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Summary

Economic simulation approaches still receive httle recognition in the mainstream economic com
munity. On the one hand, this is due to the non-conformity of simulations with the traditional eco
nomic paradigm which relies on closed-form mathematical models. On the other hand, simulation 
models are considered as very opaque. This latter criticism turns out to be valid to some degree. 
The issues are, however, more related to communicative rather than methodological problems. 
Simulation methods enable the construction of richer models of the systems under investigation 
and the inclusion of more actors and they are based on weaker assumptions than traditional eco
nomic models. Therefore, simulation approaches match the information needs of policy makers 
who demand increasing detail from the analysis. Simulation is thus a necessary complement to 
more traditional methods of economic analysis. The four core chapters of this thesis review and 
apply several simulation methods designed to analyze and compare alternative economic policy 
options for decision making.

Chapter 2 reviews the empirical literature dealing with the assessment of poverty impacts of 
developed country trade liberalization policies in general and finally focuses on ex-ante methods 
in particular and looks for potential to generalize results. There has been growing criticism of 
agricultural policies in developed countries because of the way they are believed to undermine 
the ability of developing countries to reduce the numbers living in poverty. Developed countries 
have accepted to support developing countries to reach the Millennium Development Goal target 
of halving poverty by 2015. The desire for greater policy coherence with this stated development 
objective has been one of the factors behind efforts to reform developed country agricultural poli
cies. This paper provides a survey of the limited empirical literature which tries to go beyond the 
estimation of national-level welfare effects on developing countries of developed country agricul
tural trade liberalization to estimate the effects on numbers in poverty. We find a relatively limited 
empirical contribution to this issue despite its policy relevance. The small number of studies found 
from which inferences can be drawn tends to show small poverty alleviating impacts of trade lib
eralization. However, the literature draws attention to the specificity of the country estimates and 
highlights a number of country characteristics which will influence the poverty impacts of external 
shocks arising from developed country agricultural trade liberalization.

Chapter 3 analyzes the poverty impacts of an economic partnership agreement (EPA) between 
Uganda and the EU. As Ugandan exports are eligible for duty-free access to the EU under the 
Everything But Arms scheme the main impact of the EPA will be to require liberalization of EU 
exporters’ access to the Ugandan market. There are fears this could threaten the incomes of poor 
people through lower prices for agricultural commodities, the crowding out of vulnerable indus
tries, and loss of government revenue. We examine these fears by means of a qualitative analysis 
using data from a 1999 social accounting matrix of the Ugandan economy and the 2002/2003 
household budget survey. We then quantify the effects on the economy and poverty employing a 
combined CGE-microsimulation model. The qualitative analysis shows that the scope for trade 
liberalization with the EU is very limited and that particularly the poor have only weak links to 
formal markets. The quantitative analysis suggests that the macroeconomic impacts of an EPA
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are minor but positive and implies that the economic adjustment costs might turn out to be low. 
Whether the very small poverty effects are positive or not depends on the selection of sensitive 
products in the EPA, although under all scenarios the very poorest appear to lose.

In Chapter 4 we try to answer the question what impact an increase in food prices at the bor
der has on poverty in Uganda given the strong spatial heterogeneity and limited capacity of the 
transport network of the country. There has recently been a number of studies on the impact of 
international food prices on poverty particularly in developing countries, but the role of the spa
tial price transmission remains largely unexplored. This study aims to reduce this deficit. We 
assess the spatial variability and transmission of prices analyzing time series and household data 
by means of descriptive and regression methods. Subsequently, we apply the findings to an experi
ment simulating the first-order poverty impacts of a hypothetical 50% increase in border prices for 
food under the setting of imperfect spatial price transmission. The poverty results show impacts 
substantially different from those of a perfect price transmission scenario and also display strong 
regional differentiation.

Chapter 5 studies the structural change of the German dairy sector using a sector-wide opti
mization model. We simulate cost-optimal sectoral structures under various scenarios for different 
time horizons and transport cost levels. The results demonstrate that the model is able to explain 
the current trend towards fewer but larger dairies as currently observed in reality and also indicate, 
ceteris paribus, a continuation of this trend. However, this trend might level off if the importance 
of transport costs increases relative to other costs in dairy production.

Chapter 6 summarizes the outcomes and concludes.
Simulation models allow much richer representations of reality than traditional economic mod

els and thus answer the demand of economic policy makers for more detailed analysis support. 
The chapters of this thesis have explored several simulation approaches and have tried to avoid the 
main criticism of simulation studies, their non-transparency, through careful documentation. The 
outcome is a number of detailed analyses with policy relevant results.
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CHAPTER 1

Introduction

As globalization increases, policy decisions have increasingly far-reaching significance. With the 
recognition of the world as a strongly interdependent system comes the awareness that, although 
responsibility for individual actions remains with the individual, the outcomes of these actions 
have universal consequences. External effects of policy decisions are the rule rather than the 
exception. At the same time there is a growing recognition of the diversity of economic actors. The 
one size fits all-approach for policy prescriptions, as represented, for instance, by the Washington 
Consensus, is no longer acceptable. More differentiated policies, taking the effects and interests 
of many actors into account, are demanded. But this new requirement stands opposed to the 
traditionally exclusively accepted paradigm of economic analysis, namely, the representation and 
solution of abstracted reality as closed-form analytic mathematical models. Although invaluable 
as tools to understand the basic functioning of components of the system, such models cannot 
meet the demands of policy makers for decision-relevant figures which are based on more detailed 
depictions of reality and which facilitate the comparison of outcomes of multiple policy options 
across various actors. Instead, this can be provided by simulation approaches.

Simulation allows the representation of a very rich environment with millions of actors and 
even the relaxation of traditional and powerful assumptions, as, e.g., rationality and complete 
information, which, in traditional models, are often necessary in order to attain a solution. Of 
course, simulation approaches have problems of their own which are often the reason for their 
rejection in the economics community. The main criticism is the perceived opacity of simula
tions which is largely due to the insufficient documentation of simulation studies. In conjunction 
with the sensitivity of the results to model assumptions and parameters, this creates suspicion re
garding the approach. But much of this lack of acceptance originates from the primacy of the 
mathematical-analytical paradigm and, in particular, from the absence of a common terminology 
among economists in describing simulations and presenting results in a brief and rigorous manner 
(Axelrod; 1997). Nevertheless, the demand from the policy side can no longer be satisfied by the
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2 Introduction

use of traditional economic methods alone and thus necessitates the complementary use of simula
tion. This is reflected in the recent rapid increase in studies employing simulations in economics, 
as reported in a survey on the use of simulation in economics by Fontana (2006).

Bratley et al. (1987) define simulation as "...driving a model of a system with suitable inputs 
and observing the corresponding outputs." This definition is very broad and comprises mathemat
ical models solved numerically, as in the core chapters of this thesis, as well as system dynamics, 
and agent-based approaches, to name a few. The degree of departure from traditional economic 
models and their number of applications varies correspondingly.

The four core chapters of this thesis are individually self-contained and deal with the exam
ination or application of simulation approaches relevant to economic policy analysis and policy 
making. While the first chapter reviews the advances of simulation methods for the evaluation 
of the implications of trade policy on poverty, the following three chapters apply simulation ap
proaches and compare different policy alternatives with a particular focus on the distributional 
effects on the micro units involved.

Chapter 2 is motivated by the heated ongoing debate taking place in international policy fo
rums about the potential impacts of developed country agricultural trade liberalization on devel
oping countries. We set out to examine the evidence whether developed country agricultural trade 
liberalization would have a significant impact on poverty in developing countries or not.

After setting the necessary framework of definitions and theory we survey the literature and 
methods which assess the empirical evidence ex-post. But the main focus is on ex-ante methods 
which utilize detailed household data to examine poverty impacts of trade liberalization in general 
and studies which employ such methods to analyze developed country trade liberalization impacts 
on poverty in particular. Moreover, we construct some statistics from these studies to get an 
indication of any potential for a generalization of outcomes.

The moderate number of relevant ex-ante studies found tend to report small poverty-alleviating 
impacts from the liberalization of developed country trade policies. However, all geographic re
gions exhibit negative alongside positive cases. The statistics compiled emphasize, in particular, 
that there is little scope for generalization and that poverty impacts are highly different from coun
try to country.

Chapter 3 conducts a case study analyzing the poverty impacts of the recently signed economic 
partnership agreement (EPA) between Uganda and the EU. The main implication for Uganda 
coming out of the EPA is the requirement to liberalize access to its import market substantially. 
There are fears this could threaten the incomes of poor people through lower prices for agricultural 
commodities, the crowding out of vulnerable industries, and loss of government revenue.

We analyze the poverty implications of the EPA qualitatively and quantitatively using data 
from a 1999 social accounting matrix of the Ugandan economy and the 2002/2003 household sur
vey. The effects are quantified employing a combination of static computational general equilib
rium (CGE) and microsimulation models. The analysis suggests that the macroeconomic impacts
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are minor but positive and that, ceteris paribus, the direction of the very small poverty effects 
depends on the selection of products for exemption from tariff reductions in the EPA. But the very 
poorest appear to lose under all scenarios simulated.

Motivated by the sharp rise in food prices witnessed in the 2006 to 2008 period, Chapter 4 
looks at the spatial transmission of border price changes, spatial price variability, and their effect 
on poverty outcomes in Uganda when world crop prices increase. For this purpose, we analyze 
time series data for six local Ugandan markets and several staple foods and data from the Uganda 
National Household Survey 2002/2003 by means of descriptive and regression methods.

Subsequently, we apply the findings to an experiment simulating the first-order poverty im
pacts of a hypothetical 50% increase in border prices for food under the setting of imperfect spatial 
price transmission. The poverty results from this simulation are substantially different from those 
of a perfect price transmission scenario and also display strong regional differentiation.

In Chapter 5 we study the structural change arising from the increasing weight of transport 
costs in the cost structure of transport-intensive industries by conducting a case study on the Ger
man dairy industry. Transport costs have risen strongly over recent years due to rising crude oil 
prices but also due to the implementation of environmental taxes and similar policy measures.

We develop and apply a sector-wide optimization model of dairy processing plants and dairy- 
farming areas which takes explicitly the spatial structure into account. We analyze the sectoral 
outcomes for a number of scenarios differing by time horizon and transport cost level. The model 
is able to explain the trend towards fewer but larger dairies as observed in reality. It also indicates, 
ceteris paribus, a continuation of this trend. This, however, depends on the evolution of transport 
costs relative to other costs in dairy production.

In summary, with respect to the main theme of the thesis, we find evidence for the criticisms 
of economic policy simulation mentioned in the outset. These are less related to the approaches 
themselves but rather to the communication of models and outcomes. In particular, the cross-study 
comparison of CGE-microsimulation reveals that there is a frequent lack of standardization when 
it comes to details of the models, data, and results.

However, policy makers often require more detailed representations of reality, more realistic 
assumptions, and information about more actors than traditional economic analysis methods can 
deliver. It is beyond question that simulation is required as a complementary tool in economics 
to meet the information demands of policy makers. This is, for instance, indicated by the large 
number of CGE and partial equilibrium studies published by the institutional researchers at the 
World Bank, the FAO, and others.
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CHAPTER 2

The Impact of Developed Country Agricultural Trade Liberalization
on Poverty: A Survey

2.1 Introduction

2.1.1 Developed Country Agricultural Trade Liberalization and Poverty Reduc
tion

The impact of trade liberalization on poverty is a rapidly-growing area of research. This has been 
driven, in part, by the protracted WTO Doha Round of trade negotiations and the controversies 
over whether a successful outcome would help to alleviate, or would even exacerbate, poverty. 
Another factor has been the commitment of both developing and developed countries to the Mil
lennium Development Goals (MDGs) adopted in 2CXX), which include the target of halving the 
proportion of people living in poverty by 2015. Poverty Reduction Strategy Papers (PRSPs) pro
vide the link in low-income countries between national public policies, donor support and the 
development outcomes needed to meet the MDGs. However, the role that trade policy should play 
in the PRSPs or in national poverty reduction strategies more generally is often hotly disputed. 
Yet another motivation has been the call for the reform of certain developed country policies, in 
particular agricultural policy, on the grounds that it is inconsistent with the support by these gov
ernments for the MDG target of halving poverty. It is this latter claim which provides the starting 
point for this paper. We set out to examine the evidence whether developed country agricultural 
trade liberalization would have a significant impact on reducing poverty in developing countries 
or not.

Initial claims for the poverty-reducing impacts of trade liberalization were broad. A widely- 
quoted World Bank (2003) report estimated that the dynamic gains from a ’realistic’ multilateral 
trade liberalization would be real income gains of $518 billion for the world as a whole and 
$394 billion for low- and middle-income countries in 2015 (in 1997 dollars). With such trade

5
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liberalization the number of people living in extreme poverty in these countries would fall by an 
extra 61 million (8 per cent of the projected 2015 level) by 2015, and the number of people living 
on less tlian $2/day would fall by an extra 144 million (7 per cent of the projected 2015 level) 
by 2015. Cline (2004), using a different model and including stronger dynamic effects and high 
elasticities of poverty reduction with respect to income gains, found that an extra 650 million 
people could be lifted out of $2/day poverty by 2015 through global free trade, or more than four 
times as many as the Bank estimate. A further IMFAVorld Bank (2002) survey on market access for 
developing countries in 2002 estimated that by 2015 the world-wide elimination of trade barriers 
could reduce the number of people living in poverty by 13%. But these expected impacts shrunk 
over time with improvements of models and data; see, for instance, Ackerman (2005). Latest, 
more differentiated studies report rather small poverty impacts from trade liberalization.

Agricultural trade liberalization plays a crucial role in these estimates, for three reasons. First, 
agriculture is one of the most heavily protected economic sectors in the world. Average applied 
agricultural tariffs in the OECD countries are around 16%, and even higher in developing coun
tries at 18%, compared to global average applied tariffs in manufacturing other than textiles and 
clothing of 3.5% (Anderson et al.; 2006).'

Second, poverty in developing countries is concentrated in rural areas and associated with 
agricultural livelihoods, even if worldwide there is an increasing urbanization of poverty. Three 
out of every four poor people in developing countries Hve in rural areas - 2.1 billion living on 
less than $2 a day and 880 million on less than $1 a day - and most depend on agriculture for 
their livelihoods (World Bank; 2007). While estimates of the global distribution of the extremely 
poor depend on the methods used to make them, household survey-based estimates by the World 
Bank suggest that most of the world’s extremely poor live in rural areas particularly in India and 
China. However, looking ahead, if current trends continue, the majority of the extreme poor will 
be located in Africa.

Third, the special importance of the agricultural sector for poverty reduction is emphasized by 
the evidence that development of the agricultural sector, particularly when driven through produc
tivity growth, is a prerequisite for, and accelerates, productivity growth in the industrial / modem 
sectors (GolUn et al.; 2002; World Bank; 2007). There is now accumulating evidence that agricul
tural growth can spur faster economic growth and poverty alleviation than growth in other sectors 
from case studies (Byerlee et al.; 2005); cross-country econometric analyses of the relationship be
tween growth in different sectors, overall economic growth and poverty reduction (Christiaensen 
et al.; 2006); and simulation modeling to estimate the magnitude of growth linkages (Diao et al.; 
2007).

In general, then, and despite adverse cost of living effects, we should expect large positive 
impacts of developed country agricultural trade Uberalization on poverty because (a) OECD agri
cultural sectors are heavily protected, and thus depress world market prices for protected com
modities, and (b) most poor people gain their livelihood in the agricultural sector, and thus would 
benefit from higher prices and expanded markets for agricultural outputs. However, not everyone

'Average applied tariffs are calculated on a trade-weighted basis and take into account preferential trade regimes.
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is convinced by the pro-poor benefits of higher agricultural prices. Joachim von Braun, in IFPRFs 
2007 review of the world food situation, has commented: "In sum, in view of the changed farm- 
production and market situation that the poor face today, there is not much supporting evidence 
for the idea that higher farm prices would generally cause poor households to gain more on the 
income side than they would lose on the consumption-expenditure side. Adjustments in the farm 
and rural economy that might indirectly create new income opportunities due to the changed in
centives will take time to reach the poor" (von Braun; 2007).^ In the last two years, prices for 
certain commodities used as feedstocks for biofuels have been rising steeply due to linkage with 
energy markets and public support in developed countries for the expansion of biofuel production. 
Jean Ziegler, the UN special rapporteur on the right to food, has branded the growing use of crops 
to produce biofuels as a crime against humanity because it results in higher food prices and more 
hunger.^ Even the IMF has expressed concern about the impact of rising food prices on the world’s 
poor (IMF; 2007).

What we want to investigate is whether the empirical evidence supports the maintained hy
pothesis that higher world food prices are good for the poor. The initial impact on the poor will 
largely depend on their net sales position - are they net purchasers or sellers of the agricultural 
commodities whose prices have risen? However, by stimulating the demand for unskilled labor in 
rural areas, higher agricultural prices also tend to result in higher rural wages, thus benefiting wage 
labor households in addition to self-employed farmers (FAO; 2005). Increased trade, stimulated 
by more open markets, can also bring access to new technologies which, in turn, can result in 
higher productivity. The impact of higher food prices on poverty in developing countries will thus 
be differentiated. However, we want to explore whether it is possible to make any generalizations 
or draw any empirical regularities from the studies which have been conducted to date.

2.1.2 Reviews of Previous Literature

There have been a number of previous attempts to synthesize the literature both on trade liber
alization and poverty more generally and on agricultural trade liberalization and poverty specif
ically. Winters et al. (2004) focus on the main economic mechanisms linking trade policy and 
poverty, and review the empirical evidence on each of these components. Other studies provide an 
overview of the tools and methodologies available for evaluating the poverty impacts of trade poli
cies (Bourguignon and da Silva; 2003). Hertel and Reimer (2004) provide a survey categorized by 
the methodologies employed in the studies reviewed.

Syntheses of the impacts of agricultural trade liberalization on poverty include FAO (2005), 
Hertel (2006) and Hertel and Winters (2006a). Hertel (2006) reviews the available empirical 
evidence on the impacts of agricultural trade liberalization on poverty in developing countries up to 
2004, including the impact of both own liberalization and international liberalization. His review 
focuses on the way households adjust to such external shocks, and highlights the importance of the

^The IFPRI press release accompanying this report was titled "Rising food prices threaten world’s poor people", 
h t t p : //www . i f p r i . o r g / p r e s s  r e  1 / 2 0 0 7 / 2  007120 4.  asp , accessed 4 January 2008.

^BBC News 27 Oct 2007, h t t p : /  /new s  . b b c . co . u k / 2 / h i / a m e r i c a s / 7 0 6 5 0 6 1 . stm, accessed 3 De
cember 2007.
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extent of price transmission from border to local markets, the responsiveness of a given household 
to price changes, the functioning of labor markets, and the boost provided to economic growth in 
determining the poverty-reducing effects of agricultural trade hberalization. His paper provided 
the basis for the review of the poverty impacts of agricultural trade reforms in the FAO survey 
which appeared in The State o f  Food and Agriculture 2005. This review emphasized the key role 
of labor markets in determining the poverty impacts of trade liberalization. Net purchasers of 
agricultural commodities, who initially lose owing to higher prices, can ultimately gain if these 
prices translate into higher wages and more jobs. The impact of trade reforms on unskilled labor 
is central to the poverty story. Thus, for many developing countries, the positive food security 
impacts of trade arise because of its impact on non-agricultural incomes.

Hertel and Winters (2006b) contains a comprehensive analysis of the national poverty impacts 
of specific Doha Round policy reforms. In their opening chapter (Hertel and Winters; 2006a), 
they synthesize the findings of the twelve case studies included in their book, as well as a further 
cross-section study of 15 developing countries which estimated poverty impacts using a common 
methodology (Ivanic; 2006). They found that, in the short run, the largest poverty reductions, both 
in absolute and relative terms, would occur in countries with agricultural export potential to the 
markets that liberalize the most (i.e.. East Asia and Europe). Poverty increases would tend to occur 
in countries that are net importers of agricultural products and that may benefit from preferential 
market access. In their sample of countries (which is not intended to be representative) they find 
that countries are roughly equally divided into those where poverty would fall and those where 
it would increase as a result of their Doha scenario, although because the poverty declines are 
concentrated in the more populous countries, there would be an overall decline in the absolute 
number of poor. The influence of the terms of trade shocks from international liberalization was 
the single biggest determinant of poverty outcomes. However, otlier factors which played a role 
included the degree of price transmission of world prices to rural households, the barriers to the 
mobility of workers between sectors of the economy, and the incidence of national tax instruments 
used to replace lost tariff revenue.

The most sophisticated investigation of the impact of developed country agricultural trade lib
eralization on developing country poverty has been reported in a series of papers by Hertel et al. 
(2007a,b), not least because of the clarity of its experimental design. Although it is not a review 
paper as such, this work builds on the comparison of the 15 country case studies (Ivanic; 2006) 
included in the Hertel and Winters (2006b) volume. They begin by examining the poor country 
poverty impacts of liberalizing agricultural policies in only the rich countries, and then contrast 
this with agricultural trade reforms in the poor countries. They then include the impact of lib
eralizing market access for non-agricultural goods, again distinguishing between developed and 
developing country reforms. This approach allows a clear decomposition of the relative contribu
tion of different scenarios to overall poverty changes.

The poverty impacts are calculated according to a sequential macro-micro modeling strategy 
(see Section 2.4.2). In the macro model, seven household groups are distinguished according to 
their primary source of income. Their approach calculates the elasticity of the poverty headcount
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with respect to a small change in the real income of households at the poverty line within each of 
these stratified household groups. Depending on the density of households just around the poverty 
line, a small change in their real income can either have very little impact on the poverty headcount 
(where nearly all of the population is well below the poverty line) or may have quite a significant 
impact (where the population density at the poverty line is quite high). The changes in real income, 
in turn, are calculated by taking the factor income changes from the macro model, mapping these 
on to household earnings using the earning shares of households at the poverty line, adjusting for 
tax changes and deflating by the proportional change in the cost of living at the poverty line. To 
estimate national poverty impacts, the earnings impact across strata are combined with the poverty 
impacts of changing taxes and consumer prices.

In their simulation of full agricultural liberalization by developed countries, they find that 
poverty falls in all of the agricultural household strata, while rising in the non-agricultural strata. 
The earnings impact of rich country agricultural trade liberalization contributes to poverty reduc
tion in all household groups, while the cost of living effect contributes to a rise in poverty in all 
countries, except one (in this scenario, the tax effect is negligible because developing countries 
are not asked to undertake trade reform). When the two effects are summed, they conclude that 
the earnings effect dominates in nine of the 15 countries in their sample, and that the gains in 
poverty reduction in these countries are more significant than the poverty increases in those coun
tries where the cost of living effect dominates. Thus they conclude, as do Hertel and Winters 
(2006b), that full agricultural trade liberalization in rich countries is poverty reducing on average 
for the range of countries included in their sample.

2.1.3 Outline of the Paper

In this paper, we provide an overview of the empirical methods used to obtain estimates of the 
impact of agricultural trade liberalization on poverty, as well as summarize the results of studies 
which have examined either exclusively or otherwise the impact of developed country agricultural 
trade liberalization on poverty in developing countries. The review of empirical methods is in
tended to highlight the strengths and weaknesses of the various approaches, to provide a better 
appreciation of the results obtained in the empirical studies. While significant advances have been 
made in developing methodologies to address this question, and there has been an explosion in 
the number of studies which provide empirical findings, there are actually relatively few stud
ies which report the results of developed country agricultural trade liberalization on developing 
countries alone. The great majority of this literature focuses on the impact of own liberalization 
of agricultural policies by developing countries themselves. Other studies examine the impacts 
of global (multilateral) liberaHzation by both developed and developing countries and often do 
not distinguish in the discussion of their results the separate contributions of liberalization of the 
agricultural versus manufacturing sector, or by developed and developing countries (Anderson et 
al. (2006) and Hertel et al. (2007c) are exemplary in this respect). Although suggestive of the 
channels whereby external trade shocks might impact on the poor in these countries, these studies 
do not throw light directly on the poverty impact of developed country liberalization. Given the
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passion aroused by the issue, we were surprised at how relatively few studies have been published 
which attempt to directly address the concern of this paper.

Section 2.2 begins with a brief discussion of the linkages between trade and poverty alleviation. 
We then look at the methods used in empirical studies to assess the impacts of trade liberalization 
on poverty. These fall into two main categories: ex post evaluations using historical data discussed 
in Section 2.3; and ex ante model-based simulations discussed in Section 2.4. The estimates of 
poverty impacts from a recent sample of papers are reviewed in Section 2.5. Section 2.6 concludes 
and discusses the research and policy implications of our findings.

2.2 Definitions and Theory 

2.2.1 Poverty Definition and Measures

In this paper, we are concerned about trade policy impacts on people currently suffering from 
poverty. We define poverty as absolute poverty. The focus of the discussion is on the absolute 
income levels of individuals in contrast to the income levels of individuals relative to some measure 
of quantile income of the population (as usually used in industrialized countries). Under the 
absolute poverty definition, individuals are regarded as poor when their income falls below the 
minimum income level necessary for physical survival. This minimum income level, the poverty 
line, is usually computed as the minimum expenditure required to provide sufficient calorie intake 
when composed of a typical regional poor households’ food basket while additionally allowing 
for some vital non-food expenditure like, for instance, for clothing and fuel."*

The measure of individual “income” is generally computed on basis of a household survey 
either directly from stated household incomes or imputed from household consumption. Con
sumption is often seen as a better indicator of “usual” household income as households anticipate 
future incomes and risks and tend to smooth consumption over time whereas stated income can be 
biased significantly during the survey period, e.g., due to seasonality. Generally, stated income in 
household surveys is known to be systematically underreported while stated consumption appears 
to be a more reliable measure of welfare.^’̂

To reflect different physical requirements for nutrition and basic goods between adults and 
children and also that households enjoy scale economies / synergy effects, household income is 
sometimes scaled by equivalence scales. Each type of person, e.g. household head, children and 
spouse, is weighted by a different adult equivalent weight when individual income is calculated.^

‘'This is called the cost of basic needs method. A less frequently used method for calculating poverty lines is the 
food energy intake method, see, e.g., Ravallion and Bidani (1994).

^Expenditure and income data in household surveys both are subject to imputations, recall bias, seasonality, and 
long questionnaires where these likely distort results even more strongly in income data. Furthermore, income is a 
more sensitive topic and also includes questions about assets and their returns, thus there can be strong incentives for 
understating income positions. For a detailed discussion see, e.g., Deaton (1997, pp. 26-32) or Deaton and Zaidi (2002, 
Section 2.4).

^Note that in the following income stands for income per capita unless stated otherwise.
^The OECD for instance computes the number of adult equivalents for all members of a household by weighting 

the household head with 1.0, each additional adult with 0.7, and each child with 0.5.
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Further adjustments to incom e are necessary to acknowledge price variations across regions and 

over the actual course o f  the household survey process.

The poverty measures P a  introduced by Foster et al. (1984) are widely used in enumerating 

poverty due to their properties o f  additive decomposability and intuitive clarity.^ Additive de- 

com posability means that the population can be decom posed into several subgroups, the poverty 

measure computed separately for each subgroup and in the end, all subgroup values add up to 

the value which would have been computed for the non-decom posed population. In the following, 

“poverty” implies the poverty headcount ratio measure P q unless stated otherwise. In the empirical 

studies reviewed in Section 2.5, studies sometimes also report the change in the depth o f poverty 

which is measured by P i and in the poverty severity index P 2 .

2.2.2 The Significance of Inequality and Structural Effects

If incom e gains were evenly spread throughout an econom y and all households had similar char

acteristics, then there would be little interest in a specific investigation o f the poverty impacts o f  

a policy change. The poverty impacts could be read off directly from a knowledge o f the overall 

welfare effect. It is precisely because incomes are unequally distributed, because econom ic sectors 

and factors are influenced differently by a policy change, and because households have different 

structural characteristics, that it becom es relevant to ask specifically about the poverty impacts o f  

trade policy changes.

These poverty impacts are inseparably connected to their incom e distributional or inequality 

effects. Even if  a country as a whole benefits from a trade policy change these gains are not 

necessarily distributed evenly over all individuals. The redistributional effects o f  the trade policy 

change on current incom e can worsen inequality. On the contrary, a country not gaining in aggre

gate from trade policy reforms could still experience poverty alleviation because o f  the reforms’ 

redistributional effects on incom e. Kakwani (1993a, p. 122) partitions the overall poverty im 

pact o f  a policy change into two effects. The growth effect is the mean incom e 11 induced change 

in poverty when incom e distribution is held fixed. The inequality effect measures the effect o f  

incom e redistribution holding mean incom e fixed.

How population groups fare due to trade liberalization w ill be affected by their socio-econom ic  

characteristics. W hile the urban poor are dependent on agriculture almost exclusively through their 

expenditures, the rural poor are also dependent on agriculture through their incom es. In addition, 

the share o f  poor people in the rural population is much higher than their share in the urban 

population and thus the effects on poverty are expected to differ in urban and rural areas. The 

extent to which individuals are affected through changes in agricultural trade policy also depends 

on the kind o f agricultural production in which they are involved, i.e. the degree to which they are 

engaged in subsistence farming, production for dom estic markets or export-oriented production or 

producing staples compared to high value crops etc. The higher the share o f  subsistence farming 

in the incom e o f  an individual, the lower is the impact o f  price and labor market changes. But even

*-Pa =  ■ ^iwhere N:  population size, z: poverty line, |  q '^othew i^*^ ’

of individual i.
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people living in complete self-subsistence and thus not participating in markets can be indirectly 
affected by rising market prices for their products or rising low-skill labor wages. These increase 
the opportunity cost of subsistence farming and could give an incentive to give up subsistence 
farming and begin selling their own produce or labor.

2.2.3 Theoretical Links between Trade and Poverty

International trade theory offers no single comprehensive framework to analyze the effects of trade 
liberalization on poverty. Various models focus on how changes in the economic environment / 
trade liberalization affect the pattern of international trade, product prices, and economic structure 
-  and thus employment structure and factor rewards -  through one single mechanism in isolation. 
The analysis is done on a highly aggregate level allowing inferences about the tendency of poverty 
impacts on different socio-economic groups as a whole only through application of various de
veloping country stylized facts, such as that developing countries are unskilled labor abundant, 
agricultural production is highly intensive in unskilled labor, the majority of the poor works in the 
agricultural sector and spends a large part of its income on food commodities, etc.

In the case of rich large country agricultural trade liberalization, the initiating mechanism by 
which this trade policy reform is transmitted to poor countries is a terms of trade effect. The 
trade Uberalization increases the level (though possibly reducing the variability) of world food 
prices. Countries which are net exporters of commodities whose prices are increased will gain; 
countries which are net importers of these commodities will lose. This simple story needs to 
be qualified in several respects. Some net exporters may enjoy preferential access and can lose 
from trade liberalization due to preference erosion. Countries experiencing a terms of trade gain 
may nonetheless suffer a welfare loss in the presence of domestic distortions, for instance, if 
the exporting sector receives a domestic subsidy or due to other distortions, e.g., surplus labor 
in a traditional sector. There is now an extensive literature measuring the expected effects on 
developing countries as a whole of developed country agricultural policy reform (see Matthews; 
2007, for a review).

However, alleviation of poverty requires an increase in poor peoples’ individual real incomes 
and not only in poor countries’ average income. McCulloch et al. (2001) discuss three channels 
by which the real income of the poor can be affected directly through trade liberalization: the 
consumption channel, the enterprise channel, and the govenunent channel.

The consumption channel Real income increases if prices for consumption goods decrease. 
For the poor, the single most important consumption item is food, then fuels, housing, and cloth
ing (Hoekman et al.; 2002, p. 30). Expenditure shares shift with increasing income from these 
essential goods towards services and luxury goods. These regularities are described, e.g., by En
gel’s Law, which says that food’s share in total household expenditure shrinks with increasing total 
household expenditure.^

The enterprise channel. As producers, poor people’s profit depends on prices of inputs and 
outputs. As workers, price changes will affect enterprise profits and these in turn factor demand,

^See, for example, Deaton (1997, p. 25).
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which materializes in employment and wage changes. Typically, the main sources of income 
of the poor are low-skill labor wages and the value of consumption of their own produce (auto
consumption).

The government channel. Finally, the poor are affected by government policies through trans
fers, taxes and provision of public goods and social services. In particular, transfers are shown to 
be an important income source for the poor.

These are the channels through which policies immediately impact on poverty. Less directly 
and more dynamically the poor might be also affected via the following c h a n n e l s .T r a d e  lib
eralization increases incentives for investment and innovation and thus economic growth. It also 
affects the vulnerability of an economy and households to negative external shocks, e.g., by en
couraging specialization in a small number of goods. On the other hand, lesser volatility in some 
world markets can also decrease vulnerability by cushioning negative national price shocks.

But price changes at country borders are not directly transferred to households. Vertical price 
transmission along the marketing chain is dependent on the degree of competition at the various 
stages and the importance of fixed marketing costs. Spatial price transmission might be subject to 
strong frictions, in particular, from distribution, i.e., transportation and information costs, depend
ing on the quality of the infrastructure. As Winters (2004) elaborates, transportation costs dampen 
border price changes for consumers but amplify them for producers. Border price changes might 
not reach locations at all which are poorly connected.

Furthermore, who reaps the gains or suffers the losses within a couiitry is largely determined 
by the structural changes and thus changed employment opportunities, wages and consumption 
prices brought about as a consequence of the policy change. This hinges on the functioning of the 
markets to transfer the price signals. But developing countries often exhibit duality of their labor 
markets which often manifests in low labor mobility and large wage differentials between formal 
and informal sectors as well as wages in modem and traditional sectors which are not set according 
to their marginal productivity. Or markets are monopolized as in the case of state marketing boards 
which do not pass on the price changes. Markets might even be missing or inaccessible. If many 
poor people work in non-traded sectors, they might lose from export expansion irrespective of the 
country’s terms of trade gains. Finally, the effect on households depends also on their ability and 
capacity to adjust, avoid threats, and seize opportunities. Even in cases where poor households are 
expected to benefit in the long run they might face severe adverse effects during the adjustment 
period."

2.3 Ex-Post Analysis of Trade Impacts on Poverty

The prevailing view among international institutions and most economists is that trade liberal
ization leads to higher growth rates which imply higher per capita incomes and hence reduced 
poverty. The literature decomposes the search for empirical ex-post evidence for these impacts

'®See Bannister and Thugge (2001) and Winters (2002). 
"T his paragraph is based on Winters (2004).
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into two steps. One strand of literature tries to establish the impact of trade, openness, global
ization, or economic integration on income growth or development.*^ This variety of terms used 
for the cause indicates that the literature deals with shghtly differing and relatively imprecise con
cepts. The second strand tries to establish the impact of income growth or development on poverty. 
The most popular technique for such analyses is cross-country regression analysis since in theory 
it yields generahzable results.*^ Usually, the variables of interest are averaged over a specific time 
period for each country and then these averages regressed across countries to separate out average 
effects of a multitude of factors. The discussion in this section does not specifically address the 
empirical evidence on the ex-post effects of agricultural trade liberahzation on poverty. Rather, 
it summarizes the reasons why no firm link from general trade liberalization to poverty has been 
found. Separating out the effect of agricultural UberaUzation in particular is likely to be even 
more problematic. It also indicates that searching for a link from developed country liberalization 
to poverty might be similarly difficult. Moreover, much of the following discussion is also rele
vant to ex-ante attempts to establish such a link. For example, poverty elasticities estimated from 
ex-post data have sometimes been applied to the GDP or national welfare effects for developing 
countries of developed country agricultural trade liberalization to provide estimates of the poverty 
impacts of that policy change.

2.3.1 Openness and Growth

Theoretical trade models predict growth-enhancing effects from the static and dynamic efficiency 
gains of trade liberalization. The one-time static efficiency gains are the consequence of improved 
resource allocation within national economies as well as increased speciaUzation across the world 
economy. The dynamic efficiency gains are attributed to increased X-efficiency, exploitation of 
economies of scale, increased diffusion of information and technology, and so on. Numerous 
articles study this relationship of openness and growth empirically, for example. Dollar (1992), 
Sachs et al. (1995), Edwards (1993), Frankel and Romer (1999), Rodriguez and Rodrik (1999), 
and Srinivasan and Bhagwati (1999). Note that the definition of “openness” varies over studies but 
generally includes, in addition to pure trade barriers, also other measures as for instance measures 
for barriers to capital movements, political systems, etc. The majority of studies find at least weak 
evidence for a positive relationship between openness and growth.

But there has been a heated controversy about the validity of these applications and over the 
interpretation of variables and outcomes in this context started by Rodriguez and Rodrik (1999) 
and followed up by Srinivasan and Bhagwati (1999). In brief, the hterature highlights a number 
of weaknesses regarding the cross-country approach to analyzing the trade-growth relationship.*'*

'^Although openness is a level and trade liberalization a change variable, the literature tends to make no difference 
between those.

'^Here, a typical cross-country regression equation would have an outcome variable on the left hand side, e.g. 
average growth rate, and a multitude of variables on the right hand side, i.e. the putative determinants of growth, as for 
instance openness, human capital investments, dununy variables to capture geographic factors and so on. The direction 
of effect is assumed to go from the right hand side variables to the left hand side variable.

' “‘These criticisms have been compiled on basis o f Jenkins (2004), Rodriguez and Rodrik (1999), Srinivasan and 
Bhagwati (1999), and Winters (2004) and are not exhaustive.
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In essence, the critiques concern the measures used as variables, data availability and reliability, 
econometric issues, and missing theoretical foundation. For example, “openness” has no natural 
measure and must be constructed and proxied and might include, for example, both non-tariff 
barriers and tariffs. But even measuring tariffs is not trivial. For instance, a trade-weighted av
erage tariff would neglect the existence of peak and prohibitive tariffs. Where the required data 
is missing for some countries, this reduces the sample and might introduce a bias to the selection 
of countries included in the analysis. The econometric problems raised include the assumptions 
made about the direction of causality between openness and growth, the endogeneity of some in
dependent variables, and omitted variables. Furthermore, the models generally assume a linear 
relationship between the independent and dependent variables which is probably not realistic in 
every case. Often, the regression models are not derived theoretically and thus their interpretation 
is difficult. Also, the estimated impact on growth over countries might not be the same as the 
impact of the same factors on growth for a single country over time. Lastly, there is a subtle differ
ence in looking at the impact of trade on growth or at the impact of the removal of trade barriers 
on growth. Rodriguez (2007, p. 13) point out that even those openness measures which showed 
a consistent correlation with growth before 1990 did not continue to do so in the time span from 
1990-2003.

Representative of many reviews of this hterature, McCulloch et al. (2001, pp. 24-25) conclude 
in their review that cross-country case studies to date have not been able to prove the positive 
impact of trade openness for higher growth. They also point out, however, that there is even less 
evidence that trade openness has been a hindrance. Given these methodological problems, the 
literature points to the usefulness of detailed country case studies to gain insight into this link. 
Srinivasan and Bhagwati (1999) argue that such studies have made a strong case for the positive 
impact of openness on growth and that this evidence has not yet been refuted.

The bottom line appears to be that there is no general relationship between openness and 
growth. It seems likely that many factors play a role in making this link and that these vary from 
country to country. Looking only at openness and growth might simplify the relationship too 
much. This literature has a limited relevance for the purpose of this paper because it focuses on 
the implications of a country’s own trade policy stance for growth. Developed country agricultural 
trade liberaHzation affects growth in developing countries primarily through terms of trade effects 
plus any second-round effects set in motion by these external shocks. As noted, these effects can 
be positive or negative depending on the net trade status of any particular developing countries. 
Whether there is then a one-to-one correspondence with the direction of poverty reduction effects 
has also been the subject of empirical investigation.

2.3.2 Growth and Poverty

Even if it is known that the national economy grows, it is still unclear how this additional income is 
distributed over the population and thus impacts poverty. Another strand of literature is concerned 
with establishing regularities for the impact of income growth on poverty.

This impact is estimated by the income elasticity o f poverty rj^ which translates a percent-
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age change in income /x into the corresponding change in the poverty measure Pa- For the 
poverty headcount Pq, the income elasticity of poverty r]^ is the percentage o f the poor who 
will be lifted over the poverty line if all incomes uniformly increase by one percent. As de
scribed in Section 2.2.2, the total effect on poverty depends not only on income growth but also 
on changes in inequality. By use of elasticities, the overall poverty effect is thus approximated by 
APa =  r]̂ l ■ +  VI • where 7/^ =  and 77/  =  are the income and inequality
elasticities of poverty, respectively.

Although the results are controversial, the literature tends to find a general (positive) impact 
of growth on poverty. Fields (1989, pp. 174-175) looks at studies employing intertemporal single 
country data, complements it with new data of his own and finds that only in sporadic cases is 
income growth in a country accompanied by an increase in poverty and that in almost all cases 
poverty decreases.

In contrast, the attempts to link openness or growth with inequality have not yet established 
any general results. For example, Ram (2006, p. 604) cites a few sources which find no empirical 
evidence for a systematic relationship between income growth and changes in the level of inequal
ity. Fields (1989, p. 172), evaluating existing studies and analyzing new data, finds that inequality 
increased in as many countries as it decreased with economic growth. He finds this same result 
independently of whether the study looks at cross-country data or periods and whether it uses 
Lorenz curves or Gini coefficients. There appears to exist no consistent relationship between in
come growth and inequality increase nor between the level of income and inequality. He suggests 
that the kind of growth rather than growth itself is the decisive factor for the direction of inequal
ity change. In this regard, it seems practicable to present a selection of poverty elasticity-based 
results for a range of inequality coefficients leaving the particular choice to the policy maker, as 
for instance in Cline (2004).

There exist two fundamentally different approaches in the literature to estimate poverty elas
ticities.

The empirical approach (also called the accounting approach) consists of using periods of 
growth, inequality and poverty data, decomposing the total effect into a growth and inequality 
component and then estimating the income and inequality elasticities of poverty from these. It is 
often used in cross-country comparisons to find general ‘global’ estimates for the income growth 
elasticity of poverty thus depicting an average over developing countries. The derived inequality 
elasticity of poverty has to be interpreted with care since it is the outcome of the particular ag
gregate index measure of inequality (for example, the Gini index) and thus varies with the type 
of index measure used. Furthermore, as an aggregate measure, a given Gini coefficient does not 
depict a unique Lorenz curve; different Lorenz curves can yield the same Gini coefficient. In 
general, using elasticities yields linear approximations valid for marginal effects. But data points 
available are often far apart in terms of time span and corresponding variations of mean income 
and inequality index, challenging the marginal effect presumption. Finally, the empirical approach 
does not explicitly consider the shape of the Lorenz curve / income distribution but relies on the 
approximation by using the inequality elasticity of poverty or assuming inequality to remain con-
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stant.

Ram (2006) recommends to interpret such income growth elasticities of poverty derived from 
cross-country studies with caution. On the one hand, compiling several such studies into one table, 
he finds elasticities between -1.65 and -7.87, centering around -2. On the other hand, summarizing 
aggregate GDP per capita and actual poverty reductions from some studies, a direct calculation of 
that elasticity yields values between 0 and -1.22 with a high frequency below but close to -1. He 
concludes that the commonly accepted estimates for the income elasticity of poverty headcount 
above -2 are misleading and attribute too much importance to income growth in poverty reduction.

The analytical approach (also called the parametric distribution function approach) uses a 
single household survey (thus static) to estimate a parametric income distribution function from 
which the two elasticities are analytically inferred. Once the statistical distribution of income 
is known then elasticities for different mean incomes and inequality levels can be directly esti
mated. The most common statistical distribution used to approximate income distributions is the 
log-normal distribution but there is no consensus on which distribution is the most appropriate. 
Lopez and Serven (2006) find strong support that the log-normal distribution approximates per 
capita income distribution rather well in a large cross-country study. In contrast, Bresson (2006) 
concludes in a study of distribution assumptions for the purpose of poverty elasticity estimation 
that none of the tested distributions for income systematically performed the best. In his view, the 
appropriate functional form that has the best fit must be chosen on a case-by-case basis. Also, he 
finds that the use of the log-normal distribution often results in an overestimation of the effects of 
income growth and inequality reduction in terms of poverty alleviation.

Both approaches described above initially assume that the shape of the distribution curve re
mains the same before and after some change. However, not only the change in inequality as 
measured, for example, by the Gini coefficient but rather the exact change of the shape of the 
Lorenz curve is decisive for the final effect on p o v e rty .H e ltb e rg  (2002) finds two methods of 
dealing with this problem within the analytical approach in his literature review.

Kakwani (1993a) estimates a parametric function approximation of the Lorenz curve and as
sumes that the change in the Gini coefficient takes place proportionally along the entire Lorenz 
curve resulting in an up- or downward shift. In contrast, Bourguignon (2002b) assumes incomes to 
be distributed log-normally. With the mean income given, this allows computation of the missing 
shape parameter (the variance) from the after-change Gini coefficient. Then, the entire distribution 
is determined by a given income mean and Gini coefficient so that the poverty level can be read 
off according to the poverty line.

Cline (2004, appendix IB, corrected version) uses Bourguignon’s approach to compute head
count poverty elasticities for several combinations of the Gini coefficient and the ratio of mean 
income to poverty line (called the “level of development”) and comes up with headcount elas
ticities in the interval -0.6 to -7.7. For a selection of 17 actual developing countries he reports 
headcount poverty elasticities between -1.0 and -3.5.

’^Note, the transformation from the Lorenz curve to the Gini is not unique but one Gini coefficient can rather arise 
from different Lorenz curve shapes.
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2.3.2.1 Openness and Inequality

Fields (1989) made the point that the particular kind of growth might be decisive for the direction 
of inequality change. This suggests it might be more promising to look directly at the relation
ship between openness and inequality instead of growth on inequality since the particular kind 
of change in openness determines the structural change of the economy and thus the change in 
individual incomes.

