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Inland valleys (IVs) in West African countries have increasingly been used for crop

production, including rice cultivation. Though it is widely assumed that IVs have a high

potential to contribute to food security of West African countries, a comprehensive

assessment of farming systems addressing agricultural, institutional, food security,

poverty, and ecosystem indicators is still lacking. This study characterizes IVs’

smallholder farm households at the regional and farm type level using Rural Household

Multiple Indicator Survey (RHoMIS) data collected from 733 randomly selected farm

households in four agro-ecological regions, i.e., Bouaké and Gagnoa in Cote d’Ivoire,

and Ahafo Ano North and Ahafo Ano South in Ghana. A farm typology is developed, and

farm households are characterized with regard to demographic, agricultural, economic,

and institutional indicators. Furthermore, farm households’ food security and poverty

status, and the importance of rice in the portfolio of crops, is assessed. Finally, farmers’

awareness of different ecosystem services (ES) for their food security is examined. Four

farm types are identified, i.e., farmers who rent all the land cultivated, farmers who own

some land and rent extra land, farmers who own and cultivate all their land, and farmers

cultivating only a part of the land they own. We find that the variation in farm households’

demographic, economic, and institutional characteristics is greater between regions than

within regions. Crop production, either for direct consumption or marketing, especially

rice production, is the main contributor to daily energy intake, followed by wild food

consumed. Still, a substantial percentage of the farm households (16–38%) in all regions

cannot meet minimum daily energy requirements. Farmers of all farm types, and in all

regions, attach high relevance to IVs’ provisioning ES, particularly the ability to provide

food. A majority of farmers in all regions highlighted the relevance of regulating ES,

including climate regulation, water storage, and groundwater values for their wellbeing.

In contrast, farmers attached relatively lower relevance to cultural ES. Interventions to
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improve national rice production need to acknowledge and preserve the diversity ES that

IVs provide to smallholder farm households.

Keywords: ecosystem services, farming system, farm types, food security, inland valleys, rice cultivation, West

Africa

INTRODUCTION

Smallholder-based farming is a major source of livelihood for
the rural population in West Africa. Farm households in this
region derive their food and income mainly through crop
production, livestock rearing (Thornton et al., 2010; Kuivanen
et al., 2016b), and fish farming (Kiepe, 2006; Sanni and Juanich,
2006). Notwithstanding, in most West African countries, food
and nutrition insecurity has remained a severe problem (FAO,
2017), with a high prevalence in rural areas (Livingston et al.,
2011). Inland Valleys (IVs), being seasonally flooded wetlands,
including hydromorphic fringes and valley bottoms (Rodenburg
et al., 2014), have increasingly been used for crop production, in
particular for rice. Still, there is little insight into the structure of
farming systems at the regional level, which is a prerequisite for
informed decision-making on the use of IVs for food production.

Though rice makes an important contribution to peoples’
diets, self-sufficiency in rice production in West African
countries is not yet achieved (Van Oort et al., 2015; Fontan
Sers and Mughal, 2020; Soullier et al., 2020a). On the contrary,
West African countries import rice from the international market
to bridge the gap between domestic rice demand and supply
(Mendez del Villar and Lançon, 2015). In recent years, several
West African countries have started National Rice Development
Strategies (NRDS) to intensify IV rice production (Soullier et al.,
2020b). Yet farmers’ rice yields are on average<2 t/ha—far below
the rainfed lowland rice production potential yield of 6.5 t/ha
(Saito et al., 2015; Niang et al., 2017).

Besides being used for food production, IVs provide diverse

market and non-market goods and services called ecosystem
services (ES), from which local communities derive various

benefits. Following the Millennium Ecosystem Assessment
(MEA, 2005), ES can generally be categorized into four types:

provisioning, regulating, cultural, and supporting ES. Food
production can be characterized as a provisioning ES offered
by IVs. Intensifying food production in IVs can improve
smallholder farmers’ food security in West African countries.

Until now, however, IV farm households’ awareness of ES, and
the relevance they assign to ES for sustaining their livelihoods,
are poorly understood. Unraveling farmers’ perception of the
relevance of ES can be a useful entry point for future development
of the region, and ensure that policy efforts for IV cultivation
are accepted by IVs users. Furthermore, food production must
be balanced with the maintenance of ES to ensure the long-term
sustainability of IV resource use. Establishing sustainable food
production systems in IVs requires, therefore, understanding
of how ES contributes to farmers’ wellbeing and if and how
food production can be combined with other ES. This requires
a comprehensive characterization of farming systems in and
around IVs.

Though several studies have analyzed options for sustainably
intensifying food production in IVs (e.g., Schmitter et al., 2015;
Dossou-Yovo et al., 2017), an in-depth assessment of farming
systems in terms of the agricultural and institutional indicators is
not available. Besides, farm households’ food security status and
smallholder farmers’ perceptions of the relevance of ES provided
by IVs have not been investigated yet.

The aim of this paper is to characterize IV’s farming systems in
West Africa according to household demographic, agricultural,
economic, and institutional indicators and assess the relevance
of ES for farmers. We use an extended version of the Rural
Household Multiple Indicator Survey tool (RHoMIS), which has
been widely applied and verified in Sub-Saharan Africa (Frelat
et al., 2016; Hammond et al., 2017; Wichern et al., 2018) and
Asian countries (e.g., India) (Lopez-Ridaura et al., 2018). Specific
attention is given to the importance of rice cultivation in the
portfolio of crops, given the local and national importance as
food crop. This allows us to develop a farm typology for the
selected countries and regions and to systematically characterize
farm households in IVs in West Africa. Farm households
in rural West Africa are highly diverse regarding resource
endowments and demography (e.g., Falconnier et al., 2015;
Kuivanen et al., 2016b). Moreover, biophysical conditions, such
as rainfall, temperature, and soil types, differ among regions
(Iizumi and Ramankutty, 2015), affecting farm households’
agricultural productivity (Falconnier et al., 2015; Kuivanen et al.,
2016b). Next, we analyze household food security, the poverty
status and the relative importance that farm households attach
to different ES across farm types and regions. This will facilitate
the development of design of interventions sustainable food
production systems in IVs and design interventions that provide
a wide range of options suitable for different farm households
as mentioned by Castro et al. (2011), Shoyama et al. (2013),
Douxchamps et al. (2016), Hammond et al. (2017), and Lopez-
Ridaura et al. (2018).

MATERIALS AND METHODS

Selection of Study Regions and Inland
Valleys
Data collection was conducted in four regions, two in Côte
d’Ivoire (Bouaké and Gagnoa regions) and two in Ghana
(Ahafo Ano North and Ahafo Ano South regions) (Figure 1).
These regions are major rice-growing areas that differ for their
agricultural potential due to their different biophysical and
socioeconomic characteristics (Table 1). In Ghana, the study
areas are named districts, while in Côte d’Ivoire, they represent
Sub-Prefectures; here, we use the term ’region’ for simplicity.

A database of all IVs in the selected regions, including
the geo-referenced position, was provided by national
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FIGURE 1 | Map of the study area with the four regions and eight inland valleys selected in each region (A) Bouaké [top left], (B) Ahafo Ano North [Top right], (C)

Gagnoa [bottom left], and (D) Ahafo Ano South [bottom right].

research institutions, the National Centre for Agricultural
Research/(CNRA), and the National Agency for Rural
Development (ANADER) in Côte d’Ivoire and the Council
for Scientific and Industrial Research—Soil Research Institute
(CSIR-SRI) in Ghana. Four selection criteria were identified
based on scientific literature, information from partners, and
transect walks in three IVs in Gagnoa (Table 2). We used a
simple multi-criteria analysis (MCA) by assigning scores from
1 to 3 to each of the four selection criteria characterizing IVs
together with members of the national partner institutions,
where 1 indicates a low and 3 a high relevance. The scores were
summed to one overall score for each IV, resulting in a ranking
of IVs per region. In total, 32 IVs, the eight highest-scoring IVs
in each region, were selected (Figure 1), out of 46 IVs in Gagnoa,
29 IVs in Bouaké, 40 IVs in Ahafo Ano North, and 17 IVs in
Ahafo Ano South.

Household Surveys
From July to August 2018, a socioeconomic and agronomic
household survey was conducted in the 32 selected IVs of

Côte d’Ivoire and Ghana using the Rural Household Multiple
Indicator Survey (RHoMIS). Farm households were selected
randomly, keeping the sample size per IV proportional to the size
of the population. In line with the household survey ethics, farm
households were offered the option of written informed consent
to participate or not. In total, 733 smallholder farmers (361 in
Côte d’Ivoire and 372 in Ghana) were interviewed.

RHoMIS supports data storage and analysis (van Wijk
et al., 2020) and reports with focus indicators are automatically
generated (Hammond et al., 2017). This enables an effective and
transparent assessment of farm performance and comparison
of household data across countries and regions. We extended
RHoMIS with questions based on our specific research goals
related to farming practices, rice production, institutional and
governance structures, farmers’ awareness of ES, and market
variables. The selection of variables was based on the findings of
previous studies, which showed that site and household-specific
variables such as household resource endowment, land tenure,
market, institutional, agricultural, and economic conditions
directly influence the opportunities and the constraints for farm
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TABLE 1 | Main characteristics of the selected regions in Côte d’Ivoire and Ghana (2018–2019).

Characteristics Côte d’Ivoire Ghana

Bouaké Gagnoa Ahafo-Ano North Ahafo-Ano South

Agro-ecological zone (AEZ) Transitional Savannah zone Humid dense forest of south Transitional zone Semi-deciduous forest

Geo-location Lat 7◦57
′

N and 7◦38
′

N Lat 6◦6
′

N and 5◦49
′

N Lat 6◦47
′

N and 7◦02
′

N Lat 6◦55
′

N and 7◦10
′

N

Long 4◦44
′

W and 5◦0
′

W Long 5◦49
′

N and 6◦11
′

N Long 2◦26
′

W and 2◦04
′

W Long 1◦57
′

W and 2◦20
′

W

Mean annual temperature

(◦C)

24 29 28 30

Mean annual rainfall (mm) 1,525 (unimodal) 1,950 (bimodal) 1,300 (unimodal) 1,500 (bimodal)

Dominant soil type (FAO) Ferrasols Acrisols Plinthic Luvisols Ferric luvisols

Population density (km−2 ) 201 130 196 122

Major agricultural economic

activities

Food crops, livestock,

fisheries, cash crops, and

off-farm

Food crops, livestock,

fisheries, cash crops, and

off-farm

Food crops, Forestry,

Fisheries, Livestock

Food crops, Livestock, Fish

farming, agro-forestry

Source: hana Statistical Service (2014), INS (2014) and Kone et al. (2017).

TABLE 2 | Criteria to select inland valleys in Côte d’Ivoire and Ghana.

No Criteria Score Explanation

1. Physical

accessibility

[1] Limited (by foot only)

[2] Medium (by bicycle

or motorbike)

[3] Good (by car)

Better accessibility

gives a larger potential

for development

2. Level of

development

interventions

[1] High

[2] Medium

[3] No intervention

Interventions reduce

the representativeness

of IVs for analyzing the

impact of this research

3. Crop intensity [1] One crop per year

[2] Two crops per year

[3] More than two

crops per year

The objective of the

CIPA1 project is to

achieve food and

nutrition security

4. Type of water

management

[1] Managed by public

or private agencies

[2] Co-managed by

farmers and public or

private agency

[3] Managed by farmers

only

Water management by

farmers enhances

ownership of the

infrastructures

(irrigation and drainage

canals), which

increases incentives to

properly manage water

resources.

1CIPA refers to “Capitalizing the inland valley potential for food and nutrition security for

smallholder farmers in West Africa.”

household development (e.g., Righi et al., 2011; Mutoko et al.,
2014; Kamau et al., 2018; Lacoste et al., 2018). Additionally,
an in-depth analysis of agricultural and institutional indicators
facilitates a better understanding of the current farming practices
and of the diversity of livelihood activities. The questionnaire
was pre-tested, adapted, and implemented using the Open Data
Kit (ODK) data collection tool and installed on Android-based
tablets. Enumerators were trained, and the data were collected
using face-to-face interviews.

Development of a Farm Typology
We constructed a farm typology based on the survey data using
a principal component analysis (PCA) and expert knowledge
from researchers, extension agents, and farmers. First, the

PCA was used to reduce the dataset to the non-correlated
indicators and to gain insight into the major sources of variability
among households. Secondly, the local experts contributed to
the selection of key indicators, which served as discriminating
criteria for developing the farm typology for the selected
regions. The typology was discussed with farmers and they
acknowledged it. Household income was converted into US$
using the purchasing power parity (PPP) conversion factor in
the year of study based on the world development indicator
to facilitate country-wise comparison (World Bank, 2020b).
Household cash income was calculated based on the income
received by farm households in the form of cash from the sale
of farm produce food crops, livestock sold, wild foods collected
and sold, and off-farm activities as reported by farmers.

Assessment of Food and Nutrition Security
and Poverty
The “potential food availability (PFA)-energy” and the household
dietary diversity score (HDDS) were used as proxies to assess
farm households’ food and nutrition security, respectively. Both
have been widely used to assess food availability and nutritional
quality of household’s diets in different studies in Sub-Saharan
Africa (Ritzema et al., 2017; Wichern et al., 2018) and Asia
(e.g., India) (Lopez-Ridaura et al., 2018). The PFA, expressed in
kcal per male adult equivalent (MAE) per day (MAE−1 d−1),
is a supply-based estimate of the potential amount of food
generated through on- and off-farm activities (Frelat et al., 2016;
Hammond et al., 2017; Ritzema et al., 2017) and is provided by
the RHoMIS tool. Farm households with <2,500 kcal MAE−1

d−1 are considered food insecure (UNU WHO, 2004; Smith
and Subandoro, 2007). The HDDS was computed from the
frequency of food groups consumption during a 4-week recall
period (Hammond et al., 2017; van Wijk et al., 2020). According
to FAO (2006), HDDS scored ≤3 as low dietary diversity, 4–5 as
a medium, and ≥6 as high. The poverty level was assessed using
theWorld Bank international poverty line of US$ 1.90 per person
per day. According to the World Bank (2020a), extreme poverty
is measured as the number of people living on<US$ 1.90 per day
(in 2011, international PPP).
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Assessment of Ecosystem Services
To identify ES categories to be used in the survey, we
adopted a four-step approach. First, we defined four ES
categories: provisioning, regulating, supporting and cultural
services. Second, a list of 21 ES (seven provisioning ES, seven
regulating, one supporting, and six cultural ES) provided by IVs
was constructed based on the scientific literature on ecosystem
service valuation, focusing on wetlands (MEA, 2005; Wangai
et al., 2016; Costanza et al., 2017) (Supplementary Table 1).
Thirdly, the survey was tested with 25 IV farm households in
the Bouaké region. Using farmers’ feedback, the rather academic
terms for different ES were translated into formulations that
farm households can better understand. Fourth, we allowed
farmers to add ES not included in our list. The respondents
scored the ES on a Likert scale of 1–5 (1 = not at all important
to 5 = very important). The scores allowed analyzing the
perceived importance of ES between regions and farm types
within regions.

Statistical Analysis
Descriptive statistics were employed to analyze the indicators
of farm households per region and farm types. Data were
analyzed using Stata SE 16 (StataCorp LLC, 2017) and R 3.6.1
(R Development Team, 2018). Quantitative variables between
regions and farm types were compared using a one-way analysis
of variance (ANOVA). The median and interquartile values were
reported where the variable was not normally distributed. The
(non-parametric) Kruskal-WallisH one-way analysis of variance
was employed to compare the median significance difference
between regions or farm types. To analyze differences between
regions or farm types within a region, mean values were tested
for significance using the post-hoc Bonferroni correction test at
P < 0.05. The post-hoc Dunn test with Bonferroni adjusted test
at P < 0.05 was used for the median. Finally, Kendall’s W test
was used to rank the crops that farmers perceived important
among the portfolio of crops cultivated in IVs of each region. The
importance of cultivated crops as perceived by the respondents
was rated using a Likert scale of 1–5 (1 = not at all important
to 5 = very important). The reliability, internal consistency,
and sample adequacy of the Likert scale values for ES farm
households’ awareness were tested with a Cronbach’s alpha test.
Besides, the relationship between the ES categories were assessed
using Spearman’s correlation coefficients.

RESULTS

Comparison of Farm Households’
Characteristics Across Regions
Table 3 shows the farm households’ basic characteristics
in the four regions in Côte d’Ivoire and Ghana organized
according to demographic, agricultural, economic, and
institutional indicators.

Household Demography
Farm household demographic indicators varied between regions
within each country. Farm household heads in all regions

were predominantly male and significantly more so in Côte
d’Ivoire than in the Ghanaian regions. The education level was
significantly higher in Ghana than in Côte d’Ivoire. Family size
was larger in Côte d’Ivoire, and it was significantly larger in
Bouaké than in Gagnoa.

Agricultural Production Systems
The agricultural production systems differed significantly (P <

0.001) among regions in terms of land owned, land cultivated,
crop intensity, presence of perennial crops, rice cultivation,
and use of IV bottom (Table 3B). The area of land owned in
Bouaké (5.9 ha) was significantly larger than in Gagnoa (3.6
ha), which was again significantly larger than in Ahafo Ano
North and Ahafo Ano South (both 1.7 ha). In contrast, the
cultivated land area in Gagnoa (3.7 ha) was significantly larger
compared with that in the three other regions. On average,
farm households cultivated two to three crops per year in each
region. The share of farm households owning perennial crops
was largest in Gagnoa (60%), followed by Bouaké (46%) and
then both Ghanaian regions (34 and 35%). Regions differed
significantly in the share of farmers growing rice in the order
with Gagnoa the most (86%), then Ahafo Ano South, Bouaké,
and Ahafo Ano North the least (45%). The highest share of IV
bottom users was in Gagnoa and Ahafo Ano North, while the
smallest share was in Bouaké and Ahafo Ano South. The share
of farmers cultivating rice is smaller than the share of farmers
using the valley bottoms in all regions, except Gagnoa, where it
is similar.

Socioeconomic Characteristics
Farming was the main source of income for all households.
None of the economic indicators related to household income
differed significantly between regions due to the large observed
variation within each region. There is a slight difference between
households’ farm income and total income. The difference
between both incomes varies from 87 US$ year−1 (Bouaké) to
805 US$ year−1 (Ahafo Ano South). Activities such as livestock
and hiring out labor were marginal contributions to household
income. However, the proportion of households hiring labor
varied significantly (P < 0.001) between regions and was
significantly higher in Bouaké and Ahafo Ano North than in the
other regions.

Institutional Services
All institutional service indicators varied significantly (P<0.001)
across regions (Table 3D). The share of farm households with
access to extension services was higher in both Ghanaian regions
(50%) than in Côte d’Ivoire (29%). In contrast, a relatively large
share of farmers had access to credit in Bouaké and Gagnoa
compared with Ahafo Ano North and Ahafo Ano South. A
relatively large share of households had access to a market in
Bouaké and Ahafo Ano North compared with the other regions.

Main Crops Cultivated in the Study Regions
Most farm households cultivated between two and three crops
per year. The importance of crops related to their economic
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TABLE 3 | Farm household characteristics in the four study regions based on the household baseline survey 2018–2019; (proportion or means ± standard deviation).

Indicators Unit Côte d’Ivoire Ghana P-value

Bouaké (n = 226) Gagnoa (n = 135) Ahafo Ano North

(n = 184)

Ahafo Ano South

(n = 188)

A. Demographic indicators

Age of HHs Years 44.8 ± 14.7a 47.1 ± 12.5a 43.7 ± 12.1a 44.8 ± 12.0a ns

Gender (1 = male)1 %HHs 90ab 96a 76c 83bc < 0.001

Education Years 3.3 ± 4.1b 3.7 ± 4.1b 7.4 ± 5.7a 6.1 ± 4.9a < 0.001

Family size Number 7.6 ± 3.5a 6.6 ± 3.1b 5.5 ± 2.3bc 6.1 ± 2.5c < 0.001

B. Agricultural indicators

Land owned Ha 5.9 ± 6.6a 3.6 ± 4.3b 1.7 ± 3.5c 1.7 ± 4.9c < 0.001

Land cultivated Ha 2.7 ± 3.8b 3.7 ± 3.3a 2.1 ± 3.1b 2.9 ± 2.9ab < 0.001

Crop intensity Number 2.3 ± 0.7a 2.2 ± 0.6a 2.1 ± 0.4b 2.0 ± 0.3b < 0.001

Owner of perennial crop (1 = yes)1 %HHs 46b 60a 34c 35c < 0.001

Farmers growing rice (1 = yes)1 %HHs 59c 86a 45d 63b < 0.001

Use of IV bottom (1 = yes)1 %HHs 68b 85a 80ab 75b < 0.05

Livestock holding2 TLU 0.3 ± 1.0a 0.8 ± 4.9a 0.6 ± 1.3a 0.7 ± 1.8a ns

C. Socio-economic indicators

Farm income3 US$ year−1 2039.0 (5032.0) a 3253.0 (23899.0) a 2983.0 (6891.0) a 3675.0 (16582.0) a ns

Total income3 US$ year−1 2126.0 (8841.0)a 3721.0 (23647.0) a 3187.0 (6846.0) a 4480.0 (21907) a ns

Household hiring labor (1 = yes)1 %HHs 65a 48b 69a 50b < 0.001

D. Institutional service indicators

Access to extension services (1 = Yes)1 %HHs 20c 29b 50a 48a < 0.001

Access to credit (1 = Yes)1 %HHs 47a 35b 13c 2d < 0.001

Access to market (1 = Yes)1 %HHs 82a 50c 80a 70b < 0.001

a–d: Mean values followed by different letters in rows are different at Bonferroni-adjusted significant level P ≤ 0.05 (post-hoc tests with Bonferroni correction for multiple comparisons).

1: The percentage share of households (%HHs) in a yes/No scale responding farm households who answered yes.

2: The tropical livestock unit (TLU) combined numbers across species into a single figure.

3: Median and interquartile value in brackets of total income and farm income variables.

value and home consumption, indicated on a scale from 0 to 12,
varied between regions (Supplementary Table 2). The variation
of cultivated crops may be explained by the regions’ biophysical
conditions, the diet habits of households, and market demand in
each region. Rice, both a food and a cash crop, scored highest
in all regions, followed by cocoa, a perennial cash crop in
Gagnoa and Ahafo Ano North. In contrast, a food crop, yam
and maize were ranked as second crop, respectively in Bouaké
and Ahafo Ano South. The third crop is a perennial cash crop
in all regions except Ahafo Ano North, where maize has a
third place.

Comparison of Farm Household
Characteristics Across Farm Types
Farm Typology
KMO test on indicators of surveyed farmers was significant (P
> 0.001) and its value in each region was >0.5 (Table 4), which
is appropriate to proceed to factor analysis. The PCA identified
the indicators with the highest loading Eigenvalues, which were:
“cultivated land,” “land owned,” “household size,” “cultivated
land: household size ratio,” and “land owned: household size
in MAE ratio” (Supplementary Figure 1). In consultation with
local experts, we classified households into farm types by land

TABLE 4 | Result of the KMO test.

Region KMO P-value

Gagnoa 0.544 0.000

Bouake 0.505 0.000

Ahafo_Ano_North 0.552 0.000

Ahafo_Ano_South 0.516 0.000

tenure (owned or rented) and land use (cultivated or not
cultivated by the owner). Four farm types (FT) were identified:
FT1 farmers who rent all the land they cultivate (most of them,
but not all, being immigrants), FT2 farmers own some land and
rent extra land (rent-in land), FT3 farmers own and cultivate all
their land; FT4 farmers cultivate only parts of the land they own
(Figure 2).

Differences Between Farm Types Across
Regions
Tables 5, 6 summarize key indicators of the four farm types
across the four regions. They show that there are no consistent
significant differences between farm types over all regions. Each
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FIGURE 2 | Cultivated area against land owned for all farm households in (A) Bouaké [top left], (B) Gagnoa [top right], (C) Ahafo Ano North [bottom left], and (D)

Ahafo Ano South [bottom right].

region has its own specific characteristics. The farm household
head’s education level differed in all regions except Bouaké. The
crop intensity of farm types within each region was similar except
for Bouaké. In Gagnoa and Ahafo Ano South, more farmers in
FT2 and FT4 cultivated perennials, and in Ahafo Ano South
also FT3. The share of farm households growing rice did not
differ among farm types, except for Ahafo Ano South, where
the farm types with a high score on perennials scored lower
on rice cultivation. Access to credit only differed between farm
types in Gagnoa, while in Ahafo Ano North, access to extension
service varied.

In Bouaké, 66% of the farmers cultivated less land than they
own (FT4). Famers renting extra land (FT2) constituted only 6%
of the sample. The farmers renting all their land (FT1) and the
large farmers cultivating only part of their land (FT4) had a larger
income than FT2 and FT3 farmers. Besides, a larger number
of farmers belonging to FT1 and FT4 were hired in labor. Of
the farmers renting extra land, 80% depended on farming, while
this percentage was 95% or more for farmers of the other farm
types. Although the difference was not significant, fewer farmers

renting all their land tended to cultivate rice, use land in the valley
bottom, and use extension services despite their higher income.

In Gagnoa, the farmers are distributed more or less evenly
across farm types, although the farmers renting extra land (FT2)
comprised only 13% of the surveyed farmers. The farmers
cultivating only part of their land (FT4) were better educated.
Similar to Bouaké, farmers renting extra land (FT2) depended
on farming for 80% of their income. For the other farm types,
this was above 90%, on average, but none depended solely
on farming. Only a small share of FT1 had perennial crops
because this group of farmers has a land-sharing contract with
perennial tree crop owners. In contrast to Bouaké, more of them
tended to cultivate rice and used land in the valley bottom,
although it was also not significant. More farmers renting all
their land (FT1) and farmers renting-in extra land (FT2) had to
access credit.

In Ahafo Ano North, 65% of the surveyed farmers rented all
their land (FT1), and farmers renting extra land (FT2) were only
5%. The FT1 farmers were younger than the others, although
not significantly different from the farmers renting-in extra land
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TABLE 5 | Farm household indicators (proportion and means ± standard of deviation) for the four farm types in selected regions of Côte d’Ivoire, based on the RHoMIS household baseline survey (2018–2019).

Indicators Côte d’Ivoire

Bouaké Gagnoa

FT1 (n = 25) FT2 (n = 14) FT3 (n = 38) FT4 (n = 149) P-value FT1 (n = 38) FT2 (n = 18) FT3 (n = 43) FT4 (n = 36) P-value

Share of samples (%) 11 6 17 66 28 13 32 27

(A) Classification criteria

Land owned* (ha) 0c 1.4 ± 1.7b 2.7 ± 2.7b 8.1 ± 7.0a <0.001 0c 4.4 ± 3.8ab 3.8 ± 2.6b 6.9 ± 5.3a <0.001

Land cultivated* (ha) 4.0 ± 10.1a 3.5 ± 2.4a 2.7 ± 2.7a 2.5 ± 1.8a ns 2.4 ± 3.5b 7.0 ± 3.1a 3.8 ± 2.6b 3.4 ± 3.0b <0.001

(B) Demographic indicators

Age of HH head (years) 40.1 ± 12.5a 46.8 ± 20.2a 43.6 ± 14.0a 45.6 ± 14.7a ns 44.7 ± 12.6a 43.9 ± 11.2a 47.7 ± 12.7a 50.6 ± 12.2a ns

Gender (1 = male)1 92a 100a 89a 89a ns 94a 100a 95a 97a ns

Education (years) 4.4 ± 4.6a 2.6 ± 3.8a 2.5 ± 43.3a 3.4 ± 4.3a ns 2.0 ± 3.0b 3.4 ± 4.0b 2.9 ± 4.2b 6.4 ± 3.9a <0.001

Family size (person) 6.5 ± 2.4a 9.4 ± 3.6a 7.6 ± 3.7a 7.6 ± 3.6a ns 6.4 ± 3.4a 7.5 ± 2.0a 6.8 ± 3.3a 6.2 ± 2.9a ns

(C) Agricultural indicators

Crop intensity (number) 2.3 ± 0.9ab 2.7 ± 0.9a 2.1 ± 0.5b 2.3 ± 0.6ab <0.001 2.3 ± 0.8a 2.0 ± 0.2a 2.1 ± 0.5a 2.3 ± 0.7a ns

Owner of perennial crop (1 = yes)1 32a 42a 42a 49a ns 13b 77a 76a 80a <0.001

Farmers growing rice (1 = yes)1 40a 57a 60a 63a ns 94a 77a 86a 83a ns

Use of IV bottom (1 = yes)1 56a 78a 65a 70a ns 92a 77a 83a 83a ns

Livestock holding (TLU) 0.0a 0.1 ± 0.2a 0.3 ± 0.6a 0.3 ± 1.2a ns 0.7 ± 2.7a 0.4 ± 0.7a 1.6 ± 8.2b 0.1 ± 0.4c ns

(D) Economic indicators

Farm income2 (US$ year−1) 1,913 (13,416)a 1,231 (3,008)b 1,293 (2,554)b 2,551 (16,448)a <0.001 1,552 (19,144) 4,412 (11,265) 2,976 (48,532) 4,539 (21,211) ns

Total income2 (US$ year−1) 1,913 (13,282)a 1,520 (5,735)a 1,293 (2,639)a 2,674 (28,111)a ns 1,677 (26,463)a 5,517 (11,265)a 3,122 (48,532)a 4„986 (21,211)a ns

Share of farm income in total income (%) 100a 81a 100a 95a ns 93a 80a 95a 91a ns

Household hiring labor (1 = yes)2 76a 50b 36c 71a <0.001 42a 61a 39a 58a ns

(E) Institutional service indicators

Access to market (1 = yes)1 96a 71a 75a 84a ns 52a 38a 46a 58a ns

Access to extension services (1 = yes)1 08a 21a 10a 24a ns 28a 27a 21a 41a ns

Access to credit services (1 = yes)1 60a 28a 42a 48a ns 47a 44a 23b 33b <0.05

a–c: Mean values followed by different letters in rows are different at Bonferroni-adjusted significant level P ≤ 0.05 (post-hoc tests with Bonferroni’s correction for multiple comparisons). Means and proportions values are for continuous

and categorical variables, respectively.

1: The percentage of households (%HHs) on a yes/no scale responding “yes.”

2: Median and interquartile value in brackets of total income and farm income variables.
*: Discriminative variables used for farm typology.
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TABLE 6 | Farm household indicators (proportion and means ± standard deviation) for the four farm types in selected regions of Ghana, based on the RHoMIS household baseline survey (2018–2019).

Indicators Ghana

Ahafo Ano north Ahafo Ano south

FT1 (n = 120) FT2 (n = 10) FT3 (n = 23) FT4 (n = 31) P-value FT1 (n = 117) FT2 (n = 13) FT3 (n = 35) FT4 (n = 23) P-value

Share of samples (%) 65 5 13 17 62 7 19 12

(A) Classification criteria

Land owned* (ha) 0.0c 2.0 ± 1.1bc 2.8 ± 2.7b 7.3 ± 5.2a <0.001 0.0c 2.5 ± 3.9bc 2.4 ± 1.5b 8.7 ± 11.1a <0.001

Land cultivated* (ha) 1.9 ± 2.0bc 4.6 ± 3.3a 2.9 ± 2.7ab 1.3 ± 0.8c <0.001 2.8 ± 2.7a 4.6 ± 4.2a 2.4 ± 1.5a 3.1 ± 4.3a ns

(B) Demographic indicators

Age of HHs (years) 40.8 ± 10.8b 53.3 ± 9.3a 44.6 ± 2.4ab 51.2 ± 3.2a <0.001 44.0 ± 12.2a 47.7 ± 11.1a 45.5 ± 12.8a 46.3 ± 10.8a ns

Gender (1 = male)1 80a 80a 78a 61a ns 88a 76b 71b 82a <0.1

Education (years) 6.0 ± 5.0b 9.0 ± 3.2ab 10.0 ± 3.7a 10.5 ± 8.2a <0.001 5.1 ± 4.7c 4.5 ± 5.1bc 8.0 ± 4.8ab 9.2 ± 4.3a <0.001

Family size (number) 5.6 ± 2.3a 5.3 ± 3.1a 5.0 ± 2.2a 5.4 ± 2.0a ns 6.3 ± 2.6a 6.0 ± 1.8a 5.6 ± 2.3a 5.9 ± 2.5a ns

(C) Agricultural indicators

Crop intensity (number per year) 2.0 ± 0.4a 2.1 ± 0.3a 2.0 ± 0.0a 2.1 ± 0.4a ns 2.0 ± 0.4a 2.0 ± 0.2a 1.9 ± 0.1a 2.1 ± 0.3a ns

Owner of perennial crop (1 = yes)1 22c 60a 39b 67a <0.001 32a 53a 28a 52a ns

Farmers growing rice (1 = yes)1 53a 30a 34a 29a ns 71a 69a 47b 43b <0.05

Use of IV bottom (1 = yes)1 86a 80a 82a 51b <0.05 77a 84a 74a 56a ns

Livestock holding (TLU) 0.6 ± 1.3a 0.3 ± 0.4a 0.3 ± 0.6a 0.8 ± 1.9a ns 0.6 ± 1.1b 2.7 ± 5.7a 0.4 ± 0.6b 0.6 ± 0.9b <0.001

(D) Economic indicators

Farm income2 (US$ year−1) 2,936 (7,149)a 3,125 (28,575)a 2,849 (6,111)a 4,487 (7,998)a ns 3,567 (19,375)a 4,544 (13,896)a 2,279 (10,135)a 7,977 (24,326)a ns

Total income2 (US$ year−1) 3,098 (7,149)a 3,258 (35,857)a 2,849 (6,192)a 4,487 (8,241)a ns 4,352 (22,392)a 4,544 (13,896)a 2,706 (11,916)a 11,111 (26,033)a ns

Share of farm income in total income (%) 95a 96a 100a 100a ns 82a 100a 84a 72a ns

Household hiring labor (1 = yes)1 74a 100a 72a 74a ns 53a 61a 37a 47a ns

(E) Institutional service indicators

Access to market (1 = yes)1 79a 90a 82a 77a ns 71a 77a 62a 73a ns

Access to extension services (1 = yes)1 52b 90a 39c 38c <0.05 46a 46a 60a 43a ns

Access to credit services (1 = yes)1 11a 10a 13a 25a ns 04a 00a 00a 00a ns

a–c: Mean values followed by different letters in rows are different at Bonferroni-adjusted significant level P ≤ 0.05 (post-hoc tests with Bonferroni’s correction for multiple comparisons). Means and proportions values are for continuous

and categorical variables, respectively.

1: The percentage of households (%HHs) on a yes/no scale responding “yes.”

2: Median and interquartile value in brackets of total income and farm income variables.
*: Discriminative variables used for farm typology.
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(FT2). The number of years of education of the FT1 farmers was
smaller than for the other farmers. A smaller share of the FT4
farmers used to cultivate the valley bottom, and fewer tended to
grow rice. Farmers of all farm types depended 95% or more on
farming for their income.

In Ahafo Ano South, 62% of the surveyed farmers rented all
their land (FT1), and 7% rented extra land (FT2). A larger part of
the FT1farmers and the farmers cultivating only part of their land
(FT4) was male than in farm types 2 and 3. The number of years
of education of farmers renting all their land (FT1) and farmers
renting extra land (FT2) was less than for farmers cultivating all
their land (FT3) and those cultivating part of their land (FT4).
Those farmers (FT1 and FT2) cultivated more rice than FT3 and
FT4. The farmers renting extra land (FT2) owned substantially
more livestock than the other farmers. These are also farmers
that entirely depend on agriculture for their living. The other
farm types are less dependent on farming, with FT4 the least, for
70%. In all regions except Bouaké, a large percentage of the FT4
farmers cultivated perennial crops, which is one of the upland
crops, and specifically in Ghana, FT4 farmers cultivated less on IV
bottomlands. Farmers with limited land ownership ( FT1, FT2)
tended to a large extent to cultivate the IV bottom; overall, more
than 75% of them.

Food Security
Potential Food Availability Across Regions and Farm

Types
Figure 3 illustrates the contribution of crop and livestock
products, wild food consumed and sold, and off-farm income to
the potential food availability (PFA) in different regions. Daily
calorie consumption was below the recommended minimum
level for about 32% of the households in Bouaké, 16% in Gagnoa,
and 38% in both Ahafo Ano North and Ahafo Ano South. In all
regions, crops (consumed and sold) were the main contributors
to the PFA, followed by wild food consumed. The contribution of
food crops sold to the overall daily energy supply increased with
an increase in PFA. In Gagnoa, this applies only to households
with the lowest PFA (Supplementary Figure 2). Other income
sources (livestock, wild food sold, off-farm activities) were of
minor importance for satisfying farm households’ food needs, but
they also increased with the PFA (Supplementary Figure 2).

Further analysis of PFA at farm-type level
(Supplementary Figure 3) showed that the fraction of
households being food insecure was less in FT4 (between
22 and 30%, respectively). One exception was observed for
farmers in Gagnoa, where only a small proportion of farm
households belonging to FT3 had an average food consumption
below the recommended minimum calorie intake (4%). In
contrast, farm households in FT3 appeared to be the most food
insecure of all farm types in all other regions. In Ahafo Ano
North, the contribution of wild food collected and sold was
high for FT1 and FT4, whereas in Ahafo Ano South, it was high
for FT3.

Poverty Across Regions and Farm Types
The actual cash income (US$ MAE−1 day−1) for each region is
shown in Figure 4. Between 11 and 13% of the farm households

had no cash income during the 12 months prior to the survey.
Moreover, 60% of households in Bouaké, 55% in Gagnoa, and
42% in Ahafo Ano North and Ahafo Ano South lived below
the poverty line of US$ 1.9 MAE−1 day−1 (World Bank, 2017,
2020a). Hence, about half of IV farm households fell below the
poverty line in all regions. Across all regions, crop sales were
the most important source of income to farm households. The
poverty status and the actual cash income of farmers for each
farm type per region are presented in Supplementary Figure 4.
In general, the percentage of farm households living below the
poverty line was high (>50%) for all farm types. The contribution
of wild food sold was greater for FT1 than for other farm types.
The contribution of off-farm income was small.

Household Dietary Diversity Across Regions and

Farm Types
HDDS scores in all farm types across regions were higher in
a good season than in a bad season (Supplementary Figure 5).
The median HDDS during the good season was classified high
in all regions and farm types, except for FT2 and FT3 in Bouaké,
where it wasmedium. It should be noted that the variability of the
HDDS between households was large irrespective of the season.

Farm Households’ Awareness of Ecosystem Services

(ES)
Overall the pattern of the awareness of farm households ES
was remarkably similar within a region for the different FTs
(Figure 5, Supplementary Table 3). Generally, farm households
acknowledged the importance of ES for their wellbeing. Except
for flood prevention, differences between regions for all ES scores
were significant (Supplementary Table 3). ES scores attached to
a particular category (provisioning, regulating, supporting and
cultural) differedmore considerably among regions than between
farm types. Farm households in all regions considered the
provisioning service “food” to contribute most to their welfare.

Regarding the other provisioning ES, the differences between
regions are more obvious than between farm types within each
region. Whereas in Bouaké, medicinal plants, firewood charcoal,
and habitat provision appeared to be moderately relevant to all
households, this was only the case for habitat provision for FT2
in Gagnoa. In contrast, farm households perceived water for
domestic use more relevant in Ahafo Ano South. Households
belonging to FT2 in Ahafo Ano South considered medicinal
plants and habitat provision relevant, whereas these ES received
low scores in Ahafo Ano North. Regarding supporting ES, soil
formation is relatively important and larger in FT3 in all regions
except Ahafo Ano North. In Ahafo Ano, North soil formation is
higher in FT3.

Water storage, a regulating ES, seems to be important in all
regions, though there were differences among FTs within regions.
FT4 households assigned the highest scores to water storage
in Ahafo Ano North and Ahafo Ano South, while this ES was
most relevant for FT1 in Bouaké and FT2 in Gagnoa. Moreover,
groundwater regulation was an important ES in all regions except
Gagnoa. In Ahafo Ano North and Bouaké, FT1, FT2, and FT3
households perceived water regulation as particularly important.
Bouaké was the only region where households also indicated
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FIGURE 3 | The overall distribution of food availability across all study households in (A) Bouaké [top left], (B) Gagnoa [top right], (C) Ahafo Ano North [bottom left],

(D) Ahafo Ano South [bottom right]. Each vertical bar represents one household, the colors represent its energy sources, and the height represents total food

availability. The red dotted line indicates the minimum energy intake of 2,500 kcal MAE−1 d−1 for food security. Thus, 32, 16, 38, and 38% of the households in

Bouaké, Gagnoa, Ahafo Ano North, and Ahafo Ano South are below the minimum energy intake, respectively.

climate regulation to be the least perceived ES. However, scores
varied considerably between FTs. Finally, insect pollination
received moderate scores by FTs in both regions in Ghana.
However, it was considered low relevance by FTs in both regions
in Côte d’Ivoire.

Regarding cultural ES, recreation was perceived as moderately
relevant by all FTs in Bouaké. In contrast, the importance
attached by FTs located in Gagnoa was mixed, and in Ahafo Ano
North and Ahafo Ano South in Ghana, recreation did not seem
to play a major role. Education is perceived structurally more
relevant by farm households in Bouaké; relatively little awareness
for this ES seems to exist in Gagnoa and the Ghanaian regions.
Spearman’s correlation coefficients regarding the relationship
between the ES categories indicated a significant and strong
positive correlation between provisioning and regulating ES

(r = 0.57, P ≤ 0.01). There were also positive between regulating
and supporting ES (r = 0.67, P ≤ 0.01) and provisioning and
supporting ES (r= 0.35, P≤ 0.01), as well as positive correlations
between provisioning and cultural ES (r = 0.54, P ± 0.01)
(Supplementary Table 4).

DISCUSSION

Household Diversity Between and Within
Regions
The observed variation in farm systems was larger between
regions than within a region. Regions differed in terms of
biophysical conditions, population density, education level, farm
systems, and presence of institutional services, while within a
region, these were more or less similar. A high homogeneity
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FIGURE 4 | Cash income of individual farm households (A) Bouaké [top left], (B) Gagnoa [top right], (C) Ahafo Ano North [bottom left], and (D) Ahafo Ano South

[bottom right]. Individual farm households are ordered on the x-axis. The blue dotted line represents the poverty line of $1.9 day−1 based on the World Bank

international poverty line (World Bank, 2017).

between the farm types within regions was also observed by
Righi et al. (2011) in Uruguay. However, in sub-Saharan Africa,
other studies found a much larger farm diversity than in our
study regions (Tittonell et al., 2010; Giller et al., 2011; Mutoko
et al., 2014). In those studies, wealth or resource endowment
was taken as a classification criterion. We identified land tenure
and cultivated area as discriminating criteria. In our study
regions, a relatively large group of farmers cultivate all or
parts of the land. Others own large areas but do not cultivate
it all. This results in a large variation of the cultivated land
area within each farm type. As an illustration, in Bouaké, the
farmers renting all land cultivated a land area between 0.5
and 6 ha, and it ranged from 0.7 to 12 ha for the farmers
with excess land. This is also reflected in the large variation in
income within each farm type, as income, which is largely from
agriculture in our study regions, is often related to the area of
cultivated land.

A larger share of the households owning land, cultivated
high-value perennial tree crops (i.e., cocoa and rubber) and
occupied upland and IV bottom, while farmers who rented land
mainly cultivated annual crops in the IV bottom. For example,
in the Brong Ahafo region (Ghana), migrant farmers cultivated
mainly food crops on rented land (Adjei-Nsiah et al., 2004). The
share of households renting all of their land (FT1) was larger
in both Ghanaian regions than in those in Côte d’Ivoire. The
country-specific land tenure system might explain this. Around
80% of the land is under customary rights in Ghana (Pande
and Udry, 2005), where land belongs to the royal family and
is governed by the traditional local chief. Most royal bloodline
farmers have access to land by inheritance, whereas others have
access land through renting and sharecropping arrangements
(Adjei-Nsiah et al., 2004; Abdulai et al., 2011). In Côte d’Ivoire,
private land ownership predominates, and households have
also access to land through sales (Abdulai et al., 2011; Colin,
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FIGURE 5 | Ecosystem services at farm level in different in (A) Bouaké [top left], (B) Ahafo Ano North [bottom left], (C) Gagnoa [top right], and (D) Ahafo Ano South

[bottom right]. P, R, S and C indicate provisioning, regulating, supporting, and cultural ecosystems services, respectively. Firew_C: Firewood and Charcoal, Habitat_Pr:

habitat provision, Consmat: Construction material, Medp: Medicinal plants, Waterd: Water for domestic use, Climater: Climate regulation, Waters: Water storage,

Wastedis: Waste disposal, Fldp: Flood protection, Gwtr: Groundwater recharge, Erosionc: Erosion control, Pollination: Pollination insects, Soilfor: Soil formation,

Handicra: Handicrafts, Aesthetic: Aesthetic values, Recreation: Recreational values, Religious: Religious values.

2013). Based on our analysis, two sharecropping systems were
identified in the study areas. First, land access arrangements
where the tenant cultivates food crops and pays the landlord
with part of the harvest. In our study, some said to pay 50 to
200 kg of rice or maize depending on the area of the rented
land. The second system involved a contract to establish new
cocoa or rubber plantations or manage an existing plantation
between the usually autochthonous landlord and an allochtone
“caretaker”). The complexity of land arrangements under the

customary tenure system sometimes results in land conflicts
(Adjei-Nsiah et al., 2008; Lambrecht and Asare, 2016), which
is an additional constraint to resource-poor farmers. In Ahafo
Ano North, we observed that a large area was allocated to one
enterprise, and farmers cultivating that land complained they
would have to leave the land within a short period. Insecure
access to land is a major factor that prevents farmers from
investing in soil fertility and perennial crops (Adjei-Nsiah et al.,
2004; Abdulai et al., 2011). Land ownership influences decisions
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on-farm management, such as the choice of crop and the
input use.

Food Security and Poverty
As expected, rice, both a food and cash crop, was confirmed
by the farmers to be the most important crop in all regions,
followed by perennial cash crops (cocoa, cashew) and other
food crops (maize, yam). In the regions with limited market
access, the share of farmers growing rice was significantly larger.
The importance of rice, particularly for household consumption,
was also highlighted in other studies in West African countries
(Giertz et al., 2012; Seck et al., 2012). In this context, the
large percentage of farmers renting all their land who cultivated
mainly food crops in the IV bottom land, suitable for rice
cultivation, may explain the importance attached to rice in
the study regions. Besides, rice cultivation is stimulated by the
demand from elsewhere, with an increasing dietary preference for
rice (Balasubramanian et al., 2007) and population growth (Seck
et al., 2012) and urbanization (Soullier et al., 2020b).

Despite the focus on food crops, in our case specifically rice, a
substantial percentage of the farm households in all regions (16–
38%) could not meet their minimum daily energy requirements
in terms of food availability. This is in line with several other
studies suggesting that food insecurity remains widespread in
West and East Africa (Hengsdijk et al., 2014; Frelat et al., 2016;
Fraval et al., 2019). In Gagnoa, a relatively small percentage of
farm households was food insecure compared to the other three
regions. Furthermore, many farmers were involved in perennial
tree cultivation with high-value produce, except the landless
farmers. Also, farm income tended to be above that in Bouaké
for all farm types. Even though there was a higher share of food
secure households, the dietary diversity was less in Gagnoa, both
in good and bad seasons. Across all study regions, food crops
were the main energy supply, both through direct consumption
and sale, as was also observed elsewhere (see, e.g., Frelat et al.,
2016; Ritzema et al., 2017). Livestock and wild foods also played
a role in human diets.

It was remarkable that households derived their income
mainly from farming activities, especially from arable farming.
In addition, the contribution of wild foods consumed and sold
for FT1 was large. The contributions of livestock and off-farm
activities to income were negligible in all regions. Kuivanen
et al. (2016a) made a similar observation about the lack of
off-farm opportunities in Northern Ghana. This is markedly
different from a study by Davis et al. (2017), who reported
that rural households in 22 countries in Sub-Saharan Africa
on-farm income contributed on average 63% to total income.
Similar results for SSA were reported by Giller et al. (2021).
For instance, off-farm activities contributed around 30–40% to
the total income of cocoa farmers in the Western and Brong
Ahafo region in Ghana (Wongnaa and Badu, 2020). The high
dependence on farming is a risk to the financial and food security
of farmers in IV’s in case of crop failure due to flood events.
At the start of the growing season, IV farmers focused on soil
preparation and bunding, especially in the bottom valley fields for
water storage. These are labor-intensive operations. In addition,

labor wages were low (Haefele et al., 2000) and hence less
attractive for farmers.

About half of the surveyed population lived below the poverty
line, in Ghana, 42% and in Côte d’Ivoire, 55%. This is above
the national average of about 25% in Ghana (2016) and 40%
in Côte d’Ivoire (2018) (World Bank, 2020b). In all regions
examined, very few off-farm job opportunities existed. However,
it should be noted that the estimation of cash income focused
on revenues from crops, livestock, and off-farm income only. We
also considered remittances, but they were just minor. Similarly,
a recent study by Harris et al. (2021), conducted in five African
countries (Mali, Niger, Ethiopia, Burkina Faso and Kenya), found
that the productivity is not sufficient to reach the poverty line
($1.90 per capita and day).

Ecosystem Services
Our results point to some interesting differences in farmers’
perceptions of ES between regions and also highlight similar
patterns among farm types.

We observed that provisioning ES, particularly IVs’ ability
to provide food, are considered highly important by farm
households of all regions. This is perhaps not surprising since
satisfying food needs is a primary concern to farm households,
as observed elsewhere [e.g., Lhoest et al. (2019) in Cameroon,
Hartter (2010) in Uganda, and Dave et al. (2017) in Madagascar].
Farmers’ awareness of other provisioning ES differed across
regions. In particular, charcoal was important in urban regions
(Ahafo Ano South and, to some extent in Bouaké), where it
is a scarce resource (Yang et al., 2019). The sparse livestock
population explains the low importance of fodder provision.
Medicinal plants are important in Ahafo Ano North and Bouaké,
indicating their role in primary health care in these regions where
access to health care services is limited.

So far, little attention has been given to the relevance of ES in
developing IVs for increasing food production. Our results show
that farmers are aware of the relevance of ES for their wellbeing.
We find that farmers in all regions were aware of regulating ES,
particularly climate regulation, water storage, groundwater, and
insect pollination. This demonstrates that water is particularly
vital for farm households in IVs. It is also crucial for rice
production and food security, as rice strongly depends on water
availability in the valley bottom (Egoh et al., 2012). Furthermore,
farmers who perceive the benefits of pollination services provided
by insects may refrain from using insecticides (Zhang et al.,
2016). In contrast, IVs modulate floods and reduce flood hazards
caused by heavy precipitation events through reducing the runoff
fraction seems to be of minor importance to all farm types. This
may be explained by keeping in mind that farmers producing
in or around IVs are experienced with flood events. Besides,
most of the IVs in our sample were not well developed, and
the water management systems were poor. Soil formation was
well perceived by farmers across regions and farm types, but
it was generally rated low compared to other ES. Farmers’
awareness of cultural ES was observed to be low compared
to the other two categories. In Bouaké, farmers’ awareness of
the cultural ES tourism was relatively stronger than in the
other regions. This contrasts with studies arguing that African
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communities generally attribute a high value to land as a means
for strengthening cultural identity (Cocks et al., 2012; Egoh et al.,
2012).

We observe a significant positive correlation between
farmers’ awareness of provisioning, regulating, and cultural ES.
Provisioning ES had a strong relationship with regulating ES, and
regulating ES had a strong relationship with supporting ES. This
illustrates that farmers recognize the need to maintain a balance
between ES in order to ensure the long-term sustainability of
ecosystems. It is important to note, however, that the detailed
relationships between individual ES cannot be explained by
simple correlations alone but would require further research.

Our analysis does not provide an exhaustive picture of farming
systems and cannot claim to be representative for all West
African countries, nor for the whole of Ghana and Côte d’Ivoire.
The RHoMIS survey is a one-off survey and uses cross-sectional
data based on farm household recall. As such, it cannot fully
capture the highly dynamic and complex structure of farming
systems in West African IVs. The contribution of our study
is to provide interesting new insights into the diversity of IV
farming systems in West Africa, and about current practices of
farm households in the selected regions. Furthermore, our results
offer a comprehensive picture of food security, poverty, and
farmers’ awareness of ES in these regions. This lays the ground
for exploring long-term strategies for sustainable agricultural
development of West African IVs.

CONCLUSIONS

Our study of IVs revealed important new insights concerning
the diversity of farming systems and the importance of ES. The
defined farm types differed more between regions than within
regions. The main differences within regions were related to land
tenure. Land ownership encouraged the cultivation of perennials,
although, in Côte d’Ivoire, management arrangements between
landowners and land users opened up opportunities for perennial
crops and sometimes for cultivating even large pieces of land.
Hence, the variation in farm size within the four farm types
was large, and so was the variation in income and potential
food availability.

Arable farming was the most prominent contributor to
food security and household income, with few alternative job
opportunities. In all regions, rice was perceived to be the most
important crop, contributing to both household food and cash
provision. However, a substantial part of households could not
meet their daily energy requirements, and about half was below
the poverty line in all regions.

Most farmers were aware of the relevance of food provisioning
by IVs on their wellbeing. Furthermore, farmers clearly perceived
the role of regulating ES for food production. The awareness of
other ES differed between regions, reflecting the specific local
conditions of farmers’ livelihoods. Farm households’ awareness of
cultural ES was low compared to the other three categories of ES.

Overall, our findings indicate that interventions to improve
national rice production need to acknowledge and preserve the
diversity of ES that IVs provide to smallholder farm households.

More detailed research is needed to assess what portfolio of
management practices may work best for what kind of farm type
to increase agricultural production while preserving ES.
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