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Abstract 

Ethiopia is on the process of becoming a member of the WTo. To be accepted as a member, 

the country has to address the supply side constraints and fulfill a number of preconditions 

including the upgrading of the existing laboratolY infrastructure lIsed for regulating imports 

and exports, strengthening or creating appropriate national institution that can ensure the 

implementation of and administration of the TET Agreement in compliance with the WTO 

TBT principles, the creation or building of local capacity to respond to a National EnquilY 

Point for the WTO TBT Agreement and the creation of a national system certification service 

provider for certifoing ISO, HACCP, EUREPGAP, BRC and others required for foreign 

markets. But, fulfilling these requirements incur high costs. The Thesis tries to analyze the 

impact of implementing the WTO accession requirements on the national economy and 

evaluates its implication on poverty using a Computable General Economic Model (CGE) 

and the 2002 Ethiopian SAM CGE models can be used to analyze the impact of 

macroeconomic policy and external shocks on income distribution, employment and poverty. 

The result of the analysis shows that if Ethiopia tries to implement the lliellibership 

requirements for accession without filrfher looking for compensating llieasures, the most 

disadvantaged group of the society will be adversely a.!Jected seriously, at least in the short 

run, as these groups are exposed to price risks. It was fill ,ther shown that the increase in 

government consumption on goods and services induced by the need for fii/filling the 

accession requirements will have the tendency to increase the prices of goods and services 

I 

consumed by the poor and to the deterioration of the terms of trade of the sector in which 

they are employed. The result of the analysis has also shown that an aflempt to finance the 

investment necessary for compliance by diverting resources away from the pra poor 

expenditure sectors would end up adversely affecting the poor. Although trade liberalization 

may have a positive e.!Ject in the long-run for the poor by stilliulating groll'th, increasing 
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demand for unskilled and semi-skilled workers, and increasing governlllent revenues, the 

poor may also, at the same time, be at a disadvantage in the short run. The policy implication 

of this is therefore that the govemment should {(Ike cautious measures in illlplementing the 

requirements for WTO accession. These measures may include implementing the 

requirements sequentially on priority basis and seeking technical andflnancial supports from 

the Standards and Trade Development Facility of the WTO for compensating the diverted 

resources andfor injecting additional pro-poor spending. The limitation of this Thesis is that 

focus was given to the analysis of short-term impacts of shocks. Given the dynamic nature of 

the global economy and the ever changing modalities of trade relationships among countries, 

however, a more rigorous analysis involving dynamiC CGE model and the inco/110mtion of 

more disaggregated households in the analysis lVould have helped to elucidate the impacts of 

accession on poverty and inequality. 

Key words: CGE, SAM, poverty, WTO, SPS measures 
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J INTRODUCTION 

J.l BACKGROUND 

Ethi opia has decided to j oin the World Trade Organi zatio n (WTO) ancl started implementing 

the procedures required fo r the access ion. Its first application to enter the WTO was 

submitted in 2003 and the government decided to submit its Memorandum on Foreign Trade 

Regime, wh ich is the second stage in the process of accession in November 2006. The 

working party on the accession of Eth iopia held its first meeting in May 2008 to beg in the 

examination of the legal documents submitted by the country. After examining a ll aspects of 

trade and lega l reg imes the next step will be to enter into multil atera l and bilateral 

negotiations involved in access ion. Fo ll owing this, th e orga nization will eval uate the 

country's ab ility to join the WTO. This determines th e terms and cond itions of entry. 

(h ltp:!/w",,,,. wto.org). 

The process of accession by itself is lengthy and chall engi ng requirin g addressing the supply 

side constra ints and the fu lfilment ofa number of preconditions including, but not limited to: 

( i) The upgrading of the existing laboratory infrastructure in a way that could be utilized 

to regulate import and to su pport exporting enterpri ses in meeting technical 

regulat ions and market requirements, 

(ii) Reorganizing the ex isting regulatory bodies or creating a new appropriate national 

institut ion that can ensure the im plementation of and admin istration of the Techni cal , 

Ba rriers to Trade (T BT) Agreement in compli ance with the WTO TBT principles 

(i ii)The creation or buildi ng o f local capac ity to respond to a Nationa l Enquiry Point for 

the WTO TBT Agreement that would be able to provide inform ation to WTO 



members on any subj ect matter falling within the ambit of the WTO TBT Agreement, 

and 

(iv) The creation of a national system certificati on service provider for certi fy in g ISO 

900 1, ISO 14001, HACC P, EUREPGAP, BRC and others required for foreign 

markets. 

Once these and other req uirements are met and the process of accession is accepted by 

member countri es, Ethiopia wi ll abide by the WTO law to e li minate any quotas on imports 

and exports, and the "e lim ination of any restrictive measures whi ch delay or impede trade 

includ ing TBT and SPS measures". (Pohl Consu lting & Associates (2005) 

The argum ent in favour of trade liberalization, in the context of the Doha Development 

Agenda, launched in 200 I in the Qatari capita l, is that free trade and globa lization are 

instruments of accelerated growth, and that the bcnefits of globa li zation will trickle down 

both to the poor and rich, a lbeit the extent of benefit co uld vary among groups. However, it is 

un clear wheth er the net effects of Doha reforms will help or ha rm the most vul nerab le 

pOJlu lat ions, as the specific reforms and their channe ls of impacts a rc numerous and complex. 

Reforms, in both developed and deve lop ing countries may encompass quota/tari ff 

removal/reduction, the elimination of export taxes, the remova l of domestic agri cultural 

support and accompany ing domestic fi sca l reforms to replace lost tariff revenues. The 

channels of influence are li kely, in turn, to s imultaneously influence househo ld income (wage 

rates, returns to capital, remittances, etc.) and consumer prices in contrasting manners. 

The ma in emphasis of th is study is therefore to eva luate the poss ib le im pact of Eth iop ia's 

access ion on various soc io economic groups, with particular emphasis given to the 
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economical ly disadvantaged groups. To that effect genera l eq uilibrium ana lys is model, 

known as Computab le General Equilibrium Model (CGE) wi ll be employed. Thi s model is 

widely employed in the literature to eva luate issues of such nature and its mai n advantage 

over other models is that it is comprehensive and enterta ins the impact of pri ce transmission 

and factor market linkages. 

1.2 RESEARCH QUESTIONS 

The general objective of the thesis is to analyze the impact of Ethiopia's Accession to the 

WTO on the overa ll economic growth and measure (q uantitatively) the economic impact of 

meeting the supply side constraints and fulfilling some of the requirements for the access ion. 

Specifically, the following research questions w ill be addressed: 

What will be thc macro and micro effects of access ion? 

What will be the effects of implementing the WTO agreement on household 

income? and, 

What will be the implication for the poor? 

1.3 SIGNIFICANCE OF THE STUDY 

Studies made on WTO show that the current round of WTO negotiati ons, commonly referred 

to as the Doha Round, is likely to have profound and far-reaching impacts on developing 

countries. Furthermore, as these negotiations target especia ll y th e agricul tural sector, it is the 

poorest members of these countries who wi ll be most directly affected. This is because the 

poor, who are located overwhelmingly in rural areas, both consume proporti onately more 

agricu ltural goods and derive a larger share of their income from the agricultural sector. 

Therefore, as Ethi opia is in the process of accession, knowing the likely im pact of the 

accessions on the economy in genera l and the marginalized segment of the society in 
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parti cul ar will help thc co un try to determine what cou rse of ac ti on to fo llow III the 

negoti at ion process . 
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2 REVIEW OF LITERATURE 

2.1 THE CONCEPT OF POVERTY AND ITS MEASUREMENT 

Understanding the concept o f poverty and its measurement is the primary task of any poverty 

focused ana lys is. Therefore in order to make poverty focused assessment of any sort one has 

to be clear with what is meant by poverty . 

There is no s ingle, universally accepted standard definition of poverty . However, it could be 

assessed indirectly through the analys is of we ll-be ing. According to Ravillion ( 1988), a 

segment of a society is co nsidered to be 'poor" when they are unabl e to "atta in a leve l of 

material well-being deemed to constitute a reasonable min im um by the standards of that 

soc iety." But well-be in g by itself is a broad concept wh ich needs to be defined co ntextually. 

Two types of approaches are employed in the literature to dc fin e we ll-bein g. These are the 

we lfari st approach and the non we lfari st approach. 

The we lfarist approach is based on the analys is of the economi c well-be ing or the living 

standard of the individual and it has got its foundat ion on the class ical micro economic 

theory. The non welfari st approach, on the other hand, employs both income and non income 

parameters to measure well be ing. 

When it co mes to the process of identification of the poor, the we lfari sts be li eve that s ince , 

human beings are rational and make the ir dec isions in a way that maxi mi zes their utility 

given their end owments (inc luding tim e, land , phys ica l and human cap ita l), the assessment of 

th e poverty status o f th c indi vidual should be consistent with hi s/her preference order ing 

Ravallion ( 1988). Therefore, according to th is approach poverty should not be measured by 
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pre-determined income and consumption needs since the individual could deliberately work 

and consume li tt le. Duclos (2002) 

The lim itati ons of the we Ha rist approach emanate bas ically from its pract ica lity of 

measurement. The measurement of this approach presupposes that it is poss ible to observe 

individual's revea led preferences. Moreover, measuring the actua l pleasure derived from 

exper ienc ing economic wellbei ng and its comparison across indi vidua ls is very difficult 

because preferences are d iverse; personal characteristics, needs and enj oyment ab ilities 

differ; house hold s ize d iffe r and prices vary across time. To tackle th is practicality problem, 

welfarists use observable proxy variablcs to utility such as leve l of consumption or income. 

But, again, these variables have also their own limitations. First, it is not c lear how one can 

make comparison of we llbe ing across individuals by employ ing these variables because 

higher! lower consumption or income may not mean the same as ' better" or " worse" 

wellbei ng. Secondly, the indi vidual's we llbe ing is also influenced by factors like ex istence 

and acccss to public goods, whi ch are not easi ly measured. 

Under the non-welfari st approach, there are two types of approaches : the basic-needs 

approach and the Capabili ty Approach. The basic need approach defines poverty in more or 

less s imilar fashion as the fo ll owing: 

The susta ined inability of a family to meet its basic needs for survi val (food and 

nutriti on, water and sanitation , hea lth and c lothing), security (income, shelter, peace 

and security), and empowerment (basic ed ucation and functional li teracy, 

psychosoc ia l and fami ly ca re, and participation in po litical process (q uoted in Duclos 

(2002)) 
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Thi s de finiti on therefore re lies on the mUl tip le spec ific and separate outcomes, such as the 

enj oyment of particular type of commodity, consumption, be in g healthy, litera te, well­

c lothed, we ll housed , not in shape ,etc (Duclos,2002) . 

The problem with the above definition is the subj ectivity e l"ment invo lved in defining 'basic 

needs '. For instance, if we take nutriti on requirement as one measure of 'basic needs', it 

di ffers from indi vidual to indi vid ua l depending on the gender and age as we ll as the types and 

leve l o f activ ity of the indi vidua l. 

