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Executive summary

The wheat economies of Africa are characterized 
by a growing gap between wheat supply and 
consumption. During 2009-2011, Africa produced 
about 23 million tons of wheat and imported 
about 36 million tons, creating a huge food gap 
between supply and demand (59 million tons). 
The comparable values for countries south of the 
Sahara are 5.6 million tons in average production 
and 12.7 million tons in imports. This widening 
gap has raised policy concerns amidst rising 
wheat prices and price volatility, uncertainty 
in supply due to changes in climate and trade 
policies, and shortages in foreign exchange 
earnings, among other constraints. Economic and 
demographic changes have led to rapid growth 
in wheat demand and dependency on wheat 
imports, which may also increase vulnerability of 
countries in the region to political instability as 
food prices escalate.

This study examines the wheat-production 
potential of countries south of the Sahara, 
commonly referred to as sub-Saharan Africa 
(SSA) under rain-fed systems. The sub-region 
has historically played a minor role in world 
wheat production. Most countries in the region 
have imported a large share, if not all, of their 
consumption requirements at historically low 
prices. Meanwhile, gradually rising incomes and 
urbanization have contributed to a shift in dietary 
preferences from coarse grains (maize, sorghum, 
and millet) and tubers (sweet potato, cassava, and 
yam) to wheat and rice. 
   
 Since the global food price crisis of 2007-08, 
wheat economies in SSA countries have suffered 
the effects of wheat export restrictions by major 
wheat producers (for example, Russia), the 
diversion of maize to produce biofuels, and 
speculative buying and selling that affect world 
wheat prices. This situation compounds long-
standing structural deficits in balance of payment 
and foreign exchange shortages that characterize 
trade in SSA countries. With climate change, 

production variability and export shortfalls are 
expected to become more frequent in major 
exporting countries such as Australia, Russia and 
Central Asia, which are major regional producers 
of wheat. To sustain economic growth and avert 
political instability, SSA needs reliable sources of 
food supplies at affordable prices. 

In the short term, wheat imports to fill the 
domestic production gap will be unavoidable. In 
the longer term, however, governments in SSA will 
need to seriously explore opportunities to increase 
domestic production of wheat through developing 
their capacity to produce the crop. The extent of 
import substitution will vary across countries 
depending on the competitiveness of domestic 
production compared with imports, and the extent 
to which countries will be able to harness potential.

This study explores the potential to meet 
domestic demand in sub-Saharan countries 
through profitable domestic wheat production 
which could be competitive with imports. More 
specifically, the study aims to better understand 
the dynamics of wheat economies in the sub 
region, to assess the biophysical feasibility and 
economic profitability of wheat production with 
varying input intensification, and to determine 
the competitiveness of domestic wheat production 
with imported wheat.

The authors have applied a combination of 
research methods. Following a review of the 
literature and careful analysis and mapping of 
secondary data, an integrated biophysical and 
economic simulation model was applied to assess 
the potential for competitive and profitable wheat 
production in rain-fed areas. The biophysical 
modeling of production potentials and economic 
profitability and competitiveness analysis were 
undertaken at a pixel level using a geographically 
disaggregated approach which estimated the 
import parity and production and marketing costs 
of wheat at the local level. 
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Our findings show that there is potential for 
profitable and competitive rain-fed wheat 
production in the sub region to reduce or eliminate 
national dependence on imported wheat in a 
number of countries. Current reported area and 
production of wheat in most of the countries 
studied is less than 10-25% of the economically-
profitable wheat area and production estimated 
using the spatially distributed geospatial 
simulation model. 

Unleashing even a fraction of this potential will 
entail: 

• A paradigm shift. A change in perceptions and 
a paradigm shift in development assistance to 
support wheat in Africa and significant changes 
in the wheat production and marketing practices 
are required—upgrading existing wheat value 
chains where wheat is already grown, or 
developing new ones where wheat production 
can be promoted as an alternative to expensive 
imports. 

• Understanding constraints that limit wheat 
production where the potential is high. This 
requires a closer analysis of the farming systems, 
alternative crops, market conditions, land and 
labor issues, food aid, institutional and policy 
constraints that may undermine farmers’ 
incentives to grow wheat, especially in non-
traditional growing areas. 

• Smallholder vs. large-scale commercial 
production. While this analysis uses farm 
production costs from smallholder farms (based 
on traditional rain-fed wheat growers in the 
Ethiopian highlands), a more systematic analysis 
of the potential of smallholder production and 
constraints thereof would be required for non-
traditional wheat-growing regions. Smallholder 
wheat production is likely to be constrained by 
lack of mechanization, labor supply and market 
access. The potential for expansion of production 
is highest in areas close to major consumption 
centers and cities where demand for wheat 
products is growing fast. Future strategy would 
need to examine the unsuccessful experiences 
of large-scale wheat production projects in 
Africa in the past, and draw lessons to identify 
the best mix of small-, medium- and large- 
scale production of wheat in order to harness 
opportunities unique to each country. 

• Evaluation of alternative strategies for 
expansion. These options may vary across 
countries and regions. An analysis by the World 
Bank (Deininger and Byerlee 2011) estimated 
a total of 3.84 million ha suitable for wheat 
production in SSA on “non-forested, non-
protected, rain-fed lands less than 6 hours to 
market with under 25 persons/km squared”. 
Governments may consider a combination of 
the following options for wheat area expansion 
where it is competitive and locally profitable:
o Land-surplus economies. Some of the countries 

like Mozambique, Zambia, Angola, 
Zimbabwe, Madagascar and Tanzania with 
current low population density may consider 
putting new land under wheat cultivation. 
This will however require complementary 
investment in roads, irrigation, storage and 
marketing systems. Care should however be 
exercised to ensure that such expansion will 
not cause undesirable environmental and 
social tradeoffs. 

o Land-constrained economies. Countries in 
eastern and central Africa such as densely-
populated highland regions of Rwanda, 
Burundi, Kenya, Uganda and parts of 
Tanzania will have to consider integrating 
wheat into existing faming systems without 
necessarily crowding out other profitable 
crops and livelihood options for the poor. 
Further investigation is required on how this 
may be done within the existing farming 
systems and on identifying the enabling 
conditions.

o Ethiopian highlands. In Ethiopia, wheat is 
already widely grown and the potential 
for increasing production may primarily 
consider intensification on existing lands 
through application of modern varieties, 
fertilizer use, and pest and disease control 
systems. High yielding, stem and yellow 
rust-resistant varieties will be useful options. 
Limited expansion of wheat into new areas for 
commercial production may also be possible, 
especially in areas with good market access 
with proximity to urban centers. 

• Policy support for building domestic 
production capacity. In many areas where 
wheat is not currently grown, further expansion 
will only be economically attractive if wheat can 
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be grown as a commercial crop. This will require 
significant improvements in the provision 
of extension, credit services, production and 
supply of seed using existing varieties, in 
strengthening input supply systems, in support 
for mechanization of production, investment in 
marketing efficiency and reduction of transaction 
costs. This will also require rationalizing 
imports, the removal of import subsides, and 
shifting from ‘food aid’ to ‘cash aid’ that will 
allow purchasing locally (e.g. purchase for 
progress – P4P –operated by WFP). 

• Development of wheat varieties and 
technologies. While the initial strategy should 
be utilization of existing varieties, sustainable 
and profitable production of wheat in Africa in 
the long term will require investment in wheat 
research and development. This will increase 
capacity development at national and regional 
levels to develop and adapt varieties suitable 
for different agro-ecological zones. This will 
require significant support from donors and 
collaboration with the CGIAR institutions 
working in Africa. 

• Determining the composition of wheat imports, 
quality preferences and requirements. The 
foremost challenge of free trade in wheat is 
competing with lower-priced, higher-quality 
imports of grain and wheat-based products. The 
success of local wheat production will depend 
on the capacity of local producers and processors 
to ensure a consistent supply of the right quality 
and quantity of wheat for end-markets and end-
users at competitive prices. Further research is 
needed to identify the tastes and preferences of 
consumers of wheat and wheat-based products, 
and to assess the capacity of local wheat 
processing and food manufacturing in order to 
identify constraints and areas where upgrading 
is needed.

• Exploring the potential for profitable irrigated 
wheat production. This study did not look at 
irrigated wheat, though we recognize the high 
potential, e.g. in Zambia, Zimbabwe, Nigeria 
or Mali to name a few countries. Some of the 
highest spring wheat yields world-wide have 
been reported for irrigated wheat in SSA, and the 
options for irrigated wheat production are being 

addressed in a separate analysis. In addition, 
disease and pest infestations make it difficult to 
produce wheat during the warm rainy season in 
parts of Zimbabwe and Zambia where irrigated 
production is traditionally practiced. 

Wheat has now become a strategic commodity 
for food security and political stability in Africa. 
Given the global wheat situation, some of the 
import-dependent countries in the region are 
at an important policy juncture. This first level 
analysis of wheat’s potential indicates that some 
opportunities exist for building greater resilience 
to future supply shocks by investing in the 
expansion of national wheat production in some 
countries where such potential exists. Investment 
in profitable wheat value chains can also generate 
significant domestic economic growth multipliers 
that contribute to employment, income growth, 
and poverty reduction. Investment in imports and 
local processing capacity alone will not provide 
these.

Despite all the efforts made to integrate 
approaches using cutting edge geospatial models, 
several caveats must be borne in mind when 
interpreting the findings presented in this study. 
First, current generation crop models do not 
account for biotic stresses (pests, diseases, weeds), 
low quality of aggregated soil data (models 
respond poorly to certain soil limitations like low 
P and micronutrients), a tendency to overestimate 
yields in less favorable environments, and poor 
model calibration at high temperatures. Second, 
the economic analysis of the competitiveness 
of wheat relative to imports will also need to 
consider the competiveness of wheat compared 
to other crops currently grown by farmers in 
high potential areas. For now, this was partly 
addressed by estimating the most profitable area 
and production using a higher threshold level for 
farm-level profitability (e.g. US$ 200/ha) under 
different highly conservative assumptions. We 
estimate the potential wheat area and production 
for pixels that are competitive to imports but also 
offer high levels of competitiveness with other 
crops currently grown by farmers (using US$200/
ha as the cutoff point).
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A shift towards the consumption of wheat from 
traditional staples such as coarse cereals and 
tubers has been observed across countries in 
sub-Saharan Africa (SSA) for decades (Morris and 
Byerlee, 1993). Recently, analysis by Jayne et al., 
(2010) assessed and identified patterns of rapid 
growth in wheat consumption in eastern and 
southern Africa as a consequence of urbanization, 
rising incomes, and dietary diversification where 
maize has previously been the predominant 
starchy staple. While there is variation in the 
extent to which SSA countries meet their domestic 
wheat consumption requirements, taken together, 
domestic wheat production accounts for only a 
small proportion of wheat consumption in the 
region. The dependence on imported wheat has 
also grown rapidly as demand has grown much 
faster than domestic supply.

Since 2007-9, the world wheat trade has 
been characterized by supply shocks, supply 
disruptions, price spikes and volatility (Heady and 
Fan, 2010; Timmer, 2010; Mitchell, 2008; Piesse and 
Thirtle, 2009). Important features of the volatile 
world commodity trade, especially as these relate 
to wheat-importing developing economies include 
higher and more unstable international wheat 
prices, rising world oil prices, speculative buying 
and selling, and wheat export restrictions imposed 
by some major exporters. These conditions 
aggravate the foreign exchange shortages and 
balance of payment deficits that already plague 
poor nations in SSA, curtail flows of wheat food 
aid, and compound the effects of crop failures and 
food shortages. 

Compared to the pre-2007 trade situation when 
food prices remained low and more stable, wheat-
importing countries of SSA face greater risks of 
high and unstable prices and supply shortfalls, 
and are therefore at greater risk of food insecurity. 

In this regard a key question for policy makers 
is this: to what extent can SSA develop its own 
production capacity to narrow this gap and 
meet the growing demand for wheat? Assuring 
the availability of wheat at affordable prices 
is of strategic policy importance to sustain 
economic growth and avert political instability. 
However, in the short term, wheat imports to 
bridge the gap between domestic supply and 
demand may be unavoidable. In the long term, 
while embracing the basic principle of free 
trade, it is essential for SSA countries to explore 
opportunities for meeting more of their domestic 
wheat needs through developing their own 
production capability. 

Previous approaches to encouraging wheat 
production in SSA have been criticized for 
having a narrow focus on technical issues such 
as increasing wheat yields (Morris and Byerlee, 
1993). In this study, we seek a balanced empirical 
perspective. As the first step, our assessment of 
biophysical suitability addresses the question 
of which areas and agro-ecological zones are 
suitable for wheat production. Secondly, we 
evaluate the economic profitability of wheat 
production by estimating net economic returns 
to domestic resources with international prices. 
Using international prices allows us to gauge 
the price competitiveness of domestic wheat 
production with wheat imports. 

The objectives of this analysis are: (1) to identify 
the geographic areas that are biophysically 
suitable for rain-fed wheat production; (2) to 
evaluate the economic profitability of growing 
wheat using international prices as a comparison; 
and (3) to draw lessons and implications for 
research and policy to enhance the capacity of 
SSA countries to narrow the gap between wheat 
production and demand. Twelve countries 
were purposively selected for the study based 

1 Introduction
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on initial wheat suitability assessment and 
mapping of potential areas. These countries are: 
Angola, Burundi, Ethiopia, Kenya, Madagascar, 
Mozambique, Rwanda, Tanzania, DRC, Uganda, 
Zambia and Zimbabwe. Conclusions drawn from 
these cases are representative of other countries in 
SSA and elsewhere with similar wheat production, 
consumption, and trade conditions. 

The next section summarizes features of the 
wheat production systems in SSA and highlights 
the drivers of the growing gap between wheat 
production and consumption. The data and 
methods of analysis used in this paper are 
presented in section three. Results are reported 
in section four, including a discussion of the 
simulation models and economic analyses. The 
final, concluding section highlights the main 
findings and policy-drawing implications for 
research and development.
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2.1 Wheat production systems and 
mega-environments in sub-
Saharan Africa

Wheat production systems in SSA span a wide 
range of agro-climatic conditions, including 
irrigated and rain-fed land, and varying degrees 
of mechanization. Table 2.1 shows the dominant 
cropping systems for most wheat-producing 
countries in SSA. These systems encompass 
simple traditional rain-fed cultivation with hand 
implements as in Angola, Burundi and Uganda, 
and the fully mechanized, larger-scale farms 
found in South Africa, parts of Zambia and 
Zimbabwe. In Ethiopia, both animal traction with 
traditional plows, and mechanized wheat farming 
methods are practiced.

The planting methods used vary from manual 
broadcast of seed to use of tractor-based 
mechanical planters. The irrigation systems also 
vary from simple, surface-gravity irrigation 
using pumps in Mali and Nigeria, to modern 
center-pivot and lateral-move irrigation systems 
employed in Zimbabwe, Zambia and South 
Africa. In northern Nigeria, wheat is grown in 

the Fadama system where residual moisture in 
riverbeds and floodplains is exploited for cropping 
during the cooler part of the dry season. 

The overwhelming majority of the wheat cultivars 
grown in sub-Saharan Africa are spring bread-
wheat types, although some spring durum wheat 
is grown in Ethiopia and facultative winter types 
are grown in the temperate environments of South 
Africa. Durum wheat used to be predominant 
in Ethiopian wheat production systems, but 
bread wheat has now gained in popularity and 
approximately 80% of the wheat area in Ethiopia 
is now planted to bread wheat. CIMMYT-derived 
spring wheat material predominates throughout 
the region, with an estimated 85% of the spring 
wheat area in 1997 having a genetic contribution 
from CIMMYT (Heisey & Lantican, 2000). 

A diverse range of wheat-growing environments 
exist in eastern and southern Africa. However, 
in the most general terms wheat production in 
the region is derived from two major contrasting 
production systems – rain-fed highlands and 
winter (dry season) irrigated systems. Rain-fed 
highland production systems are characteristic 
of eastern Africa (Ethiopia, Kenya, Uganda, 

Rwanda, Burundi and Tanzania) whereas 
winter irrigated systems are typical of 
southern Africa (Zambia, Zimbabwe, 
Malawi, Madagascar, and Mozambique). 
Irrigated, winter season production is 
also practised in Sudan. South Africa 
is unique both in terms of climatic 
conditions and the requirement for both 
spring and winter/facultative germplasm 
types. The temperate climate of South 
Africa results in three dominant wheat 
production systems: (i) summer rainfall 
region: rain-fed; (ii) winter rainfall region: 
rain-fed; and (iii) irrigated. About 50% of 
South African production comes from the 
summer rainfall region, with winter or 
facultative wheat types predominating. 
Spring wheat types dominate the other 
production systems, with the winter 

2 The wheat situation in SSA

Table 2.1 Wheat production systems in selected countries

 Production system 

 Country Type I: Dominant Type II: Less dominant

Angola Rainfed + Hoe 
Burundi Rainfed + Hoe 
Ethiopia Rainfed + Ox Rainfed + Mechanized 
Kenya Rainfed + Mechanized 
Malawi Rainfed + Hoe Irrigated + Mechanized
Mali Irrigated + Mechanized 
Nigeria Irrigated + Mechanized/Hoe Rainfed + Hoe
South Africa Irrigated + Mechanized Rainfed + Mechanized
Sudan Irrigated + Mechanized 
Tanzania Rainfed + Mechanized Rainfed + Hoe
Uganda Rainfed + Hoe 
Zambia Irrigated + Mechanized Rainfed + Hoe/Mechanized
Zimbabwe Irrigated + Mechanized

Source: Adapted from Tanner et al., 1988. 
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rainfall region accounting for about 30% of 
production and irrigated areas the remaining 20%.

Generalization of the wheat production systems 
obviously masks the high degree of diversity that 
exists in the different countries and across regions. 
For breeding and priority setting purposes, the 
CIMMYT wheat program has used a mega-
environment (ME) system of classification (Table 
2.2 and Figure 2.1). First described by Rajaram et 
al., (1994), the ME classifications have undergone 
several modifications and updates, the most recent 
being that described by Hodson & White (2007) 
based on more quantifiable climatic parameters. A 
summary of the main ME characteristics are given 
in the CIMMYT Wheat Atlas (http://wheatatlas.
cimmyt.org/articles/megaenvironments.aspx). 
Payne et al. (1996) describe six ME’s occurring in 
eastern and southern Africa, namely, ME1, 2, 3, 
4A, 4C, 9C. If Sudan is included in the regional 
assessment then an additional mega-environment, 
ME5B (high temperature, low humidity, irrigated, 
i.e. heat-stress prone environment), can be added. 
Heisey & Lantican (2000) list the estimated 
percentage of wheat areas by different ME’s, 

with ME2 environments (high rainfall, moderate 
temperature, i.e. cool, wet highlands) accounting 
for most of the spring wheat production (both 
bread and durum wheat). The ME2 environments 
cover most of the eastern African highlands. 
The other major spring wheat environments are 
ME4 types (low rainfall environments), scattered 
across the region. In some specific areas, (e.g. 
Angolan highlands and parts of Zambia and 
Uganda) ME3 (climatically the same as ME2, 
but with acid soils) is prevalent. Two distinct 
irrigated wheat environments occur in the region: 
ME5B, found solely in Sudan, and ME 1 (high 
potential, moderate temperature, irrigated) found 
in southern Africa; notably, Zimbabwe, Zambia, 
and South Africa. Climatic conditions matching 
both ME1 and ME5B environments occur in 
several southern African countries, but irrigation 
facilities are lacking. Large parts of Zimbabwe, 
Zambia and Angola have climatic conditions 
in the winter dry season that match the high 
potential ME1 environment. Conversely, large 
areas in Tanzania and Mozambique have climatic 
conditions in the winter dry season that match the 
ME5 environment. Potential for increased wheat 
production in the winter dry season in these areas, 
especially under ME1 conditions, is considered to 
be high if irrigation were available.

Tanner and Van Ginkel (1988) took a slightly 
different approach to classifying the wheat 
production environments when they examined 
constraints to wheat production in eastern and 
southern Africa (Table 2.3).The major wheat-
growing environments that they described not 
only included the traditional wheat-growing 
environments, (i.e. highlands, cool, wet (ME2); 
mid-altitude, irrigated, cool, dry (winter season) 
(ME1); low altitude, very hot, dry (irrigated) 
ME5), but also non-traditional tropical wheat 
environments, (i.e. mid altitude, warm, humid, 
rain-fed (rainy season); low altitude, very 
hot, humid, irrigated). Neither of these two 
non-traditional tropical environments have a 
corresponding ME classification and the amount 
of wheat produced in each of them is negligible. 
Areas corresponding to these environments would 
include coastal plains of Somalia (low altitude, 
very hot, humid) and large parts of Zimbabwe, 

Table 2.2 CIMMYT mega-environment definitions 
Mega 
Environ-   Growth
ment  Definition habit

 1 Low rainfall irrigated, coolest quarter Spring
  (3 consecutive months) mean minimum
  temperature > 3°C, < 11°C 

 2 High rainfall in summer; wettest quarter  Spring
  mean minimum temperature > 3°C,
  < 16°C, wettest quarter (three consecutive
  wettest months) precipitation > 250 mm;
  elevation 1400 m 

 3 High rainfall and acid soil (pH < 5.2); Spring
  climate as in ME2 
 5 Irrigated, low humidity; coolest quarter Spring
  mean minimum temperature > 11°C,
  < 16°C 

 6 Moderate rainfall/summer dominant; Spring
  coolest quarter mean minimum
  temperature < -13°C; warmest quarter
  mean minimum temperature > 9°C 

 8 > 600 mm rainfall Facultative

 9 Low rainfall < 400 mm, winter/spring Facultative
  rainfall dominant
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Figure 2.1. Wheat mega-environments in Africa
Source: Braun et al. (2010). 
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Zambia, Mozambique and Angola during the 
summer rainy season (mid-altitude, warm, 
humid (rainy season). To understand the lack of 
wheat production in the non-traditional tropical 
environments some of the major constraints need 
to be outlined. 

