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Ethiopia’s economy has experienced rapid growth in recent years. Although 
growth in agricultural gross domestic product (GDP) from 1998 to 2007 was 
less rapid than in other parts of the economy, agriculture also performed well, 
growing faster than the rural population. However, poverty is still severe in 
Ethiopia and is concentrated in rural areas. To accelerate growth and poverty 
reduction, Ethiopia’s national strategy affords an important role to agriculture 
as a source of both growth and development for the broader economy. This is 
essential given that agriculture is an income source for most of the population. 
The sector accounts for more than two-fifths of GDP and three-fourths of mer-
chandise export earnings, and it provides key inputs into the manufacturing 
sectors, whose agricultural processing sectors contribute further to national 
GDP. In parallel to Ethiopia’s agricultural strategy, the New Economic Partner-
ship for Africa’s Development (NEPAD) is in the process of implementing  
the Comprehensive Africa Agriculture Development Programme (CAADP) 
together with African governments. The CAADP initiative supports the iden-
tification of an integrated framework of development priorities aimed at restor-
ing agricultural growth, rural development, and food security in the African 
region. The main target of CAADP is achieving 6 percent agricultural growth 
per year in low-income African countries like Ethiopia.

	Because choices are involved within the agricultural sector, both for the 
sector as a whole and across subsectors, many investment and policy interven-
tions will be designed at the subsector level. However, strong interlinkages 
occur across subsectors and between agriculture and the rest of the economy. 
To understand these linkages and how sectoral growth could contribute to the 
country’s broad development goals, an integrated framework is needed in order 
to synergize the growth projections among different agricultural commodi-
ties or subsectors and evaluate their combined effects on economic growth and 
poverty reduction. 

	Moreover, agricultural production growth is often constrained by demand 
in both domestic and export markets, and demand, in turn, depends on income 
growth both in agriculture and in the broader economy. Although agriculture is 
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a dominant economic activity in Ethiopia and a majority of the population lives 
in rural areas, both rural and urban sectors need to be included in this framework 
in order to understand the economywide impact of agricultural growth.

	This chapter analyzes agricultural growth projections that can support the 
design of a more comprehensive rural development component under Ethio-
pia’s agricultural strategy that is also in alignment with the principles and objec-
tives collectively defined by African countries as part of the broader NEPAD 
agenda. In particular, this chapter seeks to position Ethiopia’s agricultural sec-
tor and rural economy within the country’s national strategy. For these pur-
poses, and to assist policymakers and other stakeholders to make informed 
long-term decisions, a new economywide model for Ethiopia has been devel-
oped and used to analyze the linkages and trade-offs between economic growth 
and poverty reduction at both macro- and microeconomic levels. The results 
from the model simulations are intended to guide debate in prioritizing the 
potential contributions of different subsectors to Ethiopia’s achievement of its 
broader development objectives.

Modeling Sources of Agricultural Growth and Poverty Reduction

The Dynamic Regional Economywide Model of Ethiopia

A new Ethiopian computable general equilibrium (CGE) model was developed 
to capture (1) trade-offs and synergies from accelerating growth in alternative 
agricultural subsectors, (2) the economic interlinkages between agriculture and 
the rest of the economy, and (3) the effects of alternative sources of growth on 
household incomes and poverty. This model is called the Dynamic Regional 
Economywide Model of Ethiopia (DREME).1 Although this chapter focuses on 
the agricultural sector, DREME also contains information on the nonagricultural 
sectors. In total, DREME identifies 69 subsectors, 24 of which are in agriculture 
(Table 8.1). Agricultural crops fall into five broad groups: (1) cereals, which is 
separated into teff, barley, wheat, maize, sorghum, and millet; (2) pulses and 
oilseeds, which is separated into pulses, such as beans, and oilseed crops, such as 
groundnuts; (3) horticulture, which is separated into fruits, vegetables, and enset; 
(4) higher-value export-oriented crops, which is separated into cotton, sugarcane, 
tobacco, coffee, tea, and cut flowers; and (5) other crops, which includes chat and 
other staples such as root crops. DREME also identifies four livestock subsectors, 
including cattle, milk, poultry, and other animal products. 

1.  The core model is described in detail in Diao and Thurlow (2012). See Table 8A.1 in the 
appendix for the model sets, parameters, and variables and Table 8A.2 for the model equations. 
Earlier CGE models for Ethiopia, however, have not included detailed disaggregation of the agri-
culture sector or of households by region (for example, Gelan 2002; Lofgren and Diaz-Bonilla 
2005). See Diao and Nin Pratt (2007), where a fixed-price multiplier analysis using a 1999/2000 
social accounting matrix of Ethiopia is combined with a detailed regionally disaggregated multi-
market model to analyze the growth and poverty implications of alternative production scenarios. 
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	To complete the agricultural sector, DREME has two further subsectors 
capturing forestry and fisheries. Most of the agricultural commodities listed are 
not only exported or consumed by households but are also used as inputs into 
various processing activities in the manufacturing sector. The agricultural pro-
cessing sectors identified in the model range from meat, fish, and dairy to grain 
milling and sugar refining. The agricultural subsectors also use inputs from 
nonagricultural sectors, such as fertilizer from the fertilizer subsector and mar-
keting services from the trade and transport subsectors.

	DREME captures regional heterogeneity within Ethiopia. Farm produc-
tion is disaggregated across four rural zones, as shown in Figure 8.1.These are 
Zone 1a (“humid lowland moisture-reliable” and “other moisture-reliable–
cereals”), Zone 1b (“other moisture-reliable–enset”), Zone 2 (“drought-prone”), 
and Zone 3 (“pastoralist”). These zones reflect different agroecological and cli-
matic conditions across the country. 

	DREME is calibrated to observed cropping patterns in each of the four 
zones. Representative farmers in each zone respond to changes in production 
technology and to commodity demand and prices by reallocating their land 

TABLE 8.1  Sectors in the Dynamic Regional Economywide Model of Ethiopia

Groups (number of  
sectors in group)	 Sectors

Cereals (5)	 Teff, barley, wheat, maize, sorghum
Pulses and oilseeds (2)	 Pulses, oilseeds
Horticulture (3)	 Vegetables, fruits, enset
Export crops (6)	 Cotton, sugarcane, tea, tobacco, coffee, cut flowers
Other crops (2)	 Chat, other crops
Livestock (4)	 Cattle, milk, poultry, animal products
Other agriculture (2)	 Fisheries, forestry
Agroprocessing (10)	 Meat, dairy, vegetable products, grain milling, milling  
	 �  services, sugar refining, tea processing, other food 

processing, beverages, tobacco processing
Other manufacturing (18)	 Textiles, yarn, fibers, lint, clothing, leather products,  
	 �  wood products, paper and publishing, petroleum, 

fertilizer, chemicals, non–metallic minerals, metals, 
metal products, machinery, vehicles and transport 
equipment, electronic equipment, other manufacturing

Other industry (6)	 Coal, natural gas, other mining, electricity, water,  
	   construction
Services (11)	 Wholesale and retail trade, hotels and catering, transport,  
	 �  communications, financial services, business 

services, real estate, other private services, public 
administration, education, health

source: Dynamic Regional Economywide Model of Ethiopia (DREME).
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across different crops in order to maximize incomes. These farmers also re- 
allocate their labor and capital between farm and nonfarm activities, including 
livestock and fishing, wage employment, and diversification into nonagricultural 
sectors, such as transport, trade, and construction. Thus, by capturing produc-
tion information across subnational regions, DREME combines the national or  
macroeconomic consistency of an economywide model with zonal-level pro-
duction models. DREME is thus an ideal tool for capturing the growth linkages 
and income and price effects resulting from accelerating growth in different 
agricultural sectors. 

	Finally, DREME endogenously estimates the impact of growth on house-
hold incomes and poverty. There are 12 representative household groups in the 
model, disaggregated by rural zones, small or large urban centers, and poor or 
nonpoor status. Poor is defined here as including all households falling into the 

FIGURE 8.1  Zones in the Dynamic Regional Economywide Model of Ethiopia 
(DREME), with city sizes, road types, and agroecological zones indicated, 2009 

source: Ahmed et al. (2009).
note: Zone 1a includes “humid lowland moisture-reliable” and “other moisture-reliable–cereals”; 
Zone 1b is “other moisture-reliable–enset”; Zone 2 is “drought-prone”; and Zone 3 is “pastoralist.”
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bottom two expenditure quintiles (that is, the poorest 40 percent of the population).2 
Household income elasticities are based on estimates from the 2004/05 House-
hold Income, Consumption, and Expenditure Survey (HICES) (Ethiopia, CSA 
2007; Table 8.2).3 

	Each household questioned in the 2004/05 HICES is directly linked to 
the corresponding representative household in the model. This is the micro-
simulation component of DREME. In this formulation of the model, changes 
in representative households’ consumption and prices in the CGE model com-
ponent are passed down to their corresponding households in the survey, 
where total consumption expenditures are recalculated. This new level of  
per capita expenditure for each survey household is compared to the separate 
poverty lines for rural and urban areas, and standard poverty measures are 
recalculated. Thus, poverty is measured in exactly the same way as in stan-
dard poverty estimates, and changes in poverty draw on the consumption 
patterns, income distribution, and poverty rates captured in the latest house-
hold income and expenditure survey.

Data Sources for the Model

The core dataset capturing the economic structure of the Ethiopian economy is 
the 2005/06 social accounting matrix (SAM) developed by the Ethiopian 
Development Research Institute (EDRI) (Ahmed et al. 2009). This SAM includes 
four agroecological zones and a detailed regional disaggregation of household 
groups. Zonal-level agricultural production and area data taken from the 2005/06 
agricultural sample survey were used to identify the four zones and to dis- 
aggregate production in the SAM. DREME is therefore consistent with recent 
agricultural production levels and yields at the zonal level. 

Poverty Reduction on Ethiopia’s Current Growth Path

We use DREME to examine the impact of Ethiopia’s current growth path on 
poverty reduction. This “business-as-usual” scenario draws on production trends 
for various agricultural and nonagricultural subsectors. Ethiopia experienced 
rapid growth from 1998 to 2007, with national GDP growing at almost 8 percent 

2.  Given this definition of poverty, we then use the cutoff level of per capita expenditures 
that defines poor and nonpoor households (separately for rural and urban areas) as the poverty line 
in the subsequent simulations.

3.  The income elasticities in Chapter 7 are based on an estimated almost ideal demand system. 
We follow King and Byerlee (1978) instead because their approach is more consistent with the linear 
expenditure demand system in the DREME model. Moreover, as is evident from Table 8.2, we use 
stylized elasticities because the econometrically estimated results cannot always be used in our 
demand system (for example, negative “inferior good” elasticities cannot be used in the model). That 
said, the two sets of elasticities are broadly consistent and, over the short time frame of our analysis 
(10 years), are unlikely to greatly influence our conclusions. Finally, we choose to use these elasticities 
for consistency with the original analysis done as part of the CAADP review process.



224    Paul Dorosh and James Thurlow

per year. During this period the agricultural sector did not grow as rapidly, with 
an average growth rate of 6 percent per year. However, much of this rapid 
economic growth has occurred in the last few years, and it is uncertain whether 
such rapid growth can be achieved (and sustained) over the near term, espe-
cially in light of the global economic recession starting in 2009. Accordingly, 
the baseline scenario takes a more cautionary position and assumes average 
annual agricultural growth of 3.8 percent per year during 2009–15 (Table 8.3).4 
Although this is below the recent spike in agricultural GDP growth rates, it still 
assumes a fairly strong performance by the agricultural sector over the coming 
decade.5

	More than half of agriculture’s strong growth performance during 1998–
2007 was driven by land expansion, with the rest resulting from changes in 
cropping patterns and improvements in yields. For example, the land area under 

4.  Simulations are run beginning with the base year, 2005/06. Productivity shocks are mod-
eled only from 2008/09 onward, however (that is, all scenarios are the same until 2008/09), so 
simulation results are shown only from this year onward.

5.  As discussed in more detail later, five different scenarios were designed for this analysis. 
Scenarios 1–3 target specific groups of crops or agricultural subsectors, including cereals (Simula-
tion 1), export-oriented crops (Simulation 2), and livestock (Simulation 3). The all agriculture 
scenario (Simulation 4) includes additional growth from the fisheries and forestry subsectors. Simu-
lation 5 includes accelerated productivity growth in the nonagriculture sector as well.

TABLE 8.2  Selected income elasticities of goods and services in the Dynamic 
Regional Economywide Model of Ethiopia, by rural–urban place of residence, 
2004/05

Good or service	 Rural	 Urban	 Product or service	 Rural	 Urban

Maize	 0.70	 0.50	 Cattle meat	 0.80	 0.80
Wheat	 1.00	 0.66	 Poultry	 0.75	 1.15
Teff	 1.10	 0.70	 Milk	 0.75	 0.75
Other cereals	 0.70	 0.50	 Other meats	 0.50	 0.50
Root crops	 0.50	 0.70	 Fish	 0.70	 0.70
Pulses	 0.75	 0.60	 Processed foods	 0.80	 0.90
Oilseeds	 0.80	 0.50	 Beverages	 0.50	 0.80
Enset	 0.70	 0.50	 Textiles	 1.20	 1.00
Vegetables	 0.50	 0.75	 Other manufactures	 1.20	 1.00
Fruits	 0.50	 0.75	 Construction	 0.90	 0.50
Sugarcane	 0.75	 0.60	 Utilities	 1.00	 0.80
Chat	 0.70	 0.50	 Trade and transport	 1.00	 0.80
Coffee	 0.60	 0.60	 Restaurants	 0.80	 0.50
Tobacco	 0.70	 0.50	 Other private services	 1.10	 1.10
			   Public services	 1.20	 0.90

source: Authors’ estimates based on data from Ethiopia, CSA (2007).
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maize cultivation expanded by 2.2 percent per year during this period, while 
yields improved each year by 1.5 percent. Similar patterns were observed for 
other cereals; the only exception was wheat, for which the land area expanded 
extremely fast, at 5.5 percent per year, compared to yield growth, at 2.7 percent. 
Long-term agricultural growth has thus been driven more by the expansion of 
cultivated land than by improvements in cropping technologies. The baseline 
scenario is calibrated to production trends from 1998 to 2007, so it assumes that 
land expansion will continue along its long-term path, with about two-thirds of 
production increases driven by area expansion. This is equivalent to an increase 
in total harvested land by 2.6 percent per year during 2009–15, which is slightly 
below the rural population growth rate of 3.0 percent. It is often argued that 
future land expansion possibilities in Ethiopia are fairly modest, yet recent 
production data do not suggest that this is the case (that is, that land is the domi-
nant source of growth). In our analysis we assume that future land expansion 
will be slower than historical expansion. However, land’s contribution to over-
all agricultural growth remains fairly constant because we assume equally mod-
est yield growth.

	According to production trends, land area expansion varies across zones. 
Cultivated land growth is 2.2 percent per year in Zones 1a and 1b (the humid 
regions), 3.2 percent in Zone 2 (the drought-prone region), and 3.7 percent in 
Zone 3 (the pastoralist region). As shown in Table 8.3, the nonagricultural sec-
tors are expected to maintain their strong performance over the coming decade, 
with manufacturing and services growing more rapidly than agriculture, at 8.2 
percent per year.

	The 3.8 percent agricultural growth rate in the baseline scenario is based 
on more detailed production trends for different agricultural subsectors. Table 
8.4 shows the assumptions made about each subsector’s yield growth. We ini-
tially adopt the teff yield of 0.76 tons per hectare that was observed in 2005/06 
and then assume that teff yields will grow at 2.86 percent per year, such that 
Ethiopia will achieve a sustained national average teff yield of 1.01 tons per 
hectare by 2015. The land area under teff cultivation will also grow at 2.33 
percent each year in the baseline scenario, such that overall production will 
expand by 5.26 percent. This is consistent with observed production patterns 
for 1998–2007. Moreover, yield and area expansions vary at the zonal level 
based on actual production trends. The baseline thus reflects expected improve-
ments in the performance of the teff sector over the next decade, with the rate 
of growth of investments continuing as before. Similarly, for wheat we assume 
that initial yields will continue to grow rapidly, at 3.40 per year, and that yields 
will rise to 1.67 tons per hectare by 2015. National and regional production of 
each of the five cereal crops in DREME is thus calibrated to closely reproduce 
long-term production trends.

	National production trends were used to calibrate the baseline growth rates 
for noncereal crops. Particularly rapid production growth was observed for the 
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horticultural crops, including fruits, vegetables, and enset. However, unlike in 
the case of cereals, these high growth rates were driven more by land expansion 
than by improvements in crop yields. For example, during 1998–2007 enset 
yields remained largely unchanged, but cultivated land area grew extremely 
fast. This is reflected in the baseline scenario, where the production growth rate 
is driven mainly by a faster expansion of the enset land area. Similar biases 
toward land expansion over yield improvements were observed for pulses, oil-
seeds, and other staples such as root crops.

	Industrial and export crops performed quite well during 1998–2007, with 
the exception of tobacco, whose production levels declined slightly. This is 
reflected in the baseline scenario. For example, coffee and cotton production 
will rise by 4.54 and 4.61 percent per year, respectively, during 2005–15, driven 
by a fairly rapid expansion of land area under export crop cultivation. The 
baseline scenario therefore assumes that the export-oriented crops will continue 
to grow rapidly, albeit more slowly than the major staple crops. Only tobacco 
production is expected to decline based on long-term trends.

	Livestock is a key agricultural subsector generating a significant share of 
agricultural GDP, and it has strong upstream linkages to meat processing in the 
manufacturing sector (see Table 8.3). The baseline scenario assumes that live-
stock GDP will expand at a rate of 2.9 percent per year. This is below the rapid 
growth rate of the crop sectors but is entirely consistent with the livestock GDP 
growth rates reported in national accounts for 1998–2007. The baseline sce-
nario reflects more rapid growth in the milk and poultry subsectors. Fisheries 
and forestry are also agricultural subsectors in DREME, with the latter generat-
ing 4.04 percent of total agricultural GDP in 2005/06. Based on national 
accounting for the period 1998–2007, the baseline scenario assumes that fisher-
ies GDP will remain virtually unchanged during 2009–15. For the forestry 
subsector, the baseline scenario assumes that the value-added in this subsector 
will grow at 4.02 percent per year.

	Drawing on the trends just described, DREME simulation results indicate 
that, with 4 percent growth in the agricultural sector and more rapid growth in 
the nonagricultural sectors, overall national GDP will grow at an average rate 
of 5.95 percent during 2009–15. This is equal to the average GDP growth rate 
of 6 percent observed for 1998–2007, thus assuming that Ethiopia’s economy 
will maintain its long-term growth rate over the coming decade. With popula-
tion growth at 3 percent per year, this means that per capita GDP will also grow 
rapidly, at about 3 percent. With rising per capita incomes and growth across 
all sectors, DREME estimates that poverty will decline from 40 percent to 23 
percent during 2005–15 (see Figure 8.2). The faster expansion of the non- 
agricultural sectors means that national income growth favors urban house-
holds and areas more than rural ones. For example, poverty will fall in small 
urban centers from 34 to 9 percent by 2015, while rural poverty will decline 
from 41 to 25 percent. Given the overall rapid poverty reduction and despite an 
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FIGURE 8.2  National poverty headcount results from the model scenarios, 2005–15

source: Results from the Dynamic Regional Economywide Model of Ethiopia (DREME).
notes: The poverty headcount is the percentage of the population living below the poverty line. We 
assign the poverty line so that 40 percent of the population is classified as “poor” (that is, in the 
bottom two expenditure quintiles). As noted in footnote 4, all simulations are the same for 2005–08. 
Additional productivity shocks are modeled from 2009 onward.

expanding population, the absolute number of poor people in Ethiopia is 
expected to decline from 25.8 million people in 2005 to 19.6 million by 2015. 
Although this will be a significant reduction in the number of poor people living 
in Ethiopia, it reveals the persistent burden of poverty in the country and empha-
sizes the need to reinforce pro-poor sources of economic growth. 

Accelerating Agricultural Growth and Poverty Reduction

In the previous section we described the results of the baseline scenario, which 
estimated the impact of Ethiopia’s current growth path on poverty reduction. 
We found that while economic growth over the coming decade is expected to 
remain robust and will halve the national poverty rate by 2015, it will reduce 
the number of poor people by less than one-third. Therefore, in this section we 
examine whether a medium-term 6 percent agricultural growth target identified 
by the CAADP is attainable based on reasonable subsector growth potentials. 
We also estimate the potential contribution of individual agricultural subsectors 
in helping Ethiopia substantially reduce poverty throughout the country. 
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Examining Whether a Sustained 6 Percent Agricultural  
Growth Rate Is Attainable

Accelerated crop production is modeled by increasing yields in order to achieve 
the ambitious yield targets identified for 2015. We do not attempt to identify 
the specific investments needed to achieve these yield targets; this is a topic 
addressed in other chapters. Our analysis merely translates yield projections 
into agricultural and national economic growth and into reductions in poverty. 
Our goal is to identify which potential sources of agricultural growth would be 
most effective in assisting Ethiopia achieve its broader development objectives. 

	Taking teff as an example, in the baseline scenario we assumed that aver-
age yields would rise from 0.76 to 1.01 tons per hectare during 2006–15 (see 
Table 8.4). In this section we model more ambitious teff yield improvements, 
with the annual yield growth rate for teff rising from its current 2.86 percent 
per year to 3.82 percent per year. This implies that national average teff yields 
will rise consistently over the next decade to reach 1.11 tons per hectare by 
2015. This national target yield was identified together with the CAADP stock-
taking team and in consultation with the Ministry of Agriculture and Rural 
Development. The yields of other crops were also increased in a similar manner 
but to differing degrees based on long-term trends and potential yields (Figure 
8.3). Production growth targets were also identified for the livestock and fisher-
ies subsectors.

	Five different scenarios were designed for this analysis (see Table 8.3). In 
Scenarios 1–3 we target specific groups of crops or agricultural subsectors, in- 
cluding cereals (Simulation 1), export-oriented crops (Simulation 2), and live-
stock (Simulation 3). For instance, in the “cereal-led growth” scenario we increase 
total factor productivity (TFP) for all cereal crops so as to achieve the crop-
specific yield target shown in Table 8.4. In the noncrop scenarios, such as 
“livestock-led growth,” we also increase TFP of the particular noncrop sector 
to achieve targeted GDP growth rates. The results of each simulation are cumu-
lative, so that Simulation 2 includes the effects of Simulation 1, Simulation 3 
includes the effects of Simulation 2, and so on. In the “all agriculture” scenario 
(Simulation 4) we include additional growth from the fisheries and forestry 
subsectors. This is equivalent to a “CAADP scenario,” because it captures all 
possible sources of additional agricultural growth. 

	In the all agriculture scenario, agricultural growth accelerates to 6 percent 
per year for 2009–15 (see Table 8.3). This is driven by a strong expansion in 
cereal production. For example, wheat production increases from about 4 mil-
lion tons in the baseline scenario to over 6 million tons in the all agriculture 
scenario (see Table 8.4). A similarly large expansion of coffee production is 
also achieved in this accelerated scenario. Thus, even though the additional 
growth required for other crops is less pronounced, the achievement of the  
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6 percent agricultural growth target remains ambitious. Livestock growth will 
also have to double, from an annual average growth rate of 2.88 percent per 
year in the baseline scenario to 6.02 percent in the all agriculture scenario. 
However, despite these challenges, the results from DREME indicate that if the 
crop yield and livestock productivity targets can be achieved by 2015, Ethiopia 
will be able to achieve and sustain the 6 percent agricultural growth target set 
forth by the CAADP. 

	Because agriculture represents more than a third of the Ethiopian econ-
omy, the acceleration of agricultural growth will increase the national GDP 
growth rate from its current 5.95 percent per year to 6.88 percent per year. 
Faster agricultural growth will also stimulate additional growth in the nonagri-
cultural sectors by raising the final demand for nonagricultural goods and by 
lowering input prices and fostering upstream processing. For instance, in the 
all agriculture scenario the GDP growth rate of agriculture processing in  
the manufacturing sector increases from 6.08 percent in the baseline scenario 
to 6.82 percent per year. Achieving the 6 percent agricultural growth target 
therefore has economywide growth linkage effects for nonagriculture.
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FIGURE 8.3  Current, expected, and targeted crop yields, 2005 and 2015

sources: Crop targets are drawn from consultations with a stocktaking team from the Comprehen-
sive Africa Agriculture Development Programme and representatives from the Ministry of Agri-
culture; final sector targets are based on results from the Dynamic Regional Economywide Model 
of Ethiopia (DREME).



Looking at Whether Agricultural Growth Reduces Poverty

The acceleration of agricultural growth to around 6 percent per year in the all 
agriculture scenario and its spillover effects into nonagriculture will cause pov-
erty to decline by a further 4.3 percentage points. This is shown in Figure 8.2, 
where the share of Ethiopia’s population under the poverty line falls to 18.36 
percent by 2015 in the all agriculture scenario compared to 22.67 percent in the 
baseline scenario. Thus, taking population growth into account, achieving  
the 6 percent growth target will lift an additional 3.7 million people above the 
poverty line by 2015. This is sufficient to almost halve the number of poor 
people in Ethiopia today (that is, reducing their numbers from 25.8 million to 
15.9 million). 

	Faster agricultural growth will benefit a majority of households. How-
ever, not all households in all agroecological zones will benefit equally from 
achieving the higher crop yields and faster subsector growth rates targeted in 
the all agriculture growth scenario. Table 8.5 shows how poverty rates change 
under the various scenarios. Poverty declines among both rural and urban 
households, although the declines are more than twice as large in rural areas. 
Moreover, there are large declines in rural poverty rates in the two zones in 
which poverty is initially highest: the humid enset region (Zone 1b) and the 
drought-prone region (Zone 2). In urban areas, households in both small and 
large urban centers benefit from faster agricultural growth. This is because 
urban households usually spend a significant share of their incomes on food 
and agricultural products. They thus benefit from faster agricultural growth 
and lower food prices. 

	The impact of agricultural growth on households’ incomes and poverty 
depends on a number of factors. One key factor is the geographic distribution 
of agricultural production. As indicated in Table 8.6, higher-value export- 
oriented crops are grown more intensively in certain zones.6 Coffee, for exam-
ple, is concentrated in the humid cereal region (Zone 1a). However, it forms a 
large share of agricultural GDP in the humid enset region (Zone 1b). Similarly, 
although cereals form a large share of agricultural GDP in the humid cereal 
region (Zone 1a), they also contribute a large share to the poorer drought-prone 
region’s agricultural GDP (that is, they have a 41.8 percent share in Zone 1a 
and a 34.1 percent share in Zone 2). Finally, livestock is a key sector in all 
regions, contributing between one-fourth and one-third to agricultural GDP in 
Zones 1a, 1b, and 2. However, it is especially important in the pastoralist region, 
where it accounts for most of agricultural GDP, with the remaining agricultural 
incomes dominated by cereals. These concentrations of particular crops and 

6.  Note that in Table 8.5 agricultural GDP excludes fisheries and forestry (that is, it includes 
only crops and livestock).
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subsectors will influence how agricultural growth driven by certain sectors 
affects household incomes in different parts of the country. 

	The sources of additional income also vary across representative house-
holds within zones. Not surprisingly, households that already depend on cereals 
tend to benefit more from cereal-led growth. However, two forces drive changes 
in production following subsector-specific yield improvements. First, increas-
ing cereal yields directly affect farm incomes because they increase the quantity 
of output that a farm produces using the same quantity of factor inputs. But 
because supply of the agricultural product increases faster than demand (unless 
incomes are rising rapidly from other sources), prices typically fall following 
yield increases. In response to these price changes, farmers may reallocate some 
of their land to other crops. Thus, it is important to note that, although we model 
cereal-led growth by increasing cereal yields, some of the gains in this scenario 
are derived from diversification into other higher-value crops facing better 
demand conditions. DREME captures both direct and indirect effects in its 
assessment of the effects of improved yields in different subsectors.

	Real income and poverty impacts are also determined by household con-
sumption demand. For example, households that spend a significant share of 
their incomes on cereals will benefit from lower prices when cereal production 
rises. Household consumption patterns are based on the 2004/05 HICES, as 
captured in EDRI’s 2005/06 SAM. The average budget shares for different 
household groups are shown in Table 8.7. Even though relatively little agri-
cultural GDP in the pastoralist region (Zone 3) is derived from cereal produc-
tion, households in this region spend 16 percent of their disposable income on 
cereals. Thus, although a national expansion of cereal production may not 
directly benefit households in the pastoralist region, it will indirectly benefit 
them through lower food prices. This is also the case for urban households, 
which derive relatively little income from agriculture directly but spend at 
least a third of their incomes on agricultural goods and processed foods. 
Together with regional production patterns, these average budget shares and 
the income elasticities in Table 8.2 will determine the impact of agricultural 
growth on poverty.

	Figure 8.4 shows the importance of taking demand constraints and relative 
price changes into account. Wheat, for example, faces domestic demand con-
straints and has weaker linkages to upstream food processing and foreign mar-
kets. Therefore, when wheat production increases substantially in the all agri-
culture scenario, its prices decline by 7 percent in real terms (or relative to the 
overall consumer price index). Milk and cattle product prices decline more 
sharply (by more than 15 percent), highlighting the crucial importance of im- 
proved marketing in these subsectors. By contrast, some agricultural subsectors, 
such as pulses and horticulture, do not experience yield improvements in the 
all agriculture scenario, so increased household incomes cause real prices for 
these crops to rise. Finally, some crops, such as coffee, may also have stronger 
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linkages to upstream processing and foreign markets, which means that their 
prices are quite stable, even in the all agriculture scenario.

Exploring the Effectiveness of Nonagricultural Growth  
in Reducing Poverty

In the “nonagriculture” scenario (Simulation 5), we accelerate productivity 
growth in only the nonagriculture-related sectors such that the same rate of total 
GDP growth (that is, 6.88 percent per year) is achieved as in the all agriculture 
scenario. This is shown in Table 8.3. Faster nonagricultural growth stimulates 
the demand for agriculture, helping raise agriculture’s GDP growth, albeit only 
slightly. Within the agricultural sector, the increase in demand for agricultural 
products is greater for cereals and livestock, which form a larger share of the 
consumption baskets of urban households and nonagricultural workers, whose 
incomes are rising as a result of faster nonagricultural growth. 

	Nonagricultural growth is also effective in reducing poverty. Given that 
the same total GDP growth rate is achieved in both the all agriculture and the 
nonagriculture scenarios, the national poverty headcount rate declines only 
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FIGURE 8.4  Changes in real market prices from the baseline under the “all 
agriculture” scenario, 2005–15 

source: Results from the Dynamic Regional Economywide Model of Ethiopia (DREME).
note: These are real price changes for selected products relative to the prices achieved under the 
baseline scenario (adjusted for changes in the overall consumer price index). They therefore show 
how additional production places downward pressure on some commodities’ prices, but rising 
incomes and demand allow some commodities’ prices to rise when growth is accelerated.
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slightly less when growth is nonagriculture led (see Figure 8.2). Although the 
production linkages mentioned earlier are one reason for nonagriculture’s pov-
erty effect, another reason is that the marketing and demand constraints facing 
rapid increases in agricultural production are partially relieved by faster income 
growth outside of agriculture. 

	In summary, DREME results indicate that the CAADP agricultural growth 
target of 6 percent is ambitious. It will require substantial improvements in crop 
yields and livestock productivity over a relatively short period of time (that is, 
seven years). If these crop- and subsector-level targets can be achieved, the 
resulting broader-based agricultural growth is likely to benefit households in 
both rural and urban areas. However, the higher growth potential of certain 
export crops and better market conditions in certain parts of the country may 
cause uneven income growth and poverty reduction. The livestock subsectors 
also contribute to agricultural growth and poverty reduction throughout the 
country. Finally, accelerating nonagricultural growth can take advantage of pro-
duction linkages while also reducing some of the demand constraints on agricul-
tural growth. An agriculture-led growth strategy therefore needs to be supported 
by growth in other sectors if it is to be sustainable and achieve the greatest pos-
sible poverty reduction. 

Comparing Subsector Growth in Terms of Growth  
and Poverty Reduction

The previous section highlighted the potential contributions of different crops 
and subsectors in increasing agricultural growth and poverty reduction. How-
ever, the different sizes of these subsectors make it difficult to compare the 
effectiveness of sector growth in reducing poverty. Understanding how growth–
poverty linkages vary at the subsector and household levels is important in 
designing pro-poor growth strategies in different parts of the country. In this 
section, we calculate poverty–growth elasticities that allow us to compare the 
“pro-poorness” of growth in alternative subsectors. These elasticities are endog-
enous outcomes from the model results. Growth affects individual households 
differently due to heterogeneity across household groups. The previous analysis 
has shown how, with differences in household and farm characteristics, changes 
in income and consumption across households can differ considerably from 
average changes at the national level. Thus, to capture growth–poverty link-
ages, changes in the distribution of incomes, which are primarily determined 
by a country’s initial conditions, need to be understood. In the previous section, 
we saw how households in certain regions have better opportunities to produce 
export-oriented crops and are thus better positioned to benefit from export crop–
led agricultural growth. However, export crop–producing households are typi-
cally less poor than other rural households. Thus, agricultural growth driven by 
export crops may have less of an impact on poverty, especially among the poor-
est households. By contrast, the cereals sector tends to be a more important 
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source of agricultural incomes for poorer households. Thus, growth in cereals 
may be more effective in reducing poverty than is similar growth in export crops. 

	“Poverty–growth elasticities” measure the responsiveness of the poverty 
rate to changes in per capita agricultural GDP growth. More specifically, elas-
ticity measures the percentage change in the poverty rate caused by a 1 percent 
increase in agricultural GDP per capita. Table 8.8 shows the calculated poverty–
growth elasticities in the different growth scenarios. The results indicate that 
agricultural growth driven by cereals is particularly effective in reducing pov-
erty in the drier regions (Zones 2 and 3), where households are generally poorer 
and depend more heavily on incomes from cereal production. Poverty in the 
pastoralist region (Zone 3) is also greatly affected by cereal-led growth due to 
the importance of these crops in poorer households’ consumption baskets (see 
Table 8.7). For a similar reason, cereal-led growth is also effective in reducing 
poverty in smaller urban centers, where households are poorer than in larger 
centers and thus spend a larger share of their incomes on purchasing cereals and 
milled grains. 

	In contrast, expanding export crops is most effective in reducing poverty 
in the humid enset region (Zone 1b) and among households in larger urban 
centers, who are better endowed with capital and the other assets needed to 
produce export crops. Finally, livestock production is especially effective in 
reducing poverty in urban areas and among rural households in the pastoralist 
region (Zone 3). Urban consumers spend a larger share of their incomes on meat 
and dairy products and so benefit more when production in this sector expands 

TABLE 8.8  Poverty–growth elasticities from the model scenarios: Percentage change 
in the poverty headcount rate from a 1 percent increase in national agricultural GDP, 
by rural–urban place of residence and sector, 2009–15 

Rural zone (zone number),  
urban center	 Cereal-led	 Export crops–led	 Livestock-led

National	 –1.17	 –1.08	 –0.36
Rural zone	 –1.27	 –1.13	 –0.35
  Humid cereals (1a)	 –1.16	 –1.03	 –0.12
  Humid enset (1b)	 –1.06	 –1.44	 –0.46
  Drought-prone (2)	 –1.48	 –1.06	 –0.42
  Pastoralist (3)	 –1.94	 –0.93	 –1.50
Small urban centers	 –0.62	 –0.65	 –0.42
Large urban centers	 –0.50	 –0.92	 –0.50

source: Results from the Dynamic Regional Economywide Model of Ethiopia (DREME).

notes: The poverty headcount is the percentage of the population living below the poverty line. We 
assign the poverty line so that 40 percent of the population is classified as poor (that is, in the bottom 
two expenditure quintiles). GDP = gross national product.

Sector
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(see Table 8.7). Overall, however, it is the cereals sector that is most effective 
in reducing national poverty, because a larger share of poor households depend 
on cereals for their incomes and because more poor consumers (in rural and 
urban areas) spend a greater share of their income on cereals and milled grains.

	The previous section concluded that to increase agricultural growth and 
reach the 6 percent growth target, it will be necessary to encourage growth in 
a number of agricultural subsectors. The poverty–growth elasticities suggest 
that cereals should be afforded a high priority in any strategy aimed at substan-
tially reducing poverty. Moreover, cereals already form a large part of the agri-
cultural sector and have high enough growth potential to substantially raise 
agricultural and national GDP. Cereals are therefore a priority sector for increas-
ing investments.

Conclusions

A new economywide modeling framework was developed and used to examine 
the contribution of accelerating growth in alternative agricultural crops and 
subsectors and to assess how Ethiopia can achieve the CAADP target of 6 
percent agricultural growth. The impact of agricultural growth at the macro- 
and microeconomic levels, as well as its effect on poverty, was estimated. The 
four major conclusions of this chapter are summarized here.

Six Percent Agricultural Growth Is Ambitious but Not Unattainable

The CGE model results indicated that if Ethiopia can meet its targets for crop 
yields and livestock productivity, it should be able to reach and sustain the 6 
percent agricultural growth target during 2006–15. Even though these yield 
targets are below the maximum potential yields identified by agricultural field 
trials, they are still ambitious given the short time frame of the CAADP initia-
tive (that is, seven years). However, agricultural growth of 6 percent per year 
would increase overall GDP growth by 1 percentage point per year. This higher 
growth rate would reduce national poverty to 18.36 percent by 2015, which is 
lower than the 22.67 percent poverty rate that would have been achieved with-
out additional agricultural growth. This means that the higher rate of growth in 
the accelerated agricultural growth scenario would lift an additional 3.7 million 
people above the poverty line by 2015. 

Not Everyone Will Benefit Equally in the CAADP Growth Scenario

Most households are expected to benefit from faster agricultural growth. How-
ever, some agroecological zones that grow higher-value cereals and export-
oriented crops and are better situated with regard to larger urban markets (for 
example, the rain-sufficient highlands) stand to gain more than other parts of 
the country. Furthermore, poverty among households in some zones will remain 
high, despite faster agricultural growth. Finally, both rural and urban house-
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holds benefit from faster agricultural growth, although rural households benefit 
more. This is because agricultural incomes are most important for rural house-
holds, but food commodities are an important part of the consumption baskets 
of both urban and rural households. 

The Composition of Agricultural Growth Matters

Comparing the effectiveness of growth driven by different subsectors in reduc-
ing poverty and encouraging broader-based growth, we find that additional 
growth driven by cereals has a greater impact on poverty reduction, especially 
in rural areas. This is because these crops already demonstrate strong growth 
and so can contribute substantially to achieving broad-based agricultural 
growth. Yield improvements in these crops not only benefit households directly, 
by increasing incomes from agricultural production, but also allow farmers to 
diversify their land allocation toward other higher-value crops. Cereals are also 
effective in raising rural real incomes and reducing poverty, especially among 
the poorest households. Thus, high priority should be afforded to improving 
cereal yields and opening market opportunities for upstream processing to reduce 
demand constraints. 

Nonagricultural Growth Is Also Effective in Reducing Poverty

Finally, although our analysis focused on agriculture, we also considered the 
effectiveness of nonagricultural growth in driving poverty reduction and econo-
mywide growth. We found that nonagriculture has a crucial role to play in 
helping overcome the demand constraints that hinder agricultural development. 
Therefore, even though Ethiopia’s development strategy is centered on agricul-
ture, high nonagricultural growth (in excess of the usual growth linkage effects 
emanating from agricultural growth) is required to boost demand for agri- 
cultural products if an agriculture-led strategy is to be both successful and 
sustainable. 

Appendix: Specification of the CGE and Microsimulation Model

DREME is the name of the CGE model that was developed to assess sector-
specific growth options and their poverty impacts (see Table 8A.1 at the end of 
this appendix for the model sets, parameters, and variables and Table 8A.2 for 
the model equations). The model is calibrated to EDRI’s 2005/06 SAM, which 
provides information on demand and production for 69 detailed sectors (see 
Table 8.1).7 The model further disaggregates agricultural activities across agro- 
ecological regions using data from the 2005 agricultural sample survey. Based 
on the SAM, the production technologies across all sectors are calibrated to 

7.  The model is a variant of the basic neoclassical CGE model developed by Dervis, de Melo, 
and Robinson (1982) and Lofgren, Harris, and Robinson (2001).
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their current situation, including each sector’s use of primary inputs, such as 
land, labor, and capital, as well as intermediate inputs. To capture existing dif-
ferences in labor markets, the model classifies employed labor into different 
subcategories, including skilled, semiskilled, and unskilled workers, based on 
occupational categories. Information on employment and wages by sector and 
region is taken from the 2004/05 HICES (Ethiopia, CSA 2007). 

Most workers in the model can migrate between regions and sectors. These 
workers are disaggregated according to occupational categories (that is, admin-
istrators; professional, skilled, and unskilled workers). Agricultural family 
labor is region specific but mobile across agricultural subsectors. Both agricul-
tural and nonagricultural capital investments move freely across regions and 
within the broad nonagriculture sector. Capital is accumulated through invest-
ment financed by domestic savings and foreign inflows. Increased capital is 
allocated across sectors and regions according to their relative profitability. 
Once invested, capital becomes sector specific and can be adjusted only through 
exogenously determined depreciation and the attraction of new investments. 
Incomes from employment accrue to households according to employment and 
wage data from the HICES. This detailed specification of production and factor 
markets in the model allows it to capture the changing scale and technology of 
production across sectors and subnational regions and therefore how changes 
in the economic structure of growth influence its distribution of incomes.

The growth–poverty relationship is examined by combining DREME with 
a microsimulation model. An important factor determining the contribution of 
agriculture to overall economic growth is its linkages with the rest of the econ-
omy. Agriculture’s proponents argue that agriculture has strong growth link-
ages. The model captures production linkages by explicitly defining a set of 
nested constant elasticity of substitution (CES) production functions that allows 
producers to generate demand for both factors and intermediates. DREME also 
captures forward and backward production linkages between sectors. Import 
competition and export opportunities are modeled by allowing producers and 
consumers to shift between domestic and foreign markets depending on changes 
in the relative prices of imports, exports, and domestic goods. More specifi-
cally, the decision of producers to supply domestic or foreign markets is gov-
erned by a constant elasticity of transformation function, while there are pos-
sibilities for substitution between imports and domestically supplied goods 
under a CES Armington specification. In this way the model captures how 
import competition and the changing export opportunities of agriculture and 
industry can strengthen or weaken the linkages between growth and poverty.

Incomes from production, trade, and employment accrue to different 
households according to employment and wage data from the HICES. As in the 
case of production, households are defined at the regional level and, within each 
region, by rural and urban areas and by poor and nonpoor categories. Poverty 
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is defined as being in the bottom two quintiles of per capita expenditure. Income 
and expenditure patterns vary considerably across these household groups. 
These differences are important for distributional change because incomes gen-
erated by agricultural growth accrue to different households depending on their 
location and factor endowments. Each representative household in the model 
is an aggregation of a group of households in the HICES. Households in the 
model receive income through the employment of their factors in both agricul-
tural and nonagricultural production; they then pay taxes, save, and make trans-
fers to other households. The disposable income of a representative household 
is allocated to commodity consumption derived from a Stone–Geary utility 
function (that is, a linear expenditure system of demand). In order to retain as 
much information on households’ income and expenditure patterns as possible, 
DREME is linked to a microsimulation module based on the HICES. Endog-
enous changes in commodity consumption for each aggregate household in the 
CGE model are used to adjust the level of commodity expenditure of the cor-
responding households in the survey. Real consumption levels are then re- 
calculated in the survey, and standard poverty measures are estimated using this 
updated expenditure measure. 

DREME makes a number of assumptions about how the economy main-
tains macroeconomic balance. These “closure rules” concern the foreign or 
current account, the government or public-sector account, and the savings–
investment account. For the current account, a flexible exchange rate maintains 
a fixed level of foreign savings. This assumption implies that the country cannot 
simply increase its foreign debt but has to generate export earnings in order to 
pay for imported goods and services. While this assumption realistically limits 
the degree of import competition in the domestic market, it also underlines the 
importance of the agricultural and industrial export sectors. For the government 
account, tax rates and real consumption expenditure are exogenously deter-
mined, leaving the fiscal deficit to adjust to ensure that public expenditures 
equal receipts. For the savings–investment account, real investment adjusts to 
changes in savings (that is, savings-driven investment). These two assumptions 
allow the models to capture the effects of growth on the level of public invest-
ment and the crowding-out effect from changes in government revenues.

Finally, DREME is recursive dynamic, which means that some exogenous 
stock variables in the model are updated each period based on intertemporal 
behavior and results from previous periods. The model is run over the period 
2005–15, with each equilibrium period representing a single year. It also exog-
enously captures demographic and technological change, including changes in 
population, labor supply, human capital, and factor-specific productivity. Capi-
tal accumulation occurs through endogenous linkages with previous-period 
investment. Although the allocation of newly invested capital is influenced by 
each sector’s initial share of gross operating surplus, the final allocation depends 
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on depreciation and sector profit rate differentials. Sectors with above-average 
returns in the previous period receive a larger share of the new capital stock in 
the current period. 

In summary, DREME incorporates distributional change by (1) disaggre-
gating growth across subnational regions and sectors, (2) capturing income 
effects through factor markets and price effects through commodity markets, 
and (3) translating these two effects for each household in the HICES according 
to its unique factor endowment and income and expenditure patterns. The struc-
ture of the growth–poverty relationship is therefore defined explicitly ex ante 
based on observed country-specific structures and behavior. This allows the 
model to capture the poverty and distributional changes associated with agri-
cultural growth.

For the simulations of agricultural productivity gains presented in this 
chapter, total factor productivity growth in specified crop, livestock, or indus-
trial sectors is exogenously increased according to the structure of each particu-
lar simulation. The productivity shock simulations are cumulative, with each 
successive simulation including the productivity shocks from the earlier simu-
lations. Thus, for example, the export crop scenario (Simulation 2) includes the 
productivity gains from the cereals scenario (Simulation 1) plus additional pro-
ductivity gains for export crops. Similarly, the livestock scenario (Simulation 
3) includes the productivity gains for both cereals and export crops (Simula-
tion 2) plus additional productivity gains in the livestock sector. As noted in 
footnote 4, all simulations use the same productivity growth rates for all sectors 
from 2005 to 2008. The productivity shocks differ across simulations only from 
2009 onward.
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TABLE 8A.2  Computable general equilibrium model equations

Production and price equations	

QINTca = icaca ⋅ QINTAa		  (1)

PINTAa = Σ PQc ⋅ icaca	 	 (2)
	 c ∈C

	 1

QVAa = αva
a ⋅ (Σδva

fa ⋅ (αfa
vaf ⋅ QFfa)-ρva

a )- ––––
	 (3)

	 f ∈F	

ρva
a

Wf  ⋅ WFDISTfa = PVAa ⋅ QVAa ⋅ (Σδva
fa ⋅ (αfa

vaf ⋅ QFfa)- ρva
a )-1

⋅ δva
fa ⋅ (αfa

vaf ⋅ QFfa)- ρva
a -1	 (4)

	 	 f ∈F ′	

		  1

QFfa = αfa
van ⋅ (Σδvan ⋅ QFf ′a

-ρ
fa
van)- –––– 

			   (5)
	 f ′ ∈F	

f f ′a	
ρ

fa
van

	

Wf ′ ⋅ WFDISTf ′a = Wf ⋅ WFDISTfa ⋅ QFfa ⋅ ( Σδvan ⋅ QFf ″a
- ρ

fa
van)-1

⋅ δvan ⋅ QFf ′a
- ρ

fa
van -1	 (6)

	 f ″ ∈F	
f f ″a	 ff ′a

QVAa = ivaa ⋅ QAa		  (7)

QINTAa = intaa ⋅ QAa		  (8)

PAa ⋅ (1 – taa) ⋅ QAa = PVAa ⋅ QVAa + PINTAa ⋅ QINTAa	 (9)

QXACac = θac ⋅ QAa		  (10)

PAa = ΣPXACac ⋅ θac		  (11)
	 	 c ∈C

	 1

QXc = aac
c  ⋅ (Σδac

ac ⋅ QXACac
- ρ

c
ac)- –––– 

		  (12)

	 a  ∈A	
	

ρ
c
ac– 1

	

PXACac = PXc ⋅ QXc (Σδac
ac ⋅ QXAC

ac 
– ρ

c
ac)-1

⋅ δac
ac ⋅ QXAC

ac 
– ρ

c
ac – 1	 (13)

	 a  ∈A′

PEcr = pwecr ⋅ EXR − Σ PQc ⋅ icec′c		  (14)

	 	 c′ ∈CT

	 1

QXc = a t
c ⋅ (Σδt

cr ⋅ QE
cr 
ρ

c
t  + (1 −Σδt

cr) ⋅ QD
c 
ρ

c
t)––––

	 (15)
	 r	 r	

ρ
c
t

		
(continued)



TABLE 8A.2  Continued

	 1
	 1 − Σδ t

cr	QEcr	 PEcr	 r——— = (——— ⋅ —————)––––

	QDc	 PDSc	 δ t
c	

ρ
c
t – 1

	

(16)

QXc = QDc + ΣQEcr		  (17)
	 r

PXc ⋅ QXc = PDSc ⋅ QDc + ΣPEcr ⋅ QEcr		  (18)
	 r

PDDc = PDSc + ΣPQc′ ⋅ icdc′c		  (19)
	 c′ ∈CT

PMcr = pwmcr ⋅ (1 + tmcr) ⋅ EXR + ΣPQc′ ⋅ icmc′c	 (20)
	 c′ ∈CT

	 1

QQc = aq
c ⋅ (Σδq

cr ⋅ QM cr
- ρ

c
q
 + (1 −Σδq

cr) ⋅ QDc
- ρ

c
q)- ––––

	 (21)

	
r	 r

	

ρ
c
q

	 1	
	QMcr	 PDDc	 δq

c—— = (——— ⋅ ————)  –—–––

	QDc	 PMc	 1 − Σδq
cr	

1 +
 
ρ

c
q

	 r	

(22)

QQc = QDc + ΣQMcr		  (23)
	 r

PQc ⋅ (1 − tqc) ⋅ QQc = PDDc ⋅ QDc + ΣPMcr ⋅ QMcr	 (24)
	 r

QTc = Σ (icmcc′ ⋅ QMc′ + icecc′ ⋅ QEc′ + icdcc′ ⋅ QDc′)	 (25)
	 c′ ∈C ′

CPI = Σ PQc ⋅ cwtsc		  (26)
	 c ∈C

DPI = Σ PDSc ⋅ dwtsc		  (27)
	 c ∈C

Institutional incomes and domestic demand equations
	

YFf  = ΣWFf  ⋅ WFDISTfa ⋅ QFfa	 (28)
	 a ∈A



TABLE 8A.2  Continued

YIFif  = shifif  ⋅ [YFf  − trnsf rrow f  ⋅ EXR]	 (29)

YIi = ΣYIFif  +     Σ  TRIIii′ + trnsf ri gov ⋅ CPI + trnsf ri row ⋅ EXR	 (30)
	 f ∈F	 i′ ∈INSDNG′

TRIIii′ = shiiii′ ⋅ (1 − MPSi′) ⋅ (1 − tinsi′) ⋅ YIi′	 (31)

EHh = (1 −     Σ  shiiih) ⋅ (1 − MPSh) ⋅ (1 − tinsh) ⋅ YIh	 (32)
	 i ∈INSDNG

PQc ⋅ QHch = PQc ⋅ γ m
ch + βm

ch ⋅ (EHh − ΣPQc′ ⋅ γ m
c′h )	 (33)

	 c′ ∈C

QINVc =  IADJ ⋅ qinvc	 (34)

QGc =  GADJ ⋅ qgc	 (35)

EG = ΣPQc ⋅ QGc +     Σ  trnsf ri gov ⋅ CPI 	 (36)
	 c ∈C	 i ∈INSDNG

System constraints and macroeconomic closures
	

YG =     Σ   tinsi ⋅ YIi +   Σ  tmc ⋅ pwmc ⋅ QMc ⋅ EXR + Σ tqc ⋅ PQc ⋅ QQc	 (37)
	 i ∈INSDNG	 c ∈CMNR	 c ∈C

	 + ΣYFgov f + trnsf rgov row ⋅ EXR 
	 f ∈F

QQc = ΣQINTca + ΣQHch + QGc + QINVc + qdstc + QTc 	 (38)
	 a ∈A	 h ∈H

 ΣQFfa = QFSf	 (39)
a ∈A

YG = EG + GSAV	 (40)

  Σ  pwmcr ⋅ QMcr + Σ trnsf rrow f  =    Σ  pwecr ⋅ QEcr +   Σ  trnsf ri row + FSAV	 (41)
rc ∈CMNR	 f ∈F	 rc ∈CENR	 i ∈INSD

  Σ  MPSi ⋅ (1 − tinsi) ⋅ YIi + GSAV + EXR ⋅ FSAV  = ΣPQc ⋅ QINVc + ΣPQc ⋅ qdstc	 (42)
i ∈INSDNG 	 c ∈C	 c ∈C	

MPSi = mpsi ⋅ (1 + MPSADJ ) 	 (43)

(continued)



254    Paul Dorosh and James Thurlow

TABLE 8A.2  Continued

Capital accumulation and allocation equations

	 QFfat
AWFa

ft = Σ[(————) ⋅ WFft ⋅ WFDISTfat]	 (44)	 ΣQFfa′t
	

a

	 a′	

	 QFfat	 WFf,t ⋅ WFDISTfatηa
fat = (————) ⋅ (βa ⋅ (——————— −1) + 1)	 (45)

	 ΣQFfa′t	 AWFa
ft

	
a′	

	 ΣPQct ⋅ QINVct
	 c∆Ka

fat = ηa
fat ⋅ (———————)	 PKft	

(46)

	 QINVctPKft = ΣPQct ⋅ ————
	 ΣQINVc′t	

(47)

	

c

	 c′
	

	 ∆Ka
fat

QFfat + 1 = QFfat ⋅ (1 + ——— − υf)			   (48)	 QFfat
	

	 Σ∆Kfat
	 aQFSft + 1 = QFSft ⋅ (1 + ———— − υf)	 QFSft	

(49)
	

source: Authors, based on the structure of the Dynamic Regional Economywide Model of Ethiopia (DREME).
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