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Abstract

The Economy-Wide Impact of Investment on Infrastructure for Electricity in Ethiopia:
A Recursive Dynamic CGE Approach

Dinkneh Gebre Borojo
Addis Ababa University, 2012

In current periods Ethiopia has been implementing huge investment on electricity.
The studies on the economic impact of this investment conducted so far, however, are
not sufficient and no study is conducted by using a recursive dynamic CGE model. To
this effect, the study used a recursive dynamic CGE model. The model used an
updated version of 2005/06 SAM. The simulations examined to explore the impact of
this investment on Ethiopian economy are investment on electricity fully financed by
foreign saving (loan), investment on eectricity fully financed by domestic households
and enterprise saving, and investment on electricity partly financed by domestic
household and enterprise saving and partly by foreign saving. We run these

simulations in combination with increase in TFP of industrial and service sectors.

The findings of the study have shown the improvement of the real GDP, output of
industrial and service sectors, average factor income and household income.
However, the high growth of real GDP is registered when the investment on
electricity is fully financed by domestic household and enterprise saving and when
this investment is partly financed by domestic non government institutions and partly
by foreign saving. Household consumption and consumption expenditure have raised
more when investment on electricity is financed by increased foreign savings.
However, they have grown at negative rate when the investment is fully financed with
increased domestic household and enterprise saving. In general, investment on
electricity fully financed by foreign saving is resulted in lower growth rate of real
GDP due to worsening of the net export and it is also expected to be repaid that
would increase indebtedness of the country. On the other hand, meeting this
investment with domestic household and enterprise saving will be difficult. So,
financing investment on electricity partly by domestic household and enterprise

saving and partly by foreign saving would be worthwhile.
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CHAPTER ONE

INTRODUCTION

1.1. Background of the study

That energy is a critical economic commodity ancadaquate and reliable supply of
energy is a prerequisite for economic developmenwell appreciated (UNIDO,
2009). Compared to other parts of the world, howeseergy deprivation or the lack
of access to it is by far most prevalent in Afri€mergy endowments remain largely
underutilized. For instance, only 5% of the comtirge potential of hydropower and
0.6 % of geothermal has been exploited. The gawdmst supply and demand in
Africa has been widening over time, resulting ie tbwest per capita consumption
average of 0.66 tons of oil equivalent (TOE) corepato the global average of 1.8
TOE in 2008. Recent trends indicate that over 6@%utr-Saharan Africans will still

not have access to electricity by 2020 (UNIDO, 2009

Ethiopia is endowed with enormous water, solar,dwand geothermal energy
potentials: of which 84% is from hydropower (estiethto be 30 to 45 GW), 13% is
from wind and 3% is from different sources. Howewstly a fraction of this potential
has been used so far (ERG, 2009). As a resultas é&xtremely low energy

consumption average per capita (36 KWH) per year.

Hydropower development in Ethiopia started with imior small power plants. The
current and planned development in the sector asyelier, almost exclusively
focusing on large plants. Harnessing hydropowergéoerate electricity has the

potential for ensuring energy security and greereti@ment path (MoWE, 2012).



For the last seven years, Ethiopia faced unmetggrdemand. In 2009, the country
was plagued by power shortage. As a result, coraitke potential output has been
lost due to power cuts in the past few years (Esretaal, 2010). We could presume
that left unattended, potential losses from powsrugtion will increase in the future,

as the relative contributions of the industrialteeacrease in the economy.

To narrow the gap between power supply and demamd ,hence avoid losses, the
government is engaged in implementing an ambitiouestment plan that aims to
expand the power system and quadruple it beforé ZBRG, 2009). Once the largest
hydropower and wind projects are completed in 2Qhé, installed capacity of the
country will be more than 11 GW compared to thes [dgan 2 GW in 2010. The
construction of these large dams is foreseen irpléuwe that aims to bring capacity to
19 GW after 2019. To meet this ambitious investmiéntvould require average

spending more than 30 billion birr per year (EEPZI,1).

1.2. Statement of the Problem

Ethiopia has an untapped large potential for hyowsy development. Its generation
capacity is estimated at 45,000 MW. However, so tfa utilization level has been
limited to 2 GW, which is less than 4.5 % of thasdrg potential. Similarly, solar

and wind potentials have been researched and fmubhd considerable (Bekele et al,
2009; Bekele et al, 2010; Wolde-Ghiorgis, 1988; Wdtta et al, 1996) but no
substantial development has been made so far. dadlse population in the country
lives in poverty and uses traditional fuels suchfies wood that deplete forest
resources and aggravate soil erosion.

At the national level it is estimated that biomdssls meet 88 % of total energy

consumed in the country.



The available power capacity in Ethiopia is notealb accommodate demand.
Demand for electricity is growing at 14% from 200bwards (ERG, 2009). It will
grow at 17% under 10% GDP growth and 32% under%43DP growth scenarios
(Zenebe and Alemu, 2011). The steep increase iradeémeflects both the growing
electrification of the country and rapid growth eéctricity-intensive industriese.
Power demand will increase in the future as theneety grows and the relative
contributions of the industrial sector increasefo increase supply of energy as
rapidly as growth in demand, the Government of ¢fttai has given commitment to
develop the electric power generating capacityhef ¢country by investing on the
available water and wind energy resources in thenitg (EEPCO, 2010).
Accordingly, Ethiopia is constructing large hydregy dams and wind projects to

accommodate domestic demand and to export to neigimy countries.

Investment on large dams are not, however, frem froticisms. There are two views

among scholars. One group believes that large daengpened to public scrutiny and
political benefit with widespread debate on perfante, benefits and negative
impacts such as debt burden, cost overruns, demlact and impoverishment of
people(Parasuraman et al, 2001). For others, construldngg dams is the essence of
modernisation and effective interventior irrigation, electricity, flood control and

water supply accounting for a large share of pubMestment in most countries. It is
argued that it contributes for economic developntierdugh job creation, fostering an
industrial base with export capability; triggeriegonomic growth (Sambo, 2005;

Aydin, 2010; Girma, 2000, and Parasuraman et &1p0

In addition to triggering economic growth, investmh on hydropower energy has
cost advantages. In light of recent high and vielatil prices, renewable energy
including hydropower has emerged as a viable o@tanost places to address energy
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challenges (UNIDO, 2009). Hydro and wind power dosave scarce resources of
imported oil for essential purposes and relievesguees on forest reserves (Fergus,

1983) and is central to the mission for sustaindelelopment.

In Ethiopia a few studies have been conducted conamic impact of this
investment. The studies on the economy wide imphictvestments on infrastructure
for electricity conducted so far, however, are swfficient, not without limitations
and no study is conducted by using A Recursive DyoaComputable General
Equilibrium Model.

Ermias et al (2011) in their study “Does electyicstrategy matter? Shortage and
investment: reflections based on CGE analysis”y theed static CGE analysis to
show the impact of electricity shortage on econognm~th and economic impact of
investment on electricity. They used electricityioning scenarios among different
economic sectors and investment on electricity. if@hod they used (static CGE)
shows one time effect of policy changes but is lenadbaccount for growth or second
effects (Annabi et al, 2004). The effects of chamgénfrastructure investments are

dynamic and cannot be sufficiently analysed bys@GE models.

Zenebe and Alemu (2011) in their study “Sustaiedislancing of Ethiopia’s energy
infrastructure: an economic analysis” examined entrifinancing mechanisms and
implications of planned infrastructure investmeaisthe country’s outstanding debt

by using indicator method and ratio analysis.

Analysis of the economy wide impact of investmamsinfrastructure for electricity
involves taking into account the economy wide dfeof policy, because the
introduction of a single shock will have impact warious economic activities as

electricity is an intermediate input for almost aditivities in the production process.



Partial equilibrium models, econometric models andstatic CGE models are
inappropriate to deal with such kind of investmgindcks. They do not provide good
understanding of multiple linkages through whiclestment on infrastructure for
electricity affects the economy and do not proatieadequate framework to outline
the transmission mechanisms of the economy widadnjhat we need to understand
(Dissou et al, 2011). Furthermore, they do not valltor analysis of general
equilibrium feedback impact of investment on infrasture for electricity and its

fiscal implications.

Therefore, this paper aims to fill this gap byirigy to address the limitations
described above by using a recursive dynamic CGHdWwhich is believed to be
best suited to assess the impact of investmennfoastructure for electricity. Thus,
the aim of this paper is to analyse the economyewidpact of investment on
infrastructure for electricity by analysing its iagi on macroeconomic variables of
interest such as GDP, real consumption, real invexst, exports and imports, trade
balance, sectoral indicators, factor income, andsébold income and consumption

expenditure under different financing options.

1.3. Objectives of the Study
The general objective of this study is to assess ¢bhonomy wide impact of
investment on infrastructure for electricity byngirecursive dynamic CGE model.

The specific objectives are to analyse the impastw@stment on electricity on:
Macroeconomic variables

Sectoral output

trade balance (exports, imports)

Households income,

Household consumption expenditure and

YV V. V V VYV V

Factor income



1.4. Significance of the Study

Given the importance of energy sector in Ethiopggonomy, the findings of this
study will provide an important link on how to dgsipolicy; will help inform policy
makers whether or not the desired outcome of ét@gtinvestment is being realized.
In addition, the study will provide a good basig farther research on economic

impact of investment on infrastructure for eledtyien Ethiopia.

1.5. Scope of the Study
This study focuses on the impact of investment ofrastructure on energy

particularly investment on electricity.

1.6. Limitation of the Study
We used elasticity of TFP with respect to investmen electricity estimated to
analyse the impact of infrastructure spending iriM&e did not estimate elasticity

of TFP with respect to investment on electricityEithiopia.

1.7. Organization of the Paper

The paper is organized as follows: chapter oneudszs introduction and chapter two
treats theoretical and empirical literature revie@bapter three gives an overview of
Ethiopian economy and energy sector. Chapter forasgnethodology of the study
and chapter five presents results and findingshef study and policy simulations

finally, chapter six concludes and forward polioyplications.



CHAPTER TWO

LITERATURE REVIEW

2.1. Theoretical Literature

2.1.1. Introduction

Different disciplines use the term “energy” diffatly. In physical science, “energy”
is the capacity for doing work. In economics, “@gérincludes all energy resources
or commodities that embody significant amountstofgical energy and thus offer the
ability to perform work. Energy commodities - eggpsoline, diesel, natural gas,
propane, coal, or electricity can be used to pmwvahergy services for human

activities (Sweeney, undated).

Energy can be classified in at least two ways ab e have: traditional andodern
energies, and renewable and non-renewable enefidiesterm traditional energy is
used to denote locally collected and often unpse@diomass based fuels, such as
crop residues, wood and animal dung. Most tradiioanergy is used non-
commercially while modern energy refers a varietycommercial forms of energy
such as liquefied petrol gas, kerosene, petrol, eéadtricity (connected to grids or
independent of grids), and bio energy. But thisreggion is used very broadly, and

has no international definition.

Renewable energy consists of energy produced addfored from sources infinitely

renovated or generated by combustible renewablessuRenewable energy sources
capture their energy from existing flows of enerfygm on-going natural processes,
such as sunshine, wind, flowing water (hydropowbipmass and geothermal heat

flow (FAO, 2000). On the other hand, non-renewable energy is that fwrenergy



obtained from sources that are that are finitelyovated (Gritsevskyi, 2007)All
available sources of energy will be necessary,foutenvironmental reasons, the first
priority should be the development of all the tachltly, economically and
environmentally feasible potential from clean, neable energy sources, such as

hydropower (Budak et al, 2009).

There are numbers of literatures demonstrating éhargy has significant positive
effects on economic growth (Sambo, 2005; Stern,420@banda et al, 2011;
Morimoto, 2004; Enang, 2010). Energy is widely ddesed as one of the major
drivers of economic growthAdequate supply of energy improves production
technology and hence productivity, and generate l@ynent opportunities and

income.

Investment on infrastructure for energy is onetaf key determinants of supply of
energy. Investment on energy in turn depends aodattion of new technology and
public acceptance of the need for new infrastrgctUihere are different economic
growth models considering energy as an input inptieeluction of output differently.

The following section gives a detailed picture abitne significance of energy as an

input in growth models.

2.1.2. Ecological Economics and Energy
Ecological economists derive their view of the rofeenergy in economic growth
from the biophysical foundations of the economyeybelieve that energy has a
significant role in economic growth (Stern et @02; Stern, 2010). Some ecological
economists consider energy as a primary factoradyction directed by capital and
labor (Stern et al, 2004)They focus on the material basis of the economy and

consider capital and labor as intermediate ingdénton, 1973)



There are two fundamental properties of energyhermodynamics (physical or
conservation law). The first law states to obtaigiven material output, a greater or
equal amount of matter must be used in its prodncprocess as inputs. This
condition shows the minimum material input incluglienergy requirements for any
production process producing material outputs. $&eond law of thermodynamics
(the efficiency law) implies that a minimum quawtif energy is required to carry out
the transformation of matter. All production invessthe transformation or movement
of matter in some way, and all such transformatioeguire energy. Therefore,
according to ecological economists energy is aromant factor of production (Stern,

2004).

2.1.3. Mainstream Growth Theory and Energy
Mainstream growth theories consider capital, lat@ord land as the only primary
factors of production. They focus on the primamuts, in particular on capital, labor
and land, and pay little or indirect attention ke trole of energy or other natural
resources in promoting economic growth (Stern, 2008e starting point for almost

all analysis of growth in neoclassical frameworiS@ow growth model.

Solow growth model focuses on three inputs (capi@bor and technology) to
produce output. Capital, labor and effectivenedalwdr (technology) combined in the
following function to produce output (Romer, 1996).
Y(t) = F(K(t), A(t)L(t)) =--mmmmmmmmmmmmm oo oo e (2.1)

Where, Y(t) - output, K(t) -capital stock, th{echnology and L(t) —labor,

A(t)L(t) -effective labor



According to this model the amount of output obédirirom units of inputs (capital
and labor) increases over time and there is teolgiea! progress only if the amount
of knowledge increases. Technological progressalsor augmenting or Harrod
neutral. The model is based on the assumptiorttiegproduction function possesses
constant returns to scale in its two argumentstabpnd effective labor. The model
does not include inputs other than capital andrldbaonsiders other inputs like land,
energy and other natural resources are less inmonathe production process

(Romer, 1996).

2.1.4. The linkage of Econaersrowth Models and Energy
The mainstream growth models in the previous sectlo not include energy
resources as one of the essential determinant®wtiy Arbex et al (2010) integrated
a neoclassical growth model originated by Solows@)9and input-output analysis
developed by Leontief in late 1920s to analyse ggneonsumption and economic
growth for Brazil, where final demand is the keyklibetween the models. They used
the Cobb-Douglas production function that includesural resources and integrate

with input- output model. The production functi@ngiven as:

Yy = AtKitm LitﬁiTitJI """""""""""""""""""""""""""""""""""""" (2.2)

Where Y; is sectoral output, ;Ais technology, |k is labor, K is capital, and i stands
for energy,ai, Bi, di> 0 andai+ Bi+di =1. They assumed the production function
displays constant returns to scale. Total factodpctivity for each economic sector
changes overtime at constant rate i.e. the totetiofaproductivity A for each
economic sector changes over time at a constamtirat A+1= (1+gy)Ai (Arbex et

al,2010).Where, g is exogenous growth rate of total factor produttiin sector i.

10



Sectoral output is equal to aggregate demand oktomomy which is the sum of
aggregate consumption §Caggregate investment)(lgovernment consumption {G
and net export (Nf£ (F, =C, +I,+G,+NE, =Y,). If this aggregate demand is

represented by F, then demand for energy can beessqu by using central input-

output model (AX: +R):
TE=R[I-A]"F o TE=RI-AI"Y____ 2.3)

Where, TE is vector of total sectoral energy consumption Bnig (m x m) energy
consumption coefficients matrices andig\(m x m) input output coefficient matrix.
This integration is based on the input-output mottamework which allows
considering transactions i.e. payments and incoaeeived using the following
identities.

Xt = AKt F R oo e e (2.4)
Where, X is an (m x 1) vector of sectoral output,i& an (m x1) vector of final
demand Ais an (m x m) input-output coefficients matrix

So based on neoclassical growth model and Leonpett-output models integration,
consumption of energy as an input in output pradactan be forecasted (Arbex et

al, 2010).

In the same way, Stern (2010) integrated diffeegaroaches and added energy as an
input in the growth model by modifying Solow’'s mddallowing substitutability
between capital and labor to remain unity and lawssitutability of energy with
capital and labor. In this setup energy can beseitbnstraint on growth or an enabler
of growth based on availability of energy and tesbgical change. Omitting time

indices for simplicity, the model consists of twguations:

Y= [(1- y) (ALK )wy(AEE)”’J --------------------------------------------- (2.5)

11



AK = S(Y = PBLE) = OK wommmemm oo (2.6)

Equation (2.5) embeds a Cobb-Douglas function pitab(K) and labor (L) in a CES
function of value added and energy (E) to producsgoutput Y. Pis the price of
energy andy is a parameter reflecting the relative importanteenergy and value
added. A and A are the augmentation indices of labor and endfguation (2.6) is

the equation of motion for capital that assumes flolow (1956) that the proportion
of gross output that is saved is fixedsa&nd that capital depreciates at a constant rate

p=(c-1) /o , where,o - is elasticity of substitution between energy &nel value

added aggregates
For Stern (2010), economic growth that creates goiib raises incomes depends on

greater and more efficient use of energy.

2.1.5. Energy Consumption and Economic Growt
The previous section established that energy isobmessential inputs and in the long
run its availability could constrain economic grbwtThis section examines the
factors that could reduce or strengthen the linkagfereen energy use and economic
activity over time. Energy is linked to economatigity in so many complex ways
that makes it difficult to unravel the overall pleand isolate the individual elements.
Demand for energy is derived demand, that isjsearbecause of the level of income,
tastes, expectations concerning other goods andiceerwhose production in turn
depends on energy, and substitution between difféypes of energies (Munasinghe

et al, 1993).

