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ABSTRACT 

The Effect of Climate Change Induced Productivity Change on Food security and Food market of 
Ethiop ia: CGE Modeling. 

Wondm unegn Kebede Birhan u 

Addis Ababa University, June 20 12 

Ethiopia is known as food insufficient country. It depends mainly on its agricultural sector for 

food production whi ch is rainfa ll dependent. The performance of this sector has remained low 

mainly because of recurrent drought inherently happened as a result of cl imate change. Owing to 

the variabi lity of the rainfall and temperature in the country, Climate change is anti cipated to have 

an impact on the productivity of the agricultural sector. The thesis is therefore simulates the 

effect of climate change induced agricu ltural productiv ity change on food security and food 

market of Ethiopia. A recursive dynamic CGE model is used with three cl imate scenarios 

(CGCM2, peM and HadCM3). In the finding, it is revealed that food availability problem is 

stressed from a decline in per capita food production with negative yield growth elasticity and an 

increase in food supply price under climate change. In addition, food access problem is also 

hassled with a reduction in per capita income and per capita food consumption expendi ture. In a 

nutshell, food poverty is intensified from genera l welfare loss under climate change. The 

HadCM3 climate projection provides the worst scenario fo llowed by the CGCM2 climate 

forecasting. It has generalized that climate change wi ll be the main chall enge to the future on the 

food security problem of Ethiopia. Finall y, the paper recommended that climate change 

adaptation is required to create resilience capacity; diversificat ion of the income source for both 

the rural and urban households and improving the farming technology and practice is suggested. 

It is also required to expand farm irrigation, develop road infrastructure, establishing efficient 

climate forecasting and communicat ion technology, and improving market efficiency. 
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CHAPTER ONE 

Introduction 

1.1. General Back Ground of the Study 

Ethiopia is known to be economically underdeveloped country and its economy depends 

mainl y on the agricultural sector. This sector is identified for its immense contribution to 

the economy of the country: it accounts about 42% of the country's gross domestic 

product (MoFEO, 200911 0), produces 80 percent of its exports, and nearly about 84 

percent of the country' s population depends on this sector for their livelihood (CSA, 

201 1). 

However, the sector has stayed less productive for long period of time and the country 

fa iled to achieve food security, even it is far behind achieving food sufficiency. Many 

reasons can be mentioned for poor performance of the agricu ltural sector such as poor 

agricultural technology and traditional farming practice, fragmented farming because of 

population growth, loosing soil fertility and degradation with over exploitation and 

environmenta l change, ineffective policy, less developed infrastructure and market 

institutions. But most immanently it has accounted that drought because of climate 

variation is a major cause for poor performance of the sector which makes the country to 

depend on food aid (Temesgen, 2007) . 

1 



The country has exhibited a remarkable climate changes in the past characterized with 

extreme drought, floods, increasing and decreasing temperature and precipitation. To this 

fact, the Nationa l Metro logica l Service Agency of Ethiopia (NMSA) in its national 

adoption program of action (NAPA), has portrayed that average annual rainfall of the 

country showed a high leve l of variability over the past years though the trend remained 

more or less constant (NMS , 2007). The metro logical service agency in its 200 I 

document has also indicated that the annual minimum temperature over the country has 

been increasing by abo ut 0.2Soe every 10 years, while annual maxi mum temperature 

has been increasing by about o.l oe in every decade (NMSA, 2001). In add ition, it is 

emp irically verified that the frequency and spatial coverage of drought is getting 

increasing in the country in all over the regions (Lautze, et aI., 2003). 

In the instance of thi s climate variability and Ethiopia as part of tropica l region, IS 

anticipated to be affected by climate change. The e ffect will be high as the country is 

agra ri an economy which vastly depends on rain fed agri culture. In add ition, the country 

has limited capac ity to resist the impact of climate change. The reason is because there 

are few infrastructures and poor production technology and practice especially in the 

rural sector. Thus, the agricu ltural sector and its im pl ication for food security warrant a 

policy and action reorientation in line with climate change (Deressa, et al., 2009). The 

impact of climate change on food security of the country is a critical area of investigation 

to inform sound policies for adaptation options. Based on this back ground thi s thesis is 

intended to make investigation about the impact of climate change on food security of the 

country. 
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1.2. Statement of the Problem and Research Questions of the Study 

Ethiopia as a deve loping country is characterized with a high food poverty incidence. 

Regardless of substantial resources allocated each year to reduce the number of food 

insecure households, both chronic and transitory food insecurity prob lems are continu ing 

in the country at the household level (Zappacosta, el al., 20 I 0). The food insecurity 

problem of the country is compounded by recurrent droughts and famine that cycle in and 

out (Zenebe, el aI., 20 I I). 

The country as an agrarian economy is largely depends on its agricu ltura l sector to meet 

its domestic food demand. Nonetheless, thi s sector is characterized with poor 

productivity which makes the country to be food insufficient. 

The agricultural sector is characteri zed with poor production technology practice and 

highl y depend ing on rainfall and natural inputs that are directly related to climatic 

conditions. Thus, any variability with regard to the climate condition like rainfall , 

temperature and soi l fertility will predominantly matter the productivity of the sector. 

Drought and famine are rooted with deep poverty in the country 's hi story inherently 

caused by climate and some geo logica l change. Thus, the problem of weather change can 

be regarded for the country as the problem of survival. Indeed, farmers' dependency on 

rainfall and its erratic patterns have largely contributed to the food shortages and crises 

(Zenebe, el aI., 20 11). For this reason, agriculture and food security are identified to be 

the key sectors for intervention under climate change. 
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Several empirical works have been undertaken in order to investi gate the impact of 

climate change on Ethiop ian agricu lture with different research methodologies. Partial 

equilibrium analys is of the Recard ian methodlogy were applied by (Temesgen, and 

Hassan, 2009), ( Meseret, 2009), (Yun and Ringler, 20 I 0), and (Zenebe, el ai., 20 II). 

Moreover, general equilibrium ana lysis of CGE modeling were implemented by (Jesper, 

el al., 2011 ), and (Zappa costa, el al., 20 10) with the general theme of the imact of climate 

change on agricu lture. 

All these papers tried to assess the food security im pact of climate change on ly from the 

production side i.e. food avai labi li ty and suppl y. However, the scope of food security 

problem is beyond food avail ability. In addition to food availability the food security also 

encompasses the problem o f food access, stabi lity, and utilization. Their focus on ly on 

the production side offood security problem is the critica l gap of the previous stud ies that 

were conducted so as to investigate the impact of climate change on food security. As 

many of the A frican rural and urban poor depend on agriculture for their income source, 

it is predicted that climate change will also challenge food stability (Medany, el al., 2006), 

(FAO, 2008), and (FAO, 20 10). Therefore, food access should be taken into account in 

assessi ng food security problem. 

Moreover, many of the studies that were specific to the effect of climate change on food 

security problem have done at household level by using micro econometric tools. They 

have failed to address the fact that climate change is also compromising the macro 
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econom ic variables like national income which has an implication for food importing 

capacity. The ana lysis of cli mate change impact on food availability at national level 

enables to evaluate allocation problem which depend on the level of market integration. 

High food product ion and enough purchasing power alone do not guarantee food security 

in the area where allocation problem is found as a resu lt of market di sintegration. 

Therefore, this thesis is designed to bridge the gap by making a study on the effect of 

climate change induced productivity changes on food market and food security at 

national level. To th is problem the fo llowing research questions are considered to be 

appraised. 

• How climatic change induced productivity change is affecting food security? 

• What are the likely effect of climate change on market price and food supply, on 

household income, on food consumption expenditure level and variabi lity of the rura l 

and urban households' consumption trend? 

1.3. Objectives 

The general objective of the paper is to simulate the effect of climate change on food 

security status of the country using CGE model. 

The speci fi c objectives are: 

To assess the effect of climate change on food availability, households ' food 

purchasing power, and food consumption expend iture trend. 
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To s imulate and compare the food security impacts on urban and ru ra l household 

food consumption trend di saggregated with agro-ecological zones. 

To examine the climate change impact on general welfare of households 

di saggregated with agro-ecologica l zones. 

1.4. Significance of the study 

This study simulates the economic impact of climate change on food security of the 

country using CGE mode ling. In the result it provides a quantified and scaled assessment 

about the impact of climate change on food security at national level ; hence the finding 

will give a clear direction for policy designing in adapting climate change . 

Climate change and its impact is an emerging global concern. The output of the thesis 

wi ll serve as supplementary information to the available literature as there are only few 

studies devoted to deal with the impact of climate change on food security with specific 

indicators using a general equil ibrium analysis at a country level espec ially for Ethiopia. 

1.5. Scope and Limitations of the Study 

In investigating the effect of climate change on food security in Ethiopia, it is presumed 

that the effect will be transmitted through market variab les initially causing the 

productiv ity to change. Food availabi lity is indicated using a change in per capita food 

production, imported food , and domestic food suppl y price. Food access is also indicated 

with a change in per capita income, price and per cap ita food consumption expenditure. 

The analysis is made at national level based on the application of the genera l equilibrium 

analysis (CGE). 
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This thesis wi ll bear some limitations mainl y for the reason that all micro economic 

determinants of food security at household level wi ll not be assessed, inherently because 

of the methodology adopted as it is a general equilibrium ana lysis and thus the difficulty 

to represent all the micro econom ic factors in the SAM. 

In addition , this paper will a lso borrow all the limitation of the micro econometric 

analysis of the effect of climate change on Ethiopian agriculture made by 

(Gebreegziabher, et aZ., 2011), as all the scenarios about the impact of climate change on 

food security are taken from this mticle. 

1.6. Organization of the Paper 

The remain ing Palt of the paper is developed in the outline where the second chapter 

reviews theoretical and empirical literature; the third chapter describes the methodology 

adopted and its specification in the context of the paper with detail lists of indicators for 

food security. In add ition , the third chapter prevai l all the climate scenarios adopted for 

productivity shock in the model and the data source. The fourth chapter discuses the 

simulation result framed with two categories from market suppl y and demand side. And 

the fifth chapter is the concluding and recommendation part. 
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CHAPTER TWO 

Literature Review 

2.1. Theoretical Literature Review 

2.1.1. Food Security Concept and Definition, Indicators and Determinant Factors 

There is no any single and a general working definition for food security; as the context 

and domain of food security differs in regions based on their institutiona l diversity, 

soc ieta l, economic and technological set up (Felix and Romuald, 2009). Thus, it is tried 

to summarize only two definition of food security in line with the interest of the paper. 

"FAG 's vision of a world without hunger is one in which most people are able, by 

themselves, to obtain the food they need for an active and healthy life, and where social 

safety nets ensure that those who lack resources still get enough to eat" (FAG, 2007) . 

This definition of food securi ty regards a resource or income that enables households to 

obtain food from market as the only determinant factor with the assumption that the 

world is unconstrained with food supply and hence food security is viewed globally. This 

vision has its roots in the definition of food security adopted at the World Food Summit 

(WFS) in November 1996: 

"Food security exists when all people at all times have physical or economic access to 

sufficient safe and nutritious food to meet their dietary needs and food preferences for an 

active and healthy life " (FAG, 1996). 
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(Barbolet, et al ., 2009) in a report for the Vanco uver Food Policy Counci l defined food 

security in a genera l term with the consideration of its dynamism in coping and adopting 

a changing environment in all regards: institut ionall y, socially, environmentall y, 

economica lly, and technologicall y. 

