross-sectional data. They also demonstrated the uses and lim itat ions of the 

proposed methods through a case study using househo ld- level data fi·om Indonesia. 

From the cross sectional study in Indonesia they forwarded three main conclusions. First, the 

fraction of the population that faces a non-negligible risk of poverty is cons iderably greater than 

the fi·act ion that is observed to be poor. While 22% of the Indonesian population was observed to 

be poor, they estimated that 45% of the popu lat ion was vulnerable to poverty. Second, the 

distribution of vulnerability across diffe rent segments of the population can differ markedly from 

the distribution of poverty. They argued that this hi ghl ights the need fo r a distinction between 

poverty prevention programs-i.e. , those aimed at reducing vulnerability-and poverty alleviation 

programs, and for differential target ing of the two. Third , they found striking d ifferences in the 

sources of vulnerability for different segments of the population. For rural households and for 

le ss-educated household s, the main source of vulnerab il ity appears to be low mean consumption 

prospects; for urban households and fo r more highl y educated households, on the other hand, 

vulnerability to poverty stems primar ily from consumption volat ility. 

There are various studies conducted using vulnerab ility as expected poverty method. For 

example, using cross-sectional survey data in Pakistan, Jamal (2008) showed that abo ut 52 

percent of the population was vulnerable to poverty during 2004-05. Tesliuc and Lindert (2002) 

used cross-sectional survey data of 2000 in Guatema la to show that three-quarters of the total 

poor have a vulnerabil ity index of 0.67, which means that two out of three of the then poor 

households wo uld still be poor in the coming period . Deressa et al. (2008a) app lied thi s approach 

to farmers in the Nile Basin of Ethiopia using cross sectional data of2004/5, and they concluded 

that vulnerab ili ty is sensit ive to poverty lines. 
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2.4 Summary of the Literature Review 

Ho use ho ld vulnerab ility assessme nts have been approached 111 various ways in the literature. 

Most studies so far focused on the assessment of household vulnerability to poverty, instead of 

househo ld vu lnerability to c limate change. Analys is o f househo ld suscept ibility to poverty line 

remained central figure in 1110st of them. As th e threshold used for vu lnerability assessment 

(usually poverty line) changes ho usehold vulnerabi lity also changes. Similarly, vulnerability to 

c limate change can be analyzed in si milar ways to assessment of household vulnerability to 

poverty s ince cl imate change is one of the corre lates of poverty. At a point in time there are 

factors that are responsible for a househo ld to be in a given state. Like any other variables c limate 

change is one o f these correlates of poverty; and identifying the coeffi c ie nt of c l imate change in 

vulnerability is important. 

With regard to the methodo logies that have been fo llowed in the literature, they mostly relied on 

spec ificat ion of one or mOre assumptions. In so me of them we have to assume the data generating 

process of consumption; while in others it is a must to assume certa in functiona l form for 

house ho ld utility. The re liab ility of these assumptio ns depends on the nature of the data and the 

environment in wh ich the unit o f anal ys is res id es. Therefore, the fina l est imates that will be 

obtained can be best approx imat io n of rea lity Or not depending on the strength of these 

assumpt ions. Se lection of particu lar estimation strategy should, there fore, be done wit h careful 

considerat ion of data and setting for which vulnerability is estimated. 

The data used for vu ln erability assessments are mostly cross sectional, mainly due to high cost 

related to panel data. The use of pane l data is use ful in identifying unobservab le househo ld 

characteristics that result in variation in consumption across househo ld s. With cross sectional 

data we ca n only observe variation in consumption at a po int in time. Th is property of cross 

22 



sectional data is useful for this study, because it is assumed that c limate change has significant 

e ffect on househo ld co nsumption; di fferences in climatic conditio n and extremes (o bservab le) 

across househo lds is go ing to g ive us information o n how househo lds are affected by c limatic 

e lements and extremes. I f the set o f variables that are inc luded as exp lanatory var ia bles fail to 

explain variation in co nsumpt ion, and then consumption o f the house ho ld is uncontro llable, 

indicating the presence o f ri sk. The estimate of vulnerabi lity can fu rther be made robust by 

in clud in g non c limat ic shocks as explanatory varia bles so that the error term can best reflect 

house ho lds' exposure to risks. 

Estimatio n of vulnerabil ity of house ho lds in YEP framework ma inly depends on the disturbance 

term of househo ld consumption function. Ho usehold co nsumption is a function of household 

character ist ics and the structure of the economy captured by ~. Other determinants o f 

co nsum ptio n of a househo ld are shocks (both covariate and id iosyncratic) that cause co nsum ption 

vo latility a nd thus the ir inc lusio n in to the consumption function enab le us to est imate 

vulnera bility. T he disturbance term is used as an indicator for the presence o f risk. Large error 

term in household consumption funct ion means there is cons iderable variat ion in househo ld 

co nsumption that could not be att ributed to certa in househo ld characteristics. As a result the 

househo ld faces risk that wi ll erode its we lfare in the future. 

The emp ir ical literature on c limate vu lnera bility is scanty and very recent. Although co nclus ions 

differ depending on the quest ions asked a nd methodo log ies used, so me o f the major findings o f 

recent studies are summarized be low. 

• Both poo r and re latively a ffluent househo ld s are vulnerable to aggregate and idiosyncratic 

shocks such as weather shock and illness respect ive ly; 
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• The abi lity to cope with climate shocks is generall y limited due to limited asset 

endowments, consumption in surance or ri sk sharing and credit co nstraints; 

• Adaptat ion capacity is like ly to diffe r amo ng househo ld s because o f differences in assets, 

such as livestock, land etc. As a result , the poor (mostly asset poor) are more like ly to be 

im pacted by c limate change; 

• Policy interventions that are based on poverty profi le of households are less like ly to be 

effective, because they ignore the current non-poor but whi ch in the future beco me poor. 

So there is a case fo r more effective risk reducing, mitigat ing and co ping interventions 

a lo ngs id e income-augmenting po licies. 
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CHAPTER THREE 

CONCEPTUAL FRAMEWORK AND METHODOLOGY OF THE 

STUDY 

3.1 Conceptual Frameworl, 

The conceptual framework for this study depends on the I PPC's (200 I) definition of vulnerability 

to climate change. The IPCC defines vulnerability to climate change as follows : "The degree to 

which a ;ystem is susceptible, or unable 10 cope with adverse effects of climate change, including 

climate variability and extremes, and vulnerability is afimction of the character, magnitude and 

rate of climate variation to which a system is exposed, its sensitivity, and its adaptive capacity". 

See figure I be low. 
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Figu re I Conceptual Framework of Vulnerabi li ty Assessment 
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As Figure I, (adapted fi'om Deressa et aI., 2008b) shows fa rmers are exposed to both grad ual 

climate change (mainly changes in temperature and precipitat ion) and extreme c limate conditions 

(main ly drought and flood). Exposure affects sensitivity, which means that exposure to higher 

frequencies and intensities of climat ic risk highly affects outcome (e.g ., yield , income, hea lth). 

Exposure is also linked to adaptive capacity. For instance, higher adaptive capacity reduces the 

potential damage from higher exposure. Sensiti vity and adapt ive capac ity are also linked: Given a 

fi xed leve l of exposure, the adapt ive capac ity influences the level of sensitivity. Adaptive 

capac ity reduces soc ioeconomic vu lnerabi lity, vu lnerab ili ty that results from the soc ioeconomic 

and po litica l status of an individ ual or househo ld . Individ uals in a community often vary in terms 

of education, gender, wealth, health statu s, access to cred it, access to in fo rmation, technology, 

socia l, environmental and phys ical capital ; pol itical power, and so on. These variat ions are 

responsible fo r the variations in vulnerability leve ls. On the other hand, sensitiv ity ofa system to 

enviro nmental stresses increases its vu lnerab ili ty, biophysical vulnerabi lity, which is the level of 

damage that a given env ironmental stress (factor) causes on both social and bio logica l systems 

(example, impact of climat ic variables and soil characters on vulnerability). Therefo re, 

vu lnerability to climate change is affected by sensitivity of the system to the change and its 

adaptive capac ity that are, in turn, a function of other biophysica l, climatic and household 

character ist ics. 

3.2 Analytical Framework 

Vu lnerab ility is defined within the fi'amewo rk of poverty eradication, as the ex-ante risk that a 

househo ld will, if currently non-poor, fa ll below the poverty line, or if currently poor, will remain 

poor. Certainly thi s is not the on ly definit ion poss ible. In fact , in much o f the recent wo rk on the 

vulnerability of different segments within a population (see for instance, Chaudhuri, 2002), 
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vul nerab ility is defined in terms of exposure to adverse shocks to welfare (such as cli mate 

change), rather than in terms of exposu re to poverty. Therefore, in this study we will see how 

c limatic shocks and change, so il , env ironmental and household characteristics affect the 

probability ofa househo ld to become poor, or remain poor ifit is a lready poor. 

Following Chaudhuri (2002) the vu lnerabi li ty level of a household h at time t is defined as the 

probability that the household w ill find it se lf consumption poor at time t+ I: 

Vht = p)- CCht+1:O; Z) ......................................................................... (3. 1) 

Where C".I+l is the household 's per-capita consumption leve l at time t+ 1 and Z is the appropriate 

consumption poverty I ine. Note that the leve l of vulnerabi lity at time t is defined in terms of the 

house hold 's consumption prospects at time HI. 

Equation (3.1) is important because it reflects an important distinction between the notion of 

vulnerability and the concept of poverty. Vulnerability is a forward looking or ex-ante measure of 

a household 's we ll-be ing, whereas poverty is an ex-post measure of a househo ld 's wel l-be ing (or 

lack thereof). Th is implies that wh ile the poverty stat us ofa househo ld is concurrently observable 

i. e. with the right data we can make statements about whether or not a househo ld is currently 

poo r. But for the level of vulnerability this is not the case. We can estimate or make inferences 

about whether a househo ld is currently vulnerab le to future poverty, but we can never directly 

observe a househo ld 's current vulnerability leve l (Chaudhuri et aI. , 2003). 

An assessment of vulnerab ility is, therefore, innately a more difficult task than assessing who is 

poor and who is not. To assess a household's vulnerab ility to poverty we need to make inferences 

about its fu ture consumption prospects. And in order to do that, we need a fi·amework for 
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thinking exp licitly about both the inter- temporal aspects and cross-sect ional determinants of 

consumption patterns at the househo ld leve l. 