Numerous constraints to wheat production 
exist in all SSA wheat environments, and a good 
overview of important constraints is found in 
work by Tanner (1988), and Tanner and Van 
Ginkel (1988). Morris and Byerlee (1993) expand 
this analysis to include a more economic-based 
assessment of the constraints by environment. 
In general terms, these studies conclude that 
technical constraints, especially diseases, are 
important in the wetter environments, while 
in the dry environments the main constraints 
tend to be economic - for example, the high cost 
of irrigation, lack of appropriate production 
technology, and competition from alternate 
crop and livestock enterprises. The severity of 
constraints is worsened in the case of the non-
traditional tropical wheat environment, which is 
mid-altitude, with a warm, humid rainy season. 
All previous attempts to grow wheat economically 
in this environment of Zimbabwe and Zambia 
have failed (Tanner, 1988; Havazvidi, 2008). Major 
factors contributing to these failures include 
high humidity, high day and night temperatures, 
and disease and weed proliferation during 
the summer and autumn months. Conditions 
during the rainy season provide a perfect 
environment for a range of foliar pathogens (e.g., 
Helminthosporium spp, stem and leaf rust). Soil 
constraints, such as aluminium toxicity in some 
areas of Zambia, add another constraint. The 

wider implications of attempting a summer season 
wheat crop in these regions of southern Africa also 
need careful consideration. Obligate pathogens 
such as stem or leaf rust require living green hosts 
in order to survive. Continual wheat production 
in southern Africa could provide a “green bridge” 
leading to increased inoculum levels and increased 
risk of new races of either yellow stem or leaf rust. 
Such a situation would represent an increased 
risk to the main winter season crop and have 
the potential to impact other important wheat-
growing regions. Continuous wheat production 
in eastern Africa is considered as one key factor 
linked to the resurgence of stem rust as a disease 
of global concern through the emergence of the 
Ug99 lineage of races (Singh et al., 2008). 

There is considerable scope for increasing 
wheat production in other environments of 
SSA, both through enhanced productivity in 
existing environments and expansion into new 
areas. However, each intervention should be 
carefully considered, and technical and economic 
constraints thoroughly evaluated along with any 
negative consequences in each major environment. 
In the cool, highland rain-fed environments 
of eastern Africa, use of improved germplasm 
with good yield potential, appropriate disease 
resistance (especially to rusts) and improved 
agronomic management practices could produce 
substantial gains. However, any expansion of 
wheat production in these areas would require a 
high level of protection against important foliar 
diseases (rusts, in particular). On-farm yields of 
over 6t /ha have already been recorded in the high-
potential rain-fed areas of Ethiopia as a result of 
such measures (B. Abeyo, CIMMYT 2012, personal 

Table 2.3 Climatic zones for wheat production in selected countries

Climate zone Constraints Countries

Cool humid highlands Weeds, acid soils, fungal diseases, tillage, Ethiopia, Kenya, Uganda, Rwanda, 
 water logging Burundi, Eastern DR Congo, Tanzania

Mid altitude, irrigated, cool, dry Fungal diseases, high production costs Zambia, Zimbabwe, Malawi, 
(winter season)  South Africa and Madagascar

Mid altitude, warm, humid Acid soils, fungal diseases Angola, Zambia, Malawi, Madagascar, 
(rainy season) 

Low altitude, very hot, dry (irrigated) Water availability, low temperatures Mali, Niger, Nigeria, Chad, Somalia, Sudan
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communication). Similarly, large areas of southern 
Africa have optimal cool winter season climates 
that if appropriate irrigation infrastructure existed 
they could equal or exceed the most productive 
wheat belts of any developing nation. The highest 
average wheat yields for any developing country 
have already been recorded in Zimbabwe. The 
economic rationale for developing or improving 
such irrigation infrastructure would obviously 
need to be carefully determined. Similarly, 
enhancement or expansion of the hot lowland 
irrigated environments could also offer significant 
gains if appropriate maturity, heat tolerance and 
disease resistance could be addressed. Enhanced 
drought-tolerance, improved water-use efficiency 
and water-conserving management practices could 
play a large role in enhancing or expanding the 
ME4 production areas. The assessment of irrigated 
wheat potential in SSA, however, is beyond the 
scope of the current study.

2.2  Trends in area, yield and 
production1

Trends in area, yield, and production are shown 
for the more important wheat producers of SSA 
in Table 2.4. By far the greatest wheat area per 
country is found in Ethiopia (1.6 million ha). 

However, due to higher yields, South Africa’s 
production closely follows Ethiopia’s (1.8 million 
ton compared to 2.8 million ton). Yields are 
highest in Zambia and Zimbabwe where wheat 
production is irrigated. Sudan is the next most 
important irrigated wheat producer, followed by 
Kenya where wheat is almost entirely rain-fed. 
After Tanzania at 104,000 ha of wheat, Rwanda at 
45,000 ha and Uganda at 12,000 ha, wheat area in 
Angola, Madagascar, and Mozambique is small, 
ranging from 3,000-5,000 ha.

Despite the fact that SSA reported just about 0.5% 
average annual growth rate in area under wheat 
over the past 50 years, production grew by over 
3% in the same period. These high production 
growth rates have been occasioned by increased 
yields, principally in eastern and southern Africa. 
In each 15-year period from 1951 through 1994, 
and in the decade from 1995-2005, growth rates 
in yield have been positive for this sub-region as 
a whole (Aquino and Carrion 2009), particularly 
from 1966-79 as countries gained independence 
and governments invested in production and 
marketing systems. Yield growth has been the 
largest component of production growth in fact, 
except for during the 1951-66 period. 

Table 2.4 Wheat area, yield and production by country in sub-Saharan Africa (2009-2011) 

 Harvested area    Growth rates (1961-2011)a

Country (‘000 ha) Production (‘000 t) Yield (t/ha) Area Yield Production
Angola 3 4 1.4 -2.1 2.0 -1.2
Ethiopia 1,596 2,823 1.8 6.7 1.7 7.7
Kenya 141 333 2.3 1.1 3.6 5.2
Madagascar 5 11 2.4 26.5 1.9 27.7
Mozambique 3 2 1.0 1.4 3.5 5.7
Rwanda 45 80 1.8 17.4 4.0 22.2
South Africa 602 1,798 3.0 -0.2 5.9 5.3
Sudan 312 522 1.7 10.7 2.6 9.9
Tanzania 104 86 0.9 13.4 7.8 12.8
Uganda 12 21 1.7 21.4 0.0 17.9
Zambia 33 174 5.4 23.3 6.6 37.8
Zimbabwe 13 45 3.3 21.0 2.6 25.7
SS Africa 2,892 5,902 2.0 0.5 2.9 3.3 

Note: The average harvested area, yield and production are for 2009-2011. 
a Growth rates for: Ethiopia (1993-2011); Madagascar (1976-2011); Uganda (1966-2011).
Source: FAOSTAT, 2013

1 All figures reported here are computed from FAOSTAT by Pedro Aquino and Federico Carrion, CIMMYT.
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Marked decreases are apparent in wheat area 
and production trends from 1961 to the present 
day in Angola and Mozambique, most likely as 
a consequence of long-term war, civil disruption 
and lack of investment. In South Africa, the trend 
in wheat area is negative, but is compensated by 
a 5.9% annual growth rate in yields. Growth rates 
in area and production are the greatest over the 
past 50 years in Madagascar, Zambia, Uganda 
and Zimbabwe. While growth rates in wheat area 
over the last 50 years in Zimbabwe have been 
impressive, it should be noted that a substantial 
decline has occurred in recent years, probably due 
to the controversial land-reform policies.

2.3 Trends in wheat consumption2 
As production of wheat is several times more 
important in North Africa than in sub-Saharan 
Africa, so is wheat consumption. Globally, average 
annual consumption of wheat is highest in 
North African and Central Asian countries with 
over 200 kg/capita/year. Eastern Europe and the 
former Soviet Union, West Asia, and high-income 
countries (Western Europe and North America) 
follow. Eastern Europe and the former Soviet 
Union have a higher consumption of wheat if total 
consumption (total demand) is considered, but 
not if consumption is defined as solely for human 
consumption. By comparison, given the importance 
of other starchy staples in the diet of Africans 
south of the Sahara, the current average annual 
consumption of wheat is 30 kg/capita/year in 
eastern and southern Africa, and only 18 kg/capita/
year in western and central Africa. 

Nonetheless, two aspects of this situation are of 
particular policy relevance. The first is that, as 
we have seen, there is very little wheat produced 
in SSA, and thus there is a tremendous reliance 
on imports to meet consumption needs. A 
second aspect is the rising growth rates in wheat 
consumption. In developing economies worldwide, 
consumers are buying more convenient and 
processed products, reflecting urbanization, rising 
household incomes, and increasing opportunity 
costs of labor (Meng, Lyons and Peña 2009). While 
the pattern of product differentiation according to 

wheat quality is of greater significance in emerging 
economies like China and India, the shift towards 
wheat away from traditional starchy staples has 
long been evident in SSA, and appears to be 
particularly pronounced during the past decade. 

For example, in eastern and southern Africa, 
during the 1996-2007 decade, annual growth rates 
in per capita wheat consumption were 2.2% as 
compared to only 0.9% over the entire 1961-2007 
period (Table 2.5). In western and central Africa, 
annual average growth rates per capita were 4.8% 
in the most recent decade relative to 2.8% over 
the past half century. Currently, rates of growth 
in wheat consumption appear to be highest in 
Uganda (16%), Rwanda (10%), Mozambique (9%) 
and Tanzania (8%). In Guinea, Liberia and South 
Africa, growth rates are negative. Among other 
major producing countries in SSA, the growth rate 
in Ethiopia’s wheat consumption is comparable 
between the longer (1961-2007) and the more 
recent (1996-2007) periods periods (3.4-3.5%), 
Kenya’s has declined to only 1.2, and Sudan’s is 
similar (2.7% vs. 3.2%). In Zambia and Zimbabwe, 
growth rates in wheat consumption are higher 
by a factor of about 10 in the most recent decade 
relative to the past half century. 

As a point of comparison to these figures for 
SSA, growth rates in wheat consumption became 
negative in South Asia, East Asia, and the Southern 
Cone of South America in the most recent decade 
and for developing countries overall. In Eastern 
Europe, the former Soviet Union, and high-income 
countries, they were under 1% (Aquino and 
Carrión 2009). 

Table 2.5 also confirms that wheat in SSA is almost 
universally used as human food rather than animal 
feed. This is also generally the case in developed 
countries and in other developing regions, 
although wheat straw can also be an economically 
important source of fodder as it is in the Asian 
subcontinent. The pattern has not changed 
discernibly over the past decade, although there 
is some variation among countries in terms of the 
residual consumption category, “other,” which 
includes seed.  

2 All figures reported here are computed from FAOSTAT by the Pedro Aquino and Federico Carrion, CIMMYT.
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A number of authors have confirmed changing 
consumption patterns in the analysis of regional 
and national data. Based on urban surveys (e.g. 
Muyanga et al., 2005; Tschirley and Abdula 2007; 
Mason et al., 2009; Traub 2005), Jayne et al. (2010) 
underscore the expanding role of wheat in urban 
consumption of staple foods in eastern and 
southern Africa, despite maize remaining the most 
important staple for the poorest urban consumers. 
They attribute the change not only to urbanization 
and preference for convenience foods, but also 
to changing relative prices of wheat and maize, 
citing a decline in the inflation-adjusted price of 
wheat bread over time compared to the real price 
of maize meal. They also note that many urban 
households in this region are composed of men 

or groups of men, migrant workers who are 
reluctant to cook maize meal and instead buy 
bread or chapattis. 

Jayne et al. (2010) view the wheat and rice price 
as a potential source of stability in food prices 
over time. These staples are widely traded on 
world markets as compared to the white maize 
which is historically preferred by rural and urban 
consumers in eastern and southern Africa though 
thinly traded in international markets. Moreover, 
diversification in staple food consumption 
dilutes the “wage-good” effect of maize prices 
fluctuations, which have shaped national policies 
in this region for decades. 

Table 2.5 Wheat consumption, growth rates in wheat consumption, and wheat use, by country

     Average percent
  Wheat consumption   wheat use, 2005-2007

Region/ Average per capita Growth rate per capita Growth rate per capita Human Animal
Country kg/year) (2005-2007 (%/year) 1961-2007 (%/year) 1996-2007 food feed Other

ESAa 30 0.9 2.2 94 1 5
Angola 32 1.7 4.4 100 0 0
Ethiopia 34 3.4 3.5 88 0 12
Kenya 27 2.3 1.2 97 0 3
Madagascar 8 1.3 4.4 99 0 1
Mozambique 24 2.2 8.5 98 0 2
Rwanda 7 4.4 10.3 93 0 7
South Africa 63 0.2 -0.4 96 1 3
Sudan 45 2.7 3.2 85 7 8
Tanzania 16 1.3 8.0 97 0 3
Uganda 12 1.6 16.4 97 0 3
Zambia 16 0.2 2.6 97 0 3
Zimbabwe 30 0.5 4.8 96 0 4
WCAb 18 2.8 4.8 96 0 4
Cameroon 19 3.0 5.6 96 0 4
Congo (DR) 9 1.3 6.8 97 0 3
Congo (Rep) 58 3.1 4.8 98 0 2
Cote d’Ivoire 16 1.1 0.7 98 0 2
Ghana 19 1.2 6.8 98 0 2
Guinea 12 2.6 -1.5 97 0 3
Liberia 29 4.7 -5.3 99 0 1
Mali 11 3.2 7.4 97 0 3
Mauritania 109 6.3 4.7 95 0 5
Nigeria 21 4.0 7.1 95 1 4
Senegal 32 1.7 3.7 98 0 2

 a ESA – Eastern and Southern Africa b WCA – Western and Central Africa Source: FAOSTAT, 2013.
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In Tanzania, wheat is grown almost exclusively 
as a commercial crop, on a large-scale basis in the 
northern highlands and by small and medium-
scale farmers in the southern highlands (Kilima, 
2006). Although fewer than 1% of farmers in 
Tanzania grow wheat, according to the 2002-3 
National Agricultural Sample Census, FAO data 
indicate that 32% of wheat production is exported, 
while 91% of wheat consumed is imported (Minot 
2010). Small volumes are traded across borders to 
the west of the country. As a more expensive staple, 
wheat, like rice, is disproportionately consumed 
by higher income, urban households. Still, effective 
wheat demand is in urban areas where population 
growth rates are nearly 4% as compared to under 
1% in rural areas (Kilima, 2006).

From mid-2010 through early 2011, in the 
aftermath of the 2007–08 food crisis, there has been 
renewed concern about the potential impact of 
rising food prices on poor people. Fan, Torero and 
Headey (2011) find similarities between the current 
world situation and the situation in 2007-2008, 
such as biofuel production, rising oil prices and the 
depreciation of the US dollar. Other features differ, 
such as a higher level of grain production and 
stocks today, and a less steep rise in the price of 
rice, the main staple in Asia. Minot’s 2011 analysis 
of prices in 83 markets of SSA during the 2007-2008 

crisis demonstrates that although hikes in staple 
food prices were lower than in global prices (about 
63%, which was three-quarters of the change in 
global prices), they were more significant than had 
been assumed. Price transmission, leading to the 
domestic food price increase, was highest for the 
most heavily traded crops, maize (87% increases in 
domestic food prices across all markets studied), 
wheat (65%), and rice (62%). Increases were minor 
in plantains and cassava, and 41% in beans, in 
which there is cross-border trade but negligible 
international trade. 

2.4 Trends in wheat trade
As reported by Morris and Byerlee (1993), the 
gap between domestic wheat production and 
consumption has grown in sub-Saharan Africa 
over the last several decades (Figure 2.2). As a 
result, countries in SSA have become increasingly 
dependent on commercial imports and food aid 
to meet their growing domestic wheat demand. 
For example, annual wheat imports for Africa 
averaged 18 million tons and 27 million tons in 
the 1990’s and 2000’s, respectively (Table 2.6). The 
average annual import growth rate also increased 
from 4.3% in the 1990’s to 5.3% in the 2000’s. 
Overall, African wheat imports accounted for 18% 
and 23% of global wheat imports respectively, 
indicating the growing importance of Africa in the 
global wheat trade as an importer. 
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Imports have also risen for most regions of Africa 
and for countries selected for study during 
the 1990’s and 2000’s. North Africa has been 
the largest wheat importing region in Africa, 
accounting for 72% and 64% of the continent’s 
wheat imports during the 1990’s and 2000’s, 
respectively (Table 2.6). Growth rates for the 
values of imports showed a significant shift 
during 2,000’s compared to the growth rates in 
the 1990’s. This indicates growing food prices 
and the food price surge during 2007-2008. The 
annual average import growth rate for different 
African regions varied from 3% to 18% during the 
2000’s. For individual countries, during the 2000’s, 
the largest volume of annual wheat imports was 
observed for Ethiopia, followed by Kenya. The 
average annual amount of wheat imported by 
Ethiopia was about 0.9 million metric tons. Kenya 
imported an average of 0.6 million metric tons 
per year. The coefficients of variation (CVs) show 

high levels of import instability. For example, the 
CV varied from 16 % to 90% during the 1990’s and 
from 16% to 110% during the 2000’s. The average 
annual import growth rate was positive for 10 out 
of 12 countries selected for study during the 2000’s. 
In both Ethiopia and Zambia, the annual average 
import growth rate declined during the 2000’s 
indicating growing domestic production to replace 
import demand.

The trends in unit costs of wheat imports for 
selected sub-Saharan countries and regions for 
the last three decades are shown in Table 2.7. 
Although the unit costs were lower during the 
1990’s, the costs of wheat imports increased 
significantly during the 2000’s for all of the 
selected countries and African regions in general. 
In most cases, the costs of wheat imports were also 
highly unstable over time. 

Table 2.6 Decadal trends in average annual total quantity and value of wheat grain imports for selected African 
countries and regions

 Quantity imported Total value of importsa

 Thousand tons/year Annual growth rate (%) Million US$/ year Annual growth rate (%)

Country/region 1990s 2000s 1990s 2000s 1990s 2000s 1990s 2000s

Angola 32.8 35.9 0.4 0.0 5.0 5.8 1.5 -1.0
Burundi 1.7 2.0 -52.5 34.5 0.6 0.8 -55.5 40.2
DRC 120.2 273.1 -2.7 12.9 25.2 49.5 -5.7 25.3
Ethiopia 560.5 869.3 -0.4 -3.5 99.0 227.8 -1.4 10.7
Kenya 392.9 567.6 12.6 1.4 69.9 114.7 14.3 13.3
Madagascar 48.5 55.7 -1.7 17.1 8.5 15.2 2.8 33.7
Mozambique 155.4 353.3 5.3 10.6 23.3 66.1 3.0 22.7
Rwanda 3.6 2.6 -82.0 93.3 1.4 1.2 -69.8 90.4
Tanzania 106.7 532.7 49.7 6.4 22.1 119.2 54.3 17.7
Uganda 24.5 244.9 21.8 26.8 6.9 81.2 24.5 30.7
Zambia 33.8 66.6 19.5 -11.7 7.8 19.7 13.3 -2.9
Zimbabwe 97.0 57.6 2.2 5.8 24.6 19.9 2.2 21.4

Eastern Africa 1,734.0 3,254.1 7.1 3 315.0 764.1 7.2 15.0
Middle Africa 344.8 792.6 7.0 7.1 63.9 172.9 6.7 15.8
West Africa 2,005.8 4,583.0 10.8 5.2 336.9 1,045.0 10.0 20.4
North Africa 12,858.1 17,031.1 3.4 4.4 1,983.5 3,753.4 6.4 15.5
Southern Africa 916.8 1,139.0 -2.8 17.8 133.0 218.4 0.1 27.0

Africa 17,859.5 26,800.4 4.3 5.3 2,832.4 5,954.6 6.6 16.8
World 100,615.0 117,570.0 1.7 2.0 16,674.9 24,558.4 1.1 14.6

a Downloaded directly from FAOSTAT (FAO uses CIF prices to value imports).
Source: Based on FAOSTAT, 2012. 
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Table 2.7 Decadal trends in average unit costs of wheat import for selected sub-Saharan African countries and regions

  Unit costs (US$/ton)   Annual growth rate (%)

Country/ Region 1980s 1990s 2000s 1980s 1990s 2000s

Angola 159.2 (26.3)a 148.0 (23.6) 157.5 (7.8) -7.2 1.0 -1.1
Burundi 390.0 (28.0) 331.6 (7.7) 363.7 (19.4) -4.5 -3.1 5.7
DRC 182.1 (16.4) 205.0 (20.2) 172.7 (28.5) -4.3 -3.1 12.4
Ethiopia 179.2 (9.3) 186.0 (25.5) 264.8 (14.0) 1.6 -1.0 14.2
Kenya 164.3 (17.5) 175.8 (16.3) 202.8 (23.1) -2.8 1.7 11.9
Madagascar 150.9 (22.5) 172.2 (16.8) 229.0 (30.1) 0.4 4.6 16.6
Mozambique 186.0 (13.1) 150.1 (11.4) 192.5 (26.0) -0.1 -2.4 12.1
Rwanda 392.3 (14.6) 706.3 (65.5) 625.3 (97.9) 2.6 12.2 -2.9
Tanzania 183.5 (20.4) 203.6 (30.7) 219.0 (21.6) -1.9 4.6 11.4
Uganda 189.3 (11.7) 331.6 (39.5) 328.4 (11.9) -4.5 2.7 3.9
Zambia 217.2 (21.6) 262.6 (17.3) 331.9 (27.6) 8.4 -6.3 8.8
Zimbabwe 160.7 (29.8) 246.7 (23.3) 393.6 (74.3) 4.2 0.0 15.5

Eastern Africa 179.6 (9.0) 183.1 (15.0) 231.7 (14.2) 0.1 0.1 12.0
Middle Africa 183.6 (15.2) 187.0 (12.9) 214.0 (15.1) -3.9 0.1 8.7
West Africa 216.8 (17.7) 171.6 (14.9) 229.2 (25.8) -2.6 -0.9 15.2
North Africa 171.1 (14.6) 153.7 (17.7) 210.5 (20.0) -4.6 3.0 11.1
Southern Africa 156.0 (18.6) 146.7 (22.7) 178.1 (14.6) -3.1 2.9 9.3

Africa 176.7 (13.4) 158.2 (16.6) 213.8 (18.3) -4.2 2.3 11.5
World 172.4 (12.4) 166.7 (13.5) 205.5( 19.4) -2.2 -0.6 12.5 

a Figures in parenthesis are the coefficient of variations in percent.
Source: Based on FAOSTAT, 2012.