GDP growth is a critical determinant of the demé&mdenergy. As a result, growth
projections are essential for estimating future aednand supply of energgifter the

energy demand estimates are done energy suppbstment, and prices are in turn
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derived. The energy and macro economy have forveard backward linkages:
macroeconomic impacts on energy sector which \sdat linkage and energy sector
impact on national economy which is backward lirkdiylunasinghe, et al, 1993).
From the forward linkage we can forecast energy atehby using an input-output
framework mentioned in the equation (2.3). Accoglly, we can link energy demand

and output as follows:

L Y B (2.7)
Where, TE,,, total energy demand in t+1 anfl, Aggregate output in period t+1.

In the other way we can represent production fancss follows,

(Qu Q) =F (A, X1yeery Xy Eny ooy Bp)rmmmmmmmmmmmmmmmmmme e (2.8)

Where, the Qare various outputs, such as manufactured goodisenvices, the X
are various inputs such as capital, labor, ther& different energy inputs and A is the
state of technology as defined by the total faptoductivity indicator (Stern,2010).
The relationship between energy and an aggregaftosuch as gross domestic
product can then be affected by: substitution betwenergy (B and other inputs
(Xi), technological change-a change in A, shifts endbmposition of the energy input

(Ei), as well as shifts in the composition of outp@d (1bid).

2.1.6. Infrastructure Investment and EconomicGrowth
Investment on productive infrastructure is importammaintaining good economic
performance. Low level of investment on infrastaset is considered as partly
responsible for poor growth performance in develgpmountries (Dissou et al, 2011,
Amino, 2008; Foster, 2008). Power infrastructureeggas as the most limiting factor
of growth in these countries. So, to stimulate eooic growth, investment in

infrastructure in the area of energy is importaigi(itz et al, 2009).
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Barro (1990) model shows the relationship betwedrastructure and output. Thus,
assuming aggregate output Y, at titnes produced using infrastructure capital, G,
other capital, K, labor, L, and total factor protivity, A, the following model shows

the relationship between infrastructure and output:
Y = AK TG L e (2.9)

Like capital and labor, infrastructure includingeegy also affects output production.
So, energy can be constraint for production ifeliemo adequate supply of it.

Economic theory identifies that there are fivefat#nt ways through which
infrastructure can positively contribute for econongrowth. These ways are

categorized in the supply and demand side.

The first way through which infrastructure affegt®wth is infrastructure as an input
of production. In this approach infrastructure nsayiply be regarded as a direct input
into the production process. Increase in the stdakfrastructure would increase the
output of the economy as a whole, directly inducgmgnomic growth. The role of
power generation infrastructure provides a concestEmple of this channel. It is a
necessary input for many production processes andnseliable power supplies
render these processes either more expensive icelgmtpossible (Fedderke et al,

2008).

The second way is infrastructure as a complementher factors of production. In
this case infrastructure may be regarded as a @ngpit to other inputs in the
production process because improvements in infretstre may lower the cost of
production and raises the productivity of otherutsp For example, the productivity
of capital such as machinery or electronic equigmerclearly raised by reliable

power supplies (Fedderke et al, 2008).
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The third way is infrastructure as a stimulus totda accumulation. In this case
infrastructure is considered as a determinant afynfactors of production in a typical
economy. Therefore, infrastructure may influencewgh indirectly, by boosting the
accumulation of other factors of production or lmosting the productivity of these
factors of production. For example, it is impossibd improve labor skill if there is
no education, health stations and adequate supglgwer So, infrastructure, in the
form of schools, roads used to access schools kEutrieity provided to schools

determine labor performance (Fedderke et al, 2008)

The fourth way is infrastructure as a stimulus ¢fgragate demand. The channels
mentioned above are purely supply side channeldewthis one considers the
potential role of the demand side. Large infragtec projects typically involve
significant expenditure during construction andragien. This expenditure increases
aggregate demand. In turn boosting demand maytaffeeconomy in different ways

(Fedderke et al, 2008).

The fifth way is infrastructure as a tool of indigt policy. Sometimes government
spend on infrastructure to guide industrial poli@pvernment by investing in specific
infrastructure projects can guide private-sectoegtment decisions. Through one or
all of the above channels investment on infrastmgéchas positive role on economic
growth (Fedderke et al, 2008).

In general, all the theories explained above extteptmainstream theory (that gives a
little attention to energy) show the importanceeoiergy as one of the important

factors to determine economic growth.
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2.2. Empirical Literature

Investment on infrastructure facilitates privateastment by lowering production
costs and creating new markets. It has also a pnofoampact on total factor
productivity (TFP) and it can lead to new productiand profit opportunities that
contribute for economic development. Perrault e{28108) constructed a standard
computable general equilibrium (CGE) model to erplthe impact of scaling up
infrastructure in six African countries. They caoigted simulations on baseline non-
productive investments, roads, electricity, anédems under five funding schemes
(reduce in other public expenditure to fund investts on these sectors and their
maintenance: increase in the value-added tax,aser@é import duties, funding from
foreign aid and increase income taxes) to comgeampact of increased spending
on infrastructure in Benin, Cameroon, Mali, Sengdanzania, and Uganda. They
highlighted the most efficient funding mechanisnd &xplored its effect on different

macroeconomic and sectoral variables based on cathmaanalysis.

For the electricity sector they conducted two sgesaElectricity investment funded
by income tax and electricity investment funded thg value added tax. They
compared the income tax funding scenario with theT\option using equivalent
variation. The household impact is almost identioadhe VAT option in all countries.
But they observed very small differences in BenMali, and Tanzania and
Cameroon, where the income tax option is more fealda. The impact on GDP is
identical for all countries. The change in wage rigtstronger in all countries except
for Senegal, where the effect is only slightly l&@san in the VAT case. The effect on

firms’ income is also quite similar, although theiation reverses for Cameroon.
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A very important conclusion from all the scenari®shat if the current account needs
to be balanced, funding investment through foreighproduces the strongest sectoral
effects, because strong price and nominal exchaageadjustments are needed to
clear the current account balance. Sectoral effaptsstrongly influenced by the
structure of imports and exports in the differemtirttries and by the size of inflow of

funds required to finance these infrastructure.

Mbanda et al (2011) analysed the impact of publfastructure investment in South
Africa using dynamic CGE analysis. To assess thgaanhof public infrastructure, the
study introduced different policy scenarios. Thesed four financing options to
finance a 47% increase in public infrastructureestment namely: reallocation of
capital from private sector to public sector, fioggy by 50% government budget
deficit, 4% increase in indirect tax on commoditi@sd an increase in direct tax. The
results show that financing public infrastructungastment by direct taxation yields
better results in terms of impact on aggregate wwyspoduction, private investment,
job creation, and household income. On the othedhdeficit financing seems to
result the worst impacts on the economy in termsalwdve variables. Increasing

public infrastructure investment in general is b for the economy.

In the same wayAminu (2008) used a CGE model of Nigetia investigate the
impact of a substantial and sustained investmentlactricity-infrastructure on
economic growth and other macroeconomic variablse study followed two
approaches in modelling production: constant ancdremsing returns to scale
assuming increasing returns to scale in the itriratiral sector due to the existence
of a few large firms in the sector (particularlyédrin the case of electricity) and

constant returns to scale across the other sedtioespaper found that the existence of
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increasing returns in the electricity-infrastruetigector impacts positively on other
sectors of the economy. The study equally findg &h&00billion Nigerian dollar
investment (every year from 2008 to 2013) in theomés electricity- infrastructure
sector results economic growth of 10.58 percent @68 percent when increasing
returns to scale in electricity sector and constatirns to scale prevails in all the

other sectors in Nigeria.

Galinis et al (2000) used a CGE model to analyseftiture of nuclear energy in
Lithuania. The results of the paper are based answenarios. The first scenario is
increases in nuclear capacity to generate addltielegtricity. In this scenario the
export sector, agriculture and bulk goods induss$rystimulated. Energy demand
remains directed towards nuclear electricity, whaleonomic growth boosts fuel
consumption. The second scenario is limiting nucfgaver potential. In this case
economic growth is relatively low, especially irettrade (commercial and public)
sectors, services, and transport. Due to low faotimes, marginal costs are low and
exports are stimulated; the trade balance improvee. moderate economic growth
limits the increase in energy use and decreasesemss So, improving supply of

energy has positive impact on economic growth thuania.

The benefit from investing on infrastructure maypeled on heterogeneity of
economic agents. CGE models developed in developmgtries are based on
adaptive expectation and assume myopic economiatag®issou et al (2011)
assessed the growth, sectoral and welfare impicatiof increased spending on
infrastructure in Benin, using a multi-sector intemporal general equilibrium model
with public capital and heterogeneous agents (fadwaoking and myopic). They
considered two financing methods of public investmeooms: domestic financing

through discretionary taxes and foreign financimguigh increased foreign aid. The
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results show that increased public investment &rastructure has positive impacts
on private investment for all agents in the long nuespective of financing method.
But, it has no positive impacts in the short runeTnvestment level of myopic agents
is adversely affected in the short run by tax feiag methods. It has also a Dutch
disease effect in the short run but it increasgmady of firms in the long run. In
general, forward looking agents benefit more thaypopic agents from public

investments.

Strzepek et al (2006) analysed the economic implabigh Aswan dam in Egypt. In
their study, they used a CGE model of the Egyptieonomy to estimate the impact
of the High Aswan Dam. The results of simulatiolm®w how Egypt's economy
would have performed in 1996/97 without the dam lao the economy, without the
dam, would have been affected by year-to-year tranga in the Nile flows.
Variations in flows affect the economy through thailability of water supplies for
agriculture, the generation of hydropower, navigatiand tourism. In all simulations,
the “shock” is to reduce the supply of summer waising historical data on summer
water flows. In effect, the removal of the dam $swamed to force Egypt to use less
water in the summer season, with an excess supphater in the winter. The shock
is applied to agriculture, transport, tourism, g@aaver generation. According to their
result, if the High Aswan Dam were not there, agtice gains (especially summer
crops with high value) and the burden of the shdeltls on the non-agriculture

sectors, with declines in power, transportatiomn, grurism.

Adenikinju (2005) analyses the costs of infrastnoetfailures in Nigeria due to power
outages, to the business sector using the revgabfdrence approach. The paper
shows that the poor state of electricity suppliigeria has imposed significant costs

on the business sector.
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Economic impacts of infrastructure, especially oergy, do not depend only on the
nature of agents but also depends on the degreenwfonment impacts and
alternative sources of energy supply. The usageoonfrenewable energy sources is
associated with large-scale emissions of greenh@ases: carbon dioxide and
methane to the atmosphere. To curb such problems&canomy needs to move
towards low carbon energy system or decarbonisatidhe world energy sources by
giving priority to renewable energy sources. Imtauch moves from non-renewable
to renewable resources have impact on employmedt acther macroeconomic
variables. Kuster et al (2007) developed a CGE infmeevaluating energy policy
measures with emphasis on their employment imssifying a dual labor market
with respect to qualification and a technology deth description of electricity
generation. The model they developed was appliedttie analysis of capital
subsidies on the application of technologies usamgwable energy sources, emission

caps and trade to reduce carbon emissions.

According to Kuster et al (2007), subsidies on @lter technologies’ comparative
advantages as reflected by costs of power generatid subsidizing technologies for
renewable energy sources leads to substitute ctomahsources to these sources.
The impacts are regionally diverse and depend ermpthvailing national electricity
generation system and on the existence of emissiprregimes. Quantitative results
of subsidies on these technologies using renewalergy sources do not
automatically lead to a significant reduction inigsions and increase unemployment
for both skilled and unskilled labor because rer#ea@&nergy sources technologies

are less labor intensive than most conventionad.one
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Aydin (2010) analysed economic and environmentalpaoh of hydropower
construction in the Turkish economy. He used aadyno multisectoral general
equilibrium model for the Turkish economy and amely the potential long term
impacts of a hydro power expanding shock on somsaeaonomic variables such as
GDP, real consumption, real investment, exportpoirts, trade balance, and carbon
emissions under policy scenario of doubling hydower generation. The results of
the study show that such shocks have positive itlBp@at economic growth without

increasing carbon dioxide emission.

Rowlandes et al (2002) investigated the relatigndletween consumers’ perceptions
of the environmental impact of different energy re@s and willingness to pay for
green power (electricity generated by more enviremtaly friendly means) in
Canada. The result of the study shows that largkdppwer, nuclear energy and
natural gas are not as popular among the mostamagntally mobilized section of
the consumer market. Most of above studies usethbaquilibrium models and/ or
static CGE and were unable to consider econamayg impact of energy shocks and

dynamics

Waerras (1998) analysed the economic impacts efwahle energy investment using
input output analysis for the southern Mediterranemuntries and found that
renewable energies have positive impact on empdognmports and value-added of

industrial sector..

Another important point in the energy consumpticor@mic growth relationship is
the flow of causality between the two variables.denstanding causality between
energy consumption and economic growth is importardevelop policies allowing

for efficient use and adequate supply of energyn&astudies show that economic
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growth is a critical determinant of consumptionewsfergy and others show energy

consumption is causing factor for economic growth.

Altinay et al (2005) in their study ‘electricity msumption and economic growth:
evidence from Turkey' used Granger Causality aredtdr Autoregressive model to
investigate the causal relationship between et@gtrconsumption and real GDP for
Turkey and found a strong evidence for unidire@lorausality running from
electricity consumption to income implying increase electricity supply causes

economic growth.

Ageel et al (2001) obtained similar results for iB&n. In their study, using Co-
integration and Granger Causality they found tHattdcity consumption leads to
economic growth without feedback effects but ecoisagnowth leads to total energy
consumption. Ukpong (1976) established the existenic a positive relationship

between electricity consumption and economic deuraknt for Nigeria.

Mehari (2011) examined the causal relationshipybeh energy and economic
growth using multivariate frame work including lakand capital as additional inputs
and evaluated the relative importance of energpjtalaand labor in Ethiopia. He
used the Granger causality test and found thatatiusunning from economic
growth to energy consumption. In opposite to Mahatbhannes (2010) found
causality running from energy consumption to ecoicognowth using autoregressive

Distributive Lag Model and Johansen test for cegnation for Ethiopia

The study by Bayraktutan et al (2011) found idaaitimpacts of renewable energy
supply in OECD countries using Granger causalisysteAccording to their causality
test, renewable electricity generation affects eomn growth positively and

economic growth gives opportunity to increase eigty from renewable resources
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in the OECD countries i.e. there is bidirectiomapact between energy consumption
and economic growth.
Morimoto et al (2004), using time serious datatfoe period of 1960-1998 from Sri

Lanka, found that change in electricity supply kadportant changes in real GDP.

In general, this section reveals that investmenhbastructure has significant impact
on economic growth. It has positive impact on hbos# income, job creation,
investment and overall aggregate output productspecially, improving the supply
of energy has strong effects on sectoral outpatietibalance when financed through
increased foreign capital inflow, private investmamd overall economic growth
However, the impact of investment on electricitytba above variables in Ethiopia is

not analysed by dynamic CGE model.
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CHAPTER THREE

OVERVIEW OF ENERGY SECTOR IN ETHIOPIA

3.1. Economic Performance of Ethiopia

Ethiopia is located in the Horn of Africa betweeb°3and 14°N and 33° and 48°E.
The country registered a rapid economic growth r@ye GDP growth rate of 11%
per year) from 2005/6 to 2009/10. The agriculturadustrial and service sectors grew
by 8.4%, 10% and 14.6%, respectively in the samm@geAgriculture has been the
dominant sector of the country accounting 41% ofRGihe industrial and service
sectors contributed 13% and 46% of GDP in 2009¢éKpectively (MoFED, 2010)
Around 12 million households, that comprise somé&686f the total population

depends for its livelihood on agricultural actiggi

The country has planned an average GDP growthofaid.9% for the coming four
years under the high case scenario. To this enddternment developed its Growth
and Transformation Plan (GTP) in 2011 that givespleasis to the growth of
industrial sector and aims at achieving growth Ht@1.3% for the sector. In doing
so, it aims at making the industrial sector pldgading role in the economy. In the
plan the agricultural sector will grow at 14.9%daihe service sector will grow at

12.8% (MoFED, 2010).

To promote industry and make it leading sector, amserves the need for

improvement of country’s infrastructure. Infrastiure constraints are responsible for
an estimated 50% of the productivity constrainethby Ethiopian firms (Eberhand et
al, 2011, Foster et al, 2010). The country’s ggatballenge in infrastructure lies in

the power sector. Power is by far the largest camtthat weighs most heavily on

Ethiopian firms (Foster et al, 2010).
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3.2. Energy Consumption in Ethiopia

Compared to most countries in the world, Ethiopaiergy consumption per capita is
extremely low. Even though the country has a laiggre of water and other energy
sources in its energy mix, 87.9% of Ethiopia’s lfiex@ergy consumption comes from
biomass (wood, charcoal and agricultural residugége main use of biomass is
concentrated in cooking in both the residential aodmercial sectors. A major
problem of biomass use in the country is the fhat it is utilized inefficiently and

results in deforestation and outdoor and indoolugioh (Heimann, 2007 and Lakew

et al, 2011).

Electricity provides only 2.6% of total energy cangption in the country. It has
12,150 Km of transmission and 126,000 Km of disttitn lines throughout the

country. Electricity consumption stagnated durihg period between1972 to 1980.
The reason for this stagnation was largely attaub the Derg Regime’s policies
which discourage the private sector and it miglgoabe due low electricity

production. Consumption of electricity started tokpup slightly from 1980 to 2000.

