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Abstract

Most food in sub-Saharan Africa is produced on small farms. Using large datasets from household surveys conducted across
many countries, we find that the majority of farms are less than 1 ha, much smaller than previous estimates. Farms are larger
in farming systems in drier climates. Through a detailed analysis of food self-sufficiency, food and nutrition security, and
income among households from divergent farming systems in Ethiopia, Ghana, Mali, Malawi, Tanzania and Uganda, we
reveal marked contrasts in food security and household incomes. In the south of Mali, where cotton is an important cash
crop, almost all households are food secure, and almost half earn a living income. Yet, in a similar agroecological environ-
ment in northern Ghana, only 10% of households are food secure and none earn a living income. Surprisingly, the extent
of food insecurity and poverty is almost as great in densely-populated locations in the Ethiopian and Tanzanian highlands
that are characterised by much better soils and two cropping seasons a year. Where populations are less dense, such as in
South-west Uganda, a larger proportion of the households are food self-sufficient and poverty is less prevalent. In densely-
populated Central Malawi, a combination of a single cropping season a year and small farms results in a strong incidence of
food insecurity and poverty. These examples reveal a strong interplay between population density, farm size, market access,
and agroecological potential on food security and household incomes. Within each location, farm size is a major determi-
nant of food self-sufficiency and a household’s ability to rise above the living income threshold. Closing yield gaps strongly
increases the proportion of households that are food self-sufficient. Yet in four of the locations (Ethiopia, Tanzania, Ghana
and Malawi), land is so constraining that only 42-53% of households achieve food self-sufficiency, and even when yield gaps
are closed only a small proportion of households can achieve a living income. While farming remains of central importance
to household food security and income, our results help to explain why off-farm employment is a must for many. We discuss
these results in relation to sub-Saharan Africa’s increasing population, likely agricultural expansion, and agriculture’s role
in future economic development.
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yield only some 20% of what could be achieved (Sanchez,
2002; van Ittersum et al., 2016). A primary reason for
the large yield gaps is the poor soil fertility status which
results from continuous cropping without replenishment
of the nutrients removed in harvested produce (Buresh
et al., 1997; Sanchez, 2002). Against this backdrop, the
population is growing rapidly (United Nations, 2019)
and the impacts of climate change are already being felt
(Godfrey & Tunhuma, 2020). The large yield gaps and
the rapid growth in demand for nutritious food present
opportunities to increase agricultural output for these
expanding internal markets. Yet agricultural productiv-
ity remains stagnant. Smallholders are reluctant to invest
in their small farms due to the meagre returns in food
and farm income they can generate (Franke et al., 2014;
Ritzema et al., 2017), turning their focus instead to off-
farm opportunities to provide for their families. This situ-
ation, coined as the ‘food security conundrum’ (Giller,
2020), frustrates initiatives to support the sustainable
intensification urgently needed (Gerard, 2020) to provide
for both local and national food and income security.

This article analyses this stylized, general image of
Africa’s food security situation and impeded sustainable
intensification, exploring regional differences and local dif-
ferentiation between farming households. Impacts of nar-
rowing yield gaps on food security and income of very small
farms have not been assessed to date across diverse farming
systems in SSA, with the exception of a few case studies
(Franke et al., 2014; Harris, 2019; Ritzema et al., 2017). Ear-
lier analyses (e.g. Hengsdijk et al., 2014) suggested a strong
relationship between agroecological conditions and farm
size. They found that median farm sizes were substantially
smaller in East Africa with bimodal rainfall than in coun-
tries of West and southern Africa where only a single crop-
ping season was possible each year. To explore whether this
observation holds more generally across sub-Saharan Africa,
we analysed available datasets from the Living Standards
Measurements Surveys (LSMS) in which rural households
had been sampled using stratified sampling over complete
countries in relation to agroecological zones.

Second, we analyse the current status of households
in terms of food self-sufficiency, food and nutrition
security, and income from contrasting locations in East,
West and southern Africa. We focus on locations where
farming systems have been analysed in detail, examining
examples from the different geographies in East African
highlands (the southern highlands of Ethiopia, south-west
Uganda and the West Usambara Mountains of Tanzania),
the Sudano-Sahelian in West Africa (southern Mali,
the Upper East region of Ghana), and southern Africa
(Lilongwe plains of central Malawi). Having described
the current status of the households we then explore
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the impact of closing crop yield gaps on the household
indicators, the role of market opportunities and consider
the issue of potential future expansion of the area under
agriculture.

2 Materials and Methods

2.1 Country-wide agricultural household data
and agroecological zones

A total 35,292 agricultural households were assessed
from nationally representative surveys performed in nine
sub-Saharan African countries between 2005 and 2014
(Table 1, Fig. 1). Household data were retrieved from
the World Bank LSMS-ISA (Living Standard Measure-
ment Surveys — Integrated Surveys on Agriculture) (Kilic
et al., 2015) data library (World Bank, 2020) and from
the FAO RuLIS (Rural Livelihoods Information Sys-
tem) microdata library (FAO, 2018). RuLIS provides
harmonised indicators from a variety national house-
hold surveys. For Ghana, Kenya, Mali, and Niger, only
households considered to be agricultural households
in the RuLIS data library were selected for analysis.
Agricultural households are defined as those for whom
agricultural activities contribute to at least 30% of total
household income. Household data from the LSMS-ISA
surveys were extracted for Ethiopia, Malawi, Nigeria,
Tanzania, and Uganda. All households in the LSMS-ISA
surveys were included as these surveys focus only on
agriculture and rural development. Among the available
indicators of farmer-reported cultivated land area and
tenure status, we selected a common farm area (ha) indi-
cator, defined as the sum of agricultural land used by the
household to grow arable or perennial crops. Households
which reported no farm area, but relied on agricultural
activities for food and/or income were not included in
the analysis.

The agroecological classification scheme of IFPRI
(2015) for sub-Saharan Africa was used. The classification
scheme is based on three variables: the major climate divi-
sion (mean monthly temperature adjusted to sea level), the
moisture zone (length of the growing period) and eleva-
tion (Table S1). Household surveys georeferenced at the
enumeration area level (Table S2) allowed direct extrac-
tion of their corresponding agroecological zone informa-
tion. When the administrative region was the sole indica-
tor of the household location, all of the households were
assigned to the dominant agroecological zone, in terms of
area, corresponding to that region. Distributions of farm
size were analysed using density plots for unique coun-
try X agroecological zone combinations.
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Table 1 Summary table of the selected farming systems of sub-Saharan Africa from the RHoMIS database (van Wijk et al., 2020)

Ethiopian Northern Tanzania Ugandan Northern Ghana Cotton Basin Central Malawi
Highlands Highlands Mali
Sample size 177 95 88 319 64 130
(no. households)
Location Sodo Lushoto Rakai Navrongo Koutiala Mpingu
(nearby city)
Population density 610 310 190 135 100 325
(persons km™>)!
Total rainfall 1380 1148 1208 969 934 1041
(mm year‘l)2
Rainfall Single wet season  Single wet season  Single wet season Single wet season  Single wet season  Single wet season
seasonality® regime, bimodal regime, uni- regime, bimodal  regime, unimodal  regime, unimodal  regime, unimodal
bimodal
Farming systems Maize and tef as Maize dominant, Highland banana  Cereal-legume Cotton as cash Maize dominant,
(crop) main cereals, bush bean, / coffee, with based, crop, sorghum groundnut and
haricot bean, vegetable many food maize with cowpea,  and millet with soybean as cash

faba bean and
vegetables

production in the
valleys

crops, maize,
bean, cassava

groundnut and
soyabean

maize production
increasing

crops

(Center for International Earth Science Information Network—CIESIN); NASA Socioeconomic Data and Applications Center (SEDAC).
https://doi.org/10.7927/H49C6VHW