Goldberg and Pavcnik (2007) provide a comprehensive review of the current state of empirical 
research on the direct link between openness and inequality. Measured by the size of the wage 
difference between low- and high-skilled workers, the skill premium, they cite evidence from sev
eral middle-income Latin American countries that experienced an inequality increase during their 
trade liberalization periods in the 1980’s and 1990’s. On the other hand, they found decreasing 
inequality for several South East Asian countries during their trade liberalization periods in the 
1960’s and 1970’s. They also emphasize that in their listing of country liberalization policies there 
is no single country which implements trade liberalization alone but always simultaneously with 
other policy changes. This impedes the disentanglement of the isolated effect of trade liberal
ization. Even though the relationship between openness and inequality is still unclear, they see 
little support for the general hypothesis of the Stolper-Samuelson theorem that low-skilled people 
in developing countries will gain relative to high-skilled from trade liberalization. One possible 
explanation for the failure of the theoretical prediction is that there may be barriers which prevent 
the reallocation of labor across sectors assumed in traditional trade theory. They conclude that 
the relationship between openness and inequality is country-, time-, and case-specific and that not 
only must it be examined together with other simultaneous pohcy reforms but also in light of the 
exact implementation circumstances.

Summarizing, the relationship between openness and inequality appears unsettled but it seems 
clear that it is conditional on other factors, as highlighted in the following two papers. Gourdon 
et al. (2006) using multi-country panel data find the openness-inequaHty relationship is condi
tional on factor endowments, supporting the factor-proportions theory. In particular, they find that 
openness in countries relatively well-endowed (1) with both high-skill labor and very low-skill 
labor increases inequality, (2) relatively well-endowed with primary-educated labor decreases in
equality, and (3) relatively well-endowed with mining and fuels production increases inequality. 
Milanovic and Squire (2005), also using multi-country panel data, report supporting evidence that 
tariff reduction increases wage inequality between skill-levels and also between industries. More
over, they find that average country income is an important factor for the trade liberalization impact 
on inequality.

In sununary, the ex-post empirical evidence on trade liberalization impacts on poverty remain 
unclear. Problems with the quahty and availability of data hamper the analysis of the issue. How
ever, it appears that this relationship is conditional on a number of factors like factor endowments 
and average per capita income in each country. There are no studies regarding ex-post empirical 
evidence of agricultural trade liberalization impacts on poverty specifically. The methodological

'*See for instance Milanovic and Squire (2005, p. 52).
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and data issues seem to prevent an analysis at this level of detail. Furthermore, if a more direct 
link with own liberalization does not emerge it should be even more difficult to prove such a link 
with foreign Hberalization. Thus, structural model-based analysis seems to be more fruitful in 
disentangling such effects with the drawback that these models are only validated or able to be 
validated to a certain extent.

2.4 Ex-Ante Analysis of Trade Impacts on Poverty

The two dominant methods for analysis of trade liberalization policies are partial equilibrium and 
general equilibrium model analysis and yield -  numerically solved -  exact numbers for conse
quences. Technically, both model types consist of sets of non-linear equations solved with nu
merical methods for an exact solution vector of continuous variables. The equations implement 
market equilibrium conditions and optimality conditions for the agents’ assumed behaviors.

Partial equilibrium models seek to equilibrate supply and demand in usually a single sector, or 
a subset of economic sectors, assuming the variables of other sectors as given. Thereby, they allow 
the detailed analysis of direct effects of policies in a transparent manner. Usually these are simple 
models which can contain high sectoral detail. But they neglect the indirect effects arising in other 
sectors linked in particular through employment, wages and prices. This is reasonable when the 
considered sector constitutes only a small share of the industry or economy but otherwise -  as is 
the case with the agricultural sector in developing countries -  the repercussions with other sectors 
need to be taken into account.

Computable general equilibrium (CGE) models implement the links between sectors thereby 
depicting entire national or world economies. As neoclassical models they model the economies’ 
institutions as aggregate representative agents which all optimize -  rationally and fully informed 
-  for their individual benefits resulting in a market-cleared, no-profit equilibrium. Most CGE 
models used in trade policy analysis are structuralist models departing from the aforementioned by 
added structural macroeconomic conditions and market imperfections, such as tariffs, labor market 
segmentation and unemployment, in order to depict a more realistic economy. The base data for 
the economic structure are taken from social accounting matrices (SAMs) which contain mainly 
aggregate data from national accounts. CGE models are solved numerically and the outcomes of 
interest are detailed figures on the changes in sectoral output, employment, factor incomes, and 
consumer prices.

Summarizing, the analysis of the poverty impacts of trade liberalization requires information 
about the impacts on economic structure, in particular, regarding employment, prices, and remu
neration of production factors for the entire economy. This makes CGE analysis the method of 
choice for ex-ante analysis. CGE models per se yield highly aggregate, accurately accounted 
values which are crude macroeconomic indicators. Standard CGE models implement a single 
representative household for each economy. Hence, the only basis for inference with regard to 
poverty impacts is the change of the income of the representative household. This allows only 
weak results, especially since one major characteristic of developing countries is that income is
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distributed very unequally across the population. Poor individuals do not necessarily participate 
in any gain in aggregate national income. Furthermore, the redistributional effects of structural 
change play a crucial role and need to be evaluated (see Section 2.2.2). In extreme cases, an ag
gregate income increase could be captured by only a few rich people and thus have no impact on 
poverty at all. In contrast, pure redistribution could increase or decrease poverty, leaving average 
per capita income unchanged.

Translating these average income figures into impacts on poverty requires more detailed in
formation about the distribution of income and its changes. The following sections summarize 
several approaches from the literature which extend CGE models to fit them better for poverty 
analysis.

2.4.1 Disaggregated Representative Household Groups

The least time- and data-intensive way of extracting some distributional information from a stan
dard CGE model is to disaggregate the single representative household into several household 
groups according to some socio-economic characteristics which are expected to reflect the most 
important determinants of household income such as, for instance, location (rural or urban), sector 
of employment (industry or agriculture, formal or informal), skill level (skilled or unskilled), or 
main source of household income (subsistence farming, wages, self-employment, diversified, etc.). 
This yields information on the mean changes in incomes of those groups and thereby on between- 
group distributional change. An increase in the average income of a household group comprising 
predominantly poor people will likely decrease poverty within the group. This enables some qual
itative results on poverty impacts, but by implicitly assuming a uniform income distribution within 
groups it does not allow a more accurate quantitative result. Agenor et al. (2004a) emphasize that 
within-group inequality often accounts for a greater part of overall inequality than between-group 
inequality.

To facilitate a more in-depth analysis of income distribution and poverty, the analysis has to 
draw in one way or another on actual household survey data. Appropriate approaches differ in 
their degree of how much homogeneity they assume on the side of household behavior. The one 
extreme, the non-behavioral approaches, assume no behavioral reactions from changes in the eco
nomic environment but only project the CGE results onto the household data and thereby simulate 
only first-order effects. The other extreme, the behavioral approaches, explicitly model individual 
or household behavior in reaction to the economic changes thereby taking also heterogeneity in 
household and individual characteristics into account.

In general, the income side is regarded as more important and thus in most models the con
sumption side of the households is only taken into account by deflating their incomes with in
dividual price indices where the household consumption bundles have been reevaluated with the 
after-simulation price vector. Another approach defines a "poverty level of utility" and allows 
households to substitute amongst consumption items while optimizing its utility function, see, 
e.g., Hertel et al. (2007a,b).

The relative importance of the income side is supported theoretically by the Stolper-Samuelson
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theorem which states that an increase of the real price of one good will result in an even larger 
percentage increase in the real return of the factor which is used relatively intensively in this good’s 
production (the so called “magnification effect”). Thus, it predicts a larger relative impact on factor 
than on commodity prices. The assumption of the greater importance of the factor earnings side is 
supported empirically by general equilibrium studies which find that the dominant share of poverty 
impacts is due to changes in factor incomes rather than consumption expenditures.

2.4.2 Micro-M acro Models 

2.4.2.1 Non-Behavioral Approaches

All the non-behavioral approaches link the household survey data to the CGE model sequentially, 
as a second layer. The variable changes from the CGE simulation results, in particular incomes 
and prices, are applied to the income data of a household survey. This updated income distribution 
is then utilized for further poverty analysis. Individual behavioral responses to income and price 
changes are neglected. Thus, only the factor returns change but not the labor supply.

The Elasticity of Poverty Another approach to infer poverty impacts from the simulation results 
of a representative household CGE model is to use the income elasticity o f poverty which translates 
a percentage change in income /i to the corresponding change in the poverty measure Pa (see 
Section 2.3.2).

For a study using this approach with many representative household groups for 15 developing 
countries (Bangladesh, Brazil, Chile, Colombia, Indonesia, Malawi, Mexico, Mozambique, Peru, 
Philippines, Thailand, Uganda, Venezuela, Vietnam, and Zambia) see Hertel et al. (2004b, 2007a).

Statistical Distribution Approach This approach of dealing with income distribution is strongly 
related to the analytical approach of estimating income elasticities of poverty. Similarly, a para
metric statistical distribution function is fitted to the household survey incomes. But, as described 
in Agenor et al. (2(X)4a), here the aggregate income growth is assumed to uniformly increase all 
incomes within a socio-economic group by the same absolute amount thus shifting the unmodi
fied distribution curve to the right. Thus, the poorer gain relatively more income compared to their 
initial income than the richer group members. This implies that inequality inevitably decreases 
within each group with income growth. As Agenor et al. (2005, p. 18) elaborate, a major advan
tage of this approach is that computational effort is minimal since the household survey is used 
only once for fitting the distribution and further work with the parametric distribution is rather 
effortless.

A country application of this approach can be found in Naranpanawa (2005) for Sri Lanka.

Microaccounting Microaccounting, or arithmetical microsimulation, is purely based on scaling 
of earnings and consumption data of a household survey by price and income growth rates gener
ated from a CGE model. Ideally, the exact income sources respectively factor endowments of the 
households are known and after-simulation nominal household income is derived by multiplying
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these endowments with their new prices thereby accounting for differences in income composition 
of the households. But usually factor endowments and income sources are only incompletely ob
served and have to be imputed. One way around this is to categorize the households from the sur
vey into the household groups of the CGE model and then to apply the associated group’s income 
growth to the income of each survey household. This requires the a priori association of a survey 
household with a CGE household group and the assumption that the relative change in income is 
the same for all households within a group and thus income growth changes only between-group 
inequality while within-group inequaUty remains unchanged. However, to compute real income, 
household incomes are usually deflated by household specific price indices which weight prices 
with the household’s individual consumption bundle.

Microaccounting with reweighting. The microaccounting approach can be refined by a reweight
ing procedure to impose changes in the employment structure from the CGE model on to the 
household survey. The procedure adjusts the sample weights of the different household groups 
according to the changes in employment sti'ucture derived from the CGE model. To some extent, 
this simulates the movement of people between sectors.

Country applications of the CGE-microaccounting approach in the context of trade liberaliza
tion and poverty analysis can be found in Arndt (2005) for Mozambique, Bibi and Chatti (2006) for 
Tunisia, Bussolo and Niimi (2006) for Nicaragua, Cororaton et al. (2005) for Philippines, Diao et 
al. (2006) for Uganda and Zambia, Hertel et al. (2003b) for Brazil and Chile, Hertel et al. (2003a) 
for Chile, Malawi, and Vietnam, lanchovichina et al. (2001) for Mexico, Ivanic (2006) for 15 de
veloping countries. Lay et al. (2004) for Bolivia, Mabugu and Chitiga (2007b,a) for South Africa, 
Nwafor et al. (2007) for Nigeria, da Silva et al. (2003) (2003) for Burkina Faso), and Jensen and 
Tarp (2005) for Vietnam.

2A.2.2 Behavioral Approaches

Behavioral models are simulation models in a stricter sense since they simulate agents’ behaviors 
rather than only projecting the CGE outcomes onto the micro-database.'^ This enables simulating 
the effects of poHcies on individuals in detail. The movements of individuals into and out of 
different occupations, sectors, and regions can be explicitly modeled.

Behavioral approaches explicitly model household and individual behavior in reaction to changes 
in earnings, commodity prices, and employment opportunities. Consequently, changes in the labor 
market structure will lead to adaptation not only in income through changed wages (first-round ef
fect) but also in labor supply choices in reaction to those wage changes and changes in employment 
opportunities (second-round effect). This framework therefore enables capturing non-marginal 
changes and coping with longer time spans. In contrast to the non-behavioral approaches, here the 
modeled behavior directly yields a new income distribution according to the heterogeneous ac
tions of the individuals. Assumptions about how the level of inequality and the distribution shape 
change are not necessary.

’’There seems to be no precise definition o f  the term microsimulation but it is rather used in many different mean
ings.
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Two principally different microsimulation model types are distinguished, reduced-form and 
structural models.

Reduced-form microsimulation models in the sense used here are pure regression functions 
without an explicitly formulated underlying theoretic model. They are ad hoc model specifications 
not explicidy modeling agents’ behavior but assuming that agents’ behavior is implicitly captured 
in the regression model’s coefficients.'* Extensive data are used to estimate the coefficients of 
that function. The coefficients also implicitly describe the underlying economic structure and 
hence structural change could invalidate the estimated model. Moreover, reduced-form models 
usually assume linear or other simplified dependencies between the variables and the quality of 
the approximation likely decreases when changes in variables become larger. Since there is usually 
only one household survey available to estimate the model parameters, it has to be assumed that 
the cross-sectional estimates also hold for the effects over time.

Structural microsimulation models, in contrast, are systems of equations depicting certain the
oretical assumptions about the behavior of households or individuals. The parameters of this 
equation system are then estimated with household survey data. Structural models explicitly 
model behaviors and reactions to structural change and thus deliver meaningful results also for 
non-marginal structural changes. But, these results rely on the set of theoretical assumptions un
derlying the structural model. The specification of structural microsimulations is very complex 
and restricted due to the econometric problems inherent in the estimation of systems of equations, 
such as identification problems. Consequently, an exhaustive disaggregation of goods and sectors 
becomes difficult.'®

This are various examples of behavioral equations found in developing country microsimu
lation models: individual income generation; occupational choice between formal and informal 
sectors, unemployment, and inactivity; labor supply; household income including subsistence 
farming and household enterprise profits; migration between rural and urban regions; educational 
choices. Often, the models contain different behavioral assumptions for household heads, spouses, 
and other members. Usually, consumption decisions are not modeled explicitly in the microsim
ulation part as they are seen to play an inferior role in determining poverty compared to labor 
market decisions (for a discussion of the latter point see Hertel and Reimer (2004, pp. 7-8)). But, 
for instance, Hertel et al. (2007a,b) model consumption behavior utilizing an AIDADS demand 
system. For more detailed overviews of microsimulation modeling for poverty analysis see for 
example Bourguignon and Spadaro (2006) or Cogneau et al. (2003).

2.4.2.3 Linking CGE and Microsimulation Models

Two different methods of linking CGE and microsimulation models have emerged in the litera
ture. The first one uses a CGE and a microsimulation in sequence, while the second carries the 
disaggregation of the representative household of the CGE model to the extreme and models one

'^Strictly speaking, the term “reduced-form” describes a theoretical structural model that is solved so that there are 
only exogenous variables on the right-hand side o f  each equation fully determining the endogenous variables o f the 
system.

‘^See Robilliard and Robinson (2005, p. 36).
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household for each household in the household survey yielding a single large integrated model.

Sequential CGE-Microsimulation Models. In the first step, a CGE simulation is carried 
out on the basis of the social accounting matrix from which changes in prices, factor returns, tax 
rates, and occupational structure are taken. In the second step, those values are imposed onto the 
microsimulation model to determine labor (factor) supply, incomes, and consumption. Herault 
(2006), for instance, uses a single-country CGE model for South Africa. Then, in the microsim
ulation model, the prices from the CGE model are used to reweigh household expenditure and 
to compute a household specific price index as an income deflator. Household income is pieced 
together from incomes of the individual household members and other incomes like transfers, 
household enterprise and subsistence farming incomes. Individual incomes are an outcome of an 
occupational decision between participation in the informal or formal sectors, inactivity, and un
employment based on expected incomes and personal characteristics where the expected incomes 
again depend on personal characteristics. To establish consistency between the CGE outcomes 
and the microsimulation model, CGE price changes are directly applied to scale the prices in the 
microsimulation model, similarly for the formal wages according to the respective sector. Finally, 
changes in the number of workers with respect to skill level and sectoral employment have to 
match those changes from the CGE model (beyond the changes determined by the occupational 
choice model). This is accomplished by modifying the utility coefficients in the choice model 
subject to the constraint that the composition matches the one from the CGE model. For fur
ther applications, see, for instance, RobilUard and Robinson (2001). A problem of sequential 
approaches is that the household decisions on consumption in the microsimulation model do not 
necessarily correspond to those computed for the market equilibrium in the CGE model. Sum
ming the household consumption quantities from the microsimulation model whJch have been 
re-optimized by the households in reaction to the new price vector yields values not consistent 
with those computed for the market equilibrium in the CGE model.^*’̂ ^

Recursive Sequential CGE-Microsimulation Models. Savard (2003) tackles this latter defi
ciency by repeating this sequential CGE to microsimulation link recursively in order to take addi
tionally the feedback from household behavior to the economic structure into account. The CGE 
model computes prices and wages which are handed down as parameters to the microsimulation 
model. In turn, this computes a new household consumption vector which enters the CGE model 
as fixed parameters. This loop continues till the changes of the output vectors from one iteration 
to the other are very small and the system thus has converged. But convergence is not guaranteed 
and there seems to be a risk -  which is inherent to most sequential optimization algorithms -  that 
the end result is path dependent.^^

Country applications of sequentially hnked CGE models with behavioral microsimulation ap-

“̂Often called "top-down" approach as it imposes the CGE model results onto the microsimulation model.
^'See Rutherford et al. (2005, p. 19).
^^On the other hand, most approaches impose the new labor market structure on the microsimulation model so that 

this part is consistent in the result.
^^While solving the CGE model, the solver has no information about the optimal solution of the microsimulation 

part and vice versa. This disconnectedness would require very well behaved functions in order to guarantee optimality.
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proaches can be found in Bussolo and Lay (2003), Bussolo et al. (2006) for Brazil, Devarajan and 
Go (2002) for Zambia, Diaz-Bonilla and Morley (2002) for Mexico, Dfaz-Bonilla et al. (2004); 
Diaz-Bonilla (2005); Diaz-Bonilla et al. (2006) for urban Argentina, Ferreira et al. (2003) for 
Brasil, Herault (2005a,b); Herault (2006) for South Africa, Jimenez (2006) for Bolivia, Laens and 
Perera (2004, 2006) for Uruguay, Morley and Diaz-Bonilla (2004, 2006) for Mexico, Robilliard 
et al. (2008) for Indonesia, Robilliard and Robinson (2006) for Indonesia, Roland-Holst (2004) 
for Vietnam, Sanchez and Sauma (2006) for Cuba, Vasi and Carpio (2006) for Peru, Vos and Jong
(2003); Vos and Leon (2004); Vos and Leon (2006) for Ecuador.

Country case studies using the recursive sequential link are, e.g., Mussard and Savard (2005a) 
for Philippines and de Souza Ferreira Filho and Horridge (2004, 2005) for Brazil.

Fully Household-Disaggregated CGE Models The second way of linking CGE and microsim
ulation models is to directly integrate an entire household survey into a CGE model by modeling 
each household of the survey as an individual agent. This integrated CGE-microsimulation model 
is a single, large system of equations and constraints which includes a full set of functions to de
scribe the behavior of each household in the survey. Conceptually, this way of integrating CGE 
and microsimulation models is very appealing since it forms a single coherent model and feedback 
between the households and the CGE model is immediate and direct. The quantity decisions by 
households in response to the equilibrium price vector are fully consistent with the supply-demand 
balance on the macroeconomic level. '̂* This approach demands a single, fully consistent, set of 
data and thus the SAM and household survey must be reconciled.^^

But as the size of the model increases rapidly with the number of observations in the household 
survey, the computational effort to solve the model can become prohibitive. Then the number of 
households has to be traded-off against simplifications of the behavioral model or decreased detail 
of the CGE model in terms of number of sectors and factors of production.^^ Because of the 
size of these models and the nature of the numerical non-linear solvers used for their solution, 
the types of functions in the microsimulation part are restricted compared to what is common in 
pure microsimulation.^^ Moreover, using the microsimulation model inside of a structural CGE 
model means that the microsimulation model itself has to be structural as well, imposing the 
aforementioned difficulties.

For applications of this approach see Annabi et al. (2005) for Senegal, Cameiro and Arbache
(2004) for Brazil, Chemingui and Thabet (2006, 2007) for Tunisia, Chitiga et al. (2005); Chitiga 
and Mabugu (2006); Chitiga et al. (2007) for Zimbabwe, Cockbum (2002) for Nepal, Cogneau and 
RobilUard (2000, 2004, 2006) for Madagascar, Cororaton and Cockbum (2005); Cororaton and

‘̂‘See Rutherford et al. (2005, p. 19).
^^See Section 2.4.3 for further details.
^^See Herault (2006, p. 48). Moreover, Chen and Ravallion (2004) state that integrating their Chinese household 

survey o f 85000 households in this way is currently not possible. Rutherford et al. (2005) developed a new algorithm in 
order to be able to solve their CGE model integrating 55098 households. Cogneau and Robilliard (2000) only consider 
three sectors and four commodities. Jensen and Tarp (2005) aggregate their model with 5999 households from 97 to 10 
activity and commodity accounts in order to make their model feasible.

^^Discrete choice variables, for instance, which have to be modeled as binary or integer variables are highly prob
lematic or even forbidden in the model, depending on the particular numerical solver employed.
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Corong (2006); Cororaton and Cockbum (2007) for Philippines, Emini et al. (2005) for Cameroon, 
Jensen and Tarp (2005) for Vietnam.

2.4.3 Discussion of the Micro-Macro Modeling Approaches

The necessity of increasing the detail of CGE models on the household side follows the realization 
of the importance of heterogeneity of individual possibilities, in particular of the poor, in terms of 
factor endowments including human capital, market access and consumption bundle composition. 
The consumption side is most often represented by reweighing household-specific consumption 
expenditures with the adjusted price vector serving as individual consumer price indices to deflate 
household incomes. As stated, for example by Reimer (2002, p.22), households are by far more 
specialized in their income sources than in their consumption bundles. Moreover, households 
can adjust their consumption fairly quickly to changes in the price pattern quite differently to the 
factors and commodities they supply. Hence, the size of the consumption price effect is seen as 
negligible compared to the size of the income effect. Indeed, only the works of Hertel et al. (e.g., 
Hertel et al.; 2007a) model consumption behavior explicitly by using an AIDADS demand system.

A generally important issue for all approaches is data consistency. The SAM contains factor, 
income, and consumption data taken from national accounts which might be very different from 
the data observed in the household survey.^* A decision must be taken whether the employment, 
consumption and factor endowment structures as reflected in the SAM or those in the household 
survey are more reliable. Rutherford el al. (2005, p. 3) find in their simulations that reconcilia
tion of SAMs and household surveys causes substantially different impacts across income decile 
groups.^^ Hertel and Reimer (2004, p. 32) note that using non-reconciled data can yield “wildly 
inconsistent” micro- and macro-predictions. Having chosen the data source to use, the SAM or the 
household survey become unbalanced in the remaining data columns so that a rebalancing proce
dure has to be applied.^® This inevitably involves some additional “grinding” of the data removing 
some heterogeneity. From this discussion it seems unclear if data reconciliation is advantageous 
or not. Furthermore, data reconciliation is not trivial and requires considerable effort.

The approaches presented above differ in the degree in which they consider individual het
erogeneity. Representative household group approaches capture only a small part of observed 
heterogeneity, namely the part occurring between the household groups defined. This might give 
a weak indication of the direction of poverty effects^’ but without analyzing the entire income 
distribution in full detail a statement of the order of magnitude of the poverty effect is impossible. 
Moreover, without considering changes in inequality, even this direction is ambiguous. Non-

Aggregating income and expenditure over households in the survey usually yields levels that differ to a consider
able extent and the micro-macro approach used might require balancing those thereby changing the structure of either 
income sources or expenditure over the survey.

^^More specifically, they adjust the factor shares of the SAM to fit the household survey where the original SAM 
exhibited a much higher return on capital. Consequently, on expansion of capital intensive sectors they observe a much 
smaller capital to labor returns ratio using the reconciled data (see Rutherford et al. (2005, pp. 20-21).

^°For descriptions o f data reconciliation procedures, see, for instance, Robilliard and Robinson (2001) or Ivanic 
(2004).

^'Here, poverty effects are inferred from aggregate income changes of socio-economic groups which are primarily 
composed of poor people.
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behavioral micro-macro approaches take additionally the within-group heterogeneity into account 
by employing the income distribution of household surveys in full detail. The elasticity of poverty 
and statistical distribution approaches make the strong assumption that the change of aggregate 
group income is distributed in some uniform / homogeneous way within the household group. 
This assumption is relaxed in varying degrees in microaccounting depending on the implementa
tion. However, non-behavioral approaches are seen as good first approximations for policy effects 
on income and especially adequate when price impacts are expected to be marginal or when the 
analysis is concerned with the very short-run. Not least, non-behavioral models are quicker to 
implement. They are less costly in terms of modeling and data preparation effort and less de
manding in data quality than behavioral approaches. Comparing microaccounting and sequential 
microsimulation approaches, Robilliard et al. (2001, pp. 20-23) find experimentally that the mi
croaccounting approach -  applying the income change corresponding to households’ classification 
into several socio-economic household groups -  systematically underestimates policy impacts on 
inequality and hence also over- or underestimates impacts on poverty, depending on the direction 
of the inequality effect. Intuitively, this follows from the equal, proportional change of household 
income according to the assigned household group. By not allowing households to adapt to the 
new economic circumstances, this produces worst-case impacts while households actually could 
improve the impacts in their favor through substitution of consumption and reconsideration of 
earnings options. Agenor et al. (2005) compare the microaccounting approaches without and with 
reweighting and the statistical distribution approach utilizing a Beta distribution function. The 
aggregated effects on distribution and poverty arising in all three simulation approaches were very 
similar when looked at on the economy-wide aggregate level. But when differentiating impacts be
tween urban and rural, and formal and informal sectors, the microaccounting and Beta distribution 
approaches differed in the magnitude and even direction of the measured poverty results.

The computational power available nowadays devalues the computational cost advantage of 
the statistical distribution approach over microaccounting. Another potential advantage raised is 
that if the number of observations in a household group is small then a marginal shift in the income 
distribution could show large jumps in poverty using a microaccounting approach. In contrast, 
the statistical distribution approach would guarantee a smooth transition upon distribution shifts. 
However, parameters estimated over small household samples are not reliable.^^

The non-behavioral approaches take only the price effects from a policy shock on household 
income as given by the general equilibrium model into account so that household incomes are 
scaled. But they do not allow households to adapt their behaviors to the altered factor price and 
labor demand situation and thus their factor /  labor and commodity supplies remain unchanged. 
If more substantial changes of the economic structure and therewith factor markets are expected 
in response to a policy change then it is likely that households also have to undergo major ad
justments in particular with respect to their income sources. These indirect effects are simulated 
within behavioral models. Reduced-form microsimulation models assume that all relevant be
havioral characteristics are captured in the coefficients of linear regression equations. But the

^^This paragraph is based on Agenor et al. (2005, p. 18).
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coefficients capture also the economic structure and thus reduced-form models cannot cope with 
fundamental structural changes. Structural models explicitly model the economic structure and 
allow the analysis of major structural adjustments.

While sequential microsimulation models take in addition to prices also households’ choice 
of labor markets and participation into account and thus adapt the household survey data to the 
new economic structure, recursive-sequential and integrated microsimulation models in turn also 
let the economic-wide production side react to the household decisions -and vice versa in a mutual 
and recurrent way.

Savard (2004, pp. 7-11) compares a microaccounting approach based on a CGE model with 7 
household groups differing in educational level of the household head with a recursive sequential 
CGE-microsimulation approach. The CGE model is run in 3 versions which add linear expenditure 
system functions and labor market segmentation. Simulating a 50% import tariff cut, he finds that 
the difference between the two approaches in the observed macro results are marginal but increase 
a little when the CGE models are extended to represent more heterogeneity. He concludes that the 
recursive sequential approach has little added value if only macro results are of interest. But on the 
household level, differences in poverty headcount and inequality changes are substantial between 
the two approaches. In particular, often there are even qualitative differences in the direction of 
changes. Savard acknowledges that part of these differences might arise as a consequence of the 
overrepresentation of wealthier households in each group: The data for all households is summed 
up for each group and thus the income and expenditure structure of the poorer households might 
only contribute minor percentages to the overall picture of this representative household.

Jensen and Tarp (2005) look at Vietnamese data and compare two microaccounting approaches^^ 
based on a 16-household CGE model with a fully-household disaggregated CGE model integrat
ing all 5999 households of the household survey. Considering poverty gap figures, they show that 
integrated modeling of the 5999 households makes a significant difference. The trade liberaliza
tion impacts may change in size but more importantly also in direction if all effects -  income and 
expenditure as well as feedback effects -  are accounted for. They also emphasize that the choice 
of government closure, whether lost tariff revenues are compensated by increased taxes or not, 
can have a quantitatively important effect and even change the direction of the poverty impact. It 
should be noted that governmental revenue loss can also lead to less provision of public goods and 
services and transfers / social spending which are not included in the household’s utility function 
of their model.^^

Colombo (2007) compares sequential, recursive-sequential, and fully integrated CGE-micro
simulation variants of one model using the same data to simulate an export price shock. The 
macro- and poverty outcomes for the sequential and recursive-sequential models are virtually

Approach (1) projects the CGE consumption growth rates on the survey household consumptions and (2) addi
tionally projects the CGE factor prices on survey household factor endowments and applies the new tax and savings 
rates.

'̂“Within the CGE model, if the government budget balance is not equilibrated by increases in tax rates then the poor 
people can still be directly affected since decreased government saving needs to be counterbalanced in the investment- 
savings balance which might be implemented by way o f an increasing marginal propensity to save for households.
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identical.^^ The micro to macro feedback channel seems to have little effect in these settings. 
In contrast, the fully integrated approach yields very similar macro results but directionally dif
ferent micro results with much stronger distributional and poverty effects. This might be due 
to the more complex behavioral reactions modeled in the behavioral equations of the sequential 
microsimulation approaches.

At first sight, the integrated CGE-microsimulation approach seems the most convincing since 
it is theoretically consistent in underlying data, and micro- and macro-results. A crucial difference 
with sequential CGE-microsimulation approaches is that labor supply and consumption behavior 
is specified only once, not twice in the micro- and macro-parts based on different assumptions, as 
in sequential CGE-microsimulation models.^® Ultimately, only solving a single, holistic model at 
once can guarantee finding the true global equilibrium.

On the other hand, Bourguignon and Ferreira (2005, p. 4) formulate three persuasive argu
ments in favor of the recursive-sequential over the integrated CGE-microsimulation approach: (1) 
There is neither the requirement to scale household data to national accounts nor to balance in
come and expenditure for each household in the survey and thus the exact income and expenditure 
structure from the household survey is retained. (2) Solving the CGE and microsimulation mod
els separately imposes no limits on the level of disaggregation of the CGE model with regard to 
number of production sectors, factors and households. (3) The choice of functional forms in the 
microsimulation part is fully flexible.

The decision on which micro-macro modeling approach to use boils down to the trade-off 
between implementation time effort and the additional information gained by more sophisticated 
approaches. Moreover, the desire for theoretical consistency, personal opinion on data reconcilia
tion and the different necessities regarding data, the restrictions in model size, behavioral detail and 
allowed functional forms might be considered. To date, it seems clear that different approaches 
can result in strongly misleading indications on poverty impacts especially if one is interested 
in which particular households are affected the most. Further research is needed to show under 
which circumstances the less demanding approaches yield misleading outcomes -  in particular 
qualitative differences -  and what are good indicators to flag those circumstances. Furthermore, 
the impact of data reconciliation deserves additional examination.

2.5 Selected Findings from Micro-Macro Approaches

In this section we distill some results from the literature on trade liberalization impacts on poverty. 
In the population of studies considered, we include all studies found via library, web, and cita
tion searches up to October 2007 which look at multilateral, uniform^^ across the board tariff 
cuts, utilize detailed household income distribution data, report poverty headcount results, and 
are available in English. Due to the large number of degrees of freedom within the models and 

—

^^See Robilliard and Robinson (2005, p. 35).
made this choice since the descriptions of complex tariff cuts are often incomplete and also such results are 

difficult to compare across the sample of studies.
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methods used, it proved unmanageable to describe each study in sufficient detail to expose the 
drivers of the results.^* Instead, we recapitulate selected points which seemed worth highlighting 
to the individual papers’ authors, like major insights, drivers, peculiarities, and limitations of these 
studies.

We mainly report on three scenarios as available: full elimination of domestic tariffs only, full 
elimination of foreign tariffs only, and full elimination of all (multilateral) tariffs. The selection of 
countries examined in these studies is shown in Table 2.1. The selection of countries is biased for 
data availability reasons: The studies need both household survey data as well as a global SAM 
database (usually the GTAP database) identifying the country separately. Details on the modeling 
approach used and additional results for each of the studies can be found in Tables 2.5 and 2.6 in 
the Appendix.

Anderson et al. (2005) use the global GTAP model and poverty elasticities to examine poverty 
impacts on an aggregate regional level. They find that despite the diminishing share of agricultural 
output in global output, agricultural protection will continue to play an important role in trade ne
gotiations since 60% of the globally expected gains from trade liberalization can be attributed to 
agriculture. The industrialized countries will reap a larger share of the gains from global trade 
liberalization in goods but the income gains, as a percentage of baseline income, are much higher 
for developing countries. Poverty will be decreased to the extent that the removal of the existing 
pattern of trade protection which benefits skilled labor and capital relative to unskilled labor in
creases unskilled wages. The results show that a measure of the unskilled labor real wage, i.e. the 
nominal unskilled labour wage deflated by a food and clothing price index, increases by four times 
more than the average real income increase. They highlight that other aspects potentially positive 
for development, like, for instance, services and trade facilitation, are not considered.

Annabi et al. (2006) analyze the impacts of trade policy reforms on Bangladesh using a 
recursive-dynamic CGE-microaccounting model and find that domestic, foreign and multilateral 
full liberalization reforms all have negative poverty impacts in the short run (5 years) but the ef
fects of domestic and multilateral liberalization scenarios turn positive in the long run (20 years). 
Rural area effects are larger than urban area ones.

Arndt (2005), using a CGE-microaccounting approach for Mozambique, finds a poverty head
count increase of 0.3 percentage points for sole domestic liberahzation which is the largest of the 
three scenarios he examines. The change in welfare per capita is slightly negative for multilat
eral and domestic liberalization scenarios but slightly positive for foreign liberalization. Thus, the 
adjustment costs for the implementation of own free trade liberalization are relatively low. The 
model features a downward-sloping export demand function which increases consistency with the 
global CGE model but also tiuTis out to determine the welfare results for domestic liberalization. 
If the model is changed to supply-constrained exports and constant world prices then the signs of 
the welfare results in the domestic liberalization case are switched. The author cautions that this 
export demand function is not reaUstic for all sectors. Many sectors are rather constrained by sup-

^*First attempts to create such a detailed listing revealed that studies often omit some details in the model and results 
descriptions making evaluation of their conclusions problematical. This problem is reinforced by the reports reviewed 
in this paper of individual modeling features changing even the direction poverty results.
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ply factors. For many sectors, in fact, low export volumes are regarded as the cause o f low farm 

gate prices since they may lead to high marketing costs and diminished confidence of potential 

importers in the quality and reliability of supply of M ozambican products. These small impacts 

are explained by a 60% share o f exports coming from predominantly foreign-owned sectors (alu

minium smelting and electricity from one dam). Large parts o f associated export revenues go 

abroad; the links of the export sectors to the domestic economy are weak. Furthermore, domestic 

industries do not compete with imports as there is little production in most import sectors (oil, 

vehicles, capital goods), so that only primary product processing is import competing.

Bussolo et al. (2006) analyze trade liberalization impacts on Brazil employing a recursive- 

dynam ic sequential CGE-m icrosim ulation model. Their microsimulation model in particular m od

els migration from agricultural to non-farm occupations where poorer individuals are more likely 

to migrate and such migration is seen as poverty-reducing. By expanding the agricultural sector 

and raising wages there, multilateral liberalization decreases migration to non-farm occupations 

and thus diminishes the poverty alleviation potential. But this effect is outweighed by gains in 

agricultural incomes, ultimately resulting in a poverty decrease. In Brazil, 69.5% of the poor live 

in urban areas and thus small income gains for non-agricultural labor reduce poverty more than 

larger income gains in the agricultural sector. The overall gains are small since trade liberalization 

results in little growth and channels for potentially positive productivity impacts are not modelled.

Carneiro and Arbache (2006) also study Brazil using a sequential CGE-microsimulation model 

and find only very small poverty impacts of multilateral and domestic liberalization scenarios. 

They emphasize that trade liberalization alone is not sufficient to generate significant poverty 

reductions.

Chemingui and Thabet (2007), implementing an integrated CGE-microsimulation model for 

Tunisia, find comparatively large poverty headcount impacts of up to -2.7 percentage points na

tionally. In all scenarios, the GDP increases only by 0.2 to 0.3%, thereby giving a misleading 

impression of the poverty impacts which are far greater. The multilateral liberalization scenario 

has a more favorable poverty effect than domestic liberalization alone. This is due to the high level 

of protection of 89% on agricultural products on average which Tunisia maintains. Tunisia as a net 

agricultural importer is expected to experience decreasing terms o f trade from developed country 

liberalization but this 5 to 20% price increase in agricultural products is outbalanced by the 89% 

tariff cut in that sector so that domestic agricultural prices fall. This suggests a loss to the agri

cultural sector but in effect poverty decreases with the strongest declines in rural areas. Efficiency 

gains seem to dominate. But positive outcomes depend at least partly on the ability of farmers to 

switch from the formerly protected activities to export producing ones (olives, dates, citrus). This 

highlights the importance of providing farmers with support to capture these opportunities.

Cororaton et al. (2005) employ a CGE-m icroaccounting model and find small mixed impacts 

on poverty of trade policy reforms in the Philippines. Domestic liberalization increases overall 

poverty and favors urban households due to higher initial average tariffs and thus price decreases 

in agriculture compared to manufacturing. In contrast, foreign liberalization decreases poverty. 

Here, rural households are favored because increased demand for agricultural commodities leads
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to income gains which outweigh world price increases. M ultilateral full liberalization appears 

to decrease poverty and to favor urban households because the export sector expands which is 

mainly non-agricultural. But the effect of multilateral liberalization depends on the choice of the 

compensation mechanism for governmental revenue. An indirect tax results in decreasing poverty 

but this result is switched in case o f an income tax. However, poverty depth and severity decrease 

in either case.

Emini et al. (2005) report mixed results for trade policy impacts on Cameroon from an in

tegrated CGE-microsimulation model: they find a poverty decrease for foreign, an increase for 

multilateral, and also an increase for domestic liberalization. They note that the effect o f domestic 

liberalization remains when the downward-sloping export demand curve is replaced by fixed ex

port prices which abstracts from terms-of-trade effects. Furthermore, they find that the choice of 

the tariff revenue replacement tax instrument has a strong effect and can worsen poverty.

Hertel et al. (2003b) use a global CGE model together with a microaccounting model to look 

at Brazil and Chile and examine the short-run impacts o f multilateral trade liberalization since 

this highlights the potential vulnerability o f poor households which are specialized in only one 

income source. The analysis classifies households according to their income source specializa

tion. They find that both countries experience a small poverty decline upon multilateral liber

alization and that the short-run poverty impacts are sharply differentiated depending on the in

come source specialization of the households. Agriculture-specialized households experience the 

strongest poverty decrease because of increasing agricultural profits but at the same time poverty 

increases for self-employed non-agriculture and wage-specialized households. The tendency is 

that (1) domestic non-agricultural and foreign agricultural liberalization decrease poverty among 

agriculture-specialized households and that (2) domestic agricultural and foreign non-agricultural 

liberalization decrease poverty among self-employed non-agricultural, wage earning and transfer 

specialized households. The analysis ignores non-tariff barriers, barriers to trade and investment in 

services, and trade-distorting domestic farm subsidies. M oreover, the model is static and therefore 

abstracts from trade liberalization impacts on productivity, capital accumulation and growth. The 

determinant for poverty reduction differs with the considered time horizon and the factor mobility 

assumptions, respectively. In the short-run, immobility of self-employed labor, land, and capital 

must raise agricultural profits enough to outweigh consum ption price increases of the poor. In the 

long-run, factors are perfectly mobile and unskilled labor wages have to rise sufficiently.

Hertel et al. (2003a) employ the same methodology as above to compare the short- and long- 

run impacts of trade reforms for Chile, Malawi, and Vietnam. The short-run scenarios feature im 

mobility of self-employed labor, land, and capital while in the long-run all factors are mobile. They 

find that the differences between short- and long-run poverty impacts of multilateral liberalization 

vary substantially by country. In Chile, the short-run simulation shows an overall poverty decrease 

where poverty decreases strongly among agriculture-specialized households but increases moder

ately for almost all other household categories. In the long-run, the direction of poverty change 

is basically the same for all households but now the poverty decrease for agricultural-specialized 

households is only a fifth of the short-run decrease so that the overall impact is a poverty increase.
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Factor mobility causes a redistribution of what were previously gains for the self-employed farm
ers to the rest of the economy, especially to land which is predominantly owned by richer agri
cultural households. Short- and long-run results for Malawi show declining poverty decreases in 
both cases but less so in the long-run due to higher land rental prices which tend to benefit richer 
land owners and due to overall smaller per capita income gains. A quite different picture is found 
for Vietnam where poverty also decreases in the short- and long-run. Here, the long-run impact 
is actually twice as strong as the short-run impact despite smaller income per capita gains. More
over, in the short-run poverty among agriculture-specialized households increases strongly with 
all other household categories experiencing poverty declines. This is attributed to the expansion 
of the apparel and light manufactures export sectors which raise the wages for unskilled labor and 
thus reduce agricultural profits. In the long-run, self-employed farmers can react to the reduced 
agricultural profits and switch to other sectors to enjoy the higher wages while the losses remain 
with the land owners.

Hertel et al. (2004b), again employing the same methodology, compare the short- and long- 
run impacts for Indonesia and observe that poverty is decreased in both cases but more strongly in 
the long-run. In the short-run, poverty decreases across all household categories but increases for 
agriculture-specialized households because rising unskilled wages reduce profits in agriculture and 
in addition food prices increase. In the long-run, poverty decreases uniformly across all household 
categories since self-employed farmers now can adapt and switch sectors.

Hertel et al. (2007a,b,c), building on Ivanic (2006), employing a similar methodology as in 
their previous studies but using many disaggregated household groups and corresponding poverty 
elasticities, examine the impacts of rich country agricultural and complete full multilateral liber
alization scenarios across 15 developing countries, namely, Bangladesh, Brazil, Chile, Colombia, 
Indonesia, Malawi, Mexico, Mozambique, Peru, Philippines, Thailand, Uganda, Venezuela, Viet
nam, and Zambia. Outcomes for complete multilateral liberalization are mixed in strength and 
direction: poverty decreases in nine countries and increases in six countries. A similar pattern is 
observed when only rich countries liberalize agricultural trade. In the majority of countries, rich 
country agricultural liberalization lifts more farm households out of poverty than other households 
are pushed into poverty by increased food prices. But developing countries experience the greatest 
poverty alleviation when the developing countries themselves also undertake full domestic liberal
ization of agricultural trade. Thus, Hertel et al. (2007c) underline that partial trade reforms, such as 
those expected from the Doha Round, generate smaller poverty responses than full reforms. They 
find full reforms to be nearly twice as poverty friendly as their Doha Round scenario, for two 
reasons. The first is that rich country agricultural trade liberalization in the Doha Round scenario 
emphasizes those elements of policy reform -  export subsidies and, to a lesser extent, domestic 
support -  that are less favorable to poverty reduction. The second is that developing countries are 
given special and differential treatment and thus are expected to conduct relatively limited tariff 
reductions. The evidence in this study shows that this actually is the most poverty-friendly aspect 
of global trade reform.

For Bolivia, Jimenez (2006) applies a sequential CGE-microsimulation model and finds that
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multilateral liberalization causes contraction of the hydrocarbon sector which indirectly reduces 
demand for urban services. Overall, there is a small poverty decrease but the poverty depth in
creases. The industrial and urban informal sectors lose and thus hurt the non-agricultural poor. 
Sole domestic liberalization creates additional demand thereby increasing employment and wages. 
These gains dominate the poverty increasing effect of declining incomes of the poor in the agri
cultural sectors, so that overall poverty decreases while poverty depth increases.

Laens and Perera (2006) utilize a sequential CGE-microsimulation model to compare multi
lateral and domestic trade liberalization under short- and long-run closures for Uruguay. In the 
short-run, the exchange rate and real wages are fixed and capital is sector specific. In the long- 
run, the exchange rate and real wages are flexible and capital is fully mobile. When liberalizing 
domestically, there are small positive GDP impacts but the fixed exchange rate in the short-term 
scenario hampers an otherwise positive export effect so that the remaining GDP impact is negli
gible. Poverty decreases slightly under both closures. Also multilateral liberalization causes very 
small GDP increases despite strongly increasing exports. Still, the poverty headcount decreases 
by 1.2 to 2.0 percentage points depending on the closure. The authors caution that such a policy 
reinforces a structural change toward exports of primary commodities which are quite volatile.

