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Smallholder farming in sub-Saharan Africa keeps many rural households trapped in a

cycle of poor productivity and low incomes. Two options to reach a decent income

include intensification of production and expansion of farm areas per household. In

this study, we explore what is a “viable farm size,” i.e., the farm area that is required

to attain a “living income,” which sustains a nutritious diet, housing, education and

health care. We used survey data from three contrasting sites in the East African

highlands—Nyando (Kenya), Rakai (Uganda), and Lushoto (Tanzania) to explore viable

farm sizes in six scenarios. Starting from the baseline cropping system, we built scenarios

by incrementally including intensified and re-configured cropping systems, income from

livestock and off-farm sources. In the most conservative scenario (baseline cropping

patterns and yields, minus basic input costs), viable farm areas were 3.6, 2.4, and

2.1 ha, for Nyando, Rakai, and Lushoto, respectively—whereas current median farm

areas were just 0.8, 1.8, and 0.8 ha. Given the skewed distribution of current farm

areas, only few of the households in the study sites (0, 27, and 4% for Nyando, Rakai,

and Lushoto, respectively) were able to attain a living income. Raising baseline yields

to 50% of the water-limited yields strongly reduced the land area needed to achieve

a viable farm size, and thereby enabled 92% of the households in Rakai and 70% of

the households in Lushoto to attain a living income on their existing farm areas. By

contrast, intensification of crop production alone was insufficient in Nyando, although

including income from livestock enabled the majority of households (73%) to attain a

living income with current farm areas. These scenarios show that increasing farm area

and/or intensifying production is required for smallholder farmers to attain a living income

from farming. Obviously such changes would require considerable capital and labor

investment, as well as land reform and alternative off-farm employment options for those

who exit farming.

Keywords: household income, income distribution, livelihood strategies, scenario exploration, future farming

systems, intensification, poverty
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INTRODUCTION

It has been estimated that of the world’s poor, almost two
thirds work in agriculture (Olinto et al., 2013). In sub-Saharan
Africa (SSA), smallholder farming can be a vicious cycle of
low productivity and limited re-investment, keeping farming
households trapped in poverty (Tittonell and Giller, 2013). The
massive engagement in agriculture is a symptom of lack of access
to alternative livelihood sources, with farming often being a
last resort (Koning, 2017; Giller et al., 2021). Farming is not
the primary interest for youth, who have other aspirations for
employment. However, agriculture remains an important option,
though often as a fall-back (e.g., Ramisch, 2014; LaRue et al.,
2021; Sumberg et al., 2021).

Dorward et al. (2009) differentiate trajectories of farming
households that are “stepping up” from those who are “stepping
out” or simply “hanging in.” Households with sufficient resources
to invest can “step up” toward more lucrative farming, whereas
some choose to “step out” of farming when job opportunities
arise in other sectors such as industry (Dorward et al., 2009).
For some agriculture generates so little that they can only “hang
in.” The pressure to step up or out of farming increases, because
cultivated areas per farm are decreasing—and more so for those
who already have the smallest cultivated areas (Headey and Jayne,
2014; Jayne et al., 2014; Giller et al., 2021).

With ever smaller farms, it becomes increasingly urgent to
intensify production or to pursue alternative livelihood strategies.
Simultaneously there is a growing demand for food from
the burgeoning population in SSA, requiring intensification of
farming to achieve self-sufficiency at national level (van Ittersum
et al., 2016). Yet even when production is intensified, farms can
simply be too small to obtain a decent living (Harris and Orr,
2014; Giller et al., 2021). This creates the imperative to investigate
how smallholder incomes can be increased, given their small
farm sizes, while at national level, increases in agricultural
production are required to achieve food self-sufficiency (Giller,
2020). In pursuit of Sustainable Development Goals (SDGs;
United Nations, 2015)—and SDG 1 Zero Poverty and SDG2 No
Hunger, in particular—it is important to understand whether
and how farming can be(come) a viable livelihood strategy,
especially for the smallest farms. Whether through subsidies to
increase yields, through land reform to increase farm sizes or
other measures (Koning, 2017), the protection and support of the
smallest farms needs to be considered to “leave no one behind” in
the SDGs.

Many studies have shown that current, small farm sizes
limit the incomes of smallholder farmers (e.g., Frelat et al.,

2016; Marinus, 2021). Others have calculated what farm area

would be required to reach the poverty line in dryland farming
systems in SSA and India (Harris and Orr, 2014; Gassner et al.,

2019). So far however, no studies have determined the minimum
farm area required for households to reach the living income

benchmark. Moreover, earlier assessments considered current
cropping practices without exploring the effects of growing more
profitable crops such as vegetables. In this study we use “living
income” as a benchmark for the viability of farming (Anker and
Anker, 2017b; van de Ven et al., 2020). The living income concept

has recently gained attention (Living Income Community of
Practice, 2021). It estimates the income that is required for a
decent living (Anker, 2011; van de Ven et al., 2020), on the
basis of the principles in the universal declaration of human
rights (United Nations General Assembly, 1948). It therefore
includes the income needed to provide a nutritious diet, housing,
education and health care (Anker, 2011; van de Ven et al.,
2020). The commonly used poverty line benchmark considers
the minimum cost of living in the poorest countries in the world
(Ravallion et al., 1991; Chen and Ravallion, 2010). As such, the
living income is an addition to the commonly used poverty line
benchmark (van de Ven et al., 2020).