2CHIRPS Rainfall Data: 2010-2019 yearly average (Funk et al., 2015)

3Continental classification of rainfall seasonality regimes in Africa (Herrmann & Mohr, 2011)

2.2 RHoMIS survey data

Six contrasting examples of farming systems across six
countries were selected from the Rural Household Multiple

Fig.1 Spatial distribution of the
household level data. LSMS-
ISA households (World Bank,
2020) georeferenced at the enu-
meration area level (Table S1)
are represented by black dots.
RuLIS households (FAO, 2018)
georeferenced at the regional
level are represented by grey
circles proportional to the
number households surveyed.
The six sites with contrasting
farming systems where we
performed in-depth food secu-
rity and income analyses using
RHoMIS households (van Wijk
et al., 2020) are represented by
yellow diamonds. Agroecologi-
cal zones were retrieved from
IFPRI (2015) and are described
in Table S1

Indicator Survey (RHoMIS) database (van Wijk et al.,
2020, Table 1). Data were collected in the framework of
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Climate Change, Agriculture and Food Security (CCAFS)
programme in Tanzania (2015) and Uganda (2017), the
Tree Aid project in Ghana (2018), the project “Developing
smallholder strategies for fall armyworm management in
southern Africa: Examining the effectiveness of ecological
control options” (FAW) in Malawi (2019), and the pro-
ject “Pathways to agro-ecological intensification in crop-
livestock farming systems in southern Mali” from the
Collaborative Crop Research Programme (CCRP) of the
McKnight Foundation (2018). The RHoMIS tool consists
of reusable questionnaire modules for rural household
surveys, and software infrastructure designed for rapid
data collection and processing of standardised indicators
(Hammond et al., 2017). Such indicators are intended to
facilitate the analysis of farm management, crop and live-
stock production, as well as household income, welfare,
and livelihood. The RHoMIS tools are open source and
supported by a community of practice aiming to encour-
age standardisation in the collection of rural household
data (see https://www.rhomis.org). For each location, we
extracted data from a single research project, selecting the
most recent one in case multiple surveys were performed.
A total of 1024 households were selected, situated within
a 30 km radius from the centre of each study area.

Study site environments were characterized with a num-
ber of geospatial layers describing annual rainfall aver-
age, rainfall seasonality and population density. Long term
rainfall averages (mm year™') were computed with monthly
rainfall estimates at 5 km resolution from the Climate Haz-
ards Group InfraRed Precipitation with Station (CHIRPS)
data (Funk et al., 2015), and averaged over the 2010-2019
period. Rainfall seasonality regime classification, defined
as the number of wet seasons per year (single, multiple)
and the number of rainfall peak per wet season (unimodal,
bimodal) was extracted from the Continental-Scale Clas-
sification of Rainfall Seasonality Regimes in Africa Based
on Gridded Precipitation and Land Surface Temperature
Products (Herrmann & Mohr, 2011) at a 30 km resolu-
tion. Estimates of population density (persons km~2) cor-
responding to the survey year were extracted from the
WorldPop unconstrained top-down population count prod-
uct at 1 km resolution, adjusted to match United Nations
population estimates (Lloyd et al., 2017). Geospatial data
were extracted at the household level and averaged over
the study sites.

2.3 Data processing
Farm household wealth and food security indicators
were retrieved and adapted from the RHoMIS database

to explore household diversity among the study sites
(Table 2). Data were thoroughly checked and households
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with missing values or exceeding the 99" percentile thresh-
old in key indicators were excluded from further analysis.
A total of 873 households were retained for the analysis
(Table S3).

2.3.1 Demographics

Household composition was reported as the number of
household members per gender (male or female) and age
group (4-10, 11-24, 25-50, and over 50 years old). Food
security indicators were calculated per day and household
member, expressed per male adult equivalent (MAE) to
account for age and gender differences in energy require-
ments (van Wijk et al., 2020; Weisell & Dop, 2012) and
allow the direct comparison of energy intake of house-
holds of different sizes and compositions. Income indica-
tors, also calculated per day and per household member,
were expressed per adult equivalent, following the OECD
equivalent scale (Chanfreau & Burchardt, 2008) to adjust
household income to differences in resources needed by
single adults, additional adults in the household, and
children.

2.3.2 Income

Household income and production value were expressed
in 2010 equivalent US dollars converted from local cur-
rency using purchasing power parity (ppp) exchange rates
per adult equivalent per day (USD ppp AE~! day™!). The
total income indicator was calculated as the sum of off-
farm income and on-farm income generated from crop
and livestock sales. Farm product sales were calculated
from local prices, retrieved at the time of the survey
(Hammond et al., 2017). In addition, the total value of
agricultural household activities, expressed in USD ppp
AE~! day™!, was calculated by adding the value of crop
and livestock products consumed. Household income
indicators were compared to the USD 1.9 person~! day~!
absolute poverty line and the living income reference val-
ues (van de Ven et al., 2020a, 2020b). The living income
benchmark is an estimate of the income required to meet
the basic human rights for a decent living, namely food,
shelter, health and education with a small margin for
unseen costs, specific to that country or region.

2.3.3 Production value

Detailed information on specific cultivated crops allowed
us to analyse household production on a per crop-basis
and explore the diversity of cropping systems between and
within the selected sites (Table 3). For each household X crop
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Table 2 Household indicators,

. o Topic
and units, analysed in this study

Indicator

Unit

Household demographics

Household income

Household production

Food security

Household size

Land cultivated
Livestock holdings
Total income
Off-farm income
On-farm income
Total value of activities
Total value of livestock production
Value of livestock prod. sold
Value of livestock prod. consumed
Total value of farm production
Value of crop prod. sold
Value of crop prod. consumed
Food availability
Food self-sufficiency

Adult Equivalent (AE) or
Male Adult Equivalent (MAE)

ha

TLU

USD ppp AE™! day™!
USD ppp AE™! day™!
USD ppp AE™! day™!
USD ppp AE™! day™!
USD ppp AE™! day™!
USD ppp AE™! day™!
USD ppp AE™! day™!
USD ppp AE™! day™!
USD ppp AE™! day™!
USD ppp AE™! day™!
kcal MAE™! day™!
kcal MAE™! day™!

! The total value of activities represents the sum of off-farm incomes, on-farm incomes from sales, and the

values of consumed farm products

ppp purchasing power parity, TLU tropical livestock unit

combination, the harvested, sold and consumed quantity, the
cultivated area, and the generated income from sales were
systematically reported. Households with reported harvested
quantities but missing information on the share that was con-
sumed and the share that was sold were discarded from the
analysis. From these data, the total value of crop production
expressed in USD ppp AE~! day™! was calculated. For each
crop produced in a household, the value of the harvest was
estimated using local crop prices and expressed in USD ppp.
Crops were assigned to a broader crop group for the graphi-
cal representation: various fruits and vegetables, legume
crops, various cereals and non-edible cash crops, with the
exception of major staple crops: maize, rice, cassava and
banana.