Table 2.8 Decadal trends in wheat self-sufficiency ratio for selected African countries and regions

   Wheat self-sufficiency ratio (%)a

Country/region 1960s 1970s 1980s 1990s 2000s
Angola 34 14 7 12 13
Burundi 100 97 65 86 83
DRC 86 8 3 8 4
Ethiopia 99 83 68 66 70
Kenya 118 86 64 44 37
Madagascar 0 55 22 16 19
Mozambique 15 6 5 2 1
Rwanda 93 49 53 77 92
Tanzania 55 72 78 53 16
Uganda 7 62 48 43 9
Zambia 1 3 30 67 62
Zimbabwe 15 83 79 79 77     
Eastern Africa 83 70 60 51 47
Middle Africa 33 8 4 5 2
West Africa 11 2 5 4 2
North Africa 69 51 41 48 48
Southern Africa 85 106 104 70 67     
Africa 70 55 46 47 44
World 102 102 103 101 101     

a Self-sufficiency ratio is computed as ratio of domestic production to production plus imports minus exports expressed in percentage terms.
Source: Based on FAOSTAT, 2012.
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Figure 2.3. Trends in wheat self-sufficiency ratio for selected regions in Africa, 1961-2008
Source: FAOSTAT.

Figure 2.4. Trends in wheat self-sufficiency ratio for selected countries in Africa, 1961-2008
Source: FAOSTAT.
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In general, the SSA countries have become 
more and more dependent on imports to meet 
their growing demand for wheat. Wheat self-
sufficiency ratios3 have declined since the 1960’s 
for most countries (Table 2.8). For almost all 
regions in Africa, the observed trends in wheat 
self-sufficiency ratios have been downward 
(Figure 2.3). Similarly, for most of the selected 
individual SSA countries, the trend in self-
sufficiency ratios was also downward (Figure 
2.4). In general, Africa as a whole was capable of 
meeting only about 44 percent of wheat demand 
through domestic production during the 2000’s, 
indicating a high level of dependence on wheat 
imports. Thus, nations in SSA are susceptible 
to external trade and wheat food-price shocks. 
Recently, the international food markets have 
been characterized by high and unstable prices, 
reflecting volatile demand and supply conditions. 
The high and unstable price also depresses 
purchases and affects the food security of food-
importing countries. 

2.5 Trends in international and 
domestic wheat prices

2.5.1 Trends in international wheat prices
Long-term trends in wheat prices (both nominal 
and real) are shown in Figure 2.5. Although the 
nominal wheat price has been increasing since 
the 1960’s, real prices decreased from the 1960’s 
up to 2000. Since 2000, both the nominal and the 
real international wheat prices have risen steadily. 
Spikes observed in real world wheat prices were 
the highest in 1974 and again in 2008. As Piesse 
and Thirtle (2009) explain, the main drivers of the 
surge in global food prices in 2007-8 consisted of 
a combination of factors: low food stocks; climate 
change that led to grain harvest failures in various 
parts of the world; changes in government policies 
and in the spot and futures markets. After 2000, the 
US and EU implemented policies that expanded 
the demand for food grains and diverted some 
grains into the production of bio-fuels. In addition, 
some policy changes observed over the years in 
both developed and developing countries led to 
a reduction in food supply and stocks over time. 

Figure 2.5. Long trends in nominal and real international wheat prices, US hard red winter, FOB Gulf 
of Mexico, 1960-2011

Source: IMF, 2012; World Bank, 2012, nominla price deflated by Manufactured Unit Value index (2004=100).

 400

 300

 200

 100

 0
 1960 1970 1980 1990 2000 2010
 Year

Nominal price Nominal fitted
Real price Real fitted

3 The self-sufficiency ratio is given as the ratio of production to the sum of production plus net import.

Pr
ice

 (U
S$

/to
n)



15

 30

 20

 10

 0
 1960 1970 1980 1990 2000 2010
 Year

Rising demand for non-food products in the spot 
and futures markets led to rising global prices 
for fuel and metals and indirectly to rising global 
food prices. Greater speculation and investment 
in the spot and futures markets for food also 
spurred rising food prices in 2007-08 (Headey 
and Fan, 2010). Piesse and Thirtle (2009) explain 
that the food price hikes observed in 2007-08 are 
similar to those in the 1990’s, and nowhere near 
the magnitude observed in 1974. In other words, 
wheat is on average cheaper today in real terms 
than in the 1970’s.

Nominal global wheat prices were highly variable 
in 1973 and 1974, reflecting the food crisis of 
1973 (Figure 2.6). They were also variable in 
2007 and 2008, the years marked by another 
food crisis. By mid-2010, wheat prices were 
forecasted to continue decreasing. However, some 
unanticipated reduction in wheat production 
in key regions led to global wheat prices rising 
sharply from mid-2010. In 2011, a record wheat 
harvest was registered and this is expected to 
replenish wheat stocks and help ease the upward 
pressure on global wheat prices in 2012. 

2.5.2 Trends in domestic wheat prices
The recent changes in domestic wheat prices for 
selected markets in SSA countries are shown in 
Figures 2.7. Each figure presents a price index 
reflecting the nominal price change in each month 
relative to January 2007. The average world 
wheat price remained constant during the first 5 
months of 2007, rising drastically to reach a peak 
in March 2008, where it was more than twice the 
level attained in January 2007. From March 2008, 
the average world wheat price had followed a 
declining trend until June 2010, when it began to 
rise again. Some of the markets that experienced 
dramatic increases in wheat prices similar to those 
observed in the average world wheat price in 2008 
were in Nakuru (Kenya), Djibouti city (Djibouti), 
Addis Ababa (Ethiopia) and South Africa. 

Nakuru is one of the main wheat-producing 
regions in Kenya. The average wholesale price of 
wheat grain in Nakuru was relatively constant 
during the first half of 2007. It then rose sharply, 
just like the world wheat price, to reach a peak 
in May 2008 when it was about twice as high 
as its level in January 2007. From May 2009 to 

Figure 2.6. Long-term trend in coefficients of variation for bread wheat prices, US hard red 
winter, FOB Gulf of Mexico, 1960-2011
Source: IFS, 2011
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September 2010, Nakuru’s wheat price remained 
constant—contrary to the world wheat price, 
which decreased on average over the same period. 
Between January 2007 and the first quarter of 2008, 
wheat prices in Kenya were strongly correlated 
with the world wheat price, because of a national 
policy that aimed at protecting Kenyan wheat 
farmers from foreign competition (Nyoro, Ayieko, 
and Muyanga, 2007; Nyangito, Ikiara and Ronge, 
2002). The soaring wheat prices observed in Kenya 
between September 2007 and May 2008 led the 
government to intervene in Kenyan wheat markets 
to protect vulnerable consumers. The government 
reduced the wheat import duty from 35% to 
10% in June 2008 (Global Information and Early 
Warning System, 2008); other measures followed. 
The interventions from the Kenyan government 
could explain the lack of connection between the 
world wheat price and the average wheat price in 
Nakuru between October 2008 and June 2010.

Between 2007 and mid-2008, wheat prices in the 
average market in Addis Ababa followed a trend 
similar to that of global wheat prices, albeit with 
a delay of few months. While world wheat prices 
reached a peak in March 2008, nominal retail 
wheat prices in the average market in Addis 

Ababa reached a peak in October 2008, when 
they were about 2.5 times higher than their level 
in January 2007. However, unlike global wheat 
prices, wheat prices in Addis Ababa remained 
very high in 2009 and 2010: in June 2010, global 
wheat prices were about 80% of their nominal 
value in January 2007; the same month, wheat 
prices in Addis Ababa were about 1.7 times higher 
than their level of January 2007. 

Some of the markets which did not experience 
a sharp rise in wheat prices in 2008 similar to 
that observed in global wheat prices include the 
Lusaka (Zambia) market and markets in Rwanda. 
The nominal wheat price in Rwanda has increased 
on average between January 2007 and June 2010, 
but was less volatile compared to global wheat 
prices. A similar trend is observed for the average 
price of wheat flour in Lusaka. 

2.6  Patterns of wheat technology 
adoption and impacts 

CIMMYT has been a major source of most 
improved wheat varieties grown in Africa, as part 
of its global efforts to document the use of spring 
bread-wheat varieties with CIMMYT ancestry 
developed and released by national agricultural 

World wheat price index Nakuru wholesale price index
Addis Ababa wholesale index Djibouti wholesale price index
South Africa spot price index Lusaka retail price index
Rwanda retail price index
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research programs in collaboration with CIMMYT 
scientists. Adoption estimates are based on 
surveys of national wheat-program scientists, 
combined with official data and other adoption 
studies. Table 2.9 shows the total wheat area, area 
shares sown to spring bread wheat, spring durum 
wheat, winter wheat, and semi-dwarf (improved) 
adoption percentages calculated from the country 
data collected in 1990, 1997, 2002, and 2006/7. 
In 2006, data were collected on a different set of 
indicators, including the percentage of wheat 
which is fertilized and irrigated. 

High rates of adoption in most countries of SSA are 
not surprising. By 1990, semi-dwarf wheat varieties 
had been grown for 20 years in parts of Asia and 
even longer in Mexico. In these SSA countries, 
wheat was historically grown in large part by settler 
populations (Kenya, Zimbabwe, and South Africa), 
commercial farmers (Zambia), or government farms 
(Tanzania). Nearly 100% of all spring bread-wheat 
varieties grown in East and southern Africa in the 
early 2000’s were semi-dwarf, and the remainders 
were improved, tall varieties rather than landraces 
(Lantican, Dubin and Morris, 2005). 

Table 2.9 Adoption of modern varieties of wheat in sub-Saharan Africa, 1990, 1997, 2002, 2006/7

 Wheat Fertilized Spring Bread Spring Durum Semidwarf Irrigated Rainfed
Country area (ha) (%) Wheat (%) Wheat (%) (%) (%) (%)

2006-2007
Madagascar 4,500 70 --a -- -- 89 11
Rwanda 23,000 -- 100  5  100
South Africa 793,000 -- 99 1 48 17 83
Uganda 16,000 40 100  75  100
Zambia 25,000 100 100  100 100 0
Zimbabwe 42,000 100 100  100 96 4

     Semi-dwarf Semi-dwarf Semi-dwarf
 Wheat area Fac. Wheat Spring Bread Spring Durum Winter/ Fac.  Spring Bread Spring Durum
 (%) (%)  Wheat (%) Wheat (%) Wheat (%) Wheat (%) Wheat (%) 

2002
Ethiopia 1,099,000 0 64 36 -- 90 0
Kenya 178,000 0 100 0 -- 100 --
South Africa 904,000 45 55 0 5 97 --
Zambia 11,000 0 100 0 -- 100 --
Zimbabwe 50,000 0 100 0 -- 100 --

1997 
Ethiopia 1,330,000 0 60 40 -- 43 20
Kenya 160,000 0 100 0 -- 100 --
South Africa 1,346,371 45 55 0 23 >99 --
Tanzania 54,830 0 100 0 -- >99 --
Zambia 17,930 0 100 0 -- 100 -- 
Zimbabwe 49,670 0 100 0 -- 100 --

1990
Burundi 10,833 0 100 0 -- 40 --
Ethiopia 667,333 0 45 55 -- 2 10
Kenya 151,503 0 100 0 -- 100 --
Uganda 5,333 0 100 0 -- 0 --
Tanzania 54,300 0 100 0 -- 92 --
Zambia 9,534 0 100 0 -- 100 --
Zimbabwe 51,667 0 100 0 -- 100 --

a No information available.
Source: Aquino and Carrion (2009); Lantican, Dubin and Morris (2005); Heisey, Lantican and Dubin (2002); Byerlee and Moya (2003). 
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Shifting from local or improved tall varieties 
to semi-dwarf wheat varieties presents only a 
minor proportion of yield gains from growing 
modern wheat, however; much of the gain 
comes from varietal replacement to maintain 
yield potential and genetic resistance to pests 
and diseases (Byerlee and Traxler, 1995). In 
1977, the estimated spring wheat area (both 
bread and durum) in high rainfall areas of SSA 
was 1.0 M ha, with an overall adoption rate of 
22% of improved varieties and an average yield 
of 1.3 t/ha; in 1990, spring wheat area in high 
rainfall areas had expanded to 1.3 M ha and 
adoption rates had more than doubled (52%). 
Assuming an initial gain of 20% with adoption 
of semi-dwarf varieties and an average annual 
yield gain of 1.2%, the total production increase 
from adopting semi-dwarfs and replacing them 
from 1977 to 1990 in the high rainfall areas was 
0.15 M t valued in 1990 dollars at $31 M (Byerlee 
and Moya 1993: 45-47). Given the small areas 
involved, this amount represents about 1% of 
total gains from developing countries over the 
1977-1990 time periods. 

In the few published studies that we found 
about adoption of improved wheat varieties 
in the region, authors cited low uptake of new 
varieties and slow turnover of cultivars as a 
constraint to production and yield performance, 
but question whether the cause was demand or 
supply. Byerlee and Moya (1993) estimated the 
area-weighted average age of improved wheat 
varieties at 12-16 years in Kenya and Ethiopia. 
Only an estimated 9 percent of all improved 
wheat varieties released in the developing world 
regions from 1966 to 1990 were released in SSA 
(Dixon et al. 2006), but when denominated by 
the scale of wheat area, the rate of release is high. 

From 1988 to 2002, in eastern and southern 
Africa, as well as in the West Asia and North 
Africa (WANA) region, varietal release rates 
reached their highest levels between 1994 and 
1996, and authors conclude that higher area-
adjusted varietal release rates in these two 
regions can be explained in terms of the large 
diversity in target environments, the small size 
of national wheat areas, the enormous variability 
in disease complexes, and, possibly, the active 

involvement of the private sector in wheat 
improvement (Lantican, Dubin and Morris 2005). 

Lantican, Dubin and Morris (2005) reported 
that of the total number of varieties of spring 
bread-wheat released in developing countries 
from 1988-2002, 20% were developed by private 
companies. Apart from Eastern Europe and the 
former Soviet Union, they were most active in 
eastern and southern Africa (34%) and Latin 
America (34%). Private sector releases for spring 
durum wheat and winter/facultative wheat 
were also considerably higher in eastern and 
southern Africa (47% and 75% respectively). 
The importance of the private sector in wheat 
breeding in Zimbabwe and South Africa was also 
noted by Heisey and Lantican (2000). 

Nor does capacity appear to be particularly 
limited in relative terms. In the early 2000’s, 
eastern and southern Africa had only 67 wheat 
scientists compared to over three hundred 
in West Asia/North Africa and over 1000 in 
East and South Asia, but this represented 30 
scientists per M ha, which is about twice the 
number in those regions, and 18 scientists per 
M t produced, compared to 9 and 6 respectively. 
Total wheat area in major producing countries 
was estimated at 2.2 M ha, and 3.7 M tons of 
production, as compared to 36 and 184 for 
WANA and ES Asia. There was a slight drop in 
the number of scientists per ha between 1997 and 
2002 (Lantican, Dubin, and Morris 2005).

Given this backdrop, and the establishment of 
a formal breeding program in Kenya as early as 
1927, Gamba et al. (2003) asked why adoption of 
new releases has been so slow in Kenya. In their 
study of three major wheat-producing districts 
(80% of wheat production), only 3 varieties 
had been released within the previous decade; 
14 other varieties were released over a 10-year 
period. New varieties were more likely to be 
used by large-scale farmers in other potential 
zones. Notably, other farmers were the source of 
seed for nearly half of the farmers in each farm 
size class. Kenya Seed Company (KSC) was the 
next most important source of seed, followed 
by the Kenya Farmers Association (KFA). Only 
a few large-scale farmers purchased seed from 
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agents. The seed source pattern did not differ 
between old and new varieties. With respect to 
slow varietal change, farmers referred to the high 
cost of seed and limited availability. Of the range 
of factors that the authors posited as explanations 
of whether or not farmers grew new varieties, 
only wheat-growing experience was statistically 
significant. 

Mahayagu et al. (2007) also found that Kenyan 
farmers acquire improved wheat seed from 
neighbors or large-scale farmers in surrounding 
areas, and farmers with fewer resources may 
not want to adopt newer varieties because of a 
perception that these require more management 
skills and inputs. Smallholder wheat farmers 
replace seed when it makes economic sense to 
do so; Since agrodealers and large-scale farmers 
may charge high prices for seed, small-scale 
farmers often wait longer than what may be 
agronomically optimal to buy replacement seed . 
The authors found that 60% of farmers in Timau, 
Meru (high-potential, historical production zone) 
recycled seed for an average of over 5 years. 
They recommended policies to reduce seed costs 
and supply credit to enable use of certified seed, 
fertilizers, herbicides and machinery rather than 
oxen and hand-harvesting. 

Gitau et al. (2010) describe Kenya as a high-cost 
wheat producer, and compare farmers with 
respect to efficiency, noting that the high costs of 
inputs, seed and fertilizer constituted 44% of total 
costs. Only 50% of farmers used newly purchased 
seed, and the other half used seed that had been 
recycled from one to three years or longer; using 
farm-saved seeds for several years is standard 
around the world including the US. Although 21 
new varieties of wheat have been released into 
the market by KARI, the authors found only 6 
different varieties grown by farmers surveyed. The 
high cost of fuel and spare parts in this highly-
mechanized system are other factors affecting 
efficiency, with very old and costly machinery to 
maintain. 

The geographical suitability of wheat in Kenya’s 
varied agro-climatic zones is also a potential 
issue. Hassan, Mwangi and Karanja (1993) argued 
for the importance of considering agro-climatic 

variability in developing wheat research strategies 
in Kenya, and for shifting focus from high-
potential, historical areas of wheat production 
(because they are more favorable for maize and 
dairying) to low-potential zones where wheat 
farmers earned higher returns (because these 
are more favorable for wheat than maize and 
dairying).

Other than the Kenyan studies, the other 
published adoption studies we identified were 
based on experience in Tanzania and Ethiopia. 
According to Nkonya (pers.comm.), wheat 
production in Tanzania declined dramatically 
after the departure of the Canadian project. Wheat 
farmers in Tanzania face stiff competition globally 
from large-scale farmers. Mechanization appears 
to be an issue, since combine harvesting requires 
large-scale farms, rather than the smaller-scale 
farms of most Tanzanian wheat growers. In 2008, 
the country imported only 6 combine harvesters. 
However, Deininger and Byerlee (2010) reported 
that efforts to introduce mechanized rain-
fed wheat in Tanzania illustrate some of the 
challenges of large-scale production of bulk, 
low-value commodities in SSA. The production 
model was introduced on some 40,000 ha of land 
that was previously a prime grazing ground 
for pastoralists, but benefit-sharing agreements 
were not fully successful. After a US$45 million 
investment, production became only marginally 
profitable, not counting the social costs (Lane 
and Pretty 1991; Rogers 2004). Nkonya’s 1999 
dissertation (2009) documented soil erosion of 11 
mm per year, with a soil mining rate of 22.2 kg of 
nitrogen per ton of wheat, and declining yields 
on the Hanang Wheat Complex, a government-
owned wheat operation in northern Tanzania, 
compared to 7 farmers with an average of 3000 ha 
each. At that time, northern Tanzania produced 
70 percent of Tanzania’s wheat, but Nkonya 
estimated that production costs were lower and 
yields higher on farms that smallholders had used 
for as many as 50 years, compared to the land 
used by HWC farmers for 12-30 years. Notably, 
neither large-scale nor smallholder farmers used 
fertilizer, although they used herbicides and 
machinery. 
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Mussei et al. (2001) studied wheat farming in 
the southern highlands of Tanzania. They found 
that adoption of improved wheat varieties had 
increased between 1989 and 1995 because of market 
liberalization and provision of seed and fertilizer 
by the Sasakawa Global-2000 project. Afterwards, 
adoption declined when the project closed and 
varieties became susceptible to disease. Access to 
labor and land were significant factors explaining 
the share of wheat area sown to improved varieties 
by farmers surveyed. These same variables were 
also significant factors in fertilizer-use decisions, 
although fertilizer use was negatively related to 
farm size because of high costs, and credit was 
also crucial. Clearly, constraints on fertilizer use 
(high prices, lack of access to credit) are major 
determinants of farmers’ decisions to use costlier 
seed. In this study, as compared to that of Gamba et 
al. (2003) in Kenya, adopters were younger farmers, 
less experienced, with smaller farms, higher rates 
of literacy, and more labor, who also supplemented 
their farm income with off-farm activities. 

In Ethiopia, Kotu et al. (2000) also found that 
adopters were younger, more educated, had larger 
families and hired more labor. Apart from high 
yield and resistance to pests, farmers identified 
a number of key traits, such as baking quality. 
Adoption rates in 1997 were 42% among farmers 
surveyed (note that as mentioned above, old 
semi-dwarf wheat varieties were not classified as 
improved), and adoption farmers allocated about 
65% of their wheat area to improved varieties. Area 

shares were negatively influenced by farmers’ 
perceptions of bread-baking quality. Access to 
credit was a major factor explaining adoption and 
affecting fertilizer use, as was hired labor. Seed-
source patterns differed from those reported in 
Kenya. The most common source of seed was 
the extension service, followed by purchase of 
wheat seed primarily from the local market. 
Other farmers were also important sources of 
seed, and only a small percentage purchased 
seed from local merchants or the Ethiopian Seed 
Enterprises. Spielman et al. (2010) reported, 
however, that wheat is the only crop in Ethiopia 
where adoption of improved seed has effectively 
spread from farmer to farmer. 

The study by Zegeye et al. (2001) in northwestern 
Ethiopia emphasized farmer sources of 
information for improved seed and fertilizer. 
As in the other studies, labor was identified 
as a constraining factor for wheat production. 
Adoption had increased from less than 1% 
in 1981 to 72% in 1998, growing rapidly 
after the formation of the national extension 
package program. Participation in on-farm 
demonstrations, contacts with extension agents, 
service cooperative representatives or peasant 
association chairmen were factors that positively 
influenced the use of improved wheat seed. 
Access to credit and asset ownership (livestock 
and land) influenced fertilizer use. Ethiopia’s 
state-led system for cereal intensification has, 
however, been questioned with respect to its 
sustainability (Spielman et al. 2010).
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3.1 Biophysical analysis 
3.1.1 Wheat suitability analysis
We implemented a suitability analysis for wheat 
as a first step in the biophysical modeling for the 
following purposes: 1) to identify all potential 
areas where climatic conditions allow rain-fed 
wheat production, and 2) to select relevant grid 
cells for crop-modeling analysis in areas where 
the potential yield is not extremely low. Two 
approaches were employed in the suitability 
analysis. The first was based entirely on climatic 
data from FAO’s Ecocrop database incorporated 
in the software DIVA-GIS. The Ecocrop module 
of DIVA-GIS uses long-term monthly climate 
data (from 1950 to 2000), taking into account 
temperature and rainfall as well as a number of 
derived agro-climatic factors in combination with 
critical thresholds that define a specific spot for 
each crop.