The overall goal of this paper is to explore what farm area
would be required to attain a living income from farming which
we refer to as the “viable farm size.”We first assessed how current
smallholder incomes (reported in survey data) compared with
the site-specific living income thresholds, and investigated the
contributions from crops, livestock and off-farm income. We
then estimated viable farm sizes for several scenarios: first on the
basis of current yields and crop area allocation, then on the basis
of possible future intensification (increased yields) and then in
addition, with more profitable crop configurations. Moreover, we
examined contributions from livestock and off-farm income and
how they affect the viable farm size. Lastly, we compared current
farm sizes with viable farm sizes. Our analysis is focused on three
contrasting sites in the East African highlands: Nyando in Kenya,
Rakai in Uganda, and Lushoto in Tanzania.

Our research was guided by the following research questions:

1. What percentage of the farming population currently achieves
a living income?

2. What farm size can provide a living income with current
cropping systems—i.e., what is a viable farm size?

3. What are the implications of (a) intensification of the cropping
system and (b) considering other sources of income, on the
viable farm size?

METHODOLOGY

Three Contrasting Sites
Survey data was used from three contrasting sites in East Africa:
Nyando in Kenya (2016), Rakai in Uganda (2017), and Lushoto
in Tanzania (2015) (Table 1). All three sites have rainfall patterns
that allow two cropping seasons each year. Nyando is located
in the mid-lands of western Kenya, on the slopes next to Lake
Victoria. Small streams and rivers cross the area from the upland
areas toward the lake. As these river valleys often flood, they are
commonly used for grazing livestock, while crops are cultivated
on the elevated areas. Crops and livestock are both important
for household income. Common crops are maize, beans, and
sorghum (Mango et al., 2011; Kung’u and Namirembe, 2012).
In Nyando, the relative importance of livestock is much larger
than in Rakai and Lushoto. Rakai is located in the southern
part of central Uganda and is characterized by an undulating
landscape. It has a diverse cropping system, distinguishing itself
from the other two sites by the importance of perennial crops,
i.e., coffee and East African highland banana (referred to as

Frontiers in Sustainable Food Systems | www.frontiersin.org 2 January 2022 | Volume 5 | Article 759105

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Marinus et al. A Viable Farm Size for Smallholders?

TABLE 1 | Characteristics of the three research sites in the East African highlands

from the RHoMIS database (van Wijk et al., 2020).

Nyando (Kenya) Rakai (Uganda) Lushoto

(Tanzania)

Sample size

(no.

households)

155 113 120

Household size

(adult

equivalents)

4.0 4.4 3.3

Population

density (people

km−2 )a

214 190 310

Total rainfall

(mm year−1)b
1,618 1,208 1,148

Rainfall

seasonality

classificationc

Humid (year

round)

Single wet season

regime, bimodal

Single wet

season regime,

uni-bimodal

Farming

systems (crops)

Main crops:

maize, beans,

sorghum,

sugarcane

Coffee-banana

intercropping with

many other crops

including: beans,

maize, cassava

Main crops:

Maize, beans,

Irish potato and

vegetables

(cabbage,

tomato) in the

valleys

aCIESIN (2018); NASA Socioeconomic Data and Applications Center (SEDAC). https://

doi.org/10.~7927/H49C6VHW.
bCHIRPS Rainfall Data: 2010–2019 yearly average (Funk et al., 2015).
cContinental classification of rainfall seasonality regimes in Africa (Herrmann and Mohr,

2011).

banana hereafter). Other important crops are beans, maize and
cassava (Kyazze and Kristjanson, 2011). Lushoto is located in
the west Usambara mountains in northern Tanzania and has
an undulating, hilly landscape. Valley bottoms are commonly
used to grow vegetables such as cabbage and tomato, which
are transported for sale in urban markets in Tanga and Dar es
Salaam. Other important crops are maize, beans and Irish potato
(Lyamchai et al., 2011). Population densities in the three sites
(Table 1) are typical for the areas where the largest part of the
population of the East African highlands lives (Vanlauwe et al.,
2013).

Estimating Current Value of Crops and
Household Income
The Rural Household Multi-Indicator Survey (RHoMIS;
Hammond et al., 2017) formed the primary data source and data
were obtained from van Wijk et al. (2020). RHoMIS offers a
relatively rapid and largely standardized questionnaire, aimed at
estimating the well-being of farming households. The RHoMIS
survey adheres to the principles of the 1964 WMA declaration
of Helsinki (van Wijk et al., 2020). The survey was executed
in 2016 in Nyando (155 households), in 2017 in Rakai (113
households), and in 2015 in Lushoto (120 households) (Table 1).
From this household-level dataset, we extracted variables on
household composition, total area cultivated, production metrics
and economic value received (step 1a and 1b in Figure 1).
Production in the previous year was reported for each type

