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A B S T R A C T

Assessing how livelihoods in rural sub-Saharan Africa might change given future trends in socio-economic and
biophysical conditions helps to identify and direct effective efforts towards poverty reduction. Based on existing
literature, hypothetical changes in farmer practices and policy interventions were described and used to build
five contrasting scenarios towards the year 2027. A simulation framework was developed to assess food self-
sufficiency and income per capita now and in the future for a representative village of 99 households in Southern
Mali. In the current situation, 26% of the farms were food self-sufficient and above the 1.9 US$ day−1 poverty
line. This percentage would fall to 13% in the “Business as usual” scenario. In the “Dairy development” scenario,
with intensification of livestock production and support to the milk sector, 27% of farms would be food self-
sufficient and non-poor. Additional policy interventions targeting family planning and job creation outside
agriculture would be needed to improve both household food self-sufficiency and income per capita. In this
optimistic scenario, 77% of the farms would be non-poor and food self-sufficient in 2027. Additional programs to
promote Integrated Pest Management, small-scale mechanization and mineral fertilizer on traditional cereals
could allow a drastic increase in productivity and would lift 94% of the farm population out of poverty.
Considering the entire heterogeneous farm population was crucial to accurately assess pathways out of poverty.
Our study stresses the need for a strategic and multi-sectoral combination of interventions to improve liveli-
hoods.

1. Introduction

The human population in Africa is growing faster than in other
continents and will account for more than half of the growth in the
world’s population between now and 2050 (United Nations, 2015). In
many regions across sub-Saharan Africa there is no land suitable for
further agricultural expansion, therefore farm size is decreasing (Harris
and Orr, 2014). Faced with land shortage and the challenge to produce
sufficient food, farmers can respond in three ways: intensifying agri-
cultural production, migrating out of agriculture and/or reducing
human fertility rates (Headey and Jayne, 2014). Policy interventions
can favour these strategies, as examples from around Africa illustrate:
large scale agricultural input subsidy programs improved land pro-
ductivity in Malawi (Dorward and Chirwa, 2011). Educational invest-
ment targeting rural areas and creation of non-agricultural wage jobs in
the cities favoured rural-urban migration in Uganda (de Brauw et al.,
2014; Fox and Sohnesen, 2012). In Rwanda and Kenya, subsidized

contraceptive services and education campaigns triggered the transition
from high to low birth rates (Bongaarts, 2011). Yet the pace and the
magnitude of the effects of such policy interventions are difficult to
foresee (Thompson and Scoones, 2009). In Mali, achieving food self-
sufficiency and poverty reduction are the key objectives of the latest
“Loi d’Orientation Agricole” (LOA) (http://www.pcda-mali.org/site/
index.php/29-mediatheque/31-la-loi-D-orientation-agricole-du-mali-
loa, last accessed 19/02/2016). Hence assessing how income and food
production might change under uncertain future socio-economic and
biophysical conditions may generate useful information for directing
policy interventions towards poverty reduction.

Scenarios help to capture uncertainty by defining plausible futures
covering a range of socioeconomic and biophysical conditions (O’Neill
et al., 2017). Many studies built scenarios based on hypothetical
changes in population, policy interventions and efficiency of institu-
tions and assessed their effect on land use change, intensification and
diversification of agriculture (Enfors et al., 2008; Stephenne and
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Lambin, 2004). These studies illustrated how scenarios inform decision-
making and help to target agricultural development investments. Some
of these studies stressed the importance of considering farm hetero-
geneity to increase the assessment accuracy (García-Martínez et al.,
2011; Gibreel et al., 2014; Herrero et al., 2014). However, they focused
on land use change and did not quantify changes in food production
and income for the different farm types. Scenario work is widespread
for developed countries (Bizikova et al., 2015) but remains rare in sub-
Saharan Africa, with scarce quantitative information on likely changes
in income and food self-sufficiency. Furthermore, beyond future
changes in representative farms or farm types, only few studies assess
changes in entire diverse farm populations (Descheemaeker et al., 2016;
Paul et al., 2017; Ritzema et al., 2017).

The “old cotton basin” in Southern Mali experiences fast population
growth and increasing land shortage (Soumaré et al., 2008), common
challenges in land constrained regions across sub-Saharan Africa. The
region has shown a promising agricultural intensification pathway
(1960–2000) linked to cotton production (Benjaminsen et al., 2010),
but since the cotton crisis (2004), agricultural productivity has stag-
nated (Falconnier et al., 2015). Hence the Malian government is com-
mitted to increasing agricultural productivity (de la Croix et al., 2011;
Kelly et al., 2011) and increasing off-farm opportunities for the youth
(African Development Bank, 2012). Yet policy makers need locally
grounded information to take effective decisions. Adding to the un-
certainty of future trajectories of change, the heterogeneous farms of
the region (Falconnier et al., 2015) are expected to respond differently
to changes in socio-economic conditions.

The objective of this study was to assess the effects of agricultural
intensification, rural to urban migration and net fertility reduction on
rural poverty and food self-sufficiency for contrasting plausible mid-
term futures (fifteen years ahead) for the entire population of a case
study village in the “old cotton basin” of Southern Mali. Specific ob-
jectives were to (i) build scenarios that span a wide range of uncertainty
in socio-economic futures, (ii) develop a simulation framework that
accounts for household demographic dynamics, sensitivity of crops to
rainfall variability and change in farmer practices and (iii) assess trends
in food self-sufficiency and income per capita for all farms in the village
population in the different scenarios.