2.3.4 Food security

Food availability (FA) and food self-sufficiency (FSS)
indicators, expressed in kilocalories per male adult equiv-
alent per day (kcal. MAE™! day™!) were used to assess
household food security. Food availability (Eq. 1) repre-
sents the amount of energy that can be generated from
on-farm consumption (Eq. 1) of food crops and livestock
products, plus the potential food that could be purchased
from income earned through off-farm (such as paid
employment, remittances, etc.) and on-farm activities such
as sales (Frelat et al., 2016; Hammond et al., 2017). The
amount of energy that could be generated from purchases

was expressed in maize energy equivalent (M,,). The value
of livestock products consumed was also expressed in M.
Food availability was calculated at the household level,
for i staple crops produced on farm j, with & the respective
crop energy content (kcal kg™").

3 Y., Consumed; X k; + M, +M

eq (livestock consumed)j eq (purchased)j

FA;

! MAE;

ey
On the other hand, food self-sufficiency (Eq. 2) repre-
sents the amount of energy available if all crop and live-
stock products produced on-farm would be consumed by
the household, ignoring food that could be purchased by
off-farm income. Again, the value of livestock products
consumed by the household was converted into maize
energy equivalents.

Zi Pr Oducedij X ki + Meq(livestock produced)j
MAE

J

FSS; = @

Household food availability and food self-sufficiency
were compared to the 2500 kcal day~! male adult require-
ment reference value (Holden et al., 2001). The amount of
energy from the quantity of maize that could be purchased,
or equivalent to the livestock product value, was estimated
using local maize prices at the time of the study. The dietary
diversity score, expressed in number of unique food groups
consumed, was used as indicator for nutrition security (van
Wijk et al., 2020).
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Table 3 Median values of the main household indicators for the selected farming systems from the RHoMIS database (van Wijk et al., 2020)

Ethiopian  Northern Ugandan  Northern Ghana Cotton Basin Mali ~ Central Malawi
Highlands Tanzania Highlands
Farm characteristics
Household size (AE) 3.6 3.6 4.6 4.8 11.9 32
Land owned (ha) - - 1.6 2.0 16.5 0.6
Land cultivated (ha) 0.5 0.8 1.6 1.6 10 0.4
Livestock (TLU) 1.50 0.80 0.87 1.20 6.29 0.02
Food security indicators
Food Self Sufficiency (kcal MAE™! day™") 713 868 2646 813 6310 1142
Households above 2500 kcal MAE™! day™' (%) 22 18 51 11 97 25
Food availability (kcal MAE™! day™") 839 1432 4621 695 11,629 1197
Households above 2500 kcal MAE™ day™ (%) 29 32 75 10 98 29
Income indicators
Total household income! (USD ppp 0.06 0.11 0.56 0.02 1.20 0.00
AE~!day™)
Household above poverty line* (%) 5 1 15 1 22 6
Households above living income* (%) 0 0 6 0 30 1
Total crop production value? (USD ppp 0.24 0.16 1.85 0.31 1.71 0.23
AE~! day™!)
Household above poverty line® (%) 1 49 1 44 1
Households above living income® (%) 0 0 16 0 48 0
Other indicators
Dietary diversity score (good — bad season) 5-2 1-1 8-4 6-4 7.5-6 6-3
Progress out of Poverty Index (%) 31.6 31.2 16.7 10.9 95.9 -

!Total household income excludes farm production that is directly consumed by the household

2Total crop production value includes production consumed by the household and produce sold

3 Absolute poverty line is USD 1.9 person™' day™

“Living income for the Ethiopian Highlands: USD 3.6 person™' day~!, Northern Tanzania: USD 4.04 person~' day~!, Ugandan Highlands: USD
3.82 person~! day~!, Northern Ghana: USD 2.62 person~! day~!, Cotton Basin Mali: USD 1.73 person™' day~!, and Central Malawi USD 4.00

person~! day™! (van de Ven et al., 2020a, 2020b)

2.4 Food security scenarios

A scenario analysis was conducted to explore the effect
of narrowing yield gaps on FA, FSS, and total income.
For this purpose, two target yield levels were used to esti-
mate yield gap closure for each crop in each site (Table 4).
First, the highest farmers’ yield (Yy) was considered as a
locally realistic benchmark that refers to the 90th percen-
tile of Ya across a population of farms (Silva et al., 2017;
van Ittersum et al., 2013). Yy was thus estimated from the
distribution of Ya observed in the household survey data
for each crop in each site. Second, the ‘locally attainable
yield’ (Y rp) refers to the maximum crop yield observed in
on-farm experiments under optimal management and input
application but without irrigation (cf. Tittonell & Giller,
2013) which captures possible crop yields greater than Yy
in each site. Y, pp values were obtained for each crop X site
combination based on expert knowledge from local agrono-
mists (Table 4). The actual yield (Ya) was obtained from
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self-reported data on production and area recorded in the
household survey and yield gap closure was computed as
the ratio between the Ya and each of the target yield levels
(i.e., Yyp and Y,rp). The scenario analysis thus consisted of
a re-estimation of the FA, FSS, and total income indicators
using the crop- and site-specific Yy and Y pr yield levels
instead of Ya.

For simplicity, the scenario analysis considered only the
five most frequently cultivated crops grown by the house-
holds in each site (Table 4) and the contribution of other
less-frequently cultivated crops were ignored in the in the
scenario analysis. The share of the produced quantities dedi-
cated by the households for consumption or sales were kept
as per the baseline situation (i.e., as observed in the house-
hold survey data).

FA, FSS and total income were calculated according
to the methods described in Section 2.3 but considering
the following scenarios: 1) a baseline situation using Ya
of the selected crops, 2) a scenario in which the yield of
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Farm size (ha)

Fig.2 Density distributions of farm size across different agroeco-
logical zones for selected countries in sub-Saharan Africa. Agro-
ecological zones were retrieved from IFPRI (2015) and are described
in Table S1. Farm sizes were retrieved from the LSMS-ISA (World

the selected crops reaches 50% of Yy, 3) a scenario in
which the yield of the selected crops reaches Yy and,
4) a scenario in which the yield of the selected crops
reaches Y. For each scenario and indicator, the pro-
portion of households meeting the food security standard
of 2500 kcal day~! per male adult equivalent (MAE) and
the proportion of households meeting the living income
(van de Ven et al., 2020a) and the USD 1.9 person~! day~!
poverty line was calculated.

Bank, 2020) data library for Ethiopia (2011-2012), Malawi (2010—
2011), Nigeria (2013), Tanzania (2010-2011), and Uganda (2010-
2011) and from the RuLIS (FAO, 2018) data library for Ghana
(2012-2013), Kenya (2005-2006), Mali (2014), and Niger (2014)

2.5 Population pressure on croplands

The current and future population pressure on agricultural
land was assessed by determining the number of people per
ha of cropland for the current (2015) population and future
(2050) population projections with and without cropland
expansion. The current cropland area was derived from
FAOSTAT (FAO, 2020) and the projected number of inhab-
itants per country in 2050 were derived from the United

@ Springer
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Nations (2017) World Population Prospects, 2017 revision.
Suitable areas for agriculture were derived from datasets as
used and described in Chamberlin et al. (2014) and refer to
the potentially available cropland under a “high manage-
ment” scenario.