Morley and Diaz-Bonilla (2006), employing a sequential CGE-microsimulation model, find 
the poverty effects in Mexico for both an unilateral 50% domestic liberalization scenario and a 
100% multilateral liberalization are small, first and foremost because tariffs are rather low initially. 
Output increases in all cases mainly as a result of increasing unskilled labor supply rather than 
from reallocation of factors across sectors, attributable to their upward-sloping labor supply curve 
for unskilled labor. Cutting import tariffs by 50% unilaterally results in a small poverty decrease. 
However, the multilateral liberalization scenario leads to a decline in rural poverty but in urban 
areas and overall poverty rises.

In a multilateral liberalization CGE-microaccounting simulation by Nicita (2005) that takes, 
in particular, spatial price transmission from the USA border into Mexico’s regions into account, 
Mexico experiences an overall decrease in per capita income. The income decrease is even more 
strongly pronounced for the poor. This is due to preference erosion: Through membership in the 
NAFTA, Mexico has already liberalized widely with its most important trading partners, partic
ularly the USA. The advantage of these low tariffs is diminished when the USA liberalizes with 
other countries as well. The spatial price transmission across Mexico determines the variance of 
effects across households. The differences are more associated with geographic factors, in this 
case the distance from the US border, than with income sources and consumption bundles. Thus, 
improved spatial price transmission could provide for a more equal distribution of the trade liber
alization gains and possibly lead to poverty reductions.

Porto (2003) utiUzes the price effect results from other studies and econometrically esti
mated wage-price elasticities and finds that foreign liberalization has a stronger positive impact 
on poverty reduction in Argentina than own liberalization. Although the marginal effect of do
mestic liberalization is larger, the scope for additional liberalization is so much greater for foreign 
countries that this is ultimately dominating, causing strong poverty decreases when multilateral
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liberalization is implemented.

Robilliard and Robinson (2005, 2006) observe in their experiments with a sequential CGE- 
microsimulation model that all, domestic, foreign, as well as multilateral liberalization, will be 
poverty alleviating in Indonesia. These effects remain positive even under various wage flexibility 
and labor mobility assumptions. If foregone tariff revenues are replaced by the introduction of 
a direct tax, efficiency gains and positive poverty effects are higher than those in the case of a 
value-added tax.

Employing a sequential CGE-microsimulation model, Sanchez and Sauma (2006) notice a 
small poverty decline for Costa Rica when it liberalizes unilaterally. However, if liberalization 
is multilateral and despite a small increase in GDP, poverty increases slightly as a result of a 
dramatic decline in agricultural incomes. Inequality increases because agricultural incomes and 
employment drop while incomes in the formal sector increase.

de Souza Ferreira Filho and Horridge (2006) report from an analysis by means of a sequen
tial CGE-microsimulation model that even considerable liberalization does not generate dramatic 
changes in poverty and inequality in Brazil. The effects are positive but very small. The scale of 
the Brazilian domestic market makes it less sensitive to trade and tariff shocks. Multilateral liber
alization causes agricultural and food processing sectors to expand and manufacturing to shrink. 
Incomes rise most for the poorest households. Since large shares of the poorest people are still 
working in the agricultural sector it will continue to be important for poverty alleviation. Their 
model does not capture other potentially positive effects like endogenous technology improve
ment and other dynamic effects. They note that these other effects from trade liberalization are 
potentially more important.

Vasi and Carpio (2006) find that multilateral and domestic trade liberalization has a generally 
positive but small effect on poverty in Peru utilizing a sequential CGE-microsimulation model. 
Rural poverty decreases less than urban poverty.

Vos and Leon (2006) perform a sequential CGE-microsimulation for Ecuador and find that 
unilateral and multilateral liberalization result in increasing GDP for both fixed as well as flexible 
exchange rate regimes but still overall poverty increases. Aggregate employment and average 
labor income effects are positive but unequal, benefiting skilled workers in the formal, traded 
goods sectors while harming unskilled workers. Ultimately, inequality and poverty increase.

Tables 2.2, 2.3 and 2.4 crudely compile the poverty results from the sample of studies re
viewed. Each country poverty result is counted as one observation and it is evaluated as de
creasing (increasing) if the poverty headcount changed positively (negatively) for the particular 
liberalization scenario and region.^^ All studies contain national poverty headcount impacts from 
multilateral liberalization but separate results for domestic and foreign liberalization are not al
ways reported. The same applies to differentiated results for rural and urban areas. If several 
studies by the same author deal with the same countries, the results from the latest are taken. The

more differentiated appreciation o f the numbers would be desirable in particular accounting for figures close to 
zero and the baseline o f the poverty headcount. Unfortunately, several studies do not provide numbers for the baseline 
or point changes in the headcount. Furthermore, it is not always clear whether the reported percentages are point 
changes in or percent changes o f  the poverty headcount.
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dynamic CGE study of Bangladesh by Annabi et al. (2006) reports results for two different points 
in time and is included as two observations. More details on the studies’ setup and results can be 
found in Tables 2.5 and 2.6 in the Appendix.

The first question is whether poverty rates have moved in the same direction as national welfare 
as a result of the liberalization experiments. The results are presented in Table 2.2, distinguish
ing between own liberalization, foreign liberalization and multilateral liberalization. There are 
essentially four possibilities: national welfare increases and poverty rates increase or decrease; or 
national welfare decreases and poverty rates increase or decrease.'*® By and large, the change in the 
poverty headcount varies in the expected direction with the change in national welfare. For exam
ple, in the case where multilateral liberalization increases national welfare, the poverty headcount 
decreases in 21 cases and increases in only 1 case, whereas in the case where national welfare falls, 
the poverty headcount index increases in 6 cases and falls in 3 cases. Multilateral liberaUzation 
includes own liberalization by developing countries, so it is of interest to examine the impact of 
foreign liberalization alone. Here, the number of observations is much more limited, and foreign 
liberalization is not necessarily confined to rich country agricultural liberalization. The limited 
number of observations does not allow conclusions to be drawn, but the outcomes tend to be more 
mixed than for multilateral liberalization.'*'

Tables 2.3 and 2.4 present a more disaggregated picture of the results, broken down by region 
of study and source of liberalization. Most of the 34 country observations are concentrated on 
South- and Central America and Asia, while relatively few focus on African countries. Table 2.3 
indicates that multilateral liberalization tends to decrease poverty both in terms of national and 
rural and urban headcount indices. However, all regions exhibit negative alongside positive cases. 
The six observations for Sub-Saharan Africa point toward a tendency for negative poverty impacts 
while the tendency is more on the positive side for Asia and South- and Central America. The 14 
observations from those studies which also simulated a sole domestic liberalization show a picture 
similar to that of multilateral Uberalization with similar consequences also showing a tendency 
toward poverty decreases in most regions but poverty increases in Sub-Saharan Africa. The 7 of 
the 34 studies which also simulated a separate sole foreign liberalization show a less clear picture 
with about equally many reporting an increase as a decrease in poverty.

Table 2.4 summarizes how often a poverty direction in rural areas occurs simultaneously with a 
poverty direction in urban areas, e.g., two studies on Asian countries reported a decrease in poverty 
in rural areas as well as in urban areas upon multilateral liberaUzation. Unfortunately, the small 
number of studies per region does not allow any firm conclusions. Across all regions, it seems 
that rural and urban poverty are more likely to decrease together rather than to move in opposing 
directions. If these tables emphasize anything, it is that there is little scope for generalization and 
that poverty impacts are highly different from country to country.

‘'^Because some studies report zero percent changes in national welfare but nonetheless some small poverty impacts, 
we distinguish these studies separately in Table 2.2.

'"The observations in Table 2.2 do not include the findings of Hertel et al. (2007c) which also report mixed results 
of developed country agricultural trade liberalization on poverty headcount indicators.
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2.6 Conclusions

This survey has explored the literature which attempts to measure the impacts of rich country 
agricultural trade liberalization on poverty in developing countries, in the context of the ongoing 
Doha Round trade negotiations where there is high expectation that a successful outcome would 
make a significant contribution to assisting developing countries to achieve the MDG target of 
halving poverty by 2015. The Doha Round negotiations cover much more than agriculture, and a 
successful outcome will include agreements also to liberalize trade in manufactures and services 
as well as to new rules. Nonetheless, reform of agricultural trade policies has been shown to 
contribute a high proportion of the expected global welfare gains from goods trade liberalization 
(Anderson et al.; 2006). Also, in many developed countries, development NGOs have launched a 
sharp critique of domestic agricultural policies on the grounds that they undermine the efforts of 
donor assistance programs to alleviate poverty. The studies reviewed in this paper throw light on 
this charge.

There is now a huge volume of empirical research on the consequences of further multilateral 
trade liberalization for developing countries. These studies generally show global gains as well 
as gains to developing countries in aggregate from developed country agricultural trade liberaliza
tion, although empirical estimates of the magnitude of these gains have been shrinking over time, 
see, e.g., Ackerman (2005). According to the most recent World Bank research, developed coun
try agricultural pohcies cost developing countries about $17 billion per year -  a cost equivalent to 
about five times the current levels of overseas development assistance to agriculture (World Bank; 
2007). However, there is a high probability that not all developing countries would find themselves 
better off. Countries which either are net importers of the commodities protected in rich countries 
or else are exporters with preferential access to these highly protected markets could find them
selves worse off.^^ However, one lesson from the literature surveyed is that the impact of trade 
liberalization on poverty is not necessary the same as its impact on a country’s overall national in
come; poverty may increase or decrease even as national welfare improves or disimproves. Trade 
reform affects the distribution of income as well as its level.

Beyond this, however, it is extraordinarily hard to generalize about the poverty effects of trade 
policy reforms. As Hertel and Winters (2006a, p. 5) comment, “...research into the poverty impacts 
of trade reform is new, and almost the only consensus it has reached is that countries differ.” The 
conclusion of this paper is that it is also difficult to provide quantitative estimates for the impact of 
developed agricultural trade liberalization on poverty, because relatively few studies address this 
specific issue and report consistent results. We hope that this survey, by highlighting the paucity 
of studies from which reliable inferences can be drawn, may encourage additional empirical work 
to address this issue.

The Heckscher-Ohlin-Samuelson model remains a useful starting point for predicting the ef
fects of trade reform. Factors used intensively in sectors whose output price has risen (declined)

‘’^This statement refers solely to the effects o f  developed country agricultural trade liberalization. It does not imply 
that these countries would be worse off as a result o f comprehensive multilateral trade liberalization, particularly where 
this included greater market access to developing country markets as well.
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will tend to experience real gains (losses). How these changes will affect the real incomes of 
individual households will depend on the precise composition of their income sources, factor en
dowments and consumption bundles. Pure subsistence farmers aside, where the poor are largely 
small-scale agricultural producers, they may be expected to benefit from higher agricultural prices. 
But where the very poor are largely reliant on transfers or on labor markets and thus do not partic
ipate in the gains on the production side, the impact of higher agricultural prices on poverty may 
be ambiguous.

Quantitative measurement of these effects will depend on the methodology used and the as
sumptions made. This paper reviewed both ex post and ex ante modeling approaches. There is a 
large literature on ex post approaches measuring the link between trade openness and poverty, and 
trade liberalization and poverty, at the economy-wide level but the methodology and conclusions 
of these studies have been widely criticized. The methodology does not seem to have been applied 
specifically to agricultural trade liberalization, possibly because it is neither feasible nor realistic 
to be able to identify the links between a specific policy reform and an economy-wide variable 
such as the level of poverty using historical data. For this purpose, an ex ante approach using 
simulation modeling, in which the model acts as a laboratory to allow controlled experiments, 
must be used. Among the ex ante approaches, the technique of choice is currently to use a com
putable general equilibrium model linked to a household survey, either by integrating all survey 
households directly into the CGE model, or by mapping the price and employment changes from 
the CGE trade reform simulation onto the distribution of household incomes and expenditures of 
the household survey where the mapping can involve a complex behavioral microsimulation. In 
principle, the microsimulation analysis could be used with any policy simulation framework capa
ble of producing the required price and employment changes. But as both factor price as well as 
product price changes are required, this inevitably requires a general equilibrium model for policy 
simulation purposes. Macro-micro models differ in the extent to which they allow household be
havior to respond to these price changes, and to the extent to which the effects of these household 
responses are fed back into the CGE model.

The use of CGE models is a powerful tool and ensures both a theoretically grounded under
standing of the behavior of agents as well as ensuring that the model solution observes the relevant 
balance constraints. However, the precise results obtained from these models are dependent on the 
modeling structure and structural assumptions used. Poverty estimates are very sensitive to the 
way factor markets are modeled and whether they allow perfect, imperfect or no mobility of fac
tors between sectors. Short- and long-run estimates of poverty impacts may differ because of 
short-run factor immobility (as well as possible inclusion of long-run capital accumulation and 
productivity effects). They are also influenced by the assumptions made with respect to other 
labor market features such as underemployment, dual labor markets or the elasticity of labor sup
ply. A number of studies have underlined the importance of the price transmission assumption in 
determining the results obtained. The way in which changes in tariff revenue are either replaced 
or used, and whether transfers to poor households are affected, will also influence the results. 
Other aspects of these closure rules, such as whether the trade balance is allowed to move out of
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equiUbrium or not, will also have an important impact.
Apart from these fundamental decisions about how to model the way the economy works, gen

erating poverty estimates requires more mundane decisions. The household datasets will usually 
not be consistent with the macroeconomic dataset behind the CGE model, and the way in which 
data reconciliation takes place may well influence the measured poverty outcome. Decisions must 
also be taken by the modeler on how to match categories between the two datasets, e.g., which 
individual occupations are defined as "unskilled" and to which the price change for unskilled labor 
has to be applied. Simulation results will also be dependent on the parameter values chosen, in 
particular elasticities, and in many instances econometrically derived elasticities will not be avail
able. These generic issues in CGE modeling are well known to its practitioners, but help to explain 
why quantitative estimates of the poverty impacts of the same trade reform remain contentious.

In summery, ex post empirical work has not brought about strong enough evidence for any 
general relationships between trade liberalization and poverty alleviation, especially not detailed 
enough to separate out the effects of agricultural hberalization alone. For now, one has to rely on 
ex ante simulation approaches but such results need careful, critical appreciation of what exactly is 
modeled. Simulated adjustment pressures need to be contrasted with other impact factors outside 
the scope of the model.
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Table 2.1: Countries occurrences in the survey

Country Mo. of observa- 
tion.s

Studies
Argentina 1 Porto (2003)
Bangladesh 2 Annabi et al. (2006); Hertel et al. (2007a,b)
Bolivia 1 Jimenez (2006)
Brazil 5 Bussolo et al. (2006); Cameiro and Arbache (2006); 

Hertel et al. (2003b, 2007a,b); de Souza Fer
reira Filho and Horridge (2005)

Cameroon 1 Emini et al. (2005)
Chile 3 Hertel et al. (2003b,a, 2007a,b)
Colombia 1 Hertel et al. (2007a,b)
Costa Rica 1 Sanchez and Sauma (2006)
Ecuador 1 Vos and Leon (2006)
Indonesia 3 Hertel et al. (2004a, 2007a,b); Robilliard and Robin

son (2006)
Malawi 2 Hertel et al. (2003a, 2007a,b)
Mexico 3 Hertel et al. (2007a,b); Morley and Diaz-Bonilla 

(2006); Nicita (2005)
Mozambique 2 Arndt (2005); Hertel et al. (2007a,b)
Peru 2 Hertel et al. (2007a,b); Vasi and Carpio (2006)
Philippines 2 Cororaton et al. (2005); Hertel et al. (2007a,b)
Thailand I Hertel et al. (2007a,b)
Tunisia 1 Chemingui and Thabet (2007)
Uganda 1 Hertel et al. (2007a,b)
Uruguay 1 Laens and Perera (2006)
Venezuela 1 Hertel et al. (2007a,b)
Vietnam 2 Hertel et al. (2(X)3a, 2007a,b)
Zambia 1 Hertel et al. (2007a,b)

Source: Own presentation.



Table 2.2: Cross-tabulation of national welfare and poverty changes, by source of liberalization, in the surveyed studies

Source of liberal
ization =4>

Poverty headcount 
Multilateral Domestic Foreign

Decrease Increase Decrease Increase Decrease Increase
National welfare 
measure

Increase
Zero
Decrease

21

0
1

2
1
4

2
0
2

1
0
1

2
0
0

N ote, studies excluded: N icita (2005): w elfare effect derived from m icrosim ulation not CGE; A nderson (2(X)5): aggregates and also  national poverty elasticity  im ply a direct 
relationship o f  w elfare and poverty; Arndt (2005): on ly  ow n liberalization usable since other poverty effects are reported im precisely  and may be positive or negative. Short- and 
long-run scenarios reported in the sam e study have been counted as separate observations. Source: O wn presentation.

Table 2.3: Frequency of decreasing and increasing poverty headcount results by region, area, and liberalization scenario found in the studies surveyed

Poverty headcount

Source o f liberal- Asia North Africa South and Central Sub-Saharan All
ization America Africa

Decrease Increase Decrease Increase Decrease Increase Decrease Increase Decrease Increase
Multilateral
Rural 2 2 1 0 4 0 0 1 7 3
Urban 3 1 0 1 3 1 0 1 6 4
National 7 2 1 0 12 6 2 4 22 12
Domestic
Rural 2 2 1 0 3 0 0 1 6 3
Urban 3 1 0 1 3 0 0 1 6 3
National 2 2 1 0 6 1 0 2 9 5
Foreign
Rural 2 2 0 0 0 0 1 0 3 2
Urban 1 3 0 0 0 0 1 0 2 3
National 2 2 0 0 1 0 1 I 4 3

Source: O wn presentation.
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Table 2.4: Simultaneous occurrence of decreasing or increasing rural and urban poverty impacts in the surveyed studies

Source o f liberal
ization
A Urban poverty Decrease

Asia

Increase

North Africa

Decrease Increase

South and Central 
America

Decrease Increase

Sub-Saharan
Africa

Decrease Increase Decrease

All

Increase

Multilateral
Decrease 2 0 0 1 3 1 0 0 5 2

U
V Increase 1 1 0 0 0 0 0 1 1 2
©
a
"3

Domestic
Decrease 2 0 0 1 3 0 0 0 5 1

u
3 Increase 1 1 0 0 0 0 0 1 1 2

Oi
< Foreign

Decrease I 1 0 0 0 0 1 0 2 1
Increase 0 2 0 0 0 0 0 0 0 2

Source: Own presentation.
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2.7 Appendix

Table 2.5: Experimental setup o f  the discussed multilateral trade liberalization studies

S tu d y Y ear S e tu p C om p. E x p o rt
d em an d

N otes

A nderson et al. 2001 GTAP6 Linkage + regional poverty Generic Linkage Is a global recursive dynam ic C G E m odel.
(2005) elasticities Regional poverty elasticities (betw een .9 and 3.0 for $1/day 

poverty line) are applied to the change in mean wage of 
unskilled labor and deflated by food and clothing CPI.

Annabi et al. 2000 SAM . GTAP + rec.dyn. nat.CGE + YTAX Curve M icroaccounting projects consum ption growth onto HHS
(2006) 2000 HHS mic.acc. and prices on CPI.
Arndt (2005) 2003 HHS GTAP + nat.CGE + micsim DTAX Curve No detailed povert effects given, largest effect is +0.3, in 

all o ther scenarios even sm aller
Bussolo et al. 1997 SAM, global C G E + dyn. nat.CGE + YTAX Curve M odel includes rural-urban m igration, skill upgrading, and
(2006) 2001 HHS? seq.M S growth.
C am eiro and 1996 SAM , GTAP + CGE + seq.M S None Exogenous
Arbache (2006) 1996 HHS
Chem ingul and 1995 SAM , MIRAGE/GTAP + CGE + VAT Exogenous Separate scenarios for EU -agricultural and
Thabet (2007) 1996 HHS int.M S EU -m anufacturing liberalization.
Cororaton et al. 1994, recal. to GTAP + nat.CGE + mic.acc. ITAX Curve
(2005) 2001
Emini et al. (2005) 2001 GTAP + nat.CGE + int.MS PTAX Curve
Hertel et al. 1997 GTAP, GTAP + mic.acc. CTAX Generic M icroaccounting projects incom e growth onto HHS.
(2003b) 1998 HHS Utility based dem and system  (AID ADS) uses that incom e 

as a budget constraint.
Hertel et al. 1997 GTAP GTAP + mic.acc. CTAX Generic M icroaccounting projects incom e growth onto HHS.
(2003a) Utility ba.sed dem and system  (AID ADS) uses that Income 

as a budget constraint.
Hertel et al. 1997 GTAP GTAP + mic.acc. CTAX Generic M icroaccounting projects incom e growth onto HHS.
(2004b) Utility based dem and sy.stem (AID ADS) u.ses that income 

as a budget constraint.
Hertel et al. 2001 GTAP GTAP + disagg. pov CTAX Generic Households categorized according incom e source
(2007a.b) elasticities + AIDADS specialization; poverty elasticity com puted for each

categories vigntile around the poverty line; factor incom e 
changes deflated by poverty line utility dem and w hich is 
obtained from an AIDADS dem and system.



Study Year Setup Comp. E xport
dem and

Notes

Jimenez (2006) 1996 SAM,
1997 HHS

GTAP + CGE + seq.MS None Exogenous

Laens and Perera 
(2006)

1995 SAM, 
1995 HHS

GTAP + nat.CGE + seq.MS None Curve Long-run closure: nominal exchange rate and wages 
flexible, capital mobile; short-run closure: exchange rate 
and real wages fixed, capital sector specific.

Morley and
Diaz-Bonilla
(2006)

1996 SAM, 
2001 HHS

GTAP + nat.CGE + seq.MS None Curve Supply of agricultural unskilled labor fixed but upward 
sloping labor supply curve for unskilled non-agricultural 
labor.

Nicita (2005) 2000 GTAP + mic.acc. "intemal
taxation"

Generic

Porto (2003) 1999 NA NA Uses external studies for price changes and econometric 
wage-price elasticities.

Robilliard and 
Robinson (2005)

1995 SAM,
1996 HHS, 
updated to 
2002

GTAP + seq.MS + nat.CGE DTAX Exogenous

Sanchez and 
Sauma (2006)

1997 SAM GTAP + CGE + seq.MS None Exogenous

de Souza 
Ferreira Filho and 
Horridge (2005)

1996 SAM, 
2001 HHS

GTAP + seq.MS + nat.CGE STAX Curve

Vasi and Carpio 
(2006)

1994 SAM, 
1994 HHS

GTAP + nat.CGE + seq.MS None Exogenous

Vos and Leon 
(2006)

1993 SAM, 
1995 HHS

GTAP + CGE + seq.MS None Exogenous

Some details on the setup o f the multilateral trade liberalization studies discussed above. Abbreviations in column Year; GTAP = trade analysis database described 
in Dimaranan (2006), HHS = household survey. Column Setup: GTAP = global CGE model described in Heitel (1997), dyn. = dynam ic, rec. = recursive, mic.acc. 
= m icroaccounting, nat. = national, seq. = sequential, int. = integrated. Column Comp, describes the means used for com pensating forgone governmental revenue; 
YTAX = income tax, VAT = value-added tax, ITAX = indirect tax, DTAX = direct tax, STAX = proportional tax on each households’ spending, PTAX = production 
tax levied equally on locally sold production and imports, CTAX = adapting consumption tax which keeps the ratio o f tax receipts relative to net national income 
constant. Column Export Demand describes how export dem and is modeled: Generic = export demand is generically endogenous in global CGE models. Curve 
= export dem and is given by a downward-sloping dem and curve. Exogenous = the country faces infinite demand at fixed prices (small country assumption), NA = 
not applicable. Source: Own presentation.
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Table 2.6: Some details on the discussed multilateral trade liberalization studies.

H eadcount level in % Liberalization Pt. change Pt. change: +/-headcount
Study C ountry Year R ural U rban Nation Mul. Dom. For. W elfare Gini R ural U rban Nation
Anderson et al. All DCs 2015 *0 1.2 -5.13
(2005)

SSA 2015 *0 l.l -6.22
South Asia 2015 *0 0.4 -2.59
Middle East 2015 *0 1.2 -20
and North
Africa
LAC 2015 *0 1 -4.9
ECA 2015 *0 0.7 -11.76
East Asia 2015 *0 -52.17
w/o China
China 2015 *0 0.2 -6.13
East Asia 2015 *0 0.7 -11.83
and the
Pacific

* Annabi et al. Bangladesh 2000 51.5 39.1 49 *0
(2006)

*0
*0

2005 46.3 35.5 44.1 *0 -0.55 0.57 0.08 0.47
*0 -0.39 0.43 0.02 0.34

*0 -0.16 0.1 0.04 0.09
2020 22.4 19 21.7 *0 0.82 -1.02 -0.85 -0.99

*0 0.89 -1.08 -0.89 -1.04
*0 -0.07 0.07 0.11 0.08

Arndt (2005) Mozambique 2003 54.1 *0 -0.14 <-i-/-0.30
*0 -0.65 0.3

*0 0.51 <-t-/-0.30
Bussolo et al. Brazil 2001 44.4 19.6 23.6
(2006)

2015 32.3 15.6 18 *0 -0.08 -0.99 -0.49 -0.5
* Carneiro and Brazil 1996 33.41 *0 -0.2 -0.46
Arbache (2006)



study
Headcount level in % Liberalization Pt. change Pt. change: +/-headcount

Country Year Rural Urban Nation Mul. Dom. For. Welfare Gini Rural Urban Nation
ON

*0.5 -0.2 -0.42
Chemingui and Tunisia 1996 15.8 3.2 8.1 *0 -1.6 -2.3 -1.7 0.3 -0.5
Thabet (2007)

*0

*0 EU 
*0 EU

-1.9
-1.7
-1.5

-0.2
-0.8
0.7

-1.5
-1.5
-7.9

0.3
0.3
0.5

-0.4
-0.4
-2.7

Cororaton et al. Philippines 1994 53.2 28 *0 0.2 -0.46 -0.02
(2005)

*0
*0

0.58
-0.29

-0.49
0.1

0.21
-0.16

Emini et al. (2005) Cameroon 2001 52.17 17.97 40.22 *0
*0

*0

0
0.06

-0.05

0.55
0.9

-0.38

0.37
1.68

-1.38

0.93
0.62

-0.11

0.56
1.3

-0.94
Hertel et al. Brazil 1998 5.1 *0 -0.03
(2003b)

Chile 1998 4.2 *0 -0.07
* Hertel et al. Chile 1998 4 *0 0.09 -0.13
(2003a)

Malawi

Vietnam

1998

1998

65

37

*0
*0
*0
♦0
*0

0.18
2.19
1.73

12.03
10.02

0.01
-1.55
-0.68
-2.48
-4.29

Hertel et al. Indonesia 1997 15 *0 -0.3
(2004b)

*0 -1.2
* Hertel et al. Bangladesh *0 -0.65 0.29
(2007a,b)

Brazil
Chile
Colombia
Indonesia
Malawi
Mexico
Mozambique
Peru *

*
*

*
*

*
*

*
o

o
o

o
o

o
o

o 0.67
0.32

-0.54
0.51
3.83
-0.2
1.19
0.6

-1.42
-4.99

0.1
-1.45
-1.84

1.35
-0.69

-0.8
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H eadcount level in % Liberalization Pt. change Pt. change: +/-headcount
study C ountry Year R ural U rban Nation Mul. Dom. For. W elfare Gini R ural U rban Nation

Philippines *0 0.49 -0.76
Thailand *0 2.08 -8.87
Uganda *0 -0.32 0.07
Venezuela *0 -0.26 0.85
Vietnam *0 5.73 -5.85
Zambia *0 0.28 0.09

Jimenez (2006) Bolivia 1997
62.47

*0
*0.5

1
0.2

-1.15
-0.54

-0.23
-1.49

Laens and Perera Uruguay 1995 22.8 *0 0.3 -0.13 _2
(2006)

*0
*0.5
*0.5

0.8
-0.2
1.8

-0.08
-0.04
-0.08

-1.2
-0.4
-0.7

Morley and Mexico 1996 84.92 52.71 61.52 *0 -0.07 -0.14 0.19 0.06
Diaz-Bonilla
(2006)

*0.5 -0.02 -0.14 -0.27 -0.22
Nicita (2005) Mexico 2000 58.5 13.7 24.2 *0 -1 >0 >0 >0
Porto (2003) Argentina 1999 25.7 *0

*0
*0
*0

*0
*0

-1.7
-4.6
-0.6
-1.7
-1.4
-2.9

Robilliard and Indonesia 2002 21.2 14.5 18.3 *0 0.7 -0.09 -3.6 -3.4 -3.5
Robinson (2005)

*0
*0

0
0.7

0.05
-0.05

-0.3
-2.7

-2.2
-0.8

-2
-0.1

* Sanchez and Costa Rica 1997 22 *0 (-1-0.6%) 0.89
Sauma (2006)

*0.5 (-1-0.13%) -0.26
de Souza Brazil 2001 30.8 *0 0.61 -0.3 -0.78
Ferreira Filho and
Horridge (2005)
Vasi and Carpio Peru 1994 61.04 40.97 48.2 *0 1.77 0.45 -0.57 -1.12 -0.94
(2006)



Study Country Year
Headcount level in % 

Rural Urban Nation
Liberalization 

Mul. Dom. For.
Pt. change 

Welfare Gini
Pt. change: +/-headcount 

Rural Urban Nation
* Vos and Leon Ecuador 1995 31.90 *0 2.40 0.16 0.30
(2006)

*0.5 1.60 0.05 0.30

M ore detailed results taken from  the multilateral trade liberalization studies discussed earlier. Mul., Dom., and For. abbreviate multilateral, domestic, and foreign 
liberalization scenarios, respectively. SR and LR mark short-run and long-run closures respectively. LB and UB mark sim ulations based on lower bound and upper 
bound macro-m odel outcom es respectively. The numbers in the Liberalization scenario columns are multipliers for the base tariff rate. * mark studies which found 
opposite GDP and poverty effects. Source; Own presentation.
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CHAPTER 3

Poverty Impacts of an Economic Partnership Agreement between
Uganda and the EU

3.1 Introduction

The EU provided non-reciprocal trade preferences to the African, Caribbean and Pacific (ACP) 
signatories to the Lome Convention (since 2000, the Cotonou Agreement) since 1975. Under these 
preferences, ACP countries were given duty-free access to the EU market for the great majority of 
their manufactured exports and exports of agricultural products not covered by the EU’s Common 
Agricultural Policy (CAP), and enjoyed preferential treatment for exports of agricultural products 
covered by a CAP market regime (Bj0mskov and Krivonos; 2001).

In the Cotonou Agreement, the EU and the ACP countries agreed that these non-reciprocal 
trade preferences would be replaced by WTO-compatible free trade agreements, so-called Eco
nomic Partnership Agreements (EPAs), by the end of 2007 (Art. 36(1)). Until that date, the trade 
regime in Annex 5 of the Cotonou Agreement, which essentially continued the previous Lome 
Convention preferences for ACP imports into the EU, was kept in place. The agreement also rec
ognized that the new trading arrangements should be introduced gradually and with a necessary 
preparatory period (Art. 36(2)).

It was agreed that formal negotiations on the new trading arrangements should start in Septem
ber 2002 and that the new trading arrangements should enter into force by 1 January 2008. For the 
negotiating process, the ACP states split into six self-determined regional groups, with the inten
tion that EPAs would consist of separate free trade areas (FTAs) between the EU and each of these 
groups. * By the 1 January 2008 deadline, the Caribbean was the only region that had initialed a 
full EPA with the EU. However, in order to establish a new WTO-compatible trade regime from 
1 January 2008, most African non-least developed countries (non-LDCs) (except Nigeria, Repub-

'The six negotiating groups were the Caribbean, Central Africa, Eastern and Southern Africa, the Pacific Island 
States, the South African Development Community and West Africa.
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lie of Congo, Gabon and South Africa) as well as two Pacific non-LDCs have negotiated interim 
agreements with the EU. In total, 35 of the 46 ACP countries had initialed either a full or an interim 
agreement by the end of 2007 (ECDPM; 2008; Commission; 2007). In East and Southern Africa 
(ESA), the East African Community members (Burundi, Kenya, Rwanda, Tanzania, and Uganda) 
decided to form a separate EPA region and have initialed an interim agreement. The remaining 
ESA countries opted for a framework agreement with a common text but separate market access 
schedules.

The negotiations proved difficult, with the ACP countries raising a range of fears about the 
possible adverse effects of EPAs on their economies (Oxfam; 2006). These fears included the 
welfare-reducing effects of possible trade diversion from more efficient third country suppliers to 
EU exporters, the possibility that more competitive EU imports would undermine local industry 
and lead to a process of de-industrialization, the potential impact of the loss of tariff revenue on EU 
imports for the provision of government services and, in general, the risk that these agreements 
would exacerbate rather than reduce overall poverty levels. Recent literature has used a variety 
of modeling approaches to examine these concerns, without any overall consensus emerging (see 
ODI (2006) and the references cited therein). It is striking that virtually all of this literature 
focuses on national-level effects, and we are not aware of any previous study which has attempted 
to evaluate directly the poverty and household level effects of EPAs.

This paper addresses this issue taking Uganda as a case study. It analyzes the poverty impact of 
the trade provisions of a potential EPA between the EU and the East African Community (EAC) 
of which Uganda is a member. In order to reach a WTO-compliant agreement, the EU and the 
EAC have agreed to establish a free trade area. According to GATT Art. XXIV, this requires 
that "substantially all the trade" between the constituent territories is liberalized. The European 
Commission interprets this phrase to mean that 90% of the bilateral trade value has to be liberaUzed 
where the liberalization can occur asymmetrically.^ As under the interim EPA signed in December 
2007 the EU will abolish 100% of its tariffs on EAC imports (with transitional periods for rice and 
sugar), the EAC has to liberalize 82.1% of its imports.^ The EAC’s tariffs on EU imports are 
scheduled to phase out gradually in three tranches starting in 2010 and completing in 2033 where 
the first non-zero tariffs will be eliminated in 2015. The ultimate list of sensitive tariff lines, which 
will be exempt from liberalization at the conclusion of the transition period, is not yet known. 
Stevens et al. (2008), in analyzing the interim EPA, find that 593 tariff lines (Harmonized System) 
where Uganda had actual imports -  corresponding to 42.9% of Ugandan import value from the EU 
-  are not listed in the interim EPA, either for liberalization or exemption. Hence, the agreement is 
rather preliminary at this stage.

In the absence of an elaborated EAC tariff liberalization schedule, we have constructed three 
alternative scenarios for such possible schedules, reflecting different priorities for the Ugandan 
negotiators. In each scenario sufficient tariff lines are exempt from liberalization to account for

^Another interpretation appearing in the literature is that liberalization of 90% of the tariff lines and that no major 
trade sectors should be excluded from liberalization, is necessary to comply with the GATT rules. Yet others argue a 
liberalization of less than 90% of the bilateral trade value is sufficient in the case of developing countries (Fontagne et 
al.; 2008, p. 30).

^Calculated using the 2006 trade and tariff data described later.
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17.9% of initial EU imports. We use the 2006 revenue from each tariff line as a reflection of 
the sensitivity the government has attached to the product in the past. The EPA-EAC scenario 
optimizes the list of sensitive products with respect to overall EAC interests, the EPA-UGA sce
nario gives higher weight to Uganda’s interests, and finally the EPA-AG scenario prioritizes the 
protection of Uganda’s agricultural sectors.

Uganda as an LDC has enjoyed duty-free access to the EU under the EU’s Everything But 
Arms (EBA) scheme since 2001.'* We thus simplify the analysis of measuring the poverty impacts 
of the trade provisions by examining solely the requirement that Uganda as an EAC member 
reduces over time its tariffs on EU imports.^ We implement a combined computable general 
equilibrium (CGE) - microsimulation model which enables the quantification of the adjustment 
impacts on the economy following ERA liberalization and the impacts on overall poverty. The 
Uganda CGE model is a static, non-monetary model based on a 1999 Uganda social accounting 
matrix (SAM). The SAM has been updated to better match the factor income shares as observed 
in the household survey. A pre-experiment adjusts the SAM to the 2006 import tariffs taking 
account of Uganda’s implementation of the EAC custom union’s common external tariff (CET) 
and internal tariff elimination. The CGE model provides the post-simulation factor returns and 
commodity prices for the microsimulation that follows in a second step. The microsimulation 
projects these figures on to a detailed household income distribution derived from the 2002/2003 
Uganda National Household Survey generating a counterfactual income distribution for poverty 
analysis.

While recognizing the limitations of the model used in this paper, we conclude that the intro
duction of the trade provisions of an EPA between Uganda and the EU would have a very small 
poverty effect which may be positive or not depending on the list of sensitive products exempt 
from liberalization. The small magnitude of the impacts is driven, in part, by the relatively low 
share of the EU in current Ugandan imports and the relatively low average tariff which these 
imports currently face. Much of the effect would be due to a relative shift of resources out of 
import-competing sectors and into coffee production. But despite the possibility of reducing the 
poverty headcount, the very poorest would lose income in all of our EPA scenarios.

Section 2 of the paper describes the combined CGE-microsimulation model used for the anal
ysis. Section 3 uses the two data sets assembled for the paper, the social accounting matrix behind 
the CGE model and the household data set behind the microsimulation model, to provide a quali
tative analysis of the potential poverty impact of trade liberalization with the EU. The quantitative 
results from the formal modeling are set out in Section 4, while Section 5 draws conclusions and 
makes suggestions for further improvements in the modeling framework.

‘'Transition periods to full duty-free access are in place for rice (1 September 2009) and sugar (1 October 2009). 
^We recognize that rules of origin can be an important determinant of the effectiveness of trade preferences and 

that more generous rules of origin in an EPA as compared to the EBA could provide an additional stimulus to Ugandan 
exports to the EU. This potential gain to Uganda from an EPA is not measured in the analysis in this paper.
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3.2 The Combined CGE-Microsimulation Model

As discussed in Section 3.3 below, very limited direct impacts of the trade policy reforms on the 
sectors important to the Ugandan poor are expected. Moreover, the poor have only weak links to 
the main traded sectors and formal markets in general. The larger part of the effect on poverty 
will occur indirectly through changes in unskilled labor wages and prices. In addition, tariff re
form causes a loss in government revenue which needs to be replaced by other tax instruments. 
Capturing all of these effects calls for a general equilibrium model that accounts for the reverbera
tion of initial tariff changes through all economic sectors and quantifies the various counteracting 
effects. Therefore, computable general equilibrium modeUng is the method of choice. But draw
ing conclusions on poverty effects also requires detailed information about income distribution 
effects which are not readily provided by standard CGE models. For this reason, the CGE model 
is combined with a microsimulation model which enables simulation of the consequences of the 
CGE-simulated outcomes on the income distribution.

The particular approach chosen here is to combine CGE model with a microsimulation model 
through a sequential link. Since the link is top-down from the CGE model to the microsimulation, 
the CGE model dictates the macroeconomic framework figures for the microsimulation. This 
section describes the CGE and microsimulation parts of the model and the data used.

3.2.1 The CGE Model

D ata The CGE model utilizes a 1999 Uganda SAM which is based on and slightly updates the 
1999 Uganda SAM constructed by Dorosh and El-Said (2004). The SAM comprises 26 commod
ity, 25 activity, 4 factor of production including both skilled and unskilled labor, 1 household as 
well as government and rest of the world accounts. In contrast to the SAM by Dorosh and El-Said 
(2004), we have aggregated all domestic zones into a single zone and the four household types into 
a single household. In the original SAM, skilled labor is used exclusively by the manufacturing, 
petroleum and chemicals, utilities, and private and public services sectors. Because this differs 
strongly from the labor skill payments by industry observed in the Uganda National Household 
Survey (UNHS) that we use for the microsimulation, we have adjusted the respective skill shares 
in total payments to labor within each activity in the SAM to match the corresponding payments 
to skill shares in the survey.

The mapping between SAM and UNHS industries is detailed in the Appendix, Table 3.21. All 
crop growing sectors including other agriculture have been pooled and assigned the same skilled 
to unskilled labor payment shares because the UNHS contains no information about the particular 
crop grown.^ As in the original SAM, land is agriculture-specific and capital is specific to non- 
agricultural sectors. The SAM takes account of household autoconsumption which is reflected 
as payments from the household directly to the activities instead of to the commodity accounts. 
Finally, the 1999 SAM has been inflated using a GDP deflator^ to be compatible with the numbers

®Workers with ISIC code 13 (Growing of crops combined with farming of animals (mixed farming)) have been 
omitted from this process to get a clearer picture of the skill shares in crop growing in contrast to livestock farming.

’ Source; World Bank. Series Name "GDP deflator (base year varies by country)", World Development Indicators
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of the household survey base year 2002/2003.^’̂

In 2005, Uganda as a member of the EAC implemented the EAC’s CET for imports from third 
c o u n tr ie s .T h u s , starting from the 1999 Uganda SAM, we run a pre-experiment to simulate the 
changes in the Ugandan economy arising from the implementation of the EAC customs union 
and the common tariff structure using the 2006 EAC import tariffs and abolishing all tariffs on 
imports from EAC members.'*’'^ The tariffs used are most favored nation (MEN) applied tariffs or 
preferential tariffs, whichever are lower, as of 2006 and aggregated to SAM industries using trade 
weighting.*^ The import tariffs for the pre-experiment are shown in Table 3.16. Additionally, 
we substitute an ad valorem sales tax on the Petrol and Chemicals sector to avoid the drop of 
import tariffs in this formerly heavily protected sector becoming the dominating effect in the pre
experiment. Uganda introduced a high excise duty on gasoUne, diesel, and illuminating kerosene 
in 2005.'"* For details of the tariff aggregation and petrol tax derivation see Appendix 3.6.3.

Model The CGE model adopts the IFPRI Standard Computable General Equilibrium Model in 
GAMS (Lofgren et al.; 2002). The model is a static, non-monetary, single-country model. All 
representative agents optimize -  rationally and fully informed -  their individual benefits resulting 
in a market-cleared, no-profit equilibrium.'^

Producers (activities) maximize profits subject to the available production technology and in
put prices. The final commodity outputs are produced by combining quantities of value-added and 
aggregate intermediate outputs according to a constant elasticity of substitution (CES) function. 
Value-added, in turn, combines primary factors according to a CES function. On the other side 
of the technology tree, intermediate inputs are commodities combined according to a Leontief 
function. In the Uganda model used here, each activity produces exactly one commodity and each 
commodity is produced by exactly one activity with the exception of the fertilizer sector, which 
exhibits no domestic production. Profit maximization behavior of producers is ensured by the 
first-order optimality condition requiring that each factor’s marginal productivity is equal to its 
remuneration, i.e., wage or rent. As long as a factor is fully mobile, its wage is the same across all 
sectors.

The representative institutions of the model are a household, the government, and the rest of 
the world. Because the Uganda SAM does not include enterprise accounts, there is no enterprise 
institution in the model. The household receives its income from the factors of production and

(WDI) Online, retrieved on 20 February 2008.
*A11 cells o f the SAM have been multiplied by to inflate the SAM from 1999/2000 to 2002/2003, with

^  r i 9 9 9  +  r 2 0 0 0
F: GDP deflator.

^The economic structure reflected in the 1999 SAM is shown in Tables 3.2 and 3.4.
' “Roughly, the CET applies a three band import tariff structure with 0% on raw materials, 10% on intermediate 

products, and 25% on finished products complemented with a list of sensitive products for which the tariffs are higher 
than 25%.

"Kenyan imports to Tanzania and Uganda will be liberalized 2010.
'^For details on the pre-experiment see Appendix 3.6.4.
'^UNCTAD Trains database. United Nations Conference on Trade and Development, Geneva, Switzerland. Ac

cessed online via WITS, World Bank on 30 June 2008. The tariff rate selected is the "effectively applied rate".
'''Excise Tariff (Amendment) Act, 2005, Uganda.
'^The model description follows Lofgren et al. (2002), Section 3.
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from transfers from the government and the rest of the world. It consumes commodities according 
to linear expenditure system (LES) demand functions. Consumption of own produce happens 
at producer prices. The government receives income from collecting income, commodity, and 
import taxes as well as from transfers from the rest of the world. The government consumes 
a fixed quantity of private and public services, and investments. Additionally, it transfers CPI- 
indexed amounts to households. Finally, the rest of the world institution receives payments from 
imports to Uganda and spends for exports from Uganda, transfers to Ugandan households, and 
investments. Foreign savings is defined as the difference between rest of the world incomes and 
spending.

The mechanics of the commodity markets are modeled as follows. Commodity output is allo
cated to domestic sales and exports assuming imperfect transformability using a constant elastic
ity of transformation (CET) function designating output shares exclusively to domestic or export 
sales. The production designated for domestic sales and the corresponding imported variety of 
a commodity are perceived by consumers as imperfect substitutes. The model employs a CES 
aggregation function to combine domestic products and their imported substitutes according to 
consumer preferences into one final composite commodity. This so-called Armington function 
prevents unrealistic total shifts towards either imports or domestic production following a relative 
price change. Following from the small country assumption, international supplies and demands 
are infinitely elastic at given world prices. The price domestic suppliers of exports receive is 
equal to the world price in domestic currency minus transaction costs to the border. The domes
tic supply prices are given by producer prices plus domestic transaction costs. Domestic demand 
is composed of household and government consumption, investment, intermediate inputs, and 
transaction inputs. Only demand for fertilizers is fully passed on to imports since those are not 
produced domestically. Demands and supplies on the various markets are required to equilibrate 
through adjustment of prices.

For a comprehensive description and mathematical formulation of the model see Lofgren et 
al. (2002).