On the oth cr hand , the capab ility approach dc fi ncs povcrly on thc basis o f the pe rson's abili ty 

to functi on we ll in a society. This approach is pioneered by Sen and emphasizes on the va lue 

of freedom of choice Ase lin (2002). According to thi s approach, a person is not judged as 

poor even if he/she chooses not to achi eve certa in functioning. Thus, for this schoo l, the 

"thing" that is lacking refers neither to utili ty nor to the satisfaction of basic needs, but to 

human abilities, or capabilities. Hence, the difference between the functioning approach and 

the capability approach is that while the basic needs is concerned on the measurement of 

whether an ind ividua l gets the things req uired to fulfill the bas ic needs or not, the Capability 

Approach gives emphasis to the capability of the individual on achi eving these functionings 

ASelin (200 I). 

The above di scuss ion somehow shows that th e concept and measurement of poverty is not 

prec ise. For thi s and other reasons foc using on money-metric measures of poverty, based on 

the assumpti on that a person 's materia l standard o f li ving large ly determ ines his/her well­

being is a practical way of measuring poverty. On the basis of thi s notion, poverty is defined 

as Ha lack of money- measured either as low income or as inadequate expend itures" . In a 
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simi lar fa shion, the "poverty line" is specified as the income (or leve l of spending) required 

to pu rchase a bundle of essential goods (typ ically food, clothing, shelter, water, electricity, 

schoo ling, and reli able healthcare). T hose which fa ll be low this pove rty line are categor ized 

as I'poor" 

In the Ethi op ian context, the Sustainable Development and Poverty Reducti on Program 

(SDPRP), the ma in po licy document of the country, defi nes poverty as a state o f materia l 

deprivation, low ach ievement in education and hea lth, ma lnutrition, low level of secu rity and 

powerlessness. While this is the general definiti on of poverty, the document adopts the non­

welfarist approach to measure the income side of poverty. Based on th is measurement, the 

expend iture required to cove r daily calorie requirement (2200 kcal/day/adu lt) and essential 

non-food items in Ethiopia(t he poverty line) is 1075 Birr/ad ult in 1995/96 pri ce Woldehanna 

(2005). 

2.2 THE LINK BETWEEN TRADE AND POVERTY 

In the deve lopi ng co untri es, the poor, i.e., househo lds with income fa lling below the poverty 

line, share comm on broad feat ures: (i) they are genera lly co nce ntrated in rura l (subs istence) 

agricu lture and in urban informal sector; ( ii) they have limited assets, the most ab undant of 

wh ich is low-skilled labor; ( iii) and food is by far the most important item of the ir 

expend iture. Both the direct and indirect effects of trade liberalizati on on the poor are then to 

be connected with its impact on this poverty profi le. 

Trade reform works d irectly through the transmiss ion of price s igna ls. for instance, if the 

reform increases the price of something the poor househo lds se ll (unsk illed labor, goods, 

services), and/or fo rces downward the price of something the poor househo lds consume 
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(goods, services), it will increase the rea l income (purchas in g power) o f the poor households 

and push more poor people from below to above the poverty line, and vice versa. 

Economic growth is the indirect channe l through which freer trade coul d contribute to 

poverty a ll ev iation. Trade openness is be lieved to reduce the anti -export bi as o f protection, 

allow e ffi c ient allocation of scarce resources and bring incenti vc to investment and 

innovation. In addition , trade reform is usually associated with higher fl ows of FOI with 

attendant spi ll overs of techno logies, new business practices and oth cr cffects on domestic 

firm s that increase the overa ll level of productivity and growth. In turn, eco nomic growth is a 

powerful force for permanent and sustai ned povcrty reduction. The extent to which growth 

affects poverty, however, depends on how the additional income generated by growth is 

distributed across the population. The more the income of the bottom segment of the 

population rises, the more the growth pattern is dccmed to be as pro-poor. Dollar and Kraay 

(2001) find that the incomes of the poorest fifth of the population grew one - for-one with 

GOP per head in a sample of 80 countri cs over four decades. 

In general , the link between trade re form and poverty may mani fcs t through thc price and 

availability of goods; factor prices, income, and employment; government transfers 

influenced by changes in revenue from trade taxes; the incentives for investment and 

innovation, which affect long-run economic growth; and external shocks, in particular, 

changes in the terms of trade (Reiemer (2002)). 

Trade liberalization is therefore expected to help the poor, gIven the positive association 

between openn ess and growth and growth and poverty reducti on. However, trade reform 

a lone is not a panacea and re lying so le ly on the growth effect of a liberal trade po licy is not 
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sufficient to add ress the poverty problem, Trade libe rali zation shou ld be supported by a stable 

macroeconomi c environment and a competiti ve rea l exchange rate, Furthermore, it should be 

supplemented by other pro-poor growth po licies, targeted directly towa rd s the vulnerab le 

segments of society. In thi s regard, government has an important ro le to play in fostering 

(rural) development, including through encouraging absorpt ion of new technologies, 

expanding access to education, providing bas ic soc ial services to poor people and investing in 

infrastructure. 

2.3 EMPIRICAL WORKS 

Research into the poverty impacts of trade reform is new, and a lmost the on ly consensus it 

has reached is that countries differ. However, a growin g number of research lI 'orks that focus 

on the ana lys is of the im pact of in ternatio na l trade and other shocks on povcrty have been 

conducted following the WTO process. 

Re imer (2002) has made a detail review of thirty-five studies that focuses on th is issue. This 

section has heavily relied on this work. 

According to Reimer the research works done in the last decade could be bron Ily catego rized 

into two: the bottom-up approach and the top-down approach. The botlo I -UP approach 

makes use of detai led household income and expenditure data to analyse poverty while the 

top-down approach is based on an economy w ide data. The former approach recognizes the 

heteroge nei ty of households and brings into the pi cture deta il ed nationa l income and 

expenditure surveys . The top-down approach, on the othe r hanel, is based on the 

mi croeconomic rcpresenta ti ve 11O usehold, 

But even with this broad classi fi cation, Re imer noted that studies may also differ 

signifi cantly depending on whether the analysis is made for representative household or 
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actua l house hold, whethe r it is static or dynamic, single or multi region, part ial or genera l 

equ ilibrium, and so on. Therefore, Reimer found it conve ni ent to classify the studies into the 

foll owing fou r categori es: 

( i) Cross country regression analys is 

(ii) Partial --equilibrium and/or cost of living a pproach 

(iii) General equilibrium model, and 

(iv) Micro-macro synthesis 

The cross cou ntry regress ion in vol ves the app lication of eco nometric tec hni ques to aggregate 

cross-country data and "tests for the ex istence of co rrelation among trade, growth, inco me, 

poverty, and inequal ity variab les nbserved at the nationa l level" . The 1V0rk of Dollar and 

Kraay (200 I) arc the pionee r on th is methodo logy. 

Although thi s approach is getting attention with time, Kirkpatr ick and Thepopularity (2006) 

have noted that this approach has certain limitations: 

Firstly, there is a standard problem of demonstrating causality. It is 

relatively simple to show a statistically robust correlation between a 

change in trade pol icy and a change in poverty levels: it is more difllcul t 

howeve r to ' prove ' that the change in trade policy is the ca use of the 

change in poverty. Secondly, the econometr ic approach lacks precisely the 

m icro detail that characterizes the soc ia l assessment approac h. Typica lly, 

it uses broad aggregate measures of povcrty lor the macro economy, such 

as th e number of house holds with an abso lut c in come below thc spec ified 

poverty line . Third ly, there are maj or conccrn s about the qual ity of the 

data and the econometric specifications in thi s li terature ( including weak 
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theoretical underpinnings), with considerable differences in the results and 

in the policy conclusions drawn from the findings. (Qtd . in Reimer (2002), 

p13) 

Rodrik has also critic ized th is approach in a similar fa shi on: 

Estimating the re lationships that exist between trade po licy, growth , and 

poverty depends critica ll y on fi nding appropriate measures of these 

variables, and carefu lly sorting out omitted variable and endogeneity 

problems, all of which are quite challenging given the very limited data 

available. (Qtd. in Rei mer (2002), p13) 

However notwithstanding this limitation, this approach has a number of advantages for 

understanding the links between trade and poverty: 

First of all, it enables the use of tradit iona l stat istica l tool s for testing 

results and hypotheses, as opposed to only maki ng predictions. Secondly, 

cross-country regression results are typica lly much more ge neral than the 

country-spec ific results of many applied s imulati on mode ls. Third ly, 

cross-co untry regress ion may be able to account for so me of the dynamic 

aspects of trade reform that are missed by static s imulation models. 

(Reimer (2002), p 8) 

The partial equi librium analysis is the second category. It focuses on one or a limited number 

of markets, usua ll y on the commodity market. In the context of trade and poverty linkages, 

th is methodology is more appropr iate when the researcher is interested in making an analys is 

12 



of how trade liberalization affects a limited number or markets and when there is a need to 

incorporate sectoral deta ils. But when it comes to poverty analys is, this meth odo logy has got 

its own li mitations. [n the words of Reimer, if one is interested in mak ing poverty ana lys is 

us ing part ial equilibrium! cost of li ving ana lys is, one has to " make some abstract from the 

income s ide of the iss ue, or lim it the a na lysis to co nsideration of a s in gle Cactor (typica ll y 

labor)". However thi s abstrac ti on will in most cases lead to erroneous results. 

T he third category in Re imer's classification is Computable Genera l Economic Models wh ich 

have been developed widely to assess the impact of trade liberalization on welfare and 

poverty, particul arly in the context of WTO. Measuring poverty within a general cqu ilibrium 

framework rather than a partial eq uilibrium framework has the advantage of capturing both 

impact of the interaction and interdependence found within a socioeconom ic systcm and the 

prevailing structure of the economy. These models have the advantage of captu ring both the 

d irect and indirect effects of Po li cy measures and shocks on sectors of prod uction, institutions 

(such as different socioeconomi c groups and firm s) and factors of prod uct ion. 

According to Savard (2003), CGE models are used very widely in LDC's for policy ana lysis 

s in ce the 1970's with the view to miti gate the problems of the market-clearing assumption 

a nd abstraction from macro problems IOllnd in Wa il'as ian CGE mode ls. CG E mode ls that 

incorporate some macro features have the refore spread and are in wides pread use . The works 

of Ade lman and Robinson for South Korea ( 1978) and Lysy and Tay lor for Brazi l (1980) are 

c ited as pioneer in employing general equilibrium models for poverty and distribution 

analysi s and the work of Lofgren (1999) is " representati ve of how app li ed genera l 

equilibrium models are currently used to analyze trade and poverty issues." (Qtd. in Reimer 

(2002)) . 
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CGE models are theoretically grounded in Walras ian genera l eq uilibrium theory, but 

nonetheless incorporate macro issues. T here is a longstanding theoretical debate between 

Walrasian models, with their usua l assumptions of market-cl ea ring price-adjustment 

mechanisms in product and factor markets, and macro models where there is unemployment 

and very different notions of equ ilibrium . However, whether one shou ld incorporate macro 

model s in SAM-based models has become a malter of preference of the researcher because 

"the debate really concerns the theoretica l divide between Wah·as and Keynes, and the micro 

foundat ions of macro models or the lack thereof ' (Robinson (2003)). 

CGEs have different sects. They arc broadly c lass ified into Global (first genera ti on) CGE 

model s and single-cou ntry augmented (second generati on) CGE model s. The first types of 

CGE mode ls are the co nventional CGE mode ls wh ich are character ized by lack of 

in format ion at household level and fa il to distingui sh between poor and non poor households. 

They are therefore not we ll su ited to make poverty analysis. On the other hand, the second 

types of CGE models (the augmented CGE models) are better su ited for making poverty 

analysis because they try to link the CGE model s with the micro simu lat ion mode l, wh ich is 

based on household survey data (K irkpat ri ck and Sc rieciu(2006)). 