L iterature suggests that a househo ld 's consumptio n in any period w il l, in ge neral, depend on a 

number of factors. Among them its wea lth, its current income, its expectations of future income 

( i.e., lifetime prospects), and the uncertainty it faces regarding its future inco me and its abi lity to 

smooth consumption in the face of various income shocks. Each of these wi ll in turn depend on a 

variety of househo ld character ist ics, those that are observable and poss ib ly so me that are not, as 

we ll as a number of features of the aggregate env ironment (macroeconomic and soc io-po lit ica l) 

in wh ich the household finds itself. Chaudhuri et al. (2002), at a general conceptual leve l, 

suggested the fo llow ing reduced form express ion fo r consumption: 

H " .... .... . (3.2) 

Where Xh represents a bundle of observable househo Id characteristics, ~, is a vector of parameters 

describin g the state of the eco nomy at t ime t, and a" and e", represent, respective ly, an 

unobserved time- invariant househo ld- leve l effect, and any idiosyncrat ic factors (shocks) that 

co ntribute to differential we lfare o utcomes for house ho lds that are otherw ise observationally 

equ iva lent. Substituting fi'om (3.2) into (3. 1) we can rewrite the express io n fo r the vu lnerability 

leve l of a househo ld as: 

. ...... (3 .3) 

The express ion above makes c lear that a household 's vuln erab ility leve l derives from the 

stochast ic properties of the inter-temporal co nsumption stream it faces, and these in tu rn depend 

on a number of house ho ld characterist ics and characteristics of the env ironment in which it 
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operates. Accordi ng to Chaudhuri et a l. (2002), at a conceptua l level, the expressio n is very 

genera l in a number o f respects. 

First, it a llows for the poss ibi I ity of co mpl icated interactions between the multiple cross-sectional 

determinants of a household 's vu lnerab ility leve l. For instance, Xh co uld inc lude variables such 

as the educat ional attainment o f the head o f the ho useho ld, presence of a government povelty 

scheme in the co mmunity in which the househo ld res ides, as we ll as interactions between the two 

to capture potent ial inequities in the leve l o f access to public programs. Second, because a 

househo ld 's vulnerability is de fined in terms of its fi.lture consumption prospects conditional on 

its current characteristics, both o bserved and unobserved, the poss ibility of poverty traps and 

other non-linear poverty dynamics is implicit ly bui lt in. F in a ll y, the poss ibl e contribut ion of 

aggregate shocks and unantic ipated structura l changes in the macro-economy to vulnerab ility at 

the household leve l is a lso incorporated through inc lu s ion o f the t ime-varying set of parameters, 

p, . 

In practice, data constra ints will usua ll y not permit est imation of vulne rability at the leve l of 

genera lity embodied in expression (3.3). Neverthe less, the formulat ion is use fu l in prov iding a 

bas is fo r think ing through the poss ible imp licat ions o f the various restrictions that wi ll need to be 

imposed in any attempt to estimate vulnerab ility w ith the SO ltS of data that are usua lly ava ilab le. 

As discussed by the IPCC (200 I), systems with relatively poor endowments of capita l (human, 

socia l, phys ica l, natural) may be less ab le to adapt to c limate change, and thus mo re vul nerable, 

than systems w ith relatively better endowme nts. This analytica l fi·amework can be used to 

in vestigate the fo llowing four spec ific hypotheses : 
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Hypothesis 1: Adverse changes in consumption distributions are related to resource 

endowmellts ami adaptatioll. Us ing the stat istica l distribut ion of the consumption function it is 

poss ible to characterize the economic status of a household in an area. Farm income 

(consum ption) of the resource poor producers should be lower than resource rich far mers. It 

wo uld a lso be expected that these effects will be mag nified when farmers do not adapt to climate 

change, because other things remaining constant, if there is adverse cli mate change, a household 

would suffer a substantial loss without adaptation. 

Hypoth esis 2: Vulnerability is inversely related to adaptation to climate challge. The 

re lat ionship between vulnerab ility and adaptat ion is a direct consequence of the de finition of 

vulnerabi lity presented above. A loss from an adverse climate change witho ut adaptat ion will be 

greater than or equal to a loss with adaptation if the adaptation method/s is effecti ve. Measuring 

vulnerability as expected poverty, adaptation wi ll reduce a system's probab il ity of fa lling below 

poverty li ne. But adaptat ion depends on resource endowments which affect the level of 

vu lnerab ility as in hypothesis I. 

Hypothesis 3: Adverse climate challge (increase ill temperature and decrease in precipitation) 

are directly related to vulnerability. Specifica lly this means higher temperature increases the 

vulnerabil ity o f farmers and lower leve l of precipitat ion decreases vu Inerability of farmers. This 

is based on the assumptions that increase in temperature and fa ll in prec ipitat ion adverse ly affect 

crop growth, which directly affect household we lfa re. 

Hypothesis 4: Occurrence of climatic extremes such as drought and flood are directly related 

to household vulnerability. Too litt le prec ipitat ion and excess ive rainfall are both damaging for 

agricultu ral production and therefore, they increase househo ld vulnerab ili ty. 
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3.3 Empirical Model and Sources of Data 

3.3.1 Empirical Model 

Among the above d iscussed approaches to measure vulnerability, the probability of a household 

to fa ll below a given consumpt ion leve l due to climate change will be measured by adopting 

vulnerab ility as expected poverty approach (VEP). This wi ll help us to know the propOltion of 

farmers that are vulnerable to climate change and hence attr ibute vulnerabili ty to different factors 

inc luding adaptation decis ion to set up policy options to red uce vulnerab ility. 

Following Chaudhuri et al. (2002) the stochastic process generat ing the consumption of a 

househo ld h is given by: 

InC" = X"p + e" (3.4) 

Where Ch is per capita consumption expenditu re, X" represents a vector of observable househo ld 

characteristics such as household size, locat ion, educational atta inment of the household head, 

land size, non fa rm income etc. , climatic factors and shocks such us temperature, precipitat ion, 

drought, flood and adaptation strateg ies, J3 is a vector of pa rameters to be est imated and e" is a 

mean zero di sturbance term. 

The probability that a household will find itse lf poor depends not only on its expected (mean) 

consumption but also on the vo lati lity (i.e. variance, fi'om an inter-tempora l perspective) of its 

consumption stream (Jamal, 2009). Therefore, household expected consumption and the var iance 

of its consumption are required to quanti fy the level of households ' vulnerabi lity to cl imate 

change. Cross section consumption variance is est imated from the error term as fo llows. 

Assume that the variance of e" is given by: 
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(3.5) 

~ and e are parameter estimates fi'om a three-step Feas ible Ge nera lized Least Squares (FGLS) 

procedu re suggested by Amemiya (1977). First, eq uation (3.4) is estimated using an Ordinary 

Least Sq uare (OLS) procedure. The residuals ell fi'om eq uation (3.4) are then regressed on Xh 

us ing OLS as fo llows: 

(3.6) 

The pred icted va lues x"e 11'om this auxi liary regress ion are then used to transform eq uation (3.6). 

2 

eOL,;!' =[ XI'...] (J + 111'... 
XI,!) XI,!} XhlJ 

(3.7) 

This transformed equation is estimated usi ng OLS to obtain an asymptot ica ll y effic ient FGLS 

estimate (8PGLS )' It can be shown that (8 PGLS ) is a consistent est imate of (J;.h which is the 

vari ance of the id iosyncratic compo nent of the househo ld consum ption. Eq uat ion (3.4) is also 

transformed w ith the standa rd error of(8PGLS )' 

Ii e.h=,f X h 8 FGLS (3.8) 

l~Ch = (Xh)/1 + _eh 
U e.h (j e .h a e.1i 

(3.9) 

OLS estimat ion of equat ion (3.9) yields a co nsistent and asymptot ica lly efficient est imate of fl. 

The estimated flFG LS and 8FGLS symbolize expected log co nsumptio n and variance of log 

consumption respectively. The expected log of consu mption and va riance of log consumption for 

each househo ld h are, respectively, estimated as: 
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(3. 10) 

~ ~2 ~ 

V[lnC,, / X,, ]=q ""=X,,fJ (3.1 1) 

By assuming that consumption is log normally dist ribu ted (i.e. InC" is norma lly distributed) , the 

above enable estimation of the probability that a house ho ld with the characteristics X h will be 

poor, i.e. househo ld 's vu ln erability leve l. Letting <1>(.) denote the cumulative density of the 

standard normal, the estimated probability w ill be given by: 

- - "'" (InZ-X /tp) V"=Pr(lnC,, < InZ/ X,,)=-v ~ 
XItB 

(3.12) 

Where InZ is the log o f the mi nimu m co nsumption (inco me leve l) beyo nd which a househo ld 

wo uld be vuln erable. 

The above analysis is based on the assumption exper ienc ing di fferent c limatic condit ions and 

shocks such us drought, floods and hailsto rm w ill increase the probab ility o f farmers fa lli ng 

below a g iven consumption or income leve l or force them to stay under, if they are al ready under 

the povel1y line. 

From (3. 12) we can get the level of vulnerability ofthe ho usehold to poverty, and hence we ca n 

class ify househo ld s accord ing to the ir level o f vulnerability. So, whi le vulnerab ility is a risk and 

comes in degrees (betwee n zero and one), be ing vulnerable is a state (e ither zero o r one). Us ing 

the argument forwarded by Pritchett et a l. ( 1999) thi s study will take the thresho ld probability 

leve l that defines a vul nerable househo ld to be 0.5. This has two attractive features. First, 50-50 

odds is a nice " fo cal" po int and it makes intuiti ve sense to say a househo ld is " vulnerable" if it 

faces more thanO.5 probability to be poo r. Second, if a ho useho ld is just at the poverty line and 
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faces a mean zero shock then this househo ld has a one period ahead vulnerab ility of 0. 5. Th is 

implies that, in the limit, as the time horizo n n goes to zero, then being " in current poverty" and 

being "currently vu lnerab le" coi ncide. 

Given that vulnerability of househo lds is a bounded variable between 0 and I , in order to use the 

OLS regress ion it needs to be transformed to a positive unbounded var iable (Bal int, 2003 , 

Mahlet, 2007). Following Ba lint (2004) one transformation is to calculate the va riable C, where 

U = Vh / (1 - Vh) 

T he problem with thi s transformation is re lated to the fact that U is not normally distributed, 

s ince most of the values are co ncentrated between 0.9 and I . In order to smooth this problem, 

instead the natural logar ithm of U is used. The final formu la for the dependant thus 

beco mes; 

[ 
Vh 1 

InU = In 1 - Vh 

Once dependent variab le is defined like thi s, the explanatory var iab les are in levels, except the 

estimated value of assets other than land which in log form. Therefore, the interpretation o f 

marg in al effect of independent variables is in percentage form since the mode l is semi log. 

In this study, internationa l po verty line of USD I is used. No rmally, national poverty line is 

important because it reflects local co nditions and serves as a bas is of development planning and 

po licy making. However, the recent nationa l poverty line of ETB 1075 per year per adult 

eq ui va lent that was estab li shed in 2004/05 by MoFED cannot reflect the current market price of 

goods and services. Moreover, the study intends to estimate the impact of c limate change on 

households ' vu lnerabi lity, thus use o f USD I as a threshold is not serious limitat ion. 
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Accordi ng ly, international poverty line ofUSDI is equi va lent to ETB 4330.56 per year per ad ult 

equi va lent using average exchange rate o f 2009 (survey year). 

3.3.2 Data Sources and Sampling Technique 

T he data used in thi s stud y is obtained fi'om househo ld survey of production period 2009 in rural 

Kebeles o f Adama and Lume Woredas in East Shewa zo ne. The sample Kebeles are purpose ly 

se lected to inc lude different attributes in the area. T hese attributes include average rainfa ll , 

ra infa ll variabil ity, food aid dependent population due to droughts and rainfall fluctuat ion, 

irrigat ion act ivity, ava ilab ility of meteo ro log ica l data etc. the survey covers 10 Kebeles from two 

Woredas. By co nsidering the socioeconomic and env ironmental conditio ns 8 Kebeles from 

Adama Woreda and 2 Kebeles from Lume Woreda were se lected for this study. The detail o f the 

Kebeles is prov id ed in table I. 