of crop grown and livestock owned, as well as the fractions
consumed and sold, and the total income received for the sold
amount. From these variables we derived the price per crop
and livestock product per household. Following the RHoMIS
approach (Hammond et al., 2017), prices were triangulated
with prices from literature and where needed replaced by prices
from literature. This was in particular the case for crops for
which it is difficult to derive prices per kg, e.g., banana which
is sold per bunch and when reported prices deviated a lot from
literature (Supplementary Material 1). We then calculated the
total value of crop and livestock produce per household, at the
median price per site of each product. All prices of products were
standardized to 2017 (year of the latest survey and converted to
USD purchasing power parity (USD PPP) to enable comparison
among sites. Income from off-farm sources was reported as the
proportion of total income at household level, so we derived
its value from the total value of sold farm produce (Hammond
et al., 2017). We refer to “value of produce” when considering
the value of crops and/or livestock produced on the farm and
refer to “income” when all sources of household income are
considered: i.e., value of crop produce, value of livestock produce
and off-farm income. Income per household was expressed
per Adult Equivalent (AE) following (OECD, 2011), using the
household composition from the survey.

Living income estimates were used from Anker and Anker
(2017a) for Kenya and from van de Ven et al. (2020) for Tanzania
and Uganda. Living income estimates were all standardized to
2017 (van de Ven et al., 2020). The living income includes costs
for a low-cost nutritious diet, housing, education, health care
and unforeseen costs and is based on an average household
composition and size (see van de Ven et al., 2020). The extreme
poverty line benchmark of USD PPP 1.90 was assumed to be per
adult equivalent and was corrected for inflation up till 2017, so
that the extreme poverty line benchmark was set at USD PPP 2.08
per adult equivalent per day in all three study sites.

Preparing Baseline Data for Scenario
Exploration
For the exploration of viable farm sizes in current and intensified
cropping systems, we first established what was a representative,
baseline cropping system per site. The RHoMIS data provided
information on production per farm and per year and was
not designed to capture crop yields or intercropping, and
information on seasonal crop area allocation was only available
for Rakai. In each of the study sites, intercropping is a
common practice, and the bimodal rainfall pattern enabled
that some crops are cultivated in one or in both cropping
seasons. Because of this, crop yields could not be derived
adequately from the survey, and resulted in unrealistically
low estimates (Supplementary Material 2). Therefore, baseline
yields were derived from literature instead of the survey
(Supplementary Material 2). Seasonal crop cultivation patterns
(which crop is cultivated in which season) were also based on
literature for Nyando and Lushoto (MoALF, 2016; Marinus,
2021), while season-specific data was available for this from the
survey in Rakai. For each of the sites, we assumed that maize was
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FIGURE 1 | A schematic overview of the scenarios and progression of variables and values with every step in the methodology. TLU, tropical livestock unit; PPP,

purchasing power parity (2017).
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intercroppedwith common bean, whenevermaize was cultivated.
The survey-reported crop area proportions did not always add up
to one (Supplementary Material 3), and were therefore rescaled
proportionally to add up to one for each farm, for the main
cropping season in each site. It was then assumed that if a crop
was grown also in the minor season (based on literature), it was
allocated the same area. We determined what were the main
crops per site, by weighting the median proportion of farm area
allocated to a crop by the proportion of the population growing it.
In our simulated baseline cropping systems, we included only the
main crops per site: i.e., those with a weighted area proportion
equal to or larger than 5%. The weighted area proportions were
then proportionally scaled to add up to one.

Scenarios Exploring the Viable Farm Sizes
Viable farm sizes were assessed for six incremental scenarios
(Figure 1). The baseline-scenarios (B1: baseline yields and B2:
baseline yield - costs) were used to explore the viable farm size
within the baseline cropping system. The crop intensification-
scenarios (I1: improved yields and I2: profitable crops) were
used to explore how possible future options for intensification—
increasing yields and cultivating more profitable crops—would
change the viable farm size. The other income sources-scenarios
(O1: livestock income and O2: off-farm income) assessed the
impact of incorporating current income from sources other than
crops, namely livestock and off-farm income sources.

Baseline crop yields, crop prices and crop configuration were
used to calculate the value of crop produce per ha, which was then
used to calculate the viable farm size in the most basic scenario
B1: baseline yield. This scenario only included value of produce
of crops and no income from livestock or other sources. Scenario
B1: baseline yield does not include any input costs (which were
not incorporated in RHoMIS) and therefore underestimates the
viable farm size. This issue was addressed in scenario B2: baseline
yield - costs, where input costs were subtracted from the value
of produce. Input cost were calculated for mineral fertilizer
and for the seed of annual crops. These inputs are commonly
bought in the area, although rates and use strongly differ among
households (e.g., Tittonell et al., 2005). Information on input
use, rates or costs per crop per household was not available
from the survey. Fertilizer requirements per crop were calculated
based on the baseline yield and the “soil supply yield”: the yield
obtained when no fertilizers are applied, which was derived
from literature. For each crop, we assumed this soil supply
yield to be the same as the lowest yield commonly obtained by
farmers per site, while the baseline yield was the average yield
commonly obtained by farmers per site. The difference between
the baseline yield and the soil supply yield (baseline yield – soil
supply yield) was then used to calculate fertilizer requirements
based on nutrients concentrations in harvested product, the dry
matter content and nutrient use efficiencies from literature. Only
relevant macro-nutrients for fertilization were considered, e.g., N
and P for maize and N and K for banana (East African highland
banana in Uganda). Prices were based on the commonly used
mineral fertilizers per crop and site. Costs for seed were based
on commonly used varieties per site and advised sowing rates.