3 Results and discussion
3.1 Farmsize in relation to agroecological zones

The analysis of farm size distributions across different agro-
ecological zones (Fig. 2) was based on large scale, nation-
ally representative household surveys. The very small farm
size across the board is striking with the vast majority of
farms being smaller than 1 ha. Farms tend to be larger in
drier agroecological zones (cf. Mali with countries in East
Africa), though this is not always the case. In Nigeria farm
sizes are much smaller in the humid climates of the Niger
delta where production is possible year-round, than in the
north of the country which extends into the drier Sudano-
Sahelian zone with only one cropping season each year. A
similar pattern is seen for Tanzania, with much smaller farm
sizes in the more humid climates where two seasons a year
are possible, than in drier regions with unimodal rainfall.

The analysis confirms earlier findings regarding the rela-
tion between farm size and agro-ecological potential, and the
economic viability of small farms (Hengsdijk et al., 2014;
van Wijk et al., 2019). The small farm sizes limit farmers’
ability to become food secure and rise out of poverty. In our
analysis the vast majority of farms are very small, less than
1 ha with very few exceeding 3 ha in size. In most cases
these farms support a household of 5-8 people (Table 3).
The area of land available to a household for farming — the
farm size — is critical in determining the viability of the
farm (Harris, 2019; Harris & Orr, 2013). Agroecological
potential in terms of climate and soils clearly is very impor-
tant in determining population density and farm size, but
it is not the only factor. Local settlement histories are also
important. For example, Malawi has only one rainy season
per year, but a very high population density and small farms.
A long history of insecurity and lack of infrastructure in
neighbouring areas in Mozambique led to a concentration
of people in southern Malawi, which was relatively safer
and better developed (McCracken, 2012). In Ethiopia there
is a tendency of smaller farms in the drier highlands of the
north than in the more humid climates towards the south and
west of the country, although the median farm size is well
below 1 ha across all zones. Also here, settlement history
partly explains why this pattern is opposite of what might be
expected based on agroecological potential (Fig. 2).

Our results differ strongly from the analysis of Samberg
et al. (2016) who indicate an equivalent proportion of farm
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land holdings in sub-Saharan Africa fall in a category of
2-5 ha as in the category smaller than 2 ha. This is pre-
sumably explained by the method they employed where
grazing land and cropland were both included as agricul-
tural land which was distributed among the number of
farming households in each administrative district. Our
results also show that using a standard, area-based farm
size definition (e.g. smaller than 2 ha) is not a robust way
to define a smallholder farm. In dry areas a substantial
proportion of such farms is larger than 2 ha, while they
are clearly small farms in economic terms. In high agro-
ecological potential areas with high population densities,
a farm of close to 2 ha can already be considered to be a
large farm, with the majority of smallholder farms having
an area less than 1 ha.

The household data used relies on farmers’ own estimates
of their land-holdings. Farmer-reporting of farm sizes may
introduce systematic bias, but given that households with
smaller farm sizes tend to overestimate their holdings, and
those with larger farms tend to underestimate their holdings
(Carletto et al., 2013), such errors would only tend to sup-
port the general conclusion that farms across sub-Saharan
Africa are generally very small. Larger ‘commercial’ farms
tend not to be captured in rural household surveys and only
show up in agricultural census data (Lowder et al., 2016).
Such farms represent a small fraction of the total number of
farms although they may occupy a large proportion of the
land. We discuss the role of larger farms that may be missed
in such surveys below.

3.2 Differences in food self-sufficiency, poverty
and living income among farming systems

To gain deeper insights into the diversity and current status
of farming households we delve into the RHoMIS database
and specifically selected farming systems where we can
build on detailed background research to aid interpreta-
tion. These locations are not nationally-representative, but
serve to illustrate the situation in the specific agroecologies
from which they are drawn. We examine three examples
from the East African highlands; the southern highlands
of Ethiopia, South-west Uganda and the West Usambara
Mountains of Tanzania. The highlands of East Africa have
long been densely-settled and under permanent agriculture.
The fertile soils resulting from volcanic rejuvenation of
the landscape in the East African Rift, coupled with well-
distributed rainfall that allows two cropping seasons each
year, led to sedentary agriculture already before the 19'"
Century (e.g. Crowley & Carter, 2000). In the southern
highlands of Ethiopia, maize and tef (Eragrostis tef) are the
main cereals together with common bean, faba bean and a
range of vegetables. The West Usambara Mountains, were
described as being denuded and degraded hillsides due to
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dense populations already at the end of 19" Century (Hui-
jzendveld, 1997). Since then the population increased six-
fold. Maize and beans are the major food crops on steep
hillsides, and some households cultivate vegetables in the
valley bottom with irrigation. Since the 1980s, vegetable
production has become heavily commercialised with trucks
leaving in the night for the markets of Dar-es-Salaam, some
400 km to the south. The perennial-based cropping systems
of South-west Uganda are dominated by East African high-
land banana as major staple crop and coffee as cash crop, as
well as annual crops such as maize, beans and cassava. High-
land banana has increasingly become a cash-crop traded to
feed the urban population of Kampala. In West Africa, we
zoom in on the Cotton Basin of the Cercle de Koutiala in
southern Mali. Major food crops are sorghum and millet,
often grown in rotation or intercropped with cowpea and
groundnuts as legumes. Cotton and also maize are important
cash crops, and there is strong integration with livestock
for tillage and manure. A contrasting location is the Upper
East region of Ghana. Although similar in terms of agroeco-
logical zone and main food crops, the major cash crops are
legumes; groundnut and soyabean. In southern Africa we
highlight the Lilongwe Plain in Central Malawi, a location
close to the capital city. Maize is the predominant staple
crop, with groundnut grown as a cash crop.

Our detailed analyses of farming systems in divergent
agroecologies reveal a rather stark reality. Only 10% of
households in Navrongo, northern Ghana, 18% in Lushoto,
northern Tanzania and 22% in Sodo, Ethiopia produce
enough food to feed the family (i.e. lie above the Food Self-
sufficiency indicator threshold of 2500 kcal MAE™! day™;
Table 3; Fig. 3). By contrast, some 97% of households in
the Cotton Basin, Mali appear to be food self-sufficient. The
farm sizes captured in the RHoMIS survey in Mali (Table 3)
are substantially larger than those observed in Fig. 2. This
appears to be due to a different definition of a farm house-
hold applied in RHoMIS survey which considered all people
living within one farm compound, that is the extended farm
family, whereas most surveys consider the nuclear family.

In all locations we see enormous variation among the
households but a very similar shape of distribution, with
few better-off households — at the right side of the graph
— and a long tail to the left, which represent the poorest
households (Fig. 3). All locations are characterised by
strong social differentiation. Since many farming house-
holds in SSA are net consumers of food, it is obvious that
the proportion of food secure households rises if we add the
caloric (maize) equivalent of all household income (agricul-
tural sales and off-farm income) to the caloric value of the
household’s self-consumed production (Fig. 3b). Yet, this
Food Availability indicator also suggests a problem of data
and analysis, as large numbers of households remain below
the threshold of 2500 kcal MAE™! day~! when all major

sources of income and food are considered. While hunger is
undoubtedly a recurrent feature of rural life in these areas,
it is likely that household surveys do not adequately capture
all caloric sources of these farming households.