O nce the Kebeles are ident ified househo ld s are se lected based on the total ho useho lds in the 

Kebele. Samp le households are se lected using systematic sa mplin g method by picking every Nt" 

household start ing fro m a ra ndom start. Fo r this purpose list of househo ld s obtained from 

respective Kebele admi nist rat ion or nearest DA office was used as sampling frame. A structured 

quest ionnaire was used to co nduct the survey, and fi lled by trained enumerators and the 

researcher himse lf. The survey covers a tota l of 230 far ming househo lds out o f wh ich 222 are 

fi'ee of errors and omiss io ns, thus used in the anal ys is. (The survey questionnaire is found in 

append ix II ). Attempts are made to pick househo ld s propOltionally fi'o m their respective Kebeles, 

but in kebeles like Kobo Luto and l ogo Gudedo ho useho lds are not taken proportionally due to 

in access ibility 0 f househo Id s and time shortage to make replacement. 
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Table I Survey Woredas and Kebeles 

WOfeda Kebe/e Total household Household Nea rest meteorological station 
in the Kebe/e covered 

Name Distance (km) 

Adama Geldaya G. 508 50 Welenchiti 15 

Kil into 30 1 28 Ada ma 7 

Sole and sakakalo 141 16 Ada ma 5 

Kechema 481 17 Adama 7 

Kobo Luto 440 16 Koka 2 

Kuriftu 80 13 Ada ma 10 

Batu Dagaga 636 22 Sodere 4 

Wake 151 15 Sodere 4 

Lume Tadde 544 30 Modjo 5 

l ogo Gudedo 495 23 Modjo II 

Tota l 230 

The data set co llected includes househo ld characteristics, incidence of different climat ic and other 

shocks, asset and livestock ownership, access to irrigat ion water and credit, non far m income, 

consumption expenditure, farm output, perception about cl imate change, adaptat ion options and 

socia l and phys ica l cap ita l. Consumption expenditure survey covers both food and non food 

expenditu re. To reduce error, consumption items are class ifi ed as items more fi'equently 

purchased and less frequently pu rchased, so that respondents can easi Iy remember them. 

Secondary informat ion and data used in the analysis are mean monthly maxi mum and minimum 

temperature and mean month ly rainfa ll va lues and type of so ils. Data on rainfall and temperature 

was obta ined fi'om Adama meteorolog ica l branch office that has 139 meteorolog ica l stations 
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under it. Average month ly min imum and max imum temperat ure and rainfall data is ava ilable 

since 1978 fo r many of these stat ions and since 1988 for some of them. Mean month ly maxim um 

and minimum temperature and monthly rain fall data of 5 statio ns that co incides with the above 

sample Kebeles was obta ined. These are Adama, Sodere, Koka dam, Welenchit i and Modjo 

stations. 
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4.1 The Study Area 

CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

T hi s study has foc used on Adama and Lume Woredas that are among the 13 ad ministrative units 

in East Shewa Zone. Adama is fo und between 80N and 38°E. The Woreda covers a tota l area of 

960,020 hectares. T he topography of the Woreda is characterized by undulating pla ins, of which 

50% of the Woreda is pla in , 35% is mo unta inous and 15% is gorgeous. The lowest a ltitude is 

1450 meters above sea leve l and the highest is 2300 meters above sea level. In terms of 

agroeco log ica l c lass ificat ion the Woreda is largely mid highland (95%) with only 5% being a low 

la nd. Mea n annu a l Ra in fa ll in the Woreda is 850mm, the max imum ra infa ll is 1050 and the 

minimum is 650mm. Average mo nthl y temperature is 24°C and minimum and max imum annual 

temperature are 15°C and 33°C respect ive ly (ZoFED, 2009). 

On the other hand , 30% of Lume Wored" is highland , 45% is mid highland and 25% is low land . 

The a ltitude ranges between 1500 and 2300 meters above sea leve l. Mean annua l ra infa ll fa ll s 

between 500mm and 1200 mm. Mean annual minimum and max imu m temperature are 10°C and 

20°C respecti ve ly. The topograph y o f the Woreda is mostly pla in (60%) fo llowed by 

mo unta ino us (33%) and go rgeo us (7%). T he total area of Lume Woreda is 75,220 hectares. T hese 

two Woredas together have total area o f 171,240 hectares which acco unts for 16 percent o f the 

tota l area of East Shewa zone (WoFED, 2009). 
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4.2 Descriptive statistics 

4.2.1 Characteristics of the sample population 

The survey covers a total of 222 ho useho lds that are engaged in crop production and rearing 

livestock as the ir pr imary activ ity. Fema le headed househo lds comprise 15 percent (33) of the 

total sample. The average fa mil y s ize in the sample is 5.9 1 perso ns per househo ld which is 

co mparab le with regiona l leve l figure of 5 persons per househo ld and more particularl y c loser to 

East Shewa zone's figures of 5. 13 persons per househo ld. Ad ult eq ui va lent2 sca le for average 

family size is 5.09. Dependency rat io is 0.85 for the households show ing presence of small 

number of depend ent members in the house ho ld s. Most of the dependents are chi Idren less than 

14 years ofage. Average household head age in the sample is 43.88 years and an average year of 

schooli ng completed by household heads is 3.56 years. 

The sample househo ld s mostly keep animals li ke oxen, cows, sheep, goat, donkey, po ultry etc. 

Average li vestock holding per head is 6.66 TLUJ Ox is a more impoltant livestock he ld by many 

for draught power followed by donkey for transportation. Most households also keep poultry, 

sheep and goat for market especially during crop fai lure. The survey also inc luded enumeration 

of the est imated value (in ETB) of other asset possessed by househo ld s other than land and 

li vestock. The estimated va lue of assets owned by house ho lds in the sample is ETB 19,351.68 per 

ho usehold. The other asset that household possess and is perhaps most important in the area is 

cu ltivable land on which they cultivate crops. Per capita land holding in the sample is 1.83 

hectare per househo ld. There is considerable variat ion in land s ize among ho useho lds ranging 

fro m 0 to 8 hectares per househo ld. There are also househo ld s that have access to irrigab le land 

2 Adult Eq uivalent is estimated as per scale given by Krishnan and Dercol1 (1985). (See appendix). 
3 TLU is computed using the following conversion factors, cow and ox= l, heifer=O.75, ca lf=O.25, 
donkey=mllle=O.70, horse= l , camel= 1.2, goat and sheep=O. 13, pOli ltry=O.O 13 (Stork ef aI., \ 992). 
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and the average hold ing per household is, however, very sma ll than the non irrigab le land. About 

12 percent of the househo lds have access to irrigat ion water which lies a long the Awash River. 

Irrigated land ho lding is O. II hectare per househo ld. In the survey area crop production is 

conducted only during the ma in rainy seaso n that ru ns fi'o m May to SeptemberfNovember. A ll 

the sa mpled po pu lation produces once in a year, except fo r those who have access to irr igation. 

T he major so il type in the study area is sandy loa m which covers 50 perce nt of the Woreda, and 

mo re than 70 perce nt of the study area . Vert iso ls and Andoso ls a lso cover a s ignificant portio n of 

the land, 7 and 23 percent, respective ly, of the study area . All these types o f so il share co mmon 

characteristics in that they have low moisture retainin g capac ity but highly product ive when there 

are adequate mo ist ure. T he rea l threat to thi s is, however, the increas ing so il degradation and 

eros ion due to the looseness of the soi ls that a llows them to eas ily take n away by eros ion forces. 

Differe ntia l access to resou rces and services is another aspect of the study area. Access to socia l 

uti lit ies and in fi'astructure is relat ive ly better in the study area. On average a ll househo lds have to 

trave l 8.34 km (two ways) on average to get a ll weat her road and 12.29 km to get serv ices of 

secondary schoo ling, bank ing, hospita l dai ly input and output market. Extensio n serv ices are one 

of the most eas ily ava il able techn ica l suppo rts to fa rmers these days in Et hio pian co ntext. A ll 

villages ha ve access to extens io n services prov ided by nearest Development Agent (DA) Office. 

Farmers travel less than a kilometer to get extensio n serv ices. Variation in use o f extens ion 

service is, however, observed across househo lds. On average a ll ho useho lds have made 7.55 

extens io n co ntacts during the 2009 (200 1/02 E.C) product ion season. The max imum co ntact is 

o bserved to be 52 times per seaso n and the min imum is O. [n terms of input use farmers in the 

study area used 349.62kg of fe rtil izer (DAP and urea) and 1.6 1 liters o f herbicide and pestic ide 

per head. 
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Access to cred it is anot her important aspect in rural li vel ihood improvement because it is an 

intermediate in come that increases productivity and generates inco me. According to the survey 

during the 2009 product ion season 28.83 percent of the farmers have access to credit facility . 

Non-farm in co me is also important for rura l livelihood both duri ng crop fa ilure a nd good harvest. 

In our case 35 percent of the househo lds have one or more non-farm inco me that is at least ETB 

1000 per year. The sources of their income are remittances, sa le of tree, charcoa l, se lf 

employment a nd petty trade among ot hers. Most non-farm income earners der ive their income 

from sa le o f charcoal (25%), land rental income (14 .6%), petty trade ( 11%), se lf employment 

(10.4%), aid or donation (7.9%). For a co mprehensive review, a summary of the major variables 

is prov ided in table 2 be low. 
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Table 2 D escriptive Statistics fo r Dependent a nd Inde pe nd e nt Var iables 

Variab le M ean Standa rd Descriptio n 

D ev 

Vulnerabili ty (VIPLI) 0.56 0.12 Est im ated according to equat ion 3.1 2 (dependell t) 

Educat ion of head 3.56 4.14 Years of school ing completed by head 

Age of household head 43.88 13. 11 Age in years (proxy for experience) 

Education of spouse 2.57 3.72 Years of schooling completed by spoLise 

Highest educat ion 7.39 3.6 1 Highest years of education in the household 

Family size 5.91 2.39 Number of household members 

Dependency ratio 0.85 0.67 Number of dependents divided by independents 

Gender of head 0.85 0.36 Dummy, 1 if male 0 iffemale 

Land size 1.83 1.28 Size of arable [and own ed ill hectare 

Other asset va lue 1935 1.68 78,680 Estimated val ue ofassel in Birr 

Livestock size 6.66 6.39 Li vestock owned by the household in TLU 

Non-farm income 0.35 0.48 Dummy, I if the household has nOll -farm income above 

ETB 1000 per year, 0 otherwise. 