The Ecocrop suitability map for wheat in Africa, 
generated using the parameters in Table 3.1, 
is shown in Figure 3.1. As Ecocrop is a global 
database, thresholds for rainfall or length of 
growing period must often be adjusted to local 
conditions (especially in tropical regions) based 
on information obtained from plant breeders 
and plant physiologists. In some cases, the 
model is run individually in several areas with 
local adjustment of thresholds depending on the 
diversity of environments. For this analysis, we 
adjusted downward the values for growing season 
and minimum rainfall during the growing season, 
in order to better reflect the realities of wheat 
production in SSA (Hymans et al., 2012, Jarvis et 
al., 2012). 

The advantages of the Ecocrop approach are that 
the data are available in high resolution for global 
areas and the model can be run specifically for 
rain-fed wheat or to consider only temperatures. 
This allows analysts to identify areas where wheat 
could potentially be grown in low temperatures 
and with irrigation. Although Ecocrop identified 

most rain-fed production areas in SSA, 
particularly in east Africa, as well as areas like 
the Jos Plateau in Nigeria, many areas that would 
be considered marginal at best were depicted 
as suitable for wheat production. An example 
is southern DR Congo. A disadvantage of the 
Ecocrop model is that, because it is based purely 
on climate parameters and does not account for 
factors such as soil conditions (acidity, salinity, 
etc.), topography, and water logging, it tends to 
overestimate potentially suitable areas for crop 
production. 

The second approach is called the IIASA FAO 
Global Agro-ecological Zones version 3.0 (Toth 
et al., 2012, Fischer et al., 2012). Compared to the 
Ecocrop model, this method generates a better 
estimate of suitable areas for use as a mask to 
delineate cells for the crop modeling analysis. 
The IIASA method utilizes data on agro-climatic 
factors, soil and terrain parameters as well as 
several input levels. The agro-climatic factors 
entering the global agro-ecological zone (AEZ) 
suitability are the following: average temperature, 
diurnal temperature range, sunshine fraction, 
wind speed, relative humidity, wet-day frequency 
and precipitation. Soil parameters used in the 
model are: organic carbon, pH, soil water-holding 
capacity, soil depth, cation exchange capacity of 
the soil and the clay fraction, total exchangeable 
nutrients, lime and gypsum contents, sodium 
exchange percentage, salinity, textural class and 
granulometry. The model also contains slope 
classes based on a digital terrain model. 

Of the four input levels available for global 
AEZ, we selected the high input level because it 
assumes a well-managed cropping system with 
access to input, similar to the approach we used 
in the biophysical model. Figure 3.2 shows the 
suitability map that resulted. Review of the map 
by experts indicated that the map adequately 
delineates potential wheat areas. The resulting 
grid was then used to construct the mask for the 
crop modeling analysis, described next.

3 Data and methodology 
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Table 3.1 Ecocrop parameters in the Diva-GIS application
Ecocrop Ecocrop Parameter
parameters Thresholds units Definition
Ktemp 0 oC Absolute temperature that will kill the plant
Tmin 5 oC minimum average temperature at which the plant will grow
Topmin 15 oC Minimum average temperature at which the plant will grow optimally
Topmx 23 oC Maximum average temperature at which the plant will grow optimally
Tmax 27 oC Maximum average temperature at which the plant will cease to grow
Rmin 300 mm Minimum rainfall (mm) during the growing season
ROPMin 750 mm Optimal minimum rainfall (mm) during the growing season
ROPmx 900 mm Optimal maximum rainfall (mm) during the growing season
Rmax 1,600 mm Maximum rainfall (mm) during the growing season
Gmin 90 Days Minimum growing season length
Gmax 250 Days Maximum growing season length
Gused 170 Days Utilized growing season length

Figure 3.1. Ecocrop wheat suitability map for Africa.
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3.1.2 The biophysical model
Once the areas suitable for wheat production are 
identified, the potential wheat yield responses to 
fertilizer applications for selected countries were 
estimated using CERES-Wheat v4.5, a process-
based complex wheat growth model included in 
DSSAT v4.5.1.13 (Hoogenboom et al., 2010; Jones 
et al., 2003). The original CERES-Wheat model 
was released in 1985 (Ritchie and Otter, 1985). 
Since then, the model has been improved over 
decades and widely used in published research 
on studying the effects of, for example, water 
management (e.g. Thorp et al., 2010; Timsina et al., 

2008), nutrient management (e.g. Saseendran et 
al., 2004), and climate change and variability (e.g. 
Dhungana et al., 2006; Laurila, 2001; Pandey et 
al., 2007) on wheat growth and production across 
various regions globally, including India (Patel 
et al., 2010), China (Xiong et al., 2008), Argentina 
(Travasso and Delecolle, 1995), and European 
countries (Caldag and Saylan, 2005; Dettori et al., 
2011). For Africa, CIMMYT published a report on 
the characterization of bread-wheat production 
areas in Ethiopia, in which the CERES-Wheat 
model was used to assess the opportunity of 
expanding wheat production (White et al., 2001).

Figure 3.2. IIASA FAO GAEZ wheat suitability map for Africa.
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Depending on the complexity of the model, crop 
models can simulate various levels of productivity 
in a given climatic condition, from potential yield 
(limited by solar radiation and temperature, 
cultivar characteristics, and management practices) 
to attainable yield (additionally limited by other 
abiotic constraints, including water, nitrogen, 
phosphorus) (Bouman et al., 1996). In this study, 
we used the CERES-Wheat model to estimate 
attainable crop productivity with soil, water and 
nitrogen constraints. We implicitly assumed that 
farmers have good agronomic knowledge in 
order to manage fields well with the resources 
they have. However, as other abiotic and biotic 
constraints faced by farmers in their fields are not 
considered, it should be noted that simulated yield 
responses and estimated productivity are expected 
to be higher than those that occur under actual 
conditions. 

Commonly used, process-based crop systems 
models, including CERES-Wheat, were originally 
developed as point (or single field)-based 
applications with no inherent spatial context 
implemented. The models have been applied 
to relatively small areas, or homogeneous 
management units where environmental and 
management practices can be assumed to be 
fairly homogeneous (Hunt and Boote, 1998). 
Increasingly, these models are also used in large-
scale studies where multiple fields or grids were 
considered as the study area, and where a single 
field or grid cell is considered as a modeling 
unit area (e.g. Leenhardt et al., 2006; Liu et al., 
2008; Stehfest et al., 2007). In such cases, models 
use biophysical input datasets developed and 
compiled at the corresponding scale (e.g., use 
of grid-based interpolated climate datasets) 
with selected management practices across the 
modeling unit area.

The simulation unit for this study was defined 
on 5 arc-minute grids, commonly referred to 
as 10 km2 pixels. When the 5 arc-minute grids 
were overlaid, there were a total of 107,885 grid 
cells covering the 12 study countries and their 
respective agro-ecological zones. Uncultivable 
areas such as biophysically unsuitable areas for 
wheat cultivation, water bodies, urban areas, 
forest areas (with >50% tree coverage) and 
protected areas were masked using the geographic 

information system (GIS). When the boundaries 
of the masks intersected with grid cell boundaries, 
the intersected areas were removed and only 
the remaining cell area (i.e., cultivable area) was 
included in the simulation analysis. The masking 
process resulted in the final 35,938 grid cells used 
in the wheat yield simulation. 

In general, the masking process allows us to 
determine the percentage share of cultivable area 
in each grid cell. For example, about 95% of the 
area in the Democratic Republic of the Congo 
is not cultivable, leaving only 5% of area to be 
included in the simulation analysis. About 77% of 
the area in Zimbabwe is cultivable, and 47% of grid 
cells cover 90% of cultivable areas. It is important 
to note that the nominal cultivable grid cell area 
is the theoretical maximum possible cultivable 
area under wheat, which may or may not be 
currently under wheat. Therefore, where wheat is 
not currently grown, an accurate estimation of the 
potential wheat cultivation area would account 
for factors such as the detailed land cover and 
coverage of other crops at much higher resolution 
than the 5 arc-minute grids. This consideration is 
beyond the scope of the current study. 

In addition, to better understand inter-country 
variability in crop-growing biophysical conditions, 
the map of Agro-Ecological Zone (AEZ) (Sebastian, 
2010) was overlaid on the study area (Figure 3.3) 
and used in the analysis of simulation output as 
an aggregation variable. In general, there are four 
major inputs required to simulate crop growth 
systems using DSSAT crop growth simulation 
model: soil, climate, genetic information on crop 
cultivars and management practices, including 
fertilizer application in wheat production. Details 
are discussed in the following sections. 

While crop growth simulation models provide 
useful information, it should be noted that several 
limitations of the models exist and these may be 
exacerbated when modeling at regional scales. 
The approaches used in this study and the results 
obtained need to be carefully interpreted. Major 
crop model limitations include no accounting 
for biotic stresses (pests, diseases, weeds), poor 
quality and aggregated soil data (models perform 
poorly to certain soil limitations like P and 
micronutrients), a tendency to overestimate yields 
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in low-yielding environments, and poor model 
calibration at high temperatures. 

3.1.3  The biophysical data
Wheat cultivars: The choice of location-specific 
wheat variety for simulation using the crop 
growth model was based on the CIMMYT Wheat 
Mega-environments Classification System (ME) 
(Braun et al., 2010). The ME classifies global wheat 
production environmental conditions into 17 
zones based on the spatial analysis of critical agro-
climatic variables, such as rainfall, temperature, 
elevation, water management regime, and soil 
constraints. Seven ME’s intersected the study 

regions: ME1, ME2A, ME2B, ME3, ME4A, ME4C, 
and ME5A (Figure 3.4). For each class, the ME 
system provides its representative variety and 
production site. The representative variety for each 
ME was used as the variety to simulate within 
the ME area. The list of varieties used for the 
seven ME’s are presented in Table 3.2. In practice 
there would be a wider range of wheat varieties 
found in farmers’ fields; however due to the 
lack of information on the spatial distribution of 
wheat varieties at regional scale, we assumed the 
varieties found in a ME class would have similar 
growth characteristics and fertilizer responses to 
their representative variety.

Figure 3.3. Agro-ecological zones used in the wheat simulation analysis for Africa
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Figure 3.4. Spatial extent of the seven wheat mega-environments found in the study region

Table 3.2 Description of the wheat mega-environments used in this study and their representative sites and benchmark 
cultivars

ME Agro-ecological characteristics Representative site Benchmark cultivar

ME1 Low rainfall irrigated, coolest quarter (3 consecutive months) mean min Yaqui Valley, Mexico Seri M 82
 temp > 3oC < 11oC (Ciano or Obregon)
ME2A High rainfall in summer; wettest quarter mean min temp >3oC < 16oC, Kulumsa, Ethiopia Kubsa (Attila)
 wettest quarter (3 consecutive wettest months) precipitation > 250 mm ;
 elevation . 1400m 
ME2B High rainfall winter rain; coolest quarter mean min temp >3oC <16oC; Gorgan, Iran Tajan
 elevation , 1400m 
ME 3 High rainfall acid soil; climate as in ME2 and pH < 5.2 Passo Fundo, Brazil Alondra
ME 4A Low rainfall, winter rainfall dominant; coolest quarter mean min temp >3oC Aleppo, Syria Bacanora (Kauz)
 <11oC; wettest quarter precipitation > 100 mm < 400mm 
ME 4C Mostly residual moisture ; coolest quarter mean min temp >3oC <16oC; Indore, India HI 617
 wettest quarter precipitation > 100 mm < 400mm 
ME 5B Irrigated , low humidity; coolest quarter mean min temp >11oC <16oC Gezira, Sudan Debiera
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Implementation of each wheat variety in the 
crop modeling framework requires careful 
calibration of cultivar coefficients that describe 
the phenology and growth characteristics of the 
variety using field-measured data. In this study 
we used the cultivar coefficients developed by the 
Global Futures project, which involves CIMMYT, 
ICARDA, IFPRI, and the University of Florida. 
Detailed information on the procedure used to 
derive the benchmark varieties used in this study 
can be found in Gbegbelegbe et al., (2012). The 
genetic coefficients of the benchmark varieties 
were estimated through calibration and expert 
knowledge (Table 3.3). The varieties were then 
evaluated in contrasting mega-environments 
under optimal management (no water or Nitrogen 
stress) (Figures 3.5 and 3.6). The measured yield 
trial data used in the evaluation exercise was from 
the CIMMYT’s International Wheat Information 
System (IWIS). The management and soil data 

for the evaluation process were compiled based 
on breeders’ notes included in the IWIS database. 
The weather data for the trials were downloaded 
from the NASA-POWER Climatology Resource for 
Agroclimatology Database (http://power.larc.nasa.
gov). It should be noted that the coarse resolution 
of this data (1˚ grid) may result in some limitations 
in mountainous and coastal areas (White et al., 
2008). Hence, the sites used in the calibration 
or evaluation exercise were sites that were not 
mountainous or coastal areas.

Soil properties and fertility management: For 
each grid cell, the composition of possible soils 
and their characteristics were identified from the 
Harmonized World Soil Database (HWSD) (FAO 
et al., 2008). By overlaying the 5 arc-minute grids 
on the boundaries of HWSD’s global mapping 
units, a look-up table of the soils and their area 
share in each grid cell was prepared in GIS. Figure 
3.7 shows the distribution of number of grid cells 
having 1 to 8 soil types per grid cell. Totally, about 
460 soil types were identified as existing in the 
study area extent. 

For each of the identified soil types, detailed soil 
profile information suitable to run the CERES-
Wheat model was needed. The soil property 
information provided by HWSD was not enough 
to meet the model requirement; however there is 
a large pool (about 3,400) of soil profiles from the 
ISRIC WISE Global Soil Profile Database 1.1 (WISE) 
(Batjes, 2002) converted for crop models-suitable 
format in existence (Romero et al., 2010). For each 
of HWSD soils, we identified the most closely-
matched soil profile from WISE, based on the 
following five categories of top soil (0-30 cm): soil 
taxonomy (soil type code; FAO90), texture, organic 
carbon content, available water content, and pH. 
The closest-match soil profile information was 
used to provide the initial status of soil properties 
in the 13-season sequential simulation, which 
carries over soil water and nutrient status between 
cropping seasons. Results from the first 3 seasons 
were discarded as the spin-off period for stabilizing 
soil water and nutrient balances, leaving simulated 
results from 10 continuous seasons. Utilizing the 
10 realizations of generated weather data for each 
climate scenario, this configuration resulted in 100 
seasonal simulation outputs.

Figure 3.5. Simulated (S, lines) and measured (M, bars) 
grain yields, anthesis and maturity dates for Seri 82 cultivar 
in its benchmark site in Obregon, Mexico (ME1), after the 
calibration of coefficients
Source: Gbegbelegbe et al. (2012).

http://power.larc.nasa.gov
http://power.larc.nasa.gov
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Figure 3.6. Simulated versus measured (with standard deviation) grain yields for Seri M 82, Kauz and Attila in 
three mega-environments (ME 1, 2 and 5)
Source: Gbegbelegbe et al. 2012.

Figure 3.7. Distribution of the number of soil types in each grid cell 
across the study countries

0%

10%

20%

30%

40%

%
 o

f t
ot

al
 n

um
be

r o
f g

rid
 ce

lls

1 2 3 4 5 6 7 8

Number of soils in grid cell (#)

4.58%

21.91%

36.95%

24.97%

7.04%
4.42%

0.12% 0.01%

Continuous cultivation of wheat on each 
soil and its degrading fertility under 
smallholder farmers’ cropping systems 
were simulated using CENTURY module 
of DSSAT v4.5. The CENTURY model was 
originally developed by Parton et al., (1988) 
as a stand-alone soil process model for 
simulating soil organic matter dynamics 
and was later integrated into the DSSAT 
framework (Gijsman et al., 2002), to simulate 
the decomposition and dynamics of soil 
organic matters (SOM). The CENTURY 
module in DSSAT provides a critical 
functionality to simulate crop growth and 
productivity under the low-input cropping 
systems where the mineralization of SOM is 
an important resource of soil nutrients.
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Note that the 10-season sequence in this study was 
not designed to represent farmers’ mono-culture 
cropping of 10 consecutive seasons, but rather 
to represent various soil fertility levels existing 
in a single modeling unit area. For example, 
simulated wheat yield in the 8th season of the 
sequential simulation was considered as the wheat 
productivity on the soil whose fertility is as if 
there had been seven-season continuous wheat 
cultivation since the beginning of farming. 

Estimated yields from the total of 100 simulations 
(10 seasons by 10 weather realizations) were 
aggregated to a single figure based on the following 
aggregation procedure: first, yields for the same 
season across realizations were arithmetically 
averaged, as the stochastically generated weather 
for a given year is equally likely in terms of 
occurrences; second, yields from 10 sequential 
seasons were averaged giving higher weights 
toward the middle (5th season), assuming the 
soil fertility status found in smallholder farmers’ 
fields of any given grid cell would be qualitatively 
described as medium, with the 1st season being the 
highest and the 10th season being the poorest. 

In each grid cell, all soils were used in the 
simulation individually. The cell-specific 
aggregated output from multiple soils in the 

grid cell was computed from an area-weighted 
average, based on the area share of each soil. 
As multiple soils with different properties and 
varying levels of fertility status can present in a 
single grid cell, the area-weighted aggregation 
method inadvertently underrepresents the 
productivity of highly fertile soils, thus the 
process results in conservative estimates on the 
potential productivity of the grid cell. However, 
we valued this method as it took into account 
smallholder farmers’ fields with rather degraded 
productivity, commonly found in the study region 
and most sub-Saharan African countries (e.g. 
Jama and Pizarro, 2008).

Three levels of inorganic fertilizer application 
were simulated, between no application and the 
full amount of recommended rate in Ethiopia 
as shown in Table 3.4 (Bekele Abeyo, CIMMYT, 
personal communication, October 2010). The 
same rate was uniformly applied across the 
region. For large-scale commercial-orientated 
farms, this rate could be considered relatively 
small. However, it was assumed that the rates 
in smallholder farmers’ fields would not vary 
greatly across the study countries. Each level was 
split-applied, 50% applied at planting (involving 
incorporation at 5 cm depth) and 50% applied 35 
days after planting as top dressing. 

Table 3.3. Estimated phenological and growth coefficients of the benchmark wheat cultivars
  Phenology and growth parameters
 Benchmark P1V P1D P5 G1 G2 G3 PHINT
ME cultivar    Spring wheat

ME1 Seri M 82 20 94 564 22 39 1.03 120
ME2A Kubsa 20 94 564 22 39 1.01 120
ME2B Tajan 20 94 564 24 37 1.01 120
ME 3 Alondra 20 94 564 22 39 1.01 120
ME 4A Bacanora 20 94 564 24 37 1.01 120
ME 4C HI 617 20 94 564 22 39 1.01 120
ME 5A Kanchan 20 94 564 22 39 1.01 120

Coefficients for Tajan, Alondra, HI617, and Kanchan are not complete as of writing (March 2012) and subject to change as the calibration 
effort progresses.

P1V: Vernalization coefficient. Days at optimum vernalization temperature required to complete vernalization (days)
P1D: Photoperiod response coefficient, % reduction in development rate when the photoperiod gets 10 hour shorter than the optimum.
P5: Grain filling duration coefficient: Duration of grain filling phase excluding lag period (degree days).
G1: Kernel number coefficient. Number of kernels per unit canopy weight at anthesis (# g-1)
G2: Kernel weight coefficient. Standard kernel size under optimum conditions (mg).
G3: Spike number coefficient. Standard non-stressed dry weight of a single mature tiller including grain (less Leaf blades and sheaths) and 

spike when elongation ceases (g)
PHINT: Interval between successive leaf tip appearances (degree days)
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In the operation of the model, only nitrogen balance 
was simulated in terms of soil nutrients. As DAP is 
included in the recommended application practice, 
we assumed soil phosphorus was managed so 
that nitrogen responses were well expressed. 
However, as soil phosphorus plays a significant 
constraint factor in degraded soils in sub-Saharan 
Africa (Jama and Pizarro, 2008), especially under 
the impact of climate change (St Clair and Lynch, 
2010), the phosphorus balance of wheat production 
system can be further investigated in the next phase 
of the study.

Climate: The CERES-Wheat model operates with 
daily time-step and requires daily weather data 
for the minimum of four variables: solar radiation, 
daily maximum and minimum temperature, and 
precipitation. Conventional crop modeling studies 
with limited spatial extent (e.g. a research plot) 
often use weather data measured on-site or at a 
nearby weather station. This approach is infeasible 
for studies covering large regional or global areas, 
especially in data-scarce regions of the developing 
world, including most countries in SSA. A different 
approach is needed to prepare the weather data. 
The most common approach is to use a weather 
generator program that stochastically generates 
daily weather data from historical mean climatology 
retrieved from global or regional databases. The 
DSSAT v4.5 integrates two weather generators, 
WGEN and SIMMETEO. In this study, we used 
the SIMMETEO weather generator (Soltani and 
Hoogenboom, 2003a; Soltani and Hoogenboom, 
2003b; Soltani and Hoogenboom, 2007). 

As input data for the weather generator, historical 
and future climatology that characterizes the 
monthly mean of the aforementioned four weather 
variables for each grid cell was retrieved from 
the CGIAR CCAFS Climate Data Portal (http://
ccafs-climate.org). Especially for the future 
climate conditions, the same weather generator 
approach was used with the projected monthly 

mean climatology for the time-slice of the 2050’s, 
which represents the years spanning from 2040 
to 2060. To account for uncertainties across the 
range of General Circulation Models (GCM’s), four 
GCM’s from the database (CNRM-CM3, CSIRO-
Mk3.0, ECHam5, and MIROC 3.2) were used with 
A2 SRES emission scenario, which is referred to 
as the pessimistic scenario with heterogeneous 
development, self-reliance and preservation of 
local identities, continuously increasing global 
population, and regionally oriented economies 
(IPCC, 2000). To account for rising levels of 
atmospheric CO2 in the future, the effect of CO2 
fertilization on wheat with 523 ppm was simulated 
under the 2050’s climate scenario (Nakicenovic et 
al., 2000). For each climate scenario (five scenarios 
in total: current and four projections 2050’s) of 
monthly means, 100 realizations of annual weather 
sequence (365/366 days of weather pattern for 100 
cropping seasons) were generated by the weather 
generator for each site and used for the sequential 
simulation model of DSSAT v4.5. The model carries 
soil, water and nutrient statuses from season to 
season and the fallow period in between cropping 
seasons (Hoogenboom et al., 2010). Although 
there are potential changes in the variability of 
weather under future climate scenarios, detailed 
spatial datasets to implement such changes in crop 
modeling framework are not yet readily available. 
Hence this study focused primarily on the changes 
in mean climatic conditions and their representative 
impact on productivity. We acknowledge that the 
crop production risk associated with climate change 
is an important research topic, but it is beyond the 
scope of this study.