Within the augmented CGE framework, there are three types of approaches which are used to 

analyze poverty. These are the Representative Househo ld (RH) Approach, the integrated 

multi-household and the Top Down/ Bottom-Up Approach. 

The augmented representative household model is a technique based on a computable general 

equ ilibrium model with representative households that are linked to a househo ld module. 
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Representative household models can be used to ana lyze the impact of macroeconomic pol icy 

and external shocks on income di stribution, employment, and poverty. Representative 

household models allow for a forecast of welfare measures and poverty outcomes consistent 

with a set of macroeconom ic policies in the context of a genera l equil ibrium model. The key 

featu res of the Representati ve Household Approach are the following. 

The Com putab le General Eq uilibrium (CGE) model incorporates markets fo r factors and 

comm odities and the ir links to the rest of" the economy, which generates equ ilibrium va lues 

for employment, wages and commodity prices as we ll as its "extended" fu nct ional 

distr ibution (i.e. labour diffcrentiated by skill , educat ion, gender, region, and sector of 

employment); There is a mapping from the extended fu nctional di stribution into the "size" 

distribution (the distribution of income across different households) . 

As the name ind icates, in the representative household approach a few groups of househo lds 

are rep resented in the CGE model and a simulation fo r income shocks is carried out fo r these 

groups and then the result is appl icd to a di saggregated household su rvey data to make 

poverty ana lys is (Savard 2003). Dervis, de Me lo and Robinson (1982), Gunning (1983), and 

Deca lu we et. al (1999), among others, have used th is approach. Thi s approach either assum es 

th at income distribution is uniform within groups, or if there is any, the distribution fo llows a 

logno rm al distribut ion. Th is model is relat ivc ly easy to usc in a standard CGE modcl. 

However, it has also seri ous li mitations: The model does not consider intra group income 

distribu tion differences, which makes it less robust for studying poverty impacts; and since 

the ana lys is is made fo r groups, there is al so a constraint of selecti on of groups, i. e., the 

modeli st wi ll be forced to make representative groups wh ich are sometimes arbitrary. 
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T he second approach is the Integrated M ulti-household CGE Approach (CGE-IM I-I). In thi s 

approach the enti re households obtained in income and ex penditure surveys are incorporated 

in the CGE mode l directly without making any househo ld group ings . Therefore, thi s 

approach o ffe rs an ample opportunity fo r the modeller to make poverty analys is at the 

requ ired degree o f disaggregation but at the same time one has to reco nc ile the househo ld 

data with the national data to ensu re "consistency between the micro analys is and the CGE 

mode l prediction" (B ibi and Chatti (2005)). Therefore it is not hard to see the computati ona l 

difficulties one may encounter. 

The micro-macro synthes is or the Top-Down CGE model is the fourth and final category in 

Remier' s classifi cation. This approach tries to merge mi cro s imulation and CGE in a 

sequential manner. The mode l is first deve loped by Orcutt et a l. ( 196 1) and this work has 

been the basis for the works of Cogneau ( 1999), Cogneau and Robillard (200 I) and Cockburn 

(200 I). T he model is best used for the analys is of income d istribut ion (dispers ion) and it 

"prov ides ri chness in household behaviour, whil e remaining extremely flex ible in term s of 

spec ific behaviours that ca n be mode ll ed," Sava rd (2003). 

Thi s mode l works in two stages : first the CGE model is s im ulated fo r the given external 

shocks to get a price vector inc luding wage rates. Thi s output is then fed into the micro 

s imulation model to conduct a deta il ed analysis of income distribution and poverty at the 

household level. The steps invo lved in apply ing this work are more e laborated in the works or' 

Robilliard, Bourguignon, and Robinson (2003) as follows: 

The macro or CGE mode l is so lved first and communicates with the micro­

simulati on mode l through a vector o f prices, wages, and aggregate 

cm ployment variablcs. Then the mic ro-s imulation mode l is uscd to generate 
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changes in individual wages, se lf-emp loyment in comes, a nd employment 

status in a way that is cons istent with the set of macro variables generated by 

the macro mode l. When this is done, the full distr ibution of real household 

income corresponding to the shock or po licy change initiall y s im ulated in the 

macro model may be evaluated. 

This approach is costly and in vo lving numerous estimation works s ince the unit of analysis is 

done at an actua l household level. The robustness of thi s mode l depends much more on the 

degree of coherence ach ieved between the micro and mac ro mode ls; howcver thi s task is not 

usually easy to ach ieve. The transmission mechanism is al so unid irectional in the sense that 

the CGE mode l does not gct feedback from the reaction of the household mode l. 

With the intension of estab li shing coherence between the CGE model and the househo ld 

model, a fourth alternative approach, called a Top-Down/ Bottom-Up Approach is developed 

by Savard(2003). This approach makes use of the advantages of the CGE-II-IM and the 

Micro-CGE models and is believed to allow " the modeller to use the exact incomes and 

expenditure structure found in the household income and expenditure su rveys" while at the 

same time "introduci ng a bi-directional link between the CGE and the house hold model. 

Savard(2003) further asse rts that thi s approach has the fo ll owing advantages over CGE-I MI-I 

approach: (i) reconc ili ation of household model and macro mode l is no more required (i i) 

product ion sectors and the househo lds co uld be di saggregated to the req uired level or' 

analysis, and (ii i) it offers better degree of freedom in choice of functiona l fo rms used to 

reflect micro-economic household behaviou r. However, one of the limitations of this 

approach is that a mattipulation of data is needed to reconcile nomenc lature employed in the 

household income and expenditure survey and that used in the SAM. 
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From the above d iscussion it is obvious that there is no s ing le ' best' approach to measuri ng 

th e im pact o f trade liberalizati on on pove,ty. T he li teratu re is fi ll ed by a number of 

controvers ies on the va lidity of different approaches . Thi s ranges from mi co, meso, to macro 

and economy wide approaches . Within each of the approaches, too, resea rchers don' t seem to 

be in total agreement. As Kirkpatrick and Scrieciu(2006) have noted, the literature on this 

issue is "always open to the charge of eclectic ism and lack of inte llectual rigour" and 

searching for a best-s ingle approach to measure impact of trade libera li zat ion on poverty is 

tantamount to the unsuccessful "search for the ho ly gra il". 

While th c deba tc on the mcas urement issucs is still unrcso lvcd , there is a lso a co ntinuing 

debate on the e ffects of trade li beralizati on on poverty, we lfare and in equal ity . Cockburn et.a l 

(2008) noted that there had bccn a long standin g bel ief that trade libera li zat ion will have a 

posi tive impact on the rural poor but its effect on the urban poor is adverse . This will be so 

beca use ini tia l tari ff rates are genera lly much higher for industri a l import, so that trade 

liberalizat ion leads to an expansion in the agricul tura l sectors and benefits those who derive 

their earning out of it. Thi s belief is however being challenged. 

Cockburn e t.al (2008) have tri ed to synth es ize the lessons drawn from the Computable 

General Equilibrium (CGE) analys is of the impacts of trade libera liza ti on on poverty 

conducted by different researchers res id ing in se ven Asian and Afr ican co untries which 

undergo trade li beralization to comp ly with WTO rules. These countries inc lude Bangladesh, 

Benin, India, Nepa l, Paki stan, the Phili ppines and Senega l. Based on th e results of the studies 

made on these co untries Cockburn et.a l (2008) conc luded th at, in genera l term s, trade 

li be ra lization has sma ll , but pos it ive, impacts on welfare and poverty. Moreover, industria l 
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sectors benefit - relat ive to agriculture - from trade li bera lization as do urban households 

relat ive to their rural counterparts. As a result, since the poor are more concentrated in the 

rura l a reas, overa ll inequa lity genera lly increases. Likewise, industrial output increases 

relat ive to agricultural output as a result of a stronger export response and greater in put cost 

sav ing. Nominal consumer prices a lso fa ll more in industry than agricul ture or services by 

reducing import prices and loca l competing goods. 

However, Cockburn et.al (2008) have also noted that the impact of trade li beral ization cou ld 

differ from country to country depend ing on the spec ifi c character istics of each country. 

Factors like initia l tar iff structure, trade patterns, relative factor endowments, production 

patterns, income sources and consumption patterns of the poor, etc .may affect the magnitude 

and direction of influence. For instance, trade libera lization increases we lfare marginally in 

a ll countries except in Benin and India . However, the resu lt is mixed at the urban-rural leve ls. 

In Bangladesh, 8enin, India, Nepa l, and Pakistan welfare increases and poverty decreases 

most for urban househo lds. On the other hand, except in Phi lippines and Senegal we lfare 

decreases and poverty increases in the rural areas of five of the seven cou ntri es stud ied. 

From the above discussions, one can discern the fact that the re are a number of approaches 

and defi niti ons of the concept and measuremen t of poverty. The methodo log ies emp loyed to 

measure the impact of WTO accession on poverty are a lso diverse. Despitc these differences, 

however, researchers seem to agree on the fact that the impact of access ion is not the same in 

all countries and for all socio economic groupings. Different segments of the society cou ld be 

affected differently as a result of accession depending on the leve l of deve lopment and the 

initia l structure of the ir economies. 
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3 METHODOLOGY, CALIBRATION AND DATA 

3.1 METHODOLOGY 

As discussed above there have been numerous attempts to adapt CGE models to the analys is 

of income distribution and poverty issues . Many auth ors impose strong assumptions 

conce rning the distribution of income among househo lds in each category. A popular 

approach is to assume a lognormal d istri bution of in come within each category where the 

va riance is estimated with the base year data (Dc Ja nvry, Sadoulct, and Farge ix (199 I )). In 

the spirit of this same approach, Deca lu we et al (2000) argue that a beta distribution is 

pre ferabl e to oth er di stributi ons because it ca n be skewed left o r ri ght and thus may better 

represent the types of in tra-category income d istr ibutions comm only observed. Regard less of 

the assumed distribution, the CGE model is used to estimate the change in the average 

income for each household category, whil e the variance of this income is assumed fixed. 

In this Thesis, the analysis w ill be done using a CGE model whi le GAMS software will be 

used to so lve the mathematic programming prob lem. 

3.2 CALIBRATION AND CLOSURE IWLES 

Ca li bration is the process of se lect ing share parameters, e last ic iti es of substitution, and in the 

case of LES preferences Frisch parameters. According to Annab i, Cockburn and Deca luwe 

(2006), ca librat ion is the process of determ in ing the numeri ca l values .of paramet,rs used in 

th e various fun ctional forms compatible with the initia l SAM. To determine the parameter ' 

values needed in the production and utility fun ctions of a CGE model, it is customary to 

make an assumption that the economy observed is in equ ilibrium in its base year (that is the 

yea r to which the SAM applies). I-Ie nce, share parameters can be taken from th e SAM, but 

e last iciti es and Fri sch parameters must come from othe r sources. 
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In Walras ian Model spec ifi cat ion tradition closure is not an issue because the model yields 

full-employme nt equilibrium and market-clea ring prices. However, in a no n Wa il'asian CGE 

model sh0l1-run macro models in volve wage and price ri gidit ies, partial adjustment 

mechani sms, and equilibrium lV ithout mark et clearing, including unemployment. There fore 

th e model requires a rul e for how the various macro balances are dete rmined. According to 

Davis ( 1992) " ... where saving and in vestment is not trea ted simp ly as another good 

purchased by consumers, or fisca l or trade imbalances are allowed, it is necessary to close the 

CGE model by specifying how the various macro balances are determined." 