A ccess to cred i t 0.29 0.45 Dummy, I if yes 0 otherwi se 

Irrigati on size 0.11 0.34 irri gated land size owned by the household in hectare 

Verti sols soil 0.07 0.27 Dummy, I ifsoi l in their farm is verti sols, 0 otherwise 

Rainfall change -40.24 26.97 Change of rainfall from the baseline 

Max temperature 1.07 0.63 Change of max temperature from baseline 

M in temperature 0.90 0.60 Change of min . temperature fi'olll baseline 

Drought 3.09 0.70 N UIll ber of drought suffered during the last 20 years 

Adaptation 0.58 0.49 Dum Illy, I if the household adapted, 0 otherwise 

Ickier 0.9 1 0.29 Dummy, I if the household is member of Iddir, 0 otherwise 

Ekkub 0.20 0.40 Dummy, I if the household is member of equb, 0 otherwise 

Relatives 25.07 26.42 Number of close relat ives of the household in the kebele 

Road 0.60 0.49 Dummy, I if the household is found in 0-4 km di stance 

from all weather road, 0 otherwise 

Extension contacts 7.56 9.3 7 N umber of extension contacts during the last 12 months. 

Fertil izer 349.62 260.3 2 Quanti ty of fert ilizers (kg) used in the production 

Herbicide 1.61 1.64 Quantity of herb icide and pest icide (liter) used 

Input price rise 0.68 .47 Dummy, I if reported in input price ri se, 0 otherwise 

Death of head 0.07 0.25 Dummy, I if the household died, 0 otherwise 

4 The basel ine is the long run average of temperature and rainfall va lues from 1978-2009. 
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Market dummy 0.41 0.49 Dummy. I if the household travels 0-4 kill to get market 

faci lity, 0 otherwise 

Status 0.15 0.36 Dummy, I if the household has position in the PA 

admini stration, 0 otherwise 

Distance to input shop 13.55 18.74 Distance in km to input shop from the household home 

The survey a lso covers whether a household suffers 11011 climatic shocks or not, accord ing ly the 

most frequ ently repOited shocks are input price r ise beyo nd thei r expectat ion (68%), pest and 

disease (33%), output price fall (32%) and anima l disease (31 %). According to the survey these 

shocks have resulted in loss of househo ld we lfare. For in stance, 65 percent of househo lds that 

reported input price rise ha ve claimed that it has affected the ho useho ld very negat ive ly, and 30 

percent affected negative ly while 5 percent of them are not affected by the shock at a ll. 

Table 3 Major Non Cl imatic Shocks Suffered by Househo lds 

Shocks Name Frequency Percent 

Death of household head 15 6.76 

Il lness of househo ld head 25 14.97 

Death of househo ld me mber 15 8.98 

Death of draught anima l 59 26.58 

An ima l disease 5 1 30.54 

Theft of li vestock 15 8.98 

The It 0 f other asset 8 4.79 

Pest and disease 74 33.00 

Output pr ice fa ll 53 3 1.93 

Input price rise 15 1 68.00 

Fire outbreak 6 3.6 1 

Contract d ispute 2 1.20 

Source : est imated from survey data 
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4.3 Climate of the study Area 

Raillfall 

The stud y area is mostly Ko lla (70%) and the rest (30%) is Woina Dega. The rain fall pattern of 

the stud y area shows high variability. Variance of Long ru n average annual ra in fall is 365, 

indicati ng high variab ility li'om year to year. Figure 2 shows deviat ion of mean annua l rainfa ll 

fi'om the long run average. The long run average ra in fall co mputed for the period 1978 to 2009 is 

72.93 mm. As it can be seen fi'om fi gure 2 annual mean rain fa ll fluctuates around this va lue. 

Figure 2 Mean An nual Rainfa ll Va lues for Selected Stations in Adama and Lume WoredCl. 
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Temperature 

[n the study area long run average maximum and minimum temperature are 28 .86 and 13.59 

degree Ce lsius, respectively. The variability of temperature is 0.935 and 0.726 degree Celsius, 

respect ive ly. The dev iat ion of maximum and minimum temperature from long run average is not 

as high as that of rain fa ll , but there is fl uctuations aro und long run average that affect crop 

production. See figure 3 be low. 
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Figure 3 Mean Maximum and Min imum Temperature and Long Run Average 
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It will be worthwhile to add here the pattern of relat ionship between total crop production and the 

mean annual rainfa ll in the study area_ Figure 4 gives this re lationship for the last decade in 

Adama Woreda_ As hypothesized in this study, the relationship between ra in fall and an nual crop 

product ion in the area follow each other. When there is a fall in rain fa ll total crop product ion also 

fall s_ This could be a possible place to st3lt ana lysis of relationship between house hold welfare 

and ra infa I L 
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Figure 4 Relationships between Total Crop Produced and Rainfa ll for the Last Decade in Adama 

lVoreda ( 1999-2009) 
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The survey in strument was also des igned to track farme rs' perception and understandin g on 

climate change, their adaptation and cop mg mechani sms. They are asked whether they have 

observed changes in mean temperature, rainfall , frequency of droughts; flood etc. over the last 20 

years. About 94%, 95% and 75% percent of them ha ve indeed observed change in temperature, 

rainfall and fi'equency of droughts over the last 20 years. Moreover, abo ut 87%, 89% and 75% of 

them reported , respectively temperature has increased, rainfall has decreased and fj'equency of 

drought has increased. These indicate that the farmers' perception is consistent with the 

meteo ro log ica l stat ions data. The fa rmers also reported that these changes have a ffected their 

we lfare negatively, tlU'ough crop loss, li vestock loss, health loss and other asset loss. 

T he adaptation techniques wide ly practiced by house ho ld to long term shifts in climatic elements 

are depicted in figure 5 below. Adoption of so il co nservat ion techniques is the most widely 

practiced among the househo ld s, adopted by 45 percent of househo lds followed by p lant ing trees 

(35%) and adoption of improved farm ing techniques that include ear ly or late planting and 
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improved seed applicatio n. We should , however, note here that farmers pract ice so il co nservation 

or plant trees because of govern ment or NGO init iat ives and profit mot ive not o nly fo r 

ame lio rating impact of c limate change. When faced w ith bad harvest due to rainfa ll shortage the ir 

ma in cop ing mechanism is se lling of livestock and search fo r off fa rm income earning 

oppo rtunities. 

Figure 5 Adaptation Strategies and Practices o fJ-l o useho lds 
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Coping mechanism are more commo n during shortage of ra infa ll and dro ught. They are d irect 

responses to climate change than adaptation. Selli ng livestock is the major co ping mechan ism 

among the househo lds (35%), palt ic ipation in food fo r work and searching non farm income are 

a lso wide ly pract iced. 
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Figure 6 Coping Strateg ies Of House ho Ids. 
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4.4 Consumption Expenditure and Estimates of Vulnera bility 

The survey indicates that the average consum ption expe nditure of ho use ho lds is ETB 19,843 per 

year5 T his equals ETB 2981 per year per adu lt equivalent, which means $0.6 per day per adu lt 

equ iva lent. Food and non food expend iture accounts for abo ut 74 and 26 percent respect ive ly, of 

the tota l expenditure. Increased (higher) propOition of non food expenditure indicates rising 

living standard of househo lds. When disaggregated for ko lla and Woina Dega agroecologies, 

consumption expend iture of househo lds in Ko lla areas have higher average expenditure (ETB 

20,705) relative to farmers in Wo ina Dega areas (ETB 17,847). But consumpt ion variance in 

ko lla areas is higher tha n the co nsumption variance in Woina Dega areas indicat ing less 

variabi lity of consumpt ion in Wo ina Dega than in Ko lla areas. However, the figures prov ided 

here should be interpreted w ith the poss ible bias in co nsumptio n measurement especia lly in such 

case where consumption data is based on s ingle-vis it interview. On the other hand, the share of 

5 Th is conslImption expenditure is compared against with one of the 1110St recent survey of consumption in 
neighbouring woreda of Adami Tullu by BDS-CDR; and the two figures are fairly comparable. 
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non-food expenditure III tota l expenditure IS higher 111 Ka lla (35%) than in Woina Dega 

agroeco logy (32%) . 

Table 4 Average Annua l Househo ld Consumption Expenditure (ETB) (2009 Price) 

Agroecology Food No n food Total Share of non Standard 

ex penditure Expenditu re Expenditure food deviation of 

expenditu re co nsumption 

Kalla 16,038 4667 20,706 34.90 10869.38 

W. Dega 11 ,548 6300 17,848 32.18 10764.79 

Total 14,683 5 160 19,843 25 .58 10851.77 

4.4.1 Incidence of Vulnerability and Poverty 

The estimated head co unt vulnerabi lity among the households shows 68.02 percent of them have 

50 percent or more probability to beco me poor next year us ing USD I per day per adu lt 

equi va lent as poverty line6 On the other hand the incidence of poverty amo ng the househo ld s is 

62.16 percent us ing the sa me USD I as a benchmark. These show there are househo Ids that are 

regarded as be ing non poor bu t have high probability to become poo r next year. These est imates, 

however, are highly sens iti ve to povel1y line, for instance if poverty line is fixed at USDO.6, 

househo lds that are vu lnerab le to poverty become on ly 4 percent while those regarded as poor 

become 14 percent. 

Vulnera bility of farmers (as derived fi'om var iance o f consumptio n) varies between Ka lla and 

Woi na Dega agroeco logies. In Ka lla the extent of vulnerabi lity and poverty are 63.87 and 58.71 

percent respective ly, whereas in Woina Dega areas these figures are 77.6 1 and 70. 15 percent 

respectively. Tab le 5 prov ides estimates of vulnerability and co nsumption poverty for 

6 One dollar poverty line is converted to ETB us ing daily average of2009 inter-bank exchange rate ofUSD to ETB. 
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ho useho lds. The vulnerability rate of 68. 02 percent is more than the estimated head co unt poverty 

leve l of 62 .1 6 percent. This ind icates that the estimated pro bability of experienc ing poverty in the 

near future is more than the observed inc idence o f poverty in the sample. Thus the observed 

inc idence of poverty underestimates the fraction of population that is vulnerable to poverty. The 

leve l o f underestimation is revea led by the vulnera bility to poverty ratio which is 1,09 (more than 

I) fo r the total sample. Ko lla and Wo ina Dega area ratios are 1.09 and 1.11 respectively. 

Table 5 Estimates o f Vulnera bility to Poverty 

Estima tes of Vulnerabili ty to Poverty 

[households with vulllembility >0.5J 

Percentage of population vu Inerab i I ity 

Agroeco logy vulnerable poor poverty rat io 

Ko lla 63,87 58.71 1.09 

W, Dega 77.6 1 70,15 I. I I 

Total 68.02 62.16 1.09 

Source: Estimated fro m survey data 

Re lat ive vulnerability is a lso used as another measure of inc idence of vulnerability among 

househo ld s. Re lati ve vulnera bility uses inc ide nce of poverty among the house ho lds as the 

thresho ld above which ho useho ld is regarded as vulnerable. Accord ing ly, 29.28 percent o f the 

househo lds have more than 62. 16 percent (headco unt poverty inc idence) probability to become 

poor next year. As table 6 shows re lative vu lnerability is high in Woina Dega than in Ko lla areas. 
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Table 6 Estimates of Relative Vulnerab il ity to Poverty 

ESTIMATES OF VULNERABILITY TO POVERTY 

/populatioll relatively vulllerable vul. >O. 6216J 

percentage 0 f popu lat ion vulnerab ility 

vu lnerable poor poverty rat io 

Ko lla 27.74 58.7 1 0.46 

w. Dega 32.84 70.15 0.34 

Total 29.28 62.16 0.42 

source: estimated fi·o m survey data 

Table 7 gives a cross distr ibution of the percentage of vulnerab le and poor households. It is 

evident from the tab le that a significant percentage of the non-poor are vu lnerab le to poverty next 

ti me. About 42 percent of the non-poor househo lds are estimated as be ing vu lnerable to poverty. 