Parameters and model closures The CET and Armington elasticities are taken from the doc
umentation of the Uganda SAM, see Dorosh and El-Said (2004). Additionally, we have set the 
Armington elasticities for the commodity accounts CCOFF, CCROP, and CCOFP from previously 
zero to 3, 3, and 1.5 respectively.'^ The elasticities of factor substitution have been adopted from 
the GTAP project (see Dimaranan et al. (2006), Table 20.2). For the LES function, the Frisch pa
rameter of -5.85 for Sub-Saharan Africa was taken from the documentation of the GTAP database 
version 3 documentation (Dimaranan et al.; 1998) and all expenditure elasticities were assumed to 
equal unity.

Government expenditure and savings are fixed and the government account balance is estab
lished through replacement of tariff revenue loss by multiplying all sales tax rates by the same 
factor.’’ Foreign savings are assumed to be fixed so that the exchange rate adjusts to balance the

'^For full details refer to Table 3.19.
' ’We haven chosen to fix the government consumption level because welfare losses caused through reduced gov-
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current account. The marginal propensity to save of the household is assumed to adjust according 
to the changes of the domestic value of the rest of the world savings and price changes of invest
ments to accommodate the fixed investment real cost.'® On all factor markets we assume factors 
to be fully mobile. To close the labor market equations, we assume fixed employment levels and 
market-clearing wages. The CPI is fixed and serves as the numeraire for the model.

3.2.2 The Microsimulation Model

D ata The microsimulation is based on the Uganda National Household Survey 2002/2003'^ 
(UNHS). The UNHS consists of socio-economic, labor force, informal enterprise, and community 
questionnaire modules. The representative sample includes 9,711 households corresponding to 
52,088 individuals. The sample coverage of the population is stated to be 97%. The labor force 
section covers 23,098 individuals. Overall, the sample inflated using sample weights represents a 
population of 25,276,868 individuals. The sample data has been cleaned and adjusted and values 
have been imputed where necessary to get a usable and complete dataset.^® All values are scaled 
to annual level.

Classification o f household and individual characteristics. We define the labor force as con
sisting of all individuals aged at least 15 and at most 65. Educational attainment is classified into 
"low", "primary", "secondary", and "tertiary" education according to the answers to the question 
for "highest level attained" in the UNHS "household members’ education" section: Individuals 
with less than completed primary level (P7) are labeled "low"; those with completed primary 
but less than completed middle or secondary level (J3, S4, S5, S6, or "completed post primary 
specialized training or certificate") are labeled "primary"; all with at least middle but less than 
"specialized training or diploma" or "completed degree or above" are labeled "secondary"; and 
all in the latter categories are labeled "tertiary". Invalid or missing values are all assigned to the 
"low" category. Workers are labeled "skilled" or "unskilled" according to their occupation stated 
in the labor force survey section. The occupation coding in the UNHS follows the International 
Standard Classification of Occupations (ISCO) of 1988. Following Liu et al. (1998), all individ
uals with occupations under the major ISCO headings one to three, namely "Legislators, senior 
officials, managers and administrators", "Professionals", and "Associate professionals" are consid
ered "skilled" and all others "unskilled". Households are classified as "agricultural" either if they 
answered "agriculture" on the question for the "most important source of earnings" in the "welfare 
indicators" section of the UNHS or if the occupation of the household head (or if unavailable, 
the occupation of the spouse or the person with next lowest person identification number in the 
household) is under the ISCO heading "agricultural and fishery workers", and the household is 
classified "non-agricultural" otherwise. Individuals are classified as "agricultural" according to 
the affiliation to the industry sectors "agriculture, hunting, and forestry" or "fishing" as stated in

emment spending cannot be accounted for in the model.
'^Allowing foreign savings or investments to change would result in changes to future welfare which cannot be 

acounted for in a static CGE model. The chosen closure serves to keep welfare changes within the model.
'^Uganda Bureau of Statistics, Entebbe, Uganda, 2003.
^°For description of handling of missing values, in particular for occupation and industry, see Appendix 3.6.1.
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the labor force section of the UNHS and as "non-agricultural" otherwise. The classifications for 
urban or rural and regions are adopted unaltered from the UNHS dataset.

Income sources. Unfortunately, the 2002/2003 UNHS contains no income survey section. It 
only collects data on some parts of household incomes, namely individual wages, household’s 
free^* and autoconsumption figures, as part of the expenditure survey, and a single figure for 
total income from crop farming enterprises in the welfare indicator section. Additional income 
information is collected within the informal sector survey covering household-based enterprises in 
both rural and urban areas. But only rural non-household-based enterprises are surveyed omitting 
those in urban areas.^^ Furthermore, the information collected does not allow to clearly infer 
the income from regular business activity, mainly due to the short recall period of 30 days. The 
numbers are likely dominated by seasonality, bulk purchases, etc. For this reason and because 
these datasets seem to be particularly affected by inconsistencies, we do not make use of the 
informal sector section.

Since impacts on poverty are expected to originate predominantly from changes on the income 
side, we have estimated the missing income sources using the information available. Our starting 
point for each household is the total annual expenditure figure and the observed income elements 
consisting of wages, free and auto-consumption, and income from crop farming enterprises. This 
observed income serves as a lower bound for the actual income. If it exceeds total expenditure 
then the difference is designated as household saving.^^ On the other side, we do not allow for dis
saving. This assumption potentially exaggerates household incomes but we believe that dissaving 
does not play an important role for the poorer households.

Subsequently, total expenditure plus household saving is assumed to equal household’s total 
income. This amount needs to be allocated to income sources. The income parts unambiguously 
attributable to their respective sources are only wage incomes, as part of labor income, and free 
consumption, as part of transfer incomes. Now, the residual of expenditure plus savings minus 
currently allocated income has to be allocated to labor, capital, land, and transfer incomes. This is 
done sequentially loosely inspired by an approach described in Ivanic (2004).

Labor incomes are determined by wage regressions. We impute a wage for each non-wage 
earning, working person, i.e., not unemployed and not inactive for at least 1 month, estimated 
according to personal characteristics, in particular age, marital status, gender, urban or rural domi
cile, educational attainment, skill level, and industry ca tegory .^"*I f  the residual income is al
ready zero, all imputed wages are set to zero. If the sum of household’s imputed wages is larger 
than the residual, then the imputed wages are shrunk proportionally to fit the residual keeping

^'Xhese are consumption items provided to the household as free transfers from other households or possibly from 
government or aid organizations.

^^See UBoS (2002, p. 35).
^^If total household saving reported in the SAM is higher than the amount already allocated to households then 

this difference is distributed according to household’s share in total household assets so that each household gets the 
maximum of its share or the observed saving. This is determined in such a way that the SAM saving figure is accurately 
distributed. But the observed saving in the UNHS was already higher than the saving in the SAM.

'̂‘iTie dependent variable is the log of the wage. Note that the dependent variable reflects both the hourly wage rale 
as well as how much time the individual devotes to work either due to own choice or to involuntary underemployment. 
It is also adjusted to annual values taking the number of months employed into account.

^^For full details on the wage regression see Appendix 3.6.2.
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observed wages untouched. No further adjustment is necessary when the sum of imputed wages 
is less than the residual.

Next, we impute returns to land for households which still exhibit an income residual. The 
total amount of returns to land is taken from the SAM and distributed to households proportionally 
to their share in "agricultural land owned" taken from the UNHS Household and Enterprise Assets 
section.^^ Again, imputed land income cannot exceed the household’s remaining residual. Hence, 
total returns to land are allocated to households in an iterative procedure subject to this constraint.

If the value of autoconsumption income is not covered by the incomes imputed by this point 
then the uncovered part is assigned to other unskilled labor, which is labor by unspecified house
hold members.

Finally, the remaining residual is assigned completely to income from transfers if the house
hold states that its "most important source of earnings" in the UNHS welfare indicators section is 
transfers or to income from capital otherwise.

Table 3.1 compares the structures of the imputed income sources in the estimated household 
micro-database (HHS) and the SAM. The column HHS (SAM) shows the share of each income 
source in the total household income from the HHS (SAM). The structures are quite similar. 
Putting each source’s total nominal income from the HHS and the SAM in relation to each other, 
column HHS/SAM shows that capital and land are overestimated in the HHS, labor is underesti
mated, and land incomes equal those of the SAM (by construction). In the case of transfer incomes 
the SAM only includes remittances from the rest of the world to households and government trans
fers to urban non-poor households but leaves out household to household transfers completely. In 
contrast, the HHS takes only in-kind household to household transfers into account and imputes 
some residuals of unknown origin. The actual figure of transfer incomes should equal the sum of 
both amounts plus cash transfers from households to households, which might play an important 
role for households where the household head has left the household because of work reasons. But 
since no transfers apart from government transfers are modeled this will have no important impact 
on the results. Overall, nominal income, expenditure and saving totals in the HHS are somewhat 
higher than in the SAM (see column HHS/SAM) but the income source shares in total income in 
the HHS (column HHS) deviate from those in the SAM (column SAM) by a maximum of less 
than 5 percentage points.

The resulting distribution of income across sources by decile is shown in Figure 3.1. This 
imputation approach does not allow for dissaving. Extraordinarily large expenditure items might 
indicate dissaving but instead lead to large capital, or sometimes transfer, income imputations 
since those items absorb the final residual from income minus expenditure minus saving. Qual
itatively, we expect that some household incomes are overestimated because expenditures partly 
represented dissaving. Other household incomes are underestimated due to incompleteness of in
come categories surveyed in the questionnaire leading to unreported extra saving. Nevertheless, 
the consequences for poverty analysis are likely small because poor households in particular have 
insufficient assets for substantial dissaving and cannot spend much in excess of their income and

^^Sample weights are used for all imputations.
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Table 3.1: Shares of income sources and dispositions in total income

HHS SAM HHS/SAM
Labor 45.53 49.82 96.56
Capital 24.40 21.93 117.59
Land 19.81 20.93 100.00
Transfers 9.58 7.32 138.22
Total 100.00 100.00 105.66
Expenditure 91.97 91.71 105.96
Saving 8.03 8.29 102.32

The columns HHS and SAM show the shares o f each income source in total income for the adjusted household 
data and the SAM, respectively. Column HHS/SAM relates the nominal income of each source in the HHS to that 
one of the SAM. Source: Own computation.

usually cannot save systematically either.

Figure 3.1: Income allocated to imputed income sources by per capita household income decile in per 
cent
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Source: Own computation from the imputed household incomes.

Model The microsimulation model is a non-behavioral microaccounting model which simulates 
the first-order effects of changes in commodity prices and factor returns given by the CGE model
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on household incomes based on the representative household sample collected in the UNHS. No 
reactions to price changes are assumed on the household side thus the simulation reflects explicitly 
the short-term implications on the income distribution.

After simulation household income for household h is defined as follows:

Y h  =  dwL^^ d P c Q h ,c  +

obs,sk c^C

1 -  Th

CPIh

with

Ylmp,h =  (1 -

^ i m p , h  ~  “t" ' ^ h  ^   ̂ “f" ^ o l a b ,h  E  W i

L L  • L.

Yimp^h = drK h + dqTh + dwL^„ | ^ Wi + Yoiab,h J  +  ^ Wi

where Y : income, K : capital, T: land, L: laborers (unskilled or skilled; imputed or observed), 
r, q: capital or land returns, Wi'. wage of individual i, I: household’s workers, Yotf- other transfer 
income, C: consumption items, pc'. price of item c, Qc'. household’s free consumption of item c, 
CPI:  household-specific consumption price index, r : income tax rate, 7: share of autoconsump
tion in imputed incomes, Ygiab'- other imputed labor income, d denotes the ratio of the respective 
variable’s values before and after the simulation. The latter is taken from the CGE simulation 
results. CPIh  is the sum of the household’s expenditure items weighted by their respective af
ter simulation prices divided by the sum of the household expenditure before the simulation hence 
corresponding to a Laspeyres price index. Also for the CPIh  computation only the marketed items 
are scaled by the simulated growth rates leaving auto- and free consumption items unweighted.

The simulation considers the heterogeneity of households’ income source compositions by ac
counting for their respective factor endowments and specific individual wages by skill levels. In 
order to account for changes on the expenditure side, nominal household income is divided by the 
household-specific CPI to yield real income. This implies that all wages of the same skill level 
change proportionally and that households do not react to the changes in their economic situation 
thus leaving their income source composition unchanged and not substituting consumption items. 
The neglect of any adaptive behavior represents a worst-case scenario for the household but is not 
far-fetched as a short-run scenario for the poorest people since they usually also lack resources 
and options to react quickly and comprehensively to economic changes, particularly on the in
come side.^^ Note, there is an inherent conceptual problem with the factor income-based imputed 
household income since there is no guarantee that the simulated "shadow" income changes for 
subsistence farmers correspond to the changes of the prices of their produce. This income repre-

^^Taking advantage o f  new opportunities might require for instance training, new seeds or machinery but necessary 
credit is often unavailable for the poorest.
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sents an opportunity cost than rather a realized income and those incomes can diverge from each 

other. To circumvent this problem we separate out the autoconsumption income from the imputed 

incomes and do not scale this part thus leaving subsistence income unaffected by price and factor 

return changes.

Poverty measure For measuring poverty, we employ an absolute poverty line and the measures 

Pa introduced by Foster, Greer and Thorbecke (1984). Setting the parameter a  in the following 

formula to 0, 1, or 2 computes the poverty headcount, gap, or severity index, respectively.

with N : population size, z\ poverty line, yi\ income of individual i, and

The poverty headcount index Pq measures the percentage of people falling below the poverty line. 
The poverty gap P i measures the extent by which poor people undercut the poverty line as a 

percentage o f the poverty line on average. The poverty severity index P 2 squares that shortfall 
percentage of each person before averaging and thus gives more weight to more severely affected 

people.

We use a national as well as rural and urban poverty lines which have been recovered from 

the adjusted household survey data in order to reproduce the poverty headcounts reported in the 

UNHS Report on the Socio-Economic Survey (UBoS; 2003, Table 6.3.2 (a)). In particular, we find 

poverty lines of 192,707 UGS and 218,516 UGS for the 41.7% of rural and 12.2% of urban poverty 

headcounts, respectively. The UBoS poverty lines are based on the cost o f basic needs approach, 

which accounts for the cost o f meeting physical calorie needs and allowing for vital non-food 

expenditure, as for instance clothing and cooking fuels, valued using the average consumption 

basket o f the poorest 50% of the population.^* The rural and urban poverty lines account for the 

differences in prices and consumption baskets for the respective subpopulations. As the income 

measure we use per capita income.

3.3 Qualitative Analysis of the Poverty Impact Potential

In order to approach the question about the impact of signing an EPA with the EU, we first establish 

intuitively how trade liberalization is linked to poor Ugandans following the chain of cause and 

effect. We then look at the data on trade relations between Uganda and the EU as well as at the 

UNHS to obtain an impression of the magnitude of the trade shock and its impact potential for the 

Ugandan economy and the poor population.

McCulloch et al. (2001) identify three main channels via which trade liberalization reform 

might translate into poverty impacts: the consumption, the enterprise, and the government chan-

^*See UBoS (2003, Appendix H(A), 2).

1 ii  Ui <  z  and 

0 otherwise.
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nel. Import tariff liberalization reforms initially affect the prices of the imported commodities and 
their substitutes on the domestic market. As consumers, individuals are affected by changes in 
their consumption goods’ prices which change the purchasing power of their incomes (the con
sumption channel). As producers, their profits directly depend on prices for inputs and outputs, or, 
as workers, price changes affect enterprise profits and thus factor demand which materializes in 
employment and wage changes (the enterprise channel). As citizens, people are affected by way 
of tariff revenue loss-induced changes in government policies regarding direct transfers, taxes, 
and provision of public goods and social services (the government channel). Of course, these are 
only the immediate, static, monetary impacts on peoples’ livelihood. More indirectly and dynam
ically, trade liberalization, for instance, increases incentives for investment and innovation and 
thus economic growth as well as altering the vulnerability of an economy and households to neg
ative external shocks, e.g., by encouraging specialization in a small number of goods.^^ In the 
following, we look only at the impact potential of the three static channels.

While the reduction of import tariffs by foreign countries tends to raise domestic prices for the 
particular exported goods through resulting higher demand from abroad, the reduction of Uganda’s 
own import tariffs tends to reduce associated domestic prices through the availability of cheaper 
imported substitutes. The magnitude of the direct price effect of the import liberalization depends 
on the volume of trade, the size of existing import trade barriers, and the size of the tariff cuts. In 
an extended view, it also depends on how much the specific tariff lines are decreased relative to 
each other and on the general equilibrium effects working through the entire economy. How these 
effects translate into real income effects for each individual depends initially on their personal 
composition of expenditure items and income sources.

Table 3.2: Composition of Uganda’s GDP in 1999

Total % of GDP
+ Priv. Cons. 8779.2 88.3
-1- Investments 1709.0 17.2
-h Gov. Cons. 1122.3 11.3
+  Exports 1164.3 11.7
— Imports 2837.9 28.6
=  GDP 9937.0 100.0

The table reflects the structure of 1999. GDP is measured at market prices. Totals are in billion Ugandan Shillings 
of 2003. Source: Own computations from the Uganda SAM.

Trade and aggregate impacts What is the magnitude of Uganda’s current trade relations? Table 
3.2 shows the composition of gross domestic product (GDP) at market prices computed from the 
adjusted SAM for Uganda.^® Imports amount to 29% of Uganda’s GDP while exports only to 
about 12% of GDP showing strong import dependence.

’̂These two channels are discussed in Bannister and Thugge (2001) and Winters (2002).
^°Here and in the remainder o f this paper, all values are given in Ugandan Shillings (UGS) of the year 2003.
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Through which import sectors will the EPA affect the economy? As illustrated in Table 3.3 
(column EU Imp.%) based on 2006 import value and tariff data, the EU’s share in world imports 
to Uganda amounts to 18.86%. 96% of EU imports are concentrated in manufacturing, petroleum 
and chemicals, and other agriculture. Imports of manufacturing are by far the predominant imports 
from the EU accounting for 13% of total global imports to Uganda. While the EU import share is 
high for some agricultural products, import volumes are insignificant. The overall trade-weighted 
import tariff for the EU is currently as low as 5.5%. Within these three main import sectors, there is 
a moderately high tariff of 6% on manufacturing but only a 2% tariff on petroleum and chemicals, 
and the tariff on other agriculture is negligible. Thus, assuming imperfect substitutability between 
imported and domestic goods, only in the manufacturing sector do we expect substantial initial 
impacts of the EPA in the form of a drop in prices.

Table 3.3: Importance of the EU as a source of imports for Uganda, 2006

Value % of global Imp. EU Imp.% Tar.EU
Coffee 2.25 0.00 0.00 -

Other Cash Crops 65.53 0.00 0.00 24.88
Maize 8,061.04 0.17 0.04 50.00
Sorghum/Millet 26,207.10 0.56 0.09 25.00
Horticulture 15,716.51 0.34 0.08 25.00
Other agriculture 214,533.01 4.59 1.19 0.07
Livestock 815.78 0.02 0.01 12.54
Forestry 1,342.15 0.03 0.00 0.22
Fishing 92.83 0.00 0.00 12.25
Meat and dairy processing 8,296.36 0.18 0.02 46.92
Coffee processing 1,725.91 0.04 0.00 14.05
Grain milling 37,828.07 0.81 0.05 12.62
Other beverages 43,023.90 0.92 0.24 15.00
Textiles and leather 212,933.26 4.55 0.11 20.13
Manufacturing 2,500,611.61 53.49 13.24 6.22
Fertilizers 22,582.42 0.48 0.05 0.00
Petroleum and chemicals 1,572,418.83 33.63 3.72 1.95
Utilities 8,187.31 0.18 0.00 —

Private services 535.24 0.01 0.00 11.78
Total or wtd. mean 4,674,979.09 100.00 18.86 5.48

Column Value: value of Uganda’s imports from the world for each sector in million UGS of 2006. Column % of 
global Imp.: distribution of Uganda’s imports from the world across sectors. Column EU Imp.%: EU ’s sectoral 
imports divided by total global imports to Uganda. Column Tar.EU: trade-weighted average tariff the EU imports 
face in each sector. Source: Own computation from UNCTAD Trains data for 2006.

What are the expected effects on domestic industry? Table 3.4 shows the structure of domes
tic industry and trade based on the 1999 Uganda SAM. Uganda’s production activity is strongly 
concentrated in the agricultural sector, generating 46% of Uganda’s value added, followed by the 
services (35%) and industrial (19%) sectors. The manufacturing and petroleum and chemicals 
sectors account for only 5% and 1% of output, respectively. 75% of domestic demand for man-
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ufactures is satisfied through imports while at the same time manufacturing accounts for 23% of 
Uganda’s exports. This hints at complementarities rather than competition between imports and 
domestic production of manufacturing goods. The petroleum and chemicals sector is small and 
domestic demand is largely satisfied by imports.

Table 3.4: The structure of Uganda’s domestic industry and trade, 1999

%OUT %VA %EX EX/OUT %IM %IMTARREV IMTAR IM/D
Coffee 2.56 3.06 - - 0.00 0.00 6.60 0.00
Other Cash Crops 1.28 1.30 - - 0.00 0.00 6.60 0.02
Maize 1.94 2.86 0.87 3.02 - - - -

Sorghum/Millet 2.36 3.48 - - - - - -

Cassava 1.81 2.67 - - - - - -

Sweet Potatoes 1.73 2.55 - - - -

Matooke 4.35 6.41 - - - -

Horticulture 4.68 6.89 1.21 1 72 - - - -

Other agriculture 3.75 5.52 2.09 4.12 0.84 0.31 6.58 6.52
Livestock 5.03 7.34 - - 0.13 0.05 6.60 0.54
Forestry 1.35 1.51 - - 0.02 0.01 6.60 0.36
Fishing 1.73 2.20 4.11 15.87 0.01 0.01 6.60 0.22
Meat and dairy pro
cessing

0.93 0.42 — — 2.24 0.82 6.58 33.99

Coffee processing 3.13 0.33 41.92 98.43 0.00 0.00 6.60 1.89
Grain milling 0.59 0.26 - - 0.67 0.25 6.60 18.76
Other beverages 8.38 4.73 8.36 6.86 1.85 0.68 6.58 4.24
Textiles and leather 0.94 0.59 0.46 3.33 9.22 3.39 6.58 67.92
Manufacturing 4.75 3.22 15.75 23.36 48.39 38.48 14.24 74.90
Fertilizers - - - - 1.37 0.52 6.84 100.00
Petroleum and chem
icals

1.00 0.44 — — 20.07 49.94 44.54 84.20

Utilities 1.05 1.31 1.81 14.46 0.18 0.07 6.60 4.04
Construction 10.52 8.00 - - 0.17 0.06 6.61 0.34
Commerce 10.60 12.24 - - 0.69 0.25 6.58 1.36
Transport 7.56 4.95 8.31 9.16 6.73 2.46 6.54 17.18
Private services 12.32 13.94 15.12 10.23 7.41 2.71 6.55 12.60
Public services 5.66 3.79 - - - - - -

Total or wtd.avg. 100.00 100.00 100.00 8.34 100.00 100.00 17.90 15.70

The table reflects the structure as implicit in the SAM. Exports, imports and import tariff revenue are given in 
percent o f their respective totals, import tariff rates in percent, dom estic output and value added in percent o f 
their resf>ective totals. Value added is composed o f activity payments to factors plus payments o f  households to 
activities, i.e. home consumption. Exports/Output redefines exports as exports minus export transaction costs. 
Imports/Domestic Demand is defined at market cost. Source: Own computation from the 1999 Uganda SAM.

On the export side, by far the most important commodity is processed coffee with 42% of total 
exports, followed by manufacturing and private services. The agricultural and food processing 
sectors in total comprise 59% of total exports. 98% of processed coffee output is exported. This 
indicates a strong dependency on coffee exports and the agriculture and food processing sector in 
general.

Looking at the entirety of Uganda’s imports, these are dominated by manufacturing commodi
ties accounting for 48% of total imports, followed by petroleum and chemicals 20%, and textiles
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and leather 9%.^' Agricultural commodities play a minor role within imports while manufacturing 
accounts for the vast majority followed by services. The very low import significance and an av
erage import tariff rate^^ of 6.6% indicate that liberalization of agricultural trade has only a small 
impact potential for the economy.^^ In contrast, imports in the industrial sectors are relatively 
important and tariff rates average 20%.^^ In these sectors, hberalization is expected to impact 
domestic prices relatively strongly. Here, own tariff liberalization impacts on domestic prices are 
expected to be significant. The same applies to a lesser degree to the services sector which has an 
average tariff of 6.5%.

Revenue from import tariffs accounts for a large share, 31.5%, of total government revenue 
and thus is a very important income source for the govemment.^^ Manufacturing and petroleum 
and chemicals imports provide the bulk of import tariff revenue. The loss of tariff revenue requires 
the government to introduce compensatory measures like, for instance, reduction of governmen
tal transfers or public services or raising tax rates. Such measures might have direct effects on 
individual welfare. Unfortunately, the UNHS includes no data about income from government 
transfers or other welfare enhancing provisions by the government and thus we cannot evaluate 
the impacts of shocks working through the government channel.

The preceding discussion touches qualitatively on the potential impacts of trade liberalization 
reforms on Uganda’s economy but leaves open the question how this will impact on poverty. In 
order to explore this question, we need to assess the impact on individuals’ real incomes and 
therefore turn to the UNHS 2002/2003.

Enterprise channel Looking at the imputed income sources (Figure 3.1), most income for the 
poorest deciles comes from unskilled labor (65% for the poorest decile) and some from transfers 
and land returns. With increasing per capita income, unskilled labor and transfer incomes decrease 
constantly in weight while skilled labor and capital returns increase constantly in weight in total 
income so that the latter two become the main income sources for the richest deciles. Reliance 
on land returns is largest amongst the middle per capita income deciles. But although the poorer 
deciles draw most of their incomes from the returns to unskilled labor it does not mean that mainly 
the poor benefit from higher returns to unskilled labor. Figure 3.2 describes the distribution of 
factor rewards across the population in the fashion of Lorenz curves. The lower half of the income 
distribution gets only about 30% of the returns to unskilled labor. Land returns benefit poor people 
to an even smaller extent. But returns to capital and skilled labor are the most unequally distributed 
since the richest 10 to 20% reap 85 to 90% of the total returns. Figure 3.3 shows the average share

^'Differences in sectoral shares in imfwrts between the SAM and Table 3.3 may be due to both real structural change 
in the import pattern between 1999 to 2006 as well as to differences in the mapping used to aggregate trade items to 
SAM sectors during aggregation.

^^These are trade-weighted tariff averages.
^^Note that missing tariff values are due to zero imports but this in turn can also be the consequence of prohibitively 

high tariff rates.
‘̂*These are the tariff rates prior to Uganda’s adoption of the EAC CET in 2005. Before running our scenarios we 

conduct a pre-experiment to implement the 2006 tariff structure in the SAM.
^^Govemment income, as imphcit in the SAM, is composed of 15.4% income taxes, 31.5% import tariffs, 18.9% 

commodity taxes, and 34.2% transfers from abroad.



Chapter 3 65

of each observed income source in the total household income for each per capita income decile. 
While wages, accounting for 6%, are negUgible as a source of income for the poorest population 
decile its share increases disproportionately over the deciles accounting for 76% of the income 
of the richest decile.^® The share of free consumption -  consisting, e.g., of transfers from other 
households, the government, or abroad -  is rather constant around 21% with a peak in the lowest 
and low point in the highest decile. Crop farming provides a roughly constant share of about 17% 
in income for the poorest eight deciles and then drops for the richest two. Autoconsumption, i.e., 
subsistence farming and the consumption of own produce or of withdrawal of household enterprise 
stock, amounts to a fairly constant share of about 50% for the first 6 deciles and then drops with 
an increasing rate accounting for only 8% of incomes of the richest decile. There is a strong 
shift in the importance of income sources from autoconsumption (or subsistence farming) to wage 
incomes in moving from the poorest to the richest deciles. The poorest decile draws 79% of their 
income from auto- and free consumption. The richest decile earns 76% of its income from wage 
employment alone.

Consequently, in the lower income deciles we expect little direct effect on income from wage 
level changes as most of their income derives from free and autoconsumption. On the other side, 
there might well occur a strong indirect effect from the restructuring of the economy as rising 
wages draw more people into wage employment. Since subsistence farming is independent of 
market prices, it will not experience any direct price effects. But there will be direct price effects 
on incomes from crop farming and transfers of free goods.

Figure 3.4 shows the distribution of the population across income deciles by their affinity to 
rural areas and agriculture. 86% of the population live in rural and only 14% in urban areas. 64% 
are directly connected to agriculture and another 26%, the rural non-agricultural population, are 
likely to have a strong indirect dependency on the agricultural sector. But the distribution changes 
drastically with increasing per capita income. While virtually all people of the lowest decile hve 
in rural areas (98%) and 88% are directly associated with agriculture, the latter decreases over 
the deciles to only 28% in the richest decile. Similarly, the share of people living in urban areas 
increases from 2% in the poorest to 50% in the richest decile.^^ Furthermore, the importance of 
agrarian occupations dechnes rather strongly with rising income to only 28% for the richest decile.

This highlights the dependency of the poorer households in particular but also of the Ugan
dan economy in general on the agricultural sector. Therefore, trade liberalization impacts on the 
agricultural sector are likely to affect largely and especially the poorer population.

Figure 3.5 explores the usual employment status of the workforce by per capita income decile. 
60% of the entire workforce are engaged in subsistence farming. The share of subsistence farmers 
in each decile is rapidly decreasing from 83% in the poorest to 18% in the richest decile. The 
share of people in subsistence farming shifts strongly towards self- (from 9% to 38%) and paid 
employment (from 4% to 33%) with increasing income. Unemployment is on a relatively low

^^This and following discussions refrain from judging the direction o f  causality o f the observed relationships. 
^^These differences might appear less extreme if  more detailed regional cost o f  living differences were taken into 

account.
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Figure 3.2: Lorenz curve and factor ownership distribution
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The Lorenz curves show for each factor or income source the share of the poorest population that gets the share
of the total rewards. Source: Own computation from the imputed household incomes.

level of 3% on average with an increasing trend towards the richer deciles.^® Likewise, the share 
of the inactive population, i.e., individuals unemployed and not actively searching for work, is 2% 
on average and exhibits a shghtly increasing trend towards richer deciles.^^

The high shares of subsistence farmers and self-employed workers and the low share of paid 
workers in the poorer deciles point out once more that wage level changes will have little di
rect impact on poverty. However, trade Uberahzation might increase the demand for wage work 
and thereby increase wages and draw additional workers into wage work. The theory of dual 
economies explains that this does not necessarily lead to any output loss in the subsistence or self- 
employment sectors as there might exist a considerable level of underemployment in the informal 
sector.'*® If so, increased work effort of the remaining workers can at least partly make up for the

^^Subsistence farming and self-employment include unpaid family workers. In rural household enterprises family 
members are likely to be "underemployed" rather than unemployed.

^^The inactive workforce includes in particular students and individuals, especially women, engaged in domestic 
duties.

'*°See, for instance. Ranis (2004).
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Figure 3.3: Sources of observed income as shares of total income by per capita income decile in per 
cent

Decile <  UGS Wages Free Cons. Crop Farm. Autocons.
1 108,590 6.08 31.73 14.76 47.42
2 142,162 6.27 24.67 15.52 53.54
3 172,339 9.39 21.99 19.28 49.34
4 204,359 8.17 21.12 18.24 52.47
5 241,461 11.05 21.01 17.43 50.52
6 289,959 13.47 20.19 16.91 49.43
7 352,148 17.17 21.26 15.40 46.17
8 469,673 27.14 17.86 16.21 38.79
9 735,029 38.56 17.80 13.03 30.61
10 105,531,556 75.91 9.98 6.38 7.72

1 00%

2 4 6 8 10
Income Decile

Source; Own computation from the UNHS.
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Figure 3.4: Households by their affinity to rural areas and agriculture across per capita income deciles 
in per cent

Decile Rural agr. Rural n.agr. Urban agr. Urban n.agr.
1 86.65 11.10 1.62 0.62
2 80.45 16.59 1.38 1.58
3 77.84 17.75 1.83 2.57
4 72.21 23.00 1.29 3.50
5 67.32 27.06 2.50 3.13
6 62.07 28.86 2.73 6.34
7 57.06 33.28 2.37 7.29
8 46.15 35.65 5.07 13.14
9 34.32 34.78 6.78 24.11
10 22.00 28.23 6.12 43.65
All 60.61 25.64 3.17 10.59

Incom e Decile

Affinity to agriculture is classified by the usual industry of occupation of the household head. Source; Own 
computation from the UNHS.
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Figure 3.5: Workforce shares by employment status and per capita household income decile in per 
cent

Decile Subs.farm. Self-empl. Paid-empl. UnempI. Inactive
1 83.17 8.93 3.82 0.31 3.78
2 80.86 11.82 4.99 0.65 1.69
3 79.19 11.47 6.31 0.91 2.12
4 76.26 15.08 6.56 1.20 0.90
5 73.94 16.72 6.45 1.01 1.88
6 66.93 20.35 9.11 1.86 1.74
7 61.74 23.25 10.73 1.90 2.38
8 55.20 25.29 14.86 2.69 1.96
9 37.37 32.83 23.54 4.33 1.94
10 17.80 38.42 32.52 8.29 2.97
All 60.18 21.75 13.24 2.67 2.16

2 4 6 8 10
Incom e Decile

Source: Own computation from the UNHS.
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withdrawn manpower. Thus, if the additional wage income for the household comes without loss 
of income from subsistence farming such a shift might mean a dramatic income improvement for 
the household. However, we do not explicitly model this possibility in this paper.

Table 3.5 decomposes the active workforce by their classifications into top level International 
Standard Industrial Classification (ISIC) codes, ordered by share in total active workforce.'^^ With 
66%, the largest part of the workforce is absorbed by the agricultural sector (A). Another 11% 
work in the wholesale trade and repair services sector (G), but only 6% in manufacturing. The 
remaining 17% are spread in shares of less than 3% and most can be attributed to the services 
sector.

Table 3.5: Division of the active workforce by ISIC categories for industry of occupation

ISIC % Description
A 65.52 Agriculture, hunting and forestry
G 11.33 Wholesale and retail trade; repair of motor vehicles, 

motorcycles and personal and household goods
D 5.82 Manufacturing
M 2.82 Education
Z 2.78 Unknown
H 2.37 Hotels and restaurants
I 1.96 Transport, storage and communications
O 1.81 Other community, social and personal service activities
F 1.29 Construction
L 0.92 Public administration and defence; compulsory social 

security
N 0.85 Health and social work
B 0.85 Fishing
P 0.84 Activities of private households as employers and un

differentiated production activities of private house
holds

K 0.41 Real estate, renting and business activities
C 0.26 Mining and quarrying
E 0.07 Electricity, gas and water supply
Q 0.05 Extraterritorial organizations and bodies
J 0.05 Financial intermediation

Source: Own computation from the UNHS data.

This again emphasizes the predominance of the agricultural sector for the Ugandan economy 
and establishes the private services sector as the second largest sector in terms of workforce shares 
employed. Manufacturing is of lesser importance. Moreover, the manufacturing sector in Uganda 
also largely consists of processing of agricultural goods.

Consumption channel Having looked at the income sources we now turn to the expenditure 
side which determines the real purchasing power of the income for each household. Table 3.6

‘"iSIC revision 3.1, accessed online from the United Nations Statistics Devision at h t t p : /  / u n s t a t s  . u n . o r g /  
u n s d / c r / r e g i s t r y / r e g c s t . a sp ?C l= 17  on 10 September 2007.
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lists household expenditure shares of each income decile in terms of the commodity groups of the 
SAM. Household expenditure shares spent on most of the staple food items like cassava, sorghum, 
maize, and sweet potatoes show a monotonous decreasing trend with increasing per capita income. 
This trend applies also to horticulture and milling. For other food items like meat, fish, and 
matooke the trend is upwards towards the richer deciles first but then drops off for the richest 
deciles. A continuous and increasing upward trend is observable for expenditures for services. 
The expenditure share for services is increasing substantially with per capita income. Richer 
households also spend more on the "Others" category, which in particular comprises transfers and 
gifts.

Table 3.6: Expenditure shares by commodity group and per capita household income decile in per
cent

1 2 3 4 5 6 7 8 9 10
Maize 1.0 0.6 0.6 0.7 0.5 0.6 0.5 0.5 0.4 0.1
Sorghum/Millet 4.2 2.7 2.4 1.8 1.6 1.6 1.3 1.0 0.7 0.3
Cassava 9.9 9.2 9.3 6.9 6.7 5.4 4.0 3.2 2.4 0.7
Sweet Potatoes 6.2 6.4 5.8 6.5 6.3 5.0 4.0 3.4 2.3 1.0
Matooke 2.4 5.3 5.2 5.9 6.4 7.6 7.4 7.3 5.8 3.2
Horticulture 17.8 16.0 15.0 14.0 12.2 11.1 10.0 9.2 7.6 4.3
Other agriculture 0.2 0.3 0.6 0.7 0.8 0.7 1.1 1.2 1.2 0.8
Livestock 0.0 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.4
Forestry 6.8 6.6 6.1 5.4 4.7 4.9 4.7 4.4 3.4 1.7
Fishing 2.6 2.4 2.9 2.8 2.7 2.9 2.4 2.6 1.8 1.3
Meat and dairy processing 3.8 5.7 5.6 7.5 7.5 7.0 9.4 8.5 8.4 5.8
Coffee processing 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Grain milling 3.6 3.1 3.0 3.2 3.1 3.2 2.8 2.5 2.2 0.8
Other beverages 2.9 2.7 2.6 2.5 2.7 2.6 2.6 2.7 3.1 2.8
Textiles and leather 4.8 4.7 5.0 5.4 5.7 5.3 6.2 5.6 5.9 5.5
Manufacturing 11.4 11.5 12.1 12.4 12.7 13.1 13.6 13.6 13.712.9
Petroleum and chemicals 2.0 2.3 2.0 2.1 2.3 2.6 2.6 2.5 3.4 5.8
Utilities 7.8 7.1 7.2 6.4 6.3 6.0 5.6 4.8 4.6 3.7
Construction 0.2 0.3 0.2 0.2 0.2 0.3 0.6 0.6 1.1 3.3
Transport 0.7 1.5 1.4 2.1 2.0 2.8 2.9 3.4 4.3 3.4
Private services 4.3 4.2 5.8 6.2 7.4 8.8 9.7 13.0 16.624.8
Income Tax 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.1 1.5
Other Expenditures 7.4 7.4 7.1 7.1 7.8 8.3 8.4 9.5 10.7 16.0

Source: Own computation from the UNHS data.

Figure 3.6 shows a more aggregated picture of these regularities. In line with Engel’s Law, the 
share of food in household expenditure shrinks with increasing per capita income.^^ Thus, when 
looking at the development of prices and purchasing power after trade liberalization, especially 
agricultural and processed food commodity prices have a larger impact on the poorer deciles while 
the richer ones are relatively more affected by the prices of manufacturing goods and services.

The above discussion of data explored how trade liberalization might affect the Ugandan econ- 

‘*^See for example Deaton (1997, p. 25).
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Figure 3.6: Expenditure shares by commodity group and per capita household income decile in per 
cent

• ------------------------------------------------------------------------------------r  100 %

Incom e Decile

Nf.manuf. denotes non-food manufacturing commodities. Source: Own computation from the UNHS.

omy and the likely impacts on different sectors of the economy. The descriptive analysis illustrated 
that the EU’s exports to Uganda currently face only low tariffs and that Uganda’s tariff ehmination 
will have a significant impact only in the non-food manufacturing and petroleum and chemicals 
sectors because in the other sectors either imports are insignificant, the EU’s share in imports is 
low or the Ugandan tariff is very low. Furthermore, it looked at how differently the per capita 
income deciles might be affected by price and structural changes brought about by trade liberal
ization. The impact on the poorer deciles will be strongly related to the development in food prices 
in both their capacities as consumers and as producers and the development of the agricultural sec
tor in general, although any impact will be dampened by the large share of subsistence farmers 
among the poor. It is clear that there is a multitude of offsetting effects making it impossible to 
make even a prediction on the direction of impact on the poor population. This requires the use 
of quantitative methods, which can evaluate the sizes of the various -  sometimes counteracting -  
effects as discussed in the following section.
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3.4 Quantitative Analysis

3.4.1 Pre-Experiment

Since the Uganda SAM used is from 1999, we conduct a pre-experiment to simulate the impacts 
of Uganda’s implementation of the EAC customs union in 2005 including the adoption of the 
CET and the removal of the EAC market’s internal tariffs. The tariff patterns before and after 
the EAC CET implementation are rather different. Many sectors experience strong import tariff 
hikes where Uganda had low tariffs before and many others are cut drastically. But overall, the 
trade-weighted average tariff for Uganda drops by almost 11 percentage points. To a large extent, 
this is due to tariff cuts in the main import sectors, manufacturing, and petrol and chemicals. But 
Uganda has replaced the petroleum tariff by a per unit excise duty which we take into account in 
the pre-experiment and the counterfactual scenarios by introducing an ad valorem equivalent sales 
tax on petroleum and chemicals. Further details on the tax and tariff rates of this EAC scenario and 
on its consequences for GDP, industry structure, trade and poverty can be found in Appendices 
3.6.3 and 3.6.4. The results of this pre-experiment form the starting point for the EPA scenarios 
and are shown in the EAC column in the tables in this section.

3.4.2 Scenarios

As detailed in the introduction, our scenarios assume that the EAC has to liberalize 82.1% of 
imports from the EU so that 17.9% can be exempted in the list of sensitive products. Taking the 
2006 tariff revenue of each line as an indicator of the line’s sensitivity, we optimize the list of 
sensitive products according to different interest priorities. The EPA-EAC scenario assumes that 
the EAC as a whole tries to retain as much tariff revenue as possible and selects exempted tariff 
lines up to a maximum of 17.9% of 2006 EU imports accordingly. The next two scenarios give 
more weight to Ugandan interests. In the EPA-UGA scenario, Uganda optimizes the tariff schedule 
with respect to sensitive products to minimize its own tariff revenue loss. In the EPA-AG scenario, 
Uganda’s first priority is to protect its agricultural sector and then to minimize tariff revenue loss 
from the remaining sectors. This means that we first exempt all agricultural tariff lines and then 
the non-agricultural tariff lines. In contrast to the long phase-out period set down in the interim 
EPA, for our comparative-static model we assume a simultaneous implementation of the schedule, 
as it will be realized in 2033.

Table 3.7 details the number of tariff lines affected and the tariff revenue loss corresponding 
to each scenario. For example, in the EPA-UGA scenario, Uganda imports under 2542 tariff lines 
of the 5224 of the Harmonized System. It selects 1068 lines for exemption to maximize its tariff 
revenue and the trade value of imports to the EAC on these lines accounts for the targeted 17.9% 
and, in sum, the Ugandan government will lose 28% of the tariff revenue from imports from the 
EU.'*  ̂ Only 781 of the lines selected for the EPA-UGA scenario overlap with lines selected for 
the EPA-EAC scenario. This divergence might indicate quite a large potential for disagreement

‘‘̂ For this analysis, we assume that tariff revenues on Ugandan imports under the EAC CET are recycled to the 
Ugandan government.
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between the EAC members in choosing sensitive products. It is only a rough indicator since 
some non-overlapping lines might be rather good alternatives. The direct tariff loss for Uganda 
compared to the initial EU import tariff revenue is 10.6%. The much higher loss in the EPA-EAC 
scenario confirms the conflict potential. The EPA-UGA and EPA-AG scenarios appear rather 
similar where the latter increases the tariff revenue loss by 1.3%. Finally, the EPA-FULL scenario 
liberalizes all imports on the EAC side as a counterfactual experiment. The aggregated scenarios 
are shown in Table 3.8. The tariffs listed are the average trade-weighted tariffs for imports from 
the world, taking into account the eliminated tariff lines on EU imports in each scenario. From 
an initial EAC tariff of 7.07% the tariff drop for the three "realistic" EPA scenarios is around 1%, 
which is less than half of the 2.24% of a fully liberalized FTA with the EU. Apparently, Uganda 
is able to retain its protection to a large extent. The tariff differences in the Uganda-optimized and 
EAC-optimized scenarios are only noteworthy in sectors where EU imports or imports in general 
play no important role. Therefore, we do not expect large shocks in any particular sectors.

Table 3.7: Tariff line liberalization and revenue loss with respect to imports from the EU only

EPA-EAC EPA-UGA EPA-AG
No. tariff hnes 3965 2542 2542
No. exempted 1133 1068 1070
Overlapping with EAC 1133 781 802
Uganda tariff revenue loss -28.1% -10.6% -11.9%

Source: Own computation from UNCTAD Trains for 2006.

3.4.3 CGE Simulations

An inspection of the macro results in Table 3.9 indicates a similar tendency for all EPA scenarios. 
The effect on GDP is negligible. This outcome is largely grounded in the nature of the CGE model 
and the choice of closures. GDP at factor cost, computed as the sum of factor incomes, is largely 
predetermined through the assumption of fixed employment levels and factor endowments. The 
small changes occurring are a result of changes in factor and consumer prices where the latter 
define the nummeraire. Above those, GDP at market prices, as presented in the table, can change 
through changes in indirect taxes. Both imports and exports increase with exports increasing more 
than twofold compared to imports. This is due to the assumption of a constant trade balance which 
fixes the relation of aggregate imports to exports together with the very large excess of imports 
over exports in the initial equilibrium. To facilitate larger exports, the economic structure shifts 
towards the export sectors. This shift is amplified by a depreciation of the exchange rate which 
balances the current account after the import tariff shock. Since the factor endowments are fixed 
in this model, the main effects at the aggregate level are small allocative efficiency gains and the 
redistribution of initial income between the factors of production.