The most food secure regions in terms of energy, such
as the Cotton Basin, Mali and the Ugandan Highlands are
also most nutrition secure. In Northern Tanzania, with a
low food self-sufficiency, the dietary diversity score falls
as low as 1. The dietary diversity score in bad seasons is
substantially worse than in good seasons, illustrating the
importance of seasonality in food and nutrition security
assessment (Table 3). If all income is converted into calo-
ries (the Food Availability indicator), the proportion of food
secure households rises, but in none of the locations are all
households food secure, and in the worst case (Northern
Ghana) only 11% of the households are above the threshold
(Table 3; Fig. 3).

To evaluate variability in household incomes we used two
indicators — the total value of all crops produced on farm,
including cash crops (Fig. 3¢), and the total household net
income which includes income earned off-farm and subtracts
production costs (Fig. 3d). Not surprisingly, these indica-
tors show similar wide differences among households within
each location. The distribution curves are similar in shape
to the food self-sufficiency and the food availability indica-
tors, as food crops account for a large share of what is pro-
duced on farm. We compare these income indicators with
two threshold values: the absolute poverty line of USD 1.9
person~! day~'and the Living Income indicator which has
been derived independently for each country (van de Ven
et al., 2020b). In contrast to the other countries, the Liv-
ing Income benchmark in Mali was below the poverty line.
Although surprising, it can be explained firstly by the fact
that the poverty line is based on average statistics across the
15 poorest countries, with Mali amongst them. Secondly,
the typically large Malian households result in economies of
scale, especially for housing costs. The proportion of house-
holds that earn an income above each of these thresholds is
presented in Table 3. The contribution of each of the five
most important crops in each location (Table 4) confirms
the relative importance of different cash crops to household
incomes across the locations: highland banana in Uganda,
cotton in Mali and legumes (groundnut and soyabean) in
Malawi (Fig. 3c). The results highlight the prevalence of food
insecurity and poverty: a large majority of the households fall
below the poverty line and do not achieve a living income.

As described by Giller et al. (2021), we see the outcomes
of a mixture of pathways of intensification, marginaliza-
tion and extensification. The locations in the East African
highlands have a more favourable agroecology in terms of
inherently fertile soils and bimodal rainfall distribution which
allows at least two crops a year, yet the Ethiopia and Tanzania
locations are among those with the strongest incidence of
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Fig. 3 Distributions of key
indicators for households of
selected farming systems of
sub-Saharan Africa from the
RHOoMIS database (van Wijk

et al., 2020). Food Self-
sufficiency (kcal MAE™! day™)
is the total food produced on
farm converted to calories per
male adult equivalent (MAE)
per day. The Food Availability
indicator is calculated in a simi-
lar way but all income is con-
verted into calories (Frelat et al.,
2016). Food availability and
self-sufficiency are represented
against the 2500 kcal day ™!
male adult requirement refer-
ence value (Holden et al.,
2001). Income is expressed

as USD ppp equivalent for
2018 per adult equivalent per
day, against thresholds of the
absolute poverty line (USD 1.9
individual ™! day_l, red dashed
line) and the Living Income
(USD ppp AE~! day™!, black
dashed line)
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Fig.4 Cultivated area per farm

for households of selected

farming systems of sub-Saharan 20+
Africa from the RHoMIS
database (van Wijk et al., 2020).
The households are divided

into three classes for a) Food
self-sufficiency (FSS): those
that achieve FSS (>2500 kcal
MAE™! day™!), those with
12502500 kcal MAE™! day™!,
and those below 1250 kcal
MAE™! day_l; b) those who 5
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food insecurity and poverty. In these locations, population
densities are high (> 300 persons km™2) and farms extremely
small, whereas the population is less dense in South-west
Uganda (192 persons km™2) with larger farms (Table 3).
This contrast is clearly reflected in more favourable indi-
cators in South-west Uganda with 51% food self-sufficient
households and 15% above the poverty line, compared to
alarmingly low percentages of not more than 22% and 5%
of the population food self-sufficient and above the poverty
line respectively in Ethiopia and Tanzania. Perhaps surpris-
ingly, almost all households are food self-sufficient (97%)
and almost half of the households achieve a living income
(48%) under less favourable agroecological conditions (drier
climate and poorer soils) in the Cotton Basin of Mali. Cotton
is very important as a cash crop in Mali, contributing strongly
to income. By contrast, in a very similar agroecology in

northern Ghana, but with a greater population density (135 vs
100 persons km~2 in Mali), and relatively little income from
cash crops, few households are food self-sufficient (10%) and
only 1% are above the poverty line. In Central Malawi, the
other location with and a single growing season, population
density is much higher (325 persons km~2) and the median
farm size much smaller (0.4 ha). Here 25% of the households
achieve food self-sufficiency, but few households are above
the poverty line (6%) and only 1% earn a living income.
Farm size is a major determinant of food self-sufficiency
and farm income (Fig. 4), both across and within locations.
Within a given agroecology more of the households fall into
the ‘better-off” classes in terms of food self-sufficiency or
income where farm sizes are larger. For instance, there are
more better-off households which achieve food self-sufficiency
or achieve a living income in the Uganda location where farms
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are larger location than in the Tanzania or Ethiopia locations
where farms are very small. Similarly, a larger proportion of
the households are food self-sufficient or earn a living income
from farming in Mali than in northern Ghana. Within each
individual location the farms that are better-off in terms of food
self-sufficiency or income are comparatively larger.

3.3 Impacts of closing yield gaps
to locally-attainable yields

The scenarios reveal that narrowing yield gaps increases
the proportion of households who are food self-sufficient
or food secure across all locations considerably (Fig. 5).
Yet even with the largest possible increases in yield, only
in three out of the six locations do the majority of house-
holds achieve food self-sufficiency or food security. Of the
scenarios tested, the first two — raising all farmers yields
to half and 100% of the maximum yield achieved locally
— are the most feasible. These are moderate increases in
productivity: for example, the scenarios would imply rais-
ing maize yields from Ya of 200-1100 kg ha™' across the
sites to Yy of 1100-2650 kg ha™" (Table 4). In four of the
locations, Ethiopia, Tanzania, Ghana and Malawi, land is so
constraining that by narrowing yield gaps as far as possible
only 42-53% of households would be food self-sufficient.
Essentially, households that are already food secure have
larger land areas and will benefit from closing yield gaps,
but food insecure households simply have insufficient land
to achieve food self-sufficiency.

A surprising outcome is the marginal difference
between food self-sufficiency and the food availability
indicator where all household income is converted into
calories to indicate whether households can be food
secure (Fig. 5). Only small increases in the proportion
of households above the threshold is seen in each case,
even though this analysis also includes the increase in
income from closing yield gaps of cash crops. This is
because it is largely the better-off, food-secure farmers
who are already above the thresholds also have larger
areas of cash crops and therefore benefit the most from
the yield increases. Ritzema et al. (2017) conducted a
similar analysis across seven countries in East Africa and
also concluded that raising yields would have little impact
on the most food-inadequate households. Of course we
make a major assumption in these scenarios, namely that
all farming households would be equally able to increase
their yields. Yet, poorer households have few resources to
invest in new technology to increase yields (Franke et al.,
2014). So although closing yield gaps through sustainable
intensification would no doubt assist the poorer house-
holds to improve their food self-sufficiency, their capacity
to invest in technology is limited. The largest benefits are
likely to accrue to the better-off households because of
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their greater capacity to invest and their larger land areas,
although they already tend to achieve better yields.