Davis ( 1992) further noted that determin ing the closure ru le is not an easy exercise and 

making "Assumptions are unavoidably somewhat ad hoc, and there is oftcn a fear that the 

cho ice of a pa rticular closure may undul y influencc results."( 12). To tack Ie thi s problem, he 

advises " to err on the side of assliming a re latively "neutraP' or "balanced" closure, in order 

to avu id extreme results" 

The process of ca li brati on boil s down to the estimation of elasticity parameters of the various 

functional forms involved in the CGE model. The choice of behavioral functions, in lurn, depends 

on the values of the various re lated elasticities. 

Elasticities measure the percentage variation in one vari able to a variation in another variable. 

The CGE model makes use of different types of elasticities including price elasticity, income · 

elast icity and elasticity o f subst itut ion. The theoreti cal fram ework for these elasticiti es is 

di scusscd at Icngth in Annab i, et al (2006). Annab i, et a l notcd th at Ihc func ti onal for m of a 

CGE model should be continuous and homogenous of degree zero and resu lt in a system .of 

1 , dcmand in conformity with thc Walaras Law in order to ensure cquilibrium and easc the ' 

ana lys is of vari atio ns in the prices resulting from economic polic ies . The choice of behavioral 
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functions should also reflect the characteristics of the sectors or products under study and 

consequently on the values of the various related elasticities. To this effect, therefore, a very 

few types of functional forms are usually employed in the construction of CGE models. The 

most common functional form s are the Cobb-Douglas (C-D) fun cti on, the constant elasticity 

of substituti on function (CES) or the linear expenditure system (LES). Each of these 

functiona l forms has their own di st inct features. 

With a Cobb-Douglas utility funct ion (U), the consumer's demand is obtained as the solution 

to the following maximization program: 

Max U= 07 ct' s. t 

2:>,c, = R and La, = 1 

Where 

U stands for utility 

R stands for total income 

p, Stands for pr ice of good i 

C, Stands for consumption of good i and 

a , stands fo r the share of commodity i in total consumption 

The consumption of each commod ity i reads: 

c, 

( I) 

(2) 

[n a C-D function, the values of the price and income elasticities, as well as the elasticity of 

substitution between each pa ir of goods, are a ll equal to one where as the cross price 

elasticity is nil. The advantage of thi s strong assumption is that it can be eas ily cal ibrated and 
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does not requ ire outside estimates of free parameters. Thus, considering the income, the 

consumption and prices prov ided by the SAM, the computati on of the share of each good in 

overa ll consumpti on income (total expenditure) could be computed by a simple inversion of 

the demand equation as !()lIows: 

PC 
at R; 

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

Although C-O function rarely exists in the rea l world, many autho rs resort to the C-O 

funct ion given that it can be easi ly calibrated and does not require outside estimates of free 

parameters 

An alternative functional form wh ich relaxes the C-O assumption is the constant elasticity of 

substi tuti on (CES) function. This function allows for nOll-unitary, but constant, price 

elasticities and non-nil, but constant, substitution elastici ties. The consumer's utility 

max imizati on program is as follows: 

£ 

MaxU .2: aiC
i
- £- £- S.t 

[ 

£- t ]-1 

..... , . .... . ............ (4) 

Where E is elasticity of substitution 

The so lution of thi s optimi zation problem gives the demand funct ion fo r each commodity. As 

in the case of the C-O function, the income elasticity is unitary in CES functi on. The 

implication of thi s unit income elasticity is that the budget shares of each good clo nol va ry 
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with the level of income. The c-o function is a special case of th e CBS function when 

elastic ity of subst itution equals to one. 

Another funct ion which relaxes the unit elast icity of income assumption observed in C-O and 

CES functions is the Stone-Geary function also known as the li near expenditure system or 

LES. By introducing a term which represents minimal or subsistence consumption in a C-O 

function, the LES demand function is obtained as the resu lt of the following utility 

maximization problem: 

MaxU 

.... .... ..... . . .. ..... (5) 

The resulting demanu for the consumption of commodity is the sum of the minimal and 

di scretionary components: 

a. [ " C i = C min i + --' R - L.. P j C min 

Pi 
................. ..... .... (6) 

Where Cm;" , is minimal consumption of good i 

The term R - L PjC";" j is known as supernumerary or residual income. It represents the · 

income available after sat isfaction of minimal consumption. The ca libration of aLES 

fun ct ion is not as easy as that of a C-O function or a CES fun cti on as minimal consumption 

leve ls must also be determined. 
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Free parameters co uld be estimated either through econometrics methods or through op inion 

of experts . The difficu lty in gathering data necessary for the econom etric est imation of these 

parameters prompts modelers e ither to "borrow" these values from other studies conducted 

on countries with s imilar characteri stics, or to base them on the ir personal judgment as "guess 

estimates". In some cases, the choice of the values of these elastic ities is made on the basis of 

a "consensus" reached by researchers. 

Figure 3.1 depicts the structure of production and comm od ity output. 
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Figure 3-1 Struct ure of Productioll alld Commodity Out put 
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3.3 DATA REQUIREMENT AND SOURCE 
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T he sta rtin g po int fo r the deve lopment of any CGE mode l is th e co nstructi on of a micro-

consistent be nchmark dataset. Such a dataset must spec ify aggregate factor endowments, 

outputs by industry, factor usage by producti on activit ies, exports, imports, and the inpu t-

output stru cture of the economy. In add ition, it may be disaggregated by type o f eco nomic 

agent (households, fi rms etc.), and deta il the factor use, rece ipts and expenditures of pu blic 
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and external sectors of the economy. The benchmark dataset needed for a CGE model has 

generally come to be spec ifi ed in the form of a "social accounting matrix" or SAM. 

Thus, depending on the class ificati on scheme used to record transactions and the extent of 

di saggregation, the SAM can provide useful information abo\.jt such key issues as 

intersectora l li nkages (such as between agriculture and indllstry); the deterlnlnation of the 

income di stribution by socioeconomic groups given the structure and technology of 

production and the resource endowments of these groups; and the re lationship between a 

given reg ional economy and other reg ional economi es within a nati on, and with the rest of 

the world. 

The SAM is a comprehensive, di saggregated, consistent and complete data system that 

captures the interdependence that ex ists with in a socioeconomic system . It is a square matri x 

with equal number of rows and columns. The columns represent expenditures and the rows 

show receipts. These expenditures and receipts are made or teceived by factors, institUtions, 

production activities, and the rest of the world (ROW). Institutions ihc!tiqe households, 

compan ies, government and a combined capita l account. 

The SAM has the foll owing major accou nts: Activity Account, Commodity Account, Factor 

Account, Inst itutional Account, Capital Account, and the Rest of the World (ROW) Account. 

Figure 3.2 shows a bas ic stru cture o fa typical SAM . 
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Figure 3-2 A Basic Social Accounting Matrix 
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Source: Thorbecke (2003) 
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As co uld be seen from Figure 3.2, in the activ ities accounts th e prod uct ion and sa les of 

domesti ca ll y produ ced goods and services are reported. The row o f thi s account represents 

reve nue from sal es o f dom estica lly produced goods wh ile the co lumn acco unt represents 

payment to intermediates, production factors and indirect taxes. Aga in here row sum must 

equal to co lumn sum. In other words the gross output sa les should cover tota l production 

costs. For the sake of s implicity, it is assumed in this bas ic SAM structure that a production 

activity is eq ui va lent to a corresponding commodity. But if one acti vity could produce 

different products, a commodity account is introduced to account for this mi sali gnment. 

Hence, if the SAM incorporates both a production and commodity accounts, the commodity 

account will represent the commodity market where the row of thi s account represents 

revenue from supply of goods and services to vari ous domesti c agents while the co lu mn 

acco unt rep resents payments to domestic and imports o f goods and services, inc luding tariff 

and taxes . Equa lity between row sum a nd co lumn sum in thi s acco unt s ignifi es that demand 

equa ls supply in each commodity market. 

An account which reflects the factor markets is the factor accounts. T he row of this account 

shows the earnings of primary factors from the sale of the ir services and net factor income 

received from ROW or other accounts . The column of the factor income shows the 

distribution of the factor income into households as a labor income and institutions as 

operating surplus or d istributed pro fit. 

The enterprises, househo lds a nd government a re represented in the Institu tion accounts. 

In stituti ons includ e households, firm s and the government. The Row o f th is acco unt signifi es 

receipt of income from factors th ey own and income transfe r from other; while thc ir Co lumn 

show consumption spending, tax and transfer payments. 
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The Capita l account is a simplified financia l market with loa nab le fund s as the on ly asset. 

The Row shows the co llection of sav ings from all agents (accounts) whil e the Co lumn shows 

the allocation of saving to investment. An interna l balance is represented by the equal ity of 

Row sum and Column sum . 

The internationa l market is represented in the SAM in the Rest of the Worl d (ROW) Account. 

The row or th is account shows how much in come is generated fro m the country's ex ports 

and the Column are payment to the country's imports (fob) and shipping cost. Row su m equal 

co lumn sum means that external macroeconomic ba lance, i.e., exports plus ca pital in flows 

equa l imports. The difference bctween tota l fo rcign exchange rece ipts and imports is by 

definition net cap ital received from abroad or the rest of the nation and extra regional and 

foreign savings. 

The SAM incorporates the three macro ba lances: governm ent deficit, trade defic it, and 

sav in gs-in vestme nt balance. A ll mode ls in the SAM framework must explai n how ba lance is 

ach ieved in the three macro accou nts. Given that the SAM is always balanced, determining 

two o f th e macro balances necessarily determi nes the third. Thc SAM represcn ts a c losed 

system . A ll economic tran sacti ons arc inc luded and modcls in thi s framework will 

incorporate Wa lras Law in some form. 

On the other hand , poverty analys is requires detail ed treatment of lin ks between acti vities, ' 

factors and households. In order to specify the CGE Model , therefore, there should be an 

appropriately des igned SAM and distributional data describing the representative household 

groups or a household survey. 
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3.3.2 THE ETHIOPIAN SAM 

There is a growing interest recently in Ethiopia to capture th e interdependence that ex ists 

within a socioeconomic system through the construction of soc ial accountin g mode ls. The 

2002 Ethi opian SAM constructed by the World Bank is one of such attempts and rece ntly th e 

Ethiopian Deve lopment Research Institute (EDRJ) is constru cting a more com prehensive 

SAM to support Economyw id e po li cy analysis . In this study, the SAM deve loped by the 

World Bank (2002) and reproduced here in Appendix I is used to ca liber th e CGE model 

because the later was not readily avai lable . 

The SAM has the following sa lient features (WB (2004)). It IS a 40 X 40 matrix and 

disaggregated into the following acti vi ties: 

Four factors of production inc luding famil y labor, wage labor, capital, and land 

12 activities, including 

o five agricultural activ ities (peasant fanning - highland , peasant farming -

lowland , peasant li vestock production, private commerc ial farming, and public 

commerc ia l farming), 

o scven industr ial activiti es (cottage/handi craft and small sca le industry, 

large/med ium sca le agro-manu fact uring - public, large/medium sca le agro­

manufacturing - private, large/medium sca le other manufacturing - publ ic, 

large/medium scale other manu facturing - private, other industry - public, and 

other 

Eight commodities including food crops, traditional agr icu ltura l exportables (main ly 

livestock and livestock products, coffee, and chat), non-traditiona l agricultural exportab les 

(including tea, flowers, and fruits and vegetables), other agricultura l prod ucts (forest 

products and fi sheri es), agro-manufacturing products (processed food a nd beverages, 
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texti les, leather and leather products, wood products), oth er indu str ial products (chemica l 

prod ucts, non-mcta llic minera l prod ucts, metal products, e lcctr ic ity and wate r, 

co nstruct ion, and m ining and quarrying), publ ic goods (education , heal th , public 

ad mini strat ion, and other re lated services), and other services (p rim ar ily trad ing se rv ices, 

transport and commun ications, banking and in surance). 