Obviously a major ity of the poor (84%) are also vulnerable to poverty. This suggests that 

programs that aim to reduce vulnerab il ity should be des igned and targeted d ifferently from those 

ai med at poverty allev iat ion. 

Table 7 Cross-Distribution of Vulnerability and Poverty 

CROSS-DISTRIBUTION OF VULNERABILITY AND POVERTY 

vulnerab il ity status Total 

Poverty status Vulnerab le Non- vulnerab le 

Poor 84.06 15.94 62 .1 6 

Non poor 4 1.67 58.33 37.84 

Total 68.02 31.98 100.00 

Source: Estimated ti·om survey data 

According to Chaud uri et al. (2002) the sources of vulnerability of households are low mean 

consum ptio n and high consumption vo lati lity. To ident ify source of vulnerability of households, 

51 



we classified the househo lds in to three gro ups. T he first group is those house holds that have 

vulnerabi li ty est imate be low 0.50 and co nsumption above the poverty line. T hese are househo lds 

that are no n-vulnerab le and non-poor. T he seco nd gro up is househo lds that are non-poor but 

vu lnerab le. These househo lds are vulnerable because of high co nsumpt ion vo lat ility; were we 

able to e liminate the variability in the ir consumptions, these house ho lds wo uld be no longer 

vulnerable. The third group is households that are vulnerable as well as poor. These are 

househo ld s that are vulnerable due to low consumption prospect. These households have 

vulnerabi lity level above 0.5 , and their vul nerabil ity stems primari ly fro m their low leve ls of 

mea n consumptio n, in that reduction in co nsumpti on vo latility wo uld st ill leave them vulnerable. 

Table 8 Sources of Vulnerab ility fo r the Ho useho lds 

Overa ll Non Amon Amongst Amongst Amo ngst Low 

poo r gst the the No n the the high mean 

Poor vulnerable Vulnera ble vo latile Vul. vulnerable 

Mea n percapita 4276 6588 2869 6363 3470 5853 2745 

consumption 

Fractio n poor 0.62 0.00 1.00 0.3 1 0.77 0.00 1.00 

Mean 0.56 0.48 0.60 0.42 0.62 0.59 0.63 

vulnerab i I ity 

Fraction 0.68 0.42 0.84 0.00 1.00 0.42 1.00 

vulnerable 

Fraction high 0. 16 0.42 0.00 0.00 0.16 1.00 0.00 

vo latility 

vulnerab le 

Fraction low 0. 52 0.63 0.00 0.52 0.00 1.00 

mean 

vulnerable 

We estimated that househo lds that are vulnerable due to high co nsumpt ion vo latility are only 16 

percent whereas 52 percent are due to low mean consumption. So vu lnerab ility is ma inly due to 
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low consumption prospects and thus reduction in vulnerability should start fi'om increas ing 

househo ld consumption. 

Vu lnerab ility profile by househo ld character istics is d isplayed in Tab le 9. The Table shows a 

positive associat ion between vulnerability and househo ld s ize. About 87 percent of househo lds 

w ith fam ily s ize greater than nine are vuln erab le to povelty whereas only 5 1.85 percent of 

households with fam ily s ize less than 6 are vulnerab le. 
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Table 9 Vulnerab ility Est imates fo r Se lected Household Characterist ics 

Vulnerabi lity Estimates For Selected Househo ld Characteristics 

[percentage of vulnerable population] 

Overa ll vulnerable popnla tion 59.91 
Family size 1-5 51.4 

6-9 8 1.82 
more than 9 100 

Age of househo ld 

head <30 80.36 

30-50 69.64 

50 plus 54.00 

Schooling of head i II iterate 72.53 
1-4 73.08 
5-8 58. 14 

9-12 56.00 

more than l2 72.73 

Schooling of spouse 0 68.85 

1-4 70.2 1 
5-8 68.96 
>8 58.33 

Livestock size (TLU) 0-4 68.35 
4-8 65.79 

8-12 70.45 

More than 12 67.84 

Land s ize (ha) 0-1 56.25 
1-2 75.38 
2-4 71.1 1 

above 4 50.00 

Ferti lizer used (kg) 0-1 00 66.67 
10 1-200 69.09 
20 1-300 68.89 

More than 300 67.39 

Extension contacts 0-1 0 72.84 

11-20 6 1.76 
2 1-30 42.86 

More than 30 60.00 

Non-far m in come Yes 66.67 

No 68.75 

Source: Estimated Ii'om survey data 
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Vulnerab ili ty fa ll s with increase in age of household head as shown in the tab le. Vu lnerabil ity is 

higher fo r househo ld head age above 30. About 80 percent of household heads with age less than 

34 and about only 54 percent of household age with age greater than 50 are vulnerable to poverty, 

respective ly. Moreover, in these two age lim its the incidence of poverty is 68 and 48 percent 

respecti ve ly. Regarding education and vulnerab ility of househo ld, as educat ion of househo ld head 

increases the level of vulnerability decreases. For household heads that are illi terate their 

vu lnerabi li ty is abo ut 73 percent, but for households with head' s educat ion years greater than 5 

the level of vulnerab ili ty decreases to less than 58 percent. Similarly, education of spouse has 

negat ive relatio nship with vulnerab i lity. Acco rding to table 9 if education of spouse is more than 

8, then vulnerabili ty of househo ld to poverty is 58 percent, but the vulnerab ility leve l ri se to 69 

percent ifed ucation of spouse is less than 8. These results suggest the importance of educat ion in 

reduc ing ho useho ld vu lnerabi lity. 

In such co mmunity like the stud y area with high leve l of agricultura l practices, ownership o f land 

wi ll play an important role in determining the levels of poverty and vulnerability. Among the 

househo lds per cap ita land ho lding is, in general, small even if some of the m occupy big plots of 

land . The est imates show that land size owned dist inguishes vulnerab le and non vu lnerab le 

househo lds. The degree of vulnerability fa lls as ho useho ld land s ize increases. This means 

househo lds that have large land size are less vulnera ble. Moreover, as land size increases the 

inc idence of poverty beco me less. As it is evident from tab le 9 onl y 50 percent of househo lds that 

have more than 4 hectares of land are vu lnerab le, but for househo lds that have less than 4 

hectares of land the extent of vulnerab ility is more than 70 percent. 

Table 9 a lso shows that access to non-farm income is another variab le that has im plication for 

househo ld vulnerability to pove rty. Accord ing to th is estimation vulnerability estimate of 
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households that have non-farm income is 66.67 percent whereas vulnerability leve l rises to 68.75 

for households that have no non-farm income. Moreover, number of extension contacts made by 

farmers and quantities of fertilizer used in production have negative relationship with 

vulnerabi I ity. 

Vulnerabi lity of households with c limatic and environmenta l characteristics is provided in tab le 

10 below. Changes in rainfall from long run average, as shown, explains difference in household 

vulnerabi l ity. As it can be seen c learly from tab le 10, vulnerabil ity in Kebe/es where shortfall 0 f 

season's rainfa ll is less than -60 (dev iation increases) is 72 percent and it is higher than for 

Kebe/es where the shortfa ll is more than -60 (deviation approaches decreases) . However, as 

deviation decreases and approaches zero, the extent of vu lnerabil ity increases, wh ich shows some 

form of non linearity between rainfall and household vulnerabi lity. This is because higher rain fall 

is not always good. Similarly, increases in mean maximum temperature above long run average 

increases vulnerabi lity. About 68 percent of househo lds that are found in areas where production 

season ' s average is I.SoC greater than long run average have vulnerabi lity leve l of76 .60 percent, 

whereas vulnerability in Kebeles where season's maximum temperature 1.50C less than long run 

average is only 65.79 percent. In addition, increase in season ' s minimum temperature above long 

run average a lso increases household susceptibility to poverty. As the result shows 81.25 percent 

of households that are found in areas where season mean minimum temperature exceeds long run 

average by more than 0.90C are vulnerab le to poverty. 
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Table 10 Vu lnerability Estimates for Selected Environmental Characteristics 

[percentage of vulnerable population} 

Overall vulnerable population 68.02 

Rainfall change fi·om long <-60 72 
run average [production -60 <RJ'< -5 63.64 
season average- long run 
average] less than -5 mm 78.00 
Min i mum temperature greater than 0.9uC 81 .25 
increase above long run 
average less than 0.90C 65.79 

Maximum temperat ure more than 1.5uC 76.60 

increase above long run less than 1.50C 65.7 1 

average 
Frequency of drought I 66.67 

3 64.96 
4 78 

so il characteristic sa nd y loam 63.87 
Vertiso l 74.42 

And oso ls (Bole) 78.00 
Adaptation Some adaptation 63.57 

No adaptation 74. 19 

Vu lnerability to climate change is a funct ion of several facto rs, amo ng wh ich adaptat ion is one. 

According to tab le 10, househo lds that use one or more adaptation methods have lesser like lihood 

to become poor. Househo lds that adopt one or more adaptation methods has vulnerabilit y 

est imate of 63.57 while those househo lds that don not adopt any adaptation method have 

vu lnerab ility leve l of 74.19. This suggests promotion of adaptat ion as one policy tool to reduce 

vulnerabi lity to poverty. 
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4.5 Econometric Results 

An eco no metr ic model is estimated to show the impact of various household and environmental 

factors on househo ld vulnerabi lity to poverty. Assuming linear re lat ionship between ho useho ld 

and env ironmenta l fa ctors there are 3 1 variables that are inc luded in the model. Model 

info rmation shows the mode l is suitable for the problem at hand. Adjusted R squared and over a ll 

F value are 0.7 1 and 18.61 respectively. Before incl us ion of variables in to the econometric 

framewo rk the var iables are refi ned by ANOYA to see difference in mean values o f var iab les 

between vulnerable and non vulnerable househo lds. Tab le II gives mode l info rmatio n and the 

OLS estimates o f coe ffic ients of the mode l. 