The crop intensification scenarios I1: improved yields and I2:
profitable crops I2: profitable crops considered two options for
intensification: increasing yields and cultivating more profitable
crops. Scenario I1: improved yields uses the crop configuration of
the baseline scenarios, while crop yields were increased to 50% of
the water-limited yield. The costs of inputs were updated relative
to scenario B2: baseline yield - costs, proportionally to the increase
in yield. Fifty percent of the water-limited yield is considered as
a possible goal for intensified crop production in SSA by 2050,
which is needed to feed the burgeoning population (van Ittersum
et al., 2016). Scenario I2: more profitable crops adds a crop area
re-configuration, so that 20% of the cultivated area is allocated to
the most common vegetable per site. Areas of other crops in the
baseline crop configuration were scaled back proportionally.

Scenarios B1, B2, I1, and I2 focused on the contribution of
only crops to household income. In the study sites however,
livestock and off-farm income are also important contributors
to incomes. When other sources of income are available besides
crop production, the contribution from crops to attain a living
income can be smaller and hence a smaller farm area can
be viable. Livestock requires land as well, but no information
was available in the survey data about the private and/or
common land used for livestock keeping and almost no fodder
production was reported. We could therefore only include the
value of livestock produce (reported in the RHoMIS survey)
in our scenarios, and not its relation to farm area required. In
scenario O1: livestock income, the current median number of
tropical livestock units (TLUs) owned per household per site was
multiplied by the median value per TLU per site as reported in
the survey, to estimate the total value of produce of livestock
per household and its effect on the viable farm size. In scenario
O2: off-farm income current median off-farm income as reported
in the survey was included and its effect of the viable farm
size assessed.

Understanding Variation in Scenario
Outcomes Among Sites
Site-specific values for each of the variables were used in
calculating the viable farm size. To reveal which variables
most strongly determined variation among sites in the scenario
outcomes, we ran the model for calculating the viable farm
size five times, once for each additional variable used in the
calculations for scenario B1: baseline yield. In the first run,
variable values (crops and crop allocation, yields, prices, living
income threshold, household size) in all sites were set at the same
value: the value for Rakai. In the next step, crops cultivated and
their area allocation were made site-specific, so that the site-
specific yields (for site-specific crops) could be investigated in
next step. In every next step, one more variable was made site-
specific, starting with variables that were more related to the
cropping system: first yields, then prices, then the living income
threshold, then household sizes. Relative differences among steps
and among sites were compared to assess which variables most
strongly explained differences in outcomes among the three sites.
The order of the steps did not influence the analysis as we only
compared the relative differences between steps and sites.
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FIGURE 2 | Current household income in relation to the poverty line and living income benchmarks (A) and the relative contribution of different income sources to the

current income (B). Households in (B) are ordered the same as in (A).

RESULTS

Current Income
Current Income From All Sources

When considering all sources of current household income,

only 29% of the households in Nyando, 27% in Rakai and 17%
in Lushoto obtained a living income (Figure 2A). The poverty

line was reached by 61% of the households in Nyando, and

just 50% in Rakai and 35% in Lushoto. At the left tail of the
income distribution, crop produce for own consumption made

the largest contribution to incomes in all three sites (Figure 2B).

More than three quarters of the households had some off-farm
income in Nyando and Rakai, while almost all households in

Lushoto relied on farming only. In Nyando and Rakai, the
contribution of off-farm income to the total household income
was larger among households with a medium and high income
than among households with a low income. Median off-farm
income, for those receiving it, was also highest in Nyando (0.64
USD PPP AE−1 day−1), followed by Rakai (0.32 USD PPP AE−1

day−1) and Lushoto (0.23 USD PPP AE−1 day−1), and see also
Supplementary Material 4. No information was available from
the survey about whether off-farm income sources were used
to invest in farm activities. The contribution of livestock to
value of farm produce was much larger in Nyando and Lushoto
than in Rakai. In Nyando, the contribution of livestock was
often larger than that of crops. This may largely be due to
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TABLE 2 | Current livestock ownership and value of produce per TLU (tropical

livestock unit).

Site % of

households

owning

livestock

TLUs owned

per

householda

Livestock

value of

produce per

TLU (USD

PPP TLU−1

year−1)

Livestock

value of

produce per

AEb (USD

PPP AE−1

day−1)

Nyando 100 8.8 322 1.48

Rakai 93 1.6 369 0.28

Lushoto 100 1.4 1,034 0.90

aMedian, calculated from the households owning livestock.
bAE, adult equivalents.

the relatively large numbers of livestock—mainly cattle—kept in
Nyando (Supplementary Material 5), at a median of 8.8 TLU
per household compared to 1.6 and 1.4 TLU per household in
Rakai and Lushoto (Table 2). The value of produce obtained
per TLU was largest in Lushoto, however, where marketing
dairy products is common, resulting in relatively high value
of produce per TLU owned. In Rakai many households were
holding pigs (Supplementary Material 5). Survey data revealed
no relation between cultivated area and the number of TLU
owned (Supplementary Material 6).