Ei ght domestic institutions includ in g 

o three types of households (farm households, wage workers, and 

entrepreneurs), 

o three types of enterprises (peasant farms, private firm s, and public firms), 

o a food-for-work project, 

o the gove rnm ent, and 

A transactions cost account 

In princ iple, th e mode l di saggregation of any CGE mode l ha s to foll ow the SAM 

disaggregation of factu rs, activ ities, commodities, and instituti ons. Therefore to reconc ile the 

SAM with the CGE model emp loyed in thi s study, aggregat ion of so me the accounts were 

made. Accord in gly, the modifications made to the 2002 Ethiopi an Sam arc as fo ll ows: 

• T he factors of production were represented by labour, cap ita l a nd land; 

• Activit ies are regrouped into three broad categories, name ly agri cul ture, industry and 

service, 

• The commodities account was aggregated into three broad act ivit ies( agriculture, 

industry and Service) 

T hu s, the standa rd CGE mode l used in this study is ca librated based on this mod ified SAM. 

The app li ed CGE mode l adopted in this study has stri c tly foll owed the sta ndard CGE mode l 

manu a l prepared by Lofgren, et al. (2002). Howeve r, fo llowing the SAM spec ifi cation ofWB 

32 



(2002) , so me minor modifi cation of equat ions is made to reconcil c the struct ure of the 

aforementioned Ethiop ian SAM with the standard CGE model. The ass umpt ions o r the model 

arc as d iscussed below. 

Activities, Production, and Commodities 

The producers specified in the model are assumed to maximize pro fit subj ect to the specified 

technology. They earn their income from the sales of goods and scrv ices in the domestic 

market and in the international market. 

The goods supplied to the domestic and international markets are different in 

quality(Annington assumpti on) and their a ll ocati on is determined based on their relative 

prices rccc ived in domestic and international markets, 

The domestic product market is served both fro m imports and local production , the 

amount suppl ied from each market being determined by th e ir re lative prices. 

production tcchnology is a nested fun ction of intermediate inputs and final outputs 

where 

o value added and intermed iate inputs are combined at the top of lhe techno logy 

nest by a Leontief production function; 

o factors of production (labour, cap ita l and land) are comb ined assuming a Cobb­

Douglas production function; and 

o interm ediate inputs are a compos ite o f imported and loca l goods and they are 

combined by Leontief production fun cti on 

Food fo r work programme is financed by the rest of th e world and the divide nds 

obta ined from parti c ipating in the programm e are channelled full y to the highland peasan t 

farm in g, 
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Food aid is part of the transfers made by the rest of the world to houscho lds and 

therefo re total household consumption equals the sum of disposablc income and food aid . 

Ins titutions 

Households rece ive inco me from the factor of prod uct ion they su pp lied to cnterpri ses, 

food fo r work activities, and transfer payments from government, rest of the world and 

food aid . Transfer from the rest of the world is fixed in foreign currency. Househo lds use 

their income to pay direct taxes, save, consume and make transfers to other domestic 

institutions. Household consumption is equal to the sum of household's disposable income, 

food aid, and food for work 

Ente rprises get their income from the sa le of goods and services and transfer from the 

government. This income is allocated to direct taxes, sav ings, and transfers to other 

in st it utions. Enterprises don't consume. 

The gove rnmen t co ll ects taxes and rece ives transfers from ot her institut ion and uses 

thi s income to purchase goods and services and for transfer to other in st itutions. 

Government consumption is fixed in rea l terms whereas government transfers to domestic 

institutions are CPI-indexed. 

The res t of the world transfers made between domestic institutions and facto rs are all 

fixed in foreign currency. Foreign saving (or current account deficit) is the difference 

between fore ign currency spending and rece ipts. 

Commodity Markets 

Domestic output may be so ld in the market or co nsu med at home. For marketed 

ou tput, th e first stage in the chain consists of generat ing aggregated domestic output from 

th e output of d ifferent act ivities of a g iven commodity. These ou tputs are imperfectly 
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substitutable as a resu lt of, for example, differences in timin g, qua lity, and distance 

between the locat ions of activiti es. A CES function is used as the aggregation funct ion 

(F igu re.3.2) . The demand for the output of each activ ity is derived from the problem of 

m in im iz ing the cost of supp ly in g a given quantity of aggregated output subject to thi s CES 

fun ction. Activity-spec ific comm od ity prices serve to c lea r the implic it market for each 

disaggregated commod ity. 

Aggregated domestic output is allocated between exports and domestic sales on the 

assumption that suppliers maxi mize sales revenue for any given aggregate output level , 

subject to imperfect transformability between exports and domest ic sa les, expressed by a 

constant e lasticity of transformation (CET) function. In the international markets, export 

demands are infinitely elastic at given world prices . The price rece ived by domestic 

suppliers for exports is expressed in dom estic currency and adjusted fo r the transact ion 

costs (to the bo rder) and export taxes (if any) . The supp ly price for domestic sales is equa l 

to th e price paid by domestic demanders minus the transaction costs of domcstic marketing 

(from th e supp li er to the demander) per unit of dom estic sal es . If the commod ity is not 

exported, tota l output is passed to the domestic markct. 

Domest ic demand is made up of the sum of demands for household consumption , 

government consumption , investment (the determination of which is discussed be low), 

intermed iate inputs, and transactions (trade and transportation) in puts. To the extent that a 

commodity is imported, a ll domestic market demands are for a composite commodity made 

up of imports and domestic output, the demands for which are derived on the assumpti on 

that dom estic demanders minimize cost subject to imperfect substitutability. Th is is al so 

captured by a CES aggregation function. The der ived demands for imported comm od ities 

are met by international supp lies that are in finitely e last ic at g iven wo rl d prices. The im port 

pri ces pa id by domestic demanders also inc lude import tariffs (at lixcd ad val orcm ratcs) 
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and the cost ofa fi xed quantity of transactions serviccs per import unit, covcring the cost of 

moving the commodity from the border to the demander. Similarly, the derived demand for 

domestic output is met by domestic suppl iers. The prices paid by the demanders include the 

cost of transactions services, in this case reflecting that the commodity was moved from the 

domestic supplier to the domestic demander. The prices reccived by dom estic suppliers are 

net of these transaction costs. Flexible prices equ ilibrate demands and supplies of 

domestically marketed domestic output. 

Macroeconomic Closure 

As noted above the market must clear to ensure a so lution , i.e., the demand for and supply of 

goods must always be equal. The appropriate choicc between the different macro-closures 

dcpcnds on thc contcxt of the analysis. Givcn that thi s is a sing lc-pcriod modc l. a closure 

combining fixed foreign savings, fixed real investm ent, and fixed rea l government 

consumption may be preferable for simulations that explore the equilibrium welfare changes 

of alternative po licies. The c losure ru les adopted in this model for the three macroeconomic 

balances (the government balance, the external balance and the saving-Investment balance) 

are as follows: 

Government savll1gs (the diffcrence betwee n current governm ent revenues and current 

government expend itures) is a flexible residua l wh il e all tax rates arc fixed . 

For the externa l ba lance, the real exchange rate is fl exible while fore ign savings (the current 

account deficit) is fixed. Given that a ll other items are fixed in the external balance (transfers 

between the rest of the world and domestic institutions), the trade balancc is also fixed . 

For the Savings- Investment balance, closures are investment driven (the va lue of sav ings 

adjusts). Real investment quantities are fixed. In order to generate sav ings that equal the cost 
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of the investment bundle, the base-year savings rates of se lected non-governm ent institutions 

are adj usted by th e sa me number of percentage points. Im plic itly, it is assumed that the 

government is ab le to implement po lic ies that generate th e necessary private sa vings to 

finance the fi xed rea l investment quantit ies. Based on thc above di scuss ions and fo ll ow ing 

Lofgren et al. (2002) CGE tradition of model specification, the mathematica l model equations 

and notations used in th is study are described in deta il Appendix 2 and Appendix 3, 

respective ly . 

3.3.3 POVERTY PROFILE OF ETHIPOIA 

Ethiopia is one of the poorest countries in the world with a GO P (at current price) of 

USO I1. 2 bill ion and per cap ita income (at current price) of USDI57 (see Table 3.1). 

According to a World Bank report (WB 2005), 8 1% of the popul ation earn an income below 

US$ 2 a day . Whe n compa red to othe r countri es, Ethi op ia ran ks 73 rd out of9G countr ies when 

usin g a I USD a day poverty line a nd 84 th when us ing a 2 US$ a day. The report also shows 

that poverty incidence d iffers w ide ly across people's live lihoods. Households employed in 

the non-agricultural sector tend to be less poor than those in agricu lture . 
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Table 3-1: Some Indicators on the Ethiopian Econo my 

2000 2004 2005 

GN I, Atlas method (current US$) 8.1 billion 9.3 billion 11. 1 bill ion 

GN I per capi ta, Atlas meth od (current US$) 130.0 130.0 160.0 

GDP (cu rrent US$) 7.8 billi on 9.7 billion 11.2 billion 

G DP growth (annua l %) 5.4 12.3 8.7 

Inflation, GDP deflator (annual %) 6.0 9.6 6.0 

Agricu lture, value added (% of GDP) 47.7 46.3 47.7 

Industry, va lue added (% of GDP) 12.4 13.5 13.3 

Servi ces, etc., value added (% o fGDP) 39.9 40.2 39.0 

Expo rts of goods and servi ces (% o fGDP) 12.5 15.4 16.4 

Imports of goods and serv iccs (% ofGDP) 25.0 32.6 39.1 

Gross ca pi tal formation (% ofGD P) 20.5 2 1.3 26.3 

Source: World Devclopmcnt IndIcators database, Api'l l 2006 

Accord ing to a World Bank report (WB 2005), Ethiopia' s economy is predom inantly agrarian 

where agricu lture acco unts fo r 85 percent o r cmp loymen t, 45 perce nt o f thc nati ona l income 

and more than 90 percent of exports. The in dustry and serv ice sectors account for only 13.3% 

and 39% of the value added of GDP, respectively. A s ignificant number of poor Ethiopian 

househo ld s li ve in rural parts of the cou ntry, of whi ch 96 percent are employed in agriculture. 

Rural househ olds continue to rely a lmost exc lus ive ly on low input, low output, subsistence­

or ientcd , rain ed agric ulture and agricultu rc relatcd activitics. Some four to fi ve milli on peop lc 

are cons idered chronically food insec ure a nd annu a ll y in need of food aid. An additional s ix 

to seven milli on a re tran s itor il y fo od insec urc and in need of food a id when the rains or 
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har vests fa il. Most of them are net cereal buye rs, i.e. , one in five rura l Ethi opian households 

livcs on less than 0.08 ha per person, which yields on average only sl ightly more than half the 

daily cereal ca loric needs per person, given current ccrea l production technologies used in 

Eth iopia. 

