5.4. Producer Benefits by Agricultural Commodity

The impact of alternative growth options at the commodity level is evaluated using IFPRI’s DREAM
model. Such analysis can help set priorities for commodity-level R & D investment. The baseline in the
DREAM model is the same as the multimarket model’s business-as-usual scenario discussed above.
Specifically, we focus on 15 crops including major staple crops (cereals, root crops, pulses, and oilseeds),
2 tree crops (bananas and coffee), and 2 major traditional export crops (cocoa and cotton) for the analysis.
The actual productivity shocks are the same as those used in the EMM model and defined in chapter 4.

The first scenario simulates the overall benefits to producers adopting technology to overcome
biotic constraints. Results are shown in Figure 17a. The producer gains in rice and cassava production are
the highest, both reaching more than $1.3 billion. Cereal crops such as maize, millet, and sorghum; root
crops like yams; and oil crops like groundnuts would also generate gains to farmers in this scenario,
reaching $594 million to $1.2 billion for each of these crops in the West African region as a whole. There
are also gains to be had from export crops (such as cotton and cocoa), though these are smaller than the
gains from many staple crops.

Total producer benefits at the country or commodity level depend on the size of the country and
the size of the sector in each country’s agricultural economy. To make investments in each sector
comparable in terms of their return, we must normalize gains using a commonly measured denominator.
Here we choose crop area as a denominator and report producer benefits per hectare in Figure 17b.
Producer gains from rice growth are the highest gains among all crops for the region, ranging from
$130/hectare in the central region to $400/hectare in the Sahelian region. In fact, such gains are extremely
high in some countries, (e.g., $1,470/hectare in Mauritania and $1,040/hectare in Cameroon), implicating
that there is a relatively large yield loss due to environmental constraints under the current situation. The
next top gainer at the per-hectare level is yams, reaching $342/hectare in the coastal region and
$291/hectare in the central region. It is important to note that such gains are measured in terms of current
prices. Increases in rice production might encounter domestic market constraints if there are no additional
export opportunities. Producer prices may be lowered with such market constraints, which would reduce
the gains from such technological improvements.

Figure 17. Cumulative producer benefits in growth scenario 1: yield-loss recovery, 2006-2015
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b. Per hectare (US$/hectare)

O Sahelian H Coastal B Central

900
800 | g -
700+ @------------®&------®@------~—- -
600 + B - --------- - -
500 +pH - - - - 1 S -
400 +FF - --------- e S - -
300 Fmwr - - = - - - -
200+ -M---B-IFEHE--- o -

w-=H W=
0 : g ‘ A g%

uUss -

Source: Dynamic Research Evaluation for Management model results.

The second growth scenario focuses on potential yield gaps identified at a geographical pixel
level in West Africa. We assume that the agroclimatically attainable yield potential will eventually be
realized in those domains with better agroclimatic conditions for growing such crops. Figure 18a presents
the total producer benefits from such a growth option. The total benefits to West African farmers in this
scenario are far greater than those from yield-loss recovery. For West Africa as a whole, catching up to
the rice yield potential generates the greatest gains to farmers, totaling $6.8 billion during the next 10
years (2006-2015).

While the three subregions all gain, the coastal subregion gains the most at $5.3 billion. Rice,
cassava, groundnut, maize, sorghum, and yams generate $2.2 to $6.8 billion of producer gains. Three
export crops—cocoa, cotton, and bananas—each generate more than $1.5 billion of producer gains.

At the per-hectare level (see Figure 18b), gains from each crop vary across the three subregions.
In the Sahel, per-hectare gains are the highest for rice ($1.6 thousand/hectare), followed by cassava and
yams ($890/hectare and $846/hectare), while in the coastal region, the gains from sweet rice and
groundnut growth are the highest, $1.4 thousand/hectare and $611/hectare, respectively. For the central
region, per-hectare gains are the highest for root crops and export crops, ranging from $1.7 thousand for
yams to $981/hectare for cotton. The size of the gains at the per-hectare level depends on the captured
yield gap and the current price levels. Obviously, differences in market opportunities can significantly
affect such projections. In the next section, such market opportunities are further assessed.