Government consumption and investment are fixed in the model but the impact on private 
consumption is minimal as well. With the chosen government balance closure, government con-
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Table 3.8: Import tariff shocks for simulation scenarios

EAC EPA-EAC EPA-UGA EPA-AG EPA-FULL 
% percentage point change from EAC

Coffee 0.00 0.00 0.00 0.00 0.00
Other Cash Crops 9.50 -5.58 -4.73 -4.73 -6.58
Maize 48.42 -0.18 -0.18 -0.18 -20.60
Sorghum/Millet 24.98 -0.02 -0.02 -0.02 -7.18
Cassava 0.00 0.00 0.00 0.00 0.00
Sweet Potatoes 0.00 0.00 0.00 0.00 0.00
Matooke 0.00 0.00 0.00 0.00 0.00
Horticulture 23.82 -0.17 -0.17 -0.17 -9.75
Other agriculture 0.12 -0.02 -0.02 -0.02 -0.04
Livestock 10.99 -7.57 -0.76 -0.74 -7.77
Forestry 0.89 -0.04 -0.00 -0.00 -0.07
Fishing 12.21 -7.22 -0.15 -0.15 -10.65
Meat and dairy processing 11.02 -4.90 -4.94 -4.89 -8.15
Coffee processing 0.38 -0.33 -0.33 -0.33 -0.34
Grain milling 5.58 -0.36 -0.36 -0.33 -1.47
Other beverages 6.91 -2.74 -1.36 -1.29 -5.44
Textiles and leather 18.65 -1.60 -1.55 -1.55 -2.24
Manufacturing 9.11 -1.23 -1.03 -1.06 -3.06
Fertilizers 0.00 0.00 0.00 0.00 0.00
Petroleum and chemicals 2.69 -0.78 -0.66 -0.66 -0.93
Utihties 0.00 -0.00 -0.00 -0.00 -0.00
Construction 6.61 0.00 0.00 0.00 0.00
Commerce 6.58 0.00 0.00 0.00 0.00
Transport 6.54 0.00 0.00 0.00 0.00
Private services 14.35 -3.29 -1.75 -1.75 -4.58
Public services 0.00 0.00 0.00 0.00 0.00
Weighted average 7.07 -1.04 -0.87 -0.88 -2.24

EAC constitutes the base scenario to which all other scenarios are compared. Here, the CET has been imple
mented and all internal tariffs have been removed. EPA-EAC optimizes tariff revenues for the EAC as a whole, 
EPA-UGA the revenues for Uganda, EPA-AG prioritizes protection o f the agricultural sector before maximizing 
Uganda’s revenues, and EPA-FULL depicts a full import liberalization between the EAC and the EU. All tariffs 
are computed from 2006 UNCTAD Trains data using trade weighting. All values are trade-weighted percentage 
ad valorem tariffs. Source: Own computation.
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Table 3.9: CGE simulation results: GDP composition, real exchange rate and factor returns

EAC EPA-EAC EPA-UGA EPA-AG EPA-FULL
GDP components Level % change from EAC
Priv. Cons. 8,782.52 0.02 0.01 0.01 0.02
Investments 1,709.04 0.00 0.00 0.00 0.00
Gov. Cons. 1,122.32 0.00 0.00 0.00 0.00
Exports 1,171.25 1.24 0.82 0.82 2.06
Imports -2,844.79 0.51 0.34 0.34 0.85
GDP 9,940.34 0.01 0.01 0.01 0.02
Government income 1,617.54 -0.29 -0.19 -0.19 -0.50
Real exchange rate 1.00 0.08 0.02 0.02 0.06
Sales tax rate 4.30 3.58 3.62 8.46
Factor real returns % of total % change from EAC level
Labor unsk. 44.49 -0.25 -0.20 -0.20 -0.53
Labor sk. 9.28 -0.53 -0.34 -0.34 -0.89
Capital 23.60 -0.39 -0.29 -0.29 -0.76
Land 22.63 0.62 0.42 0.42 0.97

GDP component levels are in billion UGS of 2003. GDP is valued at market prices. Source: Own computation.

Table 3.10: CGE simulation results: import quantities

EAC EPA-EAC EPA-UGA EPA-AG EPA-FULL
% of total % change from EAC level

Coffee 0.00 2.17 1.46 1.45 3.52
Other Cash Crops 0.00 13.59 11.34 11.34 15.60
Other agriculture 0.85 0.05 0.08 0.08 0.01
Livestock 0.10 19.99 2.08 2.06 20.92
Forestry 0.02 0.21 0.08 0.07 0.09
Fishing 0.01 18.13 0.20 0.20 28.24
Meat and dairy processing 1.84 3.80 3.89 3.85 6.51
Coffee processing 0.00 0.72 0.65 0.64 0.90
Grain milling 0.62 0.10 0.19 0.17 1.01
Other beverages 1.68 2.89 1.34 1.26 5.89
Textiles and leather 8.02 0.63 0.59 0.59 0.88
Manufacturing 47.40 0.19 0.17 0.18 0.52
Fertilizers 1.55 0.56 0.39 0.39 0.92
Petroleum and chemicals 24.60 -0.03 -0.04 -0.04 -0.19
Utilities 0.18 -0.73 -0.50 -0.50 -1.34
Construction 0.15 -0.76 -0.56 -0.57 -1.60
Commerce 0.63 -0.47 -0.32 -0.32 -0.86
Transport 6.16 -0.20 -0.13 -0.13 -0.34
Private services 6.18 3.33 1.68 1.68 4.50

Changes in import quantities. Rows with only zeros have been omitted. Source: Own computation.
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Table 3.11: CGE simulation results: export quantities

EAC EPA-EAC EPA-UGA EPA-AG EPA-FULL
% of total % change from EAC level

M aize 0.79 0.09 0.02 0.02 0.26
Horticulture 1.09 0.17 0.06 0.06 0.38
Other agriculture 2.06 0.07 0.00 0.00 0.23
Fishing 3.65 0.28 0.24 0.24 0.52
Coffee processing 41.00 1.88 1.28 1.27 3.04
Other beverages 7.83 0.49 0.31 0.32 0.90
Textiles and leather 0.44 0.30 -0.04 -0.04 0.67
Manufacturing 14.82 1.25 0.75 0.75 1.99
Utihties 2.04 1.31 0.87 0.88 2.39
Transport 9.20 0.62 0.38 0.38 0.99
Private services 17.06 0.85 0.59 0.59 1.58

Changes in export quantities. Rows with only zeros have been omitted. Source: Own computation.

sumption is fixed and lost tariff revenue is compensated by adjustments of the sales tax rates. As 

a result, sales taxes increase between 4 and 9% relative to the initial rate.'^

The factors capital and labor lose income in all scenarios with returns to unskilled labor de

creasing less than those to skilled labor which in turn decrease less than returns to capital. Only 

returns to land benefit from the policy reforms with a relative increase higher than all of the de

creases of the other factors. These changes in factor returns are partly explained by the structure 

of the SAM and partly by the chosen closure of perfect factor mobility. In the SAM, capital and 

skilled labor are primarily used by non-agricultural activities while land is only used by agricul

tural activities making these factors specific to those larger sectors. By contrast, unskilled labor 

is perfectly mobile across all sectors. Consequently, those specific factors gain and lose more ex

tremely than unskilled labor which moves freely to adapt. In reality, it is likely that the market for 

unskilled labor is segmented to some degree, for example, between non-agricultural and agricul

tural sectors. This would create a wedge between the sectoral unskilled labor wages. In this case, 

it can be expected that some of the income gained by land is redistributed to agricultural unskilled 

labor while the real wage decreases in non-agricultural sectors might additionally share some of 

the losses accruing to capital and skilled labor and thus might turn out larger.

Like the aggregate changes, the sectoral changes of imports, exports, and domestic production 

exhibit similar tendencies in all ERA scenarios. Table 3.10 shows large relative impacts only for 

some rather minor import sectors. W hile imports increase slightly for all agricultural and man

ufacturing sectors apart from petroleum and chemicals they shrink somewhat for construction, 

commerce, and trade. On the export side in Table 3.11, the most noteworthy increases are in cof

fee processing and manufacturing, two o f the m ajor export sectors. As presented in Table 3.12, 

domestic production reacts to the import liberalization by decreasing almost all production activi

ties in the agricultural and manufacturing sectors. The single greatest beneficiaries are the coffee

‘'^This is a percentage  increase and not percentage poin t increase applied to each previously existing sales tax.
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Table 3.12: CGE simulation results: domestic production activity

EAC EPA-EAC EPA-UGA EPA-AG EPA-FULL
% of total % change from EAC level

Coffee 2.57 1.86 1.27 1.26 3.02
Other Cash Crops 1.30 -0.23 -0.18 -0.18 -0.39
Maize 1.95 -0.06 -0.03 -0.03 -0.09
Sorghum/Millet 2.37 -0.00 0.00 0.00 0.00
Cassava 1.82 -0.00 0.00 0.00 0.00
Sweet Potatoes 1.74 -0.00 0.00 0.00 0.00
Matooke 4.37 -0.06 -0.04 -0.03 -0.12
Horticulture 4.69 0.01 0.01 0.01 0.02
Other agriculture 3.74 0.00 -0.00 -0.00 0.02
Livestock 5.03 -0.25 -0.16 -0.15 -0.35
Forestry 1.35 -0.08 -0.08 -0.08 -0.19
Fishing 1.73 -0.00 0.02 0.02 0.01
Meat and dairy processing 0.89 -1.81 -1.83 -1.82 -3.00
Coffee processing 3.14 1.86 1.27 1.26 3.02
Grain milling 0.59 -0.12 -0.10 -0.09 -0.40
Other beverages 8.45 -0.16 -0.10 -0.09 -0.32
Textiles and leather 1.02 -0.67 -0.76 -0.76 -0.86
Manufacturing 4.64 -0.05 -0.17 -0.19 -0.64
Petroleum and chemicals 0.69 -0.32 -0.24 -0.25 -0.28
Utilities 1.05 0.22 0.14 0.14 0.39
Construction 10.55 0.01 0.01 0.01 0.03
Commerce 10.59 0.08 0.04 0.04 0.11
Transport 7.56 0.15 0.09 0.09 0.23
Private services 12.51 -0.25 -0.10 -0.10 -0.28
Public services 5.68 0.00 0.00 0.00 0.00

Changes in domestically produced quantities. Rows with only zeros have been omitted. Source: Own computa
tion.

growing and processing sectors whose production increases between 1.3 and 3.0% depending on 
the EPA scenario. Moreover, utilities, construction, commerce, and transport benefit slightly from 
this development.

Overall, the coffee sector appears to be the driver of the export growth. It experiences only a 
negligible negative import price shock and profits strongly from reduced import prices of its inter
mediate inputs as well as from cheaper unskilled labor which is released from the other agricultural 
and light manufacturing sectors. Since unskilled labor is released abundantly compared to land, 
the relatively land-intensive production of coffee drives up land returns. This effect is amplified 
by the depreciation of the exchange rate. The expansion in coffee exports simultaneously pushes 
expansion of the commerce and transport sectors. However, all observed allocational efficiency 
adjustments occur on a very low level.
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3.4.4 Microsimulations

W hat are the consequences of the CGE results for poverty in Uganda? This question cannot be 

answered from the above results since price (Table 3.13) and factor income (Table 3.9) changes are 

partially counteracting and require quantification of their respective impacts on household income. 

In the CGE simulation results, returns to unskilled labor, but also to skilled labor and capital, fall 

but the prices for staples and grain milling products increase slightly while the prices for m anu

facturing tend to fall, making the impact on the poor population ambiguous. The only beneficiary 

factor is land, which is mainly owned by households in the richer deciles. The EPA scenarios 

appear to have a generally minor impact on the poverty headcount P q of -0.06 to -I-/-0 percentage 

points. The Uganda-optimized scenarios have a slightly decreasing effect on the poverty head

count while leaving the gap and severity measures unchanged. By contrast, the EAC-optimized 

scenario leaves the headcount unchanged but has a slightly deteriorating effect on the poverty 

gap and severity measures. The impacts differ for rural and urban areas. Rural areas generally 

experience an improvement but the urban population deterioration o f the poverty headcount and 

gap and severity tend to deteriorate for both in all scenarios.'^^ Details not shown here reveal that 

in the three "realistic" EPA scenarios, between 0.04 and 0.08% of the population fall into, while 

between 0.08 and 0.1% are lifted out of, poverty. Between 55 and 67% of the poor population 

experience a widening of their individual poverty gaps. The agricultural protection-prioritizing 

scenario EPA-AG shows no difference to the outcomes o f the EPA-UGA scenario. The Gini index 

indicates a worsening of income inequality. The changes in mean real incomes by decile are bi

ased against the poor where loss o f average income in the lower deciles turns to gains for the richer 

deciles. This reflects the higher income shares of the richer spent on manufactures and services 

for which prices have decreased more strongly than for basic foods and also higher prevalence of 

land ownership, the only factor which gained.

3.5 Conclusion

This paper examines the poverty impacts of an EPA agreement between Uganda and the EU and 

specifically its trade provisions. It focuses particularly on the implications of the required reduc

tion in EAC tariffs as part of the implementation o f a reciprocal free trade area. The qualitative 

analysis of the data derived from the Uganda National Household Survey (UNHS) 2002/2003 con

firms that Uganda is an agriculture-centered economy with most people living in rural areas and 

being dependent on agriculture. In particular, there is a high incidence of subsistence farming and 

a strong dependency of the poorest people on income from unskilled labor and, to a lesser extent, 

from transfers and land. They spend the largest part of their incomes on food but also a significant 

share on non-food manufactures. The analysis of the impact potential of an EPA with the EU first 

of all highlights the relatively low share the EU has in Ugandan imports and the low average tariff 

of 5.5% the EU currently faces for those exports. 18.9% of Ugandan imports come from the EU

''^The poverty effects modeled here take the changes in the factor returns o f each individual household’s endow
ments and the changes in prices o f its specific consumption bundle into account. But the model disregards changes in 
unemployment and employment structure and the adaptive behavior o f  individuals.
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Table 3.13: CGE simulation results: consumer price changes

EPA-EAC EPA-UGA EPA-AG EPA-FULL
% change from EAC level

Coffee 0.17 0.08 0.08 0.22
Other Cash Crops -0.01 -0.04 -0.05 -0.21
Maize 0.03 0.01 0.00 -0.04
Sorghum/Millet 0.04 0.01 0.01 -0.03
Cassava 0.04 0.01 0.01 -0.03
Sweet Potatoes 0.05 0.01 0.01 -0.01
Matooke 0.04 0.01 0.01 -0.02
Horticulture 0.04 0.01 0.01 -0.02
Other agriculture 0.04 0.01 0.01 -0.02
Livestock 0.21 0.15 0.15 0.29
Forestry 0.09 0.05 0.04 0.02
Fishing -0.02 -0.04 -0.05 -0.11
Meat and dairy processing -1.36 -1.39 -1.37 -2.37
Coffee processing -0.31 -0.25 -0.25 -0.55
Grain milhng 0.05 0.03 0.03 -0.07
Other beverages 0.37 0.35 0.35 0.65
Textiles and leather -0.82 -0.82 -0.82 -1.20
Manufacturing -0.82 -0.70 -0.72 -2.08
Fertilizers 0.02 -0.01 -0.01 -0.03
Petroleum and chemicals 1.05 0.83 0.84 2.46
Utilities -0.23 -0.16 -0.16 -0.47
Construction -0.41 -0.33 -0.34 -0.96
Commerce -0.19 -0.14 -0.14 -0.39
Transport -0.01 -0.02 -0.02 -0.06
Private services -0.69 -0.42 -0.42 -1.12
Public services -0.30 -0.21 -0.21 -0.55

Changes in domestic consumer prices. Source: Own computation.

which is similar to the 16.7% Uganda imports from the internal EAC market. Also, EU imports 
appear to be complementary to Uganda’s domestic production rather than competing.

The EPA impact is then quantified using a single country CGE model for Uganda. Starting 
from the EAC’s common external tariff and its free trade area, all EPA scenarios show negligible 
effects on GDP and a small increase in trade activity with exports increasing more strongly than 
imports in relative terms. The small magnitude of aggregate effects is inherent to the chosen static 

long-run model which is characterized by fixed factor endowments, a fixed trade balance, and 
perfectly mobile production factors. Turning to the sectoral level, the impacts on all sectors are 
rather small. On the export side, the coffee processing sector as the largest export sector stands 
out with gains between 1.3 and 1.9% in exports for the three "realistic" EPA scenarios but also 
manufacturing expands by 0.8 to 1.3%. The colfee sector benefits from the slight depreciation of 
the exchange rate, reduced prices of imported intermediate inputs, as well as the negative price
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Table 3.14: M icrosim ulation results

EAC EPA-EAC EPA-UGA EPA-AG EPA-FULL
Poverty, national
Po 37.28 37.28 37.22 37.22 37.22
Pi 11.62 11.65 11.62 11.62 11.66
P2 5.06 5.09 5.06 5.06 5.10
Poverty, rural
Po 41.34 41.32 41.26 41.26 41.26
Pi 12.93 12.97 12.93 12.93 12.98
P2 5.64 5.67 5.65 5.65 5.68
Poverty, urban
Po 11.81 11.91 11.86 11.86 11.90
Pi 3.36 3.38 3.37 3.37 3.39
P2 1.39 1.41 1.40 1.40 1.41
Gini 50.38 50.46 50.43 50.43 50.49
Real income
Decile Mean income % change from EAC
1 82,807.60 -0.35 -0.16 -0.16 -0.52
2 125,303.23 -0.22 -0.06 -0.06 -0.30
3 156,268.52 -0.10 0.02 0.02 -0.09
4 186,667.56 0.01 0.12 0.12 0.10
5 221,051.59 0.08 0.17 0.17 0.22
6 262,778.56 0.12 0.19 0.19 0.29
7 315,409.83 0.24 0.30 0.30 0.50
8 402,777.47 0.23 0.28 0.28 0.48
9 574,612.84 0.28 0.30 0.30 0.53
10 1,729,785.34 0.28 0.28 0.28 0.51

The poverty figures use rural and urban poverty lines, respectively. Totals are in UGS of 2003. Source: Own 
computation.

shocks on the other agricultural sectors, which cause wages for unskilled labor to fall. During 
this process, the shrinking agricultural sectors release more unskilled labor relative to land than 
required by the expanding highly land-intensive coffee growing sector causing unskilled labor 
wages to decrease and land rents to increase.

A subsequent microsimulation projecting the CGE results onto the UNHS 2002/03 quantifies 
the ensuing poverty effects. Both the development of factor returns and price patterns are adverse 
for the poor so that the poorest two deciles face a small decrease in their average real incomes 
whereas the richer deciles gain. On the national level we find very small poverty effects amount
ing to between -0.06 and zero percentage points change in the poverty headcount depending on 
whether Uganda is able to secure its preferred tariff exemptions in the EAC negotiations or not. 
This also decides whether the poverty gap remains constant or increases. In all scenarios, the 
poverty headcount is falling for the rural but rising for the urban population. The poverty severity 
tends to increase everywhere and the Gini index to worsen slightly in all scenarios. However,
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it should be bom in mind that the microsimulation does not allow for adaptive behavior of the 
households and thus overestimates the negative effects.

We see these results as preliminary and a number of caveats should be noted. The model is 
rather neoclassical in design and takes no specific developing country features into account. It 
would be desirable to integrate dual economy features into the CGE model in particular to make 
the working of the labor market more realistic and to account for imperfect spatial transmission 
of price signals in product markets. Moreover, it rests on the small country assumption. Although 
Uganda’s small share in world trade for most goods might justify this, larger changes in exports 
like the one seen for coffee is unlikely to find infinitely elastic demand on the world market. 
Furthermore, the impacts of Uganda’s membership in the EAC cannot be fully accounted for in 
a single region model. Trade-diverting effects of the EAC customs union and the EPA would 
additionally decrease the trade-weighted average import tariff and thus domestic prices but also 
lead to further tariff revenue loss so that the overall welfare impact is ambiguous. The effects 
of an EPA between the EAC and the EU will also lead to feedback effects from each member 
of the EAC to the others and thus change the isolated effect on Uganda. Such considerations 
could be examined using a global multi-regional CGE model. Results from such a model could be 
used to externally shock the national model and thereby to imitate Uganda’s interaction with the 
world. The microsimulation model implemented is a very basic non-behavioral model ignoring 
behavioral reactions of individuals to the changes in their economic environment, such as product 
substitution on the consumption side and changes in the choice of employment on the income side. 
Those mechanisms could be implemented in a future version of the model.

In general, the CGE model results have to be interpreted in the light of the model’s structure 
and assumptions. They show the economic pressures arising from adjustment towards an efficient 
allocation of resources as a result of the simulated shock. Our model ignores limiting factors like, 
for example, limited adjustment capacities of farmers and other supply-side constraints. More
over, it does not model qualitative development. The model only allows to produce more of what 
has been produced already by increasing input but it does not allow for new products, technical 
change, quality improvements, and so forth. The same applies for trade. No trade will arise for 
products which the country did not trade before. Indeed, qualitative development is likely to play 
an important role in Uganda’s response to the opportunities created by the EPA, for example, if 
foreign investment takes advantage of the more credible pohcy environment.

Summarizing, the quantitative analysis of the EPA scenarios confirms that the agreement with 
the EU will have only a minor impact on the Ugandan economy and Uganda’s poor population. 
Importantly, it shows that such an agreement does not induce large deindustrialization effects and 
that the economic adjustment costs for Uganda and the poor population are quite low. Neverthe
less, whether the small poverty effects are positive or not depends on the choice of the tariff lines 
for exemption from liberalization, although under all scenarios the ultra-poor appear to lose.
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3.6 Appendices

3.6.1 Handling of Missing Values

During the preparation of the UNHS data, missing industry code values for usual activity status 
have been substituted by the first vaHd entries for industry code of the following entries: current 
activity status, current status secondary activity, usual activity status of household head, current 
activity status of household head, current status secondary activity of household head, usual activ
ity status of the household head’s spouse, the households most important source of earning in case 
its agriculture, other household members’ usual activity status in order of increasing person iden
tifier code. We have substituted missing usual activity status occupation category (ISCO header) 
with the one for current activity status if available.

The rest of the missing values for industry and occupation codes have been imputed using 
the r r p  . im p u te  () procedure from the r r p  package, version 2.7 in the statistical computing 
package R (R Development Core Team; 2008). The package uses a matching-based hot deck 
imputation procedure, for details see lacus and Porro (2007). The following personal attributes 
are used for the procedure: district, sex, education, literacy, urban, household size, age, two sets 
o f clothes, number o f  meat or fish meals per week, operation o f a non-crop enterprise, industry 
code, and occupation category.

3.6.2 Wage regression

A single wage regression is used for the imputation of labor incomes as specified in Equation 3.1.

\n{Wi) = a +Xi^c-Pc + Wi  (3.1)

The wage Wi is determined by the intercept a, the vector of individual characteristics Xi^c 
and its coefficients (3c and the term Wi capturing the unobserved wage determinants. The wage 
is the annual value of wage payments received and implicitly determines the hours worked and 
months employed of the individual. The wage-determining individual characteristics together 
with their estimated coefficients are presented in Table 3.15. The following individuals were 
identified as obvious outliers and have been removed during the estimation, specified by pairs of 
(household identification, person identification) codes: (10210237402, 101), (10710002102, 103), 
(20230020110, 101), (10210237402, 101). Furthermore, the annual wage for 9 individuals could 
not be determined due to missing "months worked" values.

These results illustrate that education plays a major role and that there are large differentials 
between the wages paid in the respective industries. There is a gender gap discriminating against 
females and people get higher wages in urban areas on average. Skill level, a variable based on 
occupation, has a large impact as well.
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Table 3.15: W age incom e regression

Estimate Std. Error t value Pr(>|t|)
Intercept 11.724 0.170 69.042 0.000
Age 0.061 0.009 6.475 0.000
Age^ -0.001 0.000 -5.207 0.000
Female -0.309 0.040 -7.664 0.000
Married 0.218 0.039 5.533 0.000
Region 2 -0.133 0.045 -2.963 0.003
Region 3 -0.085 0.051 -1.681 0.093
Region 4 -0.102 0.041 -2.484 0.013
Urban 0.235 0.038 6.118 0.000
Industry B 1.015 0.121 8.401 0.000
Industry C 0.758 0.197 3.849 0.000
Industry D 0.518 0.073 7.121 0.000
Industry E 0.719 0.199 3.611 0.000
Industry F 0.650 0.081 8.025 0.000
Industry G 0.431 0.075 5.733 0.000
Industry H 0.138 0.096 1.442 0.149
Industry I 0.816 0.077 10.600 0.000
Industry J 1.031 0.213 4.845 0.000
Industry K 0.740 0.161 4.601 0.000
Industry L 0.707 0.079 8.990 0.000
Industry M 0.368 0.078 4.706 0.000
Industry N 0.659 0.096 6.875 0.000
Industry 0 0.393 0.077 5.076 0.000
Industry P -0.088 0.076 -1.157 0.247
Industry Q 1.253 0.247 5.079 0.000
Pri.Edu. 0.200 0.044 4.550 0.000
Sec.Edu 0.538 0.054 9.976 0.000
Ter.Edu. 1.111 0.066 16.730 0.000
Unskilled -0.376 0.063 -5.952 0.000

Regression summary statistics: Residual standard error: 0.857 on 2862 degrees of freedom. Multiple R-Squared: 
0.501. Adjusted R-squared: 0.496. F-statistic: 103 on 28 and 2862 DF. p-value: <2e-16. When testing for selec
tion bias in a two equation system with one equation describing the selection of individuals into wage employment 
and the above wage regression using the inverse Mill’s ratio it appeared to be non significant.

3.6.3 Aggregation of Import Tariffs and Derivation of Petrol Taxes

Aggregation of import tariffs The Base scenario involves simulating import tariff shocks on the 
original Uganda SAM applying 2006 EAC import tariffs. These tariffs are import trade-weighted 
using trade values for 2006. The data used comes from the TRAINS database.'*^

‘**UNCTAD TRAINS database. United Nations Conference on Trade and Development, Geneva, Switzerland. Ac
cessed online via WITS, World Bank on 26 March 2008. We used Harmonized System (HS) 2002 codes on the 6 
digit level and the variables P r o d u c t , W e ig h te d  A v e r a g e , Im p o r ts  V a lu e  ($ 000)  for reporter Uganda, 
partner country groups world and EU25 and D utyT ype MFN .
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In order to map the import data coded with HS codes to SAM commodities, we use the map
ping which results from a HS 2002 to ISIC revision 3 concordance table"*  ̂ and Table 3.21 as a 
starting point. Then, we refined in particular the agricultural sectors, which are not distinguished 
by products in the ISIC codes and added the fertilizers sector which has no associated activity in 
the SAM. We reassign many HS codes in order to increase the detail of the mapping in comparison 
with the ISIC to SAM mapping and assign some HS codes that were previously not assigned to 
ISIC codes. These refinements are guided by a HS 2002 to GTAP concordance table also taken 
from WITS.^*

Finally, the trade-weighted tariffs are derived by Tgector =  with r :  import
tariff, V. import value for the respective HS line or sector.

For the ERA scenarios, import values from the EU 25 and the rest of the world (ROW) are 
distinguished and all relevant trade flows from the EU weighted with zero tariffs and the tariffs 
aggregated accordingly.

As from the description of the original Uganda SAM Dorosh and El-Said (2004) it is not clear 
where the import tariffs on CCONS, CTRADE, and CTRANS originated from, these tariffs are 
maintained in all scenarios.

Derivation of petrol taxes The sales taxes for the CPETR sector are derived using HS 2002, 6- 
digit coded 2006 import trade data for Uganda from the world from the UN comtrade database'*^, 
namely the variables Commodity Code, Commodity Description, Trade Value, and 
NetWeight (kg). Excise duties for fuel are taken from the Excise Tariff (Amendment) Act, 
2005, section 3A, 7. According to this, specific excise duty for "i. Motor spirit (gasoline)" is 720 
UGS per liter, for "ii. Gas oil (automotive, light, amber for high speed engine)" and "iii. Other gas 
oils" 450 UGS per liter and for "iv. Illuminating kerosene" 200 UGS per hter. Since quantity data 
is only available at the 6-digit disaggregation level, HS 271011 is mapped to i. and HS 271019 to 
ii. to iv. where the latter is associated to a simple average tax of 325 UGS per liter.

The Comtrade quantities are given in kg. We convert the units from kg to liter using the density 
factor 740 kg/m^ for gasoline and 830 kg/m^ for the other category. To convert from specific taxes 
to ad valorem ones we convert Comtrade import values from 2006 current USD to current UGS 
using the exchange rate of 1831.45 UGS per USD.^® The final specific fuel tax is then computed 
as the liter weighted average of the two category taxes and yields a tax rate of 45.45%.

The commodity tax for the CPETR sector is then derived using the import share of these tariff 
lines of 60.28% in total imports of the CPETR sector: The fuel tax is applied to this part and 
the commodity tax for CPETR implicit in the original Uganda SAM is applied to the rest which 
includes amongst others coal, gas and chemicals.

‘’’Accessed online via WITS, World Bank on 26 March 2008.
Accessed online via WITS, World Bank on 26 March 2008.

‘**UN comtrade. United Nations, New York, accessed online via WITS, World Bank on 26 March 2008.
^®Series name "Official exchange rate (LCU per US$, period average)" for 2006 from WDI online. World Bank, 

Washington, DC, accessed online on 26/03/2006.
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3.6.4 Pre-Experiment and Free Trade Scenarios

Table 3.16: Import tariffs for simulation scenarios

BASE EAC FreeTrade
% % point change

Coffee 6.60 -6.60 -6.60
Other Cash Crops 6.60 2.89 -6.60
Maize 0.00 48.42 0.00
Sorghum/Millet 0.00 24.98 0.00
Cassava 0.00 0.00 0.00
Sweet Potatoes 0.00 0.00 0.00
Matooke 0.00 0.00 0.00
Horticulture 0.00 23.82 0.00
Other agriculture 6.58 -6.46 -6.58
Livestock 6.60 4.39 -6.60
Forestry 6.60 -5.71 -6.60
Fishing 6.60 5.61 -6.60
Meat and dairy processing 6.58 4.44 -6.58
Coffee processing 6.60 -6.22 -6.60
Grain milling 6.60 -1.02 -6.60
Other beverages 6.58 0.33 -6.58
Textiles and leather 6.58 12.07 -6.58
Manufacturing 14.24 -5.13 -14.24
Fertilizers 6.84 -6.84 -6.84
Petroleum and chemicals 44.54 -41.85 -44.54
Utilities 6.60 -6.60 -6.60
Construction 6.61 0.00 0.00
Commerce 6.58 0.00 0.00
Transport 6.54 0.00 0.00
Private services 6.55 7.80 -6.55
Public services 0.00 0.00 0.00
Weighted average 17.90 -10.84 -17.90

Columns EAC and FreeTrade show percentage point changes from the level of the BASE scenario. The tariffs for 
the BASE scenario are taken from the original 1999 SAM. The EAC scenario modifies Uganda’s tariffs to take 
the EAC CET and the EAC FTA into account. The FreeTrade scenario abolishes all import tariffs. All tariffs are 
computed from 2006 UNCTAD Trains data using trade weighting. All values are trade-weighted percentage ad 
valorem tariffs. Source: Own computation.

Pre-experiment We conduct a pre-experiment to simulate the impacts of Uganda’s implementa
tion of the EAC CET and the removal of the EAC market’s internal tariffs. Table 3.16 clarifies that 
the structures before and after the EAC implementation are rather different. Many sectors show 
strong import tariff hikes where Uganda had low tariffs before and many others are cut drastically. 
But the trade-weighted average tariff reveals that, in fact, the new tariff schedule cuts the average 
tariff by almost 11 percentage points. This cut is mainly due to the cuts in the manufacturing and
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Table 3.17: CGE simulation results: GDP composition, real exchange rate and factor returns

BASE EAC FreeTrade
GDP components Level % change from BASE
Priv. Cons. 8,779.18 0.04 0.07
Investments 1,709.04 0.00 0.00
Gov. Cons. 1,122.32 0.00 0.00
Exports 1,164.33 0.59 1.22
Imports -2,837.87 0.24 2.96
GDP 9,937.00 0.03 0.06
Government income 1,615.28 0.14 -1.56
Real exchange rate 1.00 -0.03 -0.07
Sales tax rate -8.02 19.20
Factor real returns % of total % change from BASE level
Labor unsk. 44.54 -0.48 -2.38
Labor sk. 9.21 0.41 -2.78
Capital 23.66 -0.62 -3.34
Land 22.59 -0.19 3.71

GDP component levels are in billion UGS o f 2003. GDP is valued at market prices. Source; Own computation.

petrol and chemicals tariffs since these are the only commodities with significant import shares as 
well as large drops of tariffs. Uganda has replaced the petroleum tariff by a per unit excise duty 
which we take into account in the pre-experiment and the counterfactual scenarios by introducing 
an ad valorem equivalent sales tax on petrol and chemicals. That aside, only tariffs on textiles and 
private services are increased significantly and at the same time have significant import shares and 
hence should have a noticeable impact on the economy.

On an aggregated level, the pre-experiment indicates a slightly positive impact on the Ugandan 
economy as a result of the adoption of the EAC tariffs and the trade liberalization of the EAC area, 
see Table 3.17. GDP, imports, and exports increased somewhat with the EAC implementation. It 
is important to note that this still ignores the general equilibrium effects arising between the EAC 
members. Thus, these figures should not be interpreted as a comprehensive analysis of the impact 
of Uganda’s accession to the EAC. The most important changes in the import structure brought 
about by the adaptation of the EAC tariffs are, as expected, decreases in textiles and leather and 
private services imports and an increase in petrol and chemicals imports (tables not shown). Many 
sectors expand slightly with the textiles sector growing the most. But the livestock, coffee grow
ing and processing, meat and dairy processing, manufacturing, petroleum and chemicals sectors 
shrink. On the export side, coffee -  by far the largest export sector with 39% of total exports -  
suffers slightly while most other exports experience a little increase.

Table 3.18 shows that the adoption of the EAC CET and FTA has decreasing effects on poverty 
headcount of around 0.4 percentage points nationally as well as in rural and urban areas individ
ually. The changes in mean real incomes per decile reveal that this policy is actually pro-poor, 
increasing the incomes of the poorer deciles more relative to the richer ones. While the nominal
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Table 3.18: Microsimulation results

BASE EAC FreeTrade
Poverty, national
Po 37.65 37.28 37.25
Pi 11.66 11.62 11.81
?2 5.08 5.06 5.22
Poverty, rural
Po 41.70 41.34 41.30
Pi 12.97 12.93 13.13
P2 5.67 5.64 5.82
Poverty, urban
Po 12.25 11.81 11.87
Pi 3.39 3.36 3.51
P2 1.41 1.39 1.47
Gini 50.54 50.38 50.76
Real income by decile
Decile Mean income % change from BASE
1 82,589.54 0.26 -1.42
2 125,076.92 0.18 -0.98
3 156,027.54 0.15 -0.24
4 186,515.45 0.08 0.30
5 221,028.86 0.01 0.65
6 262,780.01 -0.00 0.91
7 315,885.62 -0.15 1.43
8 403,437.48 -0.16 1.29
9 576,478.42 -0.32 1.32
10 1,740,908.99 -0.64 0.85

The poverty figures use rural and urban poverty lines, respectively. Totals are in UGS of 2003. Source: Own 
computation.

incomes of all deciles fall with increasing drops towards the richer deciles, consumer prices for 
the poorer deciles fall even more strongly but increase for richer deciles. Although skilled labor 
gains as the only factor, the share of skilled labor returns in richer deciles income composition is 
too low to make these gains compensate for the losses in other factor returns. Correspondingly, 
the Gini index indicates a decrease in inequality.

Free trade As a benchmark we have also listed a free trade scenario which assumes complete 
import tariff elimination also on non-EU trade. It results in a GDP increase of 0.06% and more 
strongly increased trade activity. The growth of the economy is carried by the coffee processing 
sector, which also expands its exports strongly. The complementary sectors like transport etc. and 
staple growing benefit but most other sectors lose out in particular also the non-coffee manufac
turing sectors. Although the poverty headcount decreases the income development is not pro-poor 
and leads to a deterioration in the income distribution as indicated by the Gini index.
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3.6.5 Mappings and Parameters

Table 3.19: Armington and CET elasticities

SAM account Sector G 'l '

CCOFF Coffee 3.0 0.0
CCCROP Other Cash Crops 3.0 0.0
CMZE Maize 0.0 3.0
CSORG Sorghum/Millet 0.0 0.0
CCASS Cassava 0.0 0.0
CSWPOT Sweet Potatoes 0.0 0.0
CMATOK Matooke 0.0 0.0
CHORT Horticulture 0.0 3.0
COTHAG Other agriculture 3.0 3.0
CLVSTK Livestock 3.0 0.0
CFORES Forestry 3.0 0.0
cnsH Fishing 3.0 3.0
CMEAT Meat and dairy processing 1.5 0.0
CCOFP Coffee processing 1.5 2.5
CMILL Grain milling 1.5 0.0
CBEV Other beverages 1.5 2.5
CTEXTS Textiles and leather 1.5 2.5
CMANF Manufacturing 1.5 2.5
CFERT Fertilizers 1.5 0.0
CPETR Petroleum and chemicals 1.5 0.0
CUTILS Utilities 1.5 2.5
CCONS Construction 1.5 0.0
CTRADE Commerce 1.5 0.0
CTRANS Transport 1.5 2.5
CPRISV Private services 1.5 2.5
CPUBSV Pubhc services 0.0 0.0

The Armington elasticities a q  define the elasticity o f  substitution between imported and domestically produced 
goods within domestic demand. The CET elasticities o t  define the elasticity o f transformation between exported 
and domestically sold goods within domestic production.

Table 3.20: Mapping of SAM commodities and UNHS expenditure items

SAM account UNHS section Item code Description
CMATOK s6aq2 101 Matooke
CMATOK s6aq2 102 Matooke
CMATOK s6aq2 103 Matooke
CMATOK s6aq2 104 Matooke
CSWPOT s6aq2 105 Sweet potatoes (fresh)
CSWPOT s6aq2 106 Sweet potatoes (dry)
CCASS s6aq2 107 Cassava (fresh)
CCASS s6aq2 108 Cassava (dry/flour)
CSWPOT s6aq2 109 Irish potatoes
COTHAG s6aq2 110 Rice
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SAM account UNHS section Item code Description
CMZE s6aq2 111
CMZE s6aq2 112
CMILL s6aq2 113
CMANF s6aq2 114
CSORG s6aq2 115
CSORG s6aq2 116
CMEAT s6aq2 117
CMEAT s6aq2 118
CMEAT s6aq2 119
CMEAT s6aq2 120
CMEAT s6aq2 121
CFISH s6aq2 122
CFISH s6aq2 123
CLVSTK s6aq2 124
CMEAT s6aq2 125
CMEAT s6aq2 126
CMANF s6aq2 127
CMEAT s6aq2 128
CMEAT s6aq2 129
CHORT s6aq2 130
CHORT s6aq2 131
CHORT s6aq2 132
CHORT s6aq2 133
CHORT s6aq2 134
CHORT s6aq2 135
CHORT s6aq2 136
CHORT s6aq2 137
CHORT s6aq2 138
CHORT s6aq2 139
CHORT s6aq2 140
CHORT s6aq2 141
CHORT s6aq2 142
CHORT s6aq2 143
CHORT s6aq2 144
CHORT s6aq2 145
CHORT s6aq2 146
CMANF s6aq2 147
CCOFP s6aq2 148
CBEV s6aq2 149
CMANF s6aq2 150
CBEV s6aq2 151
CBEV s6aq2 152
CBEV s6aq2 153
CBEV s6aq2 154
CMANF s6aq2 155
CMANF s6aq2 156
CPRISV s6aq2 157

Maize (grains)
Maize (cobs)
Maize (flour)
Bread
Millet
Sorghum
Beef
Pork
Goat meat 
Other meat 
Chicken 
Fresh fish 
Dry/smoked fish 
Eggs
Fresh milk 
Infant formula foods 
Cooking oil 
Ghee
Margarine, butter etc
Passion fruits
Sweet bananas
Mangoes
Oranges
Other fruits
Onions
Tomatoes
Cabbages
Dodo
Other vegetables 
Beans (fresh)
Beans (dry)
Groundnuts (in shell)
Groundnuts (shelled)
Groundnuts (pounded)
Peas
Sim sim
Sugar
Coffee
Tea
Salt
Soda
Beer
Other alcoholic drinks 
Other drinks 
Cigarattes 
Other Tobacco
Expenditure in restaurants on Food
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SAM account UNHS section Item code Description
CPRISV s6aq2 158
CPRISV s6aq2 159
CBEV s6aq2 160
CMANF s6aq2 161
RENT s6bq2 301
RENT s6bq2 302
CCONS s6bq2 303
CUTILS s6bq2 304
CUTILS s6bq2 305
CUTILS s6bq2 306
CFORES s6bq2 307
CFORES s6bq2 308
CUTILS s6bq2 309
CMANF s6bq2 451
CMANF s6bq2 452
CMANF s6bq2 453
CMANF s6bq2 454
CMANF s6bq2 455
CMANF s6bq2 456
CMANF s6bq2 457
CPRISV s6bq2 458
CMANF s6bq2 459
CMANF s6bq2 461
CPETR s6bq2 462
CTRANS s6bq2 463
CTRANS s6bq2 464
CTRANS s6bq2 465
CPRISV s6bq2 466
CPRISV s6bq2 467
CPRISV s6bq2 468
CTRANS s6bq2 469
CPRISV s6bq2 501
CPETR s6bq2 502
CPRISV s6bq2 503
CPRISV s6bq2 504
CPRISV s6bq2 509
CPRISV s6bq2 701
CPRISV s6bq2 702
CPRISV s6bq2 703
CPRISV s6bq2 704
CPRISV s6bq2 705
CTEXTS s6cq2 201
CTEXTS s6cq2 202
CTEXTS s6cq2 203
CTEXTS s6cq2 209
CTEXTS s6cq2 210
CTEXTS s6cq2 221

Expenditure in restaurants on Soda
Expenditure in restaurants on Beer
Other juice
Other foods
Rent of rented house
Imputed rent of owned house
Maintenance & repair expenses
Water
Electricity
Paraffin(kerosene)
Charcoal 
Firewood 
Others 
Matches 
Washing soap 
Bathing soap 
Tooth paste 
Cosmetics
Handbags, travel bags, etc 
Batteries
Newspapers and Magazines 
Others
Tyres, Tubes, Spares, etc 
Petrol, diesel, etc 
Taxi fares 
Bus fares 
Boda boda fares 
Stamps, envelopes, etc.
Air time & service fee for mobile phones
Expenditure on fixed phones
Others
Consultation fees 
Medicines, etc 
Hospital/clinic charges 
Traditional doctors fees/medicines 
Others
Sport, theatres etc
Dry cleaning and Laundry
Houseboys/girls, shamba boys etc
Barber and Beauty shops
Expenses in hotels, lodging places, etc
Men’s clothing
Women’s clothing
Children’s wear
Other clothing & clothing materials 
Tailoring & Materials 
Men’s Footwear
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SAM account UNHS section Item code Description
CTEXTS s6cq2 222
CTEXTS s6cq2 223
CTEXTS s6cq2 229
CMANF s6cq2 401
CTEXTS s6cq2 402
CTEXTS s6cq2 403
CTEXTS s6cq2 404
CTEXTS s6cq2 405
CTEXTS s6cq2 409
CMANF s6cq2 421
CMANF s6cq2 422
CMANF s6cq2 423
CMANF s6cq2 424
CMANF s6cq2 425
CMANF s6cq2 426
CMANF s6cq2 427
CMANF s6cq2 428
CMANF s6cq2 429
CMANF s6cq2 430
CMANF s6cq2 431
CMANF s6cq2 441
CMANF s6cq2 442
CMANF s6cq2 443
CMANF s6cq2 444
CMANF s6cq2 445
CMANF s6cq2 449
CPRISV s6cq2 601
CPRISV s6cq2 602
CTEXTS s6cq2 603
CMANF s6cq2 604
CPRISV s6cq2 609
CPRISV s6cq2 801
CPRISV s6cq2 802
CPRISV s6cq2 809
YTAX s6dq2 901

GRADTAX s6dq2 905
SOCSEC s6dq2 902
OTRANS s6dq2 903
CPRISV s6dq2 904

CPRISV s6dq2 909

CMANF s7q3 3
CTEXTS s7q3 4
CMANF s7q3 5

Women’s Footwear 
Children’s Footwear 
Other Footwear & Repairs 
Furniture Items 
Carpets, Mats, etc 
Curtains, Bed sheets, etc 
Bedding Mattresses 
Blankets
Others & Repairs 
Electric iron/Kettles etc 
Charcoal & Kerosene stoves 
Electronic equipment 9TV, etc)
Bicycles
Motorcar, Pick-ups etc 
Motor Cycles
Computers for household use
Phone Handsets (Both Fixed and Mobile)
Other equipment & repairs
Jewelry, watches etc
Radio
Plastic basins
Plastic plates/tumblers
Jerry cans and Plastic buckets
Enamel & mettallic utensils
Switches, plugs, cables, etc
Others & repairs
School fees including PTA
Boarding & Lodging
School uniform
Books & supplies
Other educational expenses
Expenditure on household functions
Insurance Premiums
Other services N.E.S
Taxes and duties paid excluding graduated 
tax
Graduated tax
Pension and Social Security Contributions 
Remittances, Gifts and other transfers 
Contributions to Funeral and other Func
tions
Others (like subscription, interest to cus
tomer debts, etc)
Furniture
furnishings eg carpet, mat, matress, etc 
Household appliances eg kettle, flat iron, 
etc
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SAM account UNHS section Item code Description
CMANF s7q3 6 Electronic equipment rg TV, Radio. 