Ethiopia 's rapid population growth coupled with low productivity, heavy dependence on 

rainfa ll , structu ra l bottlenecks, and the like are the major fac tors that cause the populat ion to 

livc in an abject poverty. However in recent years, the good performancc or the economy has 

changcd th e poverty prolile of the nation to ce rtain extcn!. Thc economic growth regi stered in 

the country since 1992, large ly attributed to the contribution of the servi ce sector, has reduced 

the incidence of poverty slightly from 45.5% to 44.2% over the peri od from mid-90s to 2000. 

Ilu t the situation in urban areas in thi s period is, howeve r, disappointing. The headcount ratio 

has rai sed from 33% to 37 %.( WB 2005). 

Table 3-2 ConsulIlption and Poverty Incidence by Sector of Employment (I f Household 

Head in 1995 and 1999 

1995 1999 

Sectors of Popu lat ion Consum ption Poverty Population ConslI lll pl illll Poverty 

em ployment share (%) per adu lt inc idcnce share (%) pCI' ad ul t incidence 

of equiva lent eq uivalent 

household 

head 

Agr iculture 85 1592 40 84 1600 38 

Industry 14 1980 32 6 1707 43 

Service I 2201 28 10 2 11 3 35 

Sou rce: wn (2005) 
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Foreign trade is an important sector in the Ethi opian economy. As of2005, Ethiopia 's export 

of goods and service,; was estimated at 12.4% of GOP while its imports were about 39.1 % of 

GOP. Ethiopia's imports are largely dominated by final consumption goods including 

petroleum products, wheat, corn and other cereals in grain form , devices for vehicles, 

e lectron ic devices all d medicaments. The share of capita l goods in the total imports is very 

minimal. On the ot her hand export is dominated by few agriculiural products incl uding 

coFFee, vegetable products, leather and reccntly fl ower. In 2003, fo re ign trade taxes 

represented 9.24% of the GOP, of which customs duti es accounted for 4.26 %.( Poh l and 

Associates (2005)). 
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4 POLICY SIMULATION, RESULTS AND DISCUSSIONS 

4.1 POLICY SIMULA nON 

Policy reform s can be expected to have an impact on various stakeholders through five main 

transm ission chan nc ls outlined below: employment; prices (production, consumption, and 

wages); access to goods a nd servi ces; assets ; and transfers and taxes. Each policy reform is 

likel y to have im pacts through more than one channel. For example, utility re form s might 

result in changes in prices and access, but might a lso have an impact on the fi sca l stance of a 

country, and hencc on transfers and taxes. Further, different stakeholders are likely to be 

affected differently through these channe ls. For cxample, relative price changes will affect 

net consumers a nd net prod uce rs d ifferent ly, and eve n amon g th ese groups the impact may 

vary. For example, consumers wi ll be affected differently depending on their consumption 

patterns or their ability to substitute goods . 

If Ethi opia decides to join the WTO, one of the immediate tasks she wou ld be required is to 

prepare itse lf to fulfill the necessa ry in frastru ctures required for the imp lementation of the 

SPS measures wh ich are at prese nt non- existent or at best not availab le in adequate quantity 

and qu a lity . The requirem c nts and guide lines of the SPS Agrcement entail the application of 

three sets of internationa l standards, set by th e so-call ed "three s ister orga ni zations". These 

organizations are the Codex Alimentarius Com mi ssion, In ternationa l Plant Protection 

Convention (IPPC) and the Office of Internat ional des Epizoot ies (O lE). They prov ide 

technica l regulati ons for a vast number of activities in the supply chai n of exports of 

agricu ltural products w hi ch inc lude input, prod uction and harvesting, storage, transport, 

processing, packing and labeling, port facilities and internati ona l transport. The application of 

these standards requires various scientific, techni cal and legal skill s and capac ities. In the 
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case of plants a lone, they in clude about 50 d iffe rent ac ti viti es and measures. The 

requirements for food products and animal hea lth are also s imilarly di ve rse and complicated. 

This in turn requires making a hu ge investment on the part of the governments. Accord ing to 

studies made on this issue countries are usually required to make an investment worth about 

USD 9 milli on(see Table 4-1). In the Ethiopian case, this may mean that translates into 

doubl ing th e current government consumption of goods and services. 

Tahle 4-1 Cost of vario us initial activities necessary for the compl ia nce with SPS Agreement 

in a n African Country(2003 prices) 

Activity '000 USD 

To strengthen the institutional framework 56 

To update the legal and regu latory framework 76 

To upgrade and rationalize inspection services 604 

To upgrade the scientific and technical capabi lities of labs 1505 

To train quality contro l managers in the imp lementat ion of food quality 

assurance system including HACCP 120 

Tota l at co untry leve l 2,36 1.00 

Add itional cost o f Regional activit ies 6245 

8,606.00 

Source: CTA (2003), Siudy of lite COllsequences of lite Applicalioll of SalliltIlJI ami 

Pltylosal1i1I11Y (SPS) measures 011 ACP Coul1lries(CT/I, Bl"llssel.\) quoled ill S /wfaeddill(2007) 
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1n this paper, the impact of increasing governm ent consumption on the nationa l economy and 

its implicati on to poverty would be tested. 

4.2 RESULTS AND DISCUSSIONS 

4.2.1 SECTORAL EFFECTS 

One of the primary e ffects of the accession process is its e ffect on reso urce a llocation . As 

co uld be observed from T able 4.1 and Table 4.2, output o f the ag ri cultura l sector and the 

service sectors has declined while that of industry has increased, with a corresponding price 

increases in all sectors. This decline in outputs of the two sectors and the corresponding rise 

of prices would mean that the poor would be adversely affected, as most of them are earn ing 

the ir li vings from the employment in these two sectors and spend most of the ir income in 

food items generated from the agric ultural sector. Vo lume of domestic sa les has also 

witnessed s imil ar patterns. 

Looking at the perfo rm ance of the externa l sector, the vo lume of im ports of the industria l and 

the service sectors has surged, despite the ri se in prices. The vol ume of export has a lso 

increased from all sectors, w ith a corresponding marked ri se in export prices of the 

agric ultura l and industri a l sectors. But export pri ce of the service secto r and im port by the 

agricultural sector has declined. 
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Table 4-2 Effects on Volume of imports and exports, sectoral output and domestic Sales 

( percentage change) 

volume Changes 

S.N Sector Imports Domestic Sales Exports Output 

I Agriculture (99) -0.5 61.4 - 1.2 

2 Industry 38,570,740 23 .2 26.3 10.8 

3 Serv ice 43 -5.2 3.2 -6 .2 

Source: Own Computation 

The high increase in vo lume of import coupled with a relatively high pri ces wou ld exert 

further pressure on the current accou nt balance, and hence on the foreign exchange reserve of 

th e country. The magn itude and direction of infl uence on poverty, however, will depend on 

which items of industrial products are more affected by the ad vcrse price increases. i.e., if the 

increase in prices affects the goods consumed by the poor, poverty may further WOrsen off. 

Furthermore, the pressure on foreign exchange could also exert another burden to the pOOr, if 

the government tries to finance the growing import by reducing PI'O- poor expend itures. 

Table 4-3 Effects on Prices of imports and exports, sectoral output and domestic Sales 

S.N Sector 
Price Changes (Percentage change) 

Imports Domestic Sales Exports Output 

I Agriculture 6,400 58 .5 3 100.0 4733 .3 

2 Industry 6,450 -17.9 -84.9 200.0 

3 Service 6,400 -3 04.2 4000 .0 5433.3 

Source: Own ComputatIOn 
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4.2.2 MACR O EFFECTS 

A direct manifestation of the pattern of sectoral resource allocati on di scussed above is its 

effects on the income of the representative household. The deteri orating terms of trade in 

agricultu re a nd the service sectors and the high leve l of import prices of the industri al sector 

wo uld mean that households have to ra ise the ir leve l of income to ma intai n the initia l level of 

welfare while government revenue should also grow to finance its increased expenditure 

(Ta ble 5.3). However, although governm ent consumption was made to increase in the 

simulati on exerc ise, it witnessed a sharp dec line at th e eq uilibrium leve l (post s imulation) and 

thi s in turn has res ulted in sharp dec line in nomina l GDP. 

Ta ble 4-4 E ffects 011 Household Income, Government Revenue and GDP 

(Marginal C hange) 

increase in 

Government 

Co nsum ption(m iIlion 

BASE Birr) 

I GOP 8 17 -1234 

2 Pri vate C onsumption 82 536 

3 Government Consumpt ion 695 - 1485 

4 Investment 39 -292 

5 Ex port -I -3 

6 Import 2 10 

7 Income of household 239 403 

8 Government Revenue -42 263 

Source: Own ComputatlOll 
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5 CONCLUSION AND POLICY IMPLICATIONS 

If Ethiopia is going to be a member of the WTO, it is required to fulfil the membership 

requirements and address the supply side constraints. These requirements include, among 

others, the upgrading of the existi ng laboratory infrastructure, reorganizing the existing 

regulatory bodies or creating a new appropriate national institution that can ensure the 

im plcmentation of and administrat ion of the TBT Agreement in compliancc with the WTO 

TBT principles, the creation or building of loca l capacity to respond to a National Enqu iry 

Point for the WTO TBT Agreement that wou ld be ab le to provide information to WTO 

members on any subj ect matter fa lling within the amb it of the WTO TBT Agreement, and 

the c reation of a national system certification service provider to r certi fying ISO 900 I, ISO 

14001 , HACCP, EUREPGAP, BRC and others required for foreign markets. 

The paper tried to analyze, in particular, the impact of implementing SPS measures in 

Ethiopia, using a CGE model. The analysis was made with the aid of a General Algebraic 

Modeling System (GAMS), a software which provides a high-leve l language for the compact 

rep resentation of large and complex models. The result of the analysis shows that if Ethiopia 

tri es to implement the membership requirements for accession without further looking for 

compensating measures, the most di sadvantaged group of the soc iety wi ll be adverse ly 

affected seri ously, at least in the short run, as these groups are exposed to price ri sks. It was 

further shown that the increase in government consumpti on on goods and serv ices induced by 

the need for comply ing with the accession req uirements wi ll have the tendency to increase 

thc prices of goods and services consumed by the poor and to the deterioration of the terms of 

trade of the sector in which they are employed. The resu lt of the analys is has also shown that . 

an attempt to finance the investment necessary for the implementation of accession 
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requirements by diverting resources away from the pro poor expend iture sectors would end­

up adverse ly affect ing the poor. 

Therefore, a lt hough trade liberalization may have a positive effect in the long-run for the 

poor by stimu lating growth, increasing demand for unskilled and semi-skilled workers, and 

increas in g government revenues, the poor may a lso, at the same time, be at a disadvantage in 

the short ru n. The policy im pl ication of thi s is therefore that the government should take 

caut ious measures in im plement ing the requi rements fo r the fulfill ment of the accession 

process . These measures may include imp lementing the SPS measures sequentially on 

priority basis, seeking technical and financia l supports from the Standards and Trade 

Development Fac il ity of the WTO for compensating the diverted resources and for injecti ng 

add itiona l pro-poor spend ing. 