Whilst narrowing yield gaps would clearly increase the
proportion of households achieving food self-sufficiency
and food security, the effects on raising households out
of poverty are much smaller (Fig. 6). Only in Uganda and
Mali, where farms are larger and a greater part of the land
is devoted to cash crops, is a substantial proportion of
the households lifted above the poverty line or the living
income threshold when yield gaps are closed. In the other
locations closing yield gaps has a surprisingly small impact
on the economic status of the majority of households.

4 Smallholder food security and poverty

The six locations presented represent but a glimpse of the
agroecologies and diversity of farming systems across sub-
Saharan Africa. However, some clear and stark similarities
seem to hold across the sites. In the best case 97% of the
households achieve food self-sufficiency, but in the worst
case only 10% of the households (Fig. 5). The incidence
of poverty is rife and very few households in most loca-
tions achieve a living income — in the best case only one
third of the households is able to do so (Fig. 6). Farmers’
own production is a major component of food security
and income but cash-cropping and / or off-farm income
are also very important (cf. Frelat et al., 2016). Detailed
studies conducted in each of these locations confirm these
general conclusions. For example, in Mali, the better land
availability per person and state support for cotton produc-
tion has allowed a larger proportion of the households to
be food secure and maintain a living income (Falconnier
et al., 2015). By contrast in Northern Ghana, with similar
rainfall and soils to the location in Mali, but with less
income from cash crops food security and income are the
worst of all the six locations. Paradoxically, the Ethiopian
and Tanzanian locations in the East African highlands,
which have the best soils and climate for crop produc-
tion are among the least food secure. The high population
density in the Ethiopian highlands has led to shrinking
farms and abandonment of diverse home garden systems
(Mellisse et al., 2018). In these highlands severe land frag-
mentation under influence of population pressure results
in current farms failing to provide decent livelihoods from
a food security and income perspective.

Apart from targeting food self-sufficiency, market-led
rather than production-led approaches to food security
and rural development, lie at the core of a food systems
approach. Indeed ‘linking farmers to markets’ has been
something of a mantra for agricultural development over
the past decades. For example, linking smallholders with
functioning markets “plays a critical part in long-term
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Fig.5 Percentage of house-
holds achieving a Food Self-
Sufficiency or b Food Avail-
ability above the threshold of
2500 kcal MAE™! day™! with
current yields (Ya), or under
scenarios where all farmers
achieve 50% of the highest
farmer (Yyg), 100% of the
highest farmer yield (Yy), and
when raised to locally attainable
yields (Yrp)
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strategies to reduce rural poverty and hunger” (e.g. Seville
et al., 2011). Value chain approaches remain central to
strategies for development of the rural economy (Chris-
tiaensen, 2020; de Janvry & Sadoulet, 2020), in response
to the observation of new-institutional economists that
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smallholder farmers often operate in ‘thin markets’, in
which volumes traded are low and risks of trading are
high. To engage profitably in such markets — with small
volumes to trade — requires high margins but in thin mar-
kets, the high product prices this requires, only depress
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Table4 Overview of the most

. . Study site Crops selected Household Household — Actual Highest Attainable
frequently cultlvated. CTops in cultivating  Cultivating  yield farmer yield  yield (Yrp)
the'RHoMIS stu@y sites and No 9, (Ya)* Y kg ha™!
thelr correspgndmg actual . kgha~! ke ha!
yield (Ya), highest farmer yield
(Yyp), and locally attainable Ethiopian highlands ~Maize 100 56 800 2700 6000
yield (Yarr) (n=177) Haricotbean 109 62 650 2000 2000

Faba bean 44 25 900 2000 2000
Vegetables 34 19 3400 10,000 10,000
Teff 34 19 500 1900 1900
Northern Ghana Maize 213 67 200 1250 3500
(n=319) Groundnut 197 62 150 700 2000
Rice 144 45 200 850 3000
Millet 114 36 200 750 2000
Cowpea 60 19 100 350 2000
Cotton Basin Mali ~ Maize 62 97 1150 2300 5000
(n=64) Millet 62 97 700 1350 2000
Cotton 61 95 800 1800 1800
Sorghum 54 84 400 950 2000
Groundnut 42 66 500 1500 3000
Central Malawi® Maize 124 95 900 2650 5000
(n=131) Groundnut 27 21 950 2950 3000
Vegetables 13 10 200 17,000 17,000
Soybean 11 8 100 200 2500
Northern Tanzania  Maize 93 98 200 1100 5000
n=95) Common bean 79 83 200 550 1800
Irish potato 24 25 600 1300 15,000
Banana 14 15 8250 18,500 60,000
Tomatoes 12 13 6300 19,500 19,500
Ugandan Highlands® Coffee 80 91 150 650 2000
(n=88) Banana 77 88 4500 18,450 60,000
Cassava 54 61 200 800 37,000

4 Median yield per crop at each study site

® 90' percentile yield per crop at each study site

¢ Central Malawi: only four crops were reported in the survey; Ugandan Highlands: maize and common
beans are frequently grown but not included due to a large proportion of missing yield data

demand. The resulting ‘Catch-22’ is a low-level equilib-
rium trap and market failure (Dorward et al., 2009). Rec-
ognising the huge diversity among smallholder farmers,
Vorley (2002) created a typology of three ‘Rural Worlds’
and linked resource endowment to livelihoods and market
participation. Rural World 1 is comprised of farmers who
are well-embedded in national and international markets.
Rural World 2 is comprised of more locally-focused family
farmers who may have the opportunity to take advantage of
value chain approaches and actively participate in markets
given appropriate opportunities. Households that fall into
Rural World 3 have fragile livelihoods with poor access to
productive resources. Their opportunities beyond wage-
labour and farming for food security are limited (Seville
et al., 2011; Vorley, 2002; Vorley et al., 2012). This clas-
sification resonates with the livelihood strategies identified
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by Dorward (2009) as ‘stepping up’, ‘stepping out’ — for
those with the means to escape farming to other occupa-
tions — and the fragile livelihoods that have ‘hanging in’ as
the only option. It also resonates with diverse farm types
identified within rural communities in sub-Saharan Africa
(Giller et al., 2011). Building on our analysis of small-
holder farms, a crucial question concerning value chain
approaches is what proportion of the farms in SSA have
sufficient means to rely on an agriculture-based future
without falling into poverty. That is, what proportion of
farmers can ‘step up’ into Rural World 1 and earn a liv-
ing income from agriculture? And under what conditions
are value-chain approaches likely to play a central role in
improving rural livelihoods?

Vorley et al. (2012) assumed that households which
control less than 0.11 ha capita™' can be categorized as
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Fig.6 Percentage of households
earning an income above a the
absolute poverty line of USD
1.9/per person/day or b a local
living income (USD ppp /AE/
day) with current yields (Ya), or
under scenarios where all farm-
ers achieve 50% of the highest
farmer yield (Yyg), 100% of the
highest farmer yield (Yyg), and
when raised to locally-attainable
yields (Yarr)
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Rural World 3 and estimated that at least 25% of the house-  also be categorized as Rural World 3. Similarly, Ferris et al.
holds in SSA belong to this category (Fig. S1). However,  (2014) estimated that 45-55% are vulnerable farmers with
when Seville et al. (2011) examined farmers’ opportunities  infrequent market access, limited by land and education,
through a market lens, they estimated that 40-50% derive some of them are ‘ultra-poor’. Jayne et al. (2010) sketched an
most of their income from off-farm labour. Those could  even gloomier picture of Eastern and Southern Africa where
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1-4% of farmers sell 50% of the staple grains they produce,
20-30% sell small quantities ranging between 0.1 and 1 t
household™! and 50-70% are net buyers of staple grains.