It increased dramatically in the last decade &@0)0 which would be due to rapid
economic growth. It reached just over 3,000 GWHeraf008 (Figure 3.1) (WDI,

2010) and is expected to increase in the futurectktity consumption among
household, industrial and commercial sectors is ,3860% and 26% respectively
(MOWE, 2012).

Though there is rapid increase in electricity congtion, the per capita consumption
of Ethiopia is extremely low compared to low incomauntries. The average per
capita power consumption of low income countrie99s5 KWh; however, it is only

33.6 KWh for Ethiopia. Petroleum and solid energygsil fuels comprise 9.2% and

0.2% of final energy supply respectively.
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Figure 3.1: Electricity consumption trend in Ethefrom 1971 to 2009 (GWH)
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3.3. Organizational Setup of Electricity Sector
The Ethiopian Electric Power Corporation (EEPCo)He responsible government
owned organization for supplying the utility in Epia. It was named in 1997- after
serving previously under the name of the EthioplEectric Light and Power
Authority, which was established in 1956 to chanigéo commercially oriented
corporation by Regulation no. 86/1997 under theliPdinterprises Proclamation No.
25/1992. It manages the generation, transmissimtriblition and sale of electric
power to consumers throughout the country. It ésrttajor supplier of electricity. The
organization has two electric power supply systdims:Interconnected System (ICS)
and the Self Contained System (SCS). More than 858te power uses the ICS. The
main energy source of ICS is hydropower plants isting 11 hydro, 1 geothermal
and 15 diesel power plants with a total capacitg@?2.2 MW, of which more than

90% is generated from hydropower plants. The paupply of SCS uses mini-hydro
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and diesel power generators consist of three shyalio plants and many isolated
diesel plants located throughout the country witbapacity of generating 6.15MW
and 30.06 MW respectively. Their generation cajgbitom 2005/06 to 2009/10 is
depicted in the Table 3.1.

Table 3.1: ICS and SCS sources and share of p@&WH)

Source 2005/06 2006/07  2007/08 2008/09  2009/10
ICS Hydro 2838.7 3259.8 3368.7 3277.1 3418.6
Thermal 6.3 9.7 131.8 380.4 418.2
Geothermal - - - 6.6 23.5
ICS total 2845.0 3269.5 3500.6 3664.1 3860.3
ICS share in % 98.2 98.8 99.2 99 98.8
SCS Hydro 12.4 5.2 2.7 7.9 20.1
Thermal 39.2 35.7 27.1 30.5 25.0
Geothermal - - - - -
SCS total 51.5 40.9 29.8 38.5 45.1
SCS share in % 1.8 1.2 0.8 1 1.2
Grand total 2896.5 3310.4 3530.3 3702.6 3905.4

Source: National Bank of Ethiopia, 2009/10 anneabrt

3.4. Indigenous Sources of Energy Ethiopia
In Ethiopig energy supplies are mainly from renewable sourcése country has
abundant indigenous energy sources; such as, hyird, geothermal, solar and bio-

energy.

3.4.1. Hydropower
Hydropower is the most economically viable sourtenodern energy in  Ethiopia.
The exploitable potential of hydropower is 45GW.tBinly 5% of it has been

exploited. There are nine suitable river basingdoerate electricity. From these river
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basins, Abay and Omo-Gibe accounts 72% of totatdpaiver potentidl Next to

Abay and Omo-Gibe basin, Baro-Akobo and Genale-Diawamajor contributor.

In Ethiopia hydropower development for energy vedarted with mini to small
power plants. However, current and planned devedmpns almost exclusively to
construct large plants. Hydro power contributes entbran 90% of total electricity
supply (Table 3.1). After Gilgel Gibe 1l is compdel, it will push the share of
hydropower from the total energy supply to 96%.sTihdicates that dominant energy

source for electricity in Ethiopia is hydro (NatadrBank of Ethiopia, 2009/10).

3.4.2. Wind Energy

“When there is no hydro there is wind, when thereo wind there is hydro. A good
match! ” This statement of a GIZ energy researdited by Heimann (2007) about
the climate conditions in Ethiopia suggests thatdrenergy can provide an important
contribution to a sustainable energy supply. Tdtaltwind power to generate energy
potential in Ethiopia is estimated to be 10,000 MWiere are fifteen good locations
to exploit wind power in the county. The first rdugneasurements to identify these
locations were taken as long ago in 1970s and 1Bgdke NMA. They are mainly
found in the eastern and north part of the courtigwever, until today wind power
does not have a mentionable share in Ethiopia'sggnmix. Two wind farms
(Ashigoda and Adama) are now started operatiorhénrtorth and central parts of
Ethiopia, with combined power generating capacftalmout 170MW. Six additional

wind farms are planned to be developed with tapbcity of 722MW (Table 3.2).

! Based on WAPCo (India) estimates
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3.4.3. Geothermal Energy

Ethiopia is endowed with huge geothermal energpue®s. It has an estimated
generating capacity of 5000 MW. Ethiopian riftleglis rich of a huge geothermal
energy. All geothermal energy sites are foundfinvalley areas due to the existence
of volcanic and hydrothermal activities (Birhan®08, Hilawe et al, 2011 and Holm
et al, 2010). These sites are Abaya, CorbettitcAllangano, Tulu Moye, Gedemsa,
Boseti Guda, Boseti Bericha, Kone, Fentale and bofahe MER; Meteka, Amoisa,
Ayelu, Teo and Danab, Tendaho, Lake Abhe and Daltehs. However, only one
small geothermal plant (7MW) was developed in thd-1®90s. But it has ceased
production after a few years it started generation.

Based on their anticipated potential and stratégiation with respect to proximity
to the national grid, Aluto-Langano, Tendaho, Ctrp&baya, Tulumoye-Gedemsa,

Dofan and Fantale have been subjected for betomtion schemes.

Generating electricity from geothermal sources, gared to wind and solar energy,
is cost effective (cheaper). Despite this poténtiee country has not yet benefited
from this indigenous and environmentally friendgsource in a meaningful manner.
This is fundamentally due to the lack of a sufitibudget to explore and develop in

an aggressive and sustainable manner (Birhanu,)2008

3.4.4. Solar Energy
The current total installed capacity of photovioltpower in Ethiopia is about
3.5MW. It is mainly used in off-grid rural appliégans in homes, rural telecoms and
in the social sectors (water pumping, health sesjischools) (Hilawe et al, 2011).
Three-quarters of this capacity is installed ire¢ein stations (mostly in mobile

towers). The following table shows indigenous al&tive energy sources in Ethiopia.
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Table 3.2: Indigenous energy resources in Ethiopia

Source Unit Gross Economic Energy Exploit
potential potential (GWH/year) ed (%)
Hydropower MW 184,000 45,000 208,926 5
solar MWe/KM 100 100 175 0.1
wind MW 169,000 10,000 22776 5
Geothermal MW 5000 1000 6920 1.2
Coal MW NA 100 596 0
Natural Gas MW NA 600 4468 0

Source: Ministry of Water and Energy, 2010

3.5. Investment on Energy in Ethiopia
From huge energy sources shown in table 3.2, thetpohad utilized less than 1 GW
up to 2009 that was unable to satisfy domestic ggnelemand and lead to power
outages from 2007/08 to 2009/10. In order to sdhie problem, the Ethiopian
government has strived to exploit the huge elatgrigeneration potential of the
country. As a result, large hydro power plants warit in the country. Among these
dams, Gilgil Gibe II, Tana Beles and Tekeze prg@atre commissioned in 2009 and
2010 with combined capacity of 1180 M\@ilgel Gibe Il, which does not have its
own dam, has an installed capacity of 420 MW, TRekes has 460 MW, and Tekeze
| has 300 MW Consequently, total electricity generating capaeftthe country was

raised to 2044 MW in 2010.

The large share almost more than 90% of the investreo far was on hydropower.
An exclusive reliance on hydropower may be riskg anreliable in times of drought.

In addition to hydro new sources of energy are nitgeneeded. So, Ethiopia must
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diversify energy sources by investing on alterreatanergy sources such as wind,
geothermal and solar energy.

Table 3.3: Power generating capacity of Ethiopeaf2000 to 2011(MW)

Generation capacity (MW)

year Total Hydro Non Hydro
2000 420.9 377.8 43.1
2001 494.0 450.8 43.2
2002 491.6 450.8 40.8
2003 526.4 484.8 41.6
2004 801.2 668.8 132.4
2005 814.6 668.8 145.8
2006 819.3 668.8 150.5
2007 816.9 668.8 148.1
2008 816.9 668.8 148.1
2009 876.9 668.8 208.1
2010 2044.1 1848.8 195.3
2011 2142.8 1848.8 294

Source: EEPCo, 2011

Having stagnated between 2002 and 2005, actuatrielgc production was also
considerably increased in between 2006 and 2011adaggressive investment in the
sector. It reached 7923GWH in 2011 from its levehwrely 2000 GWH in 2002
(Figure 3.2). From this total generating capahil#319GWH was generated from
newly inaugurated plants (Beles, Gilgil Gibe Il andkeze) in 2009 and 2010 and

3604GWH was from the old dams and diesel generators

31



Figure 3.2: Actual electricity production in Ethiagrom 2000 to 2010 (GWH)
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To achieve 7923GWH actual electricity productiom &m distribute it different parts
of the country, 51 billion birr was spent in thetlalecade. From this spending, more
than 43 billion birr was spent in the last five §&82005- 2010). The spending was
allocated to generation, transmission, and didinbuprojects and for other activities
such as rural electrification, projects study andtiiutional strength. 60% of this
spending was for generation projects and remain 408 for transmission,

distribution projects and for other activities (TaB.4).
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Table 3.4: Distribution of spending in electricggctor in billion birr (2001-2010)

Year Generation Transmission  Distribution  Others Total
2001 0.37 0.29 0.20 0.75 1.61
2002 0.80 0.30 0.28 0.44 1.82
2003 1.30 0.30 0.30 0.49 2.39
2004 0.70 0.10 0.17 0.76 1.73
2005 1.20 0.50 0.23 0.94 2.87
2006 2.60 0.60 0.87 1.50 5.57
2007 4.10 0.70 0.37 1.78 6.95
2008 5.60 0.60 0.12 0.60 6.92
2009 5.00 2.10 0.29 1.92 9.31
2010 7.70 1.90 0.17 2.07 11.84

Sources: EEPCo, 2011

From the total spending depicted in the Table 3o4demthan 80% was made on fixed
assets such as construction materials, machinargdscles and other equipments.
The value of fixed asset created from investmearhf2006/07 to 2009/10 is shown in
table 3.5. From 2006/07 to 2009/10 total of 30.8Bohb birr net capital stock was

created from the total investment of 38.73 billioinr. To get net capital stock for
each year new investment is added to the book \altlee beginning of the year, then
the depreciation, sold and disposed values arectisdldrom gross capital formation
at the end of the year.

Therefore, investment on electricity infrastructines a significant impact on capital
accumulation of the sector. Whenever there is itnwest on electricity sector, the
demand for machineries, equipments, vehicles armrotonstruction materials

increases which in turn increase capital assdtegéctor.
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Table 3.5: The value of capital asset created frorastment on electricity (in billion

birr from 2006/07-2009/10)

2006/07  2007/08 2008/09  2009/10
Building 0.019 0.018 0.016 0.016
Construction & works 6.40 6.30 11.70 5.60
Machinery &equipments 4.00 4.70 0.20 5.40
Vehicles 0.04 0.09 0.10 0.10
Construction in process 9.10 17.9 325 35.1
Others 0.007 0.007 0.007 0.006
total value of capital stock 19.80 29.00 44.5 46.3

Source: National Bank of Ethiopia, 2010

3.6. Planned Investment on Electricity
Though there is huge investment in power sectanf&908 to 2010, there is still
power shortage in the country which will be dug¢he expansion of electric coverage
in the country and increasing need from the growmdustry and service sectors
creating unprecedented electricity demand that exdes the available electricity
generation capacity (MoWE, 2012). To solve thdgemic power outages and export
to neighbouring countries, the Ethiopian governmentimplementing ambitious
investment on electricity infrastructure. From thgdanned investment projects the
country is expected to generate 13230 MW power dh62when all projects are

commissioned (Table 3.6).
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Table 3.6: Expected Power generation capacity (MBNY generation capability

(GWH) (2011-2016)

year Generation Generation

Capacity capability
2011 2142.8 7923
2012 2690.8 10576
2013 4857.8 12140
2014 5111.8 19234
2015 8053.8 32656
2016 13303.8 NA

Source: EEPCo, 2011

After all projects are commissioned, electricitgngration capacity of the country
will be six times of current generating capacitys & result actual energy production
of the country will be 32656GWH at the end of 2@Bn merely 7923GWH in 2011.
Among the planned projects, three large dams (Rsaace Dam, Gibe Ill and IV
Dams) comprise more than 65% of total power geiwgrat

Almost half of the total generation capacity wit from Renaissance dam which is
expected to generate 6000 MW and will be complet€2D16. The dam will have 15
units each with a 350 MW capacity, On the otherdh#me total electricity production
from this dam is expected to be 15,128 GWH on anbasis. Next to Renaissance
dam, Gibe Il and IV are expected to generate ntbaem 3000MW power (Figure

3.3).

In the planned investments there are also wind gewthermal projects which are
expected to generate 622 MW and 75 MW after congpieespectively (Figure 3.3).
This shows that there is diversification of enesgyrces in the planned investment

which will help reduce risk and uncertainty in tivae of drought.
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Figure3.3: Planned investment projects and theiegeing capacity in MW
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The main challenges of this ambitious electricityastment are financing sources.
The country’'s power infrastructure needs are massand would require
approximately 41 billion birr per year from 2011 2015. The total planned budget
for these years is 207 billion birr. This budgeteslonot include Aluto Langano
geothermal and MDS1 projects (Appendix A). 62% loé toudget is planned to
finance capital expenditure and 38% of it is tocafine operation and maintenance
costs and administrative salaries (will be finantgdEEPCo’s internal financing

sources).

From the projects, Renaissance Dam will requirebiflibn birr and expected to be
financed domestically through domestic grants aoddbselling since there are no
financing sources from abroad. Almost all otherjgets are going to be financed

through foreign loans.
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Table 3.7: Planned budget to finance electricifyastructure (2011-2015)

Total

EC 2003 2004 2005 2006 2007 2003-2007

GC 2011 2012 2013 2014 2015 2011- 2015

Generation 22.21 35.24 40.73 31.55 22.64 152.36

Transmission 5.94 13.59 10.19 7.06 6.63 43.41

Distribution 0.2 022 0.24 0.27 0.29 1.22
Institutional

Strengthening 0.07 0.006 0 0O O 0.076

Study 0.004 0.005 0 0 0 0.009

UEAP 381 256 2.69 0.81 0.81 10.68

32.23 51.67 53.84 39.69 30.37 207.79
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CHAPTER FOUR

DATA AND METHODOLOGY

4.1. The Social Accounting Matrix

The standard CGE model explains all of the paymestsrded in the SAM. The

model follows the SAM disaggregation of activitiespmmodities, factors and

institutions (Lofgren et al, 2002). This study usad updated version of 2005/06
SAM which represents the Ethiopia economy by atdisj factors (capital, land and
different types of labor) and commodities and msibns (households, government
and the Rest of World), including an aggregate regsinvestment account (EDRI,

2009).The following part explains SAM in detail.

A social accounting matrix (SAM) is a comprehensiveconomy wide data
framework, typically representing the economy afation. The 2005/2006 Ethiopia
SAM is the first comprehensive economy wide datas&tSAM can be seen as an
extension of input-output (I-O) matrices, filling the links in the circular flow from
factor payments to household income and back toaddnfior products.The SAM
delineates flows across product and factor markaitsl provides the statistical
underpinnings for multi-sector, multi-factor, contgle general equilibrium (CGE)
models, as the national accounts provide the dataeiwork for macro-econometric

models (EDRI, 2009).

More technically, a SAM is a square matrix in whedch account is represented by a

row and a column. Each cell shows the payment tlmraccount of its column to the

*The Input-Out table shows the interdependence amarigus producing and demanding sectors of
the economy as they interact as each other’'s cestmit provides a systematic description of each
sector’s interdependence by tracing the flows afdgoand services from one sector of the economy to
all other sectors (intesectoral flows) and to itself (intr'sectoral flows) (EDRI, 2009).
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account of its row. Thus, the incomes of an accapygear along its row and its
expenditures along its column. The underlying pplecof double-entry accounting
requires that, for each account in the SAM, totalenue (row total) equals total

expenditure (column total) (Lofgren et.al, 2002).

With regard to the structure of the standard SAMas a number of accounts such as
activities, commodities, institutions, factors ofo@uction and saving-investment
accounts. In addition to these accounts varies SAd) have extra accounts like
taxes, total margins.

The standard SAM distinguishes between accountsadtvities (the entities that
carry out production) and commodities. The commesliire activity outputs, either
exported or sold domestically, and imports. Thipasation of activities from
commodities is preferred because it permits a@witto produce multiple
commodities while any commodity may be producedriyjtiple activities (Lofgren

et.al, 2002).

The activity accounts show the value of commodifgsods and services) produced
by each activity and the cost of inputs into eacbdpction activity consisting of
intermediate input purchases along with paymentgrimary factors of production.
Commodity accounts show the components of totaplyuip value terms (domestic
production, imports, indirect taxes and marketingrgms) and total demand
(intermediate input use, final consumption, investin demand, government
consumption and exports). Factor accounts desthmbsources of factor income and
how these factor payments are further distributedhe various institutions in the

economy (EDRI, 2009)
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In the commodity columns, payments are made toedtimactivities, the rest of the
world, and various tax accounts (for domestic anplart taxes). The matrix explicitly
associates trade flows with transactions (tradetearsportation) costs, also referred
to as marketing margins. For each commodity, theiS#ccounts for the costs
associated with domestic, import, and export margetFor domestic marketing of
domestic output, the marketing margin represergsctist of moving the commodity
from the producer to the domestic demander. Formoitsp it represents the cost of
moving the commodity from the border to the dontedémander, while for exports it

shows the cost of moving the commodity from thedpiceer to the border.