The limitation of this T hesis is that focus was given to the ana lysis of short-term impacts of 

shocks. Given thc dynamic nature of the globa l economy and the ever chang in g modalities of 

trade relationships among cou ntr ies, however, a more rigorous analysis involvi ng dynamic 

CGE mode l and the incorporation of more disaggregated households in the ana lysis would 

have helped to elucidate the im pacts of access ion on poverty and inequa li ty. 
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Activities 
APFHLM 
APFLLM 
APLVSP 
AHndMa 
APubAglnd 
APvAglND 
APubOtlnd 

APvOtlnd 

APubNElnd 
APvNElnd 
APubServ 
APvServ 

Commodities 
CFCrop 
CTdAgEx 
CNTdAgEx 
COtrAgPd 
CAgrlndPd 
COtrlndPd 
CPbServ 
COtrSer.' 

Peasant fanning - Highland mixed 
Peasant fanning - Lowtand mixed 
Peasant rlVestock production - Pasloralisls 
Cottagelhandicrafl and small-scale manufacturingfprocessing 
Large/medium Agro- manufacturing - public 
Large/medium Agro-manufacturing - private 
Large/medium Other manufacturing - public 

Large/medium Other manufacturing _ private 

Other industry n.e.c. -public 
Other industry n.e.c. -private 
Service - public 
Services - private 

FOOd crops 
Traditional agricultural exporlables 
Non-traditional aglicultural exportables 
Other agricultural products 
Agro-industrial products 
Other industrial products 
Public goods services 
Other service:: 
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APPENDIX 2: MATHEMATICAL DESIGNATION OF THE CGE MODEL 

T he mathemati ca l equations are presented in four blocks: prices, production and trade, 

instituti ons, and system constraints. Furthermore, param eter and variable names are chosen to 

fac il itate interpretation so that commodity and factor quantities start with q, commodity 

prices with p, and factor prices with w. 

Price Block 

The price block consists of equations in which end ogenous model prices are linked to other 

prices (endogenous or exogenous) and to non price mode l variab les . 

. Import Price 

PMc = pwmc. (/ +tmc).EXR + I PQc.icl1 •... . . ..... . .......... (A I) 

[

import] [ 1m port] [tctrlff ] [eXChnge rate j [cost of tracle] 
price = price . aCUlist - . ac!JlIstment + II1putS per 

(LeU) (fcu) ment (LeU per FeU import unit 

..... .... Export Price 

P Ec = pwe •. (J +teJ.EXR - I PQc. ice ... . ............... (A2) 
c'ecr 

[

export] [export][tarifJ ] [eXChnge rate ] [COS! of trade] 
price = price . ac!Jus!- . ac!Jus!ment - inJluts per 

(LeU) (fCll) men! (LeU per FeU import unit 
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. . . . .. . Demand Price of Domestic Non traded Goods 

PDDc = PDS" LPQ,.icd, .................. (A3) 
"'eel' 

1 ' 
cost of trade 

] [ dom,"', 
[ Domestic inputs per 

= supply 
demand price un it of domestic 

price 
sa les 

Absorption 

PQc .( I - lqc ).QQc = PDDc.QDc + PMc .QMc ....... . .. .. . ...... (A4) 

absorption 

[

domestic demand pric j [ import pr ice 1 
(at demand . . = times + times 
prices net of 

domestic sales quantity import quantiity 
sales tax 

.... . Marketed output Value 

PXe .QXe = PDSe .QDe + PEe .QEe ..... ......... ..... (A5) 

/

producer price 

times marketed 

output quant ity 

.... Activ ity pri ce 

PAa 

1 [
do mestic demand price j [ export price 1 

= t imes + times 

domestic sa les quantity ex port quantiity 

a EA ............ (A6) L PXA 
c e C 

[

activity 

price ] 
= [ producer p rices ] 

tllnes Yields 
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..... .. Aggregate intermediate Input Price 

PAa I PQ C 

C E C 

[

aggregate j [ intermed ia te in put cost 1 
intermedia te = per unit of aggregate 

input price intermed ia te intput 

. . . . .. . Activity Revenue and Costs 

lea c , 

PAa ·(I - la " ).QA ,, = PVA ,, ·QVd PINTAa ·QUlNTAa 

activity pri ce 

(net of taxes) 

times 

activity leve l 

[ 

vaue - added 1 
= price tim es + 

quantity 

.. .. ... Co ll sumer Price index 

aggregate 

int ermediale 

input 

pricet imes qu anti ty 

CPI = I PQ , . cwts 
"c 

[CO.I1 S U~11er ] = [pri~e times ] 
prrce 11Idex weights 

Producer price index for non traded market output 

DP] = l: PDS " dwls c. (' 

[
prod ucer ] = [ price tim es ] 

prrce 111 dex we ights 

Production and trade bloc k 

aeA .......... (A7) 

a eA ........ .. (A8) 

.... . .. ...... ... (A9) 

. .. . .. ... .. . . . ..... (A 10) 

The production and trade block covers four categories: domestic production and input use; 

the a llocation of domestic output to home consumption, the domestic market, and ex ports; the 

aggregati on of supply to the domestic market (from im ports and domestic output sold 
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domestically); and the definition of the demand for trade inputs that is generated by the 

distribution process. 

Activity Production Function 

QA 
a 

a 
a 

=CES [
ActiVity] [ qUantiity of aggregate 

leve l quantity of aggregate 

Va I ue-added-intermediate-i nput ratio 

valu added, 

intermed ia te input] 

............... (A II) 

~Q,,::v'-::/i=-a_ = [PINTAa 
QUINTA a PVa 

..... .... .... . . . ..... . ..... (A 12) 

value - dadded 

j 
[ mre"" ,d .. te input 

intermedia te 
= f va lue - added 

input quantity 
pnce ratio 

ratio 

Demand for aggregate value added 

QVA = iva a . QA a aeALEO ..... • . • ..•..... (AI3) 

[
demand for ] f r t· ·t = lac IVI y 
val ue - dadded 

level 1 

Demand for aggregate in term ed iate input 
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QINTA a = int a . ' QA a 

[
demand for ] [ 

~ f activ ity 
value - added 

Va lue added and fac tor demands 

level ] 

I 

QVA o va 
F fa J

--
va 

". (J . QF /. -0. a 

[
qUanti ity of aggregate ] [ . ] 

~ CES fac tor IIlputs 
value add ed 

Factor Demand 

. ......... . ........... (AI4) 

a E fiLEO .. .. ... .. ... (A 15) 

WFf . WFDISTf a = PVAa [ J

- I 
- a va 

. ( I - tva ).QVA . f; F 0 f~ . QFjel a 

_ p va _ I 
.0 va . QFa a 

fa 

Disaggregatcd Intermediate Input Demand 

[

intermediate demand] 

for commodity C = f 

ji-om activity a 
[

aggregate intermediate 1 
mput quanllty 

for activit iy a 

Commodity Production and All ocation 

QXAC .< + I QflA.<" ~ (). < .QA. 
hEIf 

58 

aE A 

CEC 

........... . .. . ....... (A 16) 

. ...... (A 17) 

. ..... . .... . .......... (A 18) 



[

marketed quantity] 

of commodityc + 
from activity a 

household hOllle 

consumption 

of commodity c 

from activity a 

= of commodity c 
[

production j 
from actlvilly a 

Output Aggregation Function 

aggregate 

marketcd 

product ion of 

commodity c 

=CES 

activity - specific 

marketed 

production of 

commod ity c 

First-Order Condition for Output Aggregation Function 

PXAX" = PX,.QX, (I6:~ .QXAC~Pc:' )-1 .6:: .QXAC~pr' 
aeA 

[
margin al cost of com - ] [ marginal revenue prod uct Of] 

modity c from activity a = commodity c from activi ty a 

Output Transformation (eET) Function 

I 

QXc =a~ .(0: .QE~: +(1-o: ).QD ~: F 
C E (CE n CD)(21) 

[
aggregate marketed] = CET [export quanti ty, dom estic ] 

domesti c output sales of domestic output 

Export-Domestic Supply Ratio 
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aEA 

CECX 

....... (A 19) 

CECX 

aEA 
...... (A20) 

CECX 

. .. .. ........ (A2 1) 



QE, _( PE c 

QD, - PDS c 

[
export - domestiC] = f [export -domestiC] 

supply ratio pnce ratio 

C E (CE nCO) .. . .......... (A22) 

Output Transformation for Domestically Sold Ontputs without Exports and for Exports 

without Domestic Sales 

C E (CD n CEN) u (CE n CON) . ..... . . . .... (A23) 

[

aggregate 1 
marketed = 

domest ic output 

domestic market 

sa les of domesti c 

output [fo r 

cE(CEnCON)] 

+[exports t [fo r ] 
c E (CE n CON)] 

Composite Supply (Armington) F unction 

I 

QQ c = a2 . (5 c
Q . QM /t ) + (l - 5 c

Q
). QD ~~) pi 

[
COmpos ite] = f [ im port quanti ty, domestiC] 
supply use of domestic output 

Import-Domesti c Demand Ratio 

I 

( 
PDD 5 q J 1+ pi QM, _ c . c 

-- PM 1 - 5 q QD, c c 

[
import - domestiC] = f 
demand ratio [domest i ~ - impOri] 

pnce ratio 

C E (CM nCO) ... (A24) 

C E (CM nCO) . ... . ........ (A25) 

Composite Supply for Non-imported Outputs and Nonpr oduced Imports 
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c E (C~ n CMN) u (CM n CON) ............. (A26) 

[
composile ] = 

supply 

domeSlic lise 0/ 
marketed domestic 

olilpul [for 
+ [ imporls [for ] 

c E (CM n CDN)} 

C E (CM n CDN)} 

Demand for Tra nsactions Services 

QT, = I (icm". + ice" . QE,. + icd" .. QD, .. ) 
"'ed~: ' 

[

demand for] [ Slim of demands ] 
Iransa~tions = for imports, exports, 

services and domestic sales 

INSTITUTION llLOCK 

Factor Income 

YFf = IWFr WFDISTr" QFr" 
(leA 

[

sum of aclivily paymenls 1 
income of 

[ ] limes employmenl!eve/s) 

= (activity - specific wages 
facial' f 

Institutional Factor Incomes 

[

income of 1 [Share of inCOme] [iI/come of faCial' f] 
inslilulion i = of faCial' f 10 . (ne l of lax and 

from faCial' f inslillltion i lram!er to RoW 

Income of domestic, Nongovernment Instit utions 
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CECT .... .. .. ..... (A27) 

f E F ............. (A28) 

i EINSE 

fEF 
. . .. ... ... (A29) 



YI,= "i,YIF;r+ L TRlIi/' + trnsfr,g".CPJ +trnsF,m ... ·EXR 
jeF l'eINSDlNG' 

[
income of] [foctor] 

ins/ itulion i = income + 

In tra-Insti tu tional Transfers 

tramier;' 

Fom other domestic 

non - go vernment 

instilutions 

TRlIi i' = shii", . (1- MPS,.) . (1- TINS,.). YJ,. 

i E INSDNG ...... (A30) 

[

transfers j [tranSferS] 
+ FOIII + FOIII 

government 110 W 

i E lNSDNG 

i' E lNSDNG' 
... " ..... (A3l) 

[ ] [

share of net inCOme] [ income af institl/rion] 
tramier Fom 

. . . ' . . = of institution i' . i', net of savings and 
II1slrlullon [10 /' 

transfered to i direct taxes 

Houschold Cons umption Expcnditu res 

EH" =(1- z: Shii",) .(1-MPS,, ).(l-TINS,, ). Y1" + rIo . F!D + 
;E INSDNG 

h El-J .......... (A32) 