2. Methods

2.1. Study area

The “old cotton basin” is an area situated in the Sudanian agro-
ecological zone of Southern Mali (Coulibaly, 2003). The rainy season
starts in May and ends in October and total rainfall fluctuates from 500
to 1200 mm. The area groups three districts (Koutiala, Dioila and the
northern part of Sikasso) and accommodates more than a million of
rural people (Traore et al., 2011). Households are extended families
comprising the head of the household, his sons and wives and their
children (Jonckers and Colleyn, 1974). Farmers grow cotton, cereals
and groundnut in rotation and use manure, mineral fertilizer and oxen
for draught power. The Compagnie Malienne pour le Developpement
des Textiles (CMDT) buys the cotton and provides credit for mineral
fertilizer for cotton and maize (Falconnier et al., 2015).

2.2. Datasets

The “Suivi Evaluation Permanent” (SEP) dataset collected by the
“Equipe Système de Production et Gestion des Resources Naturelles
(ESPGRN)” of the Malian Institut d’Economie Rural (IER) contains in-
formation on household resource endowment, input use and cotton
yields measured by CMDT for 30 farms from three villages of the “old
cotton basin” from 1994 to 2010. Farms were classified in four farm
types, namely High Resource Endowed with Large Herds (HRE-LH),
High Resource Endowed (HRE), Medium Resource Endowed (MRE) and

Low Resource Endowed (LRE) farms according to (1) total cropped land
(ha), (2) number of workers, (3) herd size and (4) number of draught
tools (Falconnier et al., 2015). LRE farmers usually don’t have a full
span of oxen and/or a plough.

Data on resource endowment and crop area in 2013 for the 99
households of the Nampossela village (12°15′ N and 15° 20′ W) was
obtained from the CMDT. All households in Nampossela were classified
in one of the four HRE-LH, HRE, MRE and LRE farm types. Nampossela
is a typical village of the ‘old cotton basin’. It is close (10 km) to the
three SEP villages where the farm typology was generated, with very
similar agro-ecology, farm practices and marketing opportunities. The
share of the four farm types in this village was 12%, 19%, 55% and 14%
for HRE-LH, HRE, MRE, LRE farms respectively, which is close to the
average share in the Koutiala region (Falconnier et al., 2015).

2.3. Scenario building

Starting from the baseline year 2013, we explored the effects of
wide-ranging future agricultural and socio-economic changes within a
15-year time span (2013–2027). Hypothetical trends in agricultural
intensification were conceived based on promising agricultural tech-
nologies identified for the region. On the policy side, we took into ac-
count expected changes in the cotton and milk context described in the
literature and policies that would affect birth and migration rates. Key
variables were selected to describe these trends and quantified by ex-
trapolating past trends described in the literature. Eventually, combi-
nations of hypothetical trends were bundled into five coherent and
contrasting scenarios. We did not consider technological change that
would result in increased potential yield due to breeding. Although the
15-year time span corresponds to the ‘near term’ where additional
uncertainty due to climate change is assumed to be negligible (Pachauri
and Mayer, 2015), climate change is considered an important threat to
agriculture in the region (Traore et al., 2017). Hence, to inform decision
making towards timely adaptation, we included climate change effects
in the sensitivity analysis (Section 2.6).

2.4. Simulation framework

A model framework was built to simulate three major farm com-
ponents (household, cropland and cattle herd) and their interactions
(Fig. 1) for each of the 99 farms of the Nampossela village. The model
was run for both a baseline situation (2013) and a near-term future
situation 15 years later (2027). The baseline and the future situation
were each simulated with the same series of 29 historical seasons
(1965–1993), which is the only complete weather dataset for which
corresponding water-limited potential cotton yields were observed (see
Section 2.4.2). For the baseline and the future situation, food self-suf-
ficiency and income per capita were computed for each farm, averaged
across the seasons and for each farm type. Also the year-to-year
variability was assessed. Furthermore, the percentage of farms above
the poverty line and food self-sufficient was computed for both the
baseline and the future situation. Hence, the scenario analysis was not
based on a continuous temporal change, but on a comparison of sepa-
rately modelled baseline and future situations, which is common
practice (Miguel Ayala et al., 2016; Rajib et al., 2016). The model was
built with the R programming language. Main model input comprised
farm characteristics (farm type, area of the different crops, household
size, number of tools and animals) and crop/livestock performances
(grain, fodder and milk yield) (Fig. 1). Further input to the model
comprised net fertility and migration rates and farm and socio-eco-
nomic conditions derived from the scenarios. More details on para-
meters, input, output variables and calculations are available in sup-
plementary material as background and resource for readers who are
interested to repeat this exercise. In what follows we explain each
model component and indicator separately.
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2.4.1. Household component
Number of people in each household (Fig. 1) in 2013 (HH_size2013)

was obtained from the village survey data. For each farm, household
size in 2027 (HH_size2027) was calculated as follow:

= + −
−HH size HH size fertilityrate migrationrate(1) [1 ( )]2027 2013

2027 2013

where fertility_rate is the net (birth-death) fertility rate and mi-
gration_rate is the rural to urban migration rate. Fertility rates were
specific for each scenario, while migration rates were specific for each
scenario and farm type. For each of the four farm types, past average
annual growth rate of the household size was calculated using 1994 and
2010 SEP data. Rural-urban migration rate over the 1994–2010 period
was estimated as the difference between the observed annual growth
rate of household size and the Malian average net fertility (birth-death)
rate (3.4%) (World Bank, http://data.worldbank.org/indicator/SP.
DYN.CBRT.IN, last accessed 30/09/2016).