Casette, etc
CMANF s7q3 7 Bicycle
CMANF s7q3 8 Other transport equipment
CMANF s7q3 9 Jewelry & watches
CMANF s7q3 10 Other household assets
CMANF s7q3 11 Other household assets
CMANF s7q3 12 Other household assets

Table 3.21: Mapping of SAM activities and ISIC industries

SAM account ISIC code Category Description
CROP 11 A Growing of crops; Market gardening; hor

ticulture
ALVSTK 12 A Farming o f animals
ALVSTK 13 A Growing of crops combined with farming 

of animals (mixed farming)
ALVSTK 14 A Agricultural and animal husbandry service 

activities, except veterinary activities
ALVSTK 15 A Hunting, trapping and game propagation 

including related service activities
AFORES 20 A Forestry, logging and related activities
AFISH 50 B Fishing, operation of fish hatcheries and 

fish farms; services activities incidental to 
fishing

APETR 101 C Mining and agglomeration of hard coal
APETR 102 C Mining and agglomeration of lignite
APETR 103 C Extraction and agglomeration of peat
APETR 111 C Extraction o f crude petroleum and natural 

gas
AMANF 120 C Mining o f uranium and thorium ores
AMANF 130 C Mining o f iron ores
AMANF 131 C Mining o f non-ferrous metal ores, except 

uranium and thorium ores
AMANF 132 C M ining o f non-ferrous metal ores, except 

uranium and thorium ores
AMANF 141 C Quarrying o f stone sand and clay
AMANF 142 C Mining and quarrying not elsewhere clas

sified
AMEAT 151 D production, processing and preserving of 

meat fish, fruit, vegetables, oils and fats
AMEAT 152 D manufacture of diary products
AMILL 153 D manufacture of grain mill products, 

starches and starch products, and prepared 
animal feeds
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SAM account ISIC code Category Description
AMANF 154 D Manufacture of other food products
ABEV 155 D Manufacture of beverages
AMANF 160 D Manufacture of tobacco products
ATEXTS 171 D spinning, weaving and finishing of textiles
ATEXTS 172 D Manufacture of other textiles
ATEXTS 173 D manufacture of knitted and crocheted fab

rics and articles
ATEXTS 181 D manufacture if wearing apparel; except fur 

apparel
ATEXTS 182 D Dressing and dyeing of fur; manufacture 

of articles of fur
ATEXTS 191 D Tanning and dressing of leather; manufac

ture of luggage, handbags, saddlery and 
harness

ATEXTS 192 D manufacture of foot wear
AMANF 201 D Sawmilling and planning of wood
AMANF 202 D manufacture of products of wood, cork, 

straw and plaiting materials
AMANF 210 D manufacture of paper and paper products
AMANF 221 D Publishing
AMANF 222 D printing and service activities related to 

printing
AMANF 223 D Reproduction of recorded media
APETR 231 D manufacture of coke oven products
APETR 232 D manufacture of refined petroleum products
APETR 233 D Processing of nuclear fuel
APETR 241 D manufacture of basic chemicals
APETR 242 D manufacture of other chemical products
AMANF 243 D Manufacture of man-made fibers
AMANF 251 D manufacture of rubber products
AMANF 252 D manufacture of plastic products
AMANF 261 D manufacture of glass and glass products
AMANF 269 D Manufacture of non-metallic mineral 

products not elsewhere classified
AMANF 271 D manufacture of basic iron and steel
AMANF 272 D Manufacture of basic precious and non- 

ferrous metals
AMANF 273 D Casting of metals
AMANF 281 D Manufacture of structural metal products, 

tanks, reservoirs and steam generators
AMANF 289 D Manufacture of other fabricated metal 

products; metal working service activities
AMANF 291 D Manufacture of general purpose machin

ery
AMANF 292 D Manufacture of special purpose machinery
AMANF 293 D manufacture of domestic appliances not

elsewhere classified
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SAM account ISIC code Category Description
AMANF 300 D Manufacture of office, accounting and 

computing machinery
AMANF 311 D manufacture of electric motors, generators 

and transformers
AMANF 312 D manufacture of electricity distribution and 

control apparatus
AMANF 313 D manufacture of insulated wire and cable
AMANF 314 D manufacture of accumulators primary 

cells and primary batteries
AMANF 315 D Manufacture of electric lamps and lighting 

equipment
AMANF 319 D manufacture of other electrical equipment 

not elsewhere classified
AMANF 321 D manufacture of electronic values and tubes 

and other electronic components
AMANF 322 D manufacture of television and radio trans

mitters and apparatus for line telephony 
and line telegraphy

AMANF 323 D manufacture of television and radio re
ceivers, sound or video recording of repro
ducing apparatus, and associated goods

AMANF 331 D manufacture of medical appliances and in
struments and appliances for measuring, 
checking, testing, navigating

AMANF 332 D Manufacture of optical instruments and 
photographic equipment

AMANF 333 D manufacture of watches and clocks
AMANF 341 D manufacture of motor vehicles
AMANF 342 D manufacture of bodies (coach work) for 

motor vehicles, trailers and semi trailers
AMANF 343 D manufacture of parts and accessories for 

motor vehicles and thier engines
AMANF 351 D Building and repairing of ships and boats
AMANF 352 D manufacture of railway and tramway loco

motives and rolling stock
AMANF 353 D Manufacture of aircraft and spacecraft
AMANF 359 D manufacture of other transport equipment 

not elsewhere classified
AMANF 361 D manufacture of furniture
AMANF 369 D manufacturing not elsewhere classified
AMANF 371 D Recycling of metal waster and scrap
AMANF 372 D recycling of non - metal waste and scrap
AUTILS 401 E Production, collections and distribution of 

electricity
AUTILS 402 E Manufacture of gas; distribution of 

gaseous fuels through mains
AUTILS 403 E Steam and hot water supply
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SAM account ISIC code Category Description
AUTILS 410 E collection, purification and distribution of 

water
ACONS 451 F Site preparation
ACONS 452 F Building of complete constructions or 

parts thereof; civil engineering
ACONS 453 F Building instillation
ACONS 454 F Building completion
ACONS 455 F Renting of construction or demolition 

equipment with operator
ATRADE 501 G Sale of motor vehicles
ATRADE 502 G Maintenance and repair of motor vehicles
ATRADE 503 G sale of motor vehicle parts and accessories
ATRADE 504 G Sale, maintenance and repair of motorcy

cles and related parts and accessories
ATRADE 505 G Retail sale of automotive fuel
ATRADE 511 G Wholesale on a fee or contract basis
ATRADE 512 G Wholesale of agricultural raw materials 

live animals, food, beverages and tobacco
ATRADE 513 G Wholesale of household goods
ATRADE 514 G Whole sale of non-agricultural intermedi

ate products, waste and scrap
ATRADE 515 G Wholesale of machinery, equipment and 

supplies
ATRADE 519 G Other wholesale
ATRADE 521 G Non-specialized retail trade in stores
ATRADE 522 G Retail sale of food, beverages and tobacco 

in specialized store
ATRADE 523 G Other retail trade of new goods in special

ized stores
ATRADE 524 G Retail sale of second-hand goods in stores
ATRADE 525 G Retail trade not in stores
ATRADE 526 G Repair of personal and household goods
APRISV 551 H hotels, camping sites and other provision 

of short stay accommodation
APRISV 552 H Restaurants, bars and canteens
ATRANS 601 I land transport including via railways
ATRANS 602 I Other land transport
ATRANS 603 I Transport via pipelines
ATRANS 611 I Sea and coastal water transport
ATRANS 612 I Inland water transport
ATRANS 621 I scheduled air transport
ATRANS 622 I Non scheduled air transport
ATRANS 630 I supporting and auxiliary transport activi

ties; activities of travel agencies
ATRANS 641 I Post and courier activities
APRISV 642 I Teleconmiunications
APRISV 651 J Monetary intermediation
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SAM account ISIC code Category Description
APRISV 659 J Other financial intermediation
APRISV 660 J insurance and pension funding except 

compulsory social security
APRISV 671 J activities auxiliary to financial intermedia

tion except insurance and pension funding
APRISV 672 J Activities auxiliary to insurance and pen

sion funding
APRISV 701 K Real estate activities with own or leased 

property
APRISV 702 K Real estate activities on a fee or contract 

basis
APRISV 711 K Renting of other machinery
APRISV 712 K Renting of other machinery and equip

ment
APRISV 713 K Renting of personal and household goods 

not elsewhere classified
APRISV 721 K Hardware consultancy
APRISV 722 K Software consultancy and supply
APRISV 723 K Data processing
APRISV 724 K Data base activities
APRISV 725 K Maintenance and repair of office, account

ing and computing machinery
APRISV 729 K Other computer related activities
APRISV 731 K Research and experimental development 

on natural sciences and engineering (NSE)
APRISV 732 K Research and experimental development 

on social sciences and humanities (ssh)
APRISV 741 K Legal, accounting, book keeping and au-

diting activities; tax consultancy; market 
research and public opinion polling; busi
ness and management consultancy

APRISV 742 K Architectural, engineering and other tech
nical activities

APRISV 743 K Advertising
APRISV 749 K Business activities not elsewhere classified
APUBSV 751 L Administration of the state and the eco

nomic and social poUcy of the community
APUBSV 752 L provision of services to the community as 

a whole
APUBSV 753 L Compulsory social security activities
APRISV 801 M Primary education
APRISV 802 M Secondary education
APRISV 803 M Higher education
APRISV 809 M Adult and other activities
APRISV 851 N Human health services
APRISV 852 N Veterinary activities
APRISV 853 N Social work activities
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SAM account ISIC code Category Description
AUTILS 900 0 sewerage and refuse disposal, sanitation

and similar activities
APRISV 911 0 Activities of business, employers and pro

fessional organizations
APRISV 912 0 Activities of trade unions
APRISV 919 O Activities of other membership organiza

tions
APRISV 921 0 Motion picture, radio, television and other

entertainment activities
APRISV 922 0 News agency activities
APRISV 923 O Library, archives, museums and other cul

tural activities
APRISV 924 0 sporting and other recreational activities
APRISV 930 0 other service activities
APRISV 950 P private household with employed persons
APRISV 990 Q extra-territorial organizations and bodies

Mapping used for manipulation of the SAM’s activity to labor skill payment shares and to translate changes in 
sector specific factor payments from the CGE simulation to the microsimulation. ISIC code 13 is omitted during 
the manipulation of the SAM to get a clearer picture of the labor payment share differences between the crop and 
livestock sectors.



CHAPTER 4

The Role of Spatial Price Variation in Determining the Poverty
Impacts of Border Price Shocks on Uganda

4.1 Introduction

The sharp rise in food prices witnessed in the 2006 to 2008 period raises international concerns 
about the consequences for global poverty. It comes with the inherent trade-off. The cost of food 
imports increases but the income from food exports increases at the same time. This effect occurs 
equivalently on the household level. On the one hand, increased import prices for food raise the 
cost of living. On the other hand, higher prices for the produce of the poor potentially increase 
their income. Thus, the net impact on poverty is qualitatively ambiguous. The effect differs from 
individual to individual depending on a multitude of factors and thus the outcome is difficult to 
assess a priori. Most studies that examine the poverty impact of border price increases jump 
ahead and focus on the induced structural change and the resulting impacts on domestic prices, 
wages, and employment. But the missing step, which is crucial to induce this structural change, 
concerns to what extent border prices are actually passed through to domestic economic actors. 
The price signals perceived by these actors might be amplified or weakened and consequently also 
their economic reactions. This is a particularly important issue for developing countries which are 
characterized by poorly functioning and missing markets due, for instance, to poor transportation, 

communications, and institutional infrastructiu'e. These market imperfections may not be equal 
across actors or space.

In this paper, we look at the transmission of border price changes and spatial price variability, 
and their effect on poverty outcomes in Uganda when world crop prices increase. We employ 
two datasets. The first consists of a time series of retail prices for six major local markets in 
Uganda and over a number of different commodities. The second data set is the Ugandan National 
Household Survey 2002/2003 which includes detailed expenditure and unit value data for 9711 
households.

99
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Two main approaches in the latest studies on poverty effects of border price shocks can be 
distinguished. The first looks at longer run effects and is based on computable general equilibrium 
(CGE) models linked to micro household data sets (see, e.g., Boysen and Matthews (2(X)7) for a 
review). These studies usually find rather mild poverty effects due to their inherent assumptions of 
well functioning market mechanisms and resource reallocations. The other approach is based on 
partial equilibrium models and focuses on short-run effects, the first-order effects of rising food 
prices on poverty which assume no reactions of the actors to the economic changes. Ivanic and 
Martin (2008), Wodon et al. (2(X)8), and Joseph and Wodon (2008) are some recent examples of 
the latter approach. Both approaches are similar in that their results usually are derived under 
the strong assumption of perfect price transmission, thus relying on perfectly functioning markets 
and the assumption that price signals are transmitted perfectly across all sectors, regions, and 
production levels of the economy. In the first approach, economic agents react to these price 
signals with a reallocation of resources such that the overall outcome is again efficient. Thus, 
the shock is carried by and spread over the entire domestic economy. If, by contrast, prices are 
transmitted imperfectly across space, then the shocks differ in strength spatially and might even 
remain confined to certain areas thus implying that reactions to the shocks also vary with space. 
Only a few studies also consider imperfect spatial price transmission when analyzing poverty 
impacts. Examples include Nicita (2004, 2007) examining the implications of imperfect domestic 
spatial price transmission in Mexico and Ethiopia, respectively, or Krivonos and Olarreaga (2006) 
who look at imperfect transmission of international to domestic prices for Brazil.

For Uganda, international prices are already considerably changed at the border due to its 
landlocked location. In particular, transport costs represent a substantial part of the final retail 
price for agricultural goods and staple foods which are of high volume and weight per unit price. 
This is exacerbated by bad road, railway, and inland water transport infrastructure within Uganda 
but also within Kenya and Tanzania, which provide the two main transport corridors to the sea ports 
of Mombasa and Dar es Salaam. Uganda’s closest connection to the sea by far is through Kenya. 
Railway lines through both countries to Uganda exist but their quality of service is considered 
to be poor and cargo loss and delivery delays are frequent. Road transportation is usually more 
reliable but also much more expensive. Part of the distance can also be bridged via ship across 
Lake Victoria. Transportation between the ocean and the Ugandan border usually requires weeks. 
Thus, Uganda’s world market access depends, inter alia, on transport infrastructure conditions in 
the neighboring countries and, also, on oil prices. Air transport is less important for heavy and 
bulky goods. A considerable share of Uganda’s international trade consists, in fact, of trade with 
its neighbors with Uganda mainly acting as a food exporter.

The main transport infrastructure within Uganda is also rather sparse, consisting of two railway 
lines, both starting from the southeastern border with Kenya, one heading northwest through Gulu 
and one westward through Kampala. This is complemented by a few major road routes. However, 
large parts of the country, especially in the north, remain isolated in this respect. For these reasons, 
Uganda is a particularly interesting case study for the analysis of spatial price transmission.

This paper is positioned within the strand of studies looking at first-order poverty effects of
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rising food prices but aims particularly at examining the implications of imperfect domestic price 
transmission for poverty outcomes. In particular, we look at spatial price variability and spatial 
price transmission within Uganda and their effects on poverty in the case of a hypothetical 50% 
rise in border prices for food. The paper is organized as follows: Section 2 reviews the theory 
underlying spatial price transmission and the empirical evidence on price transmission in Uganda. 
An introduction to the data used and the poverty measures applied throughout the study is given in 
Section 3. Section 4 reports the descriptive and inferential analysis of the data sets while Section 
5 reports the results for a simulation experiment of a rise in border food prices and analyses the 
results. The final Section 6 summarizes and qualifies the analysis and the results.

4.2 Theoretical Basis

The theoretical basis for this analysis is given by the notion of spatial equilibrium.’ In equilibrium, 
prices of spatially separated markets should exhibit a common single price, once transaction costs 
are taken into account {Law o f One Price, LOP). If markets work efficiently, then arbitrageurs 
ensure that the price difference between two spatially separated markets i and j  is not larger than 
the transaction costs cjj required to move the good from i to j ,  with i being the market with the 
lower price. Thus, the spatial arbitrage condition

P j - P i < c J j  (4.1)

holds in equilibrium. If two markets trade directly, the condition becomes an equality. Since 
this is an equilibrium condition, prices can deviate from each other in the short-run but should re
turn to equilibrium in the long-run. Markets are said to be spatially efficient when all opportunities 
for making profits through arbitrage are exhausted.

Note, this definition of spatial market equilibrium is in line with situations where \pj — pj| <  
cjy  In this case, transaction costs are too high, trade is unprofitable and prices in the two regions 
might float independently in a certain band. Thus, a spatial equilibrium does not require markets 
to be integrated. The term market integration describes the degree to which price movements 
of one region are transmitted to another region and is measured by the expectation of the price 
transmission ratio

dpjfdej
dpildeiR ., =  (4.2)

where e, is a shock on market i and Rij =  1 indicates perfect price transmission. Note, in 
this definition the price transmission ratio will necessarily be below one if (parts of) the transfer 
costs are absolute rather than proportional to the price. As price transmission is not necessarily 
immediate it makes sense to relax the notion of market integration and differentiate between short-

'The terminology and definitions are based on Facklcr and Goodwin (2001).
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and long-run market integration. For a detailed discussion of these terms see Fackler and Goodwin 
(2001).

The integration of domestic with international markets likely varies across goods. Export 
goods with only little domestic consumption should be strongly integrated with the world market. 
But depending on the level of the value-added chain, one looks at, even here price changes need 
not transmit perfectly because of market inefficiencies. For instance, Fafchamps et al. (2003) find 
that changes in international coffee prices transmit quite strongly to those in the higher levels of the 
coffee value-added chain in Uganda but only weakly to coffee growers. Purely imported products 
should also be strongly integrated. But in the more general case, goods will be partly imported or 
exported and partly domestically consumed. Again, goods will not be traded if \pj — Pi\ < cfj. 
The nature of agricultural products, e.g., non-movable, low price per weight, bulky, heavy, or 
perishable, can make their transfer costs so high that no trade emerges and domestic markets are 
decoupled from the international market. A good might be traded only during certain periods / 
seasons, e.g., it might be non-traded during harvest and post-harvest periods but imported during 
the pre-harvest period as, for instance, Moser et al. (2008) found for rice in Madagascar. Trade 
flows between regions might even reverse in different seasons. Generally, the more heterogeneous 
the products the less prices will transmit because of the increased role of preference and quality 
considerations.

Markets can also, however, have a complementary or substitutional relationship so that these 
markets are integrated even though the goods are not the same, e.g., different types of cereals. 
Thus, prices of other markets create additional noise in the data. Also, Moser et al. (2008) find 
that market integration might differ with spatial scale, i.e., national, regional, and sub-regional 
level, and that, in the case of Madagascar, integration is quite complete on the sub-regional level 
but rather low on the national level.

Rapsomanikis et al. (2003), in reference to Prakash (1998) and Balcombe and Morrison (2002), 
summarize the different dimensions of price transmission into three components. (1) The degree 
of co-movement and adjustment refers to how much of the price change in one market is trans
ferred to the price in the other market. (2) The dynamics and speed of adjustment refer to the 
mechanisms themselves through which prices are transmitted and its speed. (3) The asymmetry of 
response refers to the fact that the price transmission from one region to the other does not need 
to necessarily be the same in the opposite direction, neither in size nor in speed.

By and large, prices are determined dynamically within a complex, interdependent system 
and research on spatial price discovery, determinants, and transmission is relatively recent. The 
analysis of price transmission is particularly complicated by the absence of regional trade data 
so that usually only price data is available. Moreover, many components of transfer costs are 
non-observable, such as data on risks or bribes. Among the many and frequent causes of reduced 
price transmission are institutional price setting or marketing controls, longer-term contractual 
arrangements, and storage, to name a few.

Given these impediments to price transmission, the literature highlights the importance of a 
transfer cost component of prices which is non-proportional to the origin’s price. There is much
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ongoing research trying to isolate this non-proportional price component developing several ver
sions of threshold error correction models and parity bounds models. For recent detailed discus
sions and reviews of corresponding studies, see Abdulai (2007) and Rapsomanikis et al. (2003).

4.2.1 Price Transmission Evidence for Uganda

The following studies show some indication of the degree of spatial price transmission for Uganda, 
either from the world market to the Ugandan market or amongst domestic markets.

Rapsomanikis et al. (2003) analyze the integration and price transmission of the Ugandan 
national coffee market with the world market using producer prices and the composite indicator 
price (CIP) of the International Coffee Organization (ICO). They apply the Johansen cointegration 
test which indicates the existence of one cointegrating relationship and thus that the international 
and Ugandan markets are integrated. A subsequent Granger causality test confirms that the CIP 
Granger-causes the domestic producer price. The error correction coefficient of the estimated 
vector error correction model suggests that domestic producer prices fully adjust to shocks in the 
CIP after 5 months. The short-term adjustment coefficient indicates that 58% of the CIP shock is 
passed through to domestic producer prices instantaneously.

Conforti (2004) also looks at international to domestic price transmission in Uganda for vari
ous products. Using a bivariate ECM, they find long-run equilibrium relationships with the world 
price for producer prices for wheat and sorghum and the import unit value of milk powder but 
find no such relationship for other commodities. They remark that they did not have the price data 
for important agricultural products like coffee, tea, or cotton. The possible reasons stated for this 
low degree of price transmission are the general low tradability of the products examined and the 
relative self-sufficiency of Uganda in terms of food.

Rashid (2004) focuses on the evolution of domestic maize market integration following the 
liberalization of Ugandan agricultural markets including removal of parastatals in the early 1990’s. 
He analyzes weekly wholesale price data for 8 district markets^ over the periods from 1993, week 
1 to 1994, week 40 and from 1999, week 40 to 2(X)1, week 30 using a dynamic cointegration 
moving average model. They find that the majority of the district markets are integrated and that 
integration with Kampala improved from the first to the second period and that the largest maize 
producing districts dominate long-run price formation. The time series for Masaka and Mbarara 
are stationary in period one but are found to be integrated with the other markets in period two. 
However, the nothem districts of Gulu and Arua are not integrated, something the authors attribute 
to the prolonged state of insurgency in northern Uganda.

Kuteesa (2005) analyzes price discovery in domestic maize and beans markets in Uganda uti
lizing a vector autoregression model and a directed acyclic graphs approach on weekly wholesale 
prices of maize and beans for 16 markets from 2000, week 1 to 2003, week 52. She finds that 
maize markets are rather integrated and react quickly to each other so that after 23 weeks all mar
kets have reacted. By contrast, beans markets only react in the medium-run to each other and even 
in the long-run, three markets do not react. The reactions to price shocks in the beans markets

^These are Kampala, Jinja, Masaka, Gulu, Arua, Mbarara, Hoima, and Mbale.
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are generally lower than those in the maize markets. Price discovery for maize originates mainly 
from Mbale and Iganga which are high production areas and where Mbale is the main root of price 
determination. Even Gulu reacts to price shocks elsewhere in the long-run. For beans, prices of

to shocks elsewhere. Surprisingly, the Kampala market seems rather unimportant for the price 
determination of both maize and beans markets.

The study by Atingi-Ego et al. (2008) looks at the transmission from world to border prices 
and from border to producer prices for the export crops maize, bananas, beans, cotton, tea, and 
tobacco. Unit export prices are used as proxies for border prices. The monthly time series for the 
years 2000 to 2004 data are analyzed using error correction models. They find cotton, tea, and 
tobacco exporter prices to be integrated with the world market. However, those products display 
no evidence for domestic price transmission from exporters to producers. For maize, beans, and 
bananas they find neither price transmission from world to border nor from border to producer 
prices.

4.3 Data and Poverty Measures

This study utilizes two data sets. The first data set consists of price time series for six Ugandan 
markets and 11 staple foods for the months from July 1997 to July 2006 published by the Ministry 
of Agriculture, Uganda.  ̂ Series which are only available for one market are discarded. This data 
is utilized for the actual analysis of spatial price transmission in Uganda.

The data used for the analysis of spatial variability of prices and for the simulation of income 
and poverty consequences of an increase of international prices for food is the Uganda National 
Household Survey 2002/2003."* The exact details on how this dataset was prepared for analysis 
can be found in Boysen and Matthews (2008).

For measuring poverty, we employ an absolute poverty line and the measures Pa introduced 
by Foster, Greer and Thorbecke (1984). Setting the parameter a  in the following formula to 0, 1, 
or 2 computes the poverty headcount, gap, or severity index, respectively.

with N: population size, z: poverty hne, j/j: income of individual i, and

The poverty headcount index Pq measures the percentage of people falling below the poverty 
line. The poverty gap Pi measures the extent to which poor people undercut the poverty line as 
a percentage of the poverty line on average. The poverty severity index P2 squares that shortfall 
percentage of each person before averaging and thus gives more weight to more severely affected

^Accessed online on 20 August 2008, http://www.agriculture.go.ug/docs/FoodPriceData. 
xls.

'‘Uganda Bureau of Statistics, Entebbe, Uganda, 2003.

most markets are discovered in Jinja but some also in Tororo. Arua and Gulu respond only little

1 if Hi < z and 
0 otherwise.
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people.

For poverty lines we use separate rural and urban lines which have been recovered from the 
adjusted household survey data in order to reproduce the poverty headcounts reported in the 
UNHS Report on the Socio-Economic Survey (UBoS; 2003, Table 6.3.2 (a)). In particular, we 
find poverty lines of 192,707 UGS and 218,516 UGS for the 41.7% of rural and 12.2% of urban 
poverty headcounts, respectively. The UBoS poverty lines are based on the cost o f  basic needs ap

proach, which accounts for the cost of meeting physical calorie needs and allows for vital non-food 
expenditure, such as clothing and cooking fuels, valued using the average consumption basket of 
the poorest 50% of the population.^ The rural and urban poverty lines account for the differences 

in prices and consumption baskets for the respective subpopulations. For the income measure we 
use per capita income.

4.4 Descriptive Analysis

Overall, given the above definition of poverty and the derived poverty lines, 37.7% of the pop
ulation is living in poverty. Of the poor population only 4.5% live in urban but 94.5% in rural 
areas. Put differently, 13.8% of the Ugandan population is living in urban and 86.2% in rural 
areas. 12.2% of the urban population and 41.7% of the rural population are classified as poor.

The poor spend 56.9% (53% in urban and 57.1 % in rural areas) of their discretionary expendi
ture on food, i.e., expenditures excluding income taxes and food excluding beverages and tobacco. 
But the dependency on markets and hence on market prices is rather different. Overall, the poor 
source 43.4% of their food expenditures from markets. In urban areas this value is 69% in con
trast to only 42.3% in rural areas. Although both of these values are quite high, the direct effects 
of changes in market prices will be much larger in urban than in rural areas (ignoring indirect 
opportunity cost-driven effects).

Due to data limitations on the income side, we henceforth restrict the discussion to crops which 
we use as synonymous with food. Under our definition, crops include all plant products but no 
beverages apart from coffee and tea. Since the UNHS surveys only a single figure on income from 

crop farming, we cannot separate out different crops on the income side.^ On the expenditure side, 
we decided to leave out tobacco, as it is an important expenditure, but its retail price is usually not 
related to its producer price due to taxes.

4.4.1 Dependency on Markets for Food

Since this study focuses on poverty, it is important to determine which products are important for 
the poor population in Uganda. Figure 4.1 shows the shares of their expenditures that the poor 

spend on different food items per capita on average, ordered by the share of marketed expendi
tures. It is important to differentiate between market and non-market expenditures because only 
the marketed expenditures are initially affected by price changes. 31.7% of total expenditures

'’See U B oS (2003, Appendix 11(A), 2).
'’This U N H S, in particular, also includes no data on livestock incom es.



106 Spatial P rice T ransm ission and Poverty Im pacts on U ganda

are spend on staple foods (cassava, beans, m aize, sorghum , m atooke, sw eet potatoes, rice) and 

10.1%  are actually  spent in m arkets. Thus, barely  a third o f those expenditures are m arketed on 

average but this varies considerably , e.g ., betw een urban (60 .3%)  and rural (30.5% ) areas. The 

m ost w idespread staples are cassava, beans, sw eet potatoes, m atooke, and m aize but only cassava, 

beans, and m aize are sourced to a substantial degree from  m arkets w hereas only m aize is regu 

larly purchased  on m arkets at a share o f over 50% . The poor population  relies strongly, o r even 

com pletely, on m arkets for the im portant foods m eat, fish, sugar, cooking oil, and salt.

Figure 4.1: Poors’ food expenditure shares by item
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Sim sim 
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A verage share in total expenditure

Average share in total expenditure on food, excluding beverages and tobacco, per capita over the poor population  
only. The bars for marketed food show only the share o f  the food bought on markets as opposed to auto- or free 
consumption. Source; Own computation from U NH S 2002/2003 data.

O ne w ould expect strong p rice transm ission  from  in ternational to  U gandan m arkets w herever 

there are also strong trade links. F igure 4.2 presents the ratio  o f  U gandan total im ports and exports 

over total U gandan expenditures on food  item s in 2002/2003.^ In the foods sector, there are few 

substantially  traded food  item s w hich are also im portan t for the poor.^ The m ore im portant ones 

w ith substantial trade are fish, m aize, sugar, salt, sorghum , and the less im portant sim sim , rice,

’ The import and export data is taken from the UNCTAD Trains database. United Nations Conference on Trade and 
Developm ent, Geneva, Switzerland. A ccessed online via W ITS, World Bank, on 6 October 2008.

*Coffee and tea are not part o f  the diet o f  the poor population and thus m issing.
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Figure 4.2: Total import and export values over total household expenditures by food item

Meat I
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The bars show Ugandan import and export values over total Ugandan household expenditures for individual food 
items. Trade values are simple averages of 2002 and 2003 data. Source: Own computation from UNHS 2002/2003 
and UNCTAD Trains data.

and peas. All of these also have a relatively high marketed to total food expenditure ratio. Maize, 
sorghum, and rice appear to be the only staple foods imported to a significant extent. Thus, prices 
of main staples like cassava, beans, and matooke can only be affected indirectly via substitution 
effects. Fish is one of the main export industries of Uganda and is also a substantial part of the 
poor’s food expenditures. But quality differences might make the poor’s fish prices less responsive 
to world market prices as the exports consist mainly of high quality fillets. The equally important 
expenditure component meat is not traded at all but might have a substitutional relationship with 
fish.

Taken together. Figures 4.1 and 4.2 suggest that direct price links from international markets 
to the poor’s market food expenditure basket are rather insignificant.

Table 4.1 shows the distribution of people’s status as net food buyers or sellers and suggests 
who and in which regions depends more on producer or on retail prices or is rather independent 
of food price movements. Firstly, one can observe that across all quintiles and regions there is 
a substantially larger share of net buyers than sellers. The share of net buyers generally tends to 
increase with income level while the picture for sellers is not as clear. The share of net sellers 
decreases continuously in all regions except the Northern region where the highest prevalence of 
sellers is in the middle three income quintiles.^ The share of even net positions decreases with 
rising income level. There are more net buyers in urban than in rural regions and more net sellers 
in rural than in urban regions. The poorest two quintiles in the Eastern and Northern regions

□  Imports 
■  Exports

^The Northern region has a poverty headcount index of 66%. Thus, large parts o f the middle deciles are poor.
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feature more net buyers and less net sellers than the Central and Western regions thus making 
them more dependent on food retail prices. These are also the regions where the majority of the 
poor live (63%). Kampala is a purely urban area with virtually only net buyers.

4.4.2 Domestic Price Variability

Another important indication of the level of price transmission within Uganda concerns spatial 
price distribution. To facilitate comparisons, all unit values have to be measured in the same units. 
Many of the 85 different measures used in the UNHS are multiples of kilograms or liters and 
thus easily scaled to one kilogram or liter. But other measures are less specific, like, for instance, 
"Bunch (Big)", "Bunch (Medium)", or "Crate". In the absence of UNHS-specific conversion fac
tors, we estimate such factors using a regression approach inspired by Capeau and Dercon (2006). 
While doing so, we also estimate conversion factors to convert different variants or qualities of 
a commodity to a base variant, for instance, maize flour to maize grains, in order to get a more 
manageable set of items.

We start from the identity equation for the unit value, Pu =  Vu/qu — Cu • where the 
unit value of an item i measured in units u is given by the total value of item i divided by the 
total quantity qu of item i measured in units u. The measures u should have a fixed relation and 
thus the unit value pu should equal some conversion factor Cu times the kilogram price As 
household surveys include measurement errors, e.g., caused by differing measurement devices, the 
conversion factors cannot simply be calculated. Even when prices are measured in the same units, 
other sources of price variations are quality and seasonal, regional, and preference variations." 
Different variants of a commodity are converted to a base variant using the variety conversion 
factor rrij and seasonal variation is accounted for by the seasonal factor kg. We assume the price 
equation for a specific item and unit as being =  c„ • m j ■ kg • p^^ and settle for the following 
regression equation:^^

\o^Ph^u,j,r,s ~  'y  ̂ Pu'^h,u "t” 'y ^  ' Pr^h,r ^  '̂ Ps^h,s ^h,j (4-3)
uG{U\kg}  j E J  r £ R  sS S

with observation index h (household), unit type u € U, item variant j  € J ,  region r & R, season 
s E S, and f3, the corresponding coefficients. This equation is estimated for each item individually 
using OLS.'^

We use only the four Ugandan regions plus Kampala instead of the more detailed district level

'’’The conversion factor for kilogram to liter unit values corresponds to the reciprocal o f the density o f the item.
"Deaton (1997, p. 288) emphasizes that unit values are not prices since value is divided by a mixture of items of 

different quality. If the choice of quality is also related to income, there is a potential selection bias such that higher 
income areas will show higher unit values because of the quality difference.

'^All units given in multiples o f kilograms and liters have been scaled to one kg and one liter, respectively, be
forehand. All units given in definite ranges o f kilograms or liters, e.g., "1 to 2 kgs", have been assigned the mean 
value.

'^Capeau and Dercon (2006) separate out regional conversion factors whereas we focus on a national conversion 
factor.



Table 4.1: Net crop balance across regions and income quintiies

Of total Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Region % pop. % poor sell even buy sell even buy sell even buy sell even buy sell even buy
Central rural 21.6 13.6 38.8 16.2 45.0 36.2 14.1 49.5 23.8 11.4 64.8 22.0 9.4 68.6 13.7 5.6 80.3

urban 2.9 0.7 14.9 85.1 16.5 2.4 81.1 6.9 4.8 88.3 3.3 1.4 95.3 2.9 0.9 96.2
total 24.5 14.4 38.5 15.9 45.6 35.1 13.5 51.2 22.6 10.9 66.4 20.1 8.6 71.3 11.1 4.5 84.2

Eastern rural 25.3 31.4 18.3 18.7 62.9 21.5 16.9 61.6 18.7 8.5 72.8 17.6 8.5 73.9 18.1 7.0 74.8
urban 2.1 0.9 10.4 1.8 87.8 12.0 1.6 86.3 6.1 1.9 92.0 1.4 1.3 97.3 3.9 1.2 94.9

total 27.4 32.3 18.2 18.5 63.3 21.2 16.4 62.4 18.2 8.2 73.6 15.8 7.8 76.4 13.9 5.3 80.8
Northern rural 16.8 29.5 22.5 10.8 66.6 31.7 6.8 61.5 32.4 6.5 61.1 31.9 5.6 62.5 18.3 1.7 80.0

urban 1.4 1.5 15.3 0.1 84.5 1.1 0.2 98.7 1.1 0.1 98.7 0.8 1.0 98.2 2.1 1.1 96.9
total 18.2 31.0 22.2 10.4 67.1 29.9 6.4 63.6 29.1 5.8 65.1 27.3 4.9 67.7 13.8 1.5 84.6

Western rural 22.6 20.9 37.1 13.0 49.9 31.7 9.5 58.8 29.1 10.6 60.2 23.5 9.3 67.2 21.6 3.8 74.6
urban 2.2 1.0 5.1 5.2 89.7 13.3 9.1 77.6 9.2 5.9 84.9 9.2 3.0 87.8 6.4 1.0 92.6

total 24.7 21.9 36.1 12.7 51.1 31.0 9.5 59.6 28.1 10.4 61.5 22.1 8.7 69.2 18.3 3.2 78.5
Kampala urban 5.1 0.3 100.0 100.0 100.0 2.0 98.0 0.6 99.4

The "Of total" columns report the share of the total population and the share o f the total poor population living in that area, respectively. The "Quintile" column sets denote net sellers, 
people with balanced positions, and net buyers of crops. People within a net crop position of +/- 5% of their total crop consumption are deemed balanced. Source: Own computation 
based UNHS 2002/2003 data.

o
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of 56 districts. A check of the estimated unit conversion coefficients (3u for rather homogeneous 
goods, e.g., rice or beans from liters to kg, against conversion factors found on the internet confirms 
that the estimates are rather accurate. Moreover, the ordering of conversion factors for ordinal 
measures appears sensible and the conversion factors for different variants of an item reflect the 
level of product refinement. The estimated regional unit values and seasonal multiplication factors 
are shown in Table 4.2. A comparison of the estimated unit values with the regional price data 
from the Ugandan Ministry of Agriculture for the third quarter 2002 in Kampala indicates that the 
estimations are rather accurate with stronger deviations where units are rather unspecific, as, for 
instance, for matooke which is mainly measured in bunches. Also, the seasonal multipliers seem 
plausible where significant.

The estimated unit values (acknowledging the aforementioned difference between prices and 
unit values, we henceforth use both terms synonymously for unit values) exhibit a strong regional 
variation where the prices in Kampala generally belong to the highest (highest prices for 11 of 
16 items), but which also features the lowest price averages for Sugar and Tomatoes. It is also 
interesting to note that there is no single item where the Central Region has the lowest prices. The 
max/min column illustrates that average prices vary considerably (up to factor 2.56, for sorghum) 
across space and much more across regions than over seasons (up to factor 1.48, for matooke).

4.4.3 Domestic Market Integration

Figure 4.3 pictures the commodity price time series data set from the Ministry of Agriculture, 
Uganda. Initial inspection of the local commodity price time series suggests that most of the 
Ugandan markets are rather integrated. Most markets’ curves tend to follow the major common 
movements although there are differences in the strengths of reactions. Note, these are all rela
tively large cities of at least 68,000 inhabitants (census 2002) spread across the country but which 
are also relatively well connected, i.e., they are favorably situated at one of the few main roads 
and four of them also on the two main lines of the sparse railway network. Disregarding the world 
series, Gulu often sticks out as an extreme, being either the cheapest or the most expensive city. It 
is, however, the only city located in the north of the country, whereas the others are located along 
the entire east-west axis more or less close to the southern border. Kampala is usually one of the 
most expensive markets, except for cassava flour, where it is amongst the cheapest.

The world market prices are taken from IMF statistics*"* and are not exactly the same commodi
ties.*^ Those prices reflect spot market quotes and do not take into account the cost of delivering 
the goods to Uganda, such as, transport, insurance, taxes. Also, world prices for maize refer to 
grains as opposed to Ugandan prices which refer to flour.

Next, we examine if these major markets are integrated with the Kampala market and how

‘‘'Accessed online on 12 September 2008, h t t p : / /w w w .im f .o r g /e x t e r n a l /n p /r e s /c o m in o d /  
e x t e r n a ld a t a . c sv . The prices are converted from USD to UGS using an exchange rate from the International 
Financial Statistics (IMF), accessed online on 19 September 2008, h t t p : //www. im f s t a t i s t i c s  . o r g / im f / ,  
series "principal exchange rate, monthly average".

'^The series used are: "Rice, 5 percent broken milled white rice, Thailand nominal price quote, US$ per met
ric tonne", "Maize (com), U.S. No.2 Yellow, FOB Gulf of Mexico, U.S. price, US$ per metric tonne", "Groundnuts 
(peanuts), 40/50 (40 to 50 count per ounce), cif Argentina, US$ per metric tonne".



Table 4.2: Variation of unit values of foods by region and season

Central Eastern Northern Western Kampala max/min Jul-Sep Oct-Dec Jan-Mar
Meat 1,864 1,971 1,746 1,843 2,249 1.29 I.OI 1.06 1.07

(986.26)*** (1,049.91)*** (767.91)*** (1,025.00)*** (469.09)*** (1.58) (6.91)*** (7.04)***
Cassava 310 204 177 224 340 1.93 0.93 1.07 1.02

(179.05)*** (208.08)*** (175.71)*** (186.52)*** (87.59)*** (-2.54)* (2.43)* (0.80)
Fish 903 868 775 1,052 1,178 1.52 0.99 0,93 0.95

(57.73)*** (57.29)*** (55.17)*** (57.14)*** (53.18)*** (-0.23) (-2.26)* (-1.57)
Beans 547 506 460 454 656 1.45 0.97 1.03 1.06

(374.76)*** (417.91)*** (330.96)*** (392.60)*** (194.40)*** (-2.15)* (1.98)* (3.19)**
Maize 482 439 435 438 541 1.24 0.98 l.l  1 1.15

(496.46)*** (496.12)*** (320.92)*** (462.53)*** (212.63)*** (-1.21) (7.97)*** (8.68)***
Sugar 1,231 1,220 1,310 1,272 1,210 1.08 1.00 0.98 0.98

(2,104.13)*" (2,058.42)*** (1,478.89)*** (1,930.85)*** (878.80)*** (-0.38) (-4.18)*** (-4.46)***
Cooking oil 1,042 944 985 1,139 1,156 1.22 0.96 1.04 1.07

(109.48)*** (107.57)*** (107.34)*** (112.02)*** (102.05)*** (-2.65)** (2.92)** (4.30)***
Salt 596 493 558 569 632 1.28 0.94 0.93 0.94

(547.16)*** (543.56)*** (406.22)*** (541,62)*** (212,57)*** (-4.83)*** (-5.52)*** (-4.47)***
Tomatoes 360 350 354 549 537 1.57 0.92 1.04 0.92

(95.53)*** (95.84)*** (91.98)*** (105.00)*** (88.05)*** (-4.23)*** (2.26)* (-4.13)***
Sorghum 613 240 296 379 548 2.56 0.97 1.23 1.09

(18.71)*** (110.58)*** (101.79)*** (78.36)*** (13.06)*** (-0.52) (3.60)*** (1.73)'
Groundnuts 1,245 909 519 1,126 1,240 2.40 0.96 1.03 1.02

(387.18)*** (338.66)*** (203.22)*** (349.69)*** (192.39)*** (-1.81)' (1.41) (0.71)
Matooke 90 109 74 69 134 1.94 0.94 1.32 1.32

(11.81)*** (12.29)*** (11.13)*** (11.08)*** (12.83)*** (-2.08)* (9.00)*** (7.81)***
Sweet potatoes 153 111 68 118 170 2.50 1.07 1.02 0.97

(90.23)*** (85.45)“ ’ (71.11)*** (105.09)*** (56.37)*** (1.53) (0.56) (-0.87)
Sim sim 879 824 614 912 822 1.49 1.04 1.16 1.06

(44.94)*** (133.24)*** (130.61)*** (67.03)*** (30.62)*** (0.91) (3.91)*** (1.71)'
Rice 945 830 930 952 956 1.15 0.97 0.99 0.97

(767.22)*** (802.87)*** (538.21)*** (718.46)*** (415.68)*** (-2.68)** (-1.50) (-2.47)*
Millet 617 424 339 487 642 1.89 0.94 1.02 1.02

(137.56)*** (145.76)*** (95.36)*** (182.77)*** (71.93)*** (-1.37) (0.51) (0.44)

The first five columns show the estimated unit values for the four Ugandan regions plus Kampala. Column max/min lists the ratios of maximum over minimum price. The last three 
columns show the estimated seasonal multipliers with April to June being the base season. All values are given as exponents of the log estimates. The brackets mark the t-values of 
the particular regression coefficient. Each commodity row describes an individual regression. All values are in UGS. Source: Own computation based UNHS 2002/2003 data.



Figure 4.3: Retail market price variation across time and regions by item
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quick these adjust to price shocks originating from Kampala. For this, w e estimate bivariate error 

correction m odels (ECM), follow ing the Engle-Granger two-step procedure (see, e.g., Enders; 

2004, ch. 6).

A ll time series for all markets and goods appear to be difference stationary / ( I )  variables as 

determined by Augmented Dickey-Fuller (ADF) tests on the variables in levels and first differences 

(results not shown). We then estimate the long-run relationships between Kampala and each o f  the 

regional markets with the follow ing equation by OLS:

yt =  1̂ 0 +  0 \Z t +  et (4.4)

The resulting estimated error term et is stationary only i f  y  and z  are cointegrated with 2  being 

the particular Kampala price series and y  that o f  the other regional markets. Thus, we perform a 

Dickey-Fuller test on ej. The values o f  the test statistics with their p-values in brackets are reported 

in Table 4.3, column ADF. The p-values are based on MacKinnon (1991).'® The hypothesis o f  no 

cointegration is rejected for all variables at the 5%  significance level, with only Gulu being a bor

derline case for maize flour. We can conclude that the Kampala market is som ehow cointegrated 

with all the other five markets.

Now w e estimate the ECM using

12

A yt =  a i  -h o iy {y t- i  -  P \ z t - i )  +  a n A y t _ i  -h a i 2^ z t - i  +  ^  ly ,m M t +  ey t̂ (4.5)
m =l

where M t  are dummy variables for calendar months with the corresponding index m  and co 

efficients 'jy r̂n to account for seasonality. €y t̂ accounts for unexplained error. The Engle-Granger 

procedure re-uses the error term series et estimated by Equation (4.4) in the first step and substitute 

that -  lagged by one time unit -  for the term { y t - i  — P iZ t - i )  in Equation (4.5).