Tab le I I g ives est imates of the co rre lates of vulnerabi lity. Househo ld consumption is often 

mode led as a linear function of house ho ld characteristics. By assumi ng vulnerab il ity is a lso 

linearly re lated with household and env ironmental characteristics the est imated vu lnerab il ity 

funct ion is as presented be low. Most of the var iables are s ignificant with expected s igns. T he 

result is di sc ll ssed in so me detail in tab le II . To avoid the poss ible hetroskedast icity problem 

Feasi ble Generalized Least Square (FGLS) estimates are pro vided. The mode l is free of 

mult ico llinearity problem as mean YIF is 2.00 . 
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Table II Correlates of Estimated Vu lnerability Level of Households 

Estimated vu lnerability Function- FGLS Estimates 

fDepelUlell1 variable- vulllerability level of households: Equatioll 3.I2J 

Variables 

Illtercept (Collslallt) 

Household Demography 
Fam i Iy Size 

Dependency Ratio 

Age of Head 

Sex of Head 

Household EdUC(ltioll 

Education of Head 

Ed ucation of Spouse 

Education of head squared 

House/wid Assels 

Log of value of other assets value 

Livestock 

Land Size 

irrigat ion Size 

Inpuls and Facililies 

Road 

Market dummy 

Extension Contacts 

Cred it 

Non Farm Inco me 

Idder 

Ekkub 

Relatives 

Status 

Fertil izer 

Herbicide 

Coefficicn ts 

-0.05006 

0.05832 

-0.03966 

-0.01478 

0.03087 

-0.03163 

-0.14866 

0.11351 

-0.02811 

-0.04008 

-0 .20282 

-0.27656 

-0.01775 

-001465 

-0.01518 

0.00219 

-0.02674 

-0.34926 

-0.52342 

-0.00057 

0.05150 

-0.00067 

0.202 13 

59 

t-statistics 

-0.19 

4.00' " 

0.93 

-5 .14'" 

0.41 

-3 .33 '" 

-16.09'" 

10.07'" 

-1.44 

-10.00" 

-9.03'** 

-3.87*** 

-4.71*** 

-3.27*** 

-4.99*** 

1.28 

-7.62* ** 

-3.03*" 

-7.79**' 

- I. 70* 

0.93 

-4.89'" 

8.39' " 



Table 11 conlil1l1ed 

Cli/l/ate, Adaptatioll ami Soil 
Rain Fall Change 

Minim um Temperature 

So il dummy 
Drought 

Adaptation 

Shocks 
Inpu t price rise 

Death o f Househo Id Head 

Crop pest and di sease 

Suml'llwy S tatistics 
Adjusted R-Square 

F-Va lue 

Source: Estimated From Survey Data 

-0 .25003 

0.47201 

0.25477 
0.13632 

-0.09955 

0.09475 

0.2784 

-0 .381 59 

0.8395 

37.96 

***, **, * indicates estimates (Ire significant at J%, 5% and 10% percelll, respectively. 

Family compositioll 

-4.56*** 

8.60* ** 

2. 18** 
8.94** * 

- I. 96* * 

1.66* 

7.74 *** 

-7.17** 

There are two controvers ia l views on the relationship between family size and the we lfare of the 

househo ld . T he fir st argument states that households who have larger fa mi ly s ize are supposed to 

be better off than those hav ing sma lle r fa mil y s ize, s ince the re are advantages in co nsumption 

eco nomies 0 f sca le and avai lability o f more wo rking la bor force to generate inco me (Adane and 

Bezab ih, 2003). In co ntrast to this there is another co nvinc ing argument that a fami ly s ize 

in creases the probabi li ty that a househo ld fa lls be low poverty line due to hav ing more people 

leading to disguised unemployment due to scarc ity of capita l and a lso due to increased 

dependency ratio . The find ing o f the stud y has supported the seco nd idea in that as the famil y 

s ize increases vulnerabil ity o f househo ld s to poverty a lso increases. As family s ize increases by I 

o n average ho usehold vu lnerab ility to povelty increases by about 5.83 percent and the estimate is 

s igni ficant at I percent significa nce level. 
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The age structure of the househo ld head is another area that should get due cons ideration since it 

has an important impl ication on economic product ivity, experience and asset endowment. The 

mean age of househo ld age is 45.47 fo r the vu lnerable group and 40.51 for the non-vulnerable 

group and the difference is statistically signi ficant. Probably as a farmer gets older, he can 

acqu ire farming experience through his life that cou ld have a positive contr ibution in raisi ng his 

living standard s. Sim ilar pattern emerges fi·o m this stud y; as head age increases by one year 

househo ld vu lnerabil ity to poverty decreases by 1.48 percent approx imately. 

Household Educatioll 

A number ofstud ies have indicated that the household head is a highly influential decision maker 

in the Ethiopian fam ily. This suggests that his/her education leve l does matter for the welfare o f 

the fa mily. Aston ishingly the result of the study ind icates that the education leve l atta ined by the 

househo ld head is low. Tangibly, average numbers of years of school attended by the vulnerable 

group ho usehold head is 3.17 whereas it is 4.38 for the non vu lnerable and the d ifference is 

stati stica lly significant at 5% leve l (Table 12). Household educat ion is thus a significant factor 

that explains difference in househo ld vulnerab ili ty levels. The econometric result also indicates 

that household head educat ion and spouse ed ucat ion reduces househo ld vulnerability to poverty. 

As head years of educat ion and spouse years of education increases by I year, househo ld 

vul nerab i I ity to poverty decreases by 3. 16 and 14.86 percent respect ive ly. However, as education 

of household head increases above sum threshold, househo ld vu lnerability to poverty also 

increases. Th is indicates that non linear relat ionship between vulnerabi lity and education. 

House/lOld Assets 

Househo lds with tangib le assets can use those assets to improve their we lfare, both by using the 

asset to help the household work more efficient ly and increase their income, or through the 
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ab il ity to se ll off the assets when the household exper iences a shock or there is a downturn in the 

economy (Ganesh, 2006). Moreover, the amount of assets owned by household renects the 

income potent ial of the household. In this stud y too househo lds that have large asset profi le are 

assumed to be less vulnerab le, because they have more production and consumption options that 

increase their we lfare. In the ana lys is land size, livestock and non- land househo ld assets are 

incl uded as regressors. However, the result of the study shows that the estimated va lue 0 f assets 

owned by the household other than land and livestock are found to be an insignificant 

determinant of vul nerability. 

On the other hand , the amount of land size and li vestock owned by households are found to be 

important determinants o f vulnerab ility to poverty. According to Yirga (2007 cited in Deressa et 

ai, 2008), livestock ho lding plays important role by serving as a store of va lue, and thus insurance 

aga inst ri sks. Similar pattern emerges fro m this study in that the amount of livestock reared by 

househo lds has negative impact on househo ld vulnerability level. The analysis indicates that as 

livestock holding increases by one un it, househo ld vulnerabili ty to poverty is reduced by 0.4 

percent and the est imate is significant at I percent significance level. The result confirms the 

argument that livestock holding is a hedge against ri sks, because househo lds with higher 

endowment of livestock are less vu lnerable and their consumption vo latil ity is less . 

Another important asset held by househo ld s is fa rm land on which they conduct their product ion. 

Households in rural areas heav ily depend on land for their li vel ihood. It directly affects the 

poverty status of households since it indicates the ir income potential. The result o f this study also 

confirms this by revea lin g that househo lds that have larger land size are less vulnerable to 

poverty. As land size increases by one hectare vulnerab ility of households decreases by 4.1 

percent. More im portant ly, the size of irrigable land owned by the household is also found to be 
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negatively related with household vulnerability. According to the estimation as irrigable land size 

increases by one hectare, household vu lnerab il ity level decreases by 27.65 percent and the result 

is sign ificant at I percent significance leve l. This reinfo rces the fact that irrigation is related with 

high consumption and it is important tool for both poverty and vulnerab ility reduction. 

NOli-F,rm iI/come and illplll lise 

Involvement in non-farm income generating activities is also another source of income for the 

rural poor and red uces the inc idence of vu lnerabi lity. Sa le of charcoal, land renta l income, petty 

trade and labor sale are the im portant source of income in the stud y areas. The in volvement of 

househo lds in non- far m income act ivities reduce household susceptibility to fall be low poverty 

line. In the model, non-farm income is found to have influentia l impact on the leve l of 

vulnerabil ity. Househo lds that have alternat ive source of income other than agriculture show less 

exposure to poverty. The ana lys is shows households that have a reasonable non farm income are 

15.47 percent less vulnerable than household with small or no non far m-income. 

Use of agricultural inputs such as fert ilizer and extension vis it are other important var iab les that 

define househo ld exposure to poverty. Us ing fe rtil izer increases product ivity and thus red uces 

downward fluctuation of production that in turn reduces vu lnerabi li ty to poverty. Extens ion vis it, 

on the other hand, increases productivity of farmers by increasing the ir exposure to labor and 

land aug menting techno log ies . According to our estimation use of fe rtili zer and extension visit 

red uces household vu lnerability to poverty by 0.06 and 1.5 percent respectively. However, the 

quantity of herbic ide and pestic ide used in production is fo und to be posit ive ly related with 

househo ld vulne rabi lity. Th is may be because in farming context herb icides and pesticides are 

used most ly either due to pest or weed infestation. Therefore, using herbicide or pesticide cannot 

increase or guarantee increased output ; they at most maintain output that can be obta ined 
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otherwise. G iven that pest and weed infestation are not common prob lems across households, it is 

not odd to get positi ve relationship between amo un t of herb icide used and leve l of vulnerab ility. 

Access to Services alld Capital 

Proximity to infi'astructures is important factor that affect househo ld welfare. All weather roads, 

schooling, market, input shop etc. are among major soc ial in frastructu res that have strong lin kage 

with poverty and vulnerabi lity. Indicators that have been used for access to markets, roads and 

services in different studies include the di stance or wa lk ing time to the nea rest woreda town, 

market, all weather roads, input supply shop etc. (Chamberlin et aI., 2006) . In thi s stud y market 

access is measured as whether a household travels less than 16 km to market centers or more. The 

result shows that households that are closer to market ce nters are less vulnerable to poverty. The 

analys is shows that households that trave l less tha n 8km (less thanl6 km for two ways distance) 

are 1.46 percent less vulnera ble than households that travel more than 8km. Proximity to all 

weather roads has also similar impact on househo ld vulnerab ility. Households that travel less 

than 4 km to get all weather roads are 1.77 percent less vulnerable than househo lds that travel 

more than 4km. however, proximity to input shop is found to be insigni ficant determinant of 

household vulnerabi lity. 

Soc ia l institutions such as Jdder, Ekkllb , and number of relat ives are other variables we have to 

look in to as far as vulnerabil ity is concerned. Strong social capital guarantees better access to 

reso urces and serves as hedge against risks . Theoretical ly we expect households that have strong 

soc ia l capital are less vu lnerable to poverty. The result of the stud y also agrees with th is 

argument. Vulnerability estimate of household s that are member of Jddir and Ekkub are 34.9 and 

52.34 percents lower than households who are not members. This is not a co incidence as 
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membership to these institut ions is indicat ion of household soc ial cap ita l that enhances household 

resource potentia l useful to avo id vulnerabi lity. 