Value of Crop Produce

None of the households in Nyando obtained a living income
from the total value of crops alone (Figure 3A). In Rakai 20%
of the households and in Lushoto about 10% of the households
obtained a living income from value of crops alone. Income from
crops was generally highest in Rakai, where high-value perennial
cash crops were more common. The most important crops in
terms of value produced differed per site (Figure 3B). Maize was
most important in Nyando and Lushoto, constituting 49 and
42% on average of the total value of crops, respectively. In Rakai
coffee (29%) and banana (23%) were the most important crops in
terms of value of produce. Some other specific crops, that were
important per site are sorghum (13%) and sugarcane (7%) in
Nyando, Irish potato in Rakai (11%) and Lushoto (10%). Beans
were common in all three sites and most important in terms
of value of produce in Lushoto (23%). Among households that
obtained a low total value of crops, specific crops were relatively
more prevalent: sorghum in Nyando and beans in Lushoto.

Farm areas and the total value of crop produce were unequally
distributed (distributions shown in Supplementary Material 4).
In Nyando and Rakai, those who obtained a larger value of crops
(>85 percentile) tended to have larger farms than those who
produced less crop value (Figure 4).

Viable Farm Size
Scenario B1: baseline yield resulted in viable farm sizes of 2.5,
2.0, and 1.6 ha for Nyando, Rakai and Lushoto, respectively
(Figure 5; Supplementary Material 7). This was a three-fold
difference with the current median cultivated area in Nyando
(0.8 ha) and a two-fold difference for Lushoto (0.8 ha), while

for Rakai the viable farm size was similar to the current median
cultivated area in Rakai (1.8 ha). The relatively small viable
farm size estimate for Lushoto can be explained primarily by
the combination of relatively high-value crops (see effect of
variation in crops and crop allocation, Step 1, Table 3), and
the smallest median household size of all sites (Step 6), which
both result in a smaller viable farm size. In Nyando, crop
prices were relatively low (Step 4), while the living income was
relatively high (Step 5), resulting in a relatively large viable
farm size. Crop prices were most favorable in Rakai (Step 4),
e.g., beans were most expensive in Rakai, although less than
double the price in the other two sites. Yield differences had the
smallest effect on the variation in outcomes among the three sites
(Step 3).

Including basic input costs of fertilizer and seed (scenario
B2: improved yields - costs) had a strong effect, as it resulted
in a 30, 20, and 25% larger cultivated area needed to attain a
living income than in the previous scenario without input costs
(scenario B1: baseline yield) in Nyando, Rakai, and Lushoto,
respectively (Figure 5).

The crop intensification scenarios strongly reduced the viable
farm sizes. Increasing yields to 50% of the water-limited yield
(scenario I1: improved yields) had the largest effect and resulted
in viable farm size estimates that were three times smaller than
in scenario B2: baseline yields - costs (Figure 5). Allocating
20% of the cultivated area to the most common vegetable
per site (scenario I2: profitable crops) resulted in a larger area
reduction in Rakai and Lushoto than in Nyando due to the
higher grossmargin of tomato and cabbage in Rakai and Lushoto,
respectively, as compared to kale in Nyando. Vegetables however,
currently only occupied a minor part of the cultivated area
and only few households had >20% of their cultivated area
under vegetables: 6, 15, and 9% of households in Nyando,
Rakai, and Lushoto, respectively, and these were commonly
the households that obtained a high value of crop produce
(Figure 3).

Including livestock as an additional income source (scenario
O1: livestock income) had only a limited reducing effect on
the viable farm sizes, in comparison to the crop intensification
scenarios (Figure 5). The largest effect was found in Nyando,
where the number of cattle owned was relatively large (Table 3).
This cattle was likely sustained from grazing on common land
around nearby streams and wetlands. Households in Rakai and
Lushoto owned much fewer TLUs on average and therefore had
less income from livestock (despite the relatively high value per
TLU in Lushoto, due to dairy marketing). The estimates of the
viable farm size therefore decreased only very little. Including off-
farm income as a contributor to a living income (scenarioO2: off-
farm income), again resulted in a relatively large decrease in the
viable farm size in Nyando (Table 3). The sum of income from
livestock and off-farm sources was USD PPP 2.12, which is more
than the poverty line, indicating the importance of alternative
income sources in Nyando. Income from crops would not be
required to reach the poverty line, with median incomes from
livestock and off-farm sources inNyando, but a living incomewas
not reached with these non-crop sources only. Including off-farm
income had only a small effect in Rakai and Lushoto.
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FIGURE 3 | The current value of crop produce in relation to the poverty line and living income benchmarks (A) and the relative contribution of different crops to the

total value of crops (B). The value of crop produce is the sum of the value sold, consumed and fed to livestock. Households in (B) are ordered the same as in (A).