"Food security is achieved when the structure and capacity of the food system is resilient 

and adaptive and can meet the food related human, culiural, economic, social and 

environmental needs of the individual and community. J" 

But, thc most working definition is the definition of food security developed by the 

United Nations Food and Agricultural Organi zation (FAO) in 1996: 

This defin ition comprises the spiral of the fo ur element of food security: food avai lahili ty, 

stability, access and utilization. From FAO standard defin ition of food security, it can be 

inferred that food security comprises four key dimensions: availabi lity, stability, access, 

and utilization. 

Food availabi li ty is determined by the physica l quantities of food that are produced, 

stored, processed, di stributed and exchanged (FAO, 2008). Thus, food availability 

depends on domestic food production and imports (net). Hence any factor that underpins 

1 Food system is defined in F AO's frame work document as "Food systems encompass (0 activities related 
to the production, processing, distribution, preparation and consumption of food; and (ii) the outcomes of 
these activities contributing to food security (food availability, with elements related to production, 
distribution and exchange; food access, with elemenls related to affordability, allocation and preference; 
andfood lise, with elements related 10 nutritional value, social value and/ood safely). The outcomes also 
contribute to environmental and other securities (e.g. income). Interactions behveen and within bio-geo­
physical and human environments influence both the activities and the olltcomes" (FAD , 2008). 
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production and import will al so impact food avai lability. Micro indicators for food 

avai labi lity are domestic food price, household consumption and product ion level; 

whereas macro indicators wi ll be import prices and world food suppl y (FAO, 2008). 

Food access refers to a measure of the abi lity to secure entitl ements, wh ich are defined as 

the set of resources (including legal , politica l, econom ic and social) that an ind ividua l 

requires in obtain ing food access (Sen, 1999). Th is definition for food access implies 

Food availabi lity alone is not suffi c ient to secure food . Though aggregate production is 

high in a country, food security might be chall enged with access problem at household 

leve l to secure entitlement to food because of lack of resource virtua ll y income. 

Ent itlement to food is secured if a ll individuals have purchasing power (household 

income), and if there is market integration (role of di stribution and information channe ls 

from food surplus area to shortage area). The indicators for food access, from the set of 

economic detenminants, are per capita income and market integration level. 

Stab il ity refers to ind ividuals who are at high risk of temporari ly or permanently losing 

their access to the reso urces needed to consume adequate food (Felix and Rom uald , 

2009). It is determined by the temporal avail abi lity of and access to food. Thus, all the 

factors that affect food avai lab ili ty and access will a lso impingi ng on food stability. 

Food use or utilization is justified based on the nutritional value of the food supplied to 

individuals. Nutritional value in this context does not exactly refer only to the biological 

content of the food but also the socia l value credited to the food based on local context, as 
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teff is for Ethiopia. If a food has no the required content of nutritional value, the 

individuals will be at risk of expos ition to var ious di seases. These in turn will cape the 

physical and healthy capabi lity of the indi vidual s to work and earn enough resource in 

securing food access (FAO, 2008). This strand of food security is known to be affected 

by env ironmental factors mainly c limate change. 

Both micro and macro determinants are identified to constra in food security; where low 

rates of agricultural production, low access to food , in frastructure and loca l markets, and 

environment factors are micro determinants. Among the macro factors are economic 

performance, population growth, income inequality, and political regime (Felix and 

Romuald, 2009). The overall determi nant factors are framed using the followi ng diagram. 

11 



Diagram 1: Food Security Components and Their determinants under socio-

Determinants of Food Security 

Socio -Economic and Political 
Environment 

Macro Factors 

Population 

Education 

Macroeconomy 

Policy environment 

Natural resource 

endowment 

Agriculture sector 

Market conditions 

Micro Factors 

Household 

characteristics 

livelihood systems 

Social institutions 

Cultural attitudes 

Source: (FAO, 2008) 

Food Security Components 

FOOD AVAILABILITY 

(tre nds and levels) 

Production 

Imports (net) 

Utilization (food, non-food) 

Stocks 

STABILITY OF FOOD 

SUPPLIES AND ACCESS 

(variability) 

Food production 

Incomes 

Markets 

Social ent itlements 

ACCESS TO FOOD 

(trends ilnd levels) 

Purchasing power 

Market integration 

Access to markets 

As it is genera ll y indicated in the prev ious d iagram, food avai lability depends on the 

trend and leve ls of food production, food impore, and food utilization leve l including the 

stocks. Similarly, food stability is explained by the variability of food supply and access 

which are both depend on food production , incomes, market factors, virtually price and 

social entitl ements. Moreover, food access depends on trend and levels of purchas ing 

power in addition to food allocation , which bases on the structure and level of market 

integration . 

2 In th e context of Ethiopia and all developing countries food import includes also food aid . 
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2.1.2. Effects Qf Climate Change on Food Security 

Climate change in IPCC usage refers to "a change in the state of the climate that can be 

idenlified (e.g. using slatisticaltests) by changes in the mean and/or the variability of its 

properlies that persists for an extended period, typically decades or longer. II refers 10 

any change in climate over lime, whelher due to natural variability or as a resull of 

human activity" (IPCC, 2007a). Thi s climatic variability wi ll apparentl y affect the sector 

which mainl y depends on natural resource; because it is pointed in IPCC synthesis report 

that many natural systems are being affected by regional climate changes . Agricu lture in 

particular is most vu lnerable to climate variability and hence food supply which pledges 

food security. 

2.1.2.1. Climate change effect on food availability 

Climate change constrains food avai lability in two ways. it directly affects food 

production as the result of land productivity and other natural input declining owing to 

the variability of climate. It also indirectly affects food availability through the change in 

some economic factors particularly income of household and technology set up to 

undertake agricul tural act ivity. Climate changes are assumed to have effects through 

green house ferti li zation effect, rainfall, soi l moisture, temperature and radiation 

variabi lity effects (Leff, e/ al., 2004) . 
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The green house ferti lization effect is regarded to benefit temperate zones by st imulating 

plant growth from hi gher leve l of atmospheric C02 level; but th is is particular on ly for 

temperate zones (FAO, 2008) . But temperature variability is expected to have a different 

effect for different locations (Leff, ef al. , 2004). For example, moderate warming 

(increases of I to 3 °C in mean temperature) is expected to benefit crop and pasture yields 

in temperate regions, while in tropica l and seasonally dry regions it is li ke ly to have 

negative impacts particularly for cerea l crops. Warming of more than 3 °C is expected to 

have negative effects on production in all regions (lPCC, 2007b) . 

The effects of rainfall , soil moisture, temperature and radiation on crop yield depend on 

certa in threshold of the set of the climate cond ition. If a variabi lity beyond or below the 

threshold happened, crop yields w ill be negatively affected (Wheeler e/ al., 2000). But 

the threshold level depends on the agro-eco log ical system of the location. Increased 

intensity and frequency of storms, altered hydrologica l cycles, and precipitation variance 

also have long-term implications on the viability of current world agro-ecosystems and 

future food availabi lity (FAO, 2008). A study of (lPCC, 2007b) shows that th e increases 

in mean temperature (6°C above long-term means) in European countries in 2003 led to a 

significant drop in crop yields. Genera lly, increased intensity and frequency of storms, 

altered hydrologica l cycles, and prec ipitation variance also have long-term implications 

on the viability of current world agro-ecosystems and future food availability (Felix and 

Romuald, 2009). 
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2.1.2.2. Climate change effect on food accessibility 

Food access is economicall y described on the trend and levels of food allocation and 

affordability or purchasing power. Climate changes apparentl y constra in these two 

indicators directly and indirectly . 

A llocation: food is a ll ocated through market and non market mechani sms. The non 

market mechanisms include those farm ers who produce food for their own consumption. 

In thi s circumstance, as climate change makes food production to decline, it may reduce 

availability to the po int that allocation and consumption choices have to be made within 

members of the producing famil y (FAO, 2008). 

Regard ing food allocati on through market mechanisms, it incl udes those household who 

acqu ire their food from market in exchange for money. Even though the households may 

have enough money to buy the food they intend to consume, there may not be enough 

food supply. Because food supp ly in the market may reduce as food production will 

decline inherently as the resu lt of climate change (FAO, 2008). 

Affordability: Generally, all preferred food is not produced by individual households but 

acquired through buying, trading and borrowing (Ou and Z iervogel , 2004). On this 

instance climate change will affect the purchasing power of individuals in two ways. 

First, because of climate change, national food yield will decline triggerin g food price to 

go up thus challengi ng the purchasing capac ity of households. An increase in food prices 

has a real income effect, w ith low-income households often suffering most, as they tend 
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to devote larger shares of their incomes to food than higher-income households do 

(Thomsen and Metz, 1998). High prices may make certain socially preferred foods 

unaffordable and will have an impact on individuals' nutrition and health. 

Second, climate change will affect the income of individuals who are rendering their food 

demand through purchas ing from market. As production dwindles because of the effect 

of cl imate change, demand for labor will decline which will make the market wage to 

decrease for farm labors (Felix and Romuald , 2009). 

2.1.2.3. C limate change effect on food stability 

As tried to discuss in the above diagram food stability is verifieu bast:u un the tempural 

variability of food supply and food access. The food supply variability depends on food 

production cycle which in turn seasonally depends on climate variability. Hence any 

temporal climate variability, like cyclones, floods, and droughts results in greater 

fluctuations in crop yields and local food suppli es which lead to a food stability problem. 

Rural households whose life depends on rain fed agriculture are highl y vulnerab le to thi s 

problem (FAO, 2008). In sem iarid areas, the effect of climate fluctuations on food 

production is more severe because droughts can dramatically reduce crop yields and 

livestock size and productivity (lPCC, 2001) . 

Concerning the stability of food access, it is already discussed that food access depends 

on food a ll ocation and purchasing power, which are all constrained by food production, 
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food price, and income of households. Hence a climate change causing variab ili ty to 

these factors will a lso be credited to matter food stability (FAO, 2008). 

2.1.2.4. Climate change effect on utilization of food 

Generally it is known that climate change impacts the food use or utilization trend of 

households. Food utilization refers to the nutritional value of the food ava iled for 

households. Nutriti onal content of a food can vary as the result of a change in 

environmental condition, which im poses an alteration in the photosynthesis process of 

plants (Rosenzweig and Binswanger, 1993). 

Climate change wi ll also affect the micronutrient content of a food in the way that it 

renders a favorable condition for reviva l and expansion of new plant and animal diseases. 

Even new diseases that attack human will be inborn as the result of climate change; 

typica l to thi s is malaria. These di seases are lowering people 's capacity to utilize food 

effectively and often resulting in the need for improved nutritional intake (McMchael, el 

ai. , 2006) . In addition, climate change can shape the decisions of farmers regarding the 

type of crops to cultivate as adaptation strategy; may be in case they wi ll tend to stop 

cu ltivation of socially preferred crop for food . Thi s happened mainl y at the result of 

climate change, food price gets hi gher and become unbearable with the limited 

purchas ing power of households especia ll y for socially highly valued food items. Then, 

households wi II tend to abandon their trad ition and starts to adopt new crop system and 
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the crop type in resisting climate change. Thi s makes households to forgo their soc ially 

valued crop or food (FAO, 2008). 