RaiIlF ,II, Temperatllre alld Soil 

Variat ion in rain fa ll , temperatu re and so il are hypothes ized to signifi cant ly expla in househo ld 

level of vulnerab ility. Since most of agricu lture in the stud y area is rain fed, shortage of rain 

du ring production season reduces household product ion that increases their vulnerabil ity to 

poverty. Similar ly, increase in mean maximum and minimum temperature increase respiration 

loss of plants that increase water req uirements of plants . Therefo re, increase in te mperature 

increases vulnerab ility of fa nners to poverty line by reducing crop productivity, especia lly during 

ra in fa ll shortage. I-lav ing this in mi nd change ofproductio n season rainfa ll from long run average 

(prod uction season average ra infa ll less long run production season average) was inc luded in the 

model. The resu lt shows that increase in production season average rai nfa ll above long ru n 

average reduces household vulnerab ility to poverty. As it can be seen from above tab le I I, one 

milli meter increase in season rainfa ll above long ru n average reduces househo ld vulnerabi lity by 

approximately 25 percent. On the other hand increase in season mean maxi mum and minim um 

temperature above long run average increases househo ld vu lnerability to poverty. For example, 

IDe increase in minimum temperat ure above long run average increases househo ld vulnerabi lity 

to poverty by 47.20 percent '. The resu lt ind icates that relative ly hotter areas are more vulnerable 

than areas wit h relative ly coo ler temperat ure. 

Occurrence of drought is another climatic factor that affects househo ld leve l vulnerability to 

poverty. Key in fo rmant interv iew has shown that there was at least I drought occurrence dur in g 

7 Mean max imum temperature and Andosols were excluded due to higher coll ineraity with minimulll temperature 
and soil dummi es 
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the last 20 years in the survey areas. Drought in th is context is a situat ion where there is severe 

shortage of rainfa ll that resul ted in complete loss of seasona l output. The analys is shows that 

ho useho lds that experience more freq uency of droughts are found to be highly vulnerable to 

poverty. As fi·equency of drought increases by one household vulnerab il ity to poverty also 

increases by 31.23 percent and the estimate is stat istica lly significant at I percent significance 

leve l. 

There are certainly other facto rs affect ing agr icultural potential at the local leve l bes ides ra in fa ll 

and temperature. So il character istics, in particu lar, are li ke ly to be im po rtant at the community 

and far m levels (Chamberl in et aI. , 2006). The spatial variation in these characteristics is a majo r 

environmenta l facto r that acce lerates or reduces househo ld vulnerabil ity to poverty. Soils differ in 

the ir texture and capacity to retain moisture that is va lua ble in crop prod uct ion. Tn the analys is 

three major types of soi l were inc luded ; whic h are sandy loam, Vertiso l and Andoso ls. These so il 

dumm ies show strong re lationship with househo ld extent of vul nerab ility. For example, 

househo lds wh ich are in areas of Vertiso ls are more vul nerable than househo lds that are found in 

areas of sandy loam soi l. Th is is because sandy loam so il has relati ve ly better water reta ining 

capac ity than Vertiso ls and it can give yie lds with less moisture with the help of dew once the 

plants are grown to certain degree. But in case of Vert iso ls it has the property of crack ing in time 

of rainfa ll shortage and it beco mes major reason fo r crop fa ilure in time of scanty rainfall. The 

resul ts of the study show that households in areas of Vertiso Is are 25 .4 7 percent more vulnerab le 

to poverty than areas with sa nd y loam so il. 

NOli climatic Shocks 

Shocks that cause income or asset losses are also like ly to red uce consumption if credit 

constra ints are binding or if the shock reduces expected li fe -time earnings by destroying the 
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household ' s asset base (Tesliuc and Lindert, 2002). Househo ld exper iences of shocks have, thus, 

more thin gs to do with household vuln erability to poverty. In the survey ho useho ld s repol1ed 

differe nt types of non c limatic shocks that inc lude input price rise, death and illness o f househo ld 

me mber, death of anima l, cro p pest and disease and o utput price fa ll etc. Experiencing one or 

more of these shocks results in reduct ion of ho useho ld we lfare, because they negat ive ly affect 

house hold prod uction potentia l. However, in this study the distribution of shocks between the 

vu lnerable and non- vuln erab le house ho lds is rando m for most o f the shocks. But there is 

difference in vulnerabi li ty for ho useho lds that encountered unexpected input price rise, death of 

head, death of anima I and cro p pest and di sease. For instance 71 0 f the vulnerab le househo ld s 

have reported input price rise w hereas onl y 15 percent of the non-vuln era ble househo ld s have 

encountered input price rise, and the d iffe rence is s ignificant at I percent signi fica nce level. See 

ANOV A table annexed fo r deta il s. 

According to the eco no metr ic anal ys is death of household head and input price ri se negat ive ly 

affect househo ld we lfare. House ho lds that fuce death of head and input price r ise are 75.25 and 

9.47 percent more vulnerab le than househo lds that do not face any of these shocks. However, 

crop pest and d isease are found to be positi ve ly co rre lated with househo ld we lfare. Thi s is 

beca use cro p pest and di sease su ffe red this year affect household we lfare in the coming year. 

Other shocks such as output price fa ll , death of animal, illness of house ho ld member were not 

statistically s ignificant. 
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CHAPTER FIVE 

CONCLUSION AND POLICY IMPLICATIONS 

Based on household survey data in Adama and Lu me Woredas, this study analysed the 

probabi li ty of fa rmers fallin g below consumption poverty line due to climatic conditions and 

shocks namely mean seaso nal rain fa ll , temperat ure and frequency of drought. In this analysis 

househo ld consumption expenditure that cons ists both food and non food expend iture are used as 

a proxy fo r we lfare. Like poverty analys is vul nerabi lity of households is attr ibuted to both 

househo ld and environmental character istics. By assum ing consumption is log normally 

distributed household probability to fall be low poverty line of USDI is estimated by using the 

Vul nerability as Expected Poverty approach. 

Estimates show that about 62 percent of the households are observed to be poor during the 

survey. Co mputed us ing 0.5 as a thresho ld above which a household is ca lled vulnerable, about 

68 percent of the households are also vulnerable to poverty during the coming year. An attempt to 

show the sources of vu lnerab ili ty indicates that about 52 percent of the househo ld s are vulnerable 

to poverty due to low consumpt ion mean and about 16 percent of them are vu lnerable due to high 

consumption vo latility. 

Moreover, the study has attempted to track the co rre lates of househo ld vulnerab ility to poverty by 

assuming househo ld vulnerabili ty is linearly related with household and environmental 

characteristics. It was observed that househo ld head age, education level, land s ize, livestock size, 

proximity to roads and market reduce househo ld vulnerab ility to climate change, whereas fam il y 

size and experienc ing shocks tend to increase household vulnerability to cl imate change. Use of 
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inputs such as fertil izer and extension services, access to irrigation and non-farm income also 

reduces ho useho ld vul nerabi lity to poverty. Of particular importance to th is study is that all 

c limate and environment related facto rs are fo und to affect household vulnerab ility to poverty. 

Fo r instance, increase in mean seasona l ra in fa ll above long run ave rage reduces household 

vulnerability to poverty, whereas increases in mean min imum te mperature above long ru n 

average increases household exposure to poverty. On to p of that the nat ure of so il is also related 

with vu lnerab il ity to poverty. Sandy loam so il was found to reduce househo ld vu lnerab ility to 

poverty but Vertiso ls tend to aggravate household vu lnerabi lity to povelty. On the other hand, use 

of one or more adaptat ion method was fo und to reduce the incidence of vul nerability of 

househo lds. 

The most important lesson from th is study is that increas ing mean consumption ( income) of 

househo lds is not the on ly way to reduce vulnerability but reducing volati lity of consum ption is 

a lso important. Th is means enabli ng fa rmers to meet the da ily min im um req uirement is not 

enough by itself, unless there are interventions that reduce volati li ty of consumption. Th is study 

proposes that expansion of irr igat ion use, o ff farm income oPPOltunit ies, use of fert ilizer and 

extens ion services are poss ible intervention areas to red uce household vulnerabi lity. 

In addition to policy interventions to increase consumpt ion and reduce vo lat il ity of consumpt ion 

promotion of adoption of diffe rent adaptat ion methods such as use of early maturing crops, soi l 

conservat ion techniques and plant ing trees can reduce vul nerabi lity. In case of occurrence of 

dro ught, cop ing mechanisms such as keeping livestock and creation of non-farm income 

opportu nit ies reduce vulnerab il ity. 
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Finally, strengthening the ability of househo lds to reduce, mitigate or cope with the effects of 

both c limat ic and non climatic shocks is likely to reduce their vulnerabi lity to poverty. However, 

these results should be interpreted and used with recognition of poss ible errors in consumption 

measurement and statistica l problems that may arise with spatial variab les. 
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APPENDIX I: SUPPLEMENTARY FIGURES AND TABLES 

Table 12 Ana lys is of variance (ANOVA tab le) 

Var iab le Mean Standard dev iat ion F statistics P-va lue 

Mode l 23.37 0.000 

Age of head 43.88 13. 11 37.86 0.000 

Ed ucation of head 3.56 4. 14 33.13 0.000 

Ed ucation of spouse 2.57 3.72 2.15 0.144 

H ighes( educat io n 7.39 7.39 93.10 0.000 

Gender 0 f head 0.85 0.36 4.5 1 0.035 

Dependency ratio 0.59 0.5 1 0.1 1 0.737 

Family size 5.9 1 2.39 83.20 0.000 

Land size 1.83 1.28 40.88 0.000 

Irrigation size 0. 11 0.35 7.6 1 0.006 

Livestock size 6.66 6.39 2.7 1 0.102 

Access to Cred it 0.29 0.45 1.1 2 0.292 

Fertilizer used 349.62 260.32 33 .17 0.000 

Member ship to Ekk"b 0.20 0.40 18.67 0.000 

Extension contacts 7.56 9.37 37.66 0.000 

Herbicide used 1.61 1.64 109.86 0.000 

Membership to !deler 0.91 0.29 8.55 0.004 

Number of re latives 25.08 26.42 1.34 0.248 

Log of asset value 8.39 1.62 1.3 3 0.062 

Rainfall change -40.24 26.97 3.53 0.000 

Max temp. Change 1.07 0.63 23.0 1 0.975 

Min. temp. C hange 0.90 0.60 0.00 0. 10 1 

Adaptation 0.58 0.49 2.72 0.3 12 

Ra infall variab ility 67.60 14.98 1.03 0.000 

Distance to road 8.34 7.99 33 .79 0.000 

Non farm income 0.35 0.48 9.7 1 0.002 

Vert isol soi l type 0.70 0.27 0.82 0.3 67 

Death 0 f head 0.07 0.25 11 7.14 0.000 

Death of animal 0.23 0.44 5.19 0.095 

Distance to input shop 13.55 18.74 0.11 0.740 

Pest and disease 0.3 3 0.48 1.08 0.340 

Distance to market 16.62 8.98 10.84 0.00 1 

Status 0.38 0.48 0.30 0.584 
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Table 13 Nutritiona l (Ca lorie) Based Adult Equiva lence Sca les 

Years of age Men Women 

0-1 0.33 0.33 

1-2 0.46 0.46 

2-3 0.54 0.54 

3-5 0.62 0.62 

5-7 0.74 0.70 

7- 10 0.84 0.72 

10- 12 0.88 0.78 

12- 14 0.96 0.84 

14- 16 1.06 0.86 

16- 18 1. 14 0.86 

18-30 1.04 0.80 

30-60 1.00 0.82 

60 and above 0.84 0.74 
-Source. adopted from MoF ED as calculated by Dercon and Kl lslm,m ( 1985). 