The institution account summarizes payments amoagergment, households,
enterprises, and rest of the world. In the SAM,pagts between the government and
other domestic institutions are reserved for trarssfin the matrix for government —
household sub account the row represents the indongovernment from taxes
(direct and indirect taxes), direct transfer froouseholds and the rest of the world.
The enterprises earn factor incomes (reflecting thenership of capital and/or land).
They may also receive transfers from other instihg (the rest of the world and
government).The rest of the world makes paymentefports, factors, transfers to
households and government, and foreign saving. rieally, the standard CGE
model requires that the SAM have at least one Hmldeaccount; however,

enterprise accounts are not necessary (Lofgrein 20@2).

The factors of production account reports payméntiactors from activities in the
domestic economy and the rest of the world andribligion of their income to

different institutions on the row and column. Thaetbrs of production in the SAM
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consist of four types of labor: Skilled, Semi skal|] unskilled workers and agricultural

labor. In addition, it consists of land, livestaahkd capital

The savingsnvestment () account should be seen as representing the dldan
funds” market. The account collects savings fromious sources (government,
private, and foreign) and spends the accumulatethgs on capital goods (I). The
SAM provides no information about who “owns” thepttal goods or in which
sectors they are installed. Investment demandenSthM is by sector of origin, not
sector of destination, so the SAM cannot providleormation about changes in

sectoral capital stocks, or their valuation (EDERI09).

The SAM incorporates the three macro balances: rgovent deficit, trade deficit,
and savingsnvestment balance. The macro balances are expressdlows The
SAM does not include asset account. Therefore, magro relationship in this
framework will be in flow terms (EDRI, 2009). Also the standard SAM payments
are not permitted in the blank (empty) cells.

As the current structure of the Ethiopian econosglifferent from 2005/06 on which
the existing SAM is based, it was updated in 2008s study is used the updated
version of 2005/06 SAM. The updated SAM is produdeddifferent level of
aggregations. It is disaggregated into 113 aatisi{with 77 agricultural activities by
agro ecological zones, AEZs), 64 commodities, Ifofa (by AEZs except capital),
and 13 institutions including 12 households. TheMSAlso has different taxes,
saving-investment, inventory, and rest of the waddounts to show the interaction
of different economic agentdt integrates regionally disaggregated agricultura
production and income generation for the four naajro-ecological zones of Ethiopia

(Humid, high land cereals, drought prone and pasbizones).
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4.2. Foundations for CGE Model: The Circular Flow and Walrasian

Equilibrium

The basic foundation for CGE framework is the dmcuflow and Walrasian
Equilibrium condition. The fundamental conceptu@rsng point for a CGE model
bases on the circular flow of commodities in a etbeconomy, shown in Figure 4.1.
The circular flow diagram has two markets: prodaad factor markets (Wing, 2004).
The main actors in circular flow diagram are houde$, who own the factors of
production and are the final consumers of prodwoedmodities, and firms, who rent
the factors of production from the households & purpose of producing goods and
services that households then consume. They intaraong themselves in product

and factor market (Wing, 2004).

In factor market households are sellers (suppliefsfactors of production while
firms are buyers (demanders) of factors of productin product market firms are
sellers (suppliers) of goods and services whileskbalds are buyers (demanders) of
goods and services. In tracing the circular flowasa start with the supply of factor
inputs (e.g. labor and capital services) to thagiand continue to the supply of goods
and services from the firms to the households, intarn control the supply of factor
services or begin with payments, which househaddeive for the services of labor
and capital provided to firms by their primary facendowment, and which are then
used as income to pay producing sectors for thedgjoand services that the

households consume (Wing, 2004).

Equilibrium in the economic flows in Figure 4.1 uéis in the conservation of both
product and value. Conservation of product, whioldé even when the economy is

not in equilibrium, reflects the physical princigé material balance that the quantity
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of a factor with which households are endowed, fax oommaodity that is produced
by firms, must be completely absorbed by the fiondiouseholds in the rest of the
economy. Thus, for a given commodity, the quangityduced must equal the sum of
the quantities of commodity demanded by the otlvensf and households in the

economy. This is the familiar condition of mark&tarance.

Conservation of value reflects the accounting pplecof budgetary balance that for
each activity in the economy the value of expemdgunust be balanced by the value
of incomes, and that each unit of expenditure bgsutchase somamount of some
type of commodity. The implication is that neith@oduct nor value can appear out
of nowhere: each activity’'s production or endowmenist be matched by others’

uses, and each activity’s income must be balangedhers’ expenditures.

The accounting principles are the cornerstones afraf¥ian general equilibrium.
Walrasian equilibrium typically defines price angimamodity vectors such that there
is no good for which there is positive excess dam@arian, 1992). Walrasian
general equilibrium prevails when the price of comdlities equal to their marginal
cost of production with firms earning zero profiteere is no excess demand for
commodities and factors, and consumers’ income Iegbeair expenditure (Wing et

al, 2007).

Conservation of product, by ensuring that the #osé goods and factors must be
absorbed by the production and consumption ad&s/itin the economy, is an
expression of the principle of no free disposapilithis is the familiar condition of

market clearance

Conservation of value implies that the sum of to&élenue from the production of
goods must be allocated either to households agptedor primary factors rentals, to

43



other industries as payments for intermediate sypot to the government as taxes.
The value of a unit of each commodity in the ecoponust then equal the sum of the
values of all the inputs used to produce. Thesaliions imply that at equilibrium

producers make zero profit in perfectly competitivarket (Wing, 2004).

Lastly, the returns to households’ endowments ohary factors that are associated
with the value of factor rentals to producers aed households as income that the
households exhaust on goods purchases. They exiairsincome on commodity
purchases (some amount of which are for the purpbsaving), reflects the principle

of balanced-budget accounting known as income balan

So, market clearance, zero profit and income belaonditions explained above are
employed by CGE models to solve simultaneously tfer set of prices and the
allocation of goods and factors that support gdnegailibrium. These conditions
define Walrasian general equilibrium not by thegessof exchange by which this
allocation comes about, but in terms of the allocaitself, which is made up of the

components of the circular flow shown by solid §rn(&ing, 2004).
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Figure 4.1: Circular flow of the economy
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4.3. Overview of Standard Computable General Equibrium Model
The CGE framework is close simulation of the readrmy because it captures the
net effect of changes in resource allocation bgwahg the best selection amongst
input and output choices available in different keéss. CGE model includes
flexibility in specifying technology and consumeateferences, use of prices to drive
the changes in allocation, and an almost free ehat the level of sectoral

disaggregation. CGE models also allow us to spettiy nature of substitution
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between factor inputs on the supply side, and batwmports and domestic supply

on the demand side by choosing appropriate funatimmms(Guha, undated).

CGE models offer an economy-wide assessment ofipsliincluding the concurrent
effects of policy-changes (Thurlow, 2004). Compat@gartial equilibrium models,

CGE models have more theoretical base (Kremers8)280d its framework is a

reasonably close simulation of the real economindiudes substitution effects and
interaction among different markets. Partly for sinereasons, CGE modelling is
regarded as a powerful, flexible and useful anedytiand simulation device for
distinguishing between the multiple effects acressnomies that might be triggered

by various policy shocks (FAO, 2003).

In order to analyze the economy wide impact of &tweent on infrastructure for
electricity in Ethiopia a Recursive Dynamic CompuéaGeneral Equilibrium model
is used because this model is based on adaptiwexin which is more relevant for
developing countries. It is also best suited t@ssshe long run energy infrastructure
investment impact as dynamic CGE Models are impobtti@ols for economic policy

(Paltsev, 2004).

The model explains all of the payments recordethéenSAM of Ethiopian economy.
It follows the SAM disaggregation of factors, aties, commaodities, and institutions.
It is written as a set of simultaneous equationanynof which are nonlinear. The
equations define the behaviour of the differenbactThere is no objective function
(Lofgren et.al, 2002). In part, this behaviour do¥s simple rules captured by fixed

coefficients (for example, ad valorem tax rates).

46



For production and consumption decisions, behavi®gaptured by nonlinear, first-
order optimality conditions that are driven by theximization of profits and utility
respectively. The equations also include a setoattraints that have to be satisfied
by the system as a whole but are not necessarnigidered by any individual actor.
These constraints cover markets (for factors amdneoodities) and macroeconomic
aggregates (balances for Savings-Investment, thergment, and the current account
of the rest of the world) (Lofgren et.al, 2002). eTICGE models also include
equations for closures. Solving the CGE model &nthie specification of closure
conditions that refer to the balancing of majorcastds in the economy demand,

supply, government and external sectors.

CGE models typically do not explicitly representmag as a commodity. However, in
order to account for such trades the quantitiefiftdrent commodities still need to be
made comparable by denominating their values inesoommon unit of account. The
flows are thus expressed in terms of the value r&d oommodity the so called

numeraire good whose price is taken as fixed. lkisrreason, CGE models only solve

for relative prices (wing, 2004).

CGE models are broadly divided into two: static aythamic. Static CGE models
show one time effects of policy changes while dyita@GE considers the second
round effect. Even though static CGE are simpleajgplication, they are unable to
account for growth or second effects (Annabi et28l04). Most CGE models are
static in nature because consumers’ demands aneeddrom a one-period utility

function. Household savings is not endogenouslgrdéhed using an inter-temporal
utility function, and so it does not smooth constimpover time. Dynamic CGE is

developed to solve these problems.
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Dynamic CGE model is divided into two: truly dynanfintertemporal) and recursive
dynamic (sequential).Truly dynamic model is basedptimal growth theory where
the behaviour of economic agents is characterigguebfect foresight. They know all
about the future and react to price change in tiherdé. Recursive dynamic model is
basically a series of static CGE models that am&eli between periods by an
exogenous and endogenous variables updating pnace@apital stock is updated
endogenously with a capital accumulation equatiod &bor supply is updated

exogenously between periods and made endogenousifiet al, 2004)

Therefore, since capital accumulation cannot beinddf inter-temporally, the
dynamics in our CGE model is defined as a recurgreeess; this means that we can
separate the model into “within-period or one perapatic” and “between-period or
dynamic” componentéThurlow, 2004). The equations presented belowy fsiiecify
the within-period component, in which consumers pratiucer maximize their utility
and profits based on prevailing factor and proqiuictes (i.e. without forward-looking
expectations). Then, in between-periods, certaiogerous variables are updated

based on previous period results (e.g. capitalraatation)(Diao et al, 2011).

4.3.1. One Period Static CGE Blocks

Price Block

The price system of the CGE model is rich primabécause of the assumed quality
differences among commaodities of different origamgl destinations (exports, imports

and domestic outputs used domestically). The poioek consists of equations in

* Cockburn et al (2006) showed that it is impracttoadssume perfect foresight particularly for
developing countries. Consequently, in most of eicgli studies sequential dynamic model is adopted.
Thus, for Ethiopia it is appropriate to adopt aurstze dynamic model.
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which endogenous model prices are linked to othieep (endogenous or exogenous)
and to non price model variabfes

Import Price
The import price PM..) in local-currency units (LCU) is the price paig fomestic
users for imported commodities (exclusive of thes#ax). Domestic import price of

commodity c is the product of world import pricecofPWM.. ), the tariff adjustment

(1+tm,) and exchange rate (EXR) plus transaction costsaee the commodity from

the border to the domestic demander.

PM, = pwm,.(L+tm ) EXR+ > PQ..icm, Loy J— (4.1)

cOCT

Where, PQ is composite commodity price (inclusive of salagx aand transaction
costs), icmgc is trade input per imported commodity, CT is a getlomestic trade
inputs, CM is a set of imported commodities.
The exchange rate is in terms of local currency yet of foreign currency. The
exchange rate and the domestic import price argbofls while the tariff rate and the
world import price are fixet

Export price
The export price in LCU is the price received byndéstic producers when they sell
their output in export markets. The domain of tlggiagion is the set of exported
commodities, all of which are produced domestically

Mathematically,

PE, = pwe,.EXR- ) PQ.ice,,
T 4.2

* All the equations for within model are taken fromfgren et.al, 2002

> The fixedness of the world import price stems fitia small country assumption. This is to mean, for
the modelled country, the assumed share of waaldetis so small for all of its import. Consequently
the country faces an infinitely elastic supply @iat the prevailing world price (Lofgren et al.02).
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Where,c €CE (C C) is a set of exported commodities (with domesticdpation),
PE: is export price (LCU)pwe; is f.0.b. export price (FCU)ce.cis quantity of
commodityc as trade input per exported unit 8f ¢

Consumer Price and Producer Price Index
Equations (4.3) and (4.4) define the consumer pndex and the producer price
index. The CPIis fixed and functions as the numeraire in the dasbdel version;

alternatively, the DPinay be fixed.

CPl =" PQq.OWLS, ----r-=mnmmrmmemm s e 4.3
cc

DPI =" PDS, (WLS, -----nmmrmmmrmm e 4.4
cc

Where, cwitsis weight of commodity c in the consumer price indéRJ is
consumer price index (exogenous variable), gistareight of commoditg in the
producer price index, and DRIproducer price index for domestically marketed
output.

Demand Price of Domestic Non-trade Goods
The model includes distinct prices for domesticpatithat is used domestically. In
the presence of transaction costs, it is necessatistinguish between prices paid by
demanders and those received by suppliers. Thewnly equation defines the
domestic demand prices (PBas the domestic supply price (PE)Plus the cost of

trade inputs per unit of domestic sales of the contity.

PDD, =PDS. + ). PQ..icd,, Y —— (4.5)

cOCT

® In Ethiopia there is no imposition of tax on exp(Tm]us,teC (export tax rate) is removed from export

price equation because it is zero for the casdlibfia).

’” A numeraire is required since the model is homogesef degree zero in prices i.e. a doubling of the
value of the numeraire would double all prices leatve all real quantities unchanged. All simulated
price and income changes should be interpretetiaasges vis-a-vis the numeraire price index.
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Where, c€CD (C C)is a set of commodities with domestic sales of dsiro@utput,
icd: and c is quantity of commodity ¢ as trade input yo@t of ¢ produced and sold
domestically.

Aggregate Intermediate input price
The activity-specific aggregate intermediate inpptice shows the cost of
disaggregated intermediate inputs per unit of agggeeintermediate input. It depends
on composite commodity prices and intermediate tiqoefficients which show the
guantity of input commaodity per unit of aggregate intermediate input (not pet of

output).

R O B (4.6)

cC
Where, PINTA is aggregate intermediate input price for activityand ica, is
guantity ofc per unit of aggregate intermediate input
In this block, in addition to the above differgmtice equations, marketed output
value, activity price, and activity revenue andts@sjuations are specifiéd.
Production and Trade block
The production and trade block covers four cate&gomlomestic production and input
use, the allocation of domestic output, the agdregaof supply to the domestic
market and the definition of the demand for tradputs that is generated by the

distribution process.

® For each domestically produced commodities the atatkoutput value at producer prices is stated as
the value of domestic sales and exports, activiigeprepresented as multiplication of yields per
activity unit by activity-specific commodity pricessimmed over all commodities, and activity revenue
and cost equations state for each activity, t@aénue net of taxes is fully exhausted by paymients
value-added and intermediate inp(ltefgren et al, 2002).

° Domestic output is allocated to home consumptioa,domestic market and exports. Aggregate
supply to domestic market is the sum of import dachestic output sold domestically.
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Production is carried out by activities that arsussed to maximize profits subject to
their technology, taking prices (for their outputgermediate inputs, and factors) as
given. Five factors of production are specifiedhe model: unskilled labor, skilled

labor, semiskilled labor, capital and land.

Each producer (represented by an activity) is assuim maximize profits, defined as
the difference between revenue earned and theotéettors and intermediate inputs.
Profits are maximized subject to a production tedhgy. At the top level, the
technology is specified by a constant elasticitysabstitution (CES) function or,
alternatively, a Leontief function of the quant#ti®f value-added and aggregate
intermediate input (Lofgren et al, 2002). CES aligquvoducers to respond to changes
in relative factor returns by smoothly substitutingtween available factors so as to
derive a final value-added composite. Value addeatself a CES function of primary
factors which makes producers responds to dynaimifztor returns by substituting

among available factors (Thurlow, 2004).

Once factors receive income at profit maximizatmondition they combine with
fixed share intermediates using Leontief speciiicatThe use of fixed-shares reflects
the belief that the required combination of intedmages per unit of output, and the
ratio of intermediates to value added, is deterchimg technology rather than by the
decision- making of producers(Lofgren et al, 2008)this study, the technology at
the top level is a Leontief function of the quaest of value added and aggregate

intermediate input.

For the model with a Leontief function at the tdpghe technology nest, the demands

for value-added (QVA) and the aggregate intermediate inputs (QINJAare
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defined as Leontief functions of the activity lead represented by the following

equations.
QVA, =iV, QAR ---- - mmm e e 4.7
QINTAA =Nt 8, QAR -------mmm oo 4.8

Where,a €ALEO (CA) is a set of activities with a Leontief functian the top of the
technology nest,inva,is quantity of value-added per activity unit, anata, is

guantity of aggregate intermediate input per afgtiunit.

Producers may produce output to sell in domestikeatar foreign market. Decision
of producers to produce for the domestic and foremgrkets is governed by Constant
Elasticity of Transformation (CET) function whichstinguishes between exported
and domestic goods leading to captures any tinstamie and quality differences
between the two products.