2.1.3. Study approach and methods 

There are different methodologies and approaches used to assess the impact of climate 

change on an economy. Broad ly the methodologies are categorized as "agricu lturally 

oriented" and "economically oriented" researches. The agricu ltural oriented approach 

concentrates on the eco logica l and biological response of so il s and crops to climatic 

variation, considering economic interactions on ly partially and in a very simpli fied form . 

The economically oriented approach emphasizes on market mechanisms by assuming 

agriculture as an industry part of the economic system necessari ly overs impl ifying the 

natural mechanisms at the base of crop growth and reaction to climate change ( Bosello 

and Zhang, 2005). 

In spite of the broad categories mentioned above, the most known models used to analyze 

climate change impact on an economy are aga in identified as partial equilibrium analysis 

models and general equilibrium ana lysis model based on the scope that the models are 

dealing with . Partial equilibrium models depict part of an overa ll economy, assuming that 

industries have littl e effects on each other or the rest of the economy. General equilibrium 

models look at the economy as a complete, interdependent system, thereby providing an 

economy-wide prospecti ve analysis capturing links between agricu lture and non­

agricu lture sectors (Zhaif, el aI. , 2009). 
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2.1.3 .1.Partial equilibrium Approach 

The partia l equilibrium anal yses are classified into three bas ic approaches: crop 

simul at ion mode ls, agro-eco logica l zone (AEZ) models, and Ricardian models. Crop 

simu lation models are used on controll ed experiments where crops are grown in fi e ld or 

laboratory settings that simulate different c limates and leve ls of C02 in order to est imate 

yield responses ofa spec ific crop variety to certain climates and other variab les (Zhaif, et 

al., 2009). On (Mendelsohn and Dinar, 1999), it has portrayed that the crop simulation 

mode l do not include the effects of farmer adaptat ion to changing climate cond itions. 

Consequentl y, thei r results tend to overstate the damages of c li mate change to 

agricul tura l production. 

The AEZ model accounts for a ll factors addressed by the crop simulation model. In 

addition, it gives a great credit to land and land re lated factors and its management where 

their changes are considered as changes of climate resources (Darwin, et aI. , 1995), and 

(Fischer, et aI., 2005). In this mode l, avai lab le land in a country are differentiated in to 

different AEZs based on their difference of length of growing period of crops (defi ned 

based on temperature, precipitation, so il characteristics, and topography) and other 

climate disparities. The effect of climatic change variability on crop production and the 

effect d istribution across different zones can be captured using this model. This model is 

also used to simulate or predict the maximum production capacity of a land for climate 

changes under some set of management and contro lled cond itions (Zhaif, el al., 2009). 
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Nonetheless, this model is claimed to suffer for a problem of over estimating or wrongly 

pred icting the maximum production capac ity of land in different AEZs as it does not 

account for farmers ' adaptation to climate change ex plicitly (Cline, 1996) . 

The Ricardian approach is a cross sectiona l analysis used to dea l with the effect of 

environmenta l factors including climate variab les on farm income considered as proxy to 

land rent. The Ricardian model enables to account for farmers ' adaptation to climatic 

change in affecting product ivity. This model is extens ively applied in many countries. In 

Ethiopia it has applied by many researchers (Temesgen, 2007, Meseret, 2009, and 

Zenebe, el al., 20 I I) . 

This model is criticized on three grounds: first it is not based on a fully contro lled 

experiment thus uncertainty about the probable effect of excluded factors in the model 

(Mendelsohn and Dinar, 1999) and (Cline, 1996). Second, it does not account for price 

changes and it fails to fully control the impact of other variables that affect farm incomes 

(Mendelsohn and Dinar 1999) and (Cli ne, 1996). Third , it is fai led to account for the 

carbon ferti li zation effect (Mende lshon and Tiwari, 2000). 

All the partial equilibrium analyses are under taken at a micro level and do not allow to 

make an economy wide analysis. It is strongly argued that food security problem should 

be analyzed at a nation leve l or if possible at a global level as a country's food supply 

does not depend on ly on domestic food production but also imported food . Based on this 

argument, it is presumed that partial equ il ibri um analysis is not appropriate to deal with 
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food security problem. In add ition, the Crop simulation and the AEZ model do not 

consider the economic factors and the human cap ital in determ ining farm output 

(Mendelsohn and Dinar, 1999). These two mode ls are not enabling to accoun t for market 

factor which are very crucial to determine food security. The Ricardian approach can also 

discredited for the same reason as it does not consider all the economic factors. 

2.1.3.2.Thc General Equilibrium Methodology 

This approach investigates the plausib le effect of climate change on an economy and 

assesses the spillover of the effect in each economic sectors described by behavioral and 

economic equations. Climate change may affect various sectors of the economy directly 

or indirectly. Thus, interactions between different sectors must be studied to assess the 

impacts of climate change on agriculture. CGE models are we ll suited to depict 

interactions between agricu lture and other sectors in the economy (Zha if, e/ aI. , 2009). 

The general equilibrium analysis is based on the central idea of Pareto optimal a llocation 

of resources within an economy (Whall ey, 1986). It is used to computationa lly solve 

system of behavioral equations used to represent an econom y of a nation or perhaps a 

globe with an objective of optima l resource a ll ocation (Thomas, 1999). It focuses heavi ly 

on questions of mode l speci fi cation, parameter choice, and the appropriate representation 

of policies (Whalley, 1986). CGE models have long been popular in policy analysis, 

particu larl y to evaluate economy-wide and di stributional welfare effects of economic 

changes in both developed and deve loping countries; and more recentl y, CGE models 

have been app li ed to analyze the impacts of c limate change (Jesper, e/ aI. , 20 11). 
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CGE is used to anal yze not on ly economic activity but also env ironment issues. Some 

env ironment research issues with application of CGE are the relationship between 

environment and economy, prov ision of services and goods, assimilati on of po llutants, 

degradation of environmenta l quality, and environmental adaptat ion and ma intenance 

(Toshihiko, 2005) . 

Two broad approaches have been used to assess impacts of climate change on agriculture 

within the CGE framework. The first approach is to deve lop an integrated assessment 

model, which couples a CGE model with a partia l equilibrium agricultural land use 

mode l. The second approach is to improve modeling of land as endogenous within the 

CGE framework itself. Of the two approaches, the more common and simpler method is 

making land use allocation endogenous in a CGE model by improving the functional 

form with in the CGE framework through a constant elasticity of trans formation fu nction. 

Earl y studies of this type usuall y treated land as homogenous, ignoring biophysical 

characteri stics of land and spatial interactions. To overcome thi s limitation, some studi es 

used a constant elastici ty of substitution (CES) aggregated function to di stingui sh 

between different uses of land (Zhaif, e/ aI. , 2009) . 

Another way to introduce heterogeneity of land within a CGE mode l is to classify land 

types by regiona l and climatic differences through an AEZ approach. One of the studies 

th at took this approach is (Darwin, et al., 1995), who eva luated impacts of g lobal climate 

change on world agriculture using a future agricul ture resource model made up of a 
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geographic informat ion system and a CGE model. In thei r anal ysis, they disaggregated 

land into six classes differentiated by the length of growing season for eight regions of 

the world and II sectors. Similarl y the IFPRI standard 2009 based CGE model of 

Ethiopia is developed on classification of regions in to four AEZs. While the above 

studies attempted to introduce land heterogeneity within the CGE framework, other 

research combined the CGE with partial equilibrium models. In consideration of all 

these features and advantages of CGE model, it has adopted as a methodology to this 

thesis in dealing with the impact of climate change on food security and food market at a 

country leve l. 

2.2. Empirical Literature Review 

Recently the issuc of climate change and its impact on the globa l and regions is getting an 

emphasis by many researchers. Different empirical literatures are reviewed here to show 

get bench mark in ident ifying the point of departure and or confirming the consistence of 

the finding for thi s thesi s. 

(Nelson, et al. , 20 I 0) with the premise that neither food security nor climate change 

should be viewed in iso lation, it has dealt on the effect of climate change on food security 

in the world . It asserts that CC coupled with recent food price hike in the world , 

population growth and hence increased food demand wi ll pressure the world ' s economy 

in the com ing decades to 2050. The paper has used both the partial equilibrium ana lys is 

model and the Globe computable General equilibrium model to adress its research 
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questions. In the scenario of the paper, economic, population and climate change impacts 

are combined together. In analys ing the food security impact of climate change, It has 

focused on three indicators: the prices of the most important crops (maize, rice, and 

wheat); the average dai ly kilocalories (kca l) consumed; and the number of malnouri shed 

child ren under five. 

In the study it has found that the world food price shows substantial increases between 

20 I 0 and 2050. The price increas ing vari es from 3 1.2 percent for rice in the optimistic 

scenario to 100.7 percent for maize in the pessim istic scenario. In particular wheat price 

which is typical im port food item for Ethi op ia, increases with 23.4% in the optimistic 

scenario and with 24.4% in the pessimistic scenario. In jusstyfing the resu lt for the world 

food price change the paper has estimated the crope yield growth and land area usage 

changes. It has estimated yield growth ran ges from a low of 0.25 percent per annum 

(developed country maize with climate change and the optimistic scenari o) to a high of 

1.88 percent per annum (wheat in low- income developing countries with perfect 

mitigation and the pessimistic scenario). Regarding land area usage, it shows a del ine 

trend for developed nations (9- 13%), but a dramatic farming land expanssion for 

developing countries ( 18-25%). In combination the two factors are assumed to give 

production change where by the paper has affirmed rice and wheat production growth 

rate decreases everywhere with climate change compared with perfect mitigat ion. 

With regard to the impact on consumption and calori intake, the paper has found that the 

number of malnuri shed children in low income countries will increase in 2050 by 9.8% 

with the optimistic scenario and 8.7% with the pessimistic scenario of climate change. 

However, the dai ly kilocalori avai lable shows positive growth w ith climate change but 
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less than the case with perfect mitigation scenario. In conclusion, the paper argues that 

the challenge of reaching sustainable food security and deli vering on it through 2050 is 

daunting by two looming challenges: growing world population and increasingly 

negative productivity effects from climate change. Especia lly climate change acts as a 

threat mu lti plier, making the challenges of sustainable food security much more 

difficult. 

( Bosello and Zhang, 2005) also devotes on estimating the impact of climate change on 

agriculture in the world based on the a static genera l equilibrium ana lysis wit h 

formulation of a standard multi-country world eGE model: the GTAP mode (Globa l 

Trade Analysis and Policy Model) up to 2050. In the simulat ion the paper induced 

climate change impact as land productivity shock. It has found that for developing 

country GOP declines by 12.6% compared with the base line of no cli mate change. 

Regarding food price it has also reaffirmed that it wi ll icnrease with climate change. Price 

for wheat wi ll increase by 91. 1% in developing countries (referred as RoW in the paper). 

In the last the paper has concluded that agricultural sectors in the developing world wi ll 

be adverse ly affected with negative consequences either in terms of food avai labi lity or 

of we lfare. 