Figure 7 Normal Probabi lity Plot of Res idu als from Linear Consumption Equatio n 
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Figure 8 Plot ofYu lnerability versus Per Cap ita Consumpt ion 
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ADDIS ABABA UNIVERSITY 
SCHOOL OF ECONOMICS 

HOUSEHOLD SURVEY QUESTIONNAIRE 

Analyzing Household Vulnerability to Climate Change and their Adaptation 
Options 

Bedaso Taye 
(Resource and Environmental Economics) 

Advisor: Alemu Mekonnen (PhD) 

Instructions 

The Following Information about the Household will be collected for the Production Season 
January 2009- December 2009 (Tir 2001-Tahsass 2002 E.C) 

• Household in/ormation 

• Total crop production 

• Total consumption Expenditure 

_ Livestock, Land Size and Other Asset Ownership 

~ Perception about Climate Change and Adaptation strategies 

• Access to credit and Off Farm Income Sources 

• Access to Social and Physical Capital 

Household Code _______ _ 
Kebele Code 
Enumerator Name _____ __ _ 

Date of interview (ddlmm/yr) _____ _ 

February 2010 
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pa~! 3 

Section D consump!ion Expenditure (here the person responsible fo r the purchase shou ld be the main res pondent) 
consumption item lIern Food urchased for conSUrT. tion Food rown and consumed at home 

code During the last 12 months , If yes to 01 what is your For each purchase, what is the normal quantity During the last 12 months , What was the total quantity of I ... ] consumed 
has your household frequncy of purchase oq ... J purchased? have you consumed any I .. J from your own production during the last 12 
consumed any [ ... J? from your own production? months? 

1. weekly quanlily Unit Quantity Unit 
2. bimonthly I.Kilogram 1. Yes I .Kilogram 

1 Yes 3. monthly 2 Quintal 2.No 2 Quintal 
2 No 4. biannually 3 other 3 other 

5. annually 

6. other, specify 

0 ' 02 D3q D3u D. DSq DSu 

T •• 0 ' 

Barley (gebs) 02 

Wheat 03 

Maize O. 

Sorghum (mashilla) 05 

Millet (dagussa) OS 

oats (aja) 07 

other grain products 09 

bean (bakels) " 
pea (ater) 12 

Haricot beans (bolak-Po) 13 

Chickpeas (shimbra) 12 

Lentils (misir) 14 

nigerseed (neug) '5 

linseed (telba) 13 

other pulses '9 

Potato 21 

Other root crops 29 

Cabbage 31 

Tomatoes 32 

Red peppers (berbere) 3. 

other vegetables 25 

Beef '0' 

muttonfaaat meet 
'02 

Chicken 
'03 

sectIOn 01 and 02 should not Include goods for resale. goods to be processed and sold, and raw materials 
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.... .... , U" .... ..... U II"' ... II_'tHIU II ......... " ........ , 1; \"U" IVVU I..UII:>UII'j.J"VI I <="j.J<="U",UI 0:1 

During the past 2 weeks. What is the value of 
has anyone in your ( ... ] purchased or 

Item code 
household purchased or obtained in the past 2 

Item name obtained any of the weeks? [In Birr] 

IrUring the past 12 months , has anyone in your 
household purchased or obtained any of the following 
items? 

Item code 

fonowing items? 

code 1. Yes 2. No code Item name 1. Yes 2. No 

Soap and other cleaning supplies 11 31 Clothing/shoes for men 

Razor, lotion , other personal care items 12 32 Clothinglshoes for women 

Basket, bucket, other small household items " 33 Dishes. pots. pans , etc for kitchen 

Bus and taxi fare 14 34 Blankets, sheets, mattress, etc. 

Other transport costs (bicycle, carts, etc) 15 35 School fees 

Mobile phone card. postage. phone calls 16 36 Excercise books, pens, pencils etc 

lumo/candle/matches 17 37 Health/medicine expenses 

Torch/battery 18 38 Repairs and maintenance of house 

kerosene. charcoal. firewood etc 19 39 Water. electricity 

Chat 20 40 electricity and phone services 

Cigarettes and tobacco 21 41 Compensation and penality 

Repair. tailor and other services 22 42 contributionl Donation to church 

Barber 23 43 Land tax and other taxes 

Domestic worker (non agricultural wOrilers) 24 44 contribution to Idir 

Other non food purchases 29 45 contribution to Equb 

49 Other non asset purchases 

Section DJ should not include purchases of assets, defined as household goods or equipment that will be used for production and last long. 

031 Are members of your household consuming 

smaller or larger quantities of [food item) than 

5 years ago? 

1. Smaller quantities 

2. About the same 

3. Larger quantities 

033. If your answer is 'greater quantitis W"hat is the reason for change? 

1. favourable climate 

2. increase in input use 

3. adoption of modem input 

4. other specify 

032. If your answer is 'smaller quantities' W"hat is the reason? 

1. crop loss due to climate 

2. livestock loss due to climate 

3. thetugangs 

4. death of household income earner 

5. innation 

6. other (specify) 

p~gl! 5 

What is the value of ( .. I 
bought or obtained in 
the past 12 months? 



Section E Cred it 
credit Is there any credi t giving If yes to El did If yes to E2 whom did Did your 
number. institution in your kebele during you apply or you ask for a loan or household 

the last 12 months? ask for a loan? credit? receive a 
loan? 

E1 E2 E3 E4 
1 y" 1. Yes 1 Relatives 1 Yes 
2 No 2. No 2 Friends 2 No 

3 Monev lender 
4 Cooperative 
5 Bank 
6 O?~:dit Association er, 

E1 E2 E3 E4 
1 
2 
3 

Section F Other income 
Other Other income activity In the past 12 months, have members of your 

income household received income from [activity)? 
activity 
cod. 

code Activity name 
1. Yes 2. No 

F1 

11 Remittances 

12 sale of charcoal ffirewood 

13 etly trade (net profit) 

14 land renta l Income 

15 sale of beveraaes 

16 uarrv/minlna 

17 Repair business 

18 aid or donation 

19 self employment 

20 Pension 

21 sale of handicraft 

22 Productive safety net program 

23 sale of treefpofe/grass 

24 compensation received 

29 other 
." Note. Other' could Include. mterest Income, or property rental Income. 

G. Extension vis it and input use 
Extension Visi t 

service Type of services Does your How many limes you Input name 
code household get have contacted 

extension extension agent during 
services on I .. ] the la sl 12 months? 
during the last 
12 months? 

code services 
1. Yes number of contacts input 
2.No 

11 Use of HYV DAP 

12 climate change UREA 

13 How to apply inputs Pesticide 

14 Soil conservation Herbicide 

15 Environmental conservation HYV 

16 Early maturing crops Compost 

19 Others Water pump 

Olher(specify 

'vVhat was How long 
the amount was the loan 
borrowed? for? 

E5 E6 
Birr Months 

E5 E6 

If yes to F 1 what was the 
amount of income received 
from [activity] during the 
last 12 months? 

Birrfmonth 
unit lime (see 
time codes) 

F2 

In ul use 
input code During the 

last 12 
months does 
you, 
household 
uselinput] in 
i1s 

I .yes 

2. No 

21 

22 

23 

24 

25 

26 

27 

29 

'vVhat was the money used 
for? 

E7 
1 Ag inp1JIS 
2 Ag inveslment 
3 household consumption 
4.other (specify) 

E7 

How many months 
out of the past 12 
months did 
members of th is 
household receive 

months 

F3 

time codes 

1. dailly 

2. biweekly 

3. weekly 

4. bimonthly 

5. monthly 

6. biannuall y 

cUy) 7. other (spe 

unit code 

1. kg 

2. liter 

3.quintal 

4. big mada beria 

b,,, 5 small mada 

6. other 

what was the quantity of 
the input used (specify 
units) [see I,.nit code 
above) 

Quan:ity 
unit 



H. Climatic shocks and Perception about climate chan e and stlocks 

Climatic element code During the last 20 years have If yes to Hl how is [cllmalic element what type of loss does your 

you observed change in I has changed? household suffor? 

(climatic element]? 1, Increasing, 1. crop loss 

2.decteasing 2. human health 

1 Yes 3. no change 3. livestock loss 

2. No 4. Don'l know 4. other asset loss 
5. other (specify) 

H1 H2 H3 

Temperature 01 

Precipitation/rainfa ll 02 

Drought (frequency) 03 

Erosion(lrequency) 05 

Flood (frequency) 06 

Other(specify) 09 

I. Adaptation straleales 
II the above changes affect Have you observed its benefit? If No 10 11 what is the reason 

",de your household negalively, 

have you laken measures to 1. Ye, ,. lack 01 information 

Measures taken 
sustain your livelihood? 2. No 2. lack of resource/tecknology 

3. not available 

1. Yes 4. no adequate land to apply 

2.No 5 olher{specify) 

11 12 13 

Migrated 10 other place 11 

Used irrigalion 12 

Sold livestock 13 

Reduced livestock 14 

Adopt improved farming lechniques 15 

adopt water harvesting techniques 16 

Pul Irees for shading 17 

Adopt soil conserving techniques 18 

sold assel 19 

sought off farm income 20 

borrowed from rela tives 21 

partiCipated in Food For Work 22 

Reduced consumption 23 

Did nolhing 24 

Other (specify) 29 

J . Non climatic shocks 

Please ask the respondent whether the household has suffered any of the followin shocks durinQ the lasl 12 months? 

Type of shock Have your household suffered how many times Ihal{shockJ Occur How did the shock affect your 

code (shocks] during Ihe last 12 during the lasl 2 years? household's consumption? 

months? 

1. very negatively 

1. Ye, 2. negatively 

2. No 
3. not at all 

Deathd tKlusehold breadwinner 31 

Illness of /Iousehold breadwinner 32 

Death d hOusehold member 33 

Death of draft animal 34 

Anima l d ~ease 35 

Theft (DSS) of livestock 36 

Theftd a1y asset 37 

Crop pest and disease 38 

OutJUl p6ce fall 39 

Input p"i re rise 40 

Fire ()utiteak 41 

Olher{sp cify) 43 



K. Information on Access to capital 
ph sica l capital social capital 

Type of faci lity code How much you have to travel Name of social code Is your 
to get [services] from your institution household 
home? member of 

[ ...... ]? 

in km in minute 1. Yes 2. No 
All weather road 01 lddir 11 

Schooling (primary) 02 Baltina 12 

Schooling (secondary) 03 Ekub 13 

Hospita l/clinic 04 Mahber 14 

Bankinglinsurance 05 Cooperatives 15 

Electricity 06 Other (NGO ... etc) 

Extension advisor 07 

Daily market 08 

periodic maket (weekly) 09 

Input shop 10 

L. Social Capital 
L 1. How many close relatives that your household has in this locality? 

L2. Do any of your household members or close relative has osition in the kebele/peasant administration? 
1.Yes 2. No L2 

L3. If yes to L2 what is his/her rate In the kebele adminstralion? 
1. Kebele adminstrator 

CJL3 2. Secretary 
3. member 
4 . other (specify) 

Thank you very much for 
your cooperation!!! 

pageS 

Have you 
collected mone 
from [ ... ] during 
the last 12 
mnnth<? 

1. yes 2. No 
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