3.2 Economic analysis 
3.2.1 The economic model
The economic model for the analysis of the 
economic profitability of wheat production was 
based on the assumption of the small open-
economy model. This framework implies that the 
SSA countries’ economies are open to international 
trade and that they are price-takers in the 

Table 3.4 Fertilizer application rates for wheat growth simulation model 

Fertilizer application regimes Level of intensification Rate of fertilizer use

Not applied Low None
50% of recommendation Medium 50 kg of DAP and 25 kg of urea per ha (21 kg[N] ha-1)
100% of recommendation High 100 kg of DAP and 50 kg of urea per ha (42 kg[N] ha-1)

http://ccafs-climate.org
http://ccafs-climate.org
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international wheat markets. In a small open-
economy model, the decision whether to produce 
or import wheat involves the comparison of 
international and domestic wheat prices (Tsakok, 
1990; Gittinger, 1987; de Janvry and Sadoulet, 
1995). International prices are used as economic 
prices for tradable outputs and inputs which would 
reflect the economic opportunity costs or economic 
efficiency of either producing wheat locally or 
importing it from the international markets4. 

Based on this model, domestic wheat production 
is considered economically efficient as long as 
the domestic wheat price is less than or equal 
to the import parity prices (IPP). If the domestic 
wholesale price is greater than the IPP, it is 
economically more efficient to import wheat from 
the international market rather than to produce it 
domestically. Theoretically, if this is the case, and 
the domestic wheat market is well integrated with 
world markets, any supply gap in domestic wheat 
production is likely to be offset through imports. 
An IPP that is lower than the domestic wholesale 
price provides incentives for wheat importers. If 
this does not lead to imports, it may be because 
the domestic wheat markets are poorly integrated 
with the international market. Poor integration 
may result from weak capacity of importers, high 
marketing costs, lack of market competition, or 
government policies such as import barriers that 
impede wheat trade. 

 Likewise, the export parity price (EPP) is used as a 
reference price when the country is a net exporter 
of a commodity under consideration. If markets 
are integrated, a country exports when the EPP is 
greater than the domestic price. In general, when 
domestic and international wheat markets operate 
smoothly, the domestic wheat price for a net 
importing country is expected to fluctuate between 
import parity price (upper bound) and export 
parity price (lower bound). 

Thus, within the framework of a small-open 
economy model, the net economic return (NER) per 
hectare (US $/ha) to land and farmer management 
was used as an indicator for the economic 

profitability of wheat production. The NER was 
computed at the pixel level by deducting the costs 
that vary from the gross farm return as follows:

 n

NER=Py*Y — ∑RiXi

 i

where is the pixel level import parity price for 
wheat (US$/kg), Y is the pixel level adjusted wheat 
yield (kg/ha), is the quantity of input i used per 
hectare in wheat production and is the unit price 
of input i. The simulated wheat yield data was 
adjusted downward by 10% to reflect the fact that 
conditions on farms might not be exactly the same 
as simulated conditions. This is a conservative 
adjustment. Total variable costs (TVC), given by 
the sum of the product of quantities of inputs used 
by their unit prices, was also evaluated at the pixel 
level, including costs that vary due to fertilizer 
use (US$/ha), such as labor costs, costs of traction 
power (using a pair of oxen), herbicides, pesticides, 
seed, and fertilizer costs and interest on working 
capital. The NER was generated for different 
agro-ecological zones by fertilizer application 
regimes (representing low, medium and high 
intensification levels) in order to assess how 
the economic profitability of wheat production 
varies by fertilizer use. The fertilizer rates used 
were established at 0% (low denoted as T0), 50% 
(medium denoted as T1) and 100% (high denoted 
as T2) of the recommended fertilizer rates. This was 
established based on available farm-level data for 
producing countries (e.g. Ethiopia)

As an indicator of economic profitability, the NER 
implies that the increase in wheat yield attributable 
to fertilizer and other inputs use must have a value 
that covers the social costs of using those inputs 
as a minimum. An NER of zero using the IPP 
indicates a break-even condition in which revenues 
generated just cover all of the economic costs that 
vary and the country will be indifferent whether 
to grow or import wheat. A value of NER greater 
than zero indicates that the wheat production is 
economically profitable and that it would make 
economic sense for the country to grow it. It is 
also important to note that the NER for wheat was 
derived based on wheat grain yield data alone, the 

4 This is based on the strong assumption that world wheat price is not distorted which might not be always the case, for 
example when there are export subsidies. 
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economic value of wheat straw was not included. 
However, the benefits of wheat straw yield could 
be substantial as a livestock feed and considering 
wheat yield alone could underestimate the total 
net economic return of wheat production.

In order to evaluate whether wheat production 
will be economical relative to imports, the NER 
was computed for each potential wheat production 
pixel. This was done by computing the pixel level 
IPP for wheat grain and imported fertilizer used in 
production. The details are given below.

3.2.2 The economic data
Wheat import parity prices: Most SSA countries 
are net wheat importers and import parity prices 
were constructed for major consumption markets 
where the domestically-produced wheat is 
expected to compete with the imported wheat. 
This implies that for the on-farm profitability 
analysis of wheat production, the IPP for a given 
reference market needs to be adjusted to the pixel 
level. The adjustment in the IPP to the pixel level 
takes into account the costs required to transfer 
grain from the farm or regional markets to the 
main consumption centers. 

The key steps used to derive the adjusted import 
parity price for wheat at the farm level were as 
follows. First, the time series data of free on board 
(FOB) US Gulf of Mexico, freight and insurance for 
USA Hard Red Winter wheat (HRW) delivered to 
Durban port was obtained from Chicago Board of 
Trade provided on Koring website: http://www.
sagis.org.za/. The average monthly FOB price, 
freight, and insurance costs was estimated at 270 
US$/ton, 51 US$/ton, and 3 US$/ton, respectively 
for the period from April 2010 to May 2011. These 
costs were added to obtain the average costs, 
insurance and freight (CIF) for HRW wheat ex 
Durban port as 324 US$/ton. Next, the average 
port duty and port handling cost of 81 US$ per ton, 
which was estimated to be 25% of the CIF price 
(Gitau et al., 2010), was added to the CIF in order 
to obtain the landed cost of wheat ex Durban port. 
Thus, the landed cost of HRW wheat ex Durban 
port was 405 US$/ton given competitive import 
markets and this was assumed to be the same for 
all study countries at a given port of entry. 

In the second step, the IPP for the capital city of 
respective study countries was computed as the 
sum of landed Durban costs plus the handling and 
transport costs from a given port to the capital city 
of each country. The handling costs from port to 
capital city were assumed to be 5% of the landed 
cost at the port of entry, estimated at 20 US$/ton 
and again assumed to be the same for all countries. 
The port to capital city transport costs per ton 
was obtained for each country from the spatial 
GIS simulation model based on a least-cost route. 
The IPP and all other prices and costs calculations 
were made in US currency to facilitate comparison 
across different countries. The IPP for the selected 
SSA countries varied from 0.40 US$ /kg for Angola 
and Mozambique to 0.53 US$ /kg for Burundi 
(Table 3.5). 

After computing the IPP for each country, the 
adjusted IPP was calculated at the pixel level by 
taking into account all the marketing costs and 
margins of regional grain traders required in 
transferring grain from the regional markets to 
the main consumption markets (mainly capital 
cities). However, the complete data series on total 
grain marketing costs incurred by grain traders 
when moving grain from the production areas 
to the consumption centers is rarely available 
in developing countries like those studied here. 
Therefore, following Negassa and Myers (2007), 
the information on the total marketing costs was 
constructed based on the data on transportation 
costs from spatial GIS simulation analysis and 
the data on the proportion of transport costs in 
the total marketing costs from other sources ( e.g. 
Rashid and Minot, 2010).

The proportion of transport costs in the total 
marketing costs used was estimated at 50% (Rashid 
and Minot, 2010). The grain transport cost data 
was obtained for each country based on a spatial 
GIS simulation model on a least-cost route from 
the pixels to the capital cities. Then, the GIS-based 
grain transport cost data from pixels to capital 
cities were multiplied by two in order to obtain the 
total grain marketing costs between production 
pixels and main consumption markets5. Finally, 
the farm-level adjusted IPP was obtained as the 
difference between the IPP for the capital city and 
the total marketing costs from pixel to capital city. 

http://www.sagis.org.za/
http://www.sagis.org.za/


33

The farm-level adjusted IPP can be understood as 
the maximum price faced by wheat producers in 
an open economy if wheat imports were allowed 
into the country. The producer’s gross return from 
wheat production was obtained by multiplying 
the farm-level adjusted IPP by the pixel-level 
adjusted wheat yield.

On-farm wheat production costs: Variable costs, 
comprising labor costs, traction power, herbicides, 
pesticides, seed, fertilizer and working capital, 
were included in the wheat variable costs of 
production for the computations of NER at the 
pixel level. These variable costs were identified 
based on an average wheat budget for smallholder 
wheat producers in the Hettosa-Tyyo area of 
Ethiopia for the 2009 cropping season, based on 
CIMMYT-SG2000 household survey data (Table 
3.6). The costs were given in domestic currency 
and the average exchange rate for 2009 was used 
to convert these costs into US dollars. A 20% 
increase in variable costs was assumed in order 
to take into account inflation and distortions that 

might have existed in the foreign exchange market. 
Furthermore, the labor costs were assumed to be 
higher by 5% for T2 and 5% less for T0 as compared 
to T1. 

Import parity price for fertilizer: Fertilizer cost was 
based on on-farm landed cost (port to farm transfer 
costs plus CIF price of fertilizer) and was obtained 
from the spatial transport cost analysis in GIS 
discussed below. The interest cost was calculated 
on total variable costs assuming 10% interest rate 
for 6 months. To estimate fertilizer cost data at pixel 
level successfully, we need to define which factors 
will potentially affect fertilizer costs. In general, 
transport costs depend on road conditions, on/
off road transport, distance and slope of the roads 
and level of competition in the sector. On the other 
hand, transport costs are, in a broad sense, the costs 
involved in the movement of commodities. When 
this movement takes place within the borders of a 
particular country, the costs are often described as 
domestic transport costs. When goods cross borders, 
there is an additional element of international 

Table 3.5 Wheat marketing costs and price assumptions used in the economic analysis for selected countries

 Capital city or  Port to Wheat Average pixel Average pixel Adjusted average
 major wheat Port used capital city cost import to capital to capital pixel level
 consumption to import of transport parity prices city transport city marketing import parity
Country center wheat (US $/t)a (IPP)b US$/kg costs (US$/kg)a costs (US$/kg)c price (US $/kg)d

Angola Luanda Luanda 0.00 0.40 0.09 0.17 0.23
Burundi Bujumbura Mombasa 103.67 0.53 0.01 0.03 0.50
Ethiopia Addis Ababa Djibouti 43.16 0.47 0.04 0.09 0.38
Kenya Nairobi Mombasa 20.40 0.44 0.02 0.04 0.40
Madagascar Toamasina Toamasina 29.03 0.45 0.04 0.08 0.36
Mozambique Maputo Maputo 0.00 0.40 0.06 0.12 0.28
Rwanda Kigali Mombasa 90.29 0.51 0.01 0.02 0.49
Tanzania Dares Salaam Dares Salaam 1.62 0.43 0.06 0.11 0.31
DRC Boma Boma 20.13 0.44 0.06 0.13 0.32
Uganda Kampala Mombasa 62.69 0.49 0.03 0.05 0.43
Zambia Lusaka Beira 98.38 0.52 0.06 0.11 0.41
Zimbabwe Harare Beira 73.19 0.50 0.03 0.07 0.43

a The port to capital city and pixel to capital city transport costs per ton was obtained for each country from the GIS simulation based on a least cost 
route approach.

b The IPP for the capital city was computed for USA hard red winter wheat as Gulf free on board (FOB), insurance and freight (CIF) ex Durban port plus 
port duty and port handling costs and handling and transport costs from ports to capital city of each country.

c Pixel to capital city marketing costs were obtained by multiplying the pixel to capital city transport costs by 2 based on available information that 
transportation cost accounts on average, for 50% of the total marketing costs (Rashid and Minot, 2010). The adjusted producer parity price was then 
derived by subtracting the pixel to capital city marketing costs from the IPP.

d The adjusted pixel level IPP for wheat grain is computed by deducting the transport and marketing costs (for moving the grain from the farm to 
capital city) from the IPP at the major consumption center.

5 Sensitivity analysis will be conducted on this estimate to see how the NER will change for plausible variation in the marketing costs
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transport costs. When transport costs are 
disaggregated at pixel levels, all of the costs need 
to be considered. To simplify input variables to the 
model, specific transport costs are a function of 
four variables: 1) on/off roads including road types, 
2) land cover types, 3) fertilizer import locations 
and 4) land slope. In the broad sense, handling 
fees, storage costs, removal fees and border-
crossing costs are considered. Total transport costs 
are a combination of these. 

More specifically, a cost layer was constructed 
to estimate the adjusted import parity price for 
fertilizer at the pixel level by taking into account 
all the cost variables listed above. A cost layer is a 
pixel-level layer where each pixel value represents 
the unit transport costs in a specific pixel when 
merchandise is transported through it. The layer 
represents transport favorability in a pixel, and 
also calculates how much transport will cost if it 
occurs. The modeling takes into account several 
possible transport cost routes (paths) through 
which goods can be delivered to the pixel and 

determines the path with the least cost. In general, 
the adjusted fertilizer cost at pixel level is given by 
the following formula: 

 Rpk = Rpr + Rpl + Rps + Rpb

Where Rfk is the pixel-level adjusted fertilizer cost 
when least cost kth path is used; Rfr is the on-road 
transport costs at the pixel; Rfl is the off-road 
transport cost at the pixel; Rfs is the additional 
transport cost due to the land slope; and Rfb is the 
border fertilizer cost.

In order to estimate farm-gate price of fertilizer, 
the geographic locations of the starting points and 
destination points were identified. The transport 
direction for fertilizers is defined as from the port 
to the farm-gate. A list of ports is identified from 
literature review and experts’ suggestions (Table 
3.5). The ports data are then geo-referenced based 
on Google Earth in order to provide their exact 
coordinates. To simplify the analysis and also 
because of lack of data, international fertilizer price 

Table 3.6 Enterprise budget for smallholder rain-fed wheat production in Ethiopia based on recommended fertilizer and 
seed rate, 2009 

Budget cost item Unit Quantity (Unit/ha) Unit cost (Birr/Unit) Total cost (Birr/ha) Percent in total cost (%)
Labor      
Family labora     
-men  Work-day 6.3 25.0 157.5 
-women Work-day 3.8 25.0 95 
-other Work-day 3.0 25.0 75 
Labor exchange Work-day 12.1 25.0 302.5 
Hired labor Work-day 16.5 25.0 412.5 
Total labor costs    1042.5 31.6

Traction powerb Work-day 11.7 75.0 877.5 26.8
Fertilizer     
-DAP kg 100.0 6.9 690.0 
-Urea kg 50.0 6.2 310.0 
Total fertilizer costs    1000.0 30.1
Herbicides     
-2-4-D Liter 0.4 69.5 27.8 
-Topic Liter 0.3 380.0 114 
Total herbicide costs    141.8 4.3

Pesticides Liter 0.3 300.0 90.0 2.7
Seed kg 17.5 6.8 119.0 3.6
Total variable costs    3270.8c

Source: Based on CIMMYT-SG200 survey data for Hettosa-Tiyyo area of Ethiopia for 2009. 
a Family labor is valued using the on-going wage rate of 25 Birr/work-day (20 Birr plus lunch worth of 5 Birr) at the time of the survey. Other labor was 

given in terms of adult equivalent whereby contribution of other (e.g. elders, children) labor time is considered as equivalent to half of the adult 
labor time. 

b The traction power cost includes the team of oxen plus payment for one person working with them. 
c The official exchange rate in 2009 was 1 Birr =0.085 $ US, giving a total variable cost of US$ 278.0/ha.
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from IFDC is applied as landed fertilizer (Urea, 
DAP) price at all considered ports. Figure 3.8 
depicts the overall spatial analysis schematically.

After the generic cost surface has been developed, 
overall fertilizer costs can be treated as the 
accumulated pixel costs of all the pixels on the path 
between ports and farm-gates. Then, in the ArcGIS 
spatial analysis extension, the cost-weighted 
distance module can be used to find the least-cost 
path from the port to individual farm-gate. The 
path information is stored in GIS and the total pixel 
costs of all the pixels on the path are calculated. 
When there are multiple ports, the model runs one 
port at a time, multiple times. The port that has 
the least cost to the farm-gate is considered as the 
final port and the corresponding transport cost 
is recorded in the database. In ArcGIS, the model 
runs through each pixel (farm-gates). The final 
output is a raster file of pixel level sum of transport 
cost and landed or border fertilizer cost. 

3.3 Integrated biophysical and 
economic model

Most of the data used in the biophysical modeling 
and economic analysis were available or generated 
at the pixel level. The key variables included 
simulated yield, fertilizer use, and price of wheat 

adjusted to pixel level based on the import parity 
prices. Several computational steps were needed 
in order to align the biophysical data and the 
economic data. First, the simulated wheat-yield 
data was generated at the pixel level using DSSAT 
CERES-wheat model. Second, the simulated wheat-
yield data was exported to an EXCEL spreadsheet 
and then to STATA Software for integration with 
economic data. Third, the wheat yield and NER 
generated at the pixel level were prepared in 
the GIS format for further spatial analysis and 
presentations. 

First, descriptive statistics were used to assess the 
level and variability of the pixel-level simulated 
wheat yield by fertilizer application regimes and 
AEZs. Second, both parametric and non-parametric 
methods were considered to compare the simulated 
wheat yields and the economic profitability of 
wheat under alternative fertilizer application 
regimes. In the case of the parametric method, the 
analysis of variance (ANOVA) was considered 
to assess the effect of fertilizer, agroecological 
zones and the interaction between fertilizer use 
and agroecological zones on the wheat yield. The 
ANOVA method is based on the assumption of 
normality of wheat yield distribution. Therefore, 
the normality of wheat yield distributions was 
tested before the parametric ANOVA analysis was 
conducted. Third, if the wheat yield distributions 

Figure 3.8. Overall schematic of spatial analysis used to 
estimate transport costs
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were found to be non-normally distributed, we 
applied non-parametric methods to estimate kernel 
density functions and test first and second order 
stochastic dominances of wheat yield distributions 
for alternative fertilizer application regimes or 
degrees of intensification (Bekele, 2005; Langyintuo 
et al., 2005; Shively, 1999). 

Two rules were used in stochastic dominance 
analysis: first order stochastic dominance (FSD) 
and second order stochastic dominance (SSD). 
The FSD rule assumes that the decision maker 
prefers more of an outcome (in our case, wheat 
yield or NER for wheat) to less. If the cumulative 
probability of an alternative is greater than the 
cumulative probability of another alternative for 
all levels of the outcomes (yields), the alternative 
with the higher probability is first order stochastic 
dominated by the lower probability alternative. 

The SSD is useful when cumulative distribution 
functions (CDFs) curves of two choices cross each 
other. In this case, the FSD rule cannot be used to 
unambiguously rank the alternatives. The SSD is 
based on the comparison of total area under the 
CDF curves. For example, for a given yield cut-off 
point value, the alternative with the greatest area 
under CDF has the highest probability of low-value 
outcomes and hence dominated. FSD implies SSD, 
but the converse is not true. It is also argued that 
the stochastic dominance analysis allows for risk-
efficient choice as it avoids the alternative with the 
higher probability of low outcome. 

The statistical test for the stochastic dominance 
of wheat-yield distributions involves pair-wise 
non-parametric Kolmogorov-Simonov (K-S) test. 
First, the K-S test was used to test the normality 
of distribution. The null hypothesis is that the 
distribution is normal. Second, the K-S test was 
used to determine whether there was statistically 
significant difference between the pairs of 
distributions of wheat yields. In the K-S test, the 
two-sample test is based on the maximum absolute 
difference between the CDFs for two continuous 
random variables. Unlike conventional statistical 
tests, the K-S test for difference between two 
distributions does not require the variables to be 
normally distributed. The null hypothesis for the 
K-S test of FSD is that there is no difference in the 
CDFs between the two groups. The null hypothesis 

for K-S test of SSD is that there is no difference in 
the normalized CDFs between two groups. The 
normalized CDF is obtained by first dividing the 
outcome variable by its mean and then applying the 
K-S test. 

3.4 Sensitivity analysis 
Finally, an analysis of the sensitivity of baseline 
estimation results to changes in key technical 
and economic parameters was conducted. This 
included analysis of the sensitivity of the NER to 
changes in wheat yields, international wheat prices, 
fertilizer costs and domestic marketing costs of 
wheat. In general, there were three key steps in the 
economic analysis of the simulated wheat yield: 
first, we estimate the response of wheat crop yields 
to fertilizer uses (different intensification levels). 
Second, we estimate the economic consequence of 
these potential changes in crop yields on economic 
profitability. Finally, we analyze the sensitivity of the 
baseline results to the changes in the key selected 
parameters (yield, wheat prices, fertilizer cost and 
marketing costs). 

3.5 Limitations 
This section highlights some of the key limitations 
and caveats of the study in terms of wheat crop 
growth, yield simulation modeling and economic 
analyses which need to be taken into account in 
reading, interpreting and using this report. 
 