Comparing Viable Farm Areas With Current
Cultivated Areas
By comparing viable farm sizes with the current cultivated
areas we assessed what proportion of the current population
would be able to attain a living income with their current
farm area, for each of the scenarios. Because the scenarios were
incremental, every next scenario resulted in a smaller estimate
of the viable farm size (except scenario B2: baseline yields - costs
which incorporated costs) and a larger number of households
in the study populations had access to the estimated viable
farm size. This number strongly depended on the shape of the
distribution of current farm sizes (Figure 6), which was skewed
toward smaller farm sizes in Nyando and Lushoto. In each of
the sites, a small proportion or none of the households currently
cultivated an area larger than the viable farm sizes of the baseline
scenarios (B1: baseline yield, B2: baseline yields - costs). In the
conservative scenario B2: baseline yields - costs this was 0, 27,

and 4% for Nyando, Rakai, and Lushoto, respectively. The yield-
improvement scenario (I1: improved yields) decreased the viable
farm size so much in Rakai and Lushoto, that it covered the
flattest part of the curve with a major shift in the proportion
of the population having a viable farm size, 92 and 70% in
Rakai and Lushoto, respectively. In Nyando, apart from crop
intensification, income from livestock was required (scenario
O1: livestock income) for the majority of the study population
(73%) to be able to attain a living income from their currently
cultivated area.

DISCUSSION

We first compared current smallholder farmers’ incomes in
three sites in the East African highlands with the living
income benchmark. We then assessed what area would
be required to attain a living income from smallholder
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FIGURE 4 | Cultivated areas for households in relation to a low (<15 percentile), medium (15–85 percentile) or high (>85 percentile) current total value of crop produce.

TABLE 3 | Viable farm sizes without or with the site-specific values per variable that were included in estimating the viable farm size, using scenario B1: baseline yields.

Site Viable farm sizes (ha)

Step 1:

crops and

allocation yields

prices living

income

household size

Step 2:

*crops and allocation

yields

prices

living income

household size

Step 3:

*crops and

allocation *yields prices

living income

household size

Step 4:

*crops and allocation

*yields

*prices

living income

household size

Step 5:

*crops and

allocation *yields

*prices *living income

household size

Step 6:

*crops and allocation

*yields

*prices

*living income

*household size

(full B1 scenario)

Nyando 2.0 1.9 1.9 2.4 2.8 2.5

Rakai 2.0 2.0 2.0 2.0 2.0 2.0

Lushoto 2.0 1.5 1.6 2.0 2.1 1.6

In step 1, values were set at the values for Rakai, for each variable. In each subsequent step, one more variable was set at its site-specific values. Asterisks indicate the variables for

which site-specific values were included.

farming—the viable farm size—and compared this with current
cultivated areas. We explored six incremental scenarios, which
included intensification (increased yields and a change in crop
configuration) and other sources of income (livestock and off-
farm). For each scenario, we estimated the viable farm size. This
study is the first that uses the living income as a benchmark
for establishing what would be a viable farm size. It builds on
earlier work in SSA that used the poverty line as a benchmark
(Harris and Orr, 2014), and similar historical assessments of what
would be “decent” incomes for farmers in Europe after the second
world war (Van Merriënboer, 2019). Such calculations are still
made by the European Union to estimate subsidy requirements
for farmers’ incomes to be comparable with non-farm jobs in
the EU (2020). Our results explored viable farm sizes but do
not provide a precise answer to the question what a future
farm size would need to be, as the analysis is based on simple

assumptions and does not consider all complexities of making
a living from farming. The scenario with baseline yields and
input costs (scenario B2: baseline yields - costs) was the most
conservative, providing a first rough estimate of what a viable
farm sizes would be under current production levels and market
prices for an average sized family: 3.6, 2.4, and 2.1 ha for Nyando,
Rakai, and Lushoto, respectively, which is 4.5, 1.3, and 2.5 times
the current, median cultivated area in the three sites. Currently,
only 0, 27, and 4% of the population had a cultivated area that was
larger than the viable farm size in scenarios B2: baseline yields
- costs, in Nyando, Rakai, and Lushoto, respectively. Current
cultivated areas were large enough for most households to attain
a living income only in the intensification scenarios for Rakai and
Lushoto (Figure 6). For Nyando a living income could not be
attained unless other sources of income, i.e., livestock, were also
included. This indicates that the cultivated area per household
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FIGURE 5 | The cultivated area required to reach the poverty line or obtain a living income (viable farm size) for a household of median size for six scenarios. All

scenarios are incremental, meaning that each scenario builds on all improvements and assumptions of the previous scenario.
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FIGURE 6 | Distributions of current cultivated areas per household as reported in the survey, and the cultivated area required to attain a living income (viable farm size;

dashed horizontal lines) for six scenarios. Full scenario names: B1: baseline yields, B2: baseline yields - costs, I1: improved yields, I2: profitable crops, O1: livestock

income, O2: off-farm income.

would have to increase and/or that cropping systems would have
to intensify considerably for farming households to attain a living
income from farming.