(Mende lsohn , et al., 2000) with the objective of filling the knowledge gap on 

quantitative sca ling of the impact of ee on africa 's agriculture, it has applied a 

simulation analysis using a climatic scenario taken from !pee forecast of future 

atmospheric carbon dioxide levels by 2 100. The scenario is inputed to make impact 

anal ysis using GIM (Global [mapct Analys is Model). According to this paper, the 

impacts in Africa ranges from a potential loss of$25 billion to a loss of$194 billion per 

25 

" 



year, depending on the climate sens itiv ity used. [n genera l the paper has computed that 

the damage from climate change to African agriculture is expected to range from 0.13% 

to 2% loss of GO P by 2 100. In regional wise, the paper find that every region in Africa 

wil l experience some negative climate change impacts, but some regions wi ll be more 

vu lnerable to warming than others. The Sahara and EGAD regions are the most 

vulnerab le with high percentage loss of GOP. Based on the cross-sectional climate 

response function estimation, the EGAD region where Ethiopia is found, losses around 

10% of their agricu ltural value. This conveys that as the agricultural sector is the main 

contributor of food production, these negative effect of climate change on this sector 

rchallenges the food security situation in Africa . 

Similarly, (Rashid , 2008), on his artcile is intented to probe how climate change (CC) has 

shaped African agricu ltllr~ in the past, how it might impact African farm economics in 

the future, and what adaptation strateg ies African farmers need to implement. [n the 

result, it has shown that African agriculture and the welfare of its rural population are 

vulnerable to CC. The highest risk of future CC damages is associated with specialised 

crop and livestock farm ing (mono systems) palticularly under dryland conditions in arid 

and semi-aridregions. 

Most importantly the work of ( Ringler, el 01.,20 I 0) uses a comphrensive climate scenrio 

(CCC) based on ensembles of 17 GCMs (Genral Circulation Models) to assess the effects 

of climate change on food security of sub Saharan African countries. The paper has found 

that crope yeild decreases for a ll items except for mi llet and sorghum. Wheat exhibited 

the largest negative yield decline (-22%) followed by sweet potato. Concering food 

demand, the paper has found that under climate change, aggregate food demand for 
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cerea ls in the Sub-Saharan reg ion will decline by 1.5 percent in 2050. Simi larly food 

price is fo und to be hi gher than otherwise would be without climate change. Under 

c li mate change, maize, rice, and wheat price in 2050 is 4,7, and 15 percent hi gher than in 

the hi storic cl imate scenario. Th is triggers an add itional problem in worsening the food 

security problem in this region as households are loos ing their purchasing power from 

higher price. With the im pact of child malnutrition , the paper revea led that per capita 

ca lorie availability across Sub -Saharan Africa decli nes by 1.3 percent or 37 kiloca lories 

per capita per day. Th is is justfied from the reason that households are becoming less 

capable of afford ing the higher food price and hence less food utili zation . With these a ll 

finding the paper call s for a ki n po licy consideration of climate change in Sub Saharan 

Africa. 

Apart these emperical works reviewed, a number of papers has been made on reg ional 

and country bases, some are: (Butt, e/ 01., 2005) in Mali, (Nhemachena, el ai., 20 I 0) in 

South Africa, (Ernest, 2002) in Cameroon , (Mintewab, e/ 01., 2010) in Tanzanya are few 

whose research theme is c limate change and its imapct on agriculture and the impl ication 

for food security. 

Respective of the effect of climate change on agricu lture production and hence food 

avai labil ity in Ethiopia, d ifferent partial and general equi librium ana lys is and studies 

have been made. A ll the studies agree that climate change on annual base will decrease 

agricultura l productivity in the country. (Temesgen and Hassan, 2009), (Meseret, 2009), 

(Zenebe, el 01., 20 11), and (YUI1 and Ringler, 20 10) are some empirical based on partia l 
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equilibrium analysis. Whereas (Jesper, el aI., 20 11 ) is the on ly work resort on genera l 

equilibrium ana lysis. 

(Temesgen and Hassan, 2009), has app lied the Recardian model to ana lyze the effect of 

cl imate change on crop production in Ethiopia. T he estimation based on the long ru n 

temperature and precipitation change. The seasonal marg inal im pact anal ysis indicates 

that margina ll y increasing of the annual temperature reduces the net revenue per hectare 

by US$ 2 1.61. Increasing precip itation during spring increases the net revenue per 

hectare by US$225.08; whereas increasing precipitation during win ter significantly 

reduces the net revenue by US$464.76. Marginall y increas ing precipitation during 

summer and the fa ll al so reduces the net revenue per hectare by US$ 18.88 and US$64. 19, 

respectivel y. An increasing prec ip itation annually is reported to decrease net revenue per 

hectare. 

In addition, the paper also simulated net crop revenue impact of predicted climate 

scenarios from three models (CGCM2, HaDCM3 and PCM) for the years 2050 and 2 100. 

The result indicates that th ere wou ld be a redu ct ion in crop net revenue per hectare by the 

years 2050 and 2 100 3
• This implies that CC intens ifies the food security prob lem of the 

country at least from the availabi lity side as agri cu ltural revenue per hectare has declined 

with climate change jointly for both an nual increas ing of temperature and precipitation 

reported in the finding. 

, The model estimation of the work of (Gebreegziabher Z., et 01., 2011) regard ing the marginal effect of 
long run temperatu re and preci pitation change, and the simulated result about the net revenue impact 
based on predi cted climate scenario of CGM2, HaDCM3 and PCM for the year 2050 and 2100 ca n be 

referred on Ta ble 6 pp 541, and Table 10 pp 546 respectively. 
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(Meseret, 2009), in hi s thesis, with Recard ian model also indicates that increasing 

temperature and decreasing rain fa ll as a subset of a change in climate sign ificantly 

damages crop production in Ethiop ia especially for dry land farming. A cons isted result 

with findings of (Temesgen, and Hassan, 2009) which shows a decline in food 

production with climate change. 

In the po licy discussion paper of IFPRI, it is also identified that frequent hydrologic event 

is found to be the major factor of cli mate change influencing the economy of the country 

by causing both the agricu ltural and non agricultura l sector to loss its output (Yun and 

Ringler, 2010). 

On the other hand (Jesper, el ai., 20 II) has adopted a genral equilibrium analysis model 

to investigate the econom y wide imapct of climate change in ethiopia using a dynamic 

CGE model calibrated with IFPRI SAM for Ethiopia. They have used two projection of 

TFP 0% and 2.6% shocked with a decreased in land productivity as a result of climate 

change . The scenario is taken fro m the Recardian estimation of agricu ltura l profit impact 

ofCC reviewed from (Zenebe, el al., 2011). In the ana lysis, the paper has focused on the 

change in crope and livestock production of the dominant agroecologies of agricultural 

production in the country: moisture sufficient highland cereal based and the drought 

prone area. In the report of the finding, it has portrayed graphically that crope and 

livestock prodcution in the moisture sufficient high land declines after 2030 with climate 

change. It means this region has a grace period of production increment up to 2030 when 
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land productiv ity declining is projected to start. Where as, for the draought prone area 

crop product ion is projected to dec li ne after 2050; and the livestock product ion starts to 

dec line in 2030 but shows increasing trend after 2050. However for a ll regions, leve l of 

production of crop and livestock with c li mate change is projected to be less than it would 

be otherwise without climate change. Similarly CC found to affect incomes of a ll 

household group . Per cpita income in no TFP consideration shows a 30 percent loss with 

climate change compared with no climate change. The paper in bold has concluded that 

despite of the level of CC effect, TFP growth wi ll reverse the effect and enab les rather 

the economy to exhibit a positive growth in a ll macro indicators atleast up to 20304
• A ll 

the emperical findings reviwed at globa l, continental and country level are agreed that 

climate change in low income country is looming the food security problem . 

4 Refer (Jesper, et 01., 2011) for al l simulation results from pp 12-14, Fig1, Fig2, Fig3, Fig4, FigS, & Fig6. 
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CHAPTER THREE 

Methodology and Model Specification 

3.1. Methodology 

In studying the effect of climate change induced productivity change on food market and 

food security, a recursive dynamic CGE model version II based on the Ethiopian IFPRI 

standard model is employed. C limate change is assumed to a ffect the productivity the 

agriculture sector and then the effect will be transm itted in impacting the food security 

and the food market. With the fact that agricu lture is the major sector in the economy of 

Ethiopia where the other sectors depend on for their input source, any change in this 

sector wi ll have a spi llover effect on all other sectors. To this regard the CGE modeling is 

preferred to make an analysis of sectoral linkages (Xinshen, e/ at. , 20 II ). 

The CGE model used in this ana lysis follows the neo-c1assical structure as it was first 

presented by (Devis, e l ai. , 1982). Particularly in this thesis, indicators for food 

avai lability and stability, food access, and food utili zation (nutrition) are included in the 

price, production, and institutional blocks. 

The data framework fo r this CGE simulation study is the 2009 standard SAM for 

Ethiopia developed by the Ethiopian Development Research Institute (EDRI) In 

co llaboration with Institute of Development Studies in the University of Sussex. 

In the structural equations of the model , there are four Sioks: the production and trade 

block, the price block, the institutional block, and the system constraint block. For all 
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blocks, the closure is speci fied based on the theory and the emperical context of the 

issues. Apart from specfy ing the closure and the equati on type, three specific equations as 

ind icators of the four components of food securi ty is specified and incorperated in the 

standard model ofCGE. 

One of the ind icators is per capita food production from the market supply side used to 

denote the per capita food ava il ab il ity and stab ility. The other two indicators are per 

cap ita GOP and per capita food consumption expenditure from the market demand side 

and are used to descri be the food access, stabi lity and utili zation. The per capita food 

ava il abil ity will be determined by total food prod uction and popu lation, while the per 

capi ta GOP will be determined by total GOP and popu lation (Wu, el 01., 2010). 

The change in per capita food production is assessed by comparing the per capita food 

production in the targeted year I, with the base line year lb . Change ratio of per capita food 

production (CRy) calculated with the following Equation. 

---------------------- ( I) 

Where 

CRy is th e ratio of the per capita food avai labi lity of the simulati on with the base; 

Y is the crop yie ld for crop type i; 

A is the crop areas for crop type i; 

POP is the total popu lation ; n is the total number of crops. 

32 



., f .. ,. 

F. B. EO! 
LIBRARY 

Secondly, in investigating the food access and stability problem from measurement of 

allocation and purchasing power of households, the rat io of per capita real GDP of the 

climate scenario with the base line wil l be appraised. If per capi ta rea l GDP ratio 

becomes more than one, it implies purchasing power of households or the nation grows 

even under climate stress and better food access in result. If per capita real GDP ratio 

becomes less than one, it signifi es a distress ing food access mounting food security 

problem under climate change (Wu W., el ai, 20 I 0). 

PERCGDPCtS 

PERCGDPGtb ---------------- (2) 

Where, PERCGDPG_p ratio of per capita rea l GDP for simulated period compared with 

the base line. 

In a similar fashion, the per capita food consumption expenditure in real is analyzed as a 

ratio of the climate scenario to the base. Aga in a deviation above and below one is 

analyzed as increasing and decreasing trend of food consumption expenditure from the 

base implying an improved or deteriorated food access, stability and utilization. 

---------------------------- (3) 

Where FEHh _p is per capita food consumption expenditure ratio, FE]s is per capita food 

consumption expenditure with climate change, and FE]b is per capita food consumption 

expend iture for the base scenario. 
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3.2. Model Specification 

The model for this paper is specified in the man ner that the above equation will be 

adopted and described under the appropriate blocks of the standard CGE model. Since a ll 

the figures in the SAM are in monetary value, the CR va lue wi ll be defined as: 

-------------------------- (4) 

Where CRa.p is ratio of real values of product ion for activity a (crop a) in the simul ated 

year tb compared with the base year tso QAa is real values of production in activity a, POP 

is popu lation. 