3.5.1 Limitations in crop modeling 
The crop model used in this study, CERES-Wheat, 
was originally developed to simulate on-farm 
wheat growth and yield at a relatively small plot 
level. Here, however, we used the model and the 
accompanying data, such as soil, climate, variety, 
and management practices to simulate wheat 
growth and yield on a much larger scale of 10 km2 
grids. This approach did not explicitly simulate 
any particular farmer’s wheat field in the grid cell. 
Instead, our spatial modeling framework simulated 
wheat growth and yield on the representative soil, 
climate, and management practices for each grid 
cell. For this purpose, the grid-level model datasets 
were compiled taking into account local variability in 
smallholder farmers’ systems in the region as much 
as possible. However, we acknowledge that there 
is room for improvement in several aspects of our 
modeling approach used. 
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First, our grid-level soil data were based 
on two global-scale soil databases, whose 
representativeness at the 10 km2 spatial resolution 
needs further research. Second, climate projection 
data for the 2050’s were spatially downscaled 
from much a coarser resolution of global-scale 
databases, and there are uncertainties associated 
with the projection method itself and the spatial-
downscaling method. Stochastically generated 
daily weather data from the monthly mean does 
not introduce weather extremes, such as drought 
spells and floods, resulting in the overestimation 
of mean yields, which means that our crop-
model estimates of yields and yield responses 
are only applicable for the years with normal 
climate. Third, for the representative farmers’ 
management practices, our assumption of farmers’ 
variety choices and fertilizer use were rather 
simply applied across the region, mainly due 
to data limitation in the area especially where 
wheat has not been a major crop. Fourth, our 
model does not take into account all biotic and 
abiotic constraints that farmers may face in the 
field. Damage from pests, diseases, and weeds, 
heterogeneity of soil properties, and sub-optimum 
management practices found in the field, for 
example, are difficult to be implemented on the 
current generation of process-based modeling 
platforms, including the CERES-Wheat model used 
in this study. Thus model-estimated yields and 
yield responses to management practices, in which 
farmers’ good agronomic understanding and their 
resources for effectively managing constraints are 
assumed, should be cautiously interpreted, 

It should also be noted that the IIASA-based 
spatial analysis results on the potential suitability 
of wheat production were not used as an input 
to the crop modeling analysis; they were only 
used as a mask to exclude areas where wheat 
production in the future is improbable. Due to 
the limitations in the crop modeling analysis 
and its use of different types of biophysical data 
and assumptions made on farmers’ management 
practices, the site-specific spatial crop suitability 
does not necessarily correspond to the crop 
model-estimated productivity. In order to test the 
sensitivity of estimated NER to changes in crop 
yields, we conduct sensitivity analysis with certain 
plausible deviations of modeled yields.

3.5.2 Limitations in the economic analysis
In terms of economic analysis, there are three major 
limitations of this study. First, while fertilizer costs 
are pixel specific, the other wheat production cost 
data used to analyze the economic profitability 
of wheat at grid level were not available for each 
country, chiefly because rain-fed smallholder 
wheat production is practiced in only a few of 
the study countries, mainly Ethiopia. Hence, the 
wheat-production cost estimation based on a 
representative wheat budget for Ethiopia might 
over or underestimate the profitability of wheat 
production for other study countries. Second, 
the economic analysis also does not take into 
account the relative profitability of wheat vis-
à-vis other important crops grown in the study 
countries. The main purpose of the economic 
analysis was to assess the economic profitability 
and competitiveness of domestic wheat production 
compared with imported wheat, and further 
detailed individual country-specific relative 
profitability analyses are required to guide 
resource allocation between wheat and other 
competing crop and livestock farm enterprises. 
There is a need to conduct pilot studies in selected 
high-potential countries to assess whether wheat 
production, although competitive with imports, 
will be competitive with other crop and livestock 
farm enterprises currently being undertaken by 
farmers in these areas. An alternative is to consider 
wheat as a rotation crop that could fit into a 
cropping system without displacing other crops. 
The relative profitability compared to other crops 
will, however, determine the incentives for farmers 
to consider growing this crop.

Some of these challenges were partly addressed by 
considering the potential areas with significantly 
high profitability for wheat production (NER 
>US$200/ha) so that wheat would be competitive 
with alternative enterprises. Third, due to lack 
of detailed data to mask the uncultivable areas 
within each grid cell that is considered suitable 
for profitable wheat production, the aggregation 
of potential profitable wheat area and production 
could be overestimated for the study countries. 
In order to reduce the aggregation bias, the 
potential area and production in each country was 
estimated using 10%, 25% and 50% of the pixel area 
considered most profitable.
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4.1 Results of biophysical analysis 
The summary statistics of simulated rain-fed 
wheat yield by level of intensifications for selected 
SSA countries are shown in Table 4.1 and Figure 
4.16. Average simulated rain-fed wheat yields 
by country were obtained by summing all pixel-
level yield data and dividing the total by the total 
number of pixels simulated. For T0, the average 
wheat yield varied from 911 kg/ha for Zimbabwe 
to 3680 kg/ha for Rwanda. The average wheat yield 
for T0 was greater than 2000 kg/ha for 6 of the 12 
countries analyzed. The spatial yield variability 
was measured using the coefficient of variation 
(CV) given as the standard deviation divided by 
the mean. The CV for wheat varied from 28% 
for Burundi to 73% for Angola. This indicates 
spatial variation in wheat yield across the selected 
countries due to the variations in wheat-growing 
conditions. 

For T1 the average wheat yield varied from 1287 
kg/ha for Mozambique to 3986 Kg/ha for Rwanda 
(Table 4.1). The average wheat yield was greater 

than 3000 kg/ha for 4 of the 12 countries. On 
the other hand, the CV for wheat yield varied 
from 27% for Burundi and Uganda to 64% for 
Madagascar. For T2, the average wheat yield 
varied from 980 kg/ha for Angola to 4151 kg/ha for 
Rwanda. Under T2, the average wheat yield was 
found to be greater than 3000kg/ha for 5 of the 
12 countries and greater than 2000 kg/ha for 9 of 
the 12 countries. In most cases, the average wheat 
yields were the lowest and most variable under no 
fertilizer use. Furthermore, the results indicated 
variations among the selected SSA countries in 
terms of wheat yield potential and its variability. 

The results of simulated wheat yields were 
disaggregated for each country by their agro-
ecological zones (AEZ) and are also given in Table 
4.1. Most of the study countries were found to 
grow wheat in more than 5 AEZs. It was observed 
that there is wide variation in wheat production 
potential by AEZs. The simulated wheat 
production in arid zones was reported for only 
two of the Southern African countries: Angola and 
Zimbabwe. As expected, the simulated wheat yield 

6 The map of average wheat yield by different levels of intensification is given in Annex 1.

4 Results and discussion
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was lowest for arid zones. The highest wheat 
production potential was observed for tropical 
highland humid AEZs. In tropical highland 
humid AEZs, the simulated wheat yield was 
greater than 2500 kg/ha for Burundi, Ethiopia, 
Kenya, Madagascar, Rwanda, Tanzania, DRC 
and Uganda. For these countries, the average 
simulated wheat yield was also greater than 
2500kg/ha for tropical highland sub-humid AEZs 

under all levels of intensification. In general, it is 
important to note that for the southern African 
countries like Angola, Zambia, Zimbabwe and 
Mozambique, the observed average simulated 
wheat yield was very low. These variations in the 
demonstrated wheat-production potential across 
AEZs and countries are possibly due to variations 
in soil types and temperature. The highlands in 
the AEZ classification system all lie above 1200m, 

Table 4.1 The average simulated wheat yield by agro-ecological zones for rain-fed wheat productionin selected countries

 Simulated wheat yield (kg/ha)
 Level of      Tropical Tropical Tropical
 intensifi-    Semi- Sub- highland highland highland
Country cation* All Arid Humid Arid humid humid semi-arid sub-humid

Angola Low 1054 478 -- 704 1020 -- 1448 747
 Medium 1542 768 -- 1064 1597 -- 1975 1353
 High 1980 980 -- 1314 2027 -- 2326 1830
Burundi Low 2886 -- -- -- -- 3383 -- 2839
 Medium 3208 -- -- -- -- 3801 -- 3151
 High 3395 -- -- -- -- 4043 -- 3333
Ethiopia Low 2348 -- 2807  534 796 4380 1296 2475
 Medium 2971 -- 3382 579 1167 4837 1960 3121
 High 3395 -- 3833 590 1438 5112 2437 3555
Kenya Low 3087 -- -- 1420 1577 4103 1762 2938
 Medium 3410 -- -- 1600 1735 4570 1938 3229
 High 3617 -- -- 1718 1851 4843 2087 3423
Madagascar Low 2174 -- 2040 892 1895 3698 -- 4097
 Medium 2605 -- 2432 988 2206 4636 -- 5012
 High 2874 -- 2681 1047 2423 5171 -- 5576 
Mozambique Low 1052 -- -- 1028 1065 -- 1003 1085
 Medium 1287 -- -- 1238 1308 -- 1505 1463
 High 1444 -- -- 1376 1473 -- 1827 1737
Rwanda Low 3680 -- -- -- -- 3459 -- 4024
 Medium 3986 -- -- -- -- 3788 -- 4294
 High 4151 -- -- -- -- 3953 -- 4458
Tanzania Low 1986 -- 2973 2217 1269 2675 2675 2007
 Medium 2219 -- 3331 2365 1442 3132 2942 2271
 High 2372 -- 3547 2472 1555 3406 3123 2441
DRC Low 1655 -- -- 1060 1533 2693 1094 1420
 Medium 2059 -- -- 1490 1907 2952 1559 1890
 High 2325 -- -- 1786 2171 3097 1894 2196
Uganda Low 2861 -- 2421 -- -- 2991 -- 2740
 Medium 3383 -- 3104 -- -- 3484 -- 3288
 High 3728 -- 3551 -- -- 3810 -- 3651
Zambia Low 1462 -- 1421 1145 -- -- 1694 1541
 Medium 1933 -- 1859 1592 -- -- 2317 2006
 High 2252 -- 2154 1909 -- -- 2739 2325
Zimbabwe Low 911 783 -- 876 1556 -- 903 1633
 Medium 1394 1211 -- 1294 2099 -- 1532 2238
 High 1744 1482 -- 1596 2477 -- 1999 2657

a Low denotes 0% of recommended fertilizer rate; medium denotes 50% of recommended fertilizer rate; and high denotes 100% of 
recommended fertilizer rate.
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so that temperatures will differ by latitude. The 
other important factor for all southern African 
countries is that wheat yield was simulated for the 
rainy season when it is hot (sub-optimal conditions 
for wheat growth). This might explain why all 
southern African countries are ranked lowest for 
wheat yield potential. Currently, in southern Africa, 
wheat is grown mainly under irrigation in the 
cool, dry season and by medium and large-scale 
commercial farms. 

The results of the non-parametric Kolmogorov-
Simnrov (K-S) test were used to test whether the 
wheat yield distributions were normally distributed 
and whether there was difference in wheat yield 
distribution by intensification level for all possible 
pairs of intensification levels. The results indicate 
that the null hypothesis of normality of wheat yield 
was rejected at 1% level in all cases (Annex 2 and 
Annex 3). Furthermore, the non-parametric tests 
for all possible pair-wise comparisons of alternative 
fertilizer application regimes, (T0 vs. T1; T0 vs. T2; 
and T1 vs. T2), indicate that there was statistically 
significant difference in wheat yield distributions 
among all the alternative fertilizer application 
regimes for the selected SSA countries (Annex 2). 
On the whole, the consistent ranking observed was 
that T2 gave the highest wheat yield followed by 
T1 and the lowest wheat yield was observed for T0. 
T0 first order stochastic was dominated by T1 and 
T1 first order stochastic was dominated by T2. This 
indicates significant response to fertilizer use.

The cumulative wheat-yield distributions under 
low, medium and high intensification for selected 
SSA countries are also given in Annex 4, Annex 5 
and Annex 6 respectively. Analysis of cumulative 
wheat-yield distributions also showed similar 
patterns of wheat-yield potential and variability 
for alternative fertilizer application regimes. The 
probability of obtaining lower wheat yield was 
higher for southern African countries while higher 
probability of obtaining higher wheat yield was 
observed for countries like Rwanda, Burundi, 
Uganda and Kenya. For detailed country-by-
country investigation of simulated wheat yield 
patterns, the results of the analysis of wheat yield 

kernel and cumulative distributions for individual 
countries were obtained but are not discussed here 
due to limited space. 

Without fertilizer use (T0), about 60% of the pixels 
in Zimbabwe and Angola, 40% in Mozambique 
and 22% in Zambia gave yield levels less than 1 
t/ha. About 95% of the pixels in Zimbabwe and 
Mozambique had yield levels less than 2 t/ha while 
almost none exceeded 3 t/ha in these southern 
countries.

4.2 Results of economic analysis
4.2.1 Economic competitiveness of rain-fed 

wheat 
The average NERs generated by levels of 
intensifications are presented in Table 4.2 (see also 
Annex 7) while the probabilities of positive NER 
by levels of intensifications are presented in Table 
4.3. Overall, for T0, the average NER was positive 
for all countries except Angola, Mozambique 
and Zimbabwe. For Angola and Mozambique, 
the average NER was also negative for T1 and 
T2. Despite the significant variability across 
countries, the average NER was positive for all 
other countries for T1 and T2. In general, there is an 
increasing trend in the levels of NER as the level 
of wheat intensification increases7. The positive 
NER indicates that domestic wheat production 
will be competitive with imports. But this does not 
necessarily indicate that farmers should grow the 
crop as it may not compete with other crops grown 
or livestock farm enterprises that farmers keep 
in the farming system. This factor is considered 
further in the following section.

On average, in Burundi, Kenya, Rwanda and 
Uganda, wheat production was profitable under all 
fertilizer application regimes in all agro-ecological 
zones. However, in other countries, wheat 
production was competitive with imports only in 
some of the agro-ecological zones. For example, 
in Angola, wheat production was not competitive 
for any of the intensification levels in the arid, 
semi-arid and sub-humid agricultural zones of 
the country. Wheat production was competitive 

7 The results of non-parametric tests for the net economic returns are similar to the results for the simulated wheat yield 
and hence not reported here for space.  
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Table 4.2 The average net economic returns (NER) to land and farmer management by agro-ecological zones for rain-fed 
wheat production under alternative fertilizer application regimes for selected countries

 Net economic returns (US$/ha)
 Level of      Tropical Tropical Tropical
 intensifi-    Semi- Sub- highland highland highland
Country cationa  All Arid Humid Arid humid humid semi-arid sub-humid

Angola Low -154 -342 --b -247 -153 -60 -219 -154
 Medium -91 -350 -- -217 -64 -- -15 -124
 High -57 -365 -- -208 -9 -- 50 -58
Burundi Low 904 -- -- -- -- 1159 -- 880
 Medium 1010 -- -- -- -- 1311 -- 981
 High 1055 -- -- -- -- 1383 -- 1023
Ethiopia Low 391 -- 401 -224 -138 880 52 476
 Medium 570 -- 533 -247 -53 977 246 666
 High 679 -- 627 -280 -3 1020 375 782
Kenya Low 720 -- -- 136 190 1074 259 669
 Medium 803 -- -- 172 215 1206 292 740
 High 843 -- -- 184 225 1269 315 776
Madagascar Low 348 -- 266 -122 255 975 1136 --
 Medium 461 -- 358 -131 326 1293 1444 --
 High 518 -- 404 -150 365 1459 1621 --
Mozambique Low -119 -- -- -127 -114 -- -112 -184
 Medium -96 -- -- -112 -87 -- -8 -142
 High -92 -- -- -115 -80 -- 46 -122
Rwanda Low 1258 -- -- -- -- 1141 -- 1440
 Medium 1356 -- -- -- -- 1248 -- 1524
 High 1391 -- -- -- -- 1282 -- 1560
Tanzania Low 182 -- 538 291 -70 463 393 194
 Medium 212 -- 612 302 -66 570 433 234
 High 219 -- 640 300 -77 618 449 247
DRC Low 86 -- -- -69 44 512 -32 -24
 Medium 158 -- -- 22 113 563 83 55
 High 192 -- -- 72 150 574 154 92
Uganda Low 732 -- 548 -- -- 758 -- 709
 Medium 898 -- 776 -- -- 910 -- 888
 High 994 -- 912 -- -- 996 -- 993
Zambia Low 157 -- -- 145 -31 -- 299 162
 Medium 296 -- -- 272 68 -- 517 294
 High 378 -- -- 345 127 -- 652 372
Zimbabwe Low -37 -110 -- -57 213 -- -21 259
 Medium 114 6 -- 63 386 -- 201 466
 High 214 66 -- 140 495 -- 357 598

a *Low denotes 0% of recommended fertilizer rate; medium denotes 50% of recommended fertilizer rate; and high denotes 100% of 
recommended fertilizer rate. 

b Denotes data not available.

only in the tropical highland semi-arid zone of 
Angola under high intensification. In Ethiopia, on 
average, wheat production was competitive with 
imports in all of the agro-ecological zones except 
semi-arid and sub-humid AEZs. In Madagascar, 
on average, wheat production was not competitive 
in semi-arid agro-ecological zones, while it was 

profitable in other zones. In Mozambique, similar 
to Angola, on average, wheat production was not 
competitive in any of the agro-ecological zones 
except the tropical highland semi-arid zone, when 
grown using the recommended fertilizer rate. In 
Tanzania, on average, wheat production was not 
competitive in sub-humid zones. In Democratic 
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Republic of Congo (DRC), on average, wheat 
production was competitive in all AEZs except in 
semi-arid, tropical semi-arid and tropical highland 
sub-humid zones when grown without fertilizer. 
In Zimbabwe, on average, wheat production 
without fertilizer use was not competitive in any 

of the agro-ecological zones except sub-humid 
and tropical sub-humid zones, while it was 
competitive with fertilizer use in all AEZs. In 
Zambia, on average, wheat was competitive in 
all AEZs except in sub-humid AEZs when grown 
without fertilizer.

Table 4.3 Percentage of pixels with positive average NER by agro-ecological zones for rain-fed wheat production under 
alternative fertilizer application regimes for selected countries

 Pixels with average positive NER (%)
 Level of      Tropical Tropical Tropical
 intensifi-    Semi- Sub- highland highland highland
Country cationa  All Arid Humid Arid humid humid semi-arid sub-humid

Angola Low 22 0 --b 5 21 -- 40 16
 Medium 28 0 -- 8 32 -- 46 20
 High 32 0 -- 9 39 -- 49 23
Burundi Low 100 -- -- -- -- 100 -- 100
 Medium 100 -- -- -- -- 100 -- 100
 High 100 -- -- -- -- 100 -- 100
Ethiopia Low 71 -- 86 7 15 98 47 79
 Medium 88 -- 100 0 31 100 77 92
 High 90 -- 100 0 38 100 83 93
Kenya Low 91 -- -- 74 87 94 86 91
 Medium 92 -- -- 78 85 97 86 91
 High 92 -- -- 78 85 97 86 91
Madagascar Low 73 -- 81 14 66 99 -- 100
 Medium 76 -- 85 13 70 99 -- 100
 High 76 -- 85 11 71 99 -- 100
Mozambique Low 15 -- -- 12 17 -- 4 4
 Medium 19 -- -- 15 21 -- 54 16
 High 21 -- -- 14 23 -- 68 27
Rwanda Low 96 -- -- -- -- 94 -- 96
 Medium 96 -- -- -- -- 94 -- 100
 High 96 -- -- -- -- 94 -- 100
Tanzania Low 68 -- 100 90 28 100 95 70
 Medium 70 -- 100 92 30 100 97 74
 High 71 -- 100 92 29 100 98 75
DRC Low 53 -- -- 0 62 70 12 44
 Medium 71 -- -- 86 85 75 100 58
 High 76 -- -- 100 91 78 100 63
Uganda Low 99 -- 100 -- -- 98 -- 99
 Medium 100 -- 100 -- -- 100 -- 100
 High 100 -- 100 -- -- 100 -- 100
Zambia Low 63 -- -- 51 36 -- 86 91
 Medium 80 -- -- 73 58 -- 96 98
 High 86 -- -- 81 76 -- 98 99
Zimbabwe Low 35 14 -- 34 74 -- 34 80
 Medium 58 27 -- 49 93 -- 80 97
 High 76 84 -- 66 100 -- 93 99 

a Low denotes 0% of recommended fertilizer rate; medium denotes 50% of recommended fertilizer rate; and high denotes 100% of 
recommended fertilizer rate. 

b Denotes wheat production under such zone was not identified for a given country and hence no defined percentage of pixels with net 
economic returns. 
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The probabilities of positive NER generated 
under alternative fertilizer application regimes 
for different countries are given in Table 4.3. 
For T0, the percentage of pixels with positive 
NER was lowest (15%) for Mozambique. The 
percentage of pixels with positive NER for Angola 
and Zimbabwe was also very low, and was 
estimated at 22% and 35%, respectively. For T1, 
the percentage of pixels with positive NER varied 
from 19% to 100%, and the percentage of pixels 
with positive NER was greater than 60% for 9 of 
the 12 countries. For Burundi, Kenya, Rwanda and 
Uganda, the percentage of pixels with positive 
NER was greater than 90% for T1. Although the 
average NER increases with intensification, the 
results for T2 were similar to those for T1. 

In general, the competitiveness of wheat 
production increased with the level of fertilizer (or 
level of intensification) used for most countries. 
The mean NER and percentage of pixels with 
positive NER increased with the level of fertilizer 
used in wheat production. In terms of magnitude, 
the highest net economic returns were observed 
for Rwanda followed by Burundi, while rain-
fed wheat production was observed to be less 
competitive in countries in southern Africa 
where wheat is mainly grown under irrigated 
systems. In principle, despite the positive NER, 
the profitability of wheat relative to other crops 
could be limited. In order to assess the relative 
profitability, we present the percentage of pixels 
with different levels of NER. The competitiveness 
of wheat with other crops will be higher in 
pixels where it provides the highest NER. Table 
4.2 shows that the highland agro-ecologies in 
Rwanda, Burundi, Kenya, Ethiopia, Madagascar 
and Tanzania provide the highest NER. This 
indicates that rain-fed wheat production will have 
the highest potential in these regions. A higher 
percentage of pixels with positive NER implies a 
larger potential geographic area for economically 
profitable and competitive wheat production in a 
given country. 

4.2.2 Potential for profitable wheat production
In order to assess the wheat production potential 
for each country, for pixels with positive NER, 
the potential total wheat area and production 
were aggregated at the country level and given 

by fertilizer application regimes in Table 4.4 and 
Table 4.5. The aggregation of potential wheat 
area and production was made under different 
assumptions. First, the aggregation was made for 
pixels with strictly positive net economic returns. 
However, in order to narrow down to the most 
profitable production areas, we took a more 
conservative approach in estimating the potential 
wheat area and production of wheat by using 
NER > 200 US $/ha as the cutoff point value to 
make wheat profitable in the system. This value 
is expected to be higher than the average NER for 
other competing crops currently being grown in 
the potential wheat-growing areas (e.g. highland 
maize, barley, potatoes, etc). Secondly, due to lack 
of detailed data to mask the uncultivable areas 
within each grid cell that was considered suitable 
for profitable wheat production (e.g. settlements, 
roads, slopes, townships, marginal lands, natural 
water bodies, etc), we adjusted the total area for 
profitable pixels using three different proportions, 
i.e., if only 5%, 10% and 25% of the total pixel area 
for most profitable pixels were used for wheat 
production. 