We quantified the Rural Worlds based on the house-
hold survey data across locations using current household
incomes. We assumed those who already achieve a living
income from farming were part of Rural World 1, those
above the poverty line but currently failing to achieve a
living income would be able to ‘step-up’ and therefore
belong to Rural World 2, and households with an income
below the absolute poverty line belong to Rural World 3.
Again, the results highlight the large differences among
the different farming systems. Across locations, the vast
majority (>80%) of households fall into Rural World 3
(Table 5), far more than the 25% estimate from Vorley
et al. (2012) based on land sizes, the 40-55% estimates
from Seville et al. (2011) and Ferris et al. (2014) based
on market participation and the 50-70% estimate from
Jayne et al. (2010) (Fig. S1). Only in Mali where cotton
is an important cash crop were 16% of households clas-
sified as Rural World 1 and able to make a living income
from farming. Further, there is a large gap between Rural
Worlds 1 and 3, with few households falling into Rural
World 2 across all sites.

Harris and Orr (2013) reviewing the impact of agricul-
tural innovations on the income of smallholders conclude
that dryland farming alone is unlikely to offer a pathway
from poverty for most smallholders, even under optimis-
tic scenarios regarding the economic impact of improved
technologies at scale. Similarly, several authors suggest
that a doubling or tripling of crop income will have little
impact on households’ absolute poverty rates (Franke et al.,
2014; Harris & Orr, 2013; Jayne et al., 2010; Mabiso et al.,
2014). Access to input and output markets is undoubtedly
important for smallholders. Indeed, smallholder farmers are
often involved in multiple value chains, selling both food
and cash crops which represent important income streams
(Leonardo et al., 2015b). But the greatest benefits from
value chain approaches will clearly be accrued by those

Table 5 The percentage of households in each of the RHoMIS loca-
tions reported in Table 3 who fall into each of the ‘Rural Worlds’
based on all income earned on farm (i.e. excluding all off-farm

households with sufficient resources of land, labour and
capital to invest and are thus an option for a limited propor-
tion of households.

5 Potential impacts of population growth
on agriculture

Population growth across sub-Saharan Africa is rapid and
is projected to continue for several decades even under the
most optimistic scenarios (Vollset et al., 2020). What does
this mean in terms of pressure on land for agriculture? As
our analysis above shows, farm sizes are already small. As
a broad approximation, if we divide the existing area of
cropland per country by its current population, the majority
of countries already have 4—6 persons per ha of cropland
(Fig. 7). Extrapolation of current trends suggest that Africa’s
population will have doubled by 2050, indicating a popu-
lation pressure of 8—12 persons per ha of cropland, when
there is no further expansion of cropland. This would mean
a further contraction of farm sizes in the countries which are
already densely-populated, and further expansion of the area
of cropland in land-abundant areas appears to be inevitable.

6 Rethinking the role of smallholder
agriculture in rural livelihoods

The six examples of farming systems analysed here demon-
strate (a small fraction of) the enormous diversity of farm-
ing systems across sub-Saharan Africa. Perhaps the most
stark result is the large proportion of households that fail to
achieve food security — as indicated by the food availabil-
ity indicator — even when all income streams are converted
into calories. To raise the majority of households above
the threshold for food availability would require a massive
increase in productivity to narrow yield gaps; yet it seems
that the incentives to invest in productivity improvement are
very limited, especially for the households in Rural World

income) compared with the local living income threshold and the
absolute poverty line of USD 1.9 ppp AE™! day™!

Ethiopian High- Northern Tanzania Ugandan High- Northern Ghana  Cotton Basin Mali  Central
lands lands Malawi

Rural World 1 1 0 2 0.5 16 0

> Living income

Rural World 2 2 1 8 0.5 0 2

USD 1.9 ppp AE™! day! —

Living income
Rural World 3 97 99 90 99 84 98

<USD 1.9 ppp AE"! day™!
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Fig.7 Population density per 2015 - Actual situation

ha of cropland in 2015 a and in a
2050 for the projected number
of inhabitants with maximum
expansion b or no expansion ¢
of suitable agricultural areas for
39 African countries. Current
cropland area was derived from
FAOSTAT (http://www.fao.org/
faostat/en/#home), the projected
number of inhabitants per
country in 2050 were derived
from the United Nations World
Population Prospects, 2017
revision (https://population.un.
org/wpp/Download/
Standard/Population/). The
suitable agricultural areas were
derived from Chamberlin et al.

A

LEGEND

# individuals / ha cropland
Wo-:
Wi
[]2-3
[]3-4
[J4-6
I RE:
Bs-2
B2
B 25 - 100
Il 100 - 700

(2014).

2050 - Cropland not expanded

3. There is a huge diversity in food security and income
levels among households within each locality, confirming
earlier results that examined patterns of food availability
across Uganda (Waha et al., 2018; Wichern et al., 2017). Yet,
poverty and food insecurity are widespread in most loca-
tions. Further, our analysis highlights that a (very) small
proportion of rural households can earn a living income
from farming alone.

It is clear from the analysis above that rural livelihoods
are multi-faceted, with virtually all households relying on a
wide-range of activities and income streams. Agricultural
production of crops and livestock is important for food and
nutrition security and for income, but needs to be seen along-
side other off-farm activities. The reliance of rural households
on diverse activities is well recognised in the literature (e.g.
Ellis, 1998) but often overlooked in discussions on potential
development interventions, particularly those based on agri-
culture. Rural households are often referred to as ‘subsistence’
farmers — implying that their focus is purely on farming for

survival. Our analysis and a growing body of literature from
other scholars questions this perspective drawing attention to
the constraints of small farm sizes (e.g. Franke et al., 2014;
Harris & Orr, 2013; Muyanga & Jayne, 2014) and the aspira-
tions of rural people to focus on employment outside the farm
(Dilley et al., 2021; Mausch et al., 2018). So what role does
the farm play in the livelihood of rural households?

Where cash cropping is lucrative, agricultural production
can provide a living income for households with sufficient land
and labour resources, as we see with the example of cotton pro-
duction in Mali. In terms of general trends, Frelat et al. (2016)
found that across countries and locations the households that
produced the most food also produced more cash crops and
livestock, as well as relying more on off-farm income. This
raises the chicken and egg question, as to whether agriculture
is the driving factor in raising incomes, or whether non-farm
income is needed to raise the agricultural productivity. Small-
holder farming systems are dominated by staple crop produc-
tion for a number of reasons. First, cash is scarce and farms are
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small, and often incapable of generating enough food for the
family. Second, there is always a market for staple crops even
if they are not particularly profitable. Which types of products
make ‘commercial sense’ for smallholders depends on the
agroecological conditions — perennial commodities such as
coffee and tea are ideal for the highlands. Cocoa and oil palm
provide opportunities in lowland humid regions. Vegetables
generate a good source of income for smallholders with access
to land in valleys or where irrigation is possible. Livestock
offer other opportunities. Dairy farming provides a regular
income from sale of milk but requires good infrastructure to
be scaled up to meet urban demands. The growing demand for
poultry and eggs in urban centres also offers market opportuni-
ties for small-scale production.