In commodity market flow, domestically produced rketable output from each
activity contributes to aggregate domestic outputising CES function. Accordingly,
the domestic output (QXis allocated to domestic sales (QRnd export (QB using

constant elasticity of transformation function adws:
QX,=a .[o*ct QEc” +(1- 3. QD * }%g -------------------------------------------- 4.9

Where, a 'is a CET function shift parametéig' is a CET function share parameter,

and pc'is a CET function exponent. The shift parametersuess the supply shift in
the destination of domestic products based on to#tability of the destination. On
the other hand, the share parameter denotes tpertiom of exports or domestic sale
from domestically produced output, while the expinshows the elasticity of

transformation between the two destinations (Lafgeeal., 2002).
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Based on the assumption of imperfect transformglietween the two destinations,
the export-domestic supply ratio is formulated. T iige optimal mix between exports
and domestic sales is explained by export-domestaply ratio. Export-domestic
supply ratio which is stated in the following edaatis defined as a function of
export-domestic price ratio. This indicates thdatree supply of export to domestic
increases as the relative prices of export inceebseause profit maximization drives
producers to sell in those markets where they cduewe the highest returns. The
returns are based on domestic and export pricesttandinal ratio of exports to
domestic goods is determined by the endogenousaatien of relative prices for

these two commaodity types (Thurlow, 2004).

QE, _| PE, 1-4/ Joi
QD,

Domestically produced commodities that are not ebggb are supplied to the
domestic market. Substitution possibilities exigtween imported and domestic
goods under a CES Armington specification (Armimgtd969}°. So, Composite

supply function or Armington function (QQis function of import quantity @M )
and domestic use of domestic outp@D ). It is specified to absorb imperfect

substitutability of imports and domestic output dsotlomestically. The CES
aggregation function in which the composite commodupplied domestically is
produced by domestic and imported commodities &gethis function as inputs
capture the imperfect substitutability of importsada domestic output sold

domestically.

“ When the domain of the CES function is restrictedcommodities that are both imported and
produced domestically, then, this function is ofterown as” Armington” function, which is named
after Paul Armington in honour of his work in 196®fgren et al., 2002).
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1

QQ, =@, (1M A" + (A= G )QD, A ) AT oo 4.11

Where, a." is an Armington function shift parameted,’ is an Armington function
share parameter, ang® is an Armington function exponent. The shift paesen

measures the shift in demand based on the expaesiyef the quantity supplied to
the domestic economy. The share parameter sigritiesilomestic market share of
imports or domestically produced output. The Arnbdmg exponent shows the
elasticity of substitution between the two typesaimodities.

Then the optimal mix between imports and domestitpat is defined by import-

domestic demand ratio%%) which is function of domestic to import priceicaf

PDD . . . . : .
v ¢ ). The import-domestic demand ratio equation asstirat an increase in the

Cc

domestic-import price ratio generates an increas¢hé import-domestic demand

ratio, that is, a shift away from the source thettdmes more expensive.

QM. _| PDD, &1 Jieas
QD, | PM_ 1-4°

Institutional Block
Institutional block constitutes households, eniegs, the government, and the rest of
the world. Under this block we model income and emgture of the above
institutions. The primary sources of income for $elwlds are factor payments
generated during production. And they also rece¢igasfers from other institutions
like government, other domestic institutions and thst of the world. In turn they
spend their income on consumption, saving, tax @eynmand transfers to other
institutions. Enterprises in same way get inconeenffactor return and transfers and

their expenditure are similar households excepetigeno consumption in enterprises.
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The government earns most of its income from diged indirect taxes, and then

spend it on consumption and transfers to houselaridsther institutions.

The factor income (Y§# is the sum of activity payment (QJFand activity specific
wage multiplied by employment level (Lofgren et @002). It defines the total

income of each factor.

YF, = Y WF, WFDIST,, QF,, --------nrmmrmsmsmrmsmsmmmmm s 4.13
alA

This income then split among domestic institutiafter direct factor tax and transfers
to rest of the world are paid. So, income of eadhitution from factor payment is the
product of share of income of factor to institutimnd income of factor after transfer

to the rest of the world are paid.
YIF,, = shif, [ YF, ~trnsfr, . EXR] iOINSD  ---mmmmmmev (4.14)

Where, i €INS is a set of institutions (domestic and rest of wweld), i EINSD (C
INS) is a set of domestic institutions, Y}Hs income to domestic institutionfiom
factor f, shifs is share of domestic institutioriri income of factorf, and trnsfr is

transfer from factor fo institution i?

The above equation gives reference to the set afedtc institutions in general
(households, enterprises, and the governmentldirg the rest of world. Income to
domestic nongovernment institutions is then the stifactor incomes, transfers from
other domestic nongovernment institutions, trassféeom the government, and

transfers from the rest of the world.

" To assure that the total factor income is distedutt is necessary thatz Shif'tif =1
inDINSD

12 Ethiopia does not impose direct tax rate for fa(:tf){ ). Thus, in the above equation, the direct tax

rate for factorf is taken as zero.
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YI, =Y YIF, + Y TR +trnsfr, CPl +trnsfr, , [EXR ----nwemmemeemeemeeneees 4.15

fOF iOINSDNG o o
Where, | EINSDNG (=INSDNG. C INSD) is a set of domestic nongovernment
institutions,Y|; is income of institution i (in the set INSDNG), am@ll;. Is transfers
from institutioni. toi (both in the set INSDNG).
Institutions spend their income gained from différsources explained above on
different activities. Consumers spend their disptesancome i.e. income after tax,
transfers and saving on consumption. So, the t@tiale of consumption spending is
defined as the income that remains after direatdagavings, and transfers to other

domestic nongovernment institutions.

EHh:{l— > shiiih}.(l—MPg).(1—TINS1)YIh ------------------------------- 4.16

iJINSDNG
Where, i€H (CINSDNG) is a set of households, andgsihousehold consumption
expenditures
This total value of consumption is on two categelé commodities; consumption of
marketed commodities purchased at market price eokdsumption of home

production valued at their opportunity cost.

When we come to investment demand, it is expressedhe base-year quantity
multiplied by an adjustment factor (this factor @gogenous in the basic model
version). Since the adjustment factor is exogenthss,investment quantity is also

exogenous in process. Then, it is framed as:

QINV, = TADJ.qginv, cOC (4.17)

Where, QINV, denotes quantity of fixed investment demand fanemdity, 1ADJ
denotes investment adjustment factor, ajidv, denotes the base-year quantity of
fixed investment demand.
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Some adjustments were done on the model to gowi#ll this study. Quantity of
fixed investment demand represented by QJNWthe model was disaggregated to
investment demand in electricity sector [QINVEOQO(@jd non-electricity sectors (all
sectors except electricity) [QINVNEO(C)]. In thegrggated investment demand, if
the investment shock is introduced, it increasgstalaaccumulation of all sectors in
proportional amount. But in the adjusted model strreent shock in electricity sector
directly flows to capital accumulation of the sedb@cause the capital accumulation
equation was also adjusted in the same way. In lindh disaggregation of
investment, financing options were also adjusted.

Correspondingly government consumption demand vgedls defined as the base year
qguantity multiplied by an adjustment factor (théctor is exogenous; consequently

the quantity of government is fixed). Its formudatiis given as:

QG, = GADJ .qg, cdC (4.18)

Where, QG, represents government consumption demand for calitypnoGADJ

represents government consumption adjustment faatm‘q_gc represents the base-

year quantity of government demand.

In addition to the above equations, there are éopusmtepresenting the government
revenue and government expenditure. Governmergaseid as a separate agent with
income and expenditure. As its income source gowent collects taxes and receives

transfers from other institutions. Mathematicahystcan be shown as follows:

YG= ) TINSM, + > tm.pwm QM EXR+ > tq PQ QQ, + > VIF,, +trnsfr,, ., EXR

iDINSDNG cCM cic fOF
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WhereYG is government revenu@lNSis direct tax rate for institutioni, Yl is
income of institutioni, tm, is import tariffs, pw.is world price of import,QM,

quantity of import,tq.is indirect sales taQ, is composite commodity pric€Q. is

composite supplyYlF,,, is transfer from institution to the governmemr,lsfrgmwls
transfer from the rest of the world to the governtnand EXRis exchange rate( local

currency per foreign currencyj.

The government uses its income to purchase commsdior its consumption
(consumption is fixed in real quantity terms) aodrtake transfer to other institutions
(households and enterprises). Unlike that of gawemt consumption, transfers to

domestic institutions are CPI (consumer price indedexed. Mathematically:

EG=Y PQ.QG,+ Y trnsfr , CPI (4.20)

cc iOINSDNG = e mmmmmmmmmmmmmmm mmmm e —————

Where, EG stands for government expenditure, $¥&hds for composite price, QG
stands for government consumption demand for conityyotinsfrgo, Stands for
transfers from the rest of the world (ROW) to trevgrnment, and CPI stands for
consumer price index.

In this block apart from the above equations, therequation specifying Transfers
between domestic nongovernment institutions whieeepayment is made as a fixed

share of total institutional incomes net of direotes and savings.

Production is linked to demand through the genemabf factor incomes and the

payment of these incomes to domestic institutidaslance between demand and

B In Ethiopia, direct tax from factors, “value-adtiéaxes” on activities, activity taxes and export

taxes are excluded from the equation specifyinggitneernment revenue sources. It is because these

taxes are not practical in Ethiopia.
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supply for both commodities and factors are necegsareach equilibrium in the
model. This balance is imposed on the model thraugeries of system constraints
(Thurlow, 2004). The following part gives a detallscussion on equilibrium

condition.

System constraints and macroeconomic closure
Equilibrium in the goods market requires the eduadf demand for commodities
and supply. Aggregate demand for a good comprismssumption spending,
investment spending, and export and transactionicesr demand. Supply in turn
includes both domestic production and imported coulitres. Equilibrium is attained
through the endogenous interaction of domesticfareign prices, and the effect that
shifts in relative prices have on sectoral productand employment, and hence
institutional incomes and demand (Thurlow, 2004)efE are different closure rules
to attain equilibrium condition in factor marketdaonutput market i.e. factor market
and macroeconomic closure rules. This study selettie model closures that are

applicable to the Ethiopian economy.

The equilibrium condition of factor demand and dypis dependent on how the

relationship between factor supply and wages isddf

>QF,=QFS, e (4.21)

Where, QFS, represents quantity supplied of factor f.

This fixed QFS; is dependent on the closure rule. It works if destare fully

employed, otherwise not. Since, in the above speation, all demand variables are
flexible and supply is held fixed, the economy-wiage, WF, plays the market

clearing role in a setting with perfect factor nipiacross activities. The equilibrium
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is highly dependent on how the relationship betwesges and factor supply is

defined.

In this study we assumed land is fully employed amobile across sectors; and
capital and skilled labor are fully employed andaty specific. The implication of
full employment of land, capital and skilled lahbisrthe fixation of their quantity.
Semi skilled and unskilled labor is freely mobiledaunemployed because there is a
room for unemployment so its employment is flexjlileerefore, wages are fixed in
real terms and supply passively adjusts to matchatel. The mobility of unskilled
labor and land across sectors implies that theybeaemployed in different activities
whereas immobility of capital and skilled labor @&s sectors implies it is activity
specific and sector-specific wages adjust to engwaedemand for capital and skilled

labor is equal total supply for capital and skillador.

There are three macro balances: Government balaxternal balance and saving
investment balance. For government balance we thage closures: the first closure
assumes that government savings (the differencevele@t current revenues and
expenditure) is a flexible residual while tax rates fixed, second closure assumes
that the direct tax rates on households and eimgespare flexible to allow for an
adjustment in revenue and thereby maintain goventrs@&vings which is fixed. The
direct tax rate on non-government institutions nsréased by a fixed number of
percentage points (Thurlow et al, 2002), whereastliird closure assumes that the
tax rates are multiplied by a fixed scalar (scaliliggct tax) and government savings
are fixed. In each of the three options it is asstirthat government consumption
expenditure is held fixed either in real terms sraashare of total absorption. In this

study the first closure where the direct tax ratesheld fixed and government saving
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is flexible (thus, the change of this variable vinllance the government account) is

used.

For external balance there are two closures: exgghaaie is flexible, foreign savings
are fixed and exchange rate is fixed, foreign sgwiare flexible. For this study the
first closure is chosen because foreign savinghes af the options to finance power
infrastructure investment. So, it is held fixed amel shocked it by the amount of fund
required for this investment. The mathematical falation of the current account

balance (which is expressed in foreign currencgjven as:

> pwm QM + > trnsfr = > pwe, QE + > trnsfr, , +FSAV T (4.23)

ccMm fOF cCE iOINSD

Where, FSAV denotes foreign saving (in foreign currency unittcording to the
above equation, import spending plus factor trasdfe the ROW must equal the sum
of export earning, institutional transfers from thest of the ROW and foreign
savings. Therefore, real exchange rate plays the @b equilibrating the current

account balance.

For saving investment balance-the critical diff@eftetween the various constraints
available for the savings-investment balance heshether savings are assumed to be
investment-driven or whether investment is congddo be savings-driven (Thurlow
et al, 2002). Therefore, closures are either imaeat driven (the value of savings
adjusts) or savings-driven (the value of investmadjists) (Lofgren et al, 2002).In

this study the saving driven closure is used.
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> MPS.A-TINS)Y, +GSAV + EXRFSAV = Y PQ, QINV, +)_ PQ, qdt,
cc

iOINSDNG cc

Where,qdst, represents the quantity of stock changes

Accordingly, the sum of savings from the governmetdmestic non-government
institutions and the ROW are equated with the suiffixed investment and stock
change. To cater for imbalance, the S-1 balance h&s an optional addendum in

‘WALRAS’ which is valued at zero if the model is @guilibrium (balanced).

Finally, the consumer price index is chosen asthméraire such that all prices in the
model are relative to the weighted unit price oluseholds’ initial consumption
bundle. The model is also homogenous of degree rempices, implying that a

doubling of all prices does not alter the real @dkion of resources.

4.3.2. Between periods or Dynamic CGE block

In the previous section we hadescribed the within-period or static component of
the model. However, the impact of policy-changedudes dynamic aspects, such as
the inter-temporal effects of changes in investmand the rate of capital
accumulation. In order to investigate in more ddta relationship between policy-
changes and factor accumulation the static modektisnded to a dynamic recursive
model. In the extended part of the model labor supjil be determined exogenously
(updated by the population growth rate, i.e. asufain grows, the total labor supply
increases at the same rate) while capital accuionlé determined endogenously (In
a given time period the total available capitatie&fermined by the previous period’s
capital stock and investment spending). Then nepitadawill be distributed among
sectors based on each sector’s initial share ofeggte capital income (Thurlow,

2004).Full specification of each dynamic equat®given in Appendix |.
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4.4. Limitations of the Model
Regardless of the great importance of the outplisuoh models to policy makers,
they are not free of limitations. It incorporatad hoc assumptions about the price
responsiveness of supply and demand. Assumptiarreresentative agent does not
reflect individual behaviours. The key elementd tiréve the results of a scenario are
not always transparent. The model and its assaca@dtabases are costly to build and

maintain (Scrieciu, 2006).The model is complex seglires skill.
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CHAPTER FIVE

SIMULATIONS AND RESULTS

5.1. Descriptions of Simulations

Investment on power sector in Ethiopia is planrmedntrease the power generation
capacity of the country from 876.9 MW in 2009 ta3038MW in 2016. As a result,

actual energy production capability of the countil} increase from 3701.1 GWH in

2009 to 32656 GWH at the end of 2016. To achievw dbjective, the investment

spending on infrastructure for electricity has begowing at 30% on average for
each year from 2010 to 2016 compared to 2b0Fhis growth rate is computed from

Table 3.4 and 3.7 in chapter three.

As the supply of electricity increases (power oetagdecreases), total factor
productivity of the firms increase because investimen electricity has positive
externality to the industrial and service sectémsgeneral, infrastructure contributes
some 53% of total factor productivity of firms inhtopia (Eberhand et al, 2011;
Foster et al, 2010). According to Escribano et 2000), 20% improvement in
infrastructure in Ethiopia leads to improvementagkrage productivity of firms by

6.3%.

From infrastructure contribution to total factoroguctivity of private firms,
electricity covers almost 80%. Therefore, it isfidiflt to think of any firm in either
industry or services that would not rely on elaxtyi Looking at the demand section
of the activity level in the 2005/06 Ethiopian SAMg industrial and services’ sectors
are the main users of electricity (Appendix B). ikgttural activities, fetching water

and real estate activities do not use electriaitythe production. Inadequacies in

“We did not include spending expected to be finafgeBEEPCo own sources
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electricity provision may disrupt the productioropess in these sectors, and cause

productive factors to lie idle that would easilpdeto decreased productivity.

To see productivity impact of investment on eleityi we used elasticity of total
factor productivity with respect to electricity i@stment estimated in Mali. Both
Ethiopia and Mali are among least developing coestin Africa. They both are land
locked countries. People of the both countries predominantly engaged in
agricultural activities. Contribution of agriculuto GDP is more than 40% in both
countries. More than 50% of productivity constragitfirms in both countries is
caused by electricity shortage (Eberhard et al, 1POA delay to obtain electricity
connection in 2006/07 was 48.4 days in Mali and®24ays in Ethiopia. Firms that
use their own generator in the same year were 23.if8 Mali and 25.63 % in
Ethiopia. Number of power outages in typical month006 was 4.16 in Mali and
5.01 in Ethiopia. Average hours of power outageg&timopia was 3.88 and in Mali
3.89 hours (WDI, 2009). Therefore, based on themdasities, we used the elasticity
of total factor productivity with respect to elecity used by Estache et al (2007) to
analyse the impact of infrastructure spending idiMée used elasticity of 0.015 for
the exporting subsector of agriculture, 0.02 fonimg and gas, 0.1 for industry, 0.075
for construction and 0.055 for private services@efor 1% increase in investment in
electricity. We did not increase productivity ofr@glture sector since this sector
does not use electricity. So, 30% increase in imvest in electricity results in 3%,
1.65% and 2.25% improvement in TFP of industriatyike and construction sectors,

respectively.