Using these assumptions, under the medium 
level of intensification and of the pixel areas, 
the highly profitable land area (NER > US$200/
ha) potentially suitable for wheat production (in 
million ha) ranged from 0.3 (Mozambique and 
Burundi), 0.4 (Rwanda), 0.5 (Uganda), 0.6 (DRC), 
to 1.7 (Kenya), 2.0 (Zimbabwe), 2.3 (Angola), 3.0 
(Tanzania), 3.2 (Madagascar), 4.3 (Zambia), and 
6.5 (Ethiopia) (Table 4.4). If one uses only 10% of 
the most profitable pixels (with NER>200), the 
average profitability area will be 0.92 (Angola), 
0.14 (Burundi), 2.6 (Ethiopia), 0.67 (Kenya), 1.27 
(Madagascar), 0.1 (Mozambique), 0.14 (Rwanda), 
1.21 (Tanzania), 0.25 (DRC), 0.2 (Uganda), 1.73 
(Zambia) and 0.81 (Zimbabwe)

Similarly, the potential wheat production 
from these highly profitable production areas 
(pixels) if 25% of the suitable land is planted 
to wheat will range from (in million tons) 0.7 
(Mozambique), 1.1 (Burundi), 1.5 (Rwanda), 1.7 
(Uganda), 1.9 (DRC), 6.6 (Kenya), 4.3 (Zimbabwe), 
6.7 (Angola), 9.1 (Tanzania), 11.9 (Madagascar), 
10.6 (Zambia), and 23.5 (Ethiopia) (Table 4.5). 
Using the 10% conservative estimates of the most 
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Table 4.4 Total simulated profitable wheat area for rain-fed 
wheat production under different levels of intensification 
for selected countries (million hectares)

  Total simulated wheat
 Level of area with NER greater
 intensifi-  than 200 US$/hab

Country cationa 5% 10% 25%

Angola Low 0.27 0.53 1.33
 Medium 0.46 0.92 2.31
 High 0.55 1.11 2.76
Burundi Low 0.07 0.14 0.34
 Medium 0.07 0.14 0.34
 High 0.07 0.14 0.34
Ethiopia Low 0.08 2.03 5.08
 Medium 0.12 2.60 6.50
 High 0.15 2.81 7.02
Kenya Low 0.33 0.65 1.63
 Medium 0.33 0.67 1.67
 High 0.34 0.67 1.68
Madagascar Low 0.56 1.13 2.82
 Medium 0.63 1.27 3.17
 High 0.65 1.30 3.26
Mozambique Low 0.04 0.07 0.18
 Medium 0.05 0.10 0.26
 High 0.06 0.12 0.30
Rwanda Low 0.07 0.14 0.36
 Medium 0.07 0.14 0.36
 High 0.07 0.14 0.36
Tanzania Low 0.55 1.09 2.74
 Medium 0.60 1.21 3.02
 High 0.62 1.24 3.11
DRC Low 0.08 0.15 0.38
 Medium 0.12 0.25 0.62
 High 0.15 0.30 0.75
Uganda Low 0.10 0.19 0.48
 Medium 0.10 0.20 0.51
 High 0.10 0.20 0.51
Zambia Low 0.63 1.26 3.15
 Medium 0.86 1.73 4.32
 High 0.94 1.87 4.68
Zimbabwe Low 0.26 0.52 1.29
 Medium 0.41 0.81 2.03
 High 0.59 1.18 2.95
Total Low 3.95 7.91 19.77
 Medium 5.02 10.04 25.11
  High 5.54 11.09 27.72

a  Low denotes 0% of recommended fertilizer rate; medium denotes 
50% of recommended fertilizer rate; and high denotes 100% of 
recommended fertilizer rate. 

b The potential area is computed for 5%, 10% and 25% of the total 
area of the profitable grid cell (pixel).This is mainly because of lack of 
detailed data to correct for land that is not suitable for farming within 
each grid cell and use of total area, which does not account for other 
crops, settlements, townships, slopes, marginal lands and uncultivable 
areas, would substantially overestimate the potential production. 

Table 4.5 Total simulated profitable production of rain-fed 
wheat under different levels of intensification for selected 
countries (million tons)

  Total simulated wheat
 Level of  production with NER greater
 ntensifi-  than 200 US$/hab

Country cationa 5% 10% 25%

Angola Low 0.71 1.41 3.53
 Medium 1.13 2.67 6.67
 High 1.72 3.44 8.60
Burundi Low 0.20 0.40 1.00
 Medium 0.22 0.45 1.11
 High 0.24 0.47 1.18
Ethiopia Low 3.53 7.06 17.65
 Medium 4.71 9.42 23.55
 High 5.50 11.00 27.51
Kenya Low 1.19 2.37 5.94
 Medium 1.33 2.65 6.63
 High 1.41 2.82 7.04
Madagascar Low 1.85 3.70 9.25
 Medium 2.37 4.74 11.85
 High 2.66 5.32 13.30
Mozambique Low 0.08 0.16 0.41
 Medium 0.13 0.27 0.67
 High 0.17 0.34 0.85
Rwanda Low 0.28 0.56 1.40
 Medium 0.30 0.61 1.51
 High 0.31 0.63 1.57
Tanzania Low 1.54 3.08 7.70
 Medium 1.81 3.62 9.05
 High 1.96 3.92 9.81
DRC Low 0.25 0.51 1.26
 Medium 0.38 0.76 1.89
 High 0.47 0.94 2.36
Uganda Low 0.28 0.57 1.42
 Medium 0.34 0.69 1.72
 High 0.38 0.76 1.90
Zambia Low 1.31 2.63 6.57
 Medium 2.13 4.26 10.64
 High 2.60 5.20 13.00
Zimbabwe Low 0.48 0.97 2.42
 Medium 0.86 1.72 4.30
 High 1.33 2.67 6.67
Total Low 11.71 23.42 58.55
 Medium 15.92 31.85 79.61
  High 18.76 37.51 93.79

a Low denotes 0% of recommended fertilizer rate; medium denotes 
50% of recommended fertilizer rate; and high denotes 100% of 
recommended fertilizer rate. 

b The production is estimated using the pixel level yield and profitable 
area assumed under Table 4.5 for 5%, 10% and 25% of the total area of 
the profitable grid cell (pixel).This is mainly because of lack of detailed 
data to correct for land that is not suitable for farming within each 
grid cell and use of total area, which does not account for other crops, 
settlements, townships, slopes, marginal lands and uncultivable areas, 
would substantially overestimate the potential production. 
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profitable (NER>USD200) pixel area under 
wheat, the average product will range from 0.27 
(Mozambique), 0.45 (Burundi), 0.61 (Rwanda), 
0.69 (Uganda), 0.76 (DRC), to 1.72 (Zimbabwe), 
2.65 (Kenya), 2.67 (Angola), 3.62 (Tanzania), 4.26 
(Zambia), 4.74 (Madagascar) and 9.42 (Ethiopia).

Clearly, the currently reported wheat area and 
production for the study countries are generally 
less than 10% of the simulated economically 
most profitable and competitive wheat area and 
production under different levels of fertilizer 
use. The current consumption requirements 
of the study countries are also less than the 
economically profitable simulated wheat 
production indicated. Even in a country like 
Ethiopia, where wheat is a common traditional 
crop, the current wheat area and wheat 
production are less than 20% of the simulated 
highly profitable (NER >200/ha) wheat area and 
production. In general, these findings suggest 
that there is significant potential for increasing 
rain-fed wheat production in some countries of 
SSA and that doing so would be more profitable 
than wheat imports for many of these countries. 
Domestic production could be used for import 
substitution but also generate employment 
and other multiplier benefits that contribute to 
poverty reduction (Mason et al., 2013).

4. 3 Results of sensitivity analysis 
The NER as a competitiveness indicator could 
be affected by changes in production and 
economic variables. In this regard, the sensitivity 
analysis allows examination of the robustness 
of the baseline average NER estimates as 
regards uncertain future changes (both adverse 
and favorable) in key variables affecting the 
competitiveness of wheat production. We 
evaluated the sensitivity of the NER to changes 
in key variables including wheat yields, 
international wheat prices, fertilizer costs and 
marketing costs. Four scenarios were created by 
decreasing/ increasing these key variables by 25% 
and 50% compared to their values used in the 
baseline analysis. 

4.3.1 Effects of changes in international wheat 
prices 

The results of the sensitivity analysis for changes 
in international wheat prices (FOB Gulf) are given 
in Table 4.6. Percentage changes in NER relative 
to baseline values, and the changes in percentages 
of pixels with positive NER under different 
wheat price changes are reported. The change in 
percentage of pixels with positive NER indicates 
what percentage of pixels became profitable or 
unprofitable as a result of changes in wheat prices.

With a 50% wheat price decrease scenario, average 
wheat production generally remained unprofitable 
under all fertilizer application regimes for Angola, 
Ethiopia, Madagascar, Mozambique, Tanzania, 
DRC, Zambia and Zimbabwe. Furthermore, for 
Angola, Mozambique, Tanzania and DRC, average 
wheat production for all fertilizer use regimes 
was not competitive even with a 25% wheat 
price decrease scenario. For Zambia, with a 25% 
decrease in international wheat prices, wheat 
production without fertilizer was not profitable, 
while with the same price decrease scenario, 
wheat production was not competitive for low 
and medium intensification for Zimbabwe. With 
a 25% price increase scenario, the average wheat 
production was not competitive only for Angola 
and Mozambique when fertilizer was not used. On 
average, with a 50% wheat price increase, wheat 
was profitable in all countries under all alternative 
fertilizer application regimes. 

The simulated changes also show that the 
percentages of pixels with positive NER are 
sensitive to wheat price changes. In Burundi, 
Kenya, Rwanda and Uganda, the average NER 
remained positive under all wheat price decrease 
scenarios. In general, wheat production remained 
economically profitable and competitive with 
imports under variable international wheat prices 
in most of the selected SSA countries. However, 
as can be seen from the sensitivity analysis, the 
current fluctuations in world wheat prices can 
affect wheat profitability and competitiveness but 
the result remained generally stable for countries 
with high yields and especially those land-locked 
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Table 4.6 Sensitivity of average NER and percentage of pixels with positive returns to wheat price changes for selected 
countries

  Baseline Percentage change in NER Change in percentage of pixels with
 Fertilizer value for changes in wheat pricesa positive NER for changes in wheat pricesb

Country level (US$/ha) 50% (-) 25% (-) 25% (+) 50% (+) 50% (-) 25% (-) 25% (+) 50% (+)

Angola Low -155 -124 -62 62 124 -22 -13 10 17
 Medium -91 -308 -154 155 309 -28 -13 13 27
 High -58 -591 -295 297 593 -32 -15 19 40
Burundi Low 905 -76 -38 38 76 -15 -2 0 0
 Medium 1010 -76 -38 38 76 -12 -3 0 0
 High 1055 -76 -38 38 76 -14 -3 0 0
Ethiopia Low 392 -126 -63 63 126 -42 -14 8 13
 Medium 570 -110 -55 55 110 -52 -13 5 4
 High 679 -105 -53 53 105 -48 -8 4 6
Kenya Low 720 -86 -43 43 86 -32 -9 4 6
 Medium 803 -85 -43 42 85 -32 -8 4 5
 High 843 -86 -43 43 86 -32 -9 3 5
Madagascar Low 348 -128 -64 64 127 -51 -23 10 18
 Medium 461 -115 -58 58 115 -51 -21 9 17
 High 518 -113 -57 57 113 -50 -20 9 15
Mozambique Low -119 -161 -81 81 161 -15 -12 27 49
 Medium -96 -244 -122 122 244 -19 -15 32 56
 High -92 -286 -143 142 285 -20 -17 33 58
Rwanda Low 1258 -68 -34 34 68 -3 -1 1 1
 Medium 1356 -68 -34 34 68 -3 -1 1 1
 High 1391 -69 -35 35 69 -3 -1 0 1
Tanzania Low 183 -208 -104 104 208 -56 -23 9 16
 Medium 212 -201 -100 100 201 -59 -23 11 17
 High 219 -208 -104 104 208 -61 -24 10 16
DRC Low 86 -385 -192 193 385 -44 -37 26 40
 Medium 158 -261 -130 130 261 -61 -44 21 23
 High 192 -242 -121 121 243 -67 -42 16 19
Uganda Low 732 -86 -43 43 86 -29 -7 1 1
 Medium 898 -83 -41 41 83 -21 -1 0 0
 High 994 -82 -41 41 82 -17 -1 0 0
Zambia Low 157 -219 -110 110 219 -51 -25 25 34
 Medium 296 -154 -77 77 154 -66 -29 18 20
 High 378 -140 -70 70 140 -70 -32 14 14
Zimbabwe Low -37 -551 -276 276 551 -32 -12 11 21
 Medium 114 -274 -137 137 274 -51 -23 21 32
  High 214 -183 -92 91 182 -64 -28 17 23

a – (+) Indicate that international prices decreased (increased) by the indicated value
b Baseline values are the same as those reported in Column 2 of Table 4.3 

countries facing high import parity prices. A 
decrease in prices of up to 25% seems not to totally 
disrupt wheat production in these countries. 
Increases in wheat prices will make domestic 
production in all countries more competitive. 

The changes in the percentage of pixels with 
positive average NER also increased with an 

increase in wheat prices and decreased when 
wheat price decreased. With a 50% wheat price 
increase, the percentage of pixels with positive 
NER increased from 1% to 58%. The increase 
in the percentage of pixels with positive NER 
was substantial for countries such as Angola, 
Mozambique, Zambia and Zimbabwe, where lower 
profitability is observed under a baseline scenario. 
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With a 50% wheat price decrease, a significant part 
of the simulated areas in Angola and Mozambique 
became unprofitable and uncompetitive with 
imports. Sharp negative swings in prices will 
make domestic production less competitive with 
immediate significant effects in countries with low 
productivity.

4.3.2  Effects of changes in fertilizer costs 
It appears that the average NER was less sensitive 
to changes in the cost of fertilizer (Table 4.7). For 
example, in none of the selected countries, for 
situations where the baseline average NERs were 
negative, (i.e. Angola and Mozambique), did 
the use of fertilizer in wheat production become 

Table 4.7 Sensitivity of average NER and percentage of pixels with positive returns to changes in fertilizer costs for selected 
countries 
  Baseline Percentage change in NER Change in percentage of pixels with
 Fertilizer value for changes in fertilizer costsa positive NER for changes in fertilizer costsb

Country level (US $/ha) 50% (-) 25% (-) 25% (+) 50% (+) 50% (-) 25% (-) 25% (+) 50% (+)

Angola Low -155 0 0 0 0 0 0 0 0
 Medium -91 18 9 -8 -16 1 1 0 -1
 High -58 55 28 -26 -53 3 1 -2 -3
Burundi Low 905 0 0 0 0 0 0 0 0
 Medium 1010 2 1 -90 -2 0 0 0 -1
 High 1055 3 2 -2 -3 0 -1 -1 -1
Ethiopia Low 392 0 0 0 0 0 0 0 0
 Medium 570 3 1 -1 -3 1 0 -1 -1
 High 679 5 2 -2 -5 1 1 0 -1
Kenya Low 720 0 0 0 0 0 0 0 0
 Medium 803 2 1 -1 -2 0 0 0 -1
 High 843 3 2 -2 -3 1 0 0 -2
Madagascar Low 348 0 0 0 0 -1 0 0 0
 Medium 461 3 2 -2 -3 1 0 -1 -2
 High 518 6 3 -3 -6 2 1 -2 -3
Mozambique Low -119 0 0 0 0 0 0 0 0
 Medium -96 17 8 -8 -16 4 2 -1 -2
 High -92 34 16 -17 -34 6 2 -3 -5
Rwanda Low 1258 0 0 0 0 1 1 1 1
 Medium 1356 1 1 -1 -1 1 1 1 1
 High 1391 2 1 -1 -2 0 0 0 0
Tanzania Low 183 0 0 0 0 0 0 0 0
 Medium 212 7 4 -4 -7 2 1 -1 -2
 High 219 14 7 -7 -14 3 2 -2 -3
DRC Low 86 0 0 0 0 0 0 0 0
 Medium 158 11 6 -5 -11 3 1 -2 -4
 High 192 18 9 -9 -18 5 2 -3 -4
Uganda Low 732 0 0 0 0 0 0 0 0
 Medium 898 2 1 -1 -2 0 0 0 0
 High 994 3 2 -2 -3 0 0 0 0
Zambia Low 157 0 0 0 0 0 0 0 0
 Medium 296 6 3 -3 -6 3 1 -2 -3
 High 378 9 4 -4 -9 6 4 -3 -6
Zimbabwe Low -37 0 0 0 0 0 0 0 0
 Medium 114 15 7 -7 -7 4 2 -1 -1
  High 214 15 7 -8 -8 5 3 -3 -3

a – (+) Indicate that international prices decreased (increased) by the indicated value
b Baseline values are the same as those reported in Column 2 of Table 4.3
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profitable on average as a result of a 25% or 50% 
decrease in fertilizer costs. The same question can 
be asked to evaluate the effect of an increase in 
fertilizer cost. In general, the sensitivity analysis 
revealed that very high negative economic returns 
would not occur in wheat production unless large 
fertilizer cost increases (maybe more than 50%) 
occurred. There was also no great change in the 
percentage of pixels with positive NER as a result 
of a decrease or increase in fertilizer costs. The 
changes were within plus or minus 10%.

Whereas the effect of changes in fertilizer prices on 
the competitiveness of wheat production remains 
modest, its impact seems to be relatively larger in 
countries with low productivity (especially those 
in southern Africa). However, changes in fertilizer 
prices alone will not determine the relative 
competitiveness of wheat production in Africa.

4.3.3  Effects of changes in wheat productivity 
In most of the cases, the average NER was found 
to be very sensitive to yield reductions (Table 
4.8). Under all yield reduction scenarios, average 
wheat production was economically profitable 
for all fertilizer application regimes for Burundi, 
Kenya, Rwanda and Uganda: countries with 
a high simulated average wheat yield. With a 
50% wheat yield reduction scenario, average 
wheat production with or without fertilizer use 
was not profitable for 6 of the 12 SSA countries: 
Angola, Mozambique, Tanzania, DRC, Zambia 
and Zimbabwe. For a 25% average wheat yield 
reduction, wheat production with or without 
fertilizer use, was still not competitive for 
Angola and Mozambique. For Angola and 
Mozambique, a 25% wheat yield increase 
would only make the average wheat production 
economically competitive with imports in a 
high level of intensification system. However, 
with a 50% wheat yield increase, the average 
wheat production without fertilizer use was 
economically not profitable only for Angola. 
In general, it is observed that a decrease in 
wheat yield drastically reduces the average 
NER. However, the competitiveness of wheat 
production decreased with a 25% wheat yield 
decrease, but wheat remained competitive in most 
of the countries with high yields. The decrease 
in area was dramatic in countries of southern 

Africa where simulated yields were already low. 
Further declines in yields affected competitiveness 
dramatically. This shows that for most of the 
countries, a yield reduction greater than 25% 
will have major effects on profitability and 
competitiveness 

4.3.4  Effects of changes in marketing costs
Decreasing the domestic grain marketing cost 
is important to increase the competitiveness of 
domestic wheat production. The sensitivity of 
wheat profitability to grain marketing costs was 
analyzed by adjusting the grain marketing costs 
by 25% and 50%. In general, from the sensitivity 
analysis, the effects of decreasing marketing 
costs appear to be significant on the average NER 
(Table 4.9). The results of the sensitivity analysis 
indicate that if the marketing costs can be reduced 
from the current levels, there appears to be a 
significant prospect of increasing the profitability 
and competitiveness of wheat production in SSA 
countries. For example, in Ethiopia, a decrease in 
marketing costs of 50% increases the average NER 
per hectare for T2 by about 22% (US$ 125/ha) as 
compared to the baseline scenario respectively. 
This shows that a decrease in domestic marketing 
costs will have a much more pronounced effect 
on competitiveness than a similar proportionate 
change in fertilizer prices. African wheat 
production will become more competitive as 
governments invest in infrastructure and services 
that reduce transport and marketing costs.

4.3.5  Effects of future climate changes 
. The effect of future climate changes on average 
wheat yields and average NER to the year 2050 
was estimated using different climate models 
(GCMs): CNRA, CSIA, ECHA and MIRA using the 
A2 IPCC scenario for three alternative fertilizer 
application regimes for selected SSA countries. 
Since wheat may partially benefit from CO2 
concentration as a C3 crop, the effect of carbon 
fertilization effect consisting of 523 ppm CO2 was 
included in the analysis.

The wheat yield and percentage change in average 
wheat yield from the baseline yield under different 
future climate models, and the average change for 
all models are presented in Annex 8. For different 
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climate change models, there were both positive 
and negative wheat yield changes for individual 
countries as result of future climate change, but 
most of these changes were small and within less 
than 10% of the values of baseline estimates for 
most countries. For example, on average, the effect 
of future climate change on average wheat yield 
was negative only in 3 of 12 cases for T0, and in 7 

of 12 cases for T1 and T2. On average, all climate 
change models indicate positive future wheat yield 
changes for Ethiopia and Kenya. However, it is 
important to note that the overall positive impact of 
climate change for some countries was not initially 
anticipated, as a warmer climate is generally 
known to negatively impact wheat production in 
the tropics (e.g., Spiertz et al., 2006).