The results are shown again in Table 4.3.*^ We are mainly interested in the Oy coefficients 

as these indicate that market price y  corrects for deviations from the long-run price in Kampala 

2 . If so, the d y  coefficient should appear negative and significant. This is largely the case. A ll 

regional markets for sweet potatoes, Irish potatoes, rice and groundnuts respond to price changes 

in Kampala. However, every region is unresponsive to Kampala price changes in two to three o f  

the other markets without any noticeable regularities. Moreover, the a y  coefficients indicate the 

speed o f  adjustment  to the long-run equilibrium. Looking only at the coefficients significant at the 

5% level, there seem s a tendency for the markets south o f  Kampala, Masaka and Mbarara, to react 

faster than the northern ones. For instance, M asaka’s markets for the two bean variants correct for 

93% and 82% o f the deviation from the long-run equilibrium price with Kampala in the first month. 

On average, M asaka’s markets correct for 51 % o f the gap to the long-run equilibrium and thus

’̂ The p-value computation is conducted through the R package f U n i t R o o t s  (R Development Core Team; 2008) 
which implements the MacKinnon method.

'^The estimated coefficients for the seasonal dummies arc not shown.
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adapt to over 90% in the fourth month. The opposite extreme is Gulu, the northernmost market, 
which adjusts the slowest with a mean of 25% per month corresponding to a 90% adaptation after 
about eight months. The speed of adjustment decreases monotonically with increasing distance to 
the north and to the south of Kampala, as expected. Only Jinja’s speed of adjustment falls out of 
alignment with 30% although it is rather close to Kampala and well connected.

By and large, these Ugandan markets seem to be integrated with the Kampala market so that 
shocks to Kampala market prices will be transmitted sooner or later. But these numbers fall short 
of answering the question of how the majority of the poor living in rural areas is affected. The six 
markets considered are larger cities and exceptionally well connected by major roads and, in four 
cases, also by national railway lines. However, the level of market integration might drop rapidly 
with distance from these centers and the sparse national transportation network.



C hapter 4 115

Table 4.3: Error correction model estimates on regional market prices

Region ADF a i Oiy a n 0L\2

Gulu -3.07 -18.62 -0.21 0.79 -0.32 0.26
(0.00)** (-1.07) (-2.67)** (2.86)** (-3.30)**

Mbale -4.72 -25.98 -0.40 0.08 -0.02 0.31
u (0.00)*** (-2.76)** (-3.75)*** (0.56) (-0.17)

M
O Jinja -5.85 -28.20 -0.35 0.07 -0.15 0.50

s
(0.00)*** (-3.78)*** (-2.12)* (0.48) (-1.05)

Masaka -5.97 -7.98 -0.17 0.13 -0.08 0.47
(0.00)*** (-1.27) (-1.49) (1.20) (-0.61)

Mbarara -4.23 -28.36 -0.31 0.16 -0.21 0.58
(0.00)*** (-4.34)*** (-1.87)- (1.04) (-1.35)

Gulu -5.37 -9.57 -0.32 0.22 0.09 0.45
(0.00)*** (-0.80) (-3.68)*** (1.90)- (0.81)

U Mbale -4.40 0.37 -0.26 0.24 -0.01 0.25
o
re (0.00)*** (0.03) (-3.19)** (2.13)* (-0.11)
o
Q .

Jinja -5.45 -6.83 -0.39 0.31 -0.05 0.34
U (0.00)*** (-0.87) (-4.68)*** (3.60)*** (-0.55)
D Masaka -4.52 13.05 -0.47 -0.04 -0.11 0.26

C/5 (0.00)*** (1.12) (-4.62)*** (-0.30) (-0.99)
Mbarara -5.02 -10.53 -0.43 -0.11 0.11 0.21

(0.00)*** (-0.91) (-5.35)*** (-0.88) (1.16)
Gulu -5.97 2.71 -0.34 -0.14 0.12 0.23

(0.00)*** (0.14) (-3.44)*** (-0.68) (1.01)
SA Mbale -5.30 4.89 -0.37 -0.13 0.15 0.55
u
O (0.00)*** (0.29) (-3.88)*** (-0.78) (1.34)re
o Jinja -4.77 -5.34 -0.26 0.05 -0.17 0.22
Q .

j i : (0.00)*** (-0.44) (-2.59)* (0.39) (-1.56)
:ri

• c Masaka -5.60 -27.58 -0.51 0.16 -0.30 0.49
(0.00)*** (-1.62) (-3.79)*** (0.88) (-2.76)**

Mbarara -6.15 -35.18 -0.54 -0.13 -0.00 0.50
(0.00)*** (-1.80)- (-4.55)*** (-0.73) (-0.02)

Gulu -3.04 14.20 -0.18 0.90 -0.15 0.17
3
O (0.00)** (0.46) (-2.85)** (2.57)* (-1.57)

V*—1

re Masaka -2.11 -7.34 -0.07 0.04 -0.02 -0.01
>rec/3 (0.03)* (-0.50) (-1.53) (0.26) (-0.17)
Cflre Mbarara -3.97 -16.96 -0.35 0.18 -0.07 0.18
U (0.00)*** (-0.69) (-4.05)*** (0.63) (-0.65)

Gulu -5.21 -0.16 -0.23 0.04 0.06 0.26
(0.00)*** (-0.01) (-2.22)* (0.26) (0.52)

Mbale -4.03 61.62 -0.25 0.24 0.17 0.38
(0.00)*** (3.47)*** (-2.70)** (1.75)- (1-49)

u_o Jinja -4.76 48.71 -0.26 -0.02 0.08 0.38
s (0.00)*** (3.13)** (-2.86)** (-0.18) (0.74)

Masaka -5.68 -9.69 -0.54 0.03 0.15 0.29
(0.00)*** (-0.73) (-4.84)*** (0.28) (1.47)

Mbarara -4.32 18.10 -0.39 0.31 -0.14 0.32
(0.00)*** (1.23) (-2.99)** (2.63)** (-1.25)
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Table 4.3: Error Correction Model estimates on regional market prices

Region ADF 0L\ CXy Q ll O t\1

Gulu -1.92 23.14 0.01 0.09 -0.24 0.10
(0.05)' (1.24) (0.32) (0.62) (-2.07)*

Mbale -3.34 -36.52 -0.12 0.11 0.13 0.14b-3O (0.00)** (-2.38)* (-1.61) (1.01) (1.15)
c
o Jinja -4.37 -3.17 -0.22 -0.01 0.05 0.11

cd (0.00)*** (-0.19) (-2.32)* (-0.12) (0.43)
s Masaka -5.30 -13.30 -0.35 0.15 0.05 0.16

(0.00)*** (-0.85) (-3.36)** (1.25) (0.44)
Mbarara -2.92 -31.19 -0.13 0.13 -0.01 0.10

(0.00)** (-1-70)- (-1.69)- (0.96) (-0.11)
Gulu -2.11 -4.98 -0.06 -0.21 0.05 0.08

(0.03)* (-0.25) (-1.81) (-0.72) (0.49)
Mbale -4.44 8.28 -0.30 -0.13 0.06 0.17u.

3o (0.00)*** (0.49) (-3.70)*** (-0.52) (0.56)
tc Jinja -3.19 18.14 -0.15 0.03 -0.17 0.19

(0.00)** (1.50) (-2.75)** (0.17) (-1-69)
1 Masaka -2.35 -0.03 -0.03 0.02 -0.23 0.07

(0.02)* (-0.00) (-0.66) (0.11) (-2.18)*
Mbarara -4.09 38.40 -0.27 -0.41 -0.19 0.25

(0.00)*** (1.41) (-3.41)*** (-0.99) (-1.89)'
Mbale -4.20 39.45 -0.12 -0.02 -0.08 0.35

(0.00)*** (1.98) (-1.21) (-0.19) (-0.61)
c/Ta
cO — Jinja -3.50 23.52 -0.06 -0.14 0.19 0.28
1)x>

C9-O (0.00)*** (1.07) (-0.53) (-1.02) (1.14)
-a E

C3 Masaka -5.21 -16.84 -0.93 -0,23 0.13 0.36
‘C
Q (0.00)*** (-0.72) (-5.64)*** (-1.44) (0.91)

Mbarara -5.49 4.55 -0.64 0.11 -0.05 0.39
(0.00)*** (0.17) (-4.33)*** (0.75) (-0.40)

Gulu -4.24 -65.90 -0.24 0.28 -0.26 0.35
(0.00)*** (-1.89)- (-2.54)* (1.89)- (-2.34)*

Mbale -5.52 16.59 -0.41 0.13 -0.06 0.26
c/Tw
3

•o (0.00)*** (0.50) (-2.06)* (0.59) (-0.33)
C-o c3 Jinja -5.34 -16.05 -0.46 0.09 0.01 0.28c
3o

oa. (0.00)*** (-0.49) (-2.70)** (0.58) (0.09)
u

o
c
3 Masaka -4.16 -25.84 -0.29 0.22 -0.05 0.33

(0.00)*** (-1.28) (-3.03)** (1.94)- (-0.46)
Mbarara -4.08 73.30 -0.30 0.07 0.00 0.22

(0.00)*** (1.68)- (-3.21)** (0.37) (0.02)
Gulu -3.11 2.77 -0.09 0.01 -0.34 0.19

(0.00)** (0.58) (-1.35) (0.23) (-3.23)**
iA

Mbale -5.94 20.40 -0.59 0.35 0.02 0.50
cc (0.00)*** (3.10)** (-5.55)*** (4 19)..* (0.21)
>
CQ
c /5 Jinja -4.59 15.09 -0.34 0.12 -0.24 0.28
<Xi

u
(0.00)*** (1.96)- (-3.50)*** (1.30) (-2.37)*

Masaka -3.49 6.35 -0.20 0.04 -0.21 0.20
(0.00)*** (0.65) (-2.83)** (0.29) (-2.11)*

Mbale -4.32 54.56 -0.17 0.04 -0.12 0.31
c / Tc (0.00)*** (1.99)* (-1.76)- (0.28) (-0.95)
(UX) X)

(U Jinja -5.24 63.28 -0.07 0.02 0.08 0.41
- o c (0.00)*** (2.67)** (-0.46) (0.13) (0.50)
* c
Q Masaka -5.59 -2.80 -0.82 -0.02 0.02 0.45

(0.00)*** (-0.12) (-5.44)*** (-0.14) (0.16)
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Table 4.3: Error C orrection  M o d el e stim a tes o n  regional m arket prices

R eg io n  A D F  o j  o n  o i 2 ^
AD F denotes the augmented Dickey-Fuller test statistic on the residuals o f the long-run equation (4.4), the a  
coefficients correspond to equation (4.5), and is the adjusted R^.  The brackets mark MacKinnon p-values 
for the ADF column and t-values o f the regression coefficients otherwise. Source: Own computation based on 
Ministry o f Agriculture (Uganda) data.

4.4.4 Price Transmission Elasticity

To derive a more detailed picture of the poverty impacts of an increase in border prices for food, we 

estimate short-run price elasticities for these six markets, inspired by Nicita (2007). The regression 

estimates one "general" price elasticity across all products for each region, based on the bundle 

provided in the data set. Here, we make the strong assumption that international price changes 

manifest themselves in border prices and start spreading from Kampala. This is a rough simpli

fication but considering the infrastructure links and population-density of that region it might not 

be too unreasonable. Furthermore, we assume the same transmission for all goods and across 

time. For rather homogenous goods such as staple foods this might be defensible. The regression 

equation is given in below.

^P ir t ~  P r ^ P iK t^ ^  “I” 'JrRr ”1“ ^irt (4-6)

with A pirt =  logpirt — log P irt-i ■'* The differenced price of item i in region r  at time t  

depends on the price change of the same item at the same time in Kampala A p ix t  interacted with 

a regional dummy. The coefficient (3r will pick up the short-run price transmission elasticity. The 

extra regional dummy R r  is supposed to pick up effects fixed by region. The equation is estimated 

by OLS.

Table 4.4 shows the results. Only the interaction effect of the Kampala price with the region 

dummies are significant. The estimated coefficients can be interpreted as price transmission elas

ticities. All the southern cities, i.e., four of the five markets besides Kampala, seem to experience 

a similar degree of price transmission in the short-run. The result for M barara is surprising since it 

is the furthest away from Kampala amongst those four markets and still experiences the strongest 

price transmission. 76.5% o f a price increase is transmitted to M barara in the short-run. Gulu, 

located rather isolated in the north, in a region permanently afflicted by insecurities, has the lowest 

transmission elasticity with 41.3%.

4.5 A Simulation of Rising Border Food Prices

Next, we use the estimated price transmission elasticities to simulate a hypothetical 50% increase 

of border prices for food, which is equivalent to a 50% increase of prices in Kampala under our

'*It can be shown that logj/t — lo g j /t - i  ^  * in the domain \ y t / y t - \  \ <  1 and thus can be interpreted as a
percentage change (see, e.g, Brandt and Williams; 2(W7, pp. 49).
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Table 4.4: Domestic short-run price transmission

Estimate Std. Error t value Pr(> |t|)
')G ulu 0.004 0.004 1.139 0.255
'iJ in ja -0.000 0.003 -0.045 0.964
'YMasaka 0.002 0.003 0.541 0.588
iM b a le -0.001 0.003 -0.309 0.757
'YMbarara 0.002 0.004 0.543 0.587
PG uIu 0.413 0.041 10.065 0.000
I^Jinja 0.518 0.036 14.518 0.000
P  M  asaka 0.557 0.035 15.850 0.000
0M bale 0.527 0.036 14.774 0.000
^M barara 0.765 0.040 19.008 0.000

An OLS regression to determine general short-run price transmission elasticities for each region from the given 
product bundle. Regression summary statistics; Residual standard error: 0.113 on 5282 degrees of freedom. 
Multiple R-Squared: 0.178. Adjusted R-squared: 0.177. F-statistic: 115 on 10 and 5282 DF. p-value: <2e-16. 
Source: Own computation.

assumption. We associate each household with its nearest city amongst the six from the above 
regressions and the corresponding price transmission elasticity. Thus, we assume perfect price 
transmission from the nearest city to the households. The simulation explores the first-order ef
fects of the price increase on real income. Individual households’ food expenditure baskets are 
inflated with the assumed price increase multiplied by the appropriate price transmission elastic
ity. Only purchased food is subjected to the price increase leaving consumption of goods received 
for free or consumption of own produce unaffected. Thus, subsistence households will naturally 
experience lower increases in their cost of living. The income side is treated equivalently. The crop 
income is multiplied by the price increase and the appropriate price transmission elasticity. Taxes 
are subtracted from the income before the real income is calculated. The imperfect spatial price 
transmission scenario is contrasted with a perfect transmission scenario where all spatial price 
transmission elasticities are set to one. In addition, we consider two cases separately. Case one 
assumes only food consumption prices but not crop farming sales prices increase. The idea behind 
this is that there is higher uncertainty on the producer side about the vertical price transmission 
elasticity down to the farm gate. Evidence for low vertical producer price transinission elasticities 
for coffee, e.g., is reported by Fafchamps et al. (2003) and Atingi-Ego et al. (2008). Thus, case one 
looks at the cost of living effect in isolation and assumes a vertical price transmission elasticity of 
one on the food consumer but of zero on the food producer side. Case two considers identical price 
increases for both consumption and sales of food, and correspondingly vertical price transmission 
elasticities of one on both sides.

The results of the case one experiment are presented in Table 4.5. Rural and urban poverty 
headcounts Pq increase by 3% if imperfect price transmission is accepted but 4% to 5% if prices are 
completely passed through. Note, here and in the following discussion on changes of poverty and 
inequality measures, the percentage sign denotes percentage point changes. But the poverty depth
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Table 4.5: First-order poverty impacts if only consumer prices are affected by the price increase

Before Partial transm. Full transm.
rural urban rural urban rural urban

Poverty % point change
Po 41.7 12.2 1.5 -0.0 4.7 4.3
Pi 13.0 3.4 1.1 0.4 2.4 1.4
P2 5.7 1.4 0.6 0.2 1.4 0.6
Gini 42.8 54.3 1.4 0.7 0.3 1.4
Real income
Decile Mean income % change
1 82,684 78,496 -4.4 -6.7 -8.6 -12.4
2 125,086 124,774 -3.1 -4.6 -7.3 -11.7
3 155,942 157,940 -2.2 0.4 -7.3 -12.5
4 186,465 187,491 -2.4 8.1 -7.4 -13.0
5 220,883 223,411 -1.1 7.3 -7.4 -12.2
6 262,850 262,060 -0.9 14.1 -7.0 -13.3
7 315,944 315,335 -0.0 8.0 -7.3 -12.1
8 403,604 402,679 1.9 17.0 -7.4 -12.2
9 572,068 586,518 1.9 21.4 -7.2 -11.4
10 1,489,480 1,988,556 3.1 20.1 -6.7 -9.1

Case 1. We assume a 50% increase shock to food prices in Kampala. Only the consumer prices increase while 
producer prices are kept fix. This implies a vertical price transmission elasticity o f zero on the producer side and 
o f one on the consumer side. The poverty figures use rural and urban poverty lines, respectively. Totals are in 
UGS o f 2003. Source: Own computation.

Pi and severity P2 indices are substantially higher in rural than in urban areas for both scenarios. 

Inequality, measured by the Gini index, changes only minimally in rural areas, but changes by 

0.9% and 1.4% in urban areas in the cases of partial and full price transmission, respectively. Real 
incomes change much less for the rural than for the urban population in both scenarios. Yet, rural 
areas experience a percentage point increase in poverty headcount of similar size as urban areas. 

The cause becomes clear from Figure 4.4. The figure shows the real per capita income level by 

population percentile. The rural income curve is much flatter around the intersection with the 

poverty line than the urban one so that a much smaller turn downward of the rural income curve 

is sufficient to create similar poverty effects percentage-wise as in urban areas. Generally, taking 

imperfect price transmission into account attenuates the negative cost of living effects affecting 

the poorer.

Table 4.6 reports results for case two, i.e., on the same scenarios but now the same price 

increase and transmission elasticities are assumed to apply to both consumer and farm gate crop 

prices. The higher income from increased prices for crops offsets most o f the negative effects on 

the expenditure side for the rural population. However, the improvement is only minor for the 

urban population. But within the rural areas, the poorest decile is hit relatively hard compared to 

those in the deciles just above. By contrast to the previous case o f only increased food consumption 

prices in Table 4.5, especially in rural areas the increases of poverty depth and severity indices are
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Table 4.6: First-order poverty impacts if both prices for food expenditures and crop farming incomes 
increase

Before Partial transm. Full transm.
rural urban rural urban rural urban

Poverty % point change
Po 41.7 12.2 1.6 3.6
Pi 13.0 3.4 1.1 1.2
P2 5.7 1.4 0.7 0.6
Gini 42.8 54.3 -0.0 1.3
Real income
Decile Mean income % change
1 82,684 78,496 -4.7 -6.0 -4.7 -10.9
2 125,086 124,774 -6.9 -16.1 -3.1 -9.5
3 155,942 157,940 -7.5 -17.5 -1.7 -10.9
4 186,465 187,491 -9.8 -27.2 -2.6 -11.3
5 220,883 223,411 -13.3 -36.1 -2.8 -10.5
6 262,850 262,060 -14.4 -38.2 -2.7 -12.2
7 315,944 315,335 -16.9 -37.9 -3.6 -11.4
8 403,604 402,679 -21.2 -44.5 -3.5 -11.3
9 572,068 586,518 -24.6 -61.7 -3.9 -10.9
10 1,489,480 1,988,556 -29.3 -70.9 -3.8 -8.7

Case 2. We assume a 50% increase shock to food prices in Kampala. Both, consumer prices and crop farmers’ 
sales prices increase. We assume perfect vertical price transmission for both prices. The poverty figures use rural 
and urban poverty lines, respectively. Totals are in UGS of 2003. Source: Own computation.

much smaller and this time of similar size as those of the urban areas.

The next two tables shift the focus to the regional differences in poverty impacts. In Table 
4.7, the "% poor" column highlights that 63% of the poor live in the Northern and Eastern regions 
even though these account for only 36% of the total population. The Northern region also has the 
highest poverty headcount index of 64% followed by the Eastern with 44%. The Central (Po=22%) 
and Western (Pq=33%) regions have much lower poverty prevalence. In particular, Kampala has a 
low poverty headcount index of only 2.5%. The regional details confirm that, in general, the urban 
areas have much lower poverty prevalence than the corresponding rural areas. Considering the full 
price transmission scenario first, the Northern region suffers the largest increase while Kampala 
and the Central region the lowest. It is surprising that the magnitude of change in percentage 
point terms is very similar for all regions, apart from Kampala, given that they have very different 
headcount levels to begin with. Turning to the imperfect price transmission scenario, the Northern 
region suddenly fares comparatively the best.'^

Table 4.8 is identical to the previous table except for the last set of columns that contrast case 
one -  inflated consumer food prices only -  with case two , where the producer farm-gate prices 
are inflated also. Both cases feature imperfect price transmission. Here, the Northern together

'’The impacts for Kampala remain unchanged since Kampala has by construction a price transmission elasticity of 
one.
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Table 4.7: Poverty impacts of a consumer price increase of food by region

Of total Before Partial transm. Full transm.
Region % pop. % poor Po Pi P2 Po Pi P2 Po Pi P2
Central rural 21.6 13.6 23.8 5.5 1.9 -2.2 -0.2 -0.0 3.8 1.3 0.6

urban 2.9 0.7 9.5 1.9 0.5 -3.3 -0.4 -0.0 4.0 1.1 0.4
total 24.5 14.4 22.1 5.1 1.7 -2.3 -0.2 -0.0 3.8 1.3 0.6

Eastern rural 25.3 31.4 46.8 14.2 6.0 2.7 1.3 0.7 4.9 2.5 1.3
urban 2.1 0.9 16.1 4.5 2.0 3.0 0.9 0.4 5.1 1.9

00d

total 27.4 32.3 44.4 13.4 5.7 2.8 1.3 0.7 4.9 2.5 1.3
Northern rural 16.8 29.5 66.3 25.2 12.6 1.8 1.9 1.2 5.0 4.2 2.9

urban 1.4 1.5 39.1 13.3 6.2 4.0 1.8 1.0 8.3 4.2 2.5
total 18.2 31.0 64.1 24.2 12.1 2.0 1.9 1.2 5.2 4.2 2.8

Western rural 22.6 20.9 34.9 9.7 3.8 3.3 1.4 0.7 5.0 2.0 1.0
urban 2.2 1.0 17.4 4.8 1.9 3.2 1.2 0.6 4.8 1.7 0.8

total 24.7 21.9 33.4 9.2 3.6 3.3 1.4 0.7 5.0 2.0 1.0
Kampala urban 5.1 0.3 2.5 0.4 0.1 -1.9 -0.2 -0.0 2.7 0.4 0.1

Case 1. We assume a 50% increase shock to food prices in Kampala and that only prices for food expenditures are 
affected. The "Of total" columns report the share of the total population and the share of the total poor population 
living in that area, respectively. The last two sets of columns report percentage point changes. The poverty figures 
use rural and urban poverty lines, respectively. Totals are in UGS of 2003. Source: Own computation.

Table 4.8: Poverty impacts of a food prices increase by region under imperfect price transmission

Of total Before Exp. Exp. and inc.
Region % pop. % poor Po Pi P2 Po Pi P2 Po Pi P2
Central rural 21.6 13.6 23.8 5.5 1.9 -2.2 -0.2 -0.0

urban 2.9 0.7 9.5 1.9 0.5 -3.3 -0.4 -0.0
total 24.5 14.4 22.1 5.1 1.7 -2.3 -0.2 -0.0

Eastern rural 25.3 31.4 46.8 14.2 6.0 2.7 1.3 0.7 1.0 0.7 0.4
urban 2.1 0.9 16.1 4.5 2.0 3.0 0.9 0.4 2.2 0.8 0.4

total 27.4 32.3 44.4 13.4 5.7 2.8 1.3 0.7 1.1 0.7 0.4
Northern rural 16.8 29.5 66.3 25.2 12.6 1.8 1.9 1.2 0.2 0.9 0.7

urban 1.4 1.5 39.1 13.3 6.2 4.0 1.8 1.0 3.2 1.6 0.9
total 18.2 31.0 64.1 24.2 12.1 2.0 1.9 1.2 0.5 1.0 0.7

Western rural 22.6 20.9 34.9 9.7 3.8 3.3 1.4 0.7
urban 2.2 1.0 17.4 4.8 1.9 3.2 1.2 0.6

total 24.7 21.9 33.4 9.2 3.6 3.3 1.4 0.7
Kampala urban 5.1 0.3 2.5 0.4 0.1 -1.9 -0.2 -0.0

Comparison o f  case 1 and 2 under imperfect price transmission. We assume a 50% increase shock to food prices 
in Kampala. The "Of total" columns report the share of the total population and the share of the total poor 
population living in that area, respectively. Columns "Exp." show the effects when only the consumption prices 
are increased. Columns "Exp. and inc." reflect the effects when consumption and crop farming income prices are 
increased. Imperfect price transmission is assumed in both cases. The last two sets o f columns report percentage 
point changes. The poverty figures use rural and urban poverty lines, respectively. Totals are in UGS of 2003. 
Source: Own computation.
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Figure 4.4: Per capita income distribution over percentiles

urban
rural

Income percentile

The curves show the per capita real income per percentile o f  the poorest population for the rural and urban 
populations individually. The horizontal lines mark the respective poverty lines. Source: Own computation from 
UNKS 2002/2003 data.

with the Central region experience the lowest rise in poverty headcount, at least in rural areas. 
This includes also the Northern region’s urban area for which Pq increases by now 2%. Looking 
at the totals, basically all regions’ poverty increases drop below the level of increase of Kampala 
(3%) and are of the order of 0.5% to 2%. The corresponding increases in urban areas only are 
of the order of 2% to 3%. Thus, under the assumptions of imperfect price transmission and an 

equivalent increase of farm-gate producer prices, Kampala suffers the highest poverty increases. 
This is qualified somewhat when looking at the poverty depth measure Pi which shows that the 
total percentage shortfall of income below the poverty line still increased the least in Kampala and 
the Central and Western regions. The already numerous poor in the other regions experience a 
drop deeper below the poverty line.

4.6 Summary and Conclusions

How will the poverty impact of a hypothetical increase of border food prices change once spatial 
heterogeneity of price transmission is taken into account? How quickly do regional food markets
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adapt after such a price shock? What is the spatial variability of prices? What is the likely impact 
on poverty considering peoples’ status as net food buyers or sellers and given the shares of food 
consumption they actually source from markets? How is this pattern distributed across space?

We answer these questions by analyzing time series data for six local Ugandan markets and 
several staple foods and by analyzing data from the Uganda National Household Survey 2002/2003 
(UNHS) to subsequently employ these results in a simulation of a hypothetical 50% rise in Ugan
dan border prices for food.

A descriptive analysis of the expenditure side shows that the poor in rural areas source about a 
third of their food from markets but those in urban areas twice as much. Moreover, there is a strong 
heterogeneity in the shares of people being net sellers or buyers of food across geographic areas 
and income quintiles. A regression analysis of the unit value data of the UNHS adds evidence for 
strong spatial heterogeneity in Uganda as it indicates regional differences in food item unit values 
of up to a factor of 2.6. Conducting a dynamic analysis of price data for six local markets using an 
error correction model, we find that all the five remaining markets are integrated with the Kampala 
market for most items, with exception of only a few item-location pairs. The most remote market 
turned out also to be the market that adjusts the slowest to Kampala price shocks requiring on 
average about eight months to return to equilibrium with Kampala.

For the simulation, we estimate aggregate elasticities for each of the prices in the five local 
markets with respect to price changes in Kampala. Assuming a perfect price transmission for all 
households from their nearest of those markets to which they live, we simulate a hypothetical 50% 
rise in border prices for food which starts to spread from Kampala. We calculate the first-order 
impacts on each household’s cost-of-living as well as on its crop farming income and contrast the 
resulting poverty implications with those from a simulation under perfect spatial price transmis
sion. We examine two cases. In case one, only prices of food expenditures increase which isolates 
the cost of living effect. In case two, both prices of food expenditures and food sales increase thus 
there are cost of living and income effects.

In the former case, it is remarkable that the magnitude of the percentage point increase of the 
poverty headcount index in rural and urban areas is of the same magnitude although the urban 
households source a much larger share of their food from markets. This is explained by the dif
ference in the income distribution curves. The income distribution curve of rural households is 
substantially flatter around the intersection with the poverty line than that one of the urban house
holds so that a much smaller decrease in the income of rural households causes an equivalently 
large effect on the poverty headcount. Accounting for spatial heterogeneity in price transmission 
reduces the estimated negative effects on poverty substantially in both cases, with and without the 
crop farming income side.

There are very strong regional differences in poverty prevalence to begin with. The Northern 
and Eastern regions are obvious as negative extremes and the Kampala area as a positive one. 
Again, imperfect price transmission attenuates the poverty increase in all cases. In the expenditure 
only case (case 1), the regional impacts differ by a factor of 2. The urban population tends to see 
larger increases in poverty headcount across regions than the rural. This is not the case for the
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poverty depth and severity measures which tend to increase relatively more in rural areas. Once 
the expenditure and income sides are considered (case 2) under imperfect price transmission, the 
negative poverty headcount impacts in rural areas are reduced strongly to percentage point change 
levels of 0.5% in the Central and Northern regions and also more than halved in the other regions. 
However, urban impacts remain much higher throughout.

In summary, results from an analysis of the poverty impacts of rising border food prices turn 
out rather differently when accounting for spatial heterogeneity in price transmission compared to 
a perfect price transmission assumption. The Northern region, for example, appears as the most 
hit region under perfect price transmission but once imperfect transmission is accounted for, it 
experiences the least severe headcount increase among all regions. The poverty depth increase, 
however, remains the highest although it also more than halves.

The approach of estimating price transmission taken here is methodologically very rough due 
to the limited availability of price time series but also due to many difficulties in filtering out 
the price transmission effects mentioned in the introduction. This remains an unresolved topic in 
the literature. However, our analysis conveys an impression of the relevance of imperfect price 
transmission for poverty impact simulation of Uganda.

When considering the results, one should also keep in mind that these are only short-run simu
lations examining first-round impacts and thus do not model the reactions of people to the changed 
economic circumstances. On the expenditure side, substitution may reduce negative impacts while 
on the income side higher prices may open up new opportunities and increase income. Higher agri
cultural production might also increase wages. There are strong doubts especially on the income 
side that higher border prices will actually transmit to a large extent through the value-added chain 
to the farm-gate (vertical price transmission) as shown, for instance, by Fafchamps et al. (2(X)3) for 
Uganda coffee growers. Thus, such first-order impacts can be regarded as a worst-case scenario 
on the expenditure side. On the crop farming income side, however, vertical price transmission is 
likely far below one. Results from simulations including price effects on the income side should be 
considered with corresponding caution. The crop farming income effects are likely substantially 
lower.



CHAPTER 5

Economies of Scale in Production versus Diseconomies in 
Transportation: On Structural Change in the German Dairy 

Industry^

5.1 Introduction

The dairy industry is the largest division of the German food industry with a turnover of about 21 
billion euro and about 36,000 employees (Deutscher Bauemverband; 2004, p. 147). But the num
ber of dairy companies and processing plants has been decreasing for years (Weindlmaier; 2004a, 
p. 70), a trend evident in most other EU countries (Drescher and Maurer; 1999, p. 166). This 
observed structural change is a reaction to stagnating sales quantities, to increasingly competition- 
oriented agricultural policies, to the EU eastward enlargement, and to the increasing market power 
of the wholesale sector. Given these factors, a continuation of this trend is expected. The farmers’ 
association expects that of the 112 dairy companies with 243 processing plants existing in 2003 
only 30 companies will persist in 2010 (Deutscher Bauemverband; 2004). At the same time, there 
is a trend towards larger processing plants which is also reflected in a changed cost composition 
at firm and industry level. While large processing plants benefit from economies of scale in pro
cessing they also face higher average transport costs because of their larger milk collection areas 
relative to smaller plants.

In contrast to many other sectors, transportation is a significant cost component in the agri
cultural sector. This might be explained by the high transport volumes of agricultural products 
and by the fact that the products often are quickly perishable, thus requiring regular transportation 
in special transporters with short collection intervals (Butler and Keenan; 2005). Furthermore, it 
might be expected that the significance of transport costs relative to other costs will increase fur
ther in the future due, for instance, to rising crude oil prices, highway tolls, and new environmental

'This chapter is based on joint work with Carsten Schroder.
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regulations (e.g., Kyoto Protocol, emission certificates or taxes, etc.) aimed at the internalization 
of external costs.

How might the structure of the dairy sector develop in the short- and long-run when transport 
costs rise relative to other costs? To what extent are, for instance, small or large processing plants 
affected by such a change in the relative importance of transport costs and what are the conse
quences for their relative competitiveness? To answer these questions we model the German dairy 
sector as a capacitated facility location problem (CFLP). Methodologically, our model differs from 
the standard CFLP model in that we consider (i) variable economies of scale in processing, (ii) 
time restrictions (collection intervals), and (iii) restrictions on the mode of transportation (indi
visibility of transporters). We utilize a micro database of 360 dairy processing plants and dairy 
farm output of 316 German counties. The objective function of the model minimizes the sum of 
individual plants’ overhead, transport, and processing costs over all plant locations. We show that 
the model is capable of replicating the current trend towards fewer but larger processing plants. 
The simulation results indicate ceteris paribus a further continuation of this trend. The analysis 
of different transport cost level scenarios shows that the trend might subside and terminate much 
earlier if the importance of transport rises relative to other costs, e.g., through rising fuel prices or 
technological advances in milk processing.

One could criticize the sector-wide cost minimization approach as not necessarily correspond
ing to the firm’s optimal production (production at the minimum long-run average costs) for each 
individual plant. But we show that the average total costs of all plants actually converge almost 
perfectly in the long-run sector-wide optimum under variable production capacities.

This paper is structured as follows: Section 2 introduces the database, the model, and the 
solution method. Section 3 presents the results. The impact of the model’s assumptions and data 
restrictions on the results are discussed in Section 4, and Section 5 summarizes the main results.

5.2 Data, Model, and Solution Method 

5.2.1 Data

To the best of our knowledge, there is no publicly available database which contains comprehen
sive and representative micro data on dairy capacities, product mixes, processing, overhead, and 
distribution costs, regional milk suppliers, and distribution centers of the retailers in Germany 
Hence, for the following computations we had to merge several data sources:

•  Raw milk supply. We use a dataset of annual dairy farm raw milk output in aggregate fonr. 
for 316 German counties (henceforth called regions) from 2000/2001.^

•  Dairy processing plants. We utilize a compilation of dairy plant specific capacities for the 
year 2000.^

•  Costs.

^The data has been provided by the Federal Research Center for Nutrition and Food, Location Kiel, Germany. 
^The data has been provided by the Federal Research Center for Nutrition and Food, Location Kiel, Germany.
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-  Raw milk costs. Empirical results from within the EU (see Aarts and Stemne; 1997; 
Keane; 1998a; Irish Farmers Journal; 1997) show that there is no systematic rela
tionship between the price paid to farmers and dairy size. Consequently, we assume 
identical raw milk costs for all dairy processing plants.

-  Transport costs. According to (Janz; 2002, p. 253) and the literature cited therein, 
a milk tanker has a capacity of 9 t and average unit costs of 0.00598 euro (origi
nally 0.0117 DM) per 100 distance kilometers, assuming complete utilization of tank 
capacity. The (utilization independent) total costs per transport kilometer are then 

°i’oofcmx^g° ^ 9.000%  =  0 ,5 3 8 2 ^ ^ . But transport costs per ton do not only vary 
with distance but also with (a) the number of vehicles employed, (b) the tank capacity 
(?? =  9 t), (c) maximum daily traveling distance (w =  480 km) and (d) the length of 
the collection cycles (at least every other day).

-  Processing costs. Generally, the literature assumes increasing economies of scale in 
processing (see, e.g., Caraveli and Traill; 1998; Dalton et al.; 2002; Hoper et al.; 2000; 
Keane; 1998a). Furthermore, processing costs vary with the respective product mix. 
Since we have no data about product mixes on individual dairy plant-level, we assume 
an average product range with a staircase cost function as given in Hoper et al. (2000) 
(see Table 5.1).^

-  Overhead costs. Overhead costs are annual costs relating to the operation of a dairy 
processing plant which occur regardless of the extent of utilization. To the best of 
our knowledge, no scientific data about the level of overhead costs in the dairy sector 
is readily available. Thus, we rely on statements of the Federal Research Center for 
Nutrition and Food (Kiel, Germany). Accordingly, overhead costs can be assumed to 
amount to 10 euro per ton of dairy capacity.

5.2.2 Representation of the Dairy Sector

For a spatial representation of the dairy sector we position the 360 dairy plants and the geograph
ical centers of the 316 dairy supply regions in Germany within a Cartesian coordinate system. 
Using this, we construct a 360 x 316 distance matrix between the dairy plants and the geograph
ical centers of the regions. The transit distance of a milk tanker includes the distance between 
dairy and region plus some distance within the region itself. Intuitively, this intraregional distance 
is negatively correlated with the regional milk density ( j^ ) -^  To approximate this distance, each 
milk tanker circumscribes a circular segment proportional to the share of milk it collects from 
the region’s output where the circle’s area corresponds to the area of the region. TraveUng dis
tances between dairies and distribution centers are disregarded. The reason for this simplifying

‘‘The model can handle individual processing cost functions corresponding to a dairy’s product mix if  such data 
becomes available.

^In the model presented, w e imply that the intraregional milk supply and consequently the regional milk densities 
are intertemporally constant. This assumption is required to isolate the effect o f  increased transportation costs from 
those o f  other variables.
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Table 5.1: Processing costs

Production
level

Quantity 
Hmit in t

Processing costs 
in ^

0 0 —

1 50,000 98.68
2 100,000 85.39
3 200,000 78.74
4 300,000 76.49
5 400,000 75.36
6 500,000 74.70
7 600,000 74.29
8 700,000 73.98
9 800,000 73.73
10 900,000 73.52
11 oo 73.37

Source: Janz , 2002, p. 268.

assumption is that, on the one hand, including distribution would make the computational effort 
for solving the problem explode. On the other hand, several empirical studies have shown that the 
distribution transport costs for an average product mix are clearly dominated by the transport costs 
for milk collection (see, for instance, Keane; 1998a, p. 1 and Keane; 1998b, p. 6). This can be 
largely attributed to the condensation of the raw milk during processing. For example, 27,100,000 
tons of milk have been supplied to dairies in Germany in 2004 but end products only had a total 
weight of 11,680,0001. This corresponds to a reduction to 43% of initial weight.^ Another reason 
for the lesser relevance of distribution costs in comparison to collection costs is that the distance 
between the dairy plant and the distribution centers is generally shorter than the distance for col
lecting the milk. While the milk tanker typically has to stop at several milk supplier locations, the 
delivery at the distribution center consists of a single stop only. Moreover, it is expected that the 
relevance of costs for supplying the distribution centers will further decrease because food retailers 
increasingly take over logistical functions which in turn decreases distribution costs (see Deutsche 
Milchindustrie; 2(X)5; Weindlmaier; 2002, 2004a).

The total milk supply from the 316 regions in our dataset -  restricted by the milk quotas -  
amounts to 24,395,801 t with a median raw milk output of 50,986.5 t and a median milk density 
over all regions of 58.46 The 360 dairy processing plants have a total capacity of 33,196,800 
t with a median capacity of 25,000 t. Figure 5.1 depicts the regional distribution of milk outputs 
and dairy plants. The areas of the light shaded circles are proportional to the particular milk output 
of the region, the dark to the dairy capacity.

^Of those were milk 6,000,0001, creme 540,0001, curdled milk etc. 2,850,0001, butter 440,0001, cheese 1,850,000 
t (see Milchindustrieverband; 2004, p. 68).
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Figure 5.1: Spatial distribution of regions and dairy plants
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CirculEir areas are proportional to the respective raw milk output or dairy processing capacity. Source: Own 
computation.

5.2.3 Mathematical Model

The sectoral cost minimization problem has been formulated as a mixed integer linear program
ming problem (MILP) as stated below:

Minimize

F { x ,  y ) =  Y1 [ f d -  E  ydi +  « • E  Cpd ■ 2pd +  E  s r  (5.1)
deD \  leLd pe P l e i d  J

subject to the constraints

E Xpd =  bp ype P (5.2)
deD
k d -  T .  V d i >  T ,  Xpd y d e  D  (5.3)

leLd p&P
E  yd/ < 1 vd G D (5.4)

leLd
S -r]- Z p d >  Xpd \ /p £  P,d e D (5.5)

m r y d i > Q d i  \ / de  D, l  e  L d  (5.6)
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m i - i  ■ Vdl <  qdl VcJ G D, I G Ld (5.7)

y~'. Qdl — ^  ^ p d W e D (5.8)
l e L d  p e P

Cpd +  2 - T T - r p -  ^  <  cj \/p e P,d e D (5.9)

^ p d  ^  ^ 0 Wp e P,d e  D (5.10)

Udl S {0, 1} W e D (5.11)

^pd  ^  ^ 0 yp e P,d e D (5.12)

Qdl € yd e D, i  e Ld (5.13)

with
bp raw milk output in t p.a. o f dairy farming region p,

Cpd distance between region p  and dairy d  plus the radius Vp and back,
d = l , . . . , D  dairies,

fd  annual overhead costs of operating dairy plant d,

kd capacity of dairy d,

m i maximum output p.a. on production level I (see Table 5.1),
p  =  1,. . . ,  P  dairy farming regions,
Qdl output quantity o f dairy d  on production level I,

rp radius of region p.

Si processing costs per t on production level I,

Xpd transport quantity from region p  to dairy d,

{1 dairy d  operates on production level I,

0 otherwise,

Zpd number o f transports per collection cycle (Zpd =  ^  )>

Ld  number o f feasible production levels for dairy d  given its capacity kd,

S  minimum number of collection cycles per year (<5 =  183 for

collection every other day),

K transport costs per tanker and km,
7] capacity of a tanker in t,

u  daily km limit of a tanker.

The objective function (5.1) minimizes the sectoral total costs, i.e., the sum of overhead, trans
port, and processing costs over all dairy plants in operation. We assume identical raw milk prices 

for all dairies and therefore may disregard these in the model. Constraint (5.2) ensures complete 

transportation o f the total milk output o f every dairy farming region (bp) to dairy plants. Con

straint (5.3) requires compliance with dairy capacity limits (kd)  and also that closed dairies are 

not supplied. Constraint (5.4) makes sure that each dairy operates on at most one production level 

I. Constraint (5.5) determines the minimal number o f milk tankers required to pick up the milk 

supply for dairy d  from region p  given the minimum number o f pickups per year (J) and tanker 

capacities (r?). Constraints (5.6) and (5.7) link the production quantity with the corresponding pro
duction level I for each dairy via the binary variable ydi (compare Table 5.1), thereby implicitly
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determining the production costs per ton for each dairy. Moreover, they ensure each dairy produces 
on exactly one production level. (5.8) requires that the quantity of milk supphed from all regions 
to a particular dairy also corresponds to the quantity qai processed therein. Constraint (5.9) limits 
the daily travel distance of each tanker to cj =  480 km. (5.10), (5.11), (5.12), and (5.13) determine 
the domains for the variables: ydi takes on binary values for opening a dairy plant location and for 
selecting its level of production. Zpd ensures a discrete number of transports from region p  to dairy 
d per collection cycle. Zpd and q̂ x are dependent variables and entirely determined by the values 
of the decision variables Xpd and ydi-

5.2.4 Solution Method

Capacitated Facility Location Problems (CFLPs) are combinatorial optimization problems which 
are commonly employed in production and distribution planning.^ The goal is the planning of 
locations and the determination of supply and / or delivery areas and quantities. Locations are 
selected from a given set of potential locations subject to several constraints so that costs are min
imized. Typically, differentiated cost types are processing, transport, and overhead costs. The 
constraints, in particular, consist of required periodic supply quantities and individual plant pro
cessing capacities. Usually, processing and transport costs are assumed to be proportional to the 
quantities transported (see Gortz and Klose; 2004, pp. 1).

We represent the dairy sector as such a capacitated facility location problem: A set of dairy 
plant locations has to be selected from a given set of existing locations and the individual plants’ 
capacity utilization be determined such that the total sectoral costs are minimized subject to regular 
and complete raw milk output collection, maximum daily travel distances of milk tankers, and 
maximum dairy processing and tanker capacities.

Applying the CFLP to the dairy sector requires two modifications to the regular CFLP model. 
First, regular CFT^Ps assume constant processing costs per unit of output which would bias the 
results in the presence of economies of scale as here with dairy plants. Second, regular CFLP 
models imply a linear relationship between transport costs per ton and travel distance. But in the 
dairy sector, we also have to take other influencing variables (number, capacity, and maximum 
daily travel distance of the milk tankers as well as collection cycles) into account.

CFLPs belong to the class of NP-hard* decision problems (see, e.g., Griinert; 2001), meaning 
that computational effort increases with the number of decision variables of the problem not only 
proportionally or polynomially, but even exponentially. Consequently, the application of exact 
solution procedures to such problems of real-life magnitude is impossible. This led to the devel
opment of several approximative heuristic procedures in the literature which generate “good”, but 
not necessarily optimal solutions, with acceptable computation time. For a recent overview of

’For an introduction to location planning see, e.g., Gunther and Tempelmeier (2005) or Domschke and Drexl 
(2005).

*The term non-deterministic polynomial-time hard (NP-hard) originates from computational complexity theory 
and refers to the class o f computational problems for which no algorithm exists that can solve the problem with a run 
time no longer than a polynomial function of the problem size n. For an in-depth introduction to NP-completeness see, 
e.g.. Cormen et al. (2001, ch. 34).
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models and solution procedures for location problems see Klose and Drexl (2005) or Gortz and 
Klose (2004).