Simi la rl y the rea l per capita GDP ratio as indicator of the food access is computed using 

the formula: In the CGE model GD P is computed as aggregation of value added: 

1 

CDP = QVAa = a~a . (L. / EF ofg . QFf-:ga)p~a 

Where QV Aa is aggregate va lue added; a~a is efficiency parameter in the CES va lue-

added function; ofg CES value-added function share parameter for factor f in activity a; 

pga CES va lue-added functi on exponent; QFfa where f E F(F') impl ies a set of factors. 

34 



Real per capita income for the country is therefore obtained as. 

PERCGDP_p = QVAa'b / 

/ POptb 

----------------------------- (5) 

Th is formula is adopted and described in the production and trade block of the CGE 

model. As described above, the implication of the output wi ll be, if the average per capita 

income over simulated periods with climate scenario is less than the average of per capita 

income of the base, it implies that people in that nation are losing their their income with 

cl imate change. 

Per capita food consumption is used as indicator for food access in add ition to the per 

cap ita income. The per capita food consumption expend iture is labeled in the institutional 

block of the CGE model. It is specified as : 

h E H ----- (6) 

Where EHh is household consumption expenditu re, shiiih is share of net income of a 

household transferred to institution I, MPSh is marginal propensity to save for 

households, tmsh is direct tax rate for households, and Ylh is income of households. This 

expenditure function is a linear funct ion of househo ld income. From the above equation 

the per capita food consumption expenditure ratio is computed as: 

------------------- (7) 
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Where FEHh _ p is per capita food consumption expenditure ratio of the climate change 

scenario to the base without climate change, ShTfEHh is the total food consumption 

expenditure, Slur is the share parameter for food expenditure from the total household 

expenditure. Again the ratio less I is interpreted as the household are spending less on 

food with climate change compared with the base year. 

3.3. Price Block 

. Domesti c food supply price change is also used to indicate the food access and 

ava il abi lity problem. The price block consists of equations in which endogenous model 

prices are linked to other prices (endogenous or exogenous) and to non price model 

variab les (Lofgren, e/ ai., 2002). But here only price of a commodity supplied will be 

defined from total activity price. 

PAa = L.C<C PXACac l1ac 

Where 

------------------------------ (8) 

a E A 

PAa 

PXA Cac 

= a set of activities, 

= activity price (gross revenue per activity unit), 

= producer price of commodity c for activity a, and 

= yield of output c per unit of activity a. 

The gross revenue per activity unit, the activity price, is the return from selling the output 

or outputs of the activity, defined as yields per activity unit mu lti plied by activity-speci fi c 
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commodity prices, summed over a ll commodities. Th is allows for the fact that activ ities 

Imy produce mU ltiple commodities. 

Given the gross price of an act ivity, what is important for the ana lysis of thi s paper with 

regard to food access, availabi lity and stab ility is the specific food price in the 

agricultural activity, i.e., PXACac producer price of commod ity spec ifi ca ll y for food 

commodities. In the thesis the percentage change of food supply prices of major crops is 

analyzed to infer about the allocation or avai lability, and affordabi li ty of domestica ll y 

produced food . 

3.4. Production a nd Trade Block 

Production is carried out by act ivities that are assumed to maximize profits subject to 

their technology, taking prices (for their outputs, intermediate inputs, and factors) as 

given (Lofgren, et ai., 2002). 

A constant elasticity substitut ion activity product ion function is adopted for thi s paper, 

with the assumption that a ll the inputs for th e agricultural production are imperfect 

substitutes. Value added is modeled using constant elasticity of substitution (eES) 

production funct ions of factor in puts (land, li vestock cap ital , various types of labor and 

non-agricultura l capita l). Intermediate inputs are also determined as fixed shares of the 

quantity of output. 
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A quantity of output in an activity in the CGE model is determined using the equation: 

1 

QAa = ag(og.QVA~pg+ (1 -og).Q INTA~pg)PlI, aEACES -------------- (9) 

Where, QAa is quantities of production in activity A; QVAa is quantities of (aggregated) 

value added; QINTa is quantities of aggregated intermediate input in activ ity A; ag is 

effic iency parameter in CES activity function ; og is CES activity functi on share 

parameter; pg is CES production exponent; and the notation a E ACES is to imply that 

activity production function is a CES at the top of the technology nest. 

On top of this equation, for this thesis particularly a per capita food production level is 

used as indicator offood avai labil ity. 

------------------------ (10) 

With regard to the trade column, imported goods are assumed to be imperfect substitutes 

for domestically produced goods; likewise, exported goods are imperfect substitutes for 

domestically produced and consumed goods. 
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3.5.1nstitutional Block 

3.5. 1. Incomes and Consumption 

Payments from each factor of production will be allocated to households and other 

institutions using fi xed shares derived from the base SAM. Household consumption is 

modeled using a Linear Expenditure System (LES) specification described in equation 6. 

h E H 

The label of the variables are defined above in eq uation 6, and consumption expenditure 

is computed as net of household income by deducting income transfer to the other 

institution from the household, saving and tax. Extending this equation , a per capita food 

consumption expenditure rat io is used as indicators of food access and utilization 

problem. It is de fi ned in equation 7 as: 

A ratio less than one wi ll be interpreted as less food expenditure during climate change 

compared with the base without climate change. For a ratio greater than one, it indicates 

an increase in food consumption expendi ture and hence better food access and utili zation. 
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3.6. System Constraint Block and Assumptions -F~lJ:E~ 
The model closure of each market is governed as: lIRRAR\' 

In the commodity markets prices adjust to equate supply and demand 

In cap ital market (inc luding livestock capital), it is assumed to be fixed by sector 

and region or assumed to be act ivity specific but fully employed. 

Land is fi xed by region, but is mobile across crops and full y employed. 

In labor markets tota l supply of labor of each sk ill type is fixed , full y employed, 

mobile and real wages adjust so that demand for labor is equal to supply 

Si milarl y the closures for macro balances are specified as: 

With regard to the trade balance, it is assumed as to have fi xed foreign savings 

(foreign capital inflow), so trade balance (current account) is a lso fixed. Then, 

rea l exchange rate adjusts to ach ieve export supply and import demand that yield 

the fixed trade balance. 

In the absorption ba lance, it is assumed that aggregate investment, government 

demand, and consumption are fixed shares of tota l absorption. Any macro 

adjustment burden wi ll be shared equally across macro aggregates . Furthermore, 

government deficit is endogenous. 

Saving driven investment closure IS adopted as savmg does not adjust to 

investment in Ethiopia ' s case, rather saving is exogenously fixed . 

Consumer price index numera ire is used; that is all price is determined relative to 

the fi xed consumer price index. 

40 



Furthermore the assumption for all exogenous parameters is adopted from the 

assumption of PASDEP for Eth iopia (Plan for Acce lerated and Susta inable 

Development to End Pove!ty). In particul ar 3% population growth adopted (a 

Wor ld Bank estimation of median population growth rate for Ethiop ia). 

3.7. Scenario and Data Source 

The scenari o for the analysis of the CGE modeling is taken from the empirical literature 

written by (Zenebe, e/ 01., 20 I I) . In the paper, net revenue of agri culture is assumed to be 

affected by climate variables such as temperature and precipitation, and socio-economic 

variables. The paper has estimated about the effect of cl imate change on net revenue for 

2050 and 2 100 based on three atmosphere ocean global circu lation climate forecasting 

model name ly CGCM2, PCM, and HadCM35 under A2 assumption ofSRES. 

The Recardian cross sectional est imation of net revenue change as the result of climate 

change is related with total factor productivity growth (TFP) under the assumption of 

perfect product and resource market. The proof is di splayed in the append ix. Some 

manipulations is made to come up with the scenarios of climate change impact on TFP, in 

the first, the joint effect of temperature and precipi tation on net revenue is computed from 

5 . CGCM2 (Coupled global Cl imate Model) based on the A2 IPCC Special Report on Emission Scenario 
(SRES) assumption, project s temperature to increase from 21.2S-24.SSoC in 2050, whereas precipitation 
to decrease from 76.77-66.79; PCM (Parallel Climate model) projects temperature to increase from 
21.25-23.55°C, and precipitation to increase from 76.77-66.79 in 2050; and HaDCM3 (The Hadley Center 
Coupled Model) also projects that temperature to increase from 21.25-25.05°C and precipitation increase 
from 76.7 -83.68 in 2050 (Gebreegziabher Z., et 01.,2011). 
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their marginal change and impact 6. [n the second , the simulated 50 years cumulative 

impact of temperature and prec ipitation on net revenue is discounted and manipulated to 

come up with a per year effect. 

Tab le I: TFP Scenario 

Models 
PCM 

HadCM3 
CGCM2 

Crop 

-0.24% 
-0.60% 
-0.69% 

Livestock 
-0.36% 
-0.83% 
-0.55% 

Source: Self computed from the simulated resu lt ofCC impact on net revenue by 
(Gebreegziabher Z., et aI., 20 II ) 

Pertaining to the data source, an IFPRI standard 2009 Ethiopian socia l accounting matrix 

is used as a data source. A Socia l Accounting Matrix (SAM) captures the complete 

relationship that links the income and expenditure of each category of economic agent in 

a given economy (Tebkew T., el aI., 2009). The SAM disaggregates agricultural 

activities, land and rural households by agro-ecological zone (A EZ). The four AEZs 

distingu ished in the SAM differ in terms of climate, moisture regime and land use7
• 

The regiona l di saggregation of crop production for each activity is based on value shares 

derived from the Agricu ltu ra l Sample Survey for 2005106. The SAM distinguishes 11 8 

activities, including 65 regiona lly differentiated agricu ltural activit ies belonging to 13 

distinct agricultural activity groups and one aggregated forestry and fishing activity, 2 1 

6 The joint effect of both temperature and precipitation is obtained using differen tial calculus and the per 
year effect is obtained using a compou nd discounting formula . A per year impact of climate change on net 

revenue is ca lculated from the SO years cumulative impact using the formula,r = (1 - p) ' Iso - 1, where 
p is the percent by wh ich net revenue changes over 50 years, and r is the rate by which net revenue 
changes per year. 

' In the IFPRI standard CGE model for Ethiopia, the five agro-ecological zones distinguished are merged to 
be four where the moist sufficient high land inset based is included in the moist sufficient highland cerea l 
based . 
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industrial activities and 12 service activities. It a lso accounts for 91 commodi ties that are 

broadly divided into marketed commod iti es and own-consumed commod ities. The 

agricultura l sector produces 25 marketed and 20 own-consumed commodities . The 

industry sector produces 30 marketed commodities and the service sector generates two 

own-consumed and 14 marketed service commodit ies. Factor income flows are recorded 

in 25 factor accounts. There are 14 household accounts, di stingui shing rural households 

by income class in each of the four regional zones and urban households by income class 

and size of urban settlement. 
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CHAPTER FOUR 

Simu lations Result a nd Discussions 

[n the s imulati on of the im pact of climate change on food security through agricu ltural 

productivity changes, estimation has been made up to 2035 starting from 20 I 0 by 

considering 2009 as a base year, 

4.1. Supply Side Analysis 

4.1.1. Domestic Food Supply:/Food Avai lability: Per Capita Food Production8 

(Trend and Levels) 

Food supply or availability is one of the major components of food security. Food 

avai lab ility is measured using annual per capita food production of the country. It is the 

trend and leve l of food production which matter to secure sustainable food avai lability, 

Per capita food production is compared for the three scenarios of climate change with the 

base line. 