Given the size of the region, spatial scales (national, zonal, and regional) are important for
evaluating priority crops. To get a regional perspective, we aggregate the subregional results into the
aggregated West African region. In addition, we put the two growth scenarios together for an overall
picture. Figure 19 shows relative producer benefits normalized by base year value of production (see
Figure 19a) and producer benefits per hectare (see Figure 19b) for West Africa as a whole. While these
two figures show different priorities among the 13 crops, there is some consensus between them as rice,
groundnut, and cotton rank high in both figures. From a regional standpoint, technology investment in
these three crops deserves to be a priority.
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Figure 18. Cumulative producer benefits in growth scenario 2: catching up to yield potential, 2006—

2015
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Source: Dynamic Research Evaluation for Management model results.
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Figure 19. Producer benefits under scenarios 1 and 2 for West Africa
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Our subsector analysis strongly indicates that West African countries sharing similar agro-
ecological conditions could greatly benefit by pooling resources to find common technological solutions.
Also, while priority crops vary from country to country and from zone to zone, rice can be thought of as a
regional strategic commodity as it seems to have the highest producer benefits across the board. To a
lesser extent, groundnuts, coffee, and cotton could also become regional priorities for the coastal and
central regions."*

' As pointed out by a reviewer, the evaluation of each activity should bring into consideration the relative costs to farmers
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6. CONCLUSIONS AND POLICY IMPLICATIONS

The primary purpose of this report is to identify a set of alternative development priorities that tap into the
potential for agricultural productivity growth in crop and livestock production and that cut across West
and Central Africa to achieve economy-wide growth goals in the region. To identify these priorities, we
adopt a modeling and analytical framework that involves the integration of various economic and
statistical tools, which results in a number of unique advantages. First, our approach is spatial and
differentiates areas that are similar with respect to different agro-ecological and market conditions within
West Africa. This allows us to properly identify yield gaps, which determine growth potential of different
agricultural activities for areas with similar conditions. This approach then provides an increased level of
confidence in the elaboration of strategies or policies that may be developed to close or reduce these yield
gaps. Second, our approach maintains an economy-wide and dynamic perspective through the use of a
multimarket model complemented by a single-commodity, multiple-region partial equilibrium model.
These models incorporate information about yield gaps defined in the spatial analysis together with
information about agriculture and nonagriculture production, consumption, prices, and trade to simulate
ex ante the economic effects of closing these yield gaps. Model simulations allow us to estimate the
contributions to overall economic growth of different agricultural activities and the benefits they bring
about for producers.

The results that emerge from this integrated spatial and economy-wide approach point to a rank
of production activities at the country and regional levels that must be prioritized to stimulate productivity
growth and achieve overall growth and poverty reduction goals in West Africa. These results indicate that
the greatest agriculture-led growth opportunities in West Africa reside in staple crops (cereals as well as
roots and tubers) and livestock production. The impact of these activities is explained mainly by their
relatively large share in total agricultural production, their large growth potential as suggested by the
analysis of yield gaps in particular for staple crops, and a large and growing demand for these
commodities within the region.

The contribution of different staple crops and livestock production to agricultural growth and to
the income of agriculture producers varies across countries and major zones due to different agro-
ecological, physical, and socioeconomic conditions. Despite these variations, rice appears to be the
commodity with the highest potential for growth and subsequently the one that could generate the greatest
producer benefits for many countries. Livestock production is the activity contributing the most to total
agricultural growth in the Sahel. This is primarily because of the sheer size of this sector in the economies
of most Sahelian countries, the comparative advantage of the Sahel for livestock production in West
Africa, and the fact that demand for livestock products tends to grow at proportionately greater rates as
incomes rises. Countries in this region can also benefit from high growth in agriculture if the yield gap in
production of rice, coarse grains, and groundnuts is reduced in the next 10 years.

In the coastal countries, the subsectors with a significant contribution to total growth are much
more varied than those in the Sahel. Despite this diversity, the contribution to total growth from staple
crops like cassava, yams, and cereals seems to be relatively more important than that of other subsectors.
In the case of Central Africa, livestock and root crops are the most important sources of growth in the
region. Traditional export crops, such as cotton and cocoa, could have a significant contribution to growth
in their major exporting countries (cotton in Mali and cocoa in Ivory Coast and Ghana), while
nontraditional exports and other high-value crops seem to be an important growth source in some coastal
countries.

Our results also point toward an essential range of policies and investments that are needed to
stimulate productivity growth of prioritized activities. These include the following: development of

of adopting the different technologies since the costs associated with the different strategies are not necessarily the same. As we
are evaluating here technologies that are already being generated but not yet adopted, we are assuming that the cost of adopting
these technologies is similar for the different crops and livestock activities.
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APPENDICES

Appendix A. Development Domains

Using available information on agro-ecological conditions, population, and distance to markets, we define
unique “development domains™ as geographic areas that are similarly endowed in these three attributes.
Figure A.1 illustrates the resulting development domains for West Africa based on the intersection of
agricultural potential, population density, and market access. Three levels for each of these three factors
(high, medium, and low) are combined and result—in the case of West Africa—in 27 domains. Domains
are classified by their high or low status in the sequence as shown in Figure A.1."> Domains straddle
national and subnational boundaries, delimiting areas where development conditions and potential for a
particular crop are similar.