[

household income] [ household income, net of direct ] 
disposable for = taxes, savings, and tramiers to +Food A id 

consumption other non - governmentlOnstltutlOns 
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Househo ld Consumption Spending on Marketed Commodities 

PQ, . Qf-f,. " = PQ, .r':;; +/3,:';, .( EH" - IpQ, .r:;, - I I PXAC,,,. I;;',. "J 
"'e C (l E A "'EC 

C EC ........ . . (A33) 
h E H 

[

household conSUIIIPtion] [ total household consumption ] 
spending on market = f spending, market price of c, and other 

commodityc commodity prices (market and home) 

Household Consumption Spending on Home Commodities 

aE A 

. ( Ef-f" - IpQ,· .r::;, - I IpXAC,,, . . r,;', ." J CEC 
CE C ..... (A34) 

" E f-f ," eC' (lE A ," e C' 
h E H 

[

household consumption ] 

spending on home commodity = f 

c from actIVIty a 
[

tolal household consumption spending,] 

producer price, and other 

commodity prices (market and home) 

Investment Demand 

QINV, = IADJ . qinv, 

[

fixed investment] 
demand for = 

commodity c 

ad) ustment jactor 

limes 

buse - year fixed 

investment 

Govern ment Cons umption Demand 

CE C 
CE C 

...... (A35) 
h E H 

QG,. = GADJ .qg , CEC .. . . . ......... (A36) 

government adjustmen jactor 

consumption times 

demendfor base - year govenment 

com mod ityc consumption 
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Government Revenue 

YG = I TINS, . YI, + IUJ YFJ + Itvaa · PVAa · PVAa · QVAa 
!" INSI)NG l e F (l E A 

+ IIa". PAa . QAa + Itm, . pwm,.QM, . EXR + Ite, . .pwe, . . QE, . . J.."'XR 
(IE A <'eCM "Eel:' 

+ Itq , . . PQ, . . QQ, + IYlFg"J +trnsji- gO''''''' .EXR .... (A36) 
ceC feF 

[
go vernment ] 

revenue [

direct taxes] 
ji-om + 

instilulions 
[

direct taxes] [VaIUe-] 
from + added 

factors tax 

+ [activity] + [imports] + 
tax tariffs 

[
export] 
taxes [

Sales] [factor ] [ transferS] 
+ +. + ji-OIl1 

tax IJ7come 
RoW 

Government Expenditure 

EG = I PQ, .. QG, + I trnsji-,g",, ' CPI .... (A37) 
no!" ie IHSI)NG 

[

transiers to domestiC] 

[
government ] [government] 

= + non - government 
spending consumption ... 

IIlstilutlOns 

SYSTEM CONSTRAINT BLOCK 

Factor Markets 

IQFJa =QFSJ . ... (A38) 
a,A 

[
demand for ] = [SUPPlY Of] 

factol' f factol' f 
feF 

Co mposite Commodity Ma rkets 

QQ,. = I QINT, .. + I QJ-I ,,, + QG,. + QINV,. + qd\t, + QT,. ceC ...... (A39) 
(lEA hell 
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[
composile] = [int ermediale] +[ household ] +[ go vernment] 

supply use consumpllon consumpllon 

[
fixed ] [stoCk] [ trade ] 

+ inveslment + change + inpuluse 

Current-Account Balance for the Rest of the World, in Foreign Currency 

L pwm, . QAI(. + LII'I7.\ji~""'f = L pwe, . QE, + Llrmji-""". + FSAV .. .... (A40) 
"ECM [ d o' ,'eeH ie/NSIJ 

[

fac ial' ] [inSlill/ lional

j 
imparl exporl foreign 

+ lransfers = + lram/ers + 
[spending] [revenue] [ saVings] 

10 RoW from RoW 

Government Balance 

YG= EG+GSAV ...... (A42) 

[
government]= [government ]+ [goVernmenl] 

revenue exp endllures savings 

Direct Institutional Tax Rates 

TINS; = Iinsi. (I + TINSADJ. linsOI,) + DTINS.I, ...... (A43) 

[ 

direcllax j [ base rale adjusled ] [POinl Change] 
rale for = for scaling for + for selecled 

inslilulion i selecled inSlillilions inslillilions 

iEINSDNG 

Institutional Sav ings Ra tes 

MPS; = mps; .(l+MPSADJ.mpsOI,)+DMPS.mpsOI , 

i E INASNG ) ...... (A44) 

[

SaVingS] [base rale adjusled j [POilll Change] 
rale for = for scaling for + for selecled 

instilution i selecled instilutions inslitulions 
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Savings-Investment Balance 

L MPS, .(l -TINS,) .YI, + GSA V +EXR 
le /NSDNG 

. FSA V = L PQ, . QINV,. + I,PQ, . . qdsl, (A45) 
cee l 'EC 

[
non - govern -] [government] [foreign] [ fixed ] [ siock ] 
men! savings + savings + savings = inveslmenL + changes 

Total Absorption 

TABS = L LPQ, QH,." + L I I PXAC", . . QHA",." 
he H ce e (IE A ,'ee lie II 

...... (A46) 

total government fixed slock 
= market + home + + + 

[

household j [ househOld j 
[absorption] . . [consumption] [investmenl] [changes] 

consumptIOn consumption 

Ratio ofInvestmcnt to Absorption 

[

investment

j 
tolal fixed slock 

absorption . = + 
. [absorption] [ nvestment] [change] 

ra tIO 

Ratio of Govcrnment Consumption to Absorption 

GOVSHR . TABS = IpQ, . QG, 

government 

consumpl ion 

absorption 

ratio 

"c 

[
total ] [government ] 

. absorption = consumption 
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APPENDIX 3: NOTATIONAL PRINCIPLES AND NOTATIONS USED IN THE 

MA THEMA TICAL MODEL 

Item Notation 

Endogenous variables Upper-case Latin letters without a bar 

Exogenous variables Upper-case Latin letters with a bar 

Parameters Lower-case Latin letters (with or without a bar) or lower-case Greek 

letters (with or without superscripts 

Set indices 

GEA 

GEACES(cA) 

GEALEO( c A) 

CEC 

cECD(cC) 

CE CDN(c C) 

cECE(cC) 

cECEN(cC) 

cCM(cC) 

CE CMN(c C) 

cECT(cC) 

CECX(CC) 

JEF 

iEINS 

Lower-case Latin letters as subscripts to variables and parameters 

activities 

activiti es with a CES fu nction at the top of the techno logy nest 

ac ti vities wi th a Leonti e rrun ction at the top orthe technol ogy nest 

commodities 

commodities with domestic sa les of domestic output 

commodities not in CD 

exported commodities 

commodities not in CE 

imported commodities 

commodities not in CM 

transact ions service commodities 

commoditi es with domestic production 

fa ctors 

in stitutions (domestic and rest ofthc world) 
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IG(I 

Ie. 

tins; 

linsOI, 

(me 

Iq" 

Irm'r,­~" J 

\'U 

a" 

(It' 

a" 

a' 
" 

(J " (1( ' 1/ 

a U. ". 

tax rate for acti vity a 

export tax rate 

direct tax rate for factor f 

exogenous direct tax rate for domestic institution i 

0-1 parameter with I fo r institutions with potentially fixed 

direct tax rates 

import tariff rate 

rate of sa les tax 

transfer from factor f ro in stitution i 

rate of val ue-added tax for activity a 

efficiency parameter in the CES activ ity function 

efficiency parameter in the CES value-added function 

shift parameter for domestic commodity aggregation function 

Armington function shift parameter 

CET fun ct ion shift parameter 

marg inal share of consumption spending on home 

Commodity c from activity a for household h 

marginal share of consumption spending on home 

Commodity c for household h 

CES activity function share parameter 

share parameter for domestic commodity aggregation 

function 
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a q , 

, 
a,. 

\ '(1 a ffl 

I'm ", 

>'(1 

p" 

, 
p,. 

eN 

DTINS 

FID 

FSAV 

GADJ 

fADJ 

MPSADJ 

Armington function share parameter 

CET funct ion share parameter 

CES value-added fun cti on sharc parameter fo r factor f 

In acti vity a 

subsistence consumption of marketed com mod ity c for 

Household h 

subs istence consumption o f home commodity c from 

Activity a for household h 

y ie ld of output c per unit of acti vity a 

CES product ion function exponent 

CES va lue-addcd functi on ex poncnt 

domestic co mm odity aggregation fun ction ex ponent 

Armi ngton func ti on exponent 

CET function exponent 

consum er price index 

change in domestic instituti on tax share (- 0 fo r 

Base; exogenous (FCU) 

Food Aid 

fo rei gn savings (FCU) 

government consumption adju stment fac tor 

in vestment adjustment facto r 

savings rate sca ling fac tor (= 0 for base) 
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QFSf 

TINSADJ 

SFDIST fa 

DMPS 

DPI 

EG 

EJ-I" 

EXR 

GOVSJ-IR 

GSA V 

FlO 

INVSHR 

MPS, 

PDDc 

PDSc 

PE, 

PINTA. 

quant ity supplied of factor 

direct tax sca ling facto r (= 0 for base; e:wgenous variabl e) 

wage di stortion factor for factor f in activity a 

change in domestic institu tion savings rates (= 0 forBase; exogenous 

variable 

producer price index fo r domestically marketed outptlt 

gove rnment expendittlres 

constlmption spending for ho use hold 

exchange rate (LCU per tln it ofFCU) 

government constlmpti on share in nomina l absorpti on 

government sav ings 

Food Aid 

investment share in nomina l absorption 

marginal propensity to save for domesti c non­

government instittltion (exogenous vari able) 

activ ity price (tlnit gross revenue) 

demand price for commod ity produced and so ld domestica lly 

supply price for commod ity produced and so lei domestica lly 

export price (domestic currency) 

aggregate intermed iate input price for activity a 

import price (domestic currency) 

composite commodity pri ce 

value-added price (factor income per uni t of activity) 
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PXAC", 

QA" 

QD, 

QE, 

QI,/" 

QG, 

QH." 

QHA" " 

QINTA, 

QINT;" 

QINV, 

QM, 

QQ, 

QT; 

QVA" 

QX, 

QXAC" 

TABS 

TINS; 

aggregate producer price for commodity 

producer price of commodi ty c for activity a 

quantity (level) of activity 

quant ity so ld domestica lly of domestic output 

quantity of exports 

quantity dcmanded of factor f from activi ty a 

gove rn ment co nsum ption demand for commodity 

quantity consumed of commodi ty c by househo ld h 

quantity o f household home consumpti on of 

Comm odity c from activi ty a for household h 

quantity of aggregate intermediate input 

quanti ty o f commodity c as intermed iate inpu t to activity a 

quantity of investment demand fo r commodity 

quant ity of imports of commod ity 

qua nt ity of goods supp lied to domestic market 

(composite supp ly) 

quantity of commod ity demand ed as trade input 

quantity of (aggregate) va lu e-added 

aggregated marketed quant ity o f dome:: lic outpu t o f commodity 

aggregated marketed output of comm od ity c from activity a 

tota l nominal absorption 

direct tax rate for institution i(i E fNSDfI'G) 
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WF J 

YF J 

YG 

YI, 

transfers from institution i' to I (both in the set INSDNG) 

average price of factor f 

income of factor f 

government revenue 

income 0 r dOlllestic nOllgovcl"Ilmcnta I insl i t lit iOIl 

income to domestic instituti on i from fac tor f 
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