Current Smallholder Incomes
The analysis of current income clearly showed the limited value
that is currently accrued from cultivating crops, with currently
only 11% of the households obtaining a living income from crops
in Rakai, while this held for 8% in Lushoto and none of the
households in Nyando. Smallholder farmers relied on diverse
livelihood activities besides crop cultivation, although poorer
households tended to rely primarily on cropping, i.e., the 5–
15% of the households with the lowest household income. With
all income sources combined, only 29% of the households in
Nyando, 27% in Rakai and 17% in Lushoto obtained a living
income, based on the survey data. Crops contributed only to
part of the total household income and this contribution strongly
varied per site. Considering crops alone, at best, <20% of the
households currently obtained a living income (Rakai), while
nonemade a living income in Nyando. Households with low total
household income often depended solely on farming and used the
largest part of their farm produce for home consumption. This
may imply that investing in crops and obtaining a good income
from crops alone is difficult in current farming systems. In order
to increase yields and intensify, farmers need viable options in
which to invest (Vanlauwe and Dobermann, 2020). Livestock
and off-farm income were most important for household income
in Nyando, with all households having livestock and 63% of
households having off-farm income. In all three sites, these
sources of income were primarily important for households with
a relatively higher income. The importance of livestock and off-
farm income as an income source for better-off households in
the study sites is in line with earlier studies (Frelat et al., 2016;
Wichern et al., 2017; Waha et al., 2018). Among the households
that obtained a low total value of crops, staple crops were
common (beans in Lushoto, sorghum in Nyando), rather than
high-value cash crops (sugarcane in Nyando). It is unclear from
the data whether the production of low-input, low-value crops

was the result of preference or necessity. Limited opportunity
to invest or access markets could be major constraints for
possible improvements like sustainable intensification, for these
households. The sparse contributions of off-farm sources to
incomes in Rakai and Lushoto point to the limited current off-
farm opportunities in rural areas in SSA (Headey and Jayne,
2014). Toward the left tail of the income distribution graphs,
reported incomes were very low and often well below the poverty
line and the living income. This suggests that the survey data
may have under-reported current household incomes. Under-
reporting of incomes is a common problem in this type of surveys
(Fraval et al., 2019) that may be partly explained by food sharing
among households during the lean season when food stocks start
to run out (Djurfeldt and Wambugu, 2011), something that was
not captured in the survey. Livestock holdings seemed not to be
related to farm area, and fodder production was only reported
a few times in the survey. Additional, more specific, data on
land use by livestock is needed to assess the potential role of
livestock in providing a living income, in relation to the area that
is cropped.

Viable Farm Sizes to Attain a Living Income
Our analysis showed that current farm areas are in most cases
too small to attain a living income from farming, if no changes
in cropping systems are made. For instance, only 0, 27, and 4%
of the households had a current farm area that was the same or
larger than the viable farm size in the scenario B2: baseline yields
- costs in Nyando, Rakai, and Lushoto, respectively (Figure 6).
This means that for farms to be viable, the area under cultivation
needs to be increased and/or production intensified. There was a
large gap between yields of major crops in the baseline scenarios
and the improved yields in the intensification scenarios (50%
of the water-limited yields), which were more than three times
larger. Hence, the estimate of the viable farm size was also
reduced by a factor three approximately in scenario I1: improved
yields, compared to scenario B2: baseline yields - costs (Figure 5).
This meant that 27, 92, and 70% of the households currently
had a farm area that was the same or larger than the viable
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farm size in Nyando, Rakai, and Lushoto, respectively (Figure 6).
Intensification to yield levels that were 50% of the water-limited
yield (as in the I1: improved yields scenario) is possible at farm
level in western Kenya, e.g., by providing a USD 100 input
voucher per season (Marinus, 2021). Our results are therefore
slightly more optimistic than those of Harris and Orr (2014), who
looked at the impact of options for agronomic improvement at
household level. They found that these improvements would not
raise most households above the poverty line because cultivated
areas were too small. Their analysis, however, did not consider
income from livestock, nor areas with high-value crops such as
banana, coffee and vegetables, although they considered variable
costs in detail (e.g., labor). Among the study sites, crops were
least profitable in Nyando, and it would be a challenge to attain a
decent living from crops alone with current farm areas. Including
livestock value of produce in Nyando, a living income could
be attained with current farm sizes, i.e., 73% of the households
had a current farm area that was the same or larger than the
viable farm size in scenario O1: livestock income. By including
only basic input costs (seed and mineral fertilizers) and no
other costs in our study, we may have overestimated incomes
from farming, and hence underestimated the farm size required
to provide a living income. This and our other assumptions
(e.g., using median yields and seasonal cropping patterns from
literature) were made on the grounds of data availability and
quality. Further research would be required to provide more
detailed estimates, preferably from on-farm studies, to assess the
profitability of crops across farms, the yields that can be attained,
and the input costs required. Our calculated viable farm sizes
should therefore be seen as minimum viable farm sizes, which
likely need to be larger if other costs and other limiting factors
such as production risks (e.g., due to price or climate variability)
would be included.

Scenarios were based on the baseline crop configurations, up
to scenario I2: profitable crops. This choice was data-driven. We
realize that once people gain investment capacity, their livelihood
strategiesmay change, and theymightmove towardmore capital-
intensive farming strategies. Some of the crops in the baseline
crop configurations are currently cultivated because they can
provide at least some yield with low inputs, for instance cassava
(Fermont et al., 2008). Once higher incomes are achieved, such
crops may be replaced by more profitable crops. Opportunities
for cultivating high-value crops however, are limited as crops
such as vegetables often have a limited demand, high input cost
and highly varying prices. Moreover, suitable land for cultivating
vegetables is limited, which also explains why currently only
few households cultivated vegetables on more than 20% of their
cultivated area. Vegetables, for instance, are cultivated only in
inland valleys in Lushoto because of water availability, which
limits the options to increase the cultivated area with vegetables
(Sakané et al., 2013). Once production levels and/or the types of
crops produced change, market prices will change as well, as was
for instance found when maize production increased in Ethiopia
(Spielman et al., 2010; Abate et al., 2015). Such fluctuations would
again influence the profitability of the scenarios explored. For the
case of vegetables in particular, demand may be fairly inelastic.