In Figure I , it has shown that per capita food production continuously increases up to 

2035 for all scenarios, The country has a longer grace period during which food 

production continues to increase even with climate change for two reasons. In the first, as 

the variab ility of the climate is increasing with time, the intensity of its impact on food 

production also increases, This is due to the reason that the productivity of the agriculture 

is not immed iately deteriorated as the result of the climate change, The productivity 

decreases graduall y as the effect and variability of the climate is increas ing with time. [n 

8 Th e production value is converted to US dollar based on the current exchange rate of 2012. 
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the second, all the crops and the agro-eco log ical zones are not affected negatively by the 

cl imate change. However, average an nual per capita food production over the 

simulation period shows that per capita food production under the base exceeds the 

production leve l under climate scenarios. Th us, there is a loss of food production with 

cl imate change when it is compared with the base without climate change. 
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Figure I: Trends of Per Capita Food Producti on in Bil l. 

Source : Model simulation result from CGE 
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In Figure I it can be observed a lso that the HadCM3 climate projection resul ts in 

pessimisti c scenario with a large decl ine in food production. This can be observed from 

the per capita food production ratio (CRy ) summarized in Table 2 . 
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Table 2 : Per Capita food production ratio of the simulation with the base line 

Scenarios CGCM2 PCM HadCM3 

0.79239 0.82007 0.78893 

Source: se lf computed from CGE result 

The per capita food production rat io for all climate scenarios is lee than one. This imp li es 

a loss of 20.9%, 18.0 I %, and 2 1. 13% per capita food production under the CGCM2, 

PCM, and HadCM3 cli mate scenarios respectively on average over 25 years9. The 

reduction in the food production pertains to the negative TFP shock induced for the 

simulation. 

This result can be ev idenced more if the growth rate in yields of major cereals and 

livestock production namely: teff, barley, wheat, maize, cattle, mi lk and poultry is 

considered. As it can be seen from Figure 2 a negat ive elasticity of yield growth is 

observed for all cereal crops. Whereas, the I ivestock yields has shown negative yield 

growth elasticity under the CGCM2 and HaDCM3 climate scenarios but positive with the 

PCM climate scenario. Again the HadCM3 and CGCM2 climate projections exhibited 

around -0.4% yield growth elasticity for major cereals contrasting to the base where all 

cereals show above I % yield growth elasticity. Similarly these two climate scenarios 

shows around -0.3% and -0. 1 % yield growth elasticity respective ly for livestock 

production. 

9 Food production in this paper is an aggregation of all crop and animal productions. 

46 



1.2 
3.5 

'" 1 DO 3 c: 

'" '52.5 0.8 '" *' DO 

2 E c: 
'" 0.6 

• teff .<:: 
'" u 'l;J 1.5 

*' 
• cattle 

~ • barlv 0.4 .<:: .= 
~ 

1 • milk 
• wheat '" ~0.5 

~ 

0.2 '" ~ • poultry 
.<:: 

"0 0 ~ 0 Qj 
';;;' 0 

~ 

-0.5 DO 
"0 -0.2 

-1 
Qj 

>= 
Scenarios -0.4 

Scenarios 

Figure 2: Percentage Changed of Yield Growth for Major Cereals and Livestock products 
Source: Simulation result from CGE Model 

This negative yield growth for major cereals and livestock product implies that shortage 

offood availability in the country is a real challenge in the future with climate change. 

Climate change has a different impact on the food availability across the agro-ecological 

zones. An interesting result is observed from Table 3 where the moisture sufficient 

highland cereal based area shows a decline in value added for all major cereals 

productions. In this region value added production for major cereals has decreased by 

more than 50% under all climate scenarios compared with the base. The same trend is 

observed for the drought prone area with 65-68% reduction of value added for all cereal 

production under all climate scenarios. Teff and barely production in this region shows 

rather a positive percentage change in their value added. But the region is known for high 
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production practice of maize and wheat than teff and barely. Thus, the decline in the 

quantities of value added production of maize and barley outweighs the increase in teff 

and barely production which makes the percentage changes of val ue added for all cereals 

in this region is negati ve. These two regions are the country's largest contributors of 

cereal production where there is much more crop production than livestock. Hence, the 

decline in cerea l value added production in these regions with climate change will have a 

net negative im pact for cerea l production in the country overall. However in contrast to 

this, major cereal production in high land en set based and the pastoralist region shows a 

positive percentage change with more than a double increasing under all climate 

scenarios compared with the base . Thi s is because these regions depend mainly on enset 

and I ivestock production thus less resource is deployed to cereal production. Hence, as 

coping mechanism to climate change by diversifying their income source, households in 

these regions tend to allocate their fixed land (by region and households) from their 

customaril y farming practice to new. For instance, the highland enset based area is 

shifting their land from growing maize and wheat to teff and barley. Similarly, 

households in the pastorali st area shifts their time, labor and land resource from livestock 

production to crop plantation. 

Table 3: Percentage changes of value added production for major cereals across agro­

eco logica l zones under climate change 

Agro zones 

Moisture Sufficient hi gh land cereal based 

High land en set based 

Drought Prone 

pastoralist area 

Source: si mulation result and se lf computation 
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CGCM2 

-53.58 

183 .05 

-68.07 

394. 19 

PCM 

-50.13 

198.2 1 

-65.95 

421.13 

HadCM3 

-54.0 1 

177.7 1 

-68.32 

387.84 



In contrast to the above finding in Tab le 3, quantities of value added production for major 

li vestock products, such as cattle, milk, and poultry, shows a negative percentage change 

in the highland enset based and the pastora list area. The moisture suffi cient cereal based 

and the drought prone areas also exhibited negative percentage change of production in 

major livestock products. This analys is impl ies that households in all agro-eco logical 

zones can decide to reallocate their fi xed land and resources for alternative productions to 

cope with climate change. 

Tab le 4 : Percentage changes of value added production for major li vestock products 

across agro-ecological zones under climate change 

Agro zones CGCM2 PCM HadCM3 

Moisture Sufficient high land cereal based -24.95 -20.59 -29.62 

High land en set based -23.77 - 19.48 -28.56 

Drought Prone -23.42 - 19.01 -28. 12 

pastoral ist area -24.40 -19.93 -29.22 

Source: s im ulation result and se lf computation 

4.1.2. Imported Food Supply 

When there is food production decline domestically for env ironmental shocks, a country 

will resort to fill the food supply gap using imported food , purchased and aid . A typical 

imported food items by the country are wheat, pulses, other crops, processed dairy, 

imported poultry, and processed other foods. 

As the trend shows in the simulation result, the percentage of imported food increases 

with climate change compared with the base. Imported wheat increases by 9.75% from 

with the base scenario from initial which becomes 11.91 % with CGCM2 climate 

scenario, 12.01 % with PCM, and 11 .78% with HadCM3. 
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Table 5: percentage changes of imported foods (%) 

Imported Food Items BASE CGCM2 PCM HadCM3 

Wheat 9.75 11.9 1 12.01 11.78 

pulse 11 .99 14.89 14.1 14.76 

Other crops 13.05 15.83 15. 18 15.67 

Processed dairy 19.9 1 2 1.54 2 1.3 21.94 

Processed other food 8 8.6 1 8.27 8.31 

Processed po u I try 10.76 11 .85 11 .62 12.37 

Source: Simulation result from CGE 

Th is result conveys that under climate change the country wi ll become dependent on 

imported food than it would be without significant change in climate. This will make the 

country to be vulnerable or affected by any world food production and price shock. 

Perhaps how much the country wi ll import to fill the food shortage depends on the 

purchasi ng power or income of the country. To thi s regard, under the market demand side 

anal ysis on Table 6 it has shown that per capita income is decreasing with climate change 

compared with the base. Therefore, the country will get a difficulty to fi nance its 

imported food . This makes the country to depend on food aid. 

4.1.3. Domestic Food supply price 

Food price fo r domestic suppl y determines mainly the food access to households. It is 

expected that food price will ri se as the result of the decline in food production because 

of climate change; and thi s wi ll limit the purchasing power of the households and hence 

thei r food access. But it is more imperative to know which food item 's price is increasing 

highly and under what climate scenario. To this information, the price change for major 
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cereals and livestock products is analyzed under the three c.lirnate scenarios (CGCM2, 

HaDCM3, and PCM). 

In the base scenario, supply price for all major crops dec.lines espec.ially for wheat and 

teff with -1.5% and -2.8% respectively. In contrast to the base scenario. supply price for 

teff, barley, and maize raises under the climate scenarios by around 1.5% on average. 

Regarding the livestock price, all items have shown a positive and relatively large price 

changes compared with the cereals in all climate scenarios (2-3%). Again, the CGCM2 

and HadCM3 climate scenarios results a greater impact than the PCM projection on food 

price. The food price increment coupled with the decline in per capita income of 

household will reduces their purchasing power and stressing the food access problem. 
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Figure 3: Percentage Changes of supply price for Major Crops and Livestock Products 
Source: simulation result with CGE model. 
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... 

F.B. 
4.2. Demand Side Analysis blSBARV 

The per capita income changes and per capita food consumption expenditures are 

di scussed in analyzi ng the food access and stability prob lems. And finall y household 

we lfare changes based on the equivalent variation method is analyzed to imply for food 

security problem. 

4.2.1. Food Access and Stability Problem from Purchasing Power C hanges 

As the result of the shock in climate change, real per capita income wh ich basica ll y 

determines purchasing power declines for two reasons. In the first, when agricu ltural 

income falls because of production decline with negative yield growth elasticity for both 

crop and livestock for agricultural producers. In the second, from a loss in wage for farm 

employees as agricultural producers tend to reduce their labor when their production 

declines with climate change. In this situat ion, households will be challenged from a loss 

in their purchasing power and economic resources which matter their entitlement for food 

access. A decline in per capita income compared with the base line becomes a real 

prob lem if food price is assumed to be increasing throughout during the simulation 

period. 

In Figure 4, it can be observed that per capita GDP tends to increase continuously up to 

2035 in all scenarios . Even though the per capita GDP level increases for all climate 

scenarios, it lies below the base line. This fi gures out that a loss of per capita income with 

climate change compared wit h the base w ithout climate change. The per capita income 

loss ranges on average from 6.3% under the optimistic peM climate scenario to 8.5% 
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with the pessimistic HadCM3 climate scenario. Since food security depends on the 

physical and economic resources needed to get enough food for active and healthy life, 

both the reduction in food availability and income with climate change will be a 

challenge to the future for the country. 
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Figure 4: Per Capita GDP in Bill. 10 

Source: Simulation result with CGE model. 

The per capita GDP ratio (PERCGDP y) of the climate scenario with the base is less than 

one. Where, under CGCM2, PCM, and HadCM3 climate scenario PERCGDP y is 

0.922,0.937, and 0.914 respectively. This implies a decline in income of household with 

climate change by 7.78%, 6.35%, and 8.62% respectively for the three climate scenarios. 

10 GOP value is converted to US dollar based the current exchange rate of 2012. 
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Table 6: Mean Per Capita GOP ratio of the climate scenarios with the base 

CGCM2 PCM HadCM3 

0.922 0.937 0.914 
Source: Self computed from CGE result 

4.2.2. Food Access problem from Food Consumption Expenditure 

There is a prem ise which conveys that more food consumption implies more food access 

and util ization. Food consumption level depends on household expenditure. Therefore, it 

is ana lyzed the trend and levels of food consumption expenditures to discuss about food 

access under different climate scenarios. The trend in food expend iture is discussed on 

three categories, for national, urban and rural househo ld. 