The fact that off-farm opportunities are often prioritised
above crop and livestock production highlights the poor
remuneration from farming, yet this does not mean that agri-
cultural research and development cannot assist in reducing
hunger and drudgery. Empirical studies in SSA showed that
for the poorest people, agricultural growth reduced poverty
11 times more than non-agricultural growth (Christiaensen
et al., 2011). As long as there are no better options outside
farming, research and development can help small-scale and
poor farmers to achieve better food security and relatively
small, but nevertheless important, increases in income.
Indeed even for the youth in Kenya, farming remains one of
the livelihood options they would like to pursue, though not
in isolation (LaRue et al., 2020).

Opportunities to earn income off-farm also present
opportunity costs relating to production on-farm. Employ-
ment to earn food or income for work in rural areas is
highly seasonal. The busiest times of the year in rural
areas are generally at the start or early in the cropping
season when soils need to be tilled, seed sown and weeds
removed. The greatest food shortages — the hunger season
— often coincide with peak labour demand for weeding and
when many members of poorer households work for food
(e.g. Bouwman et al., 2020; Leonardo et al., 2015a). When
the income earned off-farm is too small to compensate
absence by hiring in labour, this causes delay in attention
to own crops resulting in yield penalties due to late plant-
ing and weeding (Kamanga et al., 2010).

Seasonality is of critical importance for food and nutri-
tion security in other ways. Long dry seasons are associated
with a strongly-reduced diversity of foodstuffs available on
farm or in the market. Storage of staple cereal crops may
allow to sustain the calorie requirements of households dur-
ing the long dry season, highlighting the need for secure
storage to prevent post-harvest loss (Milgroom & Giller,
2013). But all households face a critical shortage of fresh
foods and in particular of micronutrients and vitamins in
the dry season (see the poor dietary diversity scores for the
bad season in Table 3). It is hard to produce a year-round,
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balanced diet unless water is available to irrigate plots and
grow vegetables in the dry season. Even considering all of
the foods available in the local markets it was impossible to
create a complete diet all year round that met all standards
for human nutrition in northern Ghana (de Jager, 2019).
So, although it may be desirable to re-design farming sys-
tems around local production of a diverse array of foods to
provide a nutritious food basket, this is challenged by the
seasonal nature of crop production.

Farming is also a risky business, with frequent crop
failure in drier regions and the looming impacts of climate
change. Changing weather patterns and the increased var-
iability and unpredictability of the weather are expected
to lead to changes in the suitability of crop and livestock
systems, as shown by Wichern et al. (2019) for Uganda.
With large sensitivity (e.g. Rurinda et al., 2015; Traore
et al., 2017) and small adaptive capacity, smallholders are
particularly vulnerable to climate change (Descheemaeker
et al., 2016). Perhaps not surprisingly, smallholders in
southern Mali perceived climate variability as the greatest
risk they faced, after their own and their animals’ health
(Huet et al., 2020). In such variable climates, smallholder
systems are usually managed to minimize downside risk.
Although increasing inputs would increase average yields,
it also leads to larger year-to-year variability, which acts
as a barrier against investments needed to narrow yield
gaps (Descheemaeker et al., 2020).

Some authors have suggested that there may be a thresh-
old under which farms become too small to be economi-
cally viable (e.g.Harris & Orr, 2013; Tittonell & Giller,
2013). Stephens et al. (2012) suggested a threshold farm
size of 0.7 ha in Western Kenya. Hazell et al. (2007), on
the other hand, defined farms as being ‘large enough’ to
be optimistic about the prospects of smallholder develop-
ment when they have ‘as little as 1 ha of irrigated land, and
as much as 3 ha for rainfed cropland’. However, a thresh-
old for an economically viable land size greatly depends
on the biophysical potential of the land and climatic and
socio-economic conditions, including opportunities for
irrigated farming, amount and distribution of rainfall and
access to markets. The threshold therefore is likely to vary
considerably between farms within regions and even more
between regions. Moreover, land alone is no guarantee for
successful commercialisation of agricultural production.
Farmers also need the incentives and capacity to adopt new
technologies and invest in their land. Several studies have
shown that resource endowments other than land, such as
access to capital or knowledge, are critical to invest in and
adopt new technologies (e.g. Marenya & Barrett, 2007). In
densely-populated areas it seems inevitable that some degree
of aggregation of farms is needed to allow adoption of the
basic technologies needed to benefit from sustainable inten-
sification (Aune et al., 2019; Jayne et al., 2019).
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Against the backdrop of increasing population pressure
and fragmentation of farms, there is evidence of a counter-
vailing trend. A new cadre of medium-scale ‘investor farm-
ers’ with land areas of 5-100 ha is expanding rapidly (Jayne
et al., 2016). These investor farmers are urban professionals
or rural elite households (Sitko & Jayne, 2014) who already
control 20-50% of the total farmland in Kenya, Ghana, Tan-
zania and Zambia. Jayne et al. (2016) highlight that the share
of arable land under the control of urban based households
is rising, leading to rapid increases in land prices within
100 km of urban centres. Often only a small proportion of
the land acquired is initially used (Jayne et al., 2014). Such
farms can help to stimulate local input and output markets,
but the implications for local farmers are unclear. Given the
continuing population growth in rural areas it seems inevi-
table that the consolidation of land in the hands of investor
farmers will contribute to further marginalisation of poorer
households (Jayne et al., 2014). If such farms are successful
in improving their production they could be important for
addressing national food security.

7 Conclusions

To avoid further marginalization of rural households and
expansion of the population into land not yet used for agri-
culture, a fundamental transformation of the farming systems
in sub-Saharan Africa appears inevitable. But as we show
above, the options for agricultural intensification are limited
by small farm sizes and the lack of economic incentives. Not-
withstanding potential issues with the accuracy of household
survey data, our analyses suggest that farm sizes are generally
small (< 1 ha), and far smaller than often assumed in analyses
of food security in sub-Saharan Africa—although farm areas
tend to be larger in drier agroecological zones. Even if yield
gaps are closed, food insecurity and poverty will remain and
only a small proportion of the rural population could derive
a living income from farming alone. Contrary to what we
might expect, some of the farming systems in the East Afri-
can highlands, which have the best agroecological potential
in terms of climate and soils, are among the least food secure
and furthest from being able to earn a living income from
farming. This is largely due to land fragmentation arising
from population growth.

To return to the food security conundrum, the large
yield gaps and the increasing demand for agricultural pro-
duce — to feed the rapidly growing population — pose a
major opportunity to develop the agricultural sector. Agri-
cultural development has proven to be key to reducing
poverty and hunger (Koning, 2017; Timmer, 2009), yet we

question the common assumption that economic develop-
ment in Africa can be driven by agriculture given cur-
rent trends. We cannot assume that rural households will
invest in technologies to increase their yields unless these
are profitable and make a difference in terms of income
and food security. Given the lack of livelihood security
provided by agriculture, concurrent development of off-
farm employment is required. Social safety nets are needed
to tackle poverty, such as provision of a universal basic
income (Banerjee & Duflo, 2019). An important, first step
in reframing the debate around agricultural development
in sub-Saharan Africa would be to cease to refer to ‘sub-
sistence’ farming as farming on such small farms neither
is sufficient to survive, nor is it a full-time occupation
from which one can make a living. Farming is no doubt
important for both the food supply and income of rural
households, but as one enterprise among a diverse liveli-
hood portfolio competing with options to earn a living
outside agriculture.
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