Expanding Farm Sizes and/or Intensifying
Production? Implications of Moving
Toward Viable Farms
A large proportion of the study population did not have a
viable farm size. With intensification however, a decent income
appears to be within reach on the farm areas that were
cultivated at the time of the survey. To attain a decent living,
farming households could therefore expand and/or intensify
production, or combine both options (Giller et al., 2021). All
choices would require substantial changes at farm level, and it
is unlikely that these options are either feasible or attractive
for all. Intensification and/or expansion may only be achieved
when supportive measures are in place, such as input subsidies.
Moreover, such strategies would only be relevant if they are in
line with households’ objectives and aspirations: do they pursue
farming as a livelihood strategy, or seek alternative employment,
or a combination of the two (e.g., LaRue et al., 2021; Sumberg
et al., 2021)? Supportive measures should also consider that
intensification and/or expansion of production could influence
inequalities within households, where women often have less
access to land or control over production resources and outputs
(Beuchelt, 2016; Tavenner et al., 2019).

We assessed the farm area required at household level, while

only considering capital through a simple assessment of input
costs. More elements of farm structure—labor and capital—

however, would have to be dedicated to intensification and/or

expansion. Although the use of inputs such as mineral fertilizer
and improved seed can be profitable in current smallholder

farming systems, their use is often limited (Nin-Pratt and
McBride, 2014). Increasing yields to 50% of the water-limited

yield, would require considerable increases in input use: the
N fertilizer requirements in scenario I1: improved yields for

instance, were three to five times larger than at baseline yields.

Such an increase in input use may require input subsidies (Jayne

et al., 2018), along with other supportive policies such as price
protection and improving access to markets (Wiggins, 2016;

Koning, 2017), which together have shown to be able to increase
yields to 50% of the water-limited yield at farm level (Sanchez

et al., 2007; Marinus, 2021). Also Fraval et al. (2018) found that

considerable improvements in farm performance can happen
in a relatively short time span of three years for part of the
population. Increasing the cultivated area of a farmwould require
more efficient labor use. Labor constraints explain part of the
current yield gap (Silva et al., 2019), and current crop choices of
farmers might become more labor-constrained on larger areas.
Small-scale mechanization may therefore be required to improve
labor productivity (Van Loon et al., 2020), in particular if farm
areas would increase to attain a living income. Lastly, apart from
land, labor and capital, additional knowledge will also be needed
when moving toward for instance scenario I1: improved yields.
Marinus et al. (2021) for instance describe how farmers required
knowledge on specific intercropping arrangements for maize
and legumes when maize growth became prolific—reaching
50% of the water-limited yield level—and thereby smothering
intercropped legumes.
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At the national or regional level, if farms would grow in
area to attain a living income from farming, there is insufficient
land available for all households without massive expansion of
the area under agriculture. For instance, moving from current
farm areas to the viable farm areas as calculated in scenario
B2: baseline yields - costs, would require farm areas that are
440, 130, and 260% that of the current, median cultivated area
in Nyando, Rakai, and Lushoto, respectively. Hence, for all
farming households to be able to attain a living income, off-
farm employment would be needed for those who leave farming
(Koning, 2017; Giller, 2020). In the study sites, off-farm income
sources contributed less to incomes than crop and livestock
production. Land is currently unequally distributed, and the
poorest and smallest farms are in an unfavorable competitive
position (Chamberlin and Jayne, 2020). Competition for land
may further marginalize the smallest farms in future, while the
largest grow (Headey and Jayne, 2014; Jayne et al., 2014, 2021).

Concluding Remarks
Our study is the first to use the living income to establish what
would be a “viable farm size,” as a benchmark for smallholder
farming. We applied the approach in three sites with contrasting
farming systems and explored scenarios, which considered crop
intensification strategies, income from livestock and off-farm
income to explore which households could achieve a living
income. With current yields, cultivated areas would have to
increase considerably to attain a living income from crops: for
instance to more than four times the median cultivated area in
Nyando. Intensification scenarios indicated that feasible yield
increases would lift 70% of the households to a living income
on their current cultivated area. Only in Nyando would also
other sources of income, such as livestock, be needed for the
majority of the population to attain a living income from farming.
Households who are unable to earn a living income from farming
would need social protection for the poorest, and alternative
employment for those who choose to step out of farming.

In this study we highlight the current constraints faced by
farming households, rather than to propose the explored
scenarios as pathways for rural development. Clearly
fundamental changes in the institutional and policy environment
are needed to address both rural poverty and the need to
increase agricultural productivity to meet the national food
demand of countries in SSA in the face of rapid population
growth. The viable farm size methodology may be a useful tool

in understanding what is required for smallholder farming to
provide a decent living.
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