Table 4.8 Sensitivity of average NER and percentage of pixels with positive returns to changes in wheat yield for selected 
countries

  Baseline Percentage change in NER for  Change in percentage of pixels with  
 Fertilizer value changes in wheat yieldsa positive NER for changes in wheat yieldb 
Country level (US$/ha) 50% (-) 25% (-) 25% (+) 50% (+) 50% (-) 25% (-) 25% (+) 50% (+)

Angola Low -155 -77 -38 39 77 -20 -8 6 12
 Medium -91 -186 -92 93 187 -24 -8 8 17
 High -58 -352 -176 178 353 -27 -10 11 21
Burundi Low 905 -72 -36 36 72 -13 -2 0 0
 Medium 1010 -71 -36 36 71 -10 -3 0 0
 High 1055 -72 -36 36 72 -13 -2 0 0
Ethiopia Low 392 -100 -50 50 100 -26 -10 6 11
 Medium 570 -88 -44 44 88 -31 -8 4 6
 High 679 -84 -42 42 84 -21 -5 3 5
Kenya Low 720 -77 -39 39 77 -26 -8 4 5
 Medium 803 -77 -38 38 77 -26 -7 3 5
 High 843 -77 -39 39 77 -27 -8 3 5
Madagascar Low 348 -107 -53 53 106 -45 -17 8 15
 Medium 461 -97 -48 48 97 -42 -15 7 13
 High 518 -95 -47 47 95 -40 -13 7 12
Mozambique Low -119 -115 -58 57 115 -15 -11 20 37
 Medium -96 -174 -86 88 174 -18 -14 24 45
 High -92 -203 -102 101 203 -19 -15 25 45
Rwanda Low 1258 -66 -33 33 66 -3 -1 0 1
 Medium 1356 -66 -33 33 66 -3 -1 0 1
 High 1391 -67 -33 33 67 -3 0 0 0
Tanzania Low 183 -157 -79 79 157 -43 -15 7 11
 Medium 212 -151 -75 75 151 -43 -14 9 13
 High 219 -156 -78 78 156 -46 -15 8 12
DRC Low 86 -278 -140 140 279 -42 -28 18 27
 Medium 158 -187 -94 94 187 -60 -28 12 18
 High 192 -173 -86 87 174 -65 -26 9 13
Uganda Low 732 -77 -38 39 77 -15 -5 1 1
 Medium 898 -74 -37 37 74 -8 -1 0 0
 High 994 -74 -37 37 74 -7 0 0 0
Zambia Low 157 -175 -87 88 175 -49 -18 18 28
 Medium 296 -123 -61 61 123 -59 -23 16 20
 High 378 -112 -56 56 112 -60 -23 12 14
Zimbabwe Low -37 -481 -241 241 481 -29 -10 10 19
 Medium 114 -239 -119 120 239 -45 -21 19 27
  High 214 -160 -80 79 159 -57 -25 14 21

a – (+) Indicate that international prices decreased (increased) by the indicated value
b Baseline values are the same as those reported in Column 2 of Table 4.3
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On the other hand, all future climate models 
consistently predict larger and negative average 
wheat yield changes for Madagascar and 
Mozambique. For the remaining countries, the 
direction of change in average wheat yield was 
different for different future climate change 
models. Regardless, considering CO2 fertilization, 
the size of change in average wheat yield to 2050 

was very small compared to the baseline yield 
estimates. In general, the threat of climate change 
on rain-fed wheat productivity for selected 
countries does not seem to be dramatic. 

To test the extent of the positive effects of CO2 
fertilization on yields, we conducted an additional 
simulation analysis for Ethiopia with and without 

Table 4.9 Sensitivity of average NER and percentage of pixels with positive returns to changes in grain marketing costs for 
selected countries

  Baseline Percentage change in NER to Change in percentage of pixels with positive
 Fertilizer value  changes in grain marketing costsa NER to changes in grain marketing costsb  
Country level (US$/ha) 50% (-) 25% (-) 25% (+) 50% (+) 50% (-) 25% (-) 25% (+) 50% (+)

Angola Low -155 35 6 -52 -82 7 1 -7 -10
 Medium -91 92 15 -137 -213 7 2 -8 -12
 High -58 179 31 -269 -417 12 2 -10 -15
Burundi Low 905 3 1 -5 -7 0 0 0 0
 Medium 1010 3 0 -5 -7 0 0 -1 -1
 High 1055 3 0 -5 -7 -1 -1 -1 -1
Ethiopia Low 392 26 13 -13 -26 3 1 -2 -5
 Medium 570 22 11 -11 -22 3 1 -2 -5
 High 679 21 10 -10 -21 2 1 -1 -3
Kenya Low 720 11 7 1 -3 1 1 0 0
 Medium 803 10 7 1 -3 1 1 0 -1
 High 843 11 7 1 -3 1 1 0 -1
Madagascar Low 348 16 2 -24 -37 4 0 -12 -19
 Medium 461 14 2 -21 -33 3 0 -11 -17
 High 518 14 2 -20 -32 3 0 -10 -17
Mozambique Low -119 34 6 -52 -81 9 1 -7 -9
 Medium -96 53 9 -79 -123 12 2 -9 -11
 High -92 62 11 -93 -145 12 1 -10 -13
Rwanda Low 1258 2 0 -2 -4 0 0 0 0
 Medium 1356 2 0 -3 -4 0 0 0 0
 High 1391 2 0 -3 -4 0 0 0 0
Tanzania Low 183 68 52 19 2 7 6 3 0
 Medium 212 67 51 19 2 10 8 4 1
 High 219 69 53 19 3 10 8 4 1
DRC Low 86 80 14 -120 -186 11 1 -21 -32
 Medium 158 55 9 -82 -128 17 2 -21 -37
 High 192 52 9 -77 -120 13 2 -18 -34
Uganda Low 732 12 9 4 1 0 0 0 0
 Medium 898 12 9 -8 1 0 0 0 0
 High 994 12 9 4 1 0 0 0 0
Zambia Low 157 33 6 -50 -77 11 1 -12 -20
 Medium 296 23 4 -34 -53 13 2 -14 -23
 High 378 21 3 -31 -49 10 3 -17 -26
Zimbabwe Low -37 54 8 -78 -124 2 0 -4 -6
 Medium 114 26 4 -39 -61 7 1 -7 -10
  High 214 17 3 -26 -40 6 1 -10 -15 

a – (+) Indicate that international prices decreased (increased) by the indicated value
b Baseline values are the same as those reported in Column 2 of Table 4.3
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CO2 elevation for all climate change models. When 
the changes of yield from the baseline climate were 
computed across Ethiopia, the results showed that 
CO2 fertilization alone increases yield by about 
14% overall. When the CO2 fertilization effect was 
not introduced (i.e., CO2 level remains the same as 
in the baseline: 369 ppm of CO2), negative impacts 
of future climate changes were shown across 

climate models (Annex 9). This result indicated 
that the otherwise negative impact on yield under 
future climate change may be largely muted by 
the positive impact from CO2 fertilization. We infer 
that the simulated climate impacts in the study 
area may not adversely affect the potential wheat 
production when the CO2 fertilization effect is 
considered. 

Table 4.10 The impact of future climate change on average NER to land and farmer management for rain-fed wheat 
production for selected countries

   Percentage change in NER under different climate
  Baseline change scenarios (US$/ha) 
Country Fertilizer level value (US$/ha) CNRA 2050  CSIA 2050 ECHA 2050  MIRA 2050  

Angola Low -155 -17 26 9 7
 Medium -91 -54 26 -8 -9
 High -58 -112 21 -38 -38
Burundi Low 905 -10 11 23 -2
 Medium 1010 -11 8 17 1
 High 1055 -12 7 17 3
Ethiopia Low 392 18 23 12 14
 Medium 570 10 14 4 12
 High 679 7 11 0 12
Kenya Low 720 3 16 13 21
 Medium 803 1 13 11 23
 High 843 0 13 11 26
Madagascar Low 348 -26 -12 -19 -21
 Medium 461 -30 -18 -23 -25
 High 518 -32 -21 -25 -27
Mozambique Low -119 -49 -24 -48 -45
 Medium -96 -82 -43 -80 -74
 High -92 -103 -54 -100 -90
Rwanda Low 1258 -5 5 7 -1
 Medium 1356 -7 2 5 -1
 High 1391 -8 2 5 0
Tanzania Low 183 -50 32 -20 25
 Medium 212 -52 29 -25 26
 High 219 -57 28 -29 28
DRC Low 86 -13 62 17 -8
 Medium 158 -22 24 -5 -9
 High 192 -27 13 -12 -10
Uganda Low 732 2 8 7 4
 Medium 898 0 4 4 7
 High 994 -1 2 2 8
Zambia Low 157 -22 22 -6 0
 Medium 296 -29 3 -22 -13
 High 378 -31 -2 -27 -16
Zimbabwe Low -37 43 54 24 8
 Medium 114 -14 -3 -32 -27
  High 214 -18 -8 -33 -25 

Note: The baseline climate scenario was based on world climate 2000 prediction while future climate scenario were based on CNRA 2050, CSIA 2050, 
ECHA 2050 and MIRA 2050 climate predictions. Model simulations were run including CO2 fertilization effects at 523 PPM.
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The predicted effects of future climate change 
on average NER for rain-fed wheat production 
under different levels of intensification is shown 
in Tables 4.10. The key assumption for the analysis 
of the effect of future climate change on average 
net return was that the current wheat price and 
production costs will remain the same in the 
future. Although unrealistic, we do not have a 
basis for a better projection. Similar to wheat 
yields, there were both negative and positive 
impacts of future climate change on average NER 

for alternative fertilizer application regimes. 
However, higher level percentage changes were 
observed for NER compared to wheat yield. 
Overall, the impact of future climate change on 
the economic profitability of wheat was not very 
large. This result indicates that wheat production 
may continue to be viable for selected SSA 
countries despite anticipated climate change. In 
terms of the percentage of pixels with positive net 
economic returns, the impact of climate change 
was very mild (Table 4.11).

Table 4.11 Percentage of pixels with positive NER for rain-fed wheat grown under different climate scenarios for selected 
countries 
    Change in percentage of pixels with positive NER under
  Baseline different climate change scenarios
Country Fertilizer level value (%) CNRA2050 CSIA 2050 ECHA 2050 MIRA 2050
Angola Low 22 -3 5 1 2
 Medium 28 -5 3 0 0
 High 32 -8 2 -3 -2
Burundi Low 100 -3 -1 0 0
 Medium 100 -3 -1 0 0
 High 99 -9 -2 0 -1
Ethiopia Low 71 3 5 3 2
 Medium 88 1 2 3 4
 High 90 2 1 3 4
Kenya Low 91 1 2 3 4
 Medium 92 1 2 2 5
 High 92 0 2 2 5
Madagascar Low 73 -12 -7 -10 -12
 Medium 76 -13 -7 -11 -13
 High 76 -13 -7 -10 -13
Mozambique Low 15 -9 -6 -9 -9
 Medium 19 -11 -7 -11 -10
 High 21 -12 -8 -12 -12
Rwanda Low 97 0 0 1 1
 Medium 97 0 0 1 1
 High 96 1 1 0 1
Tanzania Low 68 -12 1 -8 2
 Medium 70 -12 1 -9 3
 High 71 -13 1 -9 2
DRC Low 53 -2 9 2 -2
 Medium 71 -9 5 -4 -5
 High 76 -9 3 -3 -5
Uganda Low 99 0 0 0 -1
 Medium 100 0 0 0 0
 High 100 0 0 0 0
Zambia Low 63 -4 3 -2 -2
 Medium 80 -13 0 -11 -8
 High 86 -15 -3 -14 -10
Zimbabwe Low 35 -1 1 -1 -1
 Medium 58 -1 -2 -5 -5
 High 76 -9 -4 -11 -9

Note: The baseline climate scenario was based on world climate 2000 prediction while future climate scenario were based on CNRA 2050, CSIA 2050, 
ECHA 2050 and MIRA 2050 climate predictions. 
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A growing gap between demand and supply has 
characterized the wheat economies of Africa, 
including countries south of the Sahara. At the 
same time as urbanization and rising incomes 
have altered the preferences of consumers, 
global wheat prices have increased and become 
more volatile due to trade policies, uncertainties 
and climate change. Under the widening gap 
between supply demand, the burgeoning wheat 
imports and the growing burden on their trade 
balance have made many African countries 
more vulnerable to economic shocks and 
political instability. 

Wheat is a strategic commodity in Africa. 
Given the global wheat situation, countries in 
this region are at an important policy juncture. 
Governments should evaluate carefully the 
options for developing the domestic wheat 
industry to rationalize imports and improve 
national food security. Indeed African countries 
are beginning to explore options for the 
competitive domestic production of wheat.

The principal objective of this analysis has 
been to explore the potential of African 
countries south of the Sahara to produce wheat 
competitively rather than relying on imports, as 
a means of narrowing the growing gap between 
demand and domestic production. Review 
of the relevant data sources and published 
literature, combined with the findings from 
biophysical modeling, economic simulations 
and other analyses, indicate that potential exists 
for the competitive and profitable production of 
wheat under rain-fed conditions in a number of 
countries in Africa. While additional empirical 
work and piloting of the production potentials 
in identified geographies is needed, especially 
to assess the competitiveness of wheat with 
other crops grown by farmers, one needs to ask 
whether these countries have the capacity to 
assess and exploit this potential. In many cases, 
harnessing this potential requires concrete, 
coordinated actions on many fronts. Some of the 
key areas of intervention are highlighted below:

• Further analysis of profitable ways to expand 
wheat production in Africa. According to our 
simulations, the land area that is potentially suitable 
for profitable production of rain-fed wheat seems 
significant. Countries may consider the following 
options to explore this further and expand 
production where it makes real economic sense: 
o Putting new land under wheat cultivation. The 

WB study indicates that a significant amount of 
uncultivated arable land is available in SSA.

o Replacing less profitable crops by wheat. Studies on 
relative profitability that compare returns among 
competing crops would be useful in identifying 
where wheat may profitably replace other crops with 
appropriate policies. 

o Improving wheat yield. The average wheat yield 
in Africa was found to be among the lowest in 
the world and thus the prospect of raising wheat 
productivity through the introduction and use of 
high-yielding wheat varieties, along with improved 
management practices, is good.

o Wheat could also be integrated into the existing 
cropping system as a rotation crop without much 
disruption in the existing production system.

o Understanding the farming systems, mechanization 
and other socioeconomic constraints that may 
affects farmers’ incentives and ability to cultivate 
and supply wheat to markets even when it may be 
profitable. Switching to a new crop in non-traditional 
areas may require significant level of demonstration 
and value chain development before farmers can 
effectively engage in wheat production. 

• Development of wheat varieties suitable for 
different agro-ecological zones of Africa. Breeding 
wheat varieties suitable for different agro-ecological 
zones and mega-environments would be very 
challenging for many nations in Africa, given the 
scarcity of funds for agricultural research. In many 
cases, national research systems have limited 
experience in wheat research and development. 
Therefore substantial support from CGIAR centers 
and the international donor community would be 
needed to build capacity and design collaborative 
research to develop high-yielding wheat varieties 
with desirable end-use qualities, adequate disease 
resistance and adaptation to different agro-
ecological zones.

5 Conclusions, implications and future directions 
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• Provision of effective farmer advisory services. 
Updated farmer advisory services are needed 
to better serve the needs of wheat farmers, and 
especially to introduce wheat as a new crop to 
smallholder farmers.

• Improvement in input availability and 
supply systems. Provision of inputs such as 
improved wheat seed, fertilizers, herbicides 
and pesticides at the right time and place and of 
the right quality and quantity is critical for the 
competitiveness and profitability of the wheat 
sector.

• Improvement in postharvest management 
practices. There is a need for strong postharvest 
management support to reduce losses in 
quantity and quality in wheat value chains. 
Postharvest management practices have a major 
impact on reduction in losses and improvement 
of quality of wheat grain for processing and 
various end uses. Developing or improving 
storage, handling and processing activities, 
while taking end-market specifications and 
quality into account is critical.

• Create a conducive enabling environment. 
Make domestic wheat production more 
competitive by improving marketing efficiency 
and transaction costs, and by designing policies, 
institutions and infrastructure to reduce costs 
of acquiring inputs and marketing wheat, or 
procuring wheat from international markets at 
lower costs whenever domestic demand exceeds 
production. 

• Determine the composition of wheat imports, 
quality preferences and requirements. The 
foremost challenge of free trade in wheat is 
competing with lower-priced, higher-quality 
imports of grain and wheat-based products. In 
other words, we are recommending increased 
wheat production in Africa despite the fact 
that local tastes are now well established for 
imported wheat and wheat products. Therefore, 
the success of local wheat production for import 
substitution will depend on the capacity of local 
producers and processors to consistently supply 
the right quality and quantity of wheat for 
the end-markets and end-users at competitive 

prices. If wheat imports are composed largely 
of high-quality, processed wheat flour or 
readymade wheat products, a national strategy 
of producing wheat for import substitution 
will fail unless the capacity of domestic 
processors and food manufacturers is addressed 
concurrently. Further research is needed to: 
o Determine the composition of wheat imports 

to nations in Africa by sources of import, 
wheat types and uses,

o Identify the tastes and preferences of local 
consumers of wheat and wheat-based 
products, and the implications for domestic 
wheat processing, manufacturing and food 
service sectors, 

o Assess the capacity of local wheat processing 
and food manufacturing in order to identify 
constraints and areas where upgrading is 
needed.

• Explore the potential for producing wheat 
profitably under irrigated conditions. The main 
challenge of growing wheat during the rainy 
season is noted to be the incidence of disease 
and pest infestations. In addition to developing 
disease-resistant wheat varieties, it is also 
advisable to explore options for irrigated wheat 
production during the dry season.

• Regular monitoring of the domestic and global 
wheat situations. The global wheat economy is 
dynamic and it requires continued monitoring 
of developments in wheat production, 
consumption, trade, international prices and 
policies of major wheat exporting and importing 
countries in order to update and inform policy 
makers in Africa. 

As a postscript, it is important to recognize that 
several caveats must be borne in mind when 
interpreting our findings. Well-known limitations 
of crop models include failure to account for biotic 
stresses (pests, diseases, weeds), low quality of 
aggregated soils data (models perform poorly to 
certain soil limitations like P and micronutrients), 
a tendency to overestimate yields in less-favored 
environments for wheat production, and poor 
model calibration at high temperatures. From the 
economics perspective, the analysis has not yet 
considered the competiveness of wheat compared 
to other crop and livestock farm enterprises.
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Annex 1
Simulated wheat yield under low, medium and high level of intensification (kg/ha) 
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Annex 2
 The Kolmogorov-Sminov (K-S) tests of normality of individual wheat yield distribution and differences between pairs of 
wheat yield distributions, for selected SSA countries

 K-S test statistics for normality test K-S test statistics for difference between pair of distributions

Country T0 T1 T2 T0 vs. T1 T0 vs. T2 T1 vs. T2

Angola 0.999 0.999 0.999 0.444 0.537 0.114
Burundi 0.999 0.999 0.999 0.454 0.375 0.539
Ethiopia 0.999 0.999 0.999 0.158 0.171 0.505
Kenya 0.999 0.999 0.999 0.347 0.293 0.424
Madagascar 0.999 0.999 0.999 0.061 0.114 0.235
Mozambique 0.998 0.998 0.998 0.458 0.586 0.310
Rwanda 0.999 0.999 0.999 0.654 0.591 0.729
Tanzania 0.999 0.999 0.999 0.101 0.127 0.239
DRC 0.999 0.999 0.999 0.262 0.364 0.335
Uganda 0.999 0.999 0.999 0.459 0.357 0.679
Zambia 0.998 0.999 0.999 0.246 0.344 0.268
Zimbabwe 0.998 0.998 0.998 0.483 0.570 0.159

Note 1: All figures were statistically significant at a probability of less than 1%.
Note 2: The normality of individual yield distribution was rejected in all cases at a probability of less than 1%. Thus, non-parametric K-S test statistic 

was used to test the difference between a pair of yields; there was statistically significant difference at a probability of less than 1% for all 
possible pairs (T0 versus T1, T0 versus T2 and T1 versus T2

Source: Wheat yield response data was based on wheat crop growth simulation model using DSSAT.
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Annex 3
Cumulative simulated wheat yield distribution by level of intensification
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Cumulative simulated wheat yield 
distribution under low intensification 
for selected countries

Annex 5
Cumulative simulated wheat 
yield distribution under medium 
intensification for selected countries
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distribution under high intensification 
for selected countries
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Annex 7
Estimated net economic return to wheat production under low, medium and high 
levels of intensification (US$/ha) - (NER > 0 indicates competitiveness with imports)
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Annex 8
The impact of future climate change on productivity of rain-fed wheat production for selected 
countries

   Percentage change in wheat yield under different
  Baseline climate change scenarios (kg/ha) 
Country Fertilizer level yield (kg/ha) CNRA 2050  CSIA 2050 ECHA 2050  MIRA 2050 

Angola Low 1055 -10 18 7 4
 Medium 1542 -14 7 -2 -3
 High 1886 -16 2 -6 -6
Burundi Low 2886 -7 8 16 -1
 Medium 3208 -8 6 12 1
 High 3395 -8 5 11 2
Ethiopia Low 2348 9 11 6 7
 Medium 2971 6 8 2 7
 High 3395 4 6 0 7
Kenya Low 3087 2 10 9 14
 Medium 3410 1 9 7 15
 High 3617 0 8 7 17
Madagascar Low 2174 -13 -6 -9 -11
 Medium 2605 -16 -9 -12 -13
 High 2874 -18 -11 -14 -15
Mozambique Low 1052 -22 -10 -21 -19
 Medium 1287 -25 -12 -24 -21
 High 1444 -26 -13 -25 -22
Rwanda Low 3680 -4 4 5 0
 Medium 3986 -6 2 4 -1
 High 4151 -6 1 4 0
Tanzania Low 1986 -17 10 -7 7
 Medium 2219 -18 9 -9 8
 High 2372 -19 9 -10 8
DRC Low 1655 -3 11 3 -2
 Medium 2059 -6 7 -2 -3
 High 2325 -8 4 -4 -3
Uganda Low 2861 1 5 5 2
 Medium 3383 0 3 2 4
 High 3728 -1 1 1 5
Zambia Low 1462 -6 7 -1 0
 Medium 1933 -12 2 -9 -5
 High 2252 -14 0 -12 -7
Zimbabwe Low 911 4 6 2 0
 Medium 1394 -3 -1 -7 -6
  High 1744 -6 -3 -10 -8 

Note: The baseline climate scenario was based on world climate 2000 prediction while future climate scenario were based on CNRA 2050, CSIA 2050, 
ECHA 2050 and MIRA 2050 climate predictions with CO2 fertilization at 523 PPM. 
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Annex 9
Sensitivity analysis of CO2 fertilization effects (w/o CF: without CO2 fertilization at 369 PPM; w/ CF: 
with CO2 fertilization at 523 PPM) on the percentage differences in yield from the baseline climate, 
aggregated at the 1st level administrative units in Ethiopia
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