To examine the impact of investment in electricitythe Ethiopian economy and thus

to achieve the objectives of the study the follayvaimulations are considered:
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Simulation 0: The base case scenario is establishesbrve as a reference in an
absence of any policy shock and serves as a bemkhfor policy evaluation
(assumes the status qua continues). Thus, the oéghke base line simulation is used
as the benchmark value so as to compare the vafudsferent variables after the
policy shocks.

Simulation 1: Increase in investment in electricityat fully financed through
increased foreign saving rate (loan) + increaserR of industrial and service sectors
shock. If domestic household and enterprise saving ancerothvestment (non
electricity investment) grow at base line rate,fittance investment in electricity
foreign saving rate grows at 26% each year.

Simulation 2: Increase in investment in electricibat fully funded by increased
domestic household and enterprise saving rate rease in TFP of industrial and
service sectors shock. If foreign saving rate aod-relectricity investment grow at
base rate, domestic household and enterprise seati@dpas to grow at 12.7%.
Simulation 3: Increase in investment in electrigityestment financed partly through
increased foreign saving rate (loan) and partlpugh increased domestic household
and enterprise saving i.e. (50% of it by foreigwisg and 50% of it by domestic
household and enterprise saving) + increase in @fHRdustrial and service sectors
shock. In the case where both foreign and doméstiseholds and enterprise savings
are used they have to grow at 15% and 7.9%, raspBct These shocks are

introduced for seven years (2010-2016).
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5.2. Interpretation of Results

In this section, we present the detailed results oaf simulation and their
interpretation. The analysis is essentially on magsues; such as, impacts on
macroeconomic indicators, trade balance, major @oon sectors, factor income and

households’ income, consumption and consumptiormrditure.

5.2.1. Effects on Macroeconomic Variables
In Table 5.1 we present the summary of the restdta our simulation exercise for
the major macroeconomic variables. These variabtesreal GDP at factor cost
(GDPFC2), fixed investment (FIXINV), private consption (PRVCON),

government consumption (GOVCON), real exports aad imports.

In all simulations, the macroeconomic variablesehahown positive changes. In
simulation 1, a real GDP at factor cost reveals2%3increase from base line
simulation. It grows by 11.96%. This is largelywadm by rising in real investment and
private consumption. Real investment and privatesamption increase by 6.09% and
1.53% compared to base line simulation, respegtiiidble 5.1).

Compared to the other simulations in this studeg, ghowth rate of consumption is
highest. This might be due to the fact that, inflofvadditional resources to the
economy from the rest of the world increase dormesinsumption. When electricity
investment is financed through increased foreigningarate (loan), it increases
financial inflow to the country which in turn leads a raise private consumption.

Increase in private consumption in turn contributese to GDP growth.

In simulation 2, as shown in Table 5.1, real GDFaator cost grows at 1.56% more
than base line simulation. It grows by 12.21%slthe highest growth rate compared

to simulation 1 and 3. Increase in growth rate BiRGin this case, is explained by an
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increase in real investment and real exports thahgte is a lower growth rate of real
private consumption. Real fixed investment and egalort increase by 6% and 4.34%
compared to the base line simulation, respectiveédp, increase in real export and
fixed investment offsets decrease in private comgion and leads to increase in
growth rate of real GDP at factor cost. Investmamielectricity, therefore, financed
through increased domestic household and enterpseang rate has better
contribution to real GDP growth than investment electricity financed through

increased foreign saving (loan).

The lowest growth rate of private consumption @yaver, registered in simulation 2.
It grows at negative rate (0.14% less than bagedimulation). Since investment on
electricity is financed through increased housesicdahd enterprise savings rate, that
part of disposable income to be spent on consumpgmes down, which in turn

explains the decrease in the real private conswmpti

Finally, in simulation 3, real GDP at factor costrieases by 1.55% compared to the
base line simulation. It grows by 12.14%. The reafw increase in growth rate of
real GDP is an increase in growth rate of fixedestment and real export. They
increase by 6.5% and 2.65% more than one obtainthanbase line simulation,
respectively. Investment on electricity financedhwpartly by domestic household
and enterprise saving rate and partly by foreigrings rate results in better GDP
growth rate than investment fully financed througbreased foreign saving rate. It
has nearly the same growth rate with investmety financed by increased domestic
household and enterprise saving. Similarly, resigbe consumption grows at positive

growth. It rises by 0.65% compared to base lineuation.
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Table 5.1: Impact on macroeconomic variables

Average % change per year

Variables Initial Sim0 Siml Sim2 Sim3
PRVCON 338.61 9.2 10.73 9.06 9.85
FIXINV 85.49 12.45 18.53 18.45 18.5
GOVCON 31.82 57 5.7 57 57
EXPORTS 52.14  20.07 20.34 24.41 22.72
IMPORTS -126.51 12.39 16.49 15.14 15.71
GDPFC2 354.95 10.64 11.96 12.21 12.14
REXR 1 -1.59 -3.93 -2.12 -2.88
Average % change from base line simulation (sinnorhad)
variables Initial (in billion birr) Siml Sim2 Sim3
PRVCON 338.61 1.53 -0.14 0.65
FIXINV 85.49 6.09 6.00 6.05
GOVCON 31.82
EXPORTS 52.14 0.27 4.34 2.65
IMPORTS -126.51 4.09 2.75 3.32
GDPFC2 354.95 1.32 1.56 1.55

Source: Simulation results

In general, GDP at factor cost has increased by%,31.56% and 1.55% in
simulations 1, 2, and 3 compared to base line sitimn (it grows by 11.96%, 12.21%
and 12.14% in the respective simulations). We daao explain increase in growth
rate of real GDP using disaggregated activity potida level shown in Figure 5.1.
Comparing Table 5.1 and Figure 5.1, indicate tlmg growth rate of aggregate
activity production levels has also increased lisiahulations. It has grown by 11.3%,

13%, 13.3% and 13.1% in simulations 0, 1, 2 ande3pectively. This positive
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growth rate comes partly from productivity gainindustrial and services sectors and

direct impact of electricity investment on economativity.

Figure.5.1. % change in disaggregated activity pctidn levels (QTABPY)
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Source: Simulation results

5.2.2. Impact on Trade Balance
In simulation 1, as it is explained in section ,2he real export increases by 0.27%
compared to base line simulation (Table 5.1).s lthie least growth rate compared to
simulation 2 and simulation 3. This might be duatoappreciation of real exchange
rate. Increase in foreign loan to the economy apaies the real exchange rate by
raising price of non tradable goods as the incebasmancial resources inflow
increases spending on non tradable goods and esrVitfact, the real exchange rate
appreciates by 3.93%. Appreciation of the real hange rate may reduce
competitiveness of the trade sector. Since theam imflow of funds, we will need to
import more and export less. In other words, exgioms become less profitable

because their revenue declines as they sell awthniel market price (in dollars) and
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their costs measured (in local currency) rise. A®sult, economic resources may
move from the tradable to the non tradable seasulting in a contraction of the
tradable sector and expansion of the non tradabttéos As can be seen from
Appendix C, the real exports of all activities halexlined. However, real exports of
leather, textile, chemicals, chat, crops, dairy gndse, among the others, have

declined at the highest rate.

Though the real exchange rate is appreciated,efileexport grew at a positive rate.
This could easily be attributed to the total fagbooductivity effect of investment in
electricity on industrial and service sectors timaproves their output. So, positive
supply side effects of this investment on the pobidity of the private sector
overcome the possible negative impact of the ajgien of the real exchange rate.
That is as productivity increases, producers wél fmore competitive in foreign
markets and may offset possible negative effectsomnpetitiveness of domestic firm

emanating from an appreciation of the real exchaatge

Unlike the real export, the real import has regeddethe greatest growth rate in
simulation 1. It increases by 4.09% compared te lhiag simulation (Table 5.1). This
may be partly explained by increase in resourcéownfthat increases domestic
demand. According to appendix D, real imports othiaery, leather, dairy, crops,

wheat and non metallic commodities have risen rtoaa other commodities.

In simulation 2, real export grows by 24.41%. Thad to be 4.34% more than the
baseline simulation. It is the greatest growth redenpared to simulation 1 and
simulation 3 because possible combined effecta@krse in factor productivity and

the least appreciation of the real exchange raggrawe real export. Import has,
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however, the least growth rate in this simulatiathva growth rate of 15.14% (Table

5.1).

In simulation 3, the growth rate of real exportgeeater than that obtained in
simulation 1 because the appreciation of the reah@&nge rate is lower. It has grown
by 22.71% (2.38% more than simulation 1). Real imgpows by 15.71% (Table

5.1). Real exchange rate has appreciated by 2.52%the possible combined effect
of increase in total factor productivity and lowegppreciation of the real exchange

rate result in positive growth of real export.

Using percentage change in real exports and rgabrits from simulation results we
can analyse the impact of investment on electrioitypercentage change of trade
balance of the country. In all simulations, therage growth rate of exports is greater
than average growth rate of imports. This will leagprovement in average growth
rate of trade balance. As we can see from Fig@reid simulation 1 and simulation 3,
the growth rate of real exports is lower than glowdte in simulation 2. In contrast,
growth of the real import is greater in simulatibrand 3. As a result, trade balance

deteriorates more in simulation 1 and simulation 3.

In general, there is improvement in the growtle rat trade balance in the case of
simulation 2. Financing investment on electricity tising domestic household and
enterprise saving increase percentage change de tkmlance than financing

investment on electricity through increased foresgring (foreign loan).

73



Figure 5.2: Average % change in trade balance

® % change in real exports
B % change in real imports
% change in net export
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Source: simulation results

5.2.3.Sectoral Effects of Investment on Electricity

We can also analyse the impact of investment octredgy on the sectoral output
using GDP at factor cost disaggregated by activtyerage percentage change in
output from base line simulation of all sectorglépicted in Table 5.2. Output of all
activities in the agricultural, industrial and sees/sectors are aggregated to get total
output of the sectors for the years 2009 to 20I@nTaverage percentage change in
output for each sector is calculated from aggregatput growth. Accordingly,
among the sectors, the largest expansion is showthd industrial sector. It has
increased by 2.1%, 3.1% and 2.5% in simulationihukation 2 and simulation 3
respectively (Table 5.2). This is because the itrthisector is one of the major users
of electricity as an intermediate input in its pwotion. Therefore, total factor
productivity of industrial sector improves moreléoing investment on electricity
shock and it explains expansion of the output englctor. Among the activities in the

sector, output of metal, machinery, vehicles, eteit equipments and paper
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manufacturing have recorded the fast growth raths. highest growth rate of output
is, however, expected in metal manufacturing (agperl). It grows at 4.35%,
8.31% and 6.67% in simulation 1, 2, and 3 comparedase line simulation,

respectively.

In terms of percentage change of sectoral outpatservice sector is the second with
percentage change of 2%, 2.6% and 2.4% in 1, 23and@spectively. Among the
subsectors the construction, transport and whdéeasal retail trade registered higher
growth rate. The largest output growth rate is, emtheless, registered by the
construction sector. It increased to 17.51% in &mn 1 from 12.21% in the base
line simulation. It has also grown at 17.38% and4%% in simulation 2 and 3,

respectively (Appendix E2).

The investment on electricity, on the other hands hhe least effect on the
agricultural sector because agricultural sector sdo®t use electricity as an
intermediate input in its production processeal the least growth rate. Its output
rises by 0.3% and 0.2% in simulation 1 and simaike8, respectively. But it declines
in simulation 2. That may be due to decrease inedim consumption. It is also the

least favoured by the investment on electricity.
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Table 5.2: Sectoral impact of investment on eieityr

Sectoral impact (average % change per year)

Sectors Sim0 Siml Sim2 Sim3
Agriculture 7.2 7.5 7.1 7.4
Industry 13.9 16.0 17.0 16.4
Service 13.4 15.4 16.0 15.8

Average % change from base line simulation (sinmhad)

Sectors Siml Sim2 Sim3
Agriculture 0.3 -0.1 0.2
Industry 2.1 3.1 2.5
Service 2.0 2.6 2.4

Source: Own computation from simulation results

5.2.4. Impact on Factor Income
In relation to returns to factors of productione tresults from the CGE model are
provided in the Table 5.3. Aggregate income ofdesbf production has improved in
all simulations. Increase in returns of factorgpodduction is because of increase in
output of activities in all the sectors (industrservice and agriculture) except
agricultural output in simulation 2. However, thgtrer growth rate in aggregate
factor income is obtained in simulation 1 and 3 pared to simulation 2. The
average growth rate of aggregate returns rises #1@:97% in simulation 2 to 10.99%
in simulation 1 and simulation 3. It has grown byY)9% more than baseline
simulation and by 0.02% more than simulation 2 andherefore, returns of all the
factors increase more when investment is financitl wcreased foreign saving rate
and financed partly with increased foreign saviate rand domestic household and

enterprise savings rate than fully financed withréased domestic household and
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enterprise savings rate, since in the former daseetis additional resource inflow to
our country and it may also be due to the riseutpot price of non tradable goods

which may increase the returns of factors.

Table 5.3: Impact on factor income (Average % clearajmd % change from

simulation 0)

Variables initial Share SimO Siml Sim2 Sim3
Labor 174 49% 9.42 9.90 10.02 9.97
Capital 110.3 31% 9.59 12.04 12.37 12.24
Land 39.7 11.2% 11.17 11.43 10.80 11.15
Livestock 30.8 9% 12.17 12.98 11.60 12.2
Total 355 100% 9.9 11.0 10.97 11.0
Variables Initial Share Siml Sim2 Sim3
Labor 174 49% 0.48 0.60 0.55
Capital 110.3 31% 2.44 2.78 2.65
Land 39.7 11.2% 0.26 -0.37 -0.02
Livestock 30,8 9% 081 -0.57 0.03
Total 355 100% 1.10 1.07 1.10

Source: own computation from simulation results

Among the factors of production, the return of it@lpgrows at the fastest rate. It
grew by 12.04%, 12.37% and 12.24% in simulations2land 3, respectively.

Compared to the baseline this has grown by 2.44%8% and 2.65% more in the
respective simulations. The reason could emanaten fthe activities that are

relatively more capital intensive. Investment oacglicity affects returns of capital

directly and indirectly. A larger proportion of iestment spending on electricity is on

capital stock that increases demand for capitaltino, capital owners will directly
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benefit from the investment on electricity. Thigwever, also affects the returns of
capital by affecting industrial and service sectansd since these sectors are capital
intensive compared to agricultural sector. As alltegast growth in these sectors can
result with improvements in returns of capital.

As shown in Table 5.3, aggregate income of labar fe@orded positive growth. It
grows at 9.9%, 10.02% and 9.97% in simulation fusation 2 and simulation 3,
respectively. It has increased by 0.48%, 0.6% abB8% in simulation 1, 2, and 3
compared to base line simulation. Therefore, it gaswn fast in the case of
investment on electricity financed by increased dstic household and enterprise
saving, since increase in return of semi skilled anskilled labor offsets decrease in
returns of agricultural labor (Table 5.4). Increaséncome of skilled labor is may be
due to expansion in tradable sector while decr@asecome of agricultural labor is

due to contraction of agricultural output.

Table 5.4: Impact on labor income (average % chémge base line simulation)

Initial(billion
Labor group birr) Share Siml Sim2 Sim3
Skilled labor 77.5 44.5 0.25 1.25 0.84
Unskilled labor 39.4 22.7 1.05 0.63 0.84
Agricultural labor 57.1 32.8 0.33 -0.32 0.01

Source: simulation results *skilled labor dimdes both skilled and semi skilled

Returns of land and livestock rise at a lower iatell simulations even negative in
simulation 2. This is due to the fact that increaseroduction of industrial and
service sectors result in more increase in incomalmr and capital and does not

increase return of land and livestock.
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5.2.5. Impact on Households
We can also analyze the impact of investment omrtrétgy households using

household income, consumption, consumption experedit

5.2.5.1. Impact on Household Income
The primary sources of income for households actofgpayments generated during
production. They also receive transfers from othstitutions like government, other
domestic institutions and the rest of the world. \6&n analyse the impact of

investment on electricity household income usinglé®.5.

According to the table, aggregate household incbaseregistered positive growth. It
grows at 10.57%, 10.53% and 10.56% in simulatiqrd and 3, respectively. That is
compared to the base line simulation it is incrdasg 1.08%, 1.04% and 1.07 % in
simulation in the respective simulations. Therefdrigher household income growth
is achieved when investment on electricity is ficesh with increased foreign saving
rate then by increased domestic household andpgistersaving rate. But, investment
on electricity financed simultaneously i.e. palilyincreased domestic household and
enterprise saving rate and partly by increaseddorgavings rate has nearly the same
impact with first simulation on aggregate househaltbme. We have also seen the
impact of this investment on poor and non poor bbokls by aggregating income of
households in different agro ecological zones dedin Appendix F. Growth rate of
income of both poor and non poor households in hotran and rural areas has
improved (Table 5.5). In general the investmenelattricity will result in substantial
increase in real incomes of all households except pouseholds in high land cereal

agro ecological zone (Appendix F).
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Table 5.5: Impact on household income

Average % change per year

Initial (in
households billion Birr)  Sim0 Sim1 Sim2 Sim3
Rural poor 73.93 9.93 10.56 10.24 10.4
Rural non poor 261.08 9.63 10.78 10.87 10.83
Urban poor 3.83 8.8 10.11 10.51 10.33
Urban non poor 35.54 7.65 8.67 9.05 8.88
Total 9.49 10.57 10.53 10.56

Average % change from base line simulation

household Initial Siml Sim2 Sim3

Rural poor 73.93 0.31 0.63 0.47
Rural Non poor 261.08 1.24 1.15 1.20
Urban Poor 3.83 1.71 131 1.53
Urban Non poor 35.54 1.4 1.02 1.23
Total 374.38 1.08 1.04 1.07

Source: Own computation from simulation results

5.2.5.2. Impact on Household Consumption Expendit&

Households spend their income on consumption #ftey save and pay taxes and
transfers to other institutions.