Here, we employ a genetic algorithm to solve the model. Genetic algorithms are general 
search procedures for combinatorial optimization problems which attempt, based on an analogy to 
evolution, to find good solutions by searching the solution space "cleverly" instead of exhaustively. 
Genetic algorithms evolve over a sequence of generations -  analogous to the genetic evolution -  
by means of the mechanisms selection, inheritance (respectively recombination), and mutation 
of the chromosomes, with respect to the objective function better fitted populations of solutions. 
Genetic algorithms have been applied successfully to solve a multitude of complex combinatorial 
optimization problems.^ To solve the transportation problems (TPPs) which arise as subproblems, 
we hybridize the algorithm. First, we generate an initial solution of the relaxed TP? with the 
Simplex algorithm and then improve it with a Tabu Search procedure ( T S t p p )-

In our particular implementation of the genetic algorithm, a chromosome is a binary string. 
For each potential plant location it has a binary variable (genes) which marks it as closed (value 
is zero) or open (value is one). We denote the subset of open dairies D °  from all potential dairy 
locations D, D ° C D. One population consists of a multitude of such chromosomes or location 
constellations. To evaluate a population with respect to its "fitness", we compute the sectoral 
total costs associated with each chromosome. Since a chromosome determines the selection of 
locations designated to be open, it implicitly also determines the sectoral overhead costs.

In order to evaluate a chromosome D°, we first solve a transportation problem; The regional 
raw milk supplies are allocated over D° such that the sum of transport and processing costs is 
minimized subject to the constraints. For an initial solution to the transportation problem, first 
only the constraints (5.2), (5.3), and (5.9), i.e., complete collection of raw milk outputs, dairy 
capacities and maximum daily travel distance of the milk tankers, are considered. This reduced 
problem can be solved optimally and efficiently using the Simplex algorithm (see, for example, 
Cormen et al.; 2001, pp. 790).

This is the initial solution for the r5TPp-im provem ent procedure'®: Considering the remain
ing constraints, the T S t p p  reallocates the regional milk supplies to the dairies such that the sum 
of transportation and processing costs for D° is minimized.'*

After evaluating all chromosomes the genetic algorithm selects a subset of the chromosomes 
which, randomly matched to pairs, pass their genes on to their offspring. Each gene of an off
spring’s chromosome may originate from either parent with equal probability. Additionally, there 
is a small probability that "mutation" modifies single chromosomes arbitrarily. The past genera
tion is entirely replaced by the new generation. While doing so, the worst chromosome of the new 
generation is replaced by the best of the past generation.

This two stage procedure of evaluation and reproduction is repeated for a given number of 
iterations. Over the course of the iterations of the algorithm, initial plant location constellations

’For a thorough introduction to genetic algorithms see, for instance, Beasley and Martin (1993), Michalewicz and 
Fogel (2000), or Reeves (2003).

'®For an introduction into the general approach of Tabu Search, see, e.g., Glover (1989) and Glover (1990).
^^TSt p p  can resolve the solution associated with a chromosome in case there exists no feasible solution for D°.
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are replaced by continuously improving location constellations.

5.3 Results

Since no data on individual dairy plant utilization is available to us, our benchmark scenario for 
the initial year 2001 minimizes the sectoral costs subject to the constraint that the entire milk 
production is distributed equally across all dairy plants resulting in an identical capacity utilization 
for all plants of =  73.5%.

The benchmark scenario serves as a reference for two alternative scenarios. The simplifying 
assumption of identical capacity utilization across all plants in the benchmark scenario does not 
affect the optimal solution of the alternative scenarios.

In contrast to the benchmark scenario, the first alternative scenario allows plants to operate 
with differing capacity utilization or to even shut down. But the maximum capacity of each plant 
remains fixed. Considering the existence of a fixed production factor we denote this as the short- 
run scenario. By contrast, the second alternative also allows plant capacities to vary and is there
fore called the long-run scenario.

We determine sector-wide optima for both the short- and long-run scenarios as well as for 
different transport cost levels. Similarly, one could determine the optima for different levels of 
processing costs. We refrain from the latter in the following since a quantitative change in pro
cessing costs is equivalent to the effect of a change in transport costs. Both cause a shift in the 
importance of the cost types relative to each other. For instance, a multiplication of the trans
port costs, which particularly affect large plants with large collection areas, is similar to a relative 
decrease in the economies of scale in milk processing.'^

Since our heuristic is not guaranteed to find the optimal solution in every run, we generate 
100 solutions for each of the alternative scenarios and every transport cost l e v e l . W e  use the 
medians of the corresponding solution vectors as bases for the comparison of different transport 
cost levels within a particular scenario, as well as for comparisons between scenarios with identical 
transportation cost levels.

5.3.1 Benchmark Scenario

For the sector-wide costs in the benchmark scenario we find an optimal value of 2637.133m euro 
p.a. These are composed of 331.968m euro overhead costs, 2039.697m euro processing costs, and

'^To validate this claim, we have conducted a sensitivity analysis varying the processing costs proportionally be
tween -25% and +25%. Direction and scale o f  the resulting effects are comparable to those o f a transportation cost 
multiplication.

*^This approach is not necessary for the benchmark scenario since there all plants are operated p e r  definitionem  with 
identical capacity utilization and -  after allocating the regional milk outputs to dairy plants using the Simplex algorithm 
-  the only optimizable cost factor left is the allocation o f  underutilized tankers.

'‘*Lower bounds for the individual cost types can give an indication for the quality o f  the solutions found (see Table 
5.5). The lower bound for a cost type is computed by ignoring all other constraints. The bounds for the transport 
costs are calculated using the Simplex algorithm, which allocates the raw milk outputs to all dairies respecting their 
individual maximum capacities.
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265.169m euro transport costs. The associated annual mileage is 493.252m km (2 0 .2 2 ^ ) with 
an average tanker utilization of 97.1 %.

We classify dairy plants into three size ranges (SR) according to their capacities: SRi:  Ot 
< k < 25,000t, SRij-  25,000t < k < 125, OOOt, SR u j :  k > 125,000t. Of the 360 plants in 
the database 182 fall into SRi,  108 into SRjj ,  and 70 into SRjj i .  The median plant capacity is 
25,OOOt. How is the total milk production distributed across the range of dairy sizes? Only 5% of 
the milk production is processed in plants with capacities of 25,000t or less. Dairies with capac
ities of up to 125,OOOt account for 25% of the milk production. The interquantile range of dairy 
capacities lies between 125,OOOt and 250,000t (accommodating 50% of total milk production) and 
dairies above 250,OOOt account for another 25%.

Table 5.4 describes the benchmark cost situation. The table details the average overhead (Kq), 
processing (Kp) ,  and transport ( K t ) costs as well as the total cost per ton ( E K )  for each size range 
individually and in aggregate (E5il). Additionally, it shows the shares of cost types i € {O, P,T}  
in total costs ( ^ ) .  One ton costs 108.10 euro on average. The overhead costs per ton are identical 
for all sizes. This follows from the assumptions of identical capacity utilization and proportionally 
capacity-dependent overhead costs. Since processing is characterized by large economies of scale 
(cost savings of 25.65% from the lowest to the highest processing level, compare Table 5.1) and 
thus processing costs dominate the transport cost differences between the size ranges (<11.1%), 
the total cost per ton shrinks with increasing dairy size. Large dairies have a cost advantage of 
17.35% per ton relative to small dairies. The coefficient of variation of average costs per ton over 
all dairies can be interpreted as a measure for the convergence or variability of total cost per ton 
and amounts to 8.8% in the benchmark scenario. Thus, there are quite substantial differences in 
average costs between dairies, thus indicating inefficiencies in the sector. Consequently, we expect 
that average costs between dairies converge more strongly when plants may shut down and adapt 
capacities in the short- and long-runs.'^

'^Weindlmaier (2004a, pp. 72-74) provides a verbal discussion of the counteracting effects of the economies of 
scale in processing versus the diseconomies in transport. Keane (1998a, p. 8) compares empirical results for Ireland 
and Germany.

Table 5.4: Benchmark scenario

S R i S R i i S R i  11 E S R
-^|0.50 S ^ x l O O K\-^|0.50 -^lo.so X 100 y lo .5 0 'eK X 100

Ko 13.61 11.00 13.61 12.49 13.61 13.31 13.61 12.59
K p 98.68 79.76 85.07 78.06 77.33 75.63 83.61 77.35
K t 11.44 9.25 10.30 9.45 11.31 11.06 10.88 10.06
E K 123.72 108.98 102.25 108.10

Costs per ton for the different size ranges S R i - S R m  and total ( ^  SR)  as well as their cost type compositions. 
Source: Own computation.
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5.3.2 Short-Run Scenarios

In contrast to the benchmark scenario, the short-run scenario allows capacity utilization to vary 
freely and plants to shut down. We assume that no new plants are opened, similar to the actual 
development of recent years. The heuristic generates optimal solutions for different transport cost 
levels subject to given production technology. The levels result from a multiplication of the trans
port cost per kilometer by different factors r  =  1 ,2 ,4 ,6 ,10  where r  =  1 is the current cost 
l e v e l . B u t  recent empirical trends point to a relative increase in transports costs in comparison to 
other costs. In particular, fuel prices increased dramatically over recent months, but, additionally, 
the introduction of highway tolls for trucks and ecological taxes have increased the cost of trans
portation. Apart from that, we might underestimate real transport costs by computing distances 
between dairies and milk farming regions as lines of sight (beelines) as well as by the method 
of approximation of intraregional driving distances in the model. Moreover, the model does not 
consider any reserve capacity for the tankers to allow for possible variation in the daily raw milk 
output and seasonal variations. In any case, the transport cost multiplier might also be interpreted 
as an internalization of external effects of transportation as intended, for instance, by tradeable 
environmental certificates.

First, we analyze the case of unmodified transport costs. The sum of sector-wide costs de
creases by about 11% from 2637.133m euro to 2343.145m euro in comparison to the benchmark 
scenario. The costs’ compositions and their deviations from their lower bounds are presented in 
Table 5.5.

As shown in the first line of Table 5.6, the number of operated plants drops from 360 in 
benchmark scenario to 155-158 in the short-run scenario where the number of smaller dairies 
decreases substantially (from 108 to 18-21). In fact, a similarly radical change happened in reahty 
where, over the period from 1994 to 2004 alone, the number of dairies in Germany decreased by 
30% (Thiele; 2004). According to a 2004 survey on the economic sustainability of the structure

'^During the last three decades, the cost of milk collection remained rather constant despite increasing factor costs 
due to technical progress. But the choice of the multipliers is not motivated by the representation of current trends but 
rather by the question what size of change would be necessary to cause structural change. The multipliers might be 
interpreted as a decrease of processing costs relative to transport costs.

Table 5.5: Deviation of the cost medians from the lower bounds in the short-run

r Ko A% Kp A% Kt km A% EK A%
K 243.958 1879.566 170.385 316.58 2293.908
1 244.133 0.07 1903.152 1.25 195.656 363.54 14.83 2343.145 2.14
2 246.606 1.09 1914.148 1.84 372.367 345.94 9.27 2533.236 2.31
4 249.837 2.41 1928.926 2.63 720.607 334.73 5.73 2899.292 2.83
6 252.678 3.57 1939.305 3.18 1065.754 330.04 4.25 3257.603 3.30
10 256.884 5.30 1954.602 3.99 1748.949 324.96 2.65 3960.429 4.03

^  denotes lower bounds. A% is the percentage deviation from the lower bound, where we calculate the percent
age deviation for T.K as ■ All costs are in million euro p.a. Source: Own computation.
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of the dairy sector, another decrease of 50 to 60% is expected within the next 10 years (ibidem).

Table 5.7 presents the total costs per ton for each of the three size ranges individually and for 
the aggregate. Given are statistics for the 25% and 75% quartiles and medians over all 100 itera
tions. The total costs per ton CEK) point to an increased competitiveness of the plants, reflected 
in a cost reduction from 108.10 euro to 96.05 euro per ton. The difference in total costs between 
dairies is generally lower: The coefficient of variation of total costs per ton is now 4.9% in contrast 
to the 8.8% of the benchmark scenario. In the optimal solution of the short-run, the average total 
costs of the remaining dairies have further converged. Thus, we can reject the hypothesis stated 
at the outset that a sector-wide cost minimum might not be associated with a convergence of the 
individual dairies’ average cost minima.

As in the benchmark scenario, a relative cost advantage of large dairies compared to medium 
and medium compared to small dairies remains. While the total costs per ton for large dairies are 
95.07 euro these increase to 96.80 euro for medium-sized dairies and to 115.45 euro per ton for 
small-sized dairies. This competitive advantage (17.6% lower costs per ton for S R j u  compared 
to SRi)  is due to economies of scale in processing and persists in the short-run since we assume 
that capacities can only adapt in the long-run.

What pattern of different cost types emerges? In comparison to the benchmark scenario, we 
see decreases in transport costs per ton (from 10.88 to 8.02 euro, compare Table 5.8, column K t ) 
and mileage per ton (by about 26% from 20.22km to 14.90km). In contrast to the benchmark 
scenario where transport costs do not vary systematically with dairy size now a clear relationship 
emerges. Transport costs increase with dairy size from 6.74 euro per ton for small dairies, by 0.22 
euro for medium dairies, and by 1.87 euro for large dairies. Independent of dairy size, overhead 
costs also decrease on average from 13.61 to 10.01 euro per ton as a result of better capacity 
utilization. In fact, this implies almost full utilization (see Table 5.8, column K q )- The closure of 
small dairies, as well as increased utilization, leads to a reduction in processing costs by 5.60 euro 
to 78.01 euro per ton (compare Table 5.8, column Kp).

How does the multiplication of the transports cost per kilometer affect the sector-wide eco
nomic structure of the dairy sector and the relative competitiveness of different sizes in the short- 
run? The transport cost increase is reflected in a rise in average total costs per ton (compare Table 
5.7, column T,SR). The relative increase in total costs per ton is positively correlated with the 
dairy size (see Table 5.7, A% columns). While the competitiveness, measured as average costs 
per ton, increases unambigously with dairy size for r =  1 and r =  2, medium- and large-sizec 
dairies display similar total costs per ton for r =  4 (compare Table 5.7, row 3). For r  > 4 size 
range SRj j  has a clear cost advantage over SRj u .  Although small dairies display the highesi 
total costs in all cases, the competitive disadvantage diminishes with increasing transport costs ir 
absolute as well as relative terms.

The coefficient of variation of average total costs increases over this course from 4.9% for 
T =  1 to maximal 19.9% for r  =  10. Hence, the dispersion of total costs per ton between dairies 
is higher, the higher the assumed transport cost multiplier. This can be attributed to the fact thai 
dairies with large collection areas and/or disadvantaged location are no longer able to fully ofiFse:
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the transport costs through exploitation of economies of scale when transport cost multipliers get 
sufficiently high. The particular spatial location of a dairy becomes increasingly relevant as the 
determinant for plant survival instead of the capacity-restricted economies of scale. Now, it might 
also be advantageous to operate a dairy with higher average cost since the alternative -  closing the 
dairy and transport to a more remote dairy -  would again lead to increased sector-wide costs.

The number of small and medium dairies increases in the optimal solution due to improved 
competitiveness. For r  =  10 the number of operated small dairies increases by 76 compared 
to r  =  1, implying almost a quadruplication (-1-387.18%). Also, the number of medium dairies 
increases by 9. By contrast, the number of large dairies drops slighty from 63 to 57. Thus, the 
total number of dairies operated increases continuously from 156 for r  =  1 to 237 for r  =  10 
(compare Table 5.6, column T.SR).

How is milk production distributed across dairy size? For transport costs of r  =  1, dairies with 
a maximum capacity of 80,000 and 125,000 tons process only 5% and 25% of the total raw milk 
output, respectively. Another 50% (the interquantile range) of the total production is processed in 
dairies with 125,000 to 281,000 tons capacity. This range shifts towards smaller plants with rising 
transport costs. The median dairy size falls from 125,000t for r  =  1 to 90,000t for r  =  10.

Table 5.8 shows how the composition of total costs per ton changes with r . The increase of 
overhead costs per ton by 5.22% for r  =  10 indicates that the capacity utilization of the dairies 
decreases slightly with increasing transport costs. The rising transport costs cause more small 
dairies to remain in operation and thus a decrease in average dairy size which, together with lower 
capacity utilization, leads to an increase in processing costs by 2.7%. The increased number of 
smaller dairies counteracts an increase in total costs because sector-wide transport costs rise less 
than proportionally with increasing r .  The higher number of operated plants also causes transport 
kilometers per ton to decrease by 10.6% from 14.9 km to 13.32 km.

What is the spatial distribution of the dairies remaining in operation? To answer this question 

we choose a centrally located point in Germany -  in the center of county Northeim (Lower Sax

ony) -  from which we divide the country into four regions, in clockwise order, northwest (NW), 

northeast (NE), southeast (SE), and southwest (SW). We then count the number of operated dairies 

in each of the four regions and classify them according to the three size ranges. Figure 5.2 sum

marizes the results for the four regions dependent on r . An increase in transport costs relative to 

processing costs results in a higher number of smaller dairies. But the strength of the effects vary 

by region. For instance, while the number of small dairies in the northwest increases fourfold for 

T =  4 compared to r  =  1, it only doubles in the southeast.

5.3.3 Long-Run Scenarios

While the dairy capacities were exogenously given in the short-run these are variable production 

factors and are thus endogenous decision variables in the long-run. Consequently, the individ-



Table 5.6: Number o f  operated dairy plants in the short-run scenario

S R i SRii S R i  II

r ^0.25 ’^0.50 no.75 A % n o .25 no.^o no.75 A % nQ.2h n o .50 no.75 A % n o .25 ^̂ 0.50 no.75 A %
1 18.00 19.50 21.00 73.00 74.00 75.00 62.00 62.50 63.00 155.00 156.00 158.00
2 33.00 34.00 36.00 74.36 77.00 78.00 79.00 5.41 60.00 60.00 61.00 -4.00 171.00 173.00 174.00 10.90
4 55.00 56.50 59.00 189.74 80.00 80.00 81.00 8.11 58.00 58.00 58.00 -7.20 194.00 195.00 197.00 25.00
6 72.00 74.00 76.00 279.49 81.75 82.00 83.00 10.81 56.00 57.00 57.00 -8.80 211.00 213.00 215.00 36.54

10 92.00 95.00 97.00 387.18 85.00 85.00 86.00 14.86 56.00 57.00 57.00 -8.80 234.00 237.00 239.00 51.92

Number of operated dairy plants for the size ranges S R i  — S R m  and in total (SS/?). A% denotes the change of the median no.50 compared to r  =  1. Source: Own computation.

Table 5.7: Total costs per ton in the short-run scenario

S R i SRii S R i  11 E S R

r V l0 .2 5 K \V lo .5 0 TIO-75 A % ■^|0.25 K \I0.50 v Io-75 A % l f \ 0 . 2 5 ^ l o . s o ^ | o . 7 5 A % VlO-25 1-^ |0 .5 0 7 I0.75 A %
1 115.16 115.45 115.68 96.69 96.81 96.86 95.00 95.07 95.16 96.04 96.05 96.06
2 121.66 121.90 122.17 5.58 103.30 103.36 103.47 6.77 103.04 103.10 103.17 8.44 103.82 103.85 103.85 8.11
4 134.10 134.41 134.89 16.42 116.44 116.53 116.71 20.38 118.66 118.75 118.85 24.91 118.82 118.84 118.87 23.74
6 145.61 146.02 146.34 26.47 129.55 129.71 129.90 33.99 134.30 134.41 134.52 41.38 133.52 133.53 133.55 39.03

10 168.87 169.32 170.11 46.66 155.98 156.15 156.40 61.30 165.17 165.40 165.61 73.97 162.29 162.34 162.38 69.02

Total costs per ton for the size ranges S Ri  — S R i n  and over all size ranges {ESR).  A% denotes the change of the median ~  |o.5o comparted to t  =  1. Source: Own computation.

Table 5.8: Cost type composition in the short-run scenario

K o K p K T EA '
r Kq \

q\0-25 ^ lo .s o -^lo.75 A % Kb\  
q |0,25

K p  1 
g |0,50 "^lo.75 A % At I^ |0 .2 5 ^ |0 .5 0 Kt I„ I0.75 A % i< 1TIO-25 -^ |0 .5 0 ^'1T I o.75 A %

1 10.00 10.01 10.01 77.97 78.01 78.08 7.95 8.02 8.07 96.04 96.05 96.06
2 10.08 10.11 10.13 1.01 78.43 78.46 78.50 0.58 15.24 15.26 15.30 90.32 103.82 103.84 103.85 8.11
4 10.23 10.24 10.26 2.34 79.03 79.07 79.10 1.35 29.50 29.54 29.57 268.30 118.82 118.84 118.87 23.74
6 10.34 10.36 10.39 3.50 79.46 79.49 79.55 1.90 43.62 43.69 43.72 444.71 133.52 133.53 133.55 39.03

10 10.48 10.53 10.57 5.22 80.05 80.12 80.17 2.70 71.62 71.69 71.74 793.89 162.29 162.34 162.38 69.02

The composition o f cost types over all size ranges. A% denotes the change of the median ^|o.50 compared to r =  1. Source: Own computation.
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Figure 5.2: Spatial distribution in the short-run
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Source: Own computation.

ual capacity of each dairy is now an outcome of the cost-minimization approach. What are the 

adjustment effects in comparison to the other two scenarios?

First, we consider the case of unchanged transport costs. Compared to the benchmark and 

short-run scenarios, total sectoral costs decrease by an additional 16.4% and 5.9% from 2637.133 

and 2343.145 respectively to 2204.534m euro. The total number of dairies decreases again from 

150-162 in the short-run to 63-66 (compare Table 5.9, column T,SR). The high capacities of the 

remaining dairies show that in the long-run, and at the given spatial structure, cost-efficient dairy 

sizes under our assumptions are exclusively medium and large sizes (see Table 5.9).

Total costs per ton decrease by 5.76 euro from 96.05 euro in the short-run to 90.37 euro (com

pare Table 5.10, column T,K). The variation of total costs per ton over all dairies is now notably 

lower than in the short-run. The coefficient of variation amounts to only 2.0% which indicates 

an increased convergence of average total costs relative to the short-run. This also means that it 

becomes increasingly less advantageous to operate dairies with higher average costs. The decrease
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in total costs can be attributed to both decreases in processing and transport costs (see Table 5.10, 

columns K p  and K t ). The capacity adjustment of dairies in spatially favorable locations reduces 

the mileage per ton from 14.90 km in the short-run to 10.34 km.

W hat are the effects of a rise in transport costs in the long-run? Table 5.10 shows the total 

costs per ton over all dairies as well as the distribution of total costs across the different cost types. 

As in the short-run, the coefficient of variation of total costs increases with the transport cost level. 

However, the increase is now considerably smaller. W hile the coefficient of variation in the short- 

run increased from 4.9% for r  =  1 to a maximum of 19.9% for r  =  10 the corresponding values 

for the long-run are only 2.0% and 9.5%, respectively. Hence, capacity adjustment is sufficient 

to equahze the differences in average cost per ton caused by the spatial layout to a large extent. 

The increasing coefficient of variation suggests that the current spatial layout is inappropriate and 

thus, at given regional dairy farm outputs, generates strong incentives for green-field investments 

in new locations.

When comparing the effect of varying multipliers r  on total costs between the short- and long- 

runs, it becomes apparent that the increase in total costs is smaller in the long-run. For example, 

while relative costs in the short-run rise by 23.74% for r  =  4 the corresponding figure for the 

long-run is only 17.26% with a generally lower cost level. The smaller increase follows from the 

fact that, in the long-run, plants centrally located in the proximity of large raw milk supplies can 

react with increased capacity, while in the short-run capacities are exogenous.

Figure 5.3 shows total costs per ton according to dairy capacity and transport cost level. W hile 

total costs decrease monotonically with increasing dairy sizes between 25 ,0001 and 225 ,0001 p.a. 

further increases of average capacity result only in a weakly decreasing trend for r  =  1 ,2 ,4 . For 

T — 6 , 10, the trend is ambiguous: In the interval between 225,000 t and 425,000 t average costs 

are actually systematically increasing. A plausible interpretation o f this result is that -  under the 

given spatial distribution of dairies and dairy farm outputs -  with increasing r ,  transport costs 

gain so much importance relative to other cost types that further convergence o f the average costs 

through capacity enlargement is impossible. This interpretation is supported by the fact that, in 

the long-run, the total mileage for r  =  10 (218.918m km) deviates by only 2.46% from the lower 

bound (213.670m km).

Table 5.10 also details the changes in different types o f costs. In contrast to the short-run, 

overhead costs per ton now remain constant which follows from the assumption that capacities 

are allowed to adapt perfectly to the quantities processed. Similar to the short-run, processing 

and transport costs per ton increase where the latter increase less than proportionally with r .  The
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Figure 5.3: Long-run costs per ton in euro
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The dairies are classified into capacity intervals. The actual data points are located in the middle o f  the corre
sponding interval. Source: Own computation.

mileage per ton shrinks by 13.2% from 10.32 km for r  =  1 to 8.97 km for r  =  10.

Table 5.9 and Figure 5.4 give an overview of the num ber of dairies in operation. Analogous 

to the short-run, a trend towards smaller dairies emerges with increasing transport costs. Here, 

smaller dairies are typically located in the periphery, particularly in the southwest. But in contrast 

to the short-run, the number of larger dairies also increases. These typically emerge in the proxim

ity to dairy farming regions with high outputs so that these dairies can benefit from both economies 

of scale in processing and relatively low transport costs. This also affects the cost situation in re

lation to dairy size. W hile in the short-run for r  >  4, a relative advantage emerges for dairies 

of medium size, the relative competitive advantage of larger dairies continues to a large extent 

in the long-run. Weindlmaier (2004a, p. 79) assumes a similar pattern in his qualitative outlook 

for future structural change. But dairy size is still limited by the given spatial distribution o f dairy 

farm outputs, which causes dairy sizes to progressively concentrate within a range between 25,000 

t and 325 ,0001 when transport costs rise. The median dairy size shrinks by 55.37% from 327,501 

t for r  =  1 to 146,110 t for r  =  10. For r  =  1, only 25% of the milk is processed in dairies
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Figure 5.4: Distribution of dairies over capacity intervals in the long-run
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Source: Own computation.

with a maximum capacity of 318,802 t. 50% of the milk, the interquantile range, is processed in 

dairies between 318,802 t and 681,541 t. The corresponding capacities for r  =  10 are 151,410 t 

and 390,7921.

Figure 5.5 shows the spatial distribution of operated dairies for the four regions (NW, NE, SE, 

and SW). While an increasing transport cost multiplier r  led to a notable increase in the number 

of small dairies in the short-run, their number remains virtually constant and at a low level in the 

long-run regardless of r . Only the southwest features a regional concentration of small dairies. 

In contrast, the increase of r  causes an increase of the number of medium and large dairies, in 

particular in the northwest and southeast. According to the assumptions, this is not due to a 

decrease in average dairy utilization but rather to a decrease in average dairy size within those two 

size ranges.



Table 5.9: Num ber o f operated dairy plants in the long-run

G Ki G K n G K iii i:g k
T n-0.25 « 0 .5 0 no.75 A %  no.25 «0 .5 0 n o . 7 5 A % n o .2 5 ” 0.50 ^^0.75 A % n o .2 h n o .n o n o . 7 5 A %

1 0 0 0 10.75 12 13.25 52 53 54 63 65 66
2 0.00 1.00 1.00 — 17.00 18.00 20.00 50.00 62.00 63.00 64.00 18.87 81.00 82.00 83.00 26.15
4 10.00 11.00 11.00 — 23.00 24.00 25.00 100.00 72.00 73.00 75.00 37.74 106.00 107.00 109.00 64.62
6 10.00 11.00 12.00 — 30.00 31.00 32.00 158.33 80.00 80.00 80.00 50.94 122.00 122.00 123.00 87.69

10 13.00 13.00 14.00 — 42.00 42.00 43.00 250.00 79.00 79.00 80.00 49.06 134.00 135.00 136.00 107.69
Number of operated dairy plants for the size ranges SRi — S R m  and over all size ranges (J^SR). A% denotes the change of the median value no.50 compared to r  =  1. Source: 
Own computation.

Table 5.10: Total cost per ton and its composition in the long-run

r K o \
0 l0-25

I<o
^ | 0 . 5 0

K n  1
- r l0 - 7 5 A% K p i

—  10.25

K p
K p s  

g iO.50 -^ lo .7 5 A% ^  15 10.25

K t
K t  I 1 
— 10.50 Q |0,75 A% K  1VlO-25

E K
K  \ /Cl 
Y Io.50 -t |o .7 5 A%

1 1 0 .0 0 1 0 .0 0 1 0 .0 0 74.75 74.79 74.84 5.53 5.57 5.59 90.34 90.37 90.39
2 10.00 10.00 10.00 0.00 75.36 75.39 75.42 0.79 10.39 10.41 10.43 87.03 95.78 95.80 95.81 6.01
4 10.00 10.00 10.00 0.00 75.95 75.99 76.02 1.59 19.96 19.99 20.03 259.02 105.97 105.97 105.98 17.26
6 10.00 10.00 10.00 0.00 76.51 76.53 76.55 2.32 29.35 29.37 29.39 427.54 115.89 115.90 115.90 28.25

10 10.00 10.00 10.00 0.00 77.01 77.03 77.07 2.99 48.27 48.30 48.32 767.58 135.32 135.33 135.34 49.75
Total cost per ton as well as its cost type distribution across all size ranges. A% denotes the change of the median value ^ |o.5o compared to r  =  1. Source: Own computation.

Chapter 5
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Figure 5.5: Spatial distribution in the long-run
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5.4 Discussion of the Results

The results presented in the previous section were derived under simplifying assumptions. These 

assumptions were necessary because of a lack of micro data rather than the intrinsic restrictions of 

the model. The structure of our model would allow the incorporation of individual firm data for 

cost functions and product mixes as well as, for instance, the regional relocation of dairy farms. 

The model could also be extended to include additional cost types. Dalton et al. (2002, p. 990) 

attribute the lack of data to the high competitive pressure in the dairy sector, confidentiality, as 

well as to an effort by dairy managements to preserve a potential information advantage over 

competitors.

However, the following plausibility considerations allow for the inference of additional results 

in the absence of additional quantitative data. The computations assumed that all dairies produce 

an identical representative average product mix. This facilitated the use of identical cost curves for 

dairies of identical capacity. But in reality product mixes diverge as do the cost compositions of
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different dairy plants. How does this affect the validity of the inferred results? A plausible hypoth

esis is that the relevance of transport costs decreases with the rising degree of product refinement. 

If the share of highly refined products is, in addition, higher in the product mix of smaller dairies, 

then these gain a cost advantage relative to the results presented. This gain will be larger the 

higher the assumed increase in transport costs. The optimal average dairy size would then be 

smaller compared to the results presented. If, however, highly refined products are predominantly 

included in the mix of large dairies, then their competitiveness increases compared to the results 

above, in particular, in the case of a relative increase of transport costs. But the depicted trends 

are robust to changes in this parameter as a sensitivity analysis by use of modified processing cost 

functions has shown.

Similarly, we test the plausibility of the assumption of constant regional dairy farm output. If 

the milk density in a region increases, ceteris paribus, because, for instance, of a liberalization 

of the dairy quota trading scheme, then the average dairy size will increase in this region. In the 

opposite case of reduced regional milk density, smaller dairies will tend to become more efficient 

(regarding the consequences of changing regional milk densities, see, in particular, Weindlmaier; 

2001, 2004a,b).

Furthermore, we have assumed a uniform producer price to dairy farmers. If, however, e.g., 

larger dairies have to pay higher payout prices to minimize their risk of expensive, idle capacities 

then this would, ceteris paribus, lead to a deterioration of their cost situation relative to other dairy 

sizes and thus to a likely decrease in the optimal average dairy size. In the case that smaller dairies 

have a worse bargaining position and thus pay higher payout prices then the structural change 

towards fewer but larger dairy plants would be accelerated.

Previous, rather qualitatively-oriented studies on the structural change of the dairy industry are 

based on similar plausibility considerations, see, e.g., Weindlmaier (2001, 2004a,b); Hiilsemeyer 

(1991, 1994); Nickel (1991). When transport costs rise moderately, these studies also predict 

a simultaneous reduction in the number of dairies and an increase in average capacity. In this 

regard, this paper can be seen as complementary to those more qualitative studies.

Finally, the diseconomies in transport might be offset by potential economies of scale. For in

stance, larger dairies are able to choose better collection routes for their tankers as their contracted 

dairy farms are located more fully area-covering and less fragmented than those of smaller dairies. 

By virtue of the sector-wide approach, such fragmented collection areas cannot emerge in our 

analysis so that, in the solutions generated, the partitioning of areas is already optimal and such 

economies of scale are already exploited. Choosing a two-day cycle for the collection interval is
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another potential way to save milk collection costs (compare, e.g., Weindlmaier; 2001). Also this 

optimization option is already exploited in our model.

5.5 Summary and Future Research Directions

Given the current situation, which structural path can we expect for the German dairy sector? 

How many dairies will remain in operation, do different trends emerge for different dairy sizes, 

and how sensitive are the results to the evolution of the transport and processing costs relation

ship? The preceding sections attempt to answer these questions by analyzing a simulation of a 

capacitated facilitation location problem which is based on representative data for regional dairy 

farm production in Germany as well as cost and capacity data for dairies.

Using this model and respecting its side constraints, we generate optimal structures for the 

dairy sector under three scenarios. The benchmark scenario assumes that all dairy plants remain 

in operation, all with identical capacity utilization. Here, the only potential for optimization is the 

minimization of transport costs through the allocation of regional dairy farm output to dairies. In 

the short-run scenario dairy plants can close down and remaining dairies can adjust their individual 

capacity utilizations to improve efficiency. The long-run scenario additionally allows dairies to 

adjust their individual capacities. All scenarios disregard the possibility of greenfield investments.

In comparison to the benchmark scenario, which is characterized by excess capacity and high 

transport costs, in the short-run scenario, excess capacity is reduced by the closure of dairy plants 

and also transport mileage is considerably reduced through higher utilization of dairies centrally 

located close to high-output dairy farming areas. The model results match the empirical trend 

towards concentration, i.e., fewer dairy plants together with increased average dairy size, as ob

served over the last years. The results vary depending on what shift of relative weight between 

transport and processing costs is expected. When transport costs are increased sufficiently, the 

depicted trend towards concentration can slow down and terminate at an earher stage. In particu

lar, the number of small dairies is positively correlated with the assumed transport cost level. The 

results for the long-run are qualitatively similar but the number of closures is even higher. Here, 

the average dairy capacity does not only increase due to closures of formerly small dairies but also 

due to the expansions of individual dairies’ capacity. Analogous to the short-run, with increasing 

transport costs a trend towards plant sizes in the range of medium capacities emerges.

Moreover, the short- and long-run optima are characterized by a convergence of average costs 

per ton between the dairies. In the short-run the convergence is substantial, in the long-run almost
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complete. The remaining differences can be attributed to the assumptions concerning the immobil

ity of production factors and barriers to entry (no greenfield investments). These restrictions gain 

importance with increasing transport costs and result in the greater variability of average costs be

tween individual dairies. Structural change ends before individual average costs have completely 

converged because of the fixed spatial structures.

The cause of the observed structural change lies in differences in individual average costs. 

In the short-run and at current transport costs, large dairies have competitive advantages over 

small and medium dairies. Hence, small dairies in particular need to avoid pure price competi

tion through soft factors (e.g., special customer or supplier relations) or the production of special 

products (e.g., specialties or regional marketing strategies). On the other hand, small and medium 

dairies can gain a relative advantage when the importance of transport costs relative to other cost 

types increases because, for instance, of a direct increase in transport costs or cost-decreasing 

technical progress in milk processing. In the long-run, not even competitive advantages based 

on economies of scale in processing are sustainable so that geographic location relative to dairy 

farming areas remains as the sole decisive competition factor.

The explanatory power of the model could be increased through the availability of better data, 

e.g., data on product mix and cost functions for individual dairies. Moreover, several premises 

of the model could be replaced by more realistic assumptions. For example, the assumptions of 

shortest distances (beelines) between dairies or that of a single road type, also implying identical 

daily mileage limit independent of road types. Despite these simplifying assumptions, we are 

convinced that the results presented allow a good approximation of the future evolution of the 

German dairy sector.

An interesting extension of the model would be the inclusion of external effects in transport 

and dairy processing. But this model could also be applied to other sectors in which a simultane

ous trade-off between different cost types and spatial separation between primary production and 

processing exists. This includes, in particular, many areas of the agricultural sector.
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CHAPTER 6

Conclusions

The four core chapters of this thesis review and apply several simulation methods designed to 

analyze alternative economic policy options to facilitate comparison and decision making.

Chapter 2 reviews the current literature on the impact of developed country trade liberalization 

on poverty to assess the evidence whether it decreases or increases poverty and whether general

izations can be drawn.

We provide an overview of the empirical methods used and highlight the strengths and weak

nesses of the various approaches, to provide a better appreciation of the results obtained in the 

empirical studies. While significant advances have been made in developing methodologies to 

address this question, and there has been an explosion in the number of studies which provide 

empirical findings, we find actually relatively few studies which report the results of developed 

country agricultural trade liberalization on developing countries alone. The great majority of this 

literature focuses on the impact of own liberalization of agricultural policies by developing coun

tries themselves. Other studies examine the impacts of global (multilateral) liberalization by both 

developed and developing countries and often do not distinguish in the discussion of their results 

the separate contributions of liberalization of the agricultural versus manufacturing sector, or by 

developed versus developing countries.

Ex-post empirical work has not brought about strong enough evidence for any general rela

tionships between trade liberalization and poverty alleviation, especially not detailed enough to 

separate out the effects of agricultural liberalization alone. For now, one has to rely on ex-ante

149
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simulation approaches. But such results need careful, critical appreciation of what exactly is mod

eled. Simulated adjustment pressures need to be contrasted with other impact factors outside the 

scope of the model.

We summarize poverty impact assessments for 34 country observations, taken from the ex- 

ante studies relevant for the focus of this paper, mainly combined CGE-microsimulation models, 

in three tables. These studies suggest a tendency for multilateral trade liberalization to decrease 

poverty. But within all geographical regions there are negative alongside positive cases. The only 

seven observations which simulate exclusively foreign liberalization in an extra scenario report 

equally many poverty increasing as decreasing outcomes. The general conclusion emerging from 

these statistics is that there is little scope for generalization and that poverty impacts are highly 

heterogeneous from country to country.

Chapter 3 examines the poverty impacts of an EPA agreement between Uganda and the EU and 

specifically its trade provisions. It focuses particularly on the implications of the required reduc

tion in EAC tariffs as part of the implementation of a reciprocal free trade area. A descriptive 

analysis of the Uganda National Household Survey (UNHS) 2002/2003 confirms that Uganda is 

an agriculture-centered economy with most people living in rural areas and depending on (subsis

tence) agriculture. The analysis of the impact potential of an EPA with the EU first of all highlights 

the relatively low share the EU has in Ugandan imports and the relatively low average tariff. Also, 

EU imports appear to be complementary to Uganda’s domestic production rather than competing.

The EPA impact is then quantified using a single country CGE model for Uganda. Starting 

from the EAC’s common external tariff and its free trade area, all EPA scenarios show negligible 

effects on GDP and a small increase in trade activity with exports increasing more strongly than 

imports. Coffee, as Uganda’s major export sector, is the main beneficiary of the EPA. Agricultural 

prices and wages for unskilled labor fall. Land rents increase.

A subsequent microsimulation, projecting the CGE results onto the UNHS, quantifies the en

suing poverty effects. Both the development of factor returns and price patterns are adverse for the 

poor so that the poorest two deciles face a small decrease in their average real incomes whereas the 

richer deciles gain. We find very small poverty effects and poverty headcount falling in rural but 

rising in urban areas, also causing the Gini index to worsen slightly. The direction of the overall 

poverty effect depends, however, on which tariff lines are selected for exemption in the EPA.

Summarizing, the quantitative analysis of the EPA scenarios confirms that the agreement with 

the EU will have only a minor impact on the Ugandan economy and Uganda’s poor population.
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Importantly, it shows that such an agreement does not induce large deindustrialization effects and 

that the economic adjustment costs for Uganda and the poor population are quite low. Neverthe

less, whether the small poverty effects are negative or positive depends on the choice of the tariff 

lines for exemption from liberalization, although under all scenarios the ultra-poor appear to lose.

The sharp rise in food prices witnessed in the 2006 to 2008 period has raised international concerns 

about the consequences for the poor of the world and motivated numerous studies. However, few 

of those consider the role of spatial price heterogeneity in this. Chapter 4 examines the poverty 

impact of a hypothetical increase of border food prices for Uganda taking, in particular, the spatial 

heterogeneity of price transmission into account. We employ various descriptive and regression 

analysis methods to examine the dependency of the poor’s food basket on marketed and traded 

foods and to assess spatial price variability and spatial price transmission. For this purpose, we 

use time series data for six local Ugandan markets and several staple foods and data from the 

Uganda National Household Survey 2002/2003 (UNHS).

Subsequently, we apply the findings to an experiment simulating the first-order poverty im

pacts of a hypothetical 50% increase in border prices for food under the setting of imperfect spatial 

price transmission. The poverty results show impacts substantially different from those of a per

fect price transmission scenario and also display strong regional differentiation. For example, the 

Northern region appears as the most hit region under perfect spatial price transmission but once 

imperfect transmission is accounted for, it experiences the least severe headcount increases among 

all regions. The poverty depth increase, however, remains the highest although it also more than 

halves.

Chapter 5 studies the structural change induced by an increasing weight of transport costs in the 

cost structure of transport-intensive industries using the German dairy industry as a case study. 

Transport costs have been rising during recent years not only due to strongly increasing crude oil 

prices but also due to the introduction of environmental taxes and similar environmental policy 

measures. We represent the German dairy sector as a capacitated facility location problem which 

is optimized for different scenarios of time horizons and transport cost levels to simulate structural 

change induced by such shifts in the cost structure of the dairies. The model, in particular, allows 

for economies of scale in dairy processing and explicitly depicts the spatial structure of the sector.

The model is able to explain the trend towards fewer but larger dairies as currently observed 

in reality and also indicates, ceteris paribus, a continuation of this trend. The model results match
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the empirical trend towards concentration, i.e., fewer dairy plants together with increased average 

dairy size, as observed over the last years. The results vary depending on what shift of relative 

weight between transport and processing costs is expected. When transport costs are increased 

sufficiently, the depicted trend towards concentration can slow down and terminate at an earlier 

stage. In the short-run in particular, the number of small dairies is positively correlated with the 

assumed transport cost level. The results for the long-run are qualitatively similar but the number 

of plant closures is even higher. Here, the average dairy capacity does not only increase due to 

closures of formerly small dairies but also due to the expansions of individual dairies’ capacities. 

Common to the short- and long-run scenarios is the emergence of a trend towards plant sizes in 

the range of medium capacities with increasing transport costs. The results also show that the 

magnitude of the impact on the dair>' size structure differs strongly by region.

In summary with respect to the main theme of this thesis, the review in Chapter 2 as well as the 

applications in this thesis highlight, in particular, one main criticism of simulation, as discussed 

by Axelrod (1997): the difficulty of communicating the approach and the results rigorously. Sim

ulation models are usually quite complex and replace a number of strong and readily comprehen

sible traditional assumptions by a multitude of more realistic but also less assessable assumptions. 

Given the page restrictions for publications, a concise description of the model and its assumptions 

is difficult. In particular, this is because the methods do not belong to the standard repertoire of 

economics education and the author cannot resort to a standard language, as is available in statis

tics, for example. This results in somewhat cryptic descriptions which leave the outside reader 

with the impression of a complicated "black box". Furthermore, given that simulation models 

often aim to quantify multiple counteracting effects, they usually use data from several sources. 

Finally, simulation outcomes are sensitive to the details of the model and the parameters chosen 

which again deserve precise description and scrutiny. All of these descriptions are difficult to con

dense but are required for a complete understanding of the system and the results. Ultimately, they 

should enable the replication of the results. This is necessary for scientific validation.

The cross-study comparison in Chapter 2 showed that virtually none of those studies includes 

all the details necessary to fully understand the outcomes of the model. The strength of rich sim

ulation models can become a weakness when the documentation of model, data, and parameters 

generates too much uncertainty so that the reader is in doubt as to whether the effect originates 

from an inaccurately described combination of model assumptions or indeed from the investi

gated policy measure. For example, the assumptions regarding the macro-economic and factor
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market environment in CGE models are occasionally not reported clearly but are crucial for the 

interpretation of the outcomes of the model. This also applies to the multitude of elasticity pa

rameters employed. Moreover, differences and omissions in the reporting of outcomes complicate 

their comparisons. Similar experiences are described in a recent set of meta-analysis studies on 

CGE models of Doha-Round trade liberalization simulations by Hess and von Cramon-Taubadel 

(2007, 2008). Some of the cornerstones for interpreting combined CGE-microsimulation models 

for poverty analysis are summarized in Chapter 2. The difficulty of concisely describing simu

lation experiments became also apparent in the three applied chapters of this thesis. The time 

required for writing up additional details is certainly a limiting factor. Additionally, there is rarely 

a study which is truly self-contained but rather relies in some form on models or data from sec

ondary sources. The uncertainty left by the documentation of the lower stages cascades upwards 

and multiplies in the higher stages.

There is clearly a need for standardization in the reporting of models, data, and results on 

the side of simulation and associated communities.' But this subdisciphne also needs stronger 

acceptance in the economics community so that it becomes a standard part in education and infor

mal economics readings which ultimately evolves into a language that facilitates shorter and more 

precise reporting. It is beyond question that simulation studies are required for detailed policy 

analysis and they have already become an integral part of policy analysis. But the field remains 

immature until the "black box" feeling of the targeted audience has subsided.

'The Global Trade Analysis Project (GTAP) is one effort aiming in this direction by building a standardized global 
database for CGE models.
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