Traditionally, the eldest son inherits the land and becomes the head
of the household (comprising the younger brothers), which prevents
land subdivision (Jonckers and Colleyn, 1974) except if brothers dis-
agree. The SEP data showed that only one out of 30 households was
subdivided during the whole 1994–2010 period (Falconnier et al.,
2015). In line with this finding, a comprehensive survey carried out in
2006 showed that 71% of the 146 farms of another village in the
Koutiala district originated from a traditional inheritance process
without land holding subdivision and only 29% originated from a
household subdivision, with 86% of these subdivisions having occurred
before 1996 (Poccard-Chapuis et al., 2007). Hence, as population in-
crease results in a decrease in land per capita rather than a decrease in
farm size, landholding subdivision was not considered for the simula-
tions. As there is no arable land available for expansion (Falconnier
et al., 2015), total cropped land per household (Fig. 1) was kept con-
stant over the 15 years of the simulation.

2.4.2. Cropped land component
Information on cropland allocation and area (Fig. 1) in the baseline

was obtained from the village survey data. To estimate crop yields with
farmer practice as a function of variable rainfall and assess year-to-year
variability, we used an empirical approach based on experimental re-
sults from the region. Correlations between annual rainfall and yield of
cotton, maize, sorghum, millet and groundnut were analysed using

published studies reporting measured yield with farmer practices in on-
station and on-farm trials in the “old cotton basin”. Additionally, cotton
yield measured by CMDT in the SEP dataset were analysed. For the
crops for which our literature study indicated a significant effect of
rainfall on the yield with farmer practice, this yield was simulated using
the APSIM model (Keating et al., 2003) and used as an input to the
cropland component (Fig. 1). APSIM was calibrated for a typical Lixisol
(FAO, 2006), the cultivars used by farmers in the “old cotton basin”
(Traore, 2014; Akinseye, personnal communication; Nenkam, per-
sonnal communication) and run with N application rates used by
farmers (derived from SEP data). The yields were simulated using the
1965–1993 weather records from N’Tarla station (Traore et al., 2013).
For crops without a significant effect of rainfall on yield, the average
measured yield in farmer conditions was used and kept constant for all
seasons.

With respect to water-limited potential yields (van Ittersum et al.,
2013), cotton yields measured from 1965 to 1993 in the N’Tarla ex-
perimental station in plots receiving 90 kg N ha−1 mineral fertilizer and
12.8 t dry matter manure ha−1 were used (Ripoche et al., 2015). For
maize, sorghum and millet, yields were simulated with APSIM using the
same settings as above and increasing amount of nitrogen. A nitrogen
input of 200 kg N ha−1, spread over two applications, was found to
release N constraints in all years of the simulation and was therefore
used for the determination of the water-limited potential yield. Finally,
85% of the water-limited potential yield and the required N input were
determined, corresponding to the exploitable yield gap (van Ittersum
et al., 2013).

2.4.3. Cattle herd component
A 10% net fertility rate for cattle (Fig. 1) was assumed (Ba et al.,

2011). Annual animal off-take was assumed to be equal to this net
fertility rate to ensure a stable cattle herd size (Ba et al., 2011). Current
cattle herd size for each household was obtained from the village survey
data. The proportion of lactating cows in the cattle herd was assumed to
be 22 and 34% for cattle herds below and above 23 animals respectively
(Ba et al., 2011). Year-round milk production of cows with open-
grazing (current farmer practice) and stall feeding (2.5 kg cowpea hay
cow−1 day−1 and 2 kg cotton seed cake cow−1 day−1 during the dry
hot period of 90 days) was obtained from De Ridder et al. (2015).

Fig. 1. Conceptual framework for simulations of farms with three components: household, cropped land and cattle herd. Arrows symbolize flows of crop and animal products, people and
cash. Underlined, the key agricultural (bold) and policy (italics) variables identified and quantified for five scenarios of agricultural intensification and policy intervention (Fig. 2 and
Table 1 give a detailed description of the scenarios). Only three farms are depicted but in reality 99 farms are simulated.
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2.5. Food self-sufficiency and income per capita

Income per capita (Fig. 1) was calculated as an aggregate of (i) farm
income, i.e. monetary gross margins from cotton, groundnut, cereals,
milk, live-animal sales, and (ii) non-farm income, i.e. remittances sent
by migrants and self-employment (sale on the local rural market of local
natural products like wood and charcoal, manufactured goods like
baskets and jewellery and services like hair-dressing and repairs of farm
equipment). Depreciation of animal drawn equipment (plough, weeder,
sowing machines, carts and oxen) was deducted from the income.
Transfers related to the remuneration of land (renting), labour (working
on anothers’ farm) and capital (interest paid for borrowing money),
corresponding to 0, 2% and 0.1% of average income respectively
(Samake et al., 2008), were considered negligible.

For cereal gross margin, both self-consumption and surpluses were
valued at the market price. Income was expressed in 2011 US dollar
Purchasing Power Parity ($PPP), to allow comparison with the inter-
national 1.9 $PPP/day/person poverty line (Jolliffe and Prydz, 2016;
Ravallion et al., 2009). The Average Conversion rate between the
Malian currency (FCFA) and $PPP was obtained from the World Bank
estimates (http://databank.worldbank.org/data/reports.aspx?Id=
edef810f&Report_Name=ICP_2011_V3, last accessed 18/10/2017).
Input and output prices (Fig. 1) at the start of the simulation (2013)
were obtained from a market survey carried out in 2013 in Nampossela.
For the end of the simulation period (2027), input and output prices for
milk, cotton and cereals depended on the scenarios, while other prices
were kept constant.

Food self-sufficiency was calculated as the percent fulfilment of
household calorific need by on-farm production of calories. An average
calorific need of 2406 kcal/person/day was considered (average across
all SEP households using age-sex specific daily needs, following Britten
et al., 2006). The calorie supply was computed based on household
cereal production, considering an average supply of 3500 kcal kg−1

maize, sorghum and millet grain (FAO: http://www.fao.org/docrep/
t0818e/T0818E0b.htm, last accessed 02/10/2015).

2.6. Sensitivity analysis

Variation (from −50% to 50%) was applied to the default trend in
the key variables describing the scenarios. For example, the default
trend in cotton price was a 27% decrease (see Table 2), so that −50%
variation and +50% variation in this default trend corresponded to a
14% and 41% decrease in cotton price respectively. Trends in variables
were changed one at a time, while keeping others constant (i.e. at their
“no change” or “current rate” value, see Table 2).

To factor in the potential (longer-term) effects of climate change,
the effect of a decrease in maize, sorghum and millet yield due to an
increase in temperature was assessed. We evaluated the future situation
(2027) for the different scenarios using APSIM simulated yields for a
hypothetical 2040–2069 period. Daily rainfall and temperature data
were obtained from five contrasting Global Circulation Models (GCM)
and the high-emission 8.5 Wm−2 radiative forcing scenario (Traore
et al., 2017). APSIM yields were averaged across the five GCMs. The
effect of these variations on the key output of the model framework (i.e.
percent farms food self-sufficient and non-poor in 2027) was assessed.

3. Results

In what follows, we start by giving the results of the literature and
data analysis that formed the basis of the hypothetical trends. Then
hypothetical trends and scenarios are explained and finally the results
of the simulations and sensitivity analysis are presented.

3.1. Past observed population growth and migration rate

In the 1994–2010 period, the average observed annual growth rate

of household size was 3.4 (± 0.13), 1.7 (± 0.78), 2.2 (± 0.6) and
0.6% (±1.74) for HRE-LH, HRE, MRE and LRE farms respectively.
Based on the average net fertility rate of 3.4% for Mali, estimated rural
to urban migration rates were 0, 1.7, 1.2 and 2.8% for HRE-LH, HRE,
MRE and LRE farms respectively.

3.2. Crop yields

Maize cultivated with farmer practice was sensitive to seasonal
rainfall amount in on-station experiments and in on-farm trials
(Falconnier et al., 2016; Traore et al., 2013, 2015). Therefore maize
yield under current farmer practice was simulated with APSIM and
varied with seasonal rainfall conditions and farm type (Table 1). For the
diversification trends, maize yield and cowpea fodder production ob-
tained in maize/cowpea intercropping experiments on-farm were con-
sidered (Table 1).

On-station experiments showed the sensitivity of cotton yields to
seasonal rainfall (Traore et al., 2013). However, cotton yields less in
farmers’ fields than on station and tends not to be impacted by seasonal
rainfall because of pests and weeds (Traore et al., 2013). Analysis of
measured yields in the SEP database showed that farmers’ cotton yields
were not significantly impacted by total rainfall and rainfall distribu-
tion, but by manure input (P = 0.02) and oxen per worker (which in-
dicates the ability to weed in a timely fashion) (P < 0.001), factors
that varied per farm type. Therefore, for the current farmer practice the
average cotton yield was considered per farm type and kept constant for
all the rainfall seasons (Table 1). For sorghum, millet and groundnut no
significant correlations were found between yield and seasonal rainfall
in on-station and on-farm experiments with farmer practice (Falconnier
et al., 2016; Traore et al., 2013, 2015). Also, no effect of farm type was
diagnosed. Therefore, for the scenarios with current farmer practices,
average yields obtained in on-farm trials with farmer practice were
considered (Table 1) and kept constant for all the rainfall seasons.

The simulated water-limited potential yield for the cereals were
obtained with increased nitrogen inputs and resulted in an increased
sensitivity to rainfall (illustrated by the larger standard deviation in
Table 1).

3.3. Policy interventions

Five policy interventions were conceived, from negative (P0) to
‘business as usual’ (P1) to incrementally progressive (P2–P4).

3.3.1. Input and output prices
Policy interventions related to agricultural input and output prices

were considered in three domains. Firstly, a continued decline in cotton
prices and a structural removal of fertilizer subsidies is not unlikely in
the near future (Coulibaly et al., 2015). Based on these projections, a
pessimistic hypothetical policy trend (P0) included a steady decline in
the cotton price and a steady increase in mineral fertilizer prices
(Table 2). In more optimistic projections (P1–P4), the cotton price and
fertilizer subsidy would be maintained at the 2011–2015 level
(Falconnier et al., 2015). Secondly, in 2008 the high price of milk
powder on the world market decreased milk powder importations,
obliging dairy industries in Bamako to use more local milk (Aparisi
et al., 2012). In combination with the increased popularity of products
from local milk (Corniaux et al., 2012), this led to a 10 Fcfa/L/year
increase in the price paid to farmers by dairies from 2005 to 2010.
Together with the official food sovereignty objective of the LOA and the
lobbying by the West African farmer organization “Réseau des Orga-
nisations Paysannes et Professionnelles Agricoles” to raise the Common
External Tariff of agricultural commodities in the Economic Community
of West African States (Laroche Dupraz and Postolle, 2013), this formed
the basis of a progressive policy intervention with tariffs on milk
powder (P2–P4). Thirdly, the market for cotton by-products is poorly
understood (Kelly et al., 2010). However, we hypothesised that in the
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favourable policy trends (P2–P4), the cotton seed cake price would
decrease to its lowest level observed in 2003 (Kelly et al., 2010). In the
other trends, the current low price for milk and high price for cotton
seed cake would be continued (P0 and P1).

3.3.2. Socio-economic development
Policy interventions related to socio-economic development were

considered in two domains. Firstly the Malian government committed
to family planning with a plan aiming at “increasing the rate of con-
traceptive use in Mali, moving from 9.9% in 2012 to at least 15% by
2018, through the reduction of unmet need for family planning and by
targeting teens and young adults (aged 15–24)” (Ministère de la santé et
de l’hygiène publique, 2014). Family planning can decrease net fertility
rates (Bongaarts, 2011) but the effect of such a program has not been
quantified for Mali. Hence, we hypothesised that family planning would
lead to a 35% decrease in fertility rates down to the Côte d’Ivoire level
of 2.2% (P3 and P4, Table 2). Furthermore creation of jobs outside of
agriculture and educational programs to empower rural people can
favour rural to urban migration (de Brauw et al., 2014; Fox and
Sohnesen, 2012). The Malian government promoted youth employment
with the establishment of several programs aimed at training young
people and young entrepreneurs in promising sectors (e.g. industry,
mining, information and communication technologies) (African
Development Bank, 2012). We assumed that the continuation and
strengthening of such policy intervention would lead to rural to urban
migration rates of 2.8% for all farm types during the 2013–2027 period
(i.e. the highest observed rate in the 1994–2010 period) (P3 and P4,
Table 2).

3.3.3. Narrowing yield gap
The comparison of water-limited potential yield and actual yield

indicated a large yield gap for cotton despite the use of mineral and
organic fertilizer by farmers (with 43 kg N ha1 and 4.9 t ha1 dry matter
manure on average, cotton with farmer practice yielded only 47% of the
water-limited potential yield), pointing to important pest and weed
pressure. In Mali, various interventions have promoted Integrated Pest
Management, and the cotton area with Integrated Pest Management
rose from 104 ha in 1994–92500 ha in 2010 (Silvie et al., 2013), re-
presenting still only 33% of the total cotton area. To narrow the cotton
yield gap, we conceived a policy intervention (P4) geared towards (i)
relieving pest and weed constraints, through further Integrated Pest
Management programs, i.e. training of farmers to improve spray sche-
duling (Hillocks, 2014) and (ii) timely land preparation, sowing and
weeding of cotton through subsidies for the development of private
small-scale mechanization services to alleviate the shortage in land
cultivation equipment (Baudron et al., 2015; de la Croix et al., 2011)
(Table 2). In addition to that, P4 included the extension of the fertilizer
subsidy to sorghum and millet (currently only on cotton and maize) to
incentivize farmers to apply more nitrogen on cereals, allowing to reach
85% of water-limited potential yield for maize, sorghum and millet
(Table 2). This policy would be similar to the expansion of the “In-
itiative Riz” undertaken by the Malian government in 2009 to extend
fertilizer subsidies to sorghum and millet (Kelly et al., 2011).

3.4. Agricultural intensification

Falconnier et al. (2015) showed that in the unfavourable cotton
context of the past decades, the cotton area of HRE-LH, HRE, MRE and
LRE farmers decreased by 30, 66, 75 and 66% and was replaced by
sorghum. This cotton area shrinkage, alongside a decrease of mineral
fertilizer use down to the level of LRE farms was assumed for the less
optimistic agricultural change (A0) (Table 2). In the second hypothe-
tical change (A1), no change in farmer practices was assumed (Table 2).
A third trend of agricultural intensification (A2) assumed the adoption
of maize/cowpea intercropping (i.e. diversification with legumes) and
stall feeding of lactating cows (i.e. intensification of livestock

production) using the cowpea fodder produced on-farm (Table 2). This
change was based on findings of a series of co-learning cycles involving
farmers of the four farm types (HRE-LH, HRE, MRE and LRE) during
three years of research in the study area. The co-learning cycles were
composed of (i) on-farm testing of intercropping and stall-feeding op-
tions by about hundred farmers in nine villages of the Koutiala region,
(ii) appraisal of options by farmers, and (iii) farm system re-designs and
ex-ante analysis assessed by farmers (Falconnier et al., 2016, 2017).
The co-learning process indicated that maize-cowpea intercropping is a
low-risk, profitable option, which can be combined with stall feeding of
lactating cows for increased milk production without compromising
food self-sufficiency of the household.

A final trend towards agricultural intensification (A3) entailed an
increase in the use of mineral fertilizer on maize, sorghum and millet up
to the level required to reach 85% of potential yields, and adoption by
cotton producers of small-scale mechanization and Integrated Pest
Management (Table 2).

Fig. 1 gives a comprehensive picture of how the agricultural and
policy variables constituting the trends listed in Table 2 impacted the
components of the model framework.

3.5. Scenarios

Five scenarios resulted from the logical combinations of the trends
in policy and agricultural intensification (Fig. 2). In the “Margin-
alisation” (S0) scenario, enabling policies disappear and cotton culti-
vation and fertilizer use decrease. In the “Business as usual” (S1) sce-
nario, current policies supporting cotton are maintained and farmer
practices do not change. The other scenarios rely on incremental policy
interventions triggering a change in farmer practices toward agri-
cultural intensification. In the “Dairy development” (S2) scenario,
policy interventions extend to the milk sector, triggering cropping di-
versification with legumes and intensification of livestock production.
The “Socio-economic development” (S3) scenario builds on S2, with
additional family planning to reduce human fertility rates and job
creation outside agriculture to favour rural to urban migration. The
“Narrowing yield gap” (S4) scenario is the most optimistic scenario
with all the previous policy interventions put in place, and additional
interventions to narrow the yield gaps.

3.6. Change in food self-sufficiency and income per capita for different
scenarios

All farm types were food self-sufficient on average in 2013, with
some variation due to the sensitivity of maize to rainfall (Fig. 3). In S0,
average food self-sufficiency decreased for HRE-LH and MRE farms but
increased slightly for LRE farms. In S1 and S2, average food self-suffi-
ciency in 2027 decreased compared with the baseline 2013 for all farm
types. In S3, food self-sufficiency was maintained at around its 2013
level for all farm types. In S4, food self-sufficiency and its variability
increased for all farm types.

In 2013, only HRE-LH farms were above the poverty line in all
seasons (Fig. 3). In S0 and S1, income per capita decreased (all farm
types except LRE farms) and was below the poverty line, regardless of
rainfall. In S2, income per capita was maintained at around its 2013
level, except for LRE (increase) and HRE-LH (decrease). S3 allowed all
farm types to increase their income compared with 2013 and move
above the poverty line in all seasons. In S4, all farm types increased
their income per capita compared with the baseline (2013) and stayed
non-poor. The variability in income per capita also increased in S4.

In the baseline year (2013), 26% (± 0.5% depending on the rainfall
season considered) of farms of the village were non-poor and food self-
sufficient (Fig. 4). In S0, S1 and S2 this percentage fell to 6% (± 0.1%),
13% (± 0.3%) and 27% (±0.2%) respectively. With S3, 77%
(±0.2%) of the farms were non-poor and food self-sufficient, and this
percentage further rose to 94% (±1.4%) in S4.
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3.7. Sensitivity analysis

Variations in the default trends in rural-urban migration, net ferti-
lity rate and cotton price led to large changes in the simulated

percentage of farms that were food self-sufficient and non-poor in 2027
(Fig. 5). For example, the default decrease in net fertility was 35% in
the policy interventions with family planning (P3 and P4, from 3.4% to
2.2%, see Table 2). For a +50% deviation from this default trend (from

Fig. 2. Illustrative mapping of five scenarios according to hypothetical changes in agricultural practice and policy interventions. Key variables quantifying the hypothetical changes are
described in Table 1.

Fig. 3. Boxplots showing food self-sufficiency and
farm income per capita averaged for High Resource
Endowed with Large Herds (a,b), High Resource
Endowed (c,d), Medium Resource Endowed (e,f),
and Low Resource Endowed (g,h) farms in 2013 for
the baseline (B) and in 2027 for five scenarios of
agricultural intensification and policy intervention
(S0–S4). The horizontal dotted line is the food self-
sufficiency threshold (a,c,e,g) and the poverty line
threshold of 1.25 $PPP/day (b,d,f,h). A detailed de-
scription of the scenarios (S0–S4) can be found in
Fig. 2 and Table 1. The horizontal line in the box
indicates the median for 29 rainfall seasons. The
height of the box represents the interquartile range.
The whiskers extend to the most extreme data point
which is no more than 1.5 times the interquartile
range from the edge of the box.
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3.4% to 1.6%) and all other variables kept to their “no change” value
(see Table 2), the simulated percentage of farms food self-sufficient and
non-poor in 2027 increased from 26% to 33% (i.e. a 7% percentage
point increase). Variation to the default trend of the other variables
impacted only marginally the final output of the model framework
(Fig. 5).

A decrease in cereal yield due to temperature increase would lead to
a 2% percentage point decrease in the percentage of farms food self-
sufficient and non-poor in 2027 in S0, and 8% in S1, S2 and S3 sce-
narios (Table S3).

4. Discussion

4.1. Change in food self-sufficiency and income differed per farm type

Differing migration rates between farm types led to different
changes in food self-sufficiency and income per capita (Fig. 3). This
factor was overriding differences in farm livestock holdings, practices
and yields.

Out-migration in search of remunerative activities is a major ele-
ment of survival strategies in West Africa (Painter et al., 1994). Our
estimate of rural to urban migration rates during the 1994–2010 period
for farms in the old cotton basin (from 0 to 2.8% depending on farm
type) is in line with the 2% rate reported by de Brauw et al. (2014) for
Mali. In an additional survey carried out in 2012, SEP farmers ex-
plained that household members migrated to Malian, African, or Eur-
opean cities (73, 27 and 3% of the farms respectively). This low per-
centage of people migrating to Europe from the Koutiala region
explains why remittances are fairly low (180 $PPP per migrant per
year) in the Koutiala region, compared with the Diema region for ex-
ample which is known for having a high emigration to European
countries (remittance of 1233 $PPP per year per migrant) (Losh et al.,
2011). Usually, migration is a result of the difference between the ex-
pected return to labour in the home and the potential destination area
(Harris and Todaro, 1970; Jayne et al., 2014). Logically, the farms with
the lowest labour productivity, i.e. the HRE and LRE farms (Falconnier
et al., 2015), experienced the highest migration rate in the 1994–2010
period (see Section 3.1). In the “Business as usual” (S1) scenario, higher
out-migration relieved some of the pressure on land and provided more
remittances for HRE and LRE farms who therefore suffered from a
smaller decrease in food self-sufficiency and income per capita com-
pared with HRE-LH and MRE farms (Fig. 3). Similarly in the “Dairy
development” (S2) scenario, HRE farms experienced an increase in in-
come per capita while it decreased for HRE-LH farms although the
latter farm type had more cattle and therefore more potential to benefit
from improvements in the milk sector. In HRE-LH farms without out-

Fig. 4. Food self-sufficiency ratio and income per
capita of the 99 households of Nampossela village in
2013 (a) and 2027 for different scenarios of agri-
cultural intensification and policy intervention (b, c,
d, e, f) for an average rainfall year (734 mm). The
horizontal and vertical dotted lines represent the
1.25 $PPP/day poverty line and the food self-suffi-
ciency threshold respectively.

Fig. 5. Percent farms food self-sufficient and above poverty line in 2027 for±50%
variation in the default trend in the key variables constituting five scenarios of agri-
cultural intensification and policy interventions.
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migration, population growth outpaced the benefits associated with
diversification with legume and intensification of livestock production.
It was only when out-migration was stimulated by job creation in the
cities and rural towns (S3), that the benefits of dairy development could
be seen for HRE-LH farms (Fig. 3a and b). Interestingly, though they
owned less livestock than HRE and HRE-LH farms, MRE farms also
benefited from dairy development because they were able to sell sur-
plus cowpea fodder (Fig. 3f). LRE farms had low income per capita in
the baseline, due to their small cotton area and yield. Population
growth had very little impact on these small farms given their high rate
of out-migration. They owned a very small number of cattle (Falconnier
et al., 2015) and therefore didn’t benefit from interventions in the milk
sector. As a consequence, they remained “hanging in” with low income
per capita in the scenarios S0 to S2 (Fig. 3h).

Out-migration could have a detrimental effect on yield due to labour
loss. However, in the S3 and S4 scenarios, where the increase in po-
pulation density is counteracted by family planning and out-migration
measures, the latter just offset rather than outpaced population growth.
As a result, the number of people in the household in 2027 was similar
to the number of people in the baseline year (see Fig. S1) so that no
labour shortage had to be expected. Falconnier et al. (2017) showed
that with actual household size and cropland area, there is no human
labour shortage for cropping activities; the shortage is rather in the
availability of oxen. If higher out-migration rates had to be considered
in other studies, leading to lower number of people compared with the
baseline, an effect of labour loss on yield could be introduced in the
modelling framework. The ratio “available labour/required labour” (for
crop operations) could be applied to decrease crop yields in the case of
insufficient labour.

4.2. Pathways out of poverty?

The marginalisation scenario (S0) strongly resembled the experi-
ence of farmers during the period of instability in the cotton sector
(2004–2010) (Nubukpo, 2011). The partial replacement of cotton by
sorghum, allowed LRE farms to improve their food self-sufficiency
status (Fig. 3c and g), but also increased poverty rates in the case of
HRE farms (Fig. 4b). The sensitivity analysis indicated that the increase
in poverty rates could be amplified if cotton prices paid to farmers
would decrease more strongly. Overall, this stresses the crucial role of a
well-functioning cotton sector for poverty alleviation in the region
(Djouara et al., 2005).

Dairy development is usually considered unlikely in land-con-
strained environments, due to the strong competition of forage pro-
duction with existing cash or food crops (De Ridder et al., 2015; Herrero
et al., 2014). However, in the “Dairy development” (S2) scenario, the
decrease in food self-sufficiency was due to demographic growth, and
not to trade-offs between food and fodder production. This was
achieved by intercropping cowpea with maize after cotton in the ro-
tation, a niche that guarantees no penalty to maize production
(Falconnier et al., 2016). To achieve this type of scenario in reality, an
integrative “innovation system” is required where farmers have more
political control over the agricultural sector and the policies affecting it
(Röling, 2009). Diversification with legume and intensification of li-
vestock production need to be supported by a more favourable milk
input/output price ratio, the envisaged outcome of lobbying activities
against tariffs for milk imports (Laroche Dupraz and Postolle, 2013).
Farmers’ policy influence in southern Mali is still weak compared with
farmers in France, The Netherlands or the United States for example
(Röling, 2009). However, the example of the Agricultural Producers’
Organisations of West Africa (ROPPA) regrouping 50 millions farmers
across West Africa and defending the right for African states to develop
agricultural policies against dumping from Europe (Laroche Dupraz and
Postolle, 2013) provides hope that this is not unrealistic.

When dairy development is coupled with socio-economic develop-
ment and price interventions in the milk sector (S3), a significant

proportion of the village is lifted out of poverty (Fig. 4e). Our study
adds to the body of literature showing that out-migration can relieve
land pressure and improve livelihoods by pulling rural labour out of
agriculture and providing remittances (Beegle et al., 2010; de Brauw
et al., 2014). The sensitivity analysis indicated that the livelihood im-
provement could be strengthened with higher out-migration rates.
Rural to urban migration however encompasses a diversity of realities
and can be the expression of either “unskilled rural labour being pushed
out of agriculture” or educated people “pulled into productive non-farm
jobs” (Jayne et al., 2014). There is evidence across sub-Saharan Africa
that rural to urban migration can be a “pull” into productive non-farm
jobs: in Ethiopia, successful industrial development led to the sub-
stitution of shoes imported from China by locally manufactured leather
shoes (Sonobe et al., 2009). With a more favourable industrial en-
vironment, Mali could develop its textile industry and become a com-
petitive exporter (Cockburn et al., 1999). More generally, Fine et al.
(2012) estimated that 122 million young people will get into the labour
market in Africa between 2010 and 2020. In an optimistic scenario,
they projected that Africa could create only 70 million wage-paying
jobs, mainly in manufacturing, government and service sectors. The size
of the labour force therefore appears to be growing faster than econo-
mies can create job opportunities (Fox and Sohnesen, 2012) and agri-
culture will still have an important role to play in poverty reduction.

Family planning exerted the same influence as out-migration and
allowed improving farmers’ livelihood. In Mali, demographic surveys
indicated that 28% of the women expressed an unmet demand for
contraception (Population Council and ICF International, 2015),
showing the scope for a change in reproductive behaviour and the need
for stronger political commitment to family planning. Husband's dis-
approval may however discourage women from taking control of their
fertility (Barnett et al., 1999) and a broader change in social and gender
norms would therefore be needed. Raising the female education level
would allow increasing women potential earnings and bargaining
power in the household, which can contribute to reduce fertility rates
(Canning et al., 2015). In Kenya, a 30% reduction in net fertility rate
(from 3.7 to 2.8%) was achieved within a 15 years timespan
(1980–1995) (World Bank, http://data.worldbank.org/indicator/SP.
DYN.CBRT.IN, last accessed 29/09/2016), indicating that the de-
crease in net fertility rates considered in our simulation (−35%) would
be achievable if appropriate measures were taken. A stronger reduction
in net fertility rates could further improve poverty reduction (Fig. 5).

When added to the previous interventions and change in practices,
narrowing the yield gap allowed a massive increase in food self-suffi-
ciency (Fig. 3) and lifted almost the totality of the village out of poverty
(Fig. 4f). However, at the same time, it increased the variability of food
self-sufficiency and income, because of increased crop sensitivity to
rainfall when nutrient limitation is alleviated (Affholder, 1995; Ripoche
et al., 2015). In ‘bad’ seasons, small yields would push some HRE farms
close to the poverty line (Fig. 4h). This risk of unfavourable cost:benefit
ratios is common in the context of sub-Saharan Africa (Bielders and
Gérard, 2015; Ronner et al., 2016) and could impede the adoption of
higher fertilizer application rates. As yields have been stagnant in the
past 20 years (Falconnier et al., 2015), this scenario of narrowing the
yield gap in only 15 years is very ambitious. Moreover, it is question-
able from a sustainability point of view, because extensive subsidy
programs put a heavy load on public agricultural investments and po-
tentially remove finances from other areas of agricultural development
(Marenya et al., 2012).

Due to increased temperatures, climate change is expected to have
adverse effects on crop yields (Sultan et al., 2013). Our analysis showed
that this would negatively affect income per capita and significantly
reduce the percentage of farms non-poor and self-sufficient, hence
highlighting the vulnerability of the smallholder population. Adapta-
tion to climate change is thus a key aspect of policy making that should
start today in order to be ready for a warmer future. Effective policy
making should support the co-design of adaptation options with all
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stakeholders including farmers and researchers (e.g. adoption of im-
proved/adapted varieties and adjustment of planting times and fertili-
zation) (Guan et al., 2017; Traore et al., 2017). Furthermore, pro-
gressive institutional arrangements such as the development of
insurance schemes, weather forecasting, and early warning systems will
be key to encourage the adoption of these adaptation strategies. Other
transformative measures, e.g. building the capacity of farmers to di-
versify cropping systems, improve market functioning and value chains
development should also be a priority (Descheemaeker et al., 2016).

The case study village is representative for other sites with similar
agro-ecological and socio-institutional factors (cotton/cereal rotations
and variable rainfall, high population pressure, credit for inputs and
guaranteed purchase of cotton). The pathways out of poverty identified
here therefore hold for the broad “old cotton basin” that accommodates
more than a million of rural people. Finally, our analysis indicates that
none of the tested policy interventions and agriculture intensification
strategies alone can lift an entire heterogeneous farm population out of
poverty (Fig. 4). It is rather the strategic combination of different multi-
sectoral interventions that may offer a solution for poverty alleviation.
This key finding adds to the increasing recognition that understanding
the future of agriculture requires to move from a singular focus on
agricultural interventions to a more holistic and multisectoral analysis
(Frelat et al., 2016; Thompson and Scoones, 2009).

5. Conclusion

Five scenarios combining incremental policy interventions and
agricultural intensification were explored for a village of 99 households
in the ‘old cotton basin’ in Southern Mali. For land-constrained areas
like the study region, differential rural-urban migration rates appeared
to be a key factor in understanding the different responses of the farms
types. To guarantee food self-sufficiency and poverty reduction in the
case of a variable climate, the creation of wage jobs to allow people to
move out of agriculture and family planning to reduce human fertility
rates should complement agricultural intensification interventions. Our
study showed that, along with changes in farmer practices towards
intensification, several incremental policy interventions in different
sectors are needed to lift the entire farm population above the poverty
line. This calls for a holistic and multisectoral assessment of plausible
futures when trying to reduce rural poverty in land constrained Africa.
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