As we can see from Table 5.6, compared to the basesimulation, household
consumption has improved more in simulation 1. ds hncreased by 1.55% and
0.75% in simulation 1 and simulation 3, respectivélnlike in simulation 1 and
simulation 3, household consumption has recordegthe growth in simulation 2.
Total average consumption of all households in baettal and urban areas has
declined by 0.16%. Decline in their consumptiongeneral is due to increase in
marginal propensity to save. The urban non poor mamdl poor households have
recorded negative growth. Decrease in consumpfidimeourban non poor households
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is due to increase in saving rate while decreagbarconsumption of the rural poor

may be due to decrease in income of agricultukaira

Therefore, household consumption raises more witlestment on electricity that is
financed through increased foreign savings thanhe case where it is financed
through increased domestic households’ and enseiprsaving, since financing
investment on electricity through increased foresgwing increases resource inflow
to our country. Nevertheless, as foreign savingsimthe form of loans that are to be
repaid, it may increase consumption for the shorét(temporary). Thus, household
income and consumption may be chosen as the prdfendicators for the more
enduring gains from increased foreign savings.

Table 5.6: Impact on household consumption

Average % change per year

households Initial(billion birr) SimO0 Siml Sim2 Sim3
Rural poor 70.18 9.67 10.29 9.11 9.68
Rural non poor 237.96 9.19 10.35 9 9.65
Urban poor 3.43 8.24 954 7.92 8.71
Urban non poor 27.04 6.31 7.31 355 543
total 338.61 9.2 10.75 9.04 09.95

% change from base line simulation

Initial Share Siml Sim2 Sim3
Rural poor 76.72 22.7 1.02 -0.3 0.46
Rural non poor 146.9 70.3 1.63 0.08 0.87
Urban poor 3.43 1.0 2.1 0.18 1.1
Urban non poor 27.04 8.0 2.27 -2.24 0.32
Total 338.61 100 1.55 -0.16 0.75

Source: From simulation results
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It also affects consumption expenditure of housghy affecting their consumption.
Consumption expenditure is the product of commodagsumed by households and
average output price. In simulation 1, consumptspenditure of all households
records a positive growth. Aggregate consumptigreariture grew at 10.1% (1.05%
more than the one obtained in the base line simoulgatlt is the fastest growth rate
compared to simulation 2 and simulation 3. Finag¢he investment on electricity by
increased foreign savings (loan) allows each of domestic household groups to

increase their consumption expenditure at a highter(Appendix G).

The negative growth rate of aggregate consumptiperditure is, however, recorded
in simulation 2. It has declined by 0.47%. In gahegrowth rate of Consumption
expenditure of almost all household categories ides! partly due to increase in
saving rate and decrease in income of some grdupsuseholds. In simulation 3, the
growth rate of household consumption expendituré ibetween simulation 1 and
simulation 2. Except for urban non poor and sonralrbouseholds, consumption

expenditure of all households’ has risen (Apperglx

We have also aggregated households in to poor angaor both in urban and rural
areas. From the results in Table 5.7 below, in Btran 1, consumption expenditure
of poor and rich household both in the rural andaarareas has increased. Urban
poor and rich households’ consumption expendita® increased by 1.3% and 1%
respectively. Consumption expenditure of rural paod non poor households has
grown by 1.16% and 0.62%. Nevertheless, consumgetxpenditure of both poor and
rich households in both rural and urban areas kgsstered negative growth in
simulation 2. In simulation 3, except urban non mpitchas grown at positive rate

because urban non poor households save more.
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Over all, compared to the other simulations conditongexpenditure has grown at the

highest rate in simulation 1.

Table 5.7: Impact on aggregate house consumptiqgenrshiture (% change from

simulation 0)
Initial (in
Households billion birr) Share (%) Siml Sim2 Sim3
Rural poor 70.18 20.7 0.62 -0.56 0.01
Rural non poor 237.96 70.3 1.16 -0.19 0.46
Urban poor 3.43 1.0 1.30 -0.32 0.47
Urban non poor 27.04 8.0 1.00 -2.76 -0.88
Total 338.61 100 1.05 -0.47 0.26

Source: simulation results from CGE model
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CHAPTER SIX

CONCLUSIONS AND POLICY IMPLICATIONS

6.1. Conclusions

In this study we attempted to examine economy widpact of investment on
infrastructure for electricity using a recursivendynic CGE model. The study used an
updated version of the 2005/06 EDRI Social AccouptMatrix. We used three
simulations to evaluate economy wide impact of thistment. Such as, investment
on electricity fully financed with increased foreigaving rate (loan), investment on
electricity fully financed through increased donmgbouseholds’ and enterprise
savings rate and investment on electricity finanpedtly by increased domestic
saving and partly by increased foreign savings (a@%0 of spending by domestic

household and enterprise saving and 50% of it bgido loan).

The descriptions part in chapter three indicated ithvestment spending on electricity
has increased significantly after 2009. Investnexpenditure in this sector is planned
to grow by 30% on average from 2010 to 2016. Thkisstipulated to increase
electricity generation capacity of the country ®3038MW in 2016 from the mere
876.9 MW that was produced in 2009. As a resutyaenergy production capability
of the country will increase to 32656 GWH. Howeuwee main challenge of this huge

investment is financing sources.

The paper assessed the impact of investment ontriely on aggregate
macroeconomic variables, net trade, sectoral outjagtor income and household

income, consumption and consumption expenditure.
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The results of investment on electricity financedifcreased foreign saving result in
positive changes in the macro economy, as repreddnt real GDP at factor cost. It
has increased by 1.32% compared to the base lmnelation. Sectoral effects and
disaggregated activity by subsector also confiraraase in output. Nevertheless, the
growth rate of real GDP is lower compared to inwesit on electricity that is
financed by increased domestic household and etgerpaving and a combination of
domestic (household and enterprise) and foreigmgawdue to slower growth in real
export. It has also a positive impact on househodshsumption, consumption
expenditure, and factor and households income. iflteme and consumption
expenditure of both poor and rich households inutian and rural areas would rise
substantially. However, a scheme of investmentlecticity that is fully financed by
increased foreign loan, deteriorates the averagevthr rate of trade balance by

appreciating the real exchange rate, and leadsrtvaction of real exports.

The largest growth rate of real GDP is revealedtha case of investment on
electricity financed by increased domestic housgteold enterprise saving. It has
risen by 1.56%. This is due to the fact that inseeen growth rate of real export and
fixed investment offset decrease in real privatexsconption. Moreover, this

investment has positive effects on output of ttaustrial and service sectors. It also
improves factor income (except for agriculturaldattue to decline in output of

agriculture) and household incomes. However, # hegative effects on household

consumption and consumption expenditure.

In the last simulation, where the investment orctelgty is financed partly by
domestic household and enterprise saving and paytfioreign loan, GDP at factor
cost has grown at positive rate. It has increased.b5%. It has nearly the same

growth rate as the investment on electricity thatfully financed by increased
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domestic household and enterprise saving. Simjldrigome of households and
factors of production have risen in this simulatidhey have increased almost by the
same growth rate with investment that is fully finad by increased foreign saving
rate. Average aggregate household consumption ansumption expenditure have
also grown at positive rate. Nonetheless, consunpgxpenditure has declined for

the urban non poor and some rural households ferdift agro ecological zones.

6.2. Implications

This study has some useful implications for poland future research in relation to
investment on electricity.

Firstly, creating favourable conditions for the uistrial sector is one of the pillar
strategies for sustaining the rapid and broad basetomic growth in our growth
and transformation plan. Therefore, investment lectecity would be valuable to

ensure faster and enhanced development of thisrsect

Secondly, investment financed by increased foresgmning (foreign loan) will be
associated with appreciated real exchange ratere&gtion of real exchange rate
may reduce competitiveness of trade sector by aotiig export sector. The results
of this paper attest the same conclusion that tinvest on electricity financed by
increased foreign loan, compared to investmentlectrecity financed with domestic
household and enterprise saving and combinatiobotti (50% of it by domestic
household and enterprise saving and 50% of it bgido financing), lead to higher
appreciation of the real exchange rate contributmglower growth in real export
though it grows at positive rate due to positivetda productivity effect. As a result,
even though it increases income and welfare of dlonigls, it deteriorates average

growth rate of net export that could be taken a&sr#ason for lower growth rate of
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real GDP at factor cost. In addition, since forelgan is expected to be repaid, it

would increase indebtedness of the country.

On the other hand, meeting the full financing reguients of this investment through
mobilizing domestic household and enterprise sawiligbe challenging. To finance
the planned investment on electricity, if foreigavimg and non electricity investment
(investment on all other sectors) grow at base damestic household and enterprise
saving rate has to grow at 12.7%. Though it reve#te highest growth rate of real
GDP, it is difficult to achieve this saving rate esmpared to low saving rate in

Ethiopia.

So, financing investment on electricity partly mcieased domestic household and
enterprise saving rate and partly by increasedidgoresaving rate would be

worthwhile.

Thirdly, to mobilize finance by attracting domessaving, it needs development of
sound policy that ensures positive interest ratehéosavers. Therefore, government

should develop resonant policy to create a ceritattention.

Finally, this study focused only on foreign loandadomestic household and
enterprise savings to finance the investment ootrédéy. It also used elasticity of
TFP with respect to investment on electricity estied for Mali. Further research
should be conducted on this investment and its ainpa economy including other
financing alternatives such as direct and indineotes and estimating TFP with

respect to investment on electricity of industaatl service sectors in Ethiopia.
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Appendices
Appendix A Planned investments, total cost for each projedtcampletion year in

2011-2015
Capabil
com ity
capacit| Investment (in | pleti | iInGWh
y Million US$ At | on per
no. project (MW) 2010 Prices) yr year
1 Adama 1 Wind Park 51 117.0Q |2011| 161
Medium Speed Diesel 566
2 (MSD1) 120 2011
3 Ashegoda Wind Park 120 292.84 | 2012| 197
Messobo/Harena Wing 104
4 Park 51 127.00 2012
5 Ayisha wind Park 300 688.24 | 2012| 1592
Aluto Langano I 428
6 Geothermal 75 2012
Amerti Neshe HEPP 198
7 Project 97 139.53 | 2013
Debre Birhan wind 197
8 Park 100 117.00 | 2013
9 Asela wind Park 100 117.0Q |2013| 197
10 | Gibe Ill HEP Project 1870 1,361.3Q0 | 2013| 6240
1640
11 | Genale Dawa lll 254 297.92 | 2014
Chemoga Yeda | and 1415
12 I 280 329.12 | 2015
Halele Warabesa 1847
HEPP Project Stage 1
13 | &2 422 422.43 | 2015
14 | Gebal and Il 372 436.76 |2015| 1788
15 Genale Dawa VI 246 446.74 | 2015| 1575
16 | Gibe IV 1472 1,925.09 |2015| 6750
17 | Gojeb 150 281.7Q | 2015| 450
18 | Renaissance Dam 5250 453454 | 2015 NA
11,330.
01
Total 2011 - 2015 11,634.20

Source:EEPCo, 2011
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Appendix B: Electricity use in different activitied industry and service sectors

Industrial activity Electricity use Service sector Electric
(‘000000 birr) | activities ity use

(‘00000
0 birr)

Mining and Quarrying 37.876 Education 35.611

Grain mill production 13.291 Communication 4.656

Other food manufacturing 37.076 Transport 24.7T4

Beverage manufacturing 17.698 Hotel and catering| 99.21

Tobacco manufacturing 769.2 Whole sale & retail 187.01

Trade

Sugar manufacturing 5.383 Construction 7.28R

Wood manufacturing 1.927 Business services 0.744

Vehicle manufacturing 1.202 Public administratigrnl69.05

Wearing apparel 1.425 Other private servicges 21.84

Leather manufacturing 11.327 Milling services Fo 40

Textile manufacturing 37.223

Electrical Equipment 0.055

Machinery and Equipment | 0.095

manufacturing

Chemicals manufacturing 26.229

Basic metal manufacturing 12.916

Mineral products 58.749

manufacturing
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Paper products 12.695
manufacturing

Sugar refining 5.388
Tea processing 1.872

Appendix C: Average % change in real exports

Commaodity Initial Sim0 Siml Sim2 Sim3
cpuls row 0.35 2.77 -3.25 1.51 -0.52
coils row 2.73 5.53 4.9 5.53 5.27
cvege row 0.1 1.33 -2.77 0.5 -0.89
cfrui row 0.08 5.85 0.54 5.35 3.38
cchat row 0.97 -8.5 -21.14 -9.37 -14.65
ccoff row 5.48 5.95 2.62 5.8 4.48
cflow row 0.34 4.66 4.58 4.68 4.64
cocrp row 0.56 -0.16 -8.68 -1.17 -4.45
ccatt row 0.66 -7.03 -11.33 -7.37 -8.77
cmilk row 0.02 -16.42 | -24 -16.9 -19.56
cpoul row 0.05 -3.27 -5.97 -3.54 -4.33
caprd row 0.32 -1.32 -4.83 -1.55 -2.73
cfish row 0.15 241 0.01 2.05 1.22
cdair row 0.03 -16.35| -24.38 -16.78 -19.62
cgmll row 0.66 18.93 14.05 20.64 17.59
cpsgr row 0.07 30.16 9.79 30.82 24.16
Cptea row 0.06 1.23 -3.74 1.58 -0.89
cfood row 0.16 -2.55 -7.68 -2.32 -4.86
cbeve row 0.14 28.43 25.37 30.82 28.91
cptob row 0.05 34.51 33.21 39 36.83
ctext row 0.84 -0.17 -4.44 -0.2 -1.97
cclth row 0.11 50.43 47.43 61.64 55.5
cleat row 1.02 1.14 -10.79 1.57 -3.41
cwood row 0.01 19.95 14.29 22.97 19.28
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cpapr row 0.35 31.54 35.09 39.35 37.62
cchem row 0.5 29.19 21.95 28.98 26.05
cmetl row 2.87 25.65 29.6 35.43 33.08
cvehe row 0.4 14.5 18.2 19 18.73
ceequ row 0.65 16.29 20.64 22.1 21.52
ctrad row 1.15 14.01 15.89 17.15 16.65
chotl row 1.51 9.95 11.03 9.98 10.53
ctran row 19.08 25.95 27.42 30.48 29.2
ccomm row 1.45 14.98 14.88 17.32 17.03
cfsrv row 0.91 13.8 15.35 16.12 15.86
cbsrv row 1.41 27.52 27.16 34.18 31.05
creal row 0.37 13.05 12.73 13.13 13.03
cosrv row 0.22 10.41 11.97 12.39 12.28
Appendix D: Average % change in real imports
Initial Sim0 | Siml Sim2 Sim3
cwhea | row 6.65 16.88 25.55 17.89 21.32
cpuls row 1.1 14.04 21.36 14.86 17.71
cteal row 0| 34.89 38.04 34.93 36.49
ctoba | row 0.13 23.39 25.01 26.03 25.62
cocrp row 0.8 16.38 24.95 17.3 20.7
cpoul row 0.02 16.58 21.59 16.66 18.7
cfish row 0.01} 12.28 15.9 12.07 13.8
ccoal row 0.02 20.27 17.67 20.59 19.35
cngas row 0.07 9.18 11.97 8.69 10.18
comin | row 1.86) 11.22 18.41 17.95 18.2
cdair row 0.44 32.2 44.82 32.77 37.51
cvprd row 1.9 10.05 12.2 10.01 11.02
cgmill row 0.28] 3.13 7.65 2.29 4.79
cpsgr row 0.8 21.33 23.92 22.25 22.96
cptea row 0 16.76 23.26 16.51 19.71
cfood | row 1.43 14.89 20.4 14.74 17.4
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cbeve | row 0.56 7.18 9.57 6.88 8.12
cptob row 0.22 7.98 10.79 7.69 9.12
ctext row 4.38 13.11 16.53 13.96 15.04
cclth row 3.077 5.91 8.9 5.13 6.84
cleat row 0.5 15.07 23.56 15.33 18.81
cwood | row 0.97 10.69 16.21 14.22 15.11
cpapr row 2271 9.12 11.09 10.49 10.76
cptrl row 20.92| 15.63 18.59 19.34 19.04
cfert row 4.74 8.21 8 7.96 8.03
cchem | row 12.42 10.76 13.38 11.95 12.59
cnmet | row 5.27 9.72 17.11 15.73 16.34
cmetl row 13.08 13.48 17.49 18 17.79
cmach | row 8.8§ 1241 18.47 18.36 18.42
cvehe | row 8.78 11.52 15.69 15.15 154
ceequ row 10.68 10.36 13.96 11.86 12.81
coman | row 1.66 5.99 9.85 5.86 7.57
ctrad row 0.2 11.79 14.83 14.62 14.69
chotl row 1.28 9.84 11.61 9.89 10.71
ctran row 2242 11.28 13.95 13.65 13.8
ccomm | row 0.97 9.7 12.94 10.82 11.58
cfsrv row 1.23 9.74 13.08 11.63 12.27
cbsrv row 5.09 11.89 14.28 14.39 14.34

Appendix E: Impact on real output of industrial asdrvice sectors (percentage

change)

Appendix E1: Impact on real output of industriattee (percentage change)

Sim2- Sim3-

Initial | SIMO | Sim1| Sim2 Sim3 Sim1-SimQ SimO Sim0
aomin | 2.57/ 13.36| 15.08| 15.08| 15.08 1.72 1.72 1.72
adair | 12.05 5.32 5| 5.26| 5.36 -0.32 -0.06 0.04
avprd 0.02 8.24| 9.26| 8.23| 8.69 1.02 -0.01 0.45
agmll 2.05| 13.55| 11.72| 14.51| 13.13 -1.83 0.96 -0.42
amsrv | 2.32 15.56| 18.78| 16.57| 17.62 3.22 1.01 2.06
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apsgr 2.74 6.42| 5.78| 6.08| 5.94 -0.64 -0.34 -0.48
aptea 0.41 7.78| 853| 7.76| 8.11 0.75 -0.02 0.33
afood 6.66f 5.81| 5.79| 5.82| 5.81 -0.02 0.01 0
abeve 5.09 12.85| 14.13| 13.43| 13.81 1.28 0.58 0.96
aptob 0.64 18.3|19.66| 20.51| 20.17 1.36 2.21 1.87
atext 4.6/ 5.12| 4.43| 5.42| 4.99 -0.69 0.3 -0.13
aclth 1.17) 27.44| 27.54| 33.56| 30.79 0.1 6.12 3.35
aleat 269 5.42| 1.48| 572 3.99 -3.94 0.3 -1.43
awood| 0.32]14.74|15.09| 17.98| 16.79 0.35 3.24 2.05
apapr 2.06 21.84| 24.86| 27.12| 26.2 3.02 5.28 4.36
achem| 3.1520.31|17.69| 20.63| 19.38 -2.62 0.32 -0.93
anmet 2.29 16.37| 15.56| 17.24| 16.57 -0.81 0.87 0.2
ametl 7.08 21.14| 25.49| 29.45| 27.81 4.35 8.31 6.67
amach| 0.03 13.57| 19.04| 19.35| 19.26 5.47 5.78 5.69
avehe 0.81 13.72| 17.55| 18.02| 17.87 3.83 4.3 4.15
aeequ 0.81 15.8| 20.1|21.37| 20.87 4.3 5.57 5.07
aoman| 6.12|11.52| 14.27| 12.65| 13.42 2.75 1.13 19
Appendix E2: Impacts on real output of service sexf{percentage change)
Initia Sim1- Sim2- Sim3-
I SimO | Sim1| Sim2 Sim3 | Sim0 Sim0 Sim0

aelec 3.58 14.65| 16.91| 15.58| 16.25 2.26 0.93 1.6
awatr 3.92 11.59| 13.65| 12.97| 13.56 2.06 1.38 1.97
acons 85.1 12.21| 17.51 17.38| 17.45 5.3 5.17 5.24
atrad 90.02 12.91| 15.37| 15.89| 15.68 2.46 2.98 2.77
ahotl 40.90 99| 11.31 9.93| 10.62 141 0.03 0.72
atran 24.6 24.88| 26.4 29.32| 28.09 1.52 4.44 3.21
acomm| 4.03| 13.42| 14.27| 15.43| 15.42 0.85 2.01 2
afsrv 10.5] 11.96| 14.32| 14.08| 14.23 2.36 2.12 2.27
absrv 1.41 27.52| 27.16| 34.18| 31.05 -0.36 6.66 3.53
areal 37.013 11.61| 12.98| 12.15| 12.56 1.37 0.54 0.95
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aosrv 6.8 10.6| 12.67| 11.87| 12.28 2.07 1.27 1.68
apadm| 20.64 5.77| 5.82 5.78 5.8 0.05 0.01 0.03
aeduc | 11.08 6.29| 7.08 6.8 6.93 0.79 0.51 0.64
aheal 3.23 6.81| 7.75 7.34 7.54 0.94 0.53 0.73
Appendix F: Impacts on households’ income
Share
households Initial (%) Sim0 Siml Sim2  Sim3
Highland cereal poor 29.51 8.3 9.89 1026 9.72 9.99
Highland cereal non poor 109.91 30 9.78 10.86 10.81 10.85
Humid poor 15.67 4.4 10.33 11.07 10.95 11.00
Humid non poor 42.79 11.7 10.07 11.31 11.58 11.46
Drought prone poor 18.03 5.1 9.85 10.43 10.14 10.30
Drought prone non poor 41.01 11.2 9.83 10.99 11.07 11.05
Pastoral poor 3.78 11 9.98 10.94 10.03 10.44
Pastoral non poor 19.53 53.9 9.89 11.23 10.98 11.09
Farming poor 6.94 1.9 9.36 10.76 11.21 11.01
Non farming non poor 4784 12 8.61 9.77 10.14 9.97
Urban poor 3.83 1 8.80 10.11 10.51 10.33
Urban non poor 35.54 8 7.65 8.67 9.05 8.88
Total 374.38 100 9.49 10.57 10.53 10.56

Source: simulation result
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Appendix G: Household consumption expenditure

households Initial Share Sim0 Siml Sim2 Sim3

Highland cereal poor

28.03 8.3% 9.63 10 8.61 9.28

Highland cereal nonpoor ;1 o6 300, 939 1047 9.04 973

Humid poor 1489 4.4% 10.08 10.81 9.83 10.29

Humid non poor 39.58 11.7% 9.67 1092 9.8 10.34

Drought prone poor 1713 51% 96 1018 9.03 959

Drought prone non poor 5 g3 17595 943 10.59 93 993

Pastoral poor 359 1.1% 9.73 10.68 8.92 9.73

Pastoral non poor 18.07 53% 949 10.83 9.22 9.97

Farming poor 654 1.9% 9.07 1046 9.89 10.17

Non farming non poor 4072 12% 7.89 904 7.75 838

Urban poor 3.43 1% 824 954 7.92 871

Urban non poor 27.04 8% 631 7.31 355 543

Total 338.61 9.05 10.1 8.58 9.31

Sources: simulation results

Appendix H: CGE Static Part “Within” Model

In this appendix the full formulation of théwithin” or static CGE model and

between (dynamic) is specified.

Sets, Parameters and Variables in the model

Sets

a A - Activities

o JALEO([I A) - Activities with a Leontief function at the top dfe technology nest

cdC - Commodities
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cJCD(J C)- commodities with domestic sales of domestic outpu
cOCDN(JC) - commodities not in CD

cOCE(C) - exported commodities

CcOCEN(J C) - commodities not in CE

cOCM (O C) - imported commodities

cOCMN(O C) - commaodities not in CM

cOCT(OC) - transactions service commodities

cOCX(OC) - commodities with domestic production

f OF - factors

i JINS - institutions (domestic and rest of the world)

i JINSD([J INS) - domestic institutions
i JINSDNG(O INSD) - domestic nongovernment institutions

hOH (O INSDNG) - households

Continued

Parameters (Latin Letters)

cwts, - weight of commoditycin the CPI
dwts, - weight of commodityc in the producer price index
ica,, - quantity ofc as intermediate input per unit of activigdy

icd,. - quantity of commoditycas trade input per urgt produced and sold

domestically

ice.. - quantity of commodityc as trade input per exported unit of
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icm,.. - quantity of commoditycas trade input per imported unit @f’
inta, - quantity of aggregate intermediate input peivégtunit

iva, - quantity of value-added per activity unit

mps - base saving rate for domestic institution

mps01, - 0-1 parameter with 1 for institutions with patiefly flexed direct tax rates

pwe, - export price (foreign currency)

pwm, - import price (foreign price)

qdst, - quantity of stock change

qg. - base — year quantity of government demand

ginv, - base — year quantity of private investment deinan
shif., - share for domestic institutidrin income of factorf

shii... - share of net income af to i (i'JINSDNG";i JINSDNG)
ting - exogenous direct tax rate for domestic instiuii

tins0l, - 0 - 1parameter with 1 for institutions with patially flexed direct tax rates

tm, - import tariff rate
tg, - rate of sales tax

trnsfr,, - transfer from factorf to institutioni

continued

Parameters (Greek Letters)

a*, - efficiency parameter in the CES value — addexttion
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a®, - shift parameter for domestic commodity aggremyafiinction
a’. - Armington function shift parameter
a', - CET function shift parameter

B".., - marginal share of consumption spending on hoomencodity cfrom  activity

afor householdh

B",, - marginal share of consumption spending on matkeommodityc for

household h

&%,. - share parameter for domestic commodity aggiegétinction

0%, - Armington function share parameter

&', - CET function share parameter

0“,, - CES value —added function share parameter &orfaf in activity a
y",, - subsistence consumption of marketed commadlityr householdh

Y., - subsistence consumption of home commodiyom activity afor

householdh

6,

ac

- yield of output c per unit of activitya

p”, - CES value — added function exponent

p*, - domestic commodity aggregation function exponent
p%. - Armington function exponent

p'. - CET function exponent
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Exogenous Variables

CPI - consumer price index

DTINS - change in domestic institution tax share (=10bf@ase; exogenous variable)
FSAV - foreign savings (FCU)

GADJ - government consumption adjustment factor

IADJ - investment adjustment factor

MPSADJ - savings rate scaling factor (= 0 for base)

QFS; - quantity supplied of factor

TINSADJ - direct tax scaling factor (= 0 for base; exogenwariable)

WFDIST . - wage distortion factor for factof in activity a

Endogenous Variables

DMPS - change in domestic institution saving rates foertbase; exogenous

variable)

DPI - producer price index for domestically marketedoot

EH,, - consumption spending for household

EXR - exchange rate (LCU per unit of FCU)

GOVSHR - government consumption share in nominal abgorpt
GSAV - government savings

INVSHR - investment share in nominal absorption

PA, - activity price (unit gross revenue)

PDD, - demand price for commodity produced and sold ekiroally
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PDS, - supply price for commodity produced and sold detically
PE, - export price (domestic currency)

PINTA, - aggregate intermediate input price for activdty
PM. - import price (domestic price)

PQ, - composite commodity price

PVA, - value-added price (factor income per unit ofagyf)
PX. - aggregate producer price for commodity

PXAC,, - producer price of commodity for activity a

QA, - quantity (level) of activity

QD, - quantity sold domestically of domestic output

QE, - quantity of exports

QF,, - quantity demanded of factdr from activity a

QG, - government consumption demand for commodity
QH,, - quantity consumed of commodity by householch

QHA,,, - quantity of household home consumption of comityod from activity a

for householdh

QINTA, - quantity of aggregate intermediate input
QINT,, - quantity of commoditycas intermediate input to activitg
QINV, - quantity of investment demand for commodity

QM. - quantity of import of commodity
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QQ. - quantity of goods supplied to domestic market{posite supply)
QT - quantity of commodity demanded as trade input

QVA, - quantity of (aggregate) value-added

QX. - aggregated marketed quantity of domestic outpabmmaodity
QXAC,. - quantity of marketed output of commodityfrom activity a

TABS - total nominal absorption

TINS - direct tax rate for institution (i J INSDNG)

TRII,,. - transfer from institution’ to i (both in the restNSDNG )
WF, - average price of factof

YF, - income of factorf

YG - government revenue

Yl, - income of domestic non-government institution

YIF; - income to domestic institutioinfrom factor f
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Model Equation

Price Block

[1] Import price

PM, = pwm,.(1+tm,) EXR+ > PQ, icm,,

cOCT

[2] Export price

PE, = pwe, . EXR- Y PQ, ice,,

cTOCT

[3] Demand price of domestic non-traded goods

PDD, = PDS, + >_ PQ,.icd,,
cOCT
[4] Absorption
PQ..(1-tq, ) QQ. =PDD, QD, + PM_ QM.
[5] Marketed output value
PX..QX, =PDS, QD, + PE_ QE,

[6] Activity price

PA, =) PXAC,.8,

cic

[7] Aggregate intermediate input price
PINTA, = _PQ.ica,

cc
[8] Activity revenue and costs

PA QA, = PVA QVA, +PINTA, QINTA,

[9] Consumer price index
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cCD

cO(CDOCM)

cCX

allA

allA

allA



CPI =) PQ..ons,

cic

[10] Producer price index for non-traded markepaotit

DPI =" PDS, .dwts;

cC
Production and Trade Block

[11] Leontief technology: Demand for aggregate eadalded

QVA, =iva, QA,

[12] Leontief technology: Demand for aggregate rimtediate input

QINTA, =inta,.QA,

[13] Value-added and factor demands
1

QVAa — avaa(z 6vafa .QFfa_pvaa] P a

fOF

[14] Factor Demand

fOF*

-1
W, WFDIST i = PVA,-QV/x[ > 5, .QFf;"“aj 57, QF,

[15] Disaggregated intermediate input demand

QINT,, =ica_ . QINTA,

[16] Commodity production and allocation

QXACac + Z QHAhch = eac QA&

hOH

[17] Output aggregation function

1

Qxc - aacc{z aacac -QXACaC_paCCJ Pl
alJA
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[18] First-order condition for output aggregatiamétion
-1
PXAC,, = PX_QX, ( > 8, QXAC, " j 3% QXAC, ™™ alA ;cOCX
alA’

[19] Output transformation (CET) function

1

QX, =a'.(8, QE  +(1-8,)QD. %) cO(CE n CD)

[20] Export-domestic supply ratio

1
P 1‘8 Pl
SEE; :[PDEé' . ] c0(CE n CD)

[21] Output transformation for non-exported comntiedi

QX, =QD, +QE, c0(CD n CEN) O (CE 0 CDN)

[22] Composite supply (Armington) function

1

QQ. =a’..(5", QM ™' +(1-&,)QD, ') *' c0(CM n CD)

[23] Import-domestic demand ratio

1
q 1+0.9

QM _[ PDD, o' = c(CM n CD)
QD, PM, 1-9&°,
[24] Composite supply for non-imported outputs and-produced imports
QQ, =QD,+QM, cJ(CD n CMN) I (CM [ CDN)
[25] Demand for transaction service
QT, = Y (icm,.QM,. +ice,..QE,. +icd..QD,.) cOCT

cocC’
Institutional Block
[26] Factor income
YF, =Y WF, WFDIST « QF, fOF

alA

[27] Institutional factor incomes
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YIF,, = shif, [ YF, ~trnsfr,,, EXR] iOINSD; fOF

[28] Income of domestic, hon-government instituson

YI, =Y VIF, + > TRIl, +trnsfry, CPI +trnsfr,,.[EXR i JINSDNG
fOF iTINSDNG'
[29] Intra-institutional transfers
TRII,,. = shii,..(1- MPS,).(1-TINS. )Yl . i DINSDNG ; i'0INSDNG'
[30] Household consumption expenditure
EH, :(1— Z shiith.(l—MPS1 )-(1-TINS, )V, hCOH
iOINSDNG

[31] Household consumption demand for marketed codhties

cC alJAcTOC

PQc QH ch PQc 'ymch + Bmch ( EHh - Z PQC ymc'h - Z Z PXACac' 'yhac‘hj ¢ DC'
hOH

[32] Household consumption demand for home comnexdit

PXACac QHAach = IDX'A‘Cac 'yhach + Bhach ( EH h ™ Z PQC ymc'h - z Z PXACaC' 'yhac'hj

c’oc alAcTC

alA;cC
hOH
[33] Investment demand
QINV, = IADJ.qginv, cOCINV
[34] Government consumption demand
QG, = GADJ .qg, clC

[35] Government revenue

YG= Y TINS,+ > tm.pwm QM. EXR+ ) tq, PQ, QQ,

iOINSDNG ccMm cic

+> VIR, +trnsfr

fOF

EXR

govrow*

[36] Government expenditure
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EG=Y PQ.QG.,+ Y trnsfr , CPI

cc iOINSDNG
System Constraint Block

[37] Factor market

> QF, =QFS fOF
alJA
[38] Composite commodity markets

QQCZZQINTca+ZQHch+QGC+QINVc+qutc+QTc CDC
alA

hOH
[39] Current account balance for the rest of theldv@n foreign currency)

> pwm QM+ > trnsfr . = > pwe, QE + D trnsfr,,, + FSAV

c0ICM fOF clCE i0INSD
[40] Government balance

YG = EG + GSAV
[41] Direct institutional tax rates

TINS =tins.(1+TINSADJ tins0] )+ DTINStins 01 i JINSDNG

[42] Institutional savings rates

MPS = mps.(1+ MPSADJ mps01 )+ DMPSmps 01 i JINSDNG
[43] Saving-investment balance

D> MPS.(1-TINS)YI, +GSAV + EXRFSAV = > PQ, QINV, +>_ PQ, gdst,
cc cc

iOINSDNG

[44] Total absorption
TABS=> > PQ.QH, +> > > PXAC,, QHA, +> PQ.QG,

hOH cOC alJA cOC hOH cc
+> PQ.QINV, + >’ PQ, qdst,
ccC cc

[45] Ratio of investment to absorption

INVSHRTABS = " PQ, QINV, + > PQ_ gdst,

cc cc

[46] Ratio of government consumption to absorption

GOVSHRTABS =" PQ, QG,

cc
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Appendix I: The “Between * Model

[1] Average capital rental rate

QFfat

a Z QFfa't

a'

AWF 2 = WF, WFDIST, |-———————~

fat

[2]Share of New Capital

,7afat — QFfat ) )Ba. VVFft'VVFDIaSTfat _1 +1
ZQFfa.t AWF,

[3] Quantity of new capital by sector

2 PQ, .QINV,
PK

DK i =17 -

[4] Unit price of capital

_ QINV,
PK, = Z PQ, —Z OINV.,

[5] Average capital rental rate

AK?
QFfat+l = QFfat' 1+ Q _Vf

fat

[6] Average capital rental rate

D MK,

QFS;.; =QFS;.| 1+ BFSﬁ —Vi
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