4.2.2.1. National Food Consumption Expenditure 

Theoretically, it is known that consumption is a posit ive function of income. To this 

regard it has observed in Figure 4 that per capita income has increased throughout the 

simulation period for all climate scenarios but less than the base. Consisted to this trend, 

Figure 5 below prevai ls that per capita consumption has increased up to 2030 for all 

climate scenarios and starts to decline then after. Th is is true even for the base scenario. 

Probably thought that a period after 2030 is period of economic stagnation; or may be the 

negative effect of increased food price on consumption expenditure starts to outweigh the 

posi tive effect of increased per capita income. 

In Figure 5, it can be viewed that per cap ita food consumption expenditure for all climate 

scenarios lies below the base where the HadCM3 hold to be the worst scenario. The per 
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capi ta food consumption expend iture ratio (FEPhy ) from the average of a ll s imulat ions 

period as an index for food access is reviewed as: 

Table 7: Per Capita Food consumption expenditure rat io (FEPhy ) 

CGCM2 PCM HadCM3 

0.951031 0.97 1649 0.93556701 

Source; Sel f computed 

Accord ing to the FEPhy measurement, CGCM2 climate scenari o results in 4.9% decline 

in food consumption expenditure; where under PCM it has declined by 2.8% and under 

HadCM3 by 6.4% compared with the base without climate change. Th is conveys the idea 

that climate change wi ll make al l the households with less food access and utili zation 

level. The situation will be worsened after 2030 during wh ich per capita food 

consumption expenditure wi ll even decline in its level. 
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Figure 5: National Per-Capita food Consumption Expenditure in Bi ll. 

Source: Simulation resu lt wi th CGE Mode l. 
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4.2.2.2. Urban and Rural Per Capita Food Consumption Expenditure 

The rura l and urban households are not expected equally to be im pacted by climate 

change abo ut their food consumption expenditure trend which depends on their food 

expenditure share from thei r income. In consisting with thi s expectat ion , the rural 

households' food expend iture shows almost a similar trend with the base line without 

climate change. Whereas, food consumption expenditure for urban household shows a 

greater variabil ity in all climate change scenari os compared with the base. This is for the 

reason that rural household food consumption expenditure is re latively income inelastic 

than the urban (for example, expenditure elast icity of demand for teff is 1.08 for rural and 

1.14 for urban; and expenditure elasticity of demand for anima l product is 1.22 for rural 

where as 1.23 for urban ( Tafere, et aI., 20 I 0)). The rural households are therefore 

insensitive to adjust their food consumption expenditure as their income level is 

changing. This argument entail s that though the income of rural households is affected by 

a cl imate change, their consumption leve l will not vary by the extent that their income is 

changing; rather it continues to be constant. 

This can be justified from the fact that the urban households are already attained their 

subsistence daily food requirement even wi th climate change as Table 8 below shows on. 

Thus urban households wi ll be sensitive to adjust their consumption expenditure for food 

since they are enjoying extra consumption beyond subsistence. The other interesting 

resu lt is per day food consumption expenditure for the rural is less than the income 

poverty line which is I dollar per day. This is true for all climate change scenario even 

for the base without climate change. Again, thi s fact makes the rural household to be less 

sensitive to income change in their food expenditu re; because they do not even attai ned 
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their subsistence food requirement with the base scenario. The problem will be hi gh with 

the fact that 80% of the Ethiopian population is rural inhab itant which leaves the country 

with hi gh food poverty index. But, food poverty in the urban look to be less, as per capita 

food expenditure for all scenarios is above I dollar per day. But, a bad scenario wou ld 

happen even for the urban if world food price shock had been considered in addit ion to 

climate change. 

Tab le 8: Per Capita Food Consumption Expenditure per Person per Day 

Scenarios Urban 

Base 1.60274 
CGCM2 1.476 164 

PCM 1.523288 
HadCM3 1.452055 

Source: Self Computed from Simul ation Result with CGE 

Rural 

0.59452 1 
0.567 123 
0.578082 
0.558904 

This conveys an idea that urban households' food consumption declines because of 

climate change not only as their income is declining but also food supply declines as food 

production is negatively affected by climate change. From this analysis, it can be 

comprehended that to resist the climate change impact a stratifi ed strategy is needed for 

both the rural and the urban area. In the rura l the strategy should be intended to improve 

production through different adaptation schemes; and in the urban the strategy shou ld 

focus in improving the market effici ency to rai se the food supply and improving the 

income of the households. Hence, it holds necessary to discuss about the food market 

efficiency us ing the concept of market integration and the price transmission effect of 

climate change on di fferent regions based on agro-ecological zoning. 
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Source: Simu lation Resu lt and Self Computed from CGE Model. 

Indeed, the issue of market integration is a prob lem of market supply with regard to 

allocation across different market regions. To thi s fact the CGE model assumes a fi xed 

market integrat ion level across the four agro-eco logical zones, all the climate scenarios 

are expected to result simi lar effects on price transm ission in these regions. Hence only 

the effect of CGCM2 climate scenario is analyzed with regard to price change for major 

cereals in all agro-ecolog ical zones II. 

As Figure 7 displays, all regions show a slight variation in price change for teff, barely 

and maize. Teff and barely has increased by 1.65% for zone I, by 1.7% for zone 2, by 

1.6% for zone 3 and by 1.8% for zone 4. The divergence in percentage of price increment 

11 Zone 1 is highland cerea l, Zone 2 is the moisture sufficient area, zone 3 is drought prone, and Zone 4 is 
the pastoralist area . 
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for teff and barely among regions shows a less integrated market. The regions are 

considerably integrated and shows similar price change trend for wheat. This is probably 

that wheat is supplied mainly from import and hence distributed across all regions by 

government enterprises. Thus, there will be a high tendency of similarity among regions 

in time of distribution and quantity of wheat supply based on the respective demand of 

the regions. It can be deducted that the food market for locally produced and supplied 

crops are less integrated than imported one. Regarding the integration level across 

regions, zone I and 3 are relatively integrated for barely, wheat and maize; whereas zone 

4 is highly disintegrated for teff and barely as is signaled by a different price changes 

across the region. This implies that food availability and access problem is also 

challenged by allocation problem especially for domestically produced food items, as the 

markets are less integrated on. 

Figure 7: Price Transmission Effect ofCGCM2 scenario Across Agro-Ecological Zones 
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4.3. Welfare Analysis 

Apart from the market factor analysis, food security problem also implied from welfare 

change analysis. In CGE modeling, welfare change is analyzed using the equivalent 

variation of income for households (EV) 12. The argument is if the welfare for a household 

changes, the food consumption level will change by a proportion of the change in income 

multiplied by the consumption propensity as food consumption appropriates the largest 

part of income expenditure which is a typical feature of poor economies like Ethiopia. 

Hence, a decline in general welfare will necessarily indicate a rise in food poverty and the 

converse holds true 
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Figure 8: Percentage Changes of Household Welfares from Base 

Source: Simulation Result from CGE Model 

. CGCM2 
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12 Welfare change using the EV method is measured as a the change in income need to provide a 
household in order to enable the household, at the price level before the policy change or shock, to enjoy 
a satisfaction/utility level gained after the policy change or shock. 
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In the fi gure above hh-hc-pr is to mean high land cereal based area poor households, hh ­

ho-pr is highland enset based poor households; dp is for drought area, pa is for the 

pastorali st area, nf is the non farming rural, and lu is large urban area ; and np means non 

poor househo lds. 

Figure 8 shows all households suffered from we lfare loss under climate change in all 

agro-ecologica l zoned. In specific however, the poor households are the most to suffer 

from welfare loss than the non poor households for all regions with the exception of the 

pastora li st area. In contrary, the large urban non poor households are the least to suffer 

from welfare loss . This implies that the impact of climate change on welfare of 

households and hence on food poverty depends on the size of income as the poor are the 

most to suffer from welfare loss under climate change in all regions; and it depends also 

on diversity of income source of households as the large urban non poor households are 

the least to suffer from welfare loss. In addition, thi s argument is justifi ed by the fact that 

in the moisture sufficient high land cereal region , where there is dual farming, the non­

poor households have lost their welfare below 40%; where as non-poor households in the 

pastoralist area with mono farming, only livestock production, have lost around 50% and 

above of their we lfare with climate change. In addition, the large urban non-poor 

households with high and divers ifi ed income source have lost only 18% of their welfare 

with climate change. Across regions, the pastorali st non-poor ]3 households' welfare is 

large ly dec lining. This is consisting with the fact that urban households are showing less 

food poverty than the rural. 

13 Poor imply all households falling in to the lowest two per ca pita expenditure quantiles. 
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CHAPTER FIVE 

Conclusions and Policy Implications 

5.1. Conclusions 

This thesis as an objective has tried to simulate the effect of climate change on food 

security status of Ethiopia with the IFPRI standard Genera l equilibrium ana lysis model 

(CGE). In the simulation, it has tried to estimate all the market indicators of food 

security; and in the result food security is get to be worsened with climate change. 

Regarding the impact of climate change on food availabil ity, the simulation result 

portrays that on average per cap ita food production wi ll decline by 20.9%, 18.0 I %, and 

21. 13% respectively based on the CGCM2, PCM, and HadCM3 cli mate scenarios 

compared with the base line. This will happen for the coming 25 years starting from 

2010. The problem is sign ificant as the yield growth elasticity for major cereals and 

livestock products is negative in CGCM2 and HadCM3 climate scenarios. This wi ll pose 

a problem again with regard to food utilization. 

As the result of the decline in domestic food production the country wi ll become highly 

relying on imported food (both food aid and commercially imported food) . Thi s will 

make the country to be vu lnerable to any world market price and supply shock. The 

decline in domestic food production also leads to push up the food price wh ich reduces 

the purchasing power of households thus stacking their food access. 

The per Capita GOP for all climate scenarios has shown an increasing trend . However, in 

the analys is of the per capita GOP ratio of the climate scenarios with the base, a ll 
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scenarios have exhibited an index less than one. Thi s indicates that per cap ita income is 

decreas ing with cl imate change. Households' purchasing power wil l therefore decline 

with climate change thus loosing economic enti tlement for food access. 

As th e resu lt of a dec line in per capita income, food consumption expenditure for the 

nation has shown a decline trend with c limate change. Thi s comprehends the fact that 

climate change intensifi es food access and uti li zation problem because ofa decline in per 

capita income and hence less food consumption expenditure. A hi gh food consumption 

expenditure dec line is resul ted for the urban househo lds than the rural. Th is is thought to 

be that rural households in Eth iop ia are characterized with less income elasticity of food 

consumption expenditure . Though their income is declining under climate change, their 

consumption level rema ins re lative ly constant. The simulation has also shown that food 

poverty increases for rural househo ld with climate change as their food consumption 

expenditure is already less than the subsistence food consumption expenditure per day 

even with the base scenario without climate change. 

In terms of welfare change and hence a change in food poverty, the poor households are 

largely impacted with a dec line in welfare level than the non-poor. The large urban non­

poor are less impacted in their welfare. This point out that res istance to the impact of 

climate change depends on income leve l of households. 

5.2. Policy Jrnplication 

An implication for environmenta l po li cy change that could be drawn from the resu lt is the 

fact that climate change is worsening the food insecurity problem in the country. As 

climate change is negatively impacting all market indicators of food security, it is needed 
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to forward adaptation strategies of climate change. From the finding the following 

recommendations are drawn ; 

Since the impact of climate change on food production increases with time in 

scale, adaptation strategies should be increased and intensilied in time length to 

reduce the effect of climate change on food production . 

As the country wi ll become dependent on imported fo od as the result of climate 

change, it will be susceptible to any shock of world food production and price. It 

is recommended to make the agricu lture sector climate change res il ient by using 

different technology packages such as expand ing irrigation farming, using 

ferti lizers, improved farming technology and practices, and providing sufficient 

and timely information for farm households about climate forecasts. 

To resist the impact of the climate change, a strati tied strategy is needed for both 

the rural and the urban area. In the rural the strategy should be intended to 

improve the agricultural production throu gh different adaptation schemes and in 

the urban the strategy should focus in improving the market effic iency to raise the 

food suppl y and improving the income of the households. The market efficiency 

wi ll be improved by establi shing road infrastructure, communication and financial 

institutions. Again as climate change does not equally impact a ll agro-eco logical 

zones, the climate change adaptation strategy should differ along the agro­

ecolog ical zones with a priority given to the arid and semi arid regions. 

In the last, it is recommended to diversify the economy' s source of income which 

is less dependent on climate change. 
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Appendix 

Appendix 1: Proof of Recardian Estimation Land Revenue Change over Time Gives 
TFPGrowth 

Values of land revenue from the Recardian theory is given as a net profit of production 

by the following equation . 

---------------------------- I I 

Where PL is price ofland per hectare, Lt is land size in hectare, P is price of the product, 

Qt(Kt, E) is production function as physical inputs (Kt ) and environmental factors (E), 

and W unit cost of physica l inputs. 

With perfect competitive product and resource market P and Ware assumed to be the 

competitive constant prices. 

Now differentiate both sides with respect to time. 

--------------------------12 

Where, PL ~~' is net revenue change with time 

P aa~' is gross profit change, and 

W °a:' is input cost change with time 

Divide both sides with PQt and mUltiply the input cost change with K'. 
K, 
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----------------------- 13 

p ~ 
Where, ~ is net revenue change over time with respect to gross revenue 

PQ, 

~ 
...QL is output growth 
Q, 

WK, is input cost share from total income of the land , and 
PQ, 

OK, 

a, is input growth. 
K, 

From Solow growth model , TFP (termed as Solow residual) is defined as the growth of 

output not explained by the growth in the physical inputs controll ed in the mode l. TFP 

growth according to this definition is given by the difference in output growth and the 

product of input cost share and input growth. Hence the formula on the right side of 

equation 13 g ives TFP growth or productivity elastic ity (GTFP). Thus equation 13 can 

also be rewritten as; 

p a Lt 

La'=GTFP 
PQ, 

-------------------------14 

That is net land revenue change over time with respect to gross revenue gives TFP 

growth under perfect product and resource market assumptions. 
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3. Activities and Commodity Lists of SAM for Ethiopia 

Table 9: Activities and Lists of SAM for Ethiopia 
Agri c Agro· Other Other Private 
ulture processi ng manufacturing industry services 

Wholesale and 
Teff 15 Tobacco 25 Meat 35 Texti les 49 Coal 55 retai 1 trade 

Natural Hotels and 
2 Barley 16 Coffee 26 Dairy 36 Clothing 50 gas 56 catering 

Vegetable Leather Other 
3 Wheat 17 Flowers 27 products 37 products 51 minmg 57 Transport 

Other Grain Eleetri Communicatio 
4 Maize 18 crops 28 milling 38 Wood products 52 city 58 ns 

M ill ing Paper and Financial 
5 Sorghum 19 Cattl e 29 services 39 publishing 53 Water 59 services 

Sugar Constr Bus iness 
6 Pulses 20 Mi lk 30 re fining 40 Petroleum 54 uelion 60 services 

Tea 
7 Oil seeds 21 Poultry 31 processing 41 Fertil izer 61 Real estate 

An imal Other foods Other private 
8 Vegetables 22 products 32 process ing 42 Chemicals 62 services 

Non-metallic Public services 
9 Fruits 23 Fisheries 33 Beverages 43 mi nerals 

Tobacco Metals and Publ ic 
10 Ensel 24 Forestry 34 processing 44 products 63 administration 
II Cotton 45 Machinery 64 Education 

Vehicles and 
transport 

12 Sugarcane 46 equipment 65 Health 
Electronic 

13 Tea 47 equipment 
Other 

14 Chat 48 manufacturing 

Source: IFPRI Standard CG E Model for Ethiopia 2009. 
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4. Simulation Results 

Table 10: Per Capita Food Production in Billion 
Year BASE CGCM2 PCM HaDCM3 

2009 3.79E-05 3.79E-05 3.79E-05 3.79E-05 

20 10 3.86E-05 3.79E-05 3.80E-05 3.79E-05 

20 11 3.92E-05 3.78E-05 3.8 1 E-05 3.78E-05 

2012 3.99E-05 3.78E-05 3.82E-05 3.78E-05 

20 13 4.06E-05 3.77E-05 3.82E-05 3.78E-05 

20 14 4. 13E-05 3.77E-05 3.83E-05 3.77E-05 

2015 4.20E-05 3.77E-05 3.84E-05 3.77E-05 

2016 4.27E-05 3.77E-05 3.86E-05 3.77E-05 

20 17 4.35E-05 3.77E-05 3.87E-05 3.77E-05 

2018 4.43E-05 3.77E-05 3.88E-05 3.78E-05 

20 19 4.52E-05 3.78E-05 3.90E-05 3.78E-05 

2020 4.60E-05 3.78E-05 3.9 1 E-05 3.79E-05 

202 1 4.69E-05 3.79E-05 3.93E-05 3.79E-05 

2022 4.78E-05 3.80E-05 3.95E-05 3.81 E-05 

2023 4.88E-05 3.82E-05 3.98E-05 3.82E-05 

2024 4.97E-05 3.83E-05 4.00E-05 3.83E-05 

2025 5.08E-05 3.85E-05 4.03E-05 3.85E-05 

2026 5. 18E-05 3.88E-05 4.07E-05 3.87E-05 

2027 5.29E-05 3.90E-05 4. IOE-05 3.90E-05 

2028 5.40E-05 3.94E-05 4. 14E-05 3.93E-05 

2029 5.5 1 E-05 3.97E-05 4.18E-05 3.96E-05 

2030 5.63E-05 4.01 E-05 4.23E-05 3.99E-05 

2031 5.75E-05 4.05E-05 4.27E-05 4.03E-05 

2032 5.88E-05 4.09E-05 4.33E-05 4.06E-05 

2033 6.0 IE-05 4. 14E-05 4.38E-05 4. IOE-05 

2034 6. 14E-05 4. I 9E-05 4.44E-05 4.15E-05 

2035 6.27E-05 4.25E-05 4.50E-05 4. 19E-05 

Source: CGE Simulation 
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Table II: Per Capita GOP in Bi llion 
Year BASE CGCM2 PCM HaDCM3 

2009 S.66E-06 S.66E-06 S.66E-06 S.66E-06 

20 10 S.80E-06 S.7SE-06 S.76E-06 S.7SE-06 

20 11 S.93E-06 S.83E-06 S.8SE-06 S.83E-06 

20 12 6.08E-06 S.93E-06 S.96E-06 S.92E-06 

2013 6.23E-06 6.03E-06 6.07E-06 6.02E-06 

20 14 6.38E-06 6.13E-06 6. I 8E-06 6.12E-06 

20lS 6.54E-06 6.24E-06 6.30E-06 6.23E-06 

2016 6.7 1 E-06 636E-06 6.43E-06 6.3SE-06 

20 17 6.89E-06 6.49E-06 6.S7E-06 6.47E-06 

20 18 7.08E-06 6.63E-06 6.7 1 E-06 6.6 1 E-06 

201 9 7.27E-06 6.77E-06 6.87E-06 6.7SE-06 

2020 7.48E-06 6.93E-06 7.03E-06 6.90E-06 

202 1 7.69E-06 7.09E-06 7.2 1 E-06 7.06E-06 

2022 7.92E-06 7.27E-06 7.39E-06 7.23E-06 

2023 8. 1SE-06 7.46E-06 7.S9E-06 7.4 1 E-06 

2024 8.40E-06 7.66E-06 7.80E-06 7.6 1 E-06 

202S 8.66E-06 7.87E-06 8.02E-06 7.8 1 E-06 

2026 8.93E-06 8. IOE-06 8.26E-06 8.03E-06 

2027 9.22E-06 8.34E-06 8.S IE-06 8.26E-06 

2028 9.S2E-06 8.60E-06 8.77E-06 8.S I E-06 

2029 9.83E-06 8.88E-06 9.0SE-06 8.77E-06 

2030 1.02E-OS 9. I 6E-06 9.3SE-06 9.04E-06 

203 1 I.OSE-OS 9.47E-06 9.66E-06 9.32E-06 

2032 1.09E-OS 9.79E-06 9.99E-06 9.62E-06 

2033 1. 12E-OS 1.0IE-OS 1.03E-OS 9.93E-06 

2034 1. 16E-OS I.OSE-OS 1.07E-OS 1.03E-OS 

203S 1.20E-OS 1.09E-OS 1. 1 IE-OS 1.06E-OS 

Source: CGE simulat ion 
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Table 12: National Per capita food consumption Expenditure in Bi llion 

Year BASE CGCM2 PCM 

2009 3.07E-06 3.07E-06 3.07E-06 

2010 3. 14E-06 3.13E-06 3.13E-06 

201 1 3.2 1 E-06 3. 19E-06 3.1 9E-06 

20 12 3.27E-06 3.25E-06 3.25E-06 

20 13 3.34E-06 3.30E-06 3.3 1 E-06 

2014 3.4 1 E-06 3.36E-06 3.37E-06 

2015 3.48E-06 3.4 1 E-06 3.43E-06 

2016 3.54E-06 3.46E-06 3.48E-06 

20 17 3.6 1 E-06 3.5 1 E-06 3.54E-06 

20 18 3.67E-06 3.56E-06 3.59E-06 

2019 3.74E-06 3.6 I E-06 3.65E-06 

2020 3.80E-06 3.66E-06 3.70E-06 

202 1 3.86E-06 3.7 1 E-06 3.75E-06 

2022 3.92E-06 3.75E-06 3.80E-06 

2023 3.98E-06 3.79E-06 3.85E-06 

2024 4.03E-06 3.83E-06 3.89E-06 

2025 4.08E-06 3.87E-06 3.94E-06 

2026 4.13E-06 3.90E-06 3.98E-06 

2027 4.18 E-06 3.93E-06 4.02E-06 

2028 4.22E-06 3.96E-06 4.05E-06 

2029 4.25E-06 3.97E-06 4.08E-06 

2030 4.28E-06 3.99E-06 4. II E-06 

203 1 4.3 1 E-06 3.99E-06 4.13E-06 

2032 4.33E-06 3.99E-06 4.15E-06 

2033 4.35E-06 3.98E-06 4. I 6E-06 

2034 4.36E-06 3.96E-06 4. I 7E-06 

2035 4.36E-06 3.92E-06 4.17E-06 

Source: CGE Simulation 
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3. 13E-06 
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