Length of growing period is used as a basis for classifying areas by high, medium, and low
agricultural potential. The availability of water—be it from rainfall, local groundwater or surface water
use, or formal irrigation schemes—is generally the most binding of constraints and determines the most
prominent agro-ecological zones in West Africa: humid, semihumid, semiarid, and arid zones. Humid and
semihumid zones are defined as the regions with high agricultural potential, while medium and low
potential regions correspond to semiarid and arid zones, respectively. In general, humidity in the region
increases from north to south, and this can be seen in the map in Figure A.1 as three broad west-east
swathes corresponding to arid, semiarid, and semihumid/humid zones, captured, respectively, as groups
of domains with low, medium, and high agricultural potential. While zones of medium and high
agricultural potential are suitable for agriculture growth, zones of low agricultural potential (mostly the
arid zone of the Sahel) have very limited rainfall and little vegetation coverage and are hence used
primarily for livestock herding.

West Africa’s sizable humid and subhumid agroclimatic zones are found mainly within the
coastal and central regions where forest-based farming systems and tree crop farming systems are
prevalent. The coastal region concentrates 41 percent of total West African production compared to only
9 and 8 percent in the Sahel and central regions, respectively. West Africa’s most common tree crops
(cocoa and coffee) are predominant here. Fruits and vegetables, root crops including yams and cassava,
and mixed farming systems, including crop-livestock and cereal-root crop systems, are also very
common. The semiarid agroclimatic zone is predominantly found in the Sahel as well as the central
subregions of West Africa. This zone has a limited growing season, but its environment is more
conducive to agriculture. Here, traditional coarse grains and cereals, crop-livestock systems, and cereal—
root crop systems dominate.

High population density 16 in West Africa follows strict patterns, represented as —/high/—
domains in Figure A.1. The most densely populated areas are found primarily in the coastal areas (0.73
people per hectare of total area), along the Niger River, and in the Great Lakes region on the eastern
Democratic Republic of the Congo border. Population densities tend to be quite low in much of the
Sahelian region, as well as in the forested areas of Central Africa (0.36 and 0.15 people per hectare of
total area in the Sahel and central regions, respectively).

To define access to markets in different regions, this study focuses on a simplified set of criteria
that reflect the physical accessibility (expressed in terms of expected travel times) to a range of markets
(identified as towns/cities of different sizes for domestic markets, and major ports for export markets)."”

' For instance, “high/high/high” denotes high agricultural potential, high market access, and high population density. When
referring to all domains with high agricultural potential we will use the following notation: high/—/—. Similarly for all domains
with low population density or medium market access we will use —/low/— and —/—/medium, respectively.

16 Population densities are assumed to be high at densities of 100 per square kilometer or greater, medium at 20 to 100, and
low at less than 20.

'7 Markets within four hours’ travel of major seaports or large cities of 500,000 or more inhabitants (for international trade
routes), within two hours of towns of 100,000 or more, or within one hour of towns of 10,000 or more are considered high-access
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Although several distinct types of markets may be identified, here we characterize access based on travel
time to a variety of locations with different economic implications. In general, the Sahelian and Central
African countries have the largest areas of low access while the West African coastal countries have the
broadest high-access conditions. Still, no area is predominantly or uniformly characterized by high access.

The importance of the different domains by country is shown in Tables A.1 through A.4. The
largest individual domain is the one with low agricultural potential, low population density, and low
markets access, 37 percent of West Africa’s land area. Areas with high agricultural potential and high
market access account for only 2 percent of the land area but include more than 8 percent of cropland and
almost 20 percent of the rural population. Enormous portions of the region are economically
underutilized. The low-access, low-density areas of the Sahelian and Central African forest areas together
account for almost 60 percent of the total area. Even if these areas are fundamentally more limited,
exploring sustainable or nonextractive uses of these resources should be a part of a regional development
strategy.

Figure A.1. Development domains for West and Central Africa

Source: Authors’ calculations.
Note: Med = medium.

areas. Areas of medium access are those within six hours of large cities, within four hours of large towns, or within two hours of
smaller towns. Other locations are considered low—access areas.
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Table A.1. Land area shares by country and development domain

Burkina Came- Guinea- Ivory Mauri- Sierra WCA
Domain Benin Faso  roon CAR Chad Congo Gabon Gambia Ghana Guinea Bissau Coast Liberia Mali ttania  Niger Nigeria Senegal Leone  Togo  Zaire  Total
High/High/High 3% 1% 5% 7% 3% 1% 1%
High/High/Med 3% 1% 4% 2% 6% 1% 1% 1% 1%
High/High/Low 3% 2% 1%
High Med/High 2% 3% 1% 5% 5% 10% 5% 20% 10% 1% 1%
High/Med/Med 4% 2% 17% 6% 21% 2% 9% 2%  19% 5% 3%
High/Med/Low 3% 1% 1% 13% 1% 5% 2% 3% 5% 4% 2%
High/Low/High 1% 8% 2% 4% 3% 10% 5%  18% 1% 8% 3% 2%
High/Low/Med 2% 33%  14% 8% 10% 9%  20% 22%  35% 2% 42% 4% 13% 7%
High/Low/Low 1% 32%  46% 86% 87% 11% 1% 15%  37% 3% 4% 64% 22%
Med/High/High 1% 1% 2% 2% 3%
Med/High/Med 1% 2% 3%
Med/High/Low
Med/Med/High 1% 2% 18% 1% 2% 1% 3%
Med/Med/Med 5% 3% 3% 1% 8% 1% 9% 1% 1% 11% 2% 14% 2%
Med/Med/Low 2% 1% 5% 5% 3% 1%
Med/Low/High 5% 1% 2% 13% 16% 1% 1% 1% 1% 1% 1%
Med/Low/Med  40% 11% 3% 4% 3% 14% 31% 50% 1% 3% 4% % 20% 2% 4%
Med/Low/Low ~ 17% 2% 5% 30% 2% 5% 7% 5% 8% 2% 3% 5% 1% 6% 5%
Low/High/High 2% 4% 3% 4%
Low/High/Med 1% 7% 1% 1%
Low/High/Low
Low/Med/High 9% 3% 20% 1% 2% 2% % 1%
Low/Med/Med 24% 4% 1% 45% 3% 6% 10% 8% 3%
Low/Med/Low 4% 1% 1% 1%
Low/Low/High 3% 1% 6% 2% 1% 1% 2% 4% 1%
Low/Low/Med 3%  24% 7% 26% 1% 10% 5% 7% 5% 31% 5%
Low/Low/Low %  15% 5% 83% % 9% 8% 2% 29% 37%
country total 100% 100%  100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

A Source: Authors’ calculations.
Note: CAR = Central African Republic; WCA = West and Central Africa; Med = medium.
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Table A.2. Rural population shares by country and development domain

Domain Benin ||3:urkina Came- CAR Chad Congo Gabon Gambia Ghana Guinea Gyinea- Ivory Liberia Mali Mauri- Niger Nigeria Senegal Sierra Togo Zaire WCA
aso  roon Bissau Coast tania Leone total

High/High/High  18% 10% 17% 2% 17% 12% 1% 3% 9%
High/High/Med  17% 8% 9% 1%  16% 13% 3% 2% 7% 8%
High/High/Low 1% 1% 26% 3% 5% 2%
High Med/High 4% % 9% 9% 9% 18% 1% 3% 26% 12% 5% 5%
High/Med/Med 6% 6% % 20%  15% 37% 4% 7% 3B% 2% 15%  10%
High/Med/Low 4% 2% % 12% 1% 8% 3% 2% 4%  12% 4%
High/Low/High 5% 6% 18% 1% 9% 4%  14% 4% 2% 2%
High/Low/Med 1% 16% 28% 13% 17% 3%  16% 15%  20% 1% 20% 2% 10% 5%
High/Low/Low 9% 49% 47%  81% 5% 1% %  17% 1% 2%  35% 9%
Med/High/High 8% 3% 5% 2% 3% 1% 8% 2%
Med/High/Med 3% 1% 3% 3% 8% 2%
Med/High/Low

Med/Med/High 1% % 1% 2% 1%  35% 1% 3% 1% 3% 3% 1%
Med/Med/Med 7% 4% 8% 11% % 1%  16% 1% 3% 8% 5% 17% 5%
Med/Med/Low 2% 3% 1% 6% 3% 4% 2%
Med/Low/High 3% 1% 1% 1%  14%  17% 1% 2% 1%
Med/Low/Med  17% 5% 1% 6% 11% 4% 18%  26% 5% 9% 1% 4% 9% 1% 3%
Med/Low/Low 6% 1% 1% 1% 6% 1% 4% 4% 3% 3% 1% 1% 6% 3% 2%
Low/High/High 7% 8% 1% 8%  23% 4%
Low/High/Med 3% 8% 13% 4% 5%
Low/High/Low

Low/Med/High 15% 8% 2% 23% 1% 6% 13% 1% 17% 3%
Low/Med/Med 34% 1% 15% 51% 19% 46% 7%  15% 9%
Low/Med/Low 4% 8% 3% 4% 1% 1%
Low/Low/High 1% 2% 2% 5% % 3% 3% 1%
Low/Low/Med 1%  13% 15% 15% 2% 19% 19% 13% 1%  16% 3%
Low/Low/Low 2% 6% 35% 24% 70% 13% 8% 4%
country total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Source: Authors’ calculations, based on population distribution data from Center for International Earth Science Information Network, Columbia University; International Food Policy Research Institute; the World
Bank; and Centro Internacional de la Agricultura Tropical (2005).
Note: CAR = Central African Republic; WCA = West and Central Africa]; Med = medium.
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Table A.3. Cropland area shares by country and development domain

Domain Benin Eurklna Came- CAR Chad Congo Gabon Gambia Ghana Guinea G.umea- Ivory Liberia Mali Mauri- Niger Nigeria Senegal Sierra Togo Zaire WCA
aso  roon Bissau Coast tania Leone total
High/High/High 1% 66% 3% 5% 10% 4% 1% 12% 1% 7%
High/High/Med 1% 1% 15% 1% 12% 1%
High/High/Low 3%
High Med/High 7% 69% 17% 2% 1% 4% 2% 17%  14%
High/Med/Med 2% 1% 42% 3% 6% 2% 32% 1%  16% 4%
High/Med/Low 10% 7%  24% 15% 6% 2%
High/Low/High 1% 9% 7% 4% 36% 12% 2% 2% 23% 6%
High/Low/Med 5% 7% 14%  62% 14%  12% 10% 12% 2% 11% 5%
High/Low/Low 22% 3% 3% 2T% 12% 1% 23% 9% 1%  18% 3%
Med/High/High 2%  18% 6% 1%
Med/High/Med 1% 4% 3%
Med/High/Low 1%
Med/Med/High 5% 1% 1% 3% 12% 2% 1% 1%
Med/Med/Med 1% 12% 3% 5% 1% 1% 1% 2% 1% 1%
Med/Med/Low 5% 11% 2% 2% 1% 14% 2%
Med/Low/High 7% 9% 6% 2% 1%
Med/Low/Med 12% 1% 4% 5% 23% 9% 37% 2% 1% 5% 1% 4%
Med/Low/Low 37% 8% 78% 4% 36% 5% 2% 10% 1% 4%
Low/High/High 6% 11% 5% 16% 18% 4%
Low/High/Med 1% 3% 2T% 3% 2% 4%
Low/High/Low 1%
Low/Med/High 23% 2% 45% 6% 22% 4% 1% 4% 21% 5%
Low/Med/Med 33% 1% 1% 19% 14% 41%  21% 15% 9%
Low/Med/Low 3% 15% 2% 5% 2% 2%
Low/Low/High 2% 3% 7% 13% 5% 2% 9% 5% 5%  48% 3%
Low/Low/Med 2% 18% 12% 18% 1% 2% 36% T71% 25% 9% 20% 8%
Low/Low/Low 2% 4% 8%  43% 4% 3%  21%  10% 1% 13% 7%
country total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%  100% 100% 100% 100% 100%

Source: Authors’ calculations, based on crop and pasture distribution data from Centre for Sustainability and the Global Environment (2004).

Note: CAR = Central African Republic; WCA = West and Central Africa; Med = medium.
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Table A.4. Pasture area shares by country and development domain

Domain Benin E:S;ma g?)?e- CAR  Chad Congo Gabon Gambia Ghana Guinea GBlIJISr;Zi lc\;lggt Liberia  Mali gil;n' Niger  Nigeria lSenega fg;i Togo  Zaire Ygt(; iA
High/High/High 1% 63% 14% 6% 4% 2% 4% 3%
High/High/Med 1% 5% 13% 1%  26% 2%
High/High/Low 1% 1% 1%

High Med/High  10% 57% 14% 3% 1%  28% 2% 4% 5% 6%
High/Med/Med 1% 1% 15% 3% 6% 6% 57% 3%  32% 4%
High/Med/Low 1% 2% 11% 14%  13% 2% 4% 5% 2%
High/Low/High 1% 6% 1% 5% 15% 13%  27% 5% 3% 12% 4%
High/Low/Med 5% 6% 9%  79% 18% 2% 12% 3% 4% 3% 1% 8% 3%
High/Low/Low 4% 3% 10%  14% % 26% 3% 1% 11% 2%
Med/High/High 1% 1%  18% 3% 1% 1%
Med/High/Med 1% 15% 14% 1%
Med/High/Low 1%

Med/Med/High  34% 1% 4% 3% 1% 1% 2% 2%
Med/Med/Med 2% 5% % 6% 9% 2% 3% 1% 3% 2% 6% 2% 3%
Med/Med/Low  13% 1% 1% 1% 5% % 26% 3%
Med/Low/High 1% 1% 1% 8% 3% 1% 2% 1%
Med/Low/Med 3% 6% 1% 1% 4% 15% % 2%  22% 4% 1% 3% 10% 5% 4%
Med/Low/Low  21% 5% 1%  81% 3% 9% 17% 2% 2% 13% 4%
Low/High/High 2% 4% 8% 8% 5% 1%
Low/High/Med 1% 1%  15% 1% 4% 2%
Low/High/Low

Low/Med/High 10% 3% 20% 2% 59% 1% 4% 4% 9% 3%
Low/Med/Med 26% 4% 43% 5% 14%  23% 9% 6%
Low/Med/Low 4% 2% 3% 1% 2% 1%
Low/Low/High 3% 2% 8% 16% 3% 1% 3% 4% 4%  20% 2%
Low/Low/Med 2%  25% 14% 25% 2% 15% 15% 16% 7%  33% 9%
Low/Low/Low 4%  14% 2% 9%  67% 2% 66% 84% 61% 3%  33% 29%
country total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Source: Authors’ calculations, based on crop and pasture distribution data from SAGE (2002).

Note: CAR = Central African Republic; WCA = West and Central Africa]; Med = medium
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Appendix B. Economy-wide, Multimarket Modeling

B.1 Crops
Supply functions:
Yield function (for crops)

q
YRth YARth

q
PaR,Z,i
RZjit>

where Y ?

RZ.it is the yield for crop i with technology ¢ in region R and zone Z, P; z; is the producer price

for i, and YA} Zid

is the productivity shift parameter, which varies according to different technologies,
qg. YAI% 4 i, can be estimated as a function of modern inputs such as irrigation, fertilizer, and improved

seed, if more data were available. At this moment, the model captures only the different levels (i.e.,
average, not marginal, effect of modern inputs) of yield across technologies. There are in total 15
different technologies for major crops (mainly cereal crops), which implies that there are 15 yield

functions for a crop, for example, maize, characterized by the different level of Y44 RZit" YA]% 7. also

changes over time:

q — r.
YAR,Z,i,t+1 - YAR,Z,IJ (1+ gYR,Z,i );

where g, ,. is the annual productivity growth rate in yield.

Area function (for crops)

J
q ﬁRZ/ _
Ap 70 = RthH Pr7.j1>»and ZﬁR,Z,j =0
J

where AZ’ Zit is the area for crop i with technology ¢, and P, P,, ... P, is the vector of producer prices

and AAZ, Zit is the shift parameter. The area expansion is captured in the 44 4 RZ.it:
q — q
AAR 7441 = AARzlt(lJrgAR,z,,- )

where g Ap 7 is the annual area expansion rate for crop i with technology ¢g. Given most prices are
WLl

endogenous in the model, area functions, similar as the supply functions for noncrop production, are used
to capture cross-sector linkages among crops, between crops and noncrop agriculture (such as livestock),
and between agriculture and nonagriculture.

Total supply of crops

44
RZzt Z YRZzt R,Z,it"

Supply function for fish, other meat, and nonagricultural sectors

Brz
SRth _SAR21tH PR Z,th
Trends in the nonagricultural supply function are

NA
SAR Zit+l = SAR,Z,i,t (14 88k ),
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where g Sk 7. is the annual growth rate in the livestock and nonagricultural productivity and varies by
WLl

zone and commodity.
2y, 24, and gg are exogenous variables in the model and are affected by the investment shocks in the
scenarios.

B.2 Livestock
Yields

YO Y ALY Pa,”’fZVJ

R,Z,it R,Zit" R, Z,it
where Y 1?%,: is the yield for livestock production i with technology gLV in region R and zone Z, P ; is

the producer price for i, and YA]‘{,’LZV’ it is the productivity shift parameter, which varies according to
different technologies, gL V. Two technologies are considered for each livestock production: “traditional
technology” and “improved technology.” Yield obtained with traditional technologies is defined using
current production and animal stock numbers. Yields obtained with improved technology are from
Fernandez-Rivera, Okike, and Ehui (2003). In the case of beef production, a third technology/production
system is considered: production from draught animals, which has a lower yield than that in traditional
technology.

Yields also change over time:

qLV _ r
YAR,Z,i,t+1 =YAR z,i( I+ 8Yr 7, ),

where g, ,. is the annual productivity growth rate in yield.

Number of animals
qLV

J
qlLV qlLV ( R,Z,c,i lBR,Z,j —
Ar 200 = AARZi L \FR 2 i [1; Prz5s > and 2hBrz,;=0,
J
where AZ,’LZV, it is the number of animals producing livestock product i (e.g., milk) with technology gLV,

F R.Z.cit is demand for crop c as feed by livestock activity i produced with technology gLV, P, P, ... P;

is the vector of producer prices of the different livestock products, and A4

R.Z.it is the shift parameter.

qLV

Growth of animal stock is captured in the 44, . -

qLV _ qLV
AAR,Zi't.Fl - AAR,Zi,t (1 + gAR,Zi)
where g Ap 7 is the annual expansion rate of number of animals producing i with technology gLV.

The total number of animals producing i results from adding the number of animals producing i
with different technologies:

_ qLV
AR,Z,i,t - Z AR,Z,i,t'
qLV

Output

Total output of livestock products produced with different technologies is the result of
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SqLV _ YqLV AqLV

R,Z,it R,Zit“"R,Z,i,t

Supply of livestock product i in R and Z is derived by adding output produced using different
technologies:

_ qLV
SR,Z,i,t - z SR,Z,i,t'

qLV
Feed demand
Feed demand is defined as a function of crop production and prices of feed crops:

LV LV
FqLV _ FAqLV (S %,Z,C,i H (P )VI%,Z,c,i
RZjit —FTARZit PR Z et c\RZc ;

qLV
where ﬂ’R,Z,c,i and quifZV,c,i

livestock productions and technologies to changes in crop production and prices, respectively.

are elasticities regulating the response in terms of feed demand of different

B.3 Demand Functions

Zonal-level per capita demand is a function of prices and income:

A 1 )
Dpcg 7, = Hj PC R0 GDPngR’Z"

R.Z.,jt RZt >
where Dpcy 7; is per capita demand for commodity i in region R and zone Z and PCy z; is consumer price
for i in region R and zone Z. j =1, 2, ..., 36 (including two aggregate nonagricultural goods). GDPpcy 7 is

per capita rural or urban income for region R and zone Z, ¢  ; J is price elasticity between demand for

commodity i and price for commodity j, and 5113, z.; s income elasticity, such that

J J

1 1 . . .
ZSR,Z,i,j +tERZI = Oand ZShR,Z,j "ERz, = 1, where shg z; 1s expenditure share of commodity i.
J J

B.4 Relationship between Producer and Consumer Prices

We assume that import and export parity prices are the border prices adjusted by trade margin. There exist
national market prices, represented by the prices in the Addis Ababa market, and zonal-level prices,
which are higher in the food deficit area and lower in the food surplus area compared with the national
market prices. The farther the zone from the nearest major market centers, the lower are the prices. The
difference between zonal-level prices and the prices at the national markets is defined as regional market
margins. Specifically, for importable commodities, there is the following relationship between import
parity prices and consumer prices in the national markets:

PCs = (1 +Wm, ) PWM,,
where Wm; is the trade margin between cost, insurance and freight (CIF) prices, PWM;, and consumer

prices, PC, in the national markets when commodity i is importable. The relationship between zonal-level
and national market prices (for consumer prices) is as follows:

Addi
PCpir= (1 + DgaPR,Z,i)' PC{",

and Dgapp ,; 1s negative if Z is in the food surplus area and positive if Z is in the food deficit area.

The national market prices and export parity prices for exportable commodities have the
following relationship:
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pAds _(\_pm, ). PWE,

where P is producer prices and PWE is free on board (FOB) prices; the equation holds only when
commodity i is exportable.
Consumer and producer prices are not necessary the same, such that

PC RZit = 1+ Dm RZi) PR, Zit and Dm is the margin between consumer and producer prices.

There is the following relationship between domestic market and import/export parity prices for
nontradable commodities:

(1= Wm;)- PWE; < P4 < pCifs < (1 +Wm, ) PWM,; .

B.5 Exports and Imports

Trade (either exports or imports) is determined by the difference between national market prices and
import/export parity prices, that is, if

Pijddis = (1 —Wm; ) PWE;, Ei’t > 0; otherwise, E;, = 0. E; is exports of commodity i, and if

PCl-‘jltddiS = (1 +Wmargin, ) PWM,, Ml.,t > (; otherwise, M;, = 0. M; is imports of commodity i.

Notice that £; and M; can be zero in the early periods in the model, and hence the prices for
nontraded goods are endogenously determined and can either rise or fall over time (but not the border
prices). If PC rises over time due to demand’s increasing faster than increased supply, PC; starts to

approach (1+Wm;)PWM ;. Once PC; = (1+Wm;)PWM ;, imports occur for commodity i, and PC is
linked to PWM, which is exogenous. A similar but opposite situation holds for P, that is, if P falls over
time such that P, = (1 —Wm; )PWE;, exports occur, and P is linked to PWE.

B.6 Regional Crop Deficit and Surplus

The model can identify which zones have food deficits or surpluses but cannot identify trade flows among
the zones. That is, total deficits and surpluses are cleared (balanced) at the national market, and there is no
regional differential market. A crop i is in the deficit (surplus) zone if

DEFg 5, =Dpcg 7, - PoPgp 7, —Sg 7, 1s positive (negative).

B.7 Balance of Demand and Supply at the National Level

2rzSp g Y My —Eiy =XgzDperzis PoPrz -

This equation solves for the price for commodity i if both M and E are zero. Otherwise, it solves
for the value of M or E.

B.8 GDP and Per Capita Zonal Income Function

Income in the model is endogenous and is determined by production revenues. Given that the model does
not explicitly include input and hence the costs of input, the prices for agricultural commodities are
adjusted such that the sector production revenues are close to the value added of this sector.

GDPp ;=2 i PrZ.ji "SRz, ). (sectorsincluding nonagriculture) .
Income per capita is calculated as follows:
GDPy 7,

GDPpcgp , , =——.
“ Pop,
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B.9 Poverty Population and Poverty Rate

Household data are linked to the per capita income solved from the model such that the model can
calculate the poverty population and poverty rate for rural, urban, and the national average. Given zonal-
level income distribution, share of each household group (represented by the sample household weighted
by the sample size, taking into account the sample household size) is constant and is linked to zonal-level
rural or urban total income, which is endogenously solved in the model. The poverty-line income is
constant but different between rural and urban (and hence, the income used in the poverty analysis is in
real terms). The new poverty population for either rural or urban or at a specific subnational level is
obtained by comparing the newly solved income (per capita) for each time period from the model to the
constant poverty line. The poverty rate is the ratio of the new poverty population (rural or urban) over
total population (rural or urban) updated with an exogenous population growth.

rur

Specifically, let PoorInc;*" be poverty-line income (per capita) for rural, GDPy 7 ; be total
rural income in region R and zone Z at time ¢, Shp'7 , be income share for rural household group / in

region R and zone Z, and population Poplrgfgy n, Of household group /4 equal the sample weights

multiplied by the household size represented by the sample household for group 4, updated with
population growth rate. The household group #’s income is defined as

rur rur rur rur _
IR he =ShR'z 5 - GDPR7 52, Shr'z j =1

Per capita income in this household group is

rur I }Vat,tg ot
IpcRzne=——"1 """
OPR,Z .t
Whether the population in the group # is included in or excluded from the poverty population is

according to the following condition:
Poplrfg’ n, 1s in the poverty population if ]pcgf%, ht < Poorlnc;"" .

Notice that since the available information about income is by household group represented by
the sample household, we cannot separately estimate poverty situation within each group. That is, if

Ipcg'z j., < PoorInc;™" , all the population within the group / is defined as poverty population, similar

for Ipcg'y ., = Poorlnc;™

The total poverty population in rural is the sum of Popy"; , , over h for all & with

rur

Ipcy’y ., < Poorlnc

rur

* . The poverty rate is calculated by the ratio of this number over total rural

population. We can define urban poverty population and poverty rate using a similar method. As poverty
population is defined at the household group level, we can easily calculate poverty rate at a specific
subnational level, for example, for the food deficit area or at the national level.
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Appendix C. Crops, Vegetable Products and Livestock Production Activities Included in the
Economy-wide, Multimarket and Dynamic Research Evaluation for Management Models

Following is the list of agricultural activities for which the contribution to growth is measured through
simulation of the reduction of the productivity gap in different agro-ecologic environments in West
Africa.

Cereals QOil crops Livestock
Maize Groundnut Cattle
Rice Soybean Goat
Wheat Other Oil Crops Bovine Meat
Sorghum Mutton Meat
Barley Fruits and Vegetables Other Meats
Millet Vegetables for Domestic Milk
Other Cereals Vegetables for Exports Poultry/Eggs
Fruits for Domestic Fish
Roots & Tubers Fruits for Exports
Cassava Banana Forestry
Potatoes
Sweet Potatoes Export crops and products
Yams Sugar Crops
Other Roots Cocoa
Coffee
Pulses Cotton
Beans Tree Nuts
Other Pulses Rubber
Tea
Vegetable Oil